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APPLIED INVESTIGATIONS WITH ANTITRANSPlRAN-1!

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

SOIL-WATER CONSERVATION
1IiII:. • r,

~duction.o~ irrigation requirement of ole~ders
California State Division of Highways).

(in cooperation with the

The California State Division of Highways, at the present time, spends about
$3 million dollars annually (out of their landscape maintenance budget) for
irrigation of ornamental plantings along California Highways. Projected costs
for future years are much higher. In addition to being costly, plant-watering
operations are hazardous, since oleanders grown in the dividing strip of the
freeways are irrigated by slow-moving tank trucks which must maneuver in and
out of the fast lanes of traffic. Any method resulting in reduced irrigatlon
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 greenhouse and laboratory measurements of the rates
of transpiration and photosynthesis. The latter measurements. which were pre~
sented in Table 9 in Part I (Basic Investigations) of this report, showed reduc-
tions of 15 to 50% resulting from phenylmercuric acetate (stomata closing) or
CS-6432 (fil~forming) antitransp1rant 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 invol\~ng interaction of antitranspirant effect and soil moisture
suggested that antitranspirants would be most efficient in conserving soil
moisture if applied BOOn after an irrigation, rather than when soil moisture
was already severely depleted.

These preliminary studies laid the groundwork for measurements of the
effects of antitranspiranta on plantings along a highway during summer, 1968.
In an experiment near Davis, randomized blocks of oleanders in the median strip
of Interstate 80 were treated with phenylmercuric acetate (PHA, 110 ppm) or
CS-6432 (3%) just after an irrigation. About 1/4 gallon of diluted spray was
applied per bush by a mist blower, and particular attention was given to wetting
the lower surfaces of the leaves where all of the stomata are located. Gypsum
blocks at 1, 2 and 3-foot depths ~ere used to record the changes in soil-matric
suction. 'I11ree weeks after spraying, the matric suctions at the 2-foot depth
in the antitranspirant-treated plots were about 40% lowe;: than in the .con troL
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 soil-moisture
depletion, irrigation intervals may be increased by one to two weeks by the use
of antitranspirants. However, it should be kept in mind that no standards have
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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 80i1 textures in the back-filled trenches in
which the oleanders are planted. Howeve~) the need for pr.otection 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 median strip enhances water loss; and 2) the variable texture, and rooting
depth of the soil, limits water availability to the plants in localized areas.

Table 1

Effects of antitranspirant sprayed on oleanders in a freeway median strip on
soil-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 (lOO) 1.70 (100) 2.38 (100)

PMA (110 ppm) 2.65 ( 90) 1.40 ( 56) 1.30 ( 77) 1. 78 ( 75)

CS-6432 (3%) L80 ( 61) 1.45 ( 58) 1. 75 (103) 1.67 ( 70)

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 soil-moisture extraction rates as affected by anti-
transpirants. The oleanders ~ planted six feet; apart in a single Lf.ne , ,vere
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-~ 14- and 20-inch depths, tensiometers at 16- and 26-inch
depths, and a neutron moisture meter to a depth of three feet. Only the center
plant of each plot was instrumentedy The oleanders were irrigated and fertilized
with NH4NOS 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 aprays. About one liter of diluted material was sprayed on each plant.
The plots were re-irrigated on September 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 soil-surface evaporation. The
effectiveness of the antitransplrants in decreasing soil-water suction at the
8-inch depth was, therefore, small or nonexistent. However, at 14 and 20
inches, the antitranspirants did decrease soil-matric suction between August 21
and September 15 (Fignre i). Similarly, tensiometers (which are sensitive only
in the wet soil-moisture range, up to 0.8 atro) indicated that PHA and CS-6432
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decreased soil-mat ric suctions at the 14- and 26-inch depths (Figure 2).
the 26-inch soil dept.h , when contro l plants had depleted soil moisture to
suction of 0.6 atm~ the antitranspirant-treated plots were about 0.4 atro,
a 33% decrease in soil-matric suction resulted.

Thus at
a mat ric
i..e. ,

Changes in so::!.l-water content (volume percentage of Pv) with time at the
12··, 18-, 24- and 36-inch depth s are shown in Figure 3, A-D. At 1.2 in ches
during the first drying cycle, GS-6432 gave the most noticeable reduction in
the r ate of soil-moisture depletion. '111us,Pv in the CS-6432 plots was depleted
to 25 by September 15, whereas the controls had reached this level of depletion
about 10 days earHer on September 4. The September 15 irrigation wetted the
CS-6432 plots more thorou~11y than the control and PMA plots, presumably because
of the already high Pv in the former. The rate of soil-water depletion during
the second drying cycle was again reduced by CS-6432. PMAappeared to have no
effect.

During the first cycle, both CS-6432 and PMAdecreased the rate of soi1~·
moisture depleti.on, so that Pv values at the 18 inch depth on Sept. 15 for
control, PMA and CS-6432 were 18~ 20 and 22%, respectively. If we arbitrarily
select 18% soil-water content (percent by volume) as the critical allowable
depletion level at the IS-inch depth before re-irr:Lgation of the oleanders
be,(omes necessary, control plots reached this level on September 15. However,
fOT the C8-6432 plots it would probably not reach this critical level until
ear l.y October, L, e , , about two to three weeks later than the controls (obtained
by extrapolation of the CS-6432 curve). In the second drying cycle, the anti-
r ran spd r an t.sagain reduced soil-water depletion rates, so that by the end of
Oc::ober~; the CS-6432 and P}:[Aplots ha d, respectively, 20 and 6% higher 8011-
'·Jeter con rent.s than controls.

At 24 inches, reductions in soil-moisture depletion r at es were similar t.o
those observed at the IS-inch depth. The apparent greater effectiveness of PMA
was partly due to initi.ally higher soil-water contents in these plots at both
ir.dgatioHs.

At 36 inches. it was obvf.o us that insufficient irrigation water was applied
to thoroughly wet the soil ~ except in the PNAplots. Nevertheless ~ the reduced
:cates of depletion in the CS-6432 plots) relative to controls, indicates the
pr es ence of some roots at this depth. By Septembe.r. 15, the roots appeared to
be par tLcuLarLy active at the 24- and 18-inch depths where control plants
tkpJ.eted soil water to Pv 17 t.O 18%. Although there was adequate water available
at 12 Lnches , the d.epletion at this depth was not as great as at 18 and 24 inches.
In this solI) the roots tended to be confined to the center of the plant at
shaUot-J depths (8 to 12 inches) and to spread away from the center with increasing
depth. There£ore~ if the neut.ron probe access tube had been located closer to
the pJ.ant, greater moisture depletions mi.ght have been obse.rvad at the 12-inch
depth.

The amounts of soi.i-moisture depletion at the four soil depths measured is
given in Table 2 for both Lrrd gat Lon cycles. In each cycle, the depletion of
Pv between the day of spraying (which was usually two days after irrigation)
and the las t day before re-irr:i.gationwas due, was always greatest for control
and least for CS-6432. The average water use (Lnche s of water from 36 Inches
of soil) was reduced 36%by CS-6432 and 13%by PMAin the first cycle; cor-
r espon df.ng reductions in the second cycle ~vere 35 and 9%. {It should be kept
in mind that the ca.l cul.at ad sof.Le-wat ar depleti.ons were based on average Pv over
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Fisure 3 (A-D): Effects of phenylmercuric acetate

(PMA) and CS-6432. sprayed on oleanders. on soil

water content (volume percentage) measured by a

neutron moisture meter at depths or 12, 18, 24

and 36 inches.
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Table 2

Effects of PMA (110 ppm) and CS-6432 (2%) on soil water depletion (D) by irt':lgated
oleanders over two drying cycles in 1969.

lS,t C:[cle
SOIL WATER.%.~Pv) "'~""C'~''''''''-<''''__ ''''''''''''

Control PH/I. CS-6432

Depth (in2 ?J2.1 9/;'5 D 8j~!. 9/1~ ...1?.- .§/2~ 2.05 D

12 32.1 22.1 10.0 31.8 22.7 9.1 32.0 25.0 7. o
18 31.8 18.0 13.8 31.0 19.9 11.1 31.5 21.9 9.6
24 28.0 17.1 10.9 29.4 20.5 8.9 27 .4 20.6 6.8
36 24.1 20.0 I{ .1 28.5 23.9 4.6 2!f .1 22.6 1.5

Average P 9.70 8.43 6.23
v

Water use from
36" profile (Lnchas) 3.49 3.04 2.24---

1EA C~cle

Depth (in) 9/18 _~O/31 D 2/18 l.o/3~. n J/~ 1.9./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 31.3 25.7 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 2/+.5 3.1 25.3* 23.9 1.4

Average
depletion
in 36" profile

(P ) 6.8 6.2 4.4
v

(Inc.hes) 2.45 2.23 1.58._-
*p on 9/28. due to delayed water.
p~netration to this depth.
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all depths meatSured~ and did not include measurEments in the 0- to 12"'inch
layer, where water. losses by surface evaporation were probably high. However,
the omission does not affect the relative deplettons between treatments.)

About three miles of a 3~foot-wide oleander-planted median strip is
equivalent to 1 acr e , and l-acn,-:lnch of wat.er; "" 27 ;600 gallons. '.l.'he.refQret in
the first irrigation cyc l.e , the 3.49 inches of water used by control plant.::::, :It.'
equivalent to 96~300 gallons per acre or per three w.iles, cQmp~red to 61,800
gallons for the CS-6432-treated plants. This is the aame as 32,100 gal Lons !H'U:
mile for concro I and 20)600 gallons per: mile for CS~6432, Le •• a sav:lllg of
over 10,000 gallons o f wat er per mile of oleander strip. thi.s i.s equivalent
to a saving of nearly three trips per mile. for a 4,000 gallon irdgatioi.1 truck.
At 1/4 gallon of diluted spray per bush and 880 bushes per nuLe, about 220
ga.llons of spray wou.ld be required per mile. The water use figures given abov~
ar e based on a deep roct Ing depth system, and therefore pr obab Ly exceed t.he
water application. rates normally applied On freeway oleanriel' plantings.
Howeverf the real value of the antitranspirants probably lieG in prolonging
the interval be tween irrigations ~rather than applying l.ess water each time,
Thus) extrapolation of the an tLt r ans pLrau t curves in Figures 1 to 3, indicates
that antitrapspirants can delay irri~tious by two to three weeks.

In 1970! half the line of oleanders planted on the Davis I:a:r.m\...•ere used
in an experiment in which no irrigation was given throughout the summer ~ the
only source of water being 80il moisture from the winter ralns. It shQ!Jld be
kept in mind that because of the virtually unlimited root:lng depth and the good
moisture storage of th~ Davis farm soil, this experiment gave a somewhat
unrealistic comparison with highway oleander plantings wh~n~ soil-rnoist.ure
storage cepacf ti es are poor, and where roots are usually l1rn5.ted by nae row ,

shallow trenches and Lmpene.trab Le cLay layers. The e~1H'r;l.tnent involv¢d pe.ri-odie
measurements of soil moisture from April to October 1970. using the neutron
moisture prcbe , A f:i.lm~fo11ll:f.ng and transpirant) Hobilf:.af (prov.l.ded fry the ~f\)b:U
Oil Corporation); waB spra.yed at a concent.1:ati.Qn of one part Mohileaf (ML) in
five parts water. One liter of dilutl2.:d spray was applied pcr plant. on May 18
and again on Ju.ly 15. There were four plots e.ach of conUol (unsprayed) and
antitranspirant-sprayed plants) each plot containing three pJ.ants.

The last U\Qjor rain for the 'ivinter season occurred b.etw~eL1March 1 to 10
(1. 75 inches), bringing the tot a l, winter rain for 1969-1970 to 16.5 Lncbes ,
Thu..<>, when the first neutron meter readings were made on Apt'il 1~ 1970~ the
soil-water content (% vol ume or Pv) ranged from 28.5% at the 12-inch depth to
35% at the 60~inch depth. By mid May) at the. time of the first spray, soH
water was depleted to 20 to 22% at the sha.l Lower depths (12 to 24 Lnch es ) and
29 to 30% at deeper depths (48 to 60 itlches). The "avai.Lab Le" range of Py for
the Davis-Yolo loam soil is from 33 to 13%, though this may vary slightly tYith
depth. Thus, at the beginning of the spray period) oves: 50% of the: avadl.abl.e
Vlatcr.was already depleted from the upp0r soil layer's. As a result~ the anti~
transpirant did not reduce the rates of 8oil-wate~ depletion at the 12-~ 24-
and 36-inch depths (Figure 4) A~C) and in fact s tended to Lncr eas e the l'ate
of wat er use at these depths. This is in accordance ~'l:lth the f:l.ndings in
Part I of this report on the Lnt.er ac tLons with s oi.L moisture. At the 1.•8- and
6O-inch depths ~ where more soil watex was available at the ti.me of tr'~iltme.nt:
(May 18), the first Mobilf.?af spray reduced the rates of so:t1-watel:- depletion
(Figure 4, D and E). When over 50% of. the. available soil water had been
depleted frofft t.hese depths (around early July) the !!!.!:..~~of soil-water depletion



E!sure~Al: Effects ofMobilcaf (XL),
sprayed on oleanders, on soil water content

(vo lume pe r c ent age me.asur ed 'by a neut ron

moisture meter at dep t.hs of 12, 2.ft. 36, 48

and 60 inches.
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were no longer reduced by the suritt"f:u::.sp:trant and , therefot'eJ t.he second Nob:f.ler,d'
spray was not effective. Hotvever. because of th<" s8ving{i of water dur::l.ng th~
latter part of 1'1ayand in June ~ the final soil-wat{lr content.s wer e higher tn
the antitransp1rnut-treated plots.

Tbe soil-water dep Le t Lons (Ln terms of Pv) for the two sp ray periods are
given in Table 3.. The effectiveness of the MohHeDf Ln H!du<:i\18 depletion :lS
.apparent only at the 48- and 60-inch depths in rhe first: per Lod , 'rhus, the.
average depletion in Pv over the 60-:inch so I I dt:ptb was s Lf.gh t Ly reduced by
'Mobileaf only in the first spr ay per t.od, but chf.t t ot.al depletion for the summer
(5/21 to 10/28) was slightly increased by the an t i.t r.ansp Lran t , Le., about 7.0
inches f()r control and 7.3 Inches for MobJ1?af. By COlUpHrtson. the t ota.l.
dep ter ton be.t\oJeen .5/21 and 10/28/70 fr om the 60•.•Lnch pr of f.Le , by a cOIIl'pmd.on
set of ir.risate'! oleanders was tw1.ce as great, Le. ~ about 14 Lnche.s ,

----------------~----~,--~~~_.~.~----------

Effect of MobHeaf (1:5) on soil-water depl~tion hy un-!:r'rigated oleanders
during two sp ray periods in 1970. (Spraying dates were 5/18 and 7/.1.5.)

Lst spray perLod 2nd spray period
_______ •• __~._~~( 5~·/...:::1;:;:..1_.:t;:;,;;·o~?I~1:=5:.l.)~~ • __ .--J1J 15 ~o 10/28l

SoU Depth
(inches)_

12
24

36
48
60

Control l1QbL~K-_ ....

3~O 3.3
6.1 7.0
9.8 10.7

10.5 9.0
10.2 8.5

MobJ1E!.af----
4.4

1.3

6.0
2.3
1.6
5.l
7.5

2.4

6 •.3

Average
deplction
ill 60" pro-
file: (P ) 7.9v

(inches) I~.74

7.7 3.7 4.5
4.62 2.10

Total average
depletion in
60" proiHe
from 5/21-10/Z8 Control

) ..
(P ) 11.6v

(inches) (j .96

12.2
7.32

___ r •••••••••_. _,.. -.....-.. •••••••••_ •••
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8y Septemb~l: ~ tlw:n: N.% IJ. d Is t.Inct d:i.fferenc(-~ in app,'?clr.~~t1cebetweeen th~1
irrigated and unh'rlg{lted pLau t s , f.or che former weru gteen.iJt t deuser it!
folhge (110 asset fOT scrcenf.ug h(~':ldl:tght glare! on. highway;;). and f.~i~rlerally
had a more pleasing appear ance , 'the tH:ff:~rences be.t'io1Ele-n irrig~H;ed unci un=i.l:l:l-·
gated oleanders under. most hJgh'(o.!.1y conditions, where roo c ing diOipths .?Hld Wtlt0r-
availability arc often l1.m1ted) would be much mor(:~obvt.ous , 'ttwreforl.:it
irrtgat:ion of hi.ghw,'ly ol eande.rs iG desirable insp:i.te of their xerophytic
f'cat ures , Fur the rmore, stnce re cardar Ion of transp:l r atLon is useful fer. con-
serving soil water only ';<.lhen the water is readily avaf.Lab Le for plant use,
1.e. ~ under :i.n..-igatcci conditions (c. f , Tab Lea 2 and 3) ~ an t f.t tan.sp Lr ant; spr ays
will be val.uab Ie for rt,;~dtl.dng intgHtion f r equeucy by preventing unncce s s a.r i Ly
rapid depletion of so1.1 moisture.

SinGe antitr-8nBpiratltf3 are known to r educe photo8ynth(;l.8::ts~ 1t was t.h(Hlght
that; this would result in reduced growth of the oLeander shoo t s , 'this is £1
d(~sirable eff(~ct:, sin(;,~ ey'u~gl~ive gt'owth 11'; us ua Ll y not ,,;anted on ht ghway
plunt.ings. 'Me,lsurements Wl:H{~,~ ther.:,:f.ore, made in 1.970 on oleanders in one-
ge l Ion ccnt aLner s in a greenhl)u$(~ to de t erml.ne the cf fec t s 0 f CS~-6432 (2%), !).nd
of the growth rct a rdan t ~Uat (3)000 ppm) Lncc rpo r a t ed in the CS-6432 emu l s f on ,
on shoot growth. After (t uaJfornHty tr f.al., five shoot s , distributed over
tbt'G.c pots) wer(1! se l.ect.ed for each t rea tmen t. for gl'owth me as ur erte nts , Before
spraying. the rat.ca <,r i.ntHn1{)d~" gl:owth were the same for all tx'cHtmcnt9
(Figm'e 5). Aft(:)T Gp'('nyi.ng~ the Lnt ernodes of those pLan t s which \<I'ere treate<j
\'1i.th CS-6432 g:t\~Wmore r ap Ldl y than ccnt ro l s . Th~~ tnco rpor-a r ton of Al<.'lT,
however, reduced the r at e of internode growt h , The CS-6432 also inC\:(~(l8ed tb,.:;
growth of leaves (.F:i.gtrt(~ 6)~ but 8S expec t ed , Alar did not suppr ess leaf g:rm-nh.
'the reason for the inc:r.('!ase in shoot gro\vth, ft. sp i.t e of reductions il1 photo-
Gynthesis as a r.·e-suit (if CS-6td1 trelitment~ was tha t the ant f t ransp tr ant
increased plant-water po tent.La.L and the reby enabled more r ap Ld elongatJon.
Thus sp ray tng an an t Lt r ans p Lr an r , e uch \1£ GS~64J2* wi.th on Lncorpor aced gnv...·t:h
,retardant should decrease the irrIgation requirements as well as excessive
growth of higlu-lay pJal1t:'1n;;;s. Thf\ effec.t of Alar a l one was not; ass essed in th:L8
experiment. The I •.HgiJ In(:rf:;:)('~cs in internode g rowt h 0 f aut i t r ansp I r an t- n'eated
plalits over control pLsn t s may aJHo he due to partial. clOll-rlloiscure Stl"U1:lfl

developing in the control, but not so much. in the CS~'6432 pots ~ in the cour se
of the day. This st:r!-')ss 111.';ly not have developed In larger conuat.ne rs , h1 which
case gr'owrh responses to CS'-6432 may not be as large.

'rho effects of an aut Lt.r ansp Lrant and gt'o\<lCh retanlant on. shoot grNH:h
wer.e a l so tested in t.he field Oil l('rig~t;ed o l eaude re at the Dav ls expe r Lmenr a l
tartt!, the treatn:ents wen: 1) control (wat'::'f + 0.1% X-77 surfact:lnt); 2) A1M'
(5000 ppm + 0.1% X-77); 3) Mobilcaf (1::); 4) Mi;lbl1ellf (1;.5) + ,:\lllt' (5000 ppm).
One Lt te r of so Lut.Lon Wa.'" sp r ayed on each p l.an t , 'f.heJ:~ wer.e chre e l:'epLic,at<?
pLaut s fo'!" each t reat.ment ~ an(1 fJV(' shoor s were tagg ed and measured 01'1 each
plant for internode and Leaf e l.ongat Lon , M(o~lsu!~~mentBW",r'B made on the Upp(~r-
most lnt(,;tl1ode and leaf Which wel:e in iHally about 0.5 em and 5.0 ern i.n l.eugt.h ,
respect.ively. IncreuBHs i.n length OV€!t' given time ped.ods \V'cre then dete'(nlifl~3d
with 8. ruler.

10 Piguk."e 7) the variation in internode growt.h (r e lat Lve to shoots which
were designated I:lS controls) prior to tnwtl'~I~ntwas about + lO'~bet~c01:l 5/22
and 5/29. In the t.h r ee dr.y peri-ods ju~::t <lfter: apr..:lyiug on-5/29~ there were.
marked reductions in later-node growth 1:1 tbo~~e t re a ttnent s whJch Lnc Iuded Al.a r ,

wh!?re.~s the !'lobi leaf had no ef fee to However ~:in the following eight duys,



EFFECT OF AT ~\ND tlLAI'X ON OLEANDfR
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EFFECT OF AT AND ALAR ON OLEANDER LEAF OROWiH.

100

90

••.....•.• CO-lTROL.
ll-"~ AT(CS-t,43Z, 2%)
•.•••• AT ~ ALAn (5COO ppm)

Etgg~~__~. Effects of CS-6432 and Alar on
leaf grO\vth of Oleanders.



T -"'- t- '> co:_ -_.
.•

(1 -:» "'~~ C) L}
J > • l- < • -1 f

t
!

•..•
-1 o- -'~

'A
=
C
O
N
'T
R
O
L

O-
;\fO

R
1 f

!"
';:J

\C
'.

I'
'S
}

u-
."
i'
_
,
_
~
.•
..
..
.

f-
'\.
i

\,
r

J3
0 r ,

~r
'\O

I
.'"
.-

r
.(.,
.

l I
.

~V
(\j

••
.

, I {

C
::~
J1
~
s:

I~
d
r,
R

'I
-

;tJ-
-'."

.•.•
••..

••.
1-
-.
.,

D
=A

LP
"R
(5
00
0

oo
m
)

•
>

n
r~

n
1

~
~

{
,

t(
"\~

,
~
!

I
1
,

t
i

lVV
r

rn
,rll
i-
'n

r~
)

n
:i

I
!~}

I'
j{

t~
I"~

"
f

}'
-r

~
}f
'

5
1~
'

}i{
~;
~

C'
.',,
~

f
I

?
•
•,-N

t
~
f
,
1

1
I

'I
~

ti
l

!
~

~
~~
v
r

t!
!!

l
}!

t
r
!>
-1

.
I

.~
tt
l

li
i

t
~
1
~
~

t
{

)
f

)
.:
::
:-
r
!t

!
~

i
I

!
f
!

V
c:'v
r"
\:
'"

ii'
}

l,
~

{
~

!
ir,;

'
~

i,
!

;
1
.
fl

I'
I
i- t

'
<

I
l'

t'"!
'~'"

'
I

-
•

,
!

j
!

J
1
i
I

l:
~
i~

cC
~
in

.-
1

i
J
i

I
)
i
~

I
71
"",
.1.
'

~
1

~
~

j
!

1
~

~
i<

/)!
1

i
};

~
l

~
I

t
i

~
i
v:-

.
J

~
I

i
I
It;
.

!
(

"1
.

I'
,

~
I

-
l

"\'
t

t
t

j
•

<
I

"
!

'
1

I
s

~
~~
-~
i.

11
$~
::t
..I
~'
(

;"
~

;1
~·

~
,1
1·
'<
'

}
l}~
ll.,~

l!
;';1

'I'
ro
~
;(

l
I!

.;
I

1
.

\
;
it

Ij
(~,

~
:

~
o

,-
~
'I
t.

~~
,i!;!

;i
:

l~~
~

"l'!
}·:
-""
'!

}
1:

t
I

I
!}

It
t

'
i

'I
:

I'
1

'--.
:

1
:

f
"
)

l~
,,
~
!

~.l
:'~
l

If
"

~
1

~~
1:j

{
I

I
'.

1
I

,
~

'I
'I/'!

},
~

[I',!
!

(
t

,
7

t
!!

I
'.

f'
1

j
.>
..
..
.

(
I

~
~

~
l

,.
1

>
~

::::
r~j

I
R

.~.
!.!

:
;.di

d"
."

~
!

1
".
t

V
~

f
~

:
:

v
t

~
.'

•
~

p
j

l--
>_
J,.
..•
.

~t
__

Jv
·~
\8
C
D

A
B
eD

A
B
eD

A
B
eD

t\8
CD

5/2
2-

5/2
6

5/2
6-5

/29
5/2

9-6
/i

G/
:-

G/
3

6/3
-6/
9

Fi
gu

re
7:

Ef
fe

ct
$~
f
MO

bi
le

af
an

d
Al

~r
on

in
te

rn
od

eg
ro

wt
h
of

Ol
ea

nd
er

sh
oo

ts
.



8
Mobilesf 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) compensati.ng effects, or 2) chemical or physical interaction
between the Alar and Mobilesf solutions."

In Finure 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 fmtitranspirant-treated plants, and least for growth retardant-treated
plants, though the effect of Alar on leaves was not as severe as on internodes.

A 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. In the periods 6/3 to 6/9 and 6/9 to 6/15, there were
distinct reductions in inten10de growth by all treatments, these being about 20%
by Mobileaf~ 35 to 45% by Alar, and 50 to 60% by the Mobi1ea£-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 alone. The depression in internode growth between 6/1 and
6/15, but not between 5/29 and 6/9. resulting from the ant1transpirant 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 (Le., around 6/1) ~
the increase in plant-water potential had an overriding effect and growth of tho"
young internodes (about 3 em in length) was enhanced, but several days later (f., e <,
around 6/9), the reduced rates of photosynthesis had an overriding effect, and
growth of the younz 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 if Alar was present in the spray. Mobileaf alone
did not reduce leaf length, possibly because photosynthates for growth were
produced in these new leaves which had no antitranspirant on them, i.e., unlike
the intet~odes, they did not depend on translocation of photosynthates.

The measurements described above dealt with the effects of Mobileaf and
Alar. on grmvch of individual internodes and leaves. The effects of these
treatments on total shoot growth, Le., the integrated length of all the inter-
nodes aboy~ the point where measurements were initiated on 5/22 are shown in
Table 4. By August 10, shoot elongation'was unaffected by Mobileaf but was
reduced 15% by the Mobileaf-Alar mixture and 30% by Alar alone.

Table 4

Effects of Mobileaf (1:5), 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 (em)
..0/22-8/10) -.L

Control 40.72 100
Mobileaf 40.89 100
Mobileaf + Alar 34.55 85Alar 28.85 71
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Reduction. of irriga,tion \':!:.'l-qirement .of .t)JrfSl,ass
Turf grass is used in a variety of situations including home lavms,

play fields. golf courses. and orchard sod. and in most cases requires frequent
irrigation. Reduction of transpiration and therefore irrigation frequency.
may be useful for conserving water and prolonging irrigation intervals. parti-
cularly for home gardens when owners are away on vacation.

Perrenial rye grass was grown in 30-foot square plots and was moved
regularly to form complete swards. Gypsum blocks were installed to measure
changes in soil-matrie 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) CS-6432
(3%).

On the day of spraying. soil-matric suctions were about 0.1 atro in all the
plots at the I5-em 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 em
of soil. At this depth, CS-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-mat ric suction). Also; at the 30-em depth higher suctions
developed in the control than in the treated plots, PMA (150 ppm) being the most
effective at the end of the two-week observation period.

Table 5

Effects of antitranspirants, sprayed on perennial ryegrass, on soil-matrie
.!"'uctions(atm) at two soil depths.

Days after spraying 6 13
Soil depth (em) 15 30 15 -lQ...-
Control 1.07 0.21 8.70 1.01

PMA (100 ppm) 0.95 0.10 6.38 O.8~
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 period. The effectiveness
of an antitranspirant 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
antitranapirant spray may not only reduce the rate of appearance of new unsprayed
leaf surface, but may also reduce mowing frequency.
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!.LANT-WATER ~T.f..TUS AND GRO,WTH

Survival of Transl?l~
When a seedling is uprooted and then replanted~ there is always some damage

to the roots and 'transplant shockY results. The reason for this is that water
loss from the leaves often exc.eeds uptake by the root system which has been
damaged. Application of an ffiltitranspirant 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 more uniform stand since the number of replants is decreased. Only
one experiment was carried out to demonstrate the effectiveness of all

antitranspirant for increasing transplant survival.

Seedlings of pinto beans were divided into large~ medium~ and small size
groups. Seedlings from caGh group were uprooted, and the tops were dipped in
CS-6l.32 (2%) for five seconds, and allowed to drain with their tops pointed
down on an in.clined plane to avoid contact of the antitranspirant with the
roots. At the same time~ five seedlings from each size group were also uprooted
and laid alongside the treated seedlings for the duration of the drying time to
serve as controls. Hhen the CS-6/d2 on the treated seedlings had completely
dri.ed, all of the seedlings were transplanted in a tray of wet verm.iculite.
There wer(-; three pairs of rows of five plants each, corresponding to the large ~
medf.um, and small size groups. Each pair in each group comprised a control
and an antitranspirant-treated row. After transplanting in the greenhouseJ the
tray was placed Ln the sun (about lOPOO foot candles of light and 85°F cemper a-
cure). After half an hour, the control seedlings in the large size group began
showing signs of wi! to T"TO hours after transplanting, these seedlings wer e
severely wilted~ and many of the untreated seedlings in the medium-slzed group
showed signs of wilt. None of the antitranspirant-treated seedlings showed any
signs of wilt in the large and medium·~sized groups. In the small-sized group~
there was very little wilt~ even in the untreated seedlings. It, therefore,
appears that an an titranspiraut would be more useful in increa.sing survival of
bigger plants where the ratio of leaf surface to root is relatively large. If
t.ranspLant ed seedlings In a field vary in size, the uniformity of seedling
establishment would be greatly Lmp rove d by antitranspirant treatment.

Growth and li~Jd .of snap be~ (in cooperation with Dr. W. L. Sf mms , Vegetable
Crops Extension ServicE, DeD).

A field experiment with the 'I'ende rcrop variety of snap beans was conducted in
July to September 1968 to note the effects of CS-·6432 (3%) and PMA (110 ppm)
sprays~ applied 38 days after sowing. A second CS-6432 spray was given 11 days
later. Each treatment plot consisted of a 20-foot length of row, replicated
four times. The PMA was phytotOXic, so no measurements on leaf expansion wer~
made for this treatment.
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CS-6432 decreased the rate of leaf expansJ.on by about 25% for small
leaflets and 50% for medium-sized leaflets (Table 6). Presumably, the CS-6432
did not: reduce leaflet expa.nsion 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 CS-6432 and PHA reduced the final height" yield,
and number of beans per plant (Table 7).

-------
Table 6

Effect of CS-6432 (3%) on leaf area expansion of snap beans.
2Leaf area (cm L, _

August 23 August )0 Gain
% of

Control-~-
Small Leaflets

Control 5.4 58.5 53.1 100
CS-6432 5.3 45.8 40.5 76

Hedium Leaflets

Control 24.1 89.8 65.7 100

CS-6432 27.6 60.2 32.6 50

~-------- _-..- •.••......-.-_---
Table 7

Effects of CS-6432 (3%) and PMA. u.io ppm) on Unal height, yield, and number of
beans per plant.

Height Yield Number
i.~m!plan t ) (S.!E.lant) (beans/E:I;,afl.~>.

Control 73 141 37
CS-6432 65 101 31
PMA 57 66 24

--
Some interesting observations on th2 effects of the antitranspirants on

rates of pod maturity were noticed because harvests were made on two separate
dates, September 19 and 23. In Table 8t 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 6% 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. (1be final yield values in
Tab 1e 7 are the averages of the yields of the two harves t dat es ,) 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
yield (about 20%) fell in the. over-mature grade size at the first harvest~
whereas about 40% of the yield from control plots was in the over-mature
category at the first harvest.

Table 8

Effects of CS-6432 (3%) and FHA (110 ppm) on yield of green snap beans on two
harvest dates.

Yield (E;h;lantj

% yield increase
~el?tember 19 (~1 .S~pte1.'l!.ber2LQ2 p£ (B) ov~r (A)

Control 134 148 6

CS-6432 89 114 28

PMA 46 86 87

Observat:lons were also wade on resf.st.ance to water vapor diffusion from
the snap bean leaves, and on changes in soil matrie: suction (measured by
gypsum blocks). The antitt'anspirants increased dJ.ffus:Lve resistanc.es of the
Leaves and therefore decreased rates of soil-moi.sture depletion. However, all
irrigations were scheduled to ensure that severe soil-water deficits did not
occur, and all treatments were :/.rri.gatedon the same date regardless of dif-
ferential rates of water extraction. It is, therefore, possible that the
reduction in vegetative growth and yield caused by antHranspirant treatment
would n.ot have been. so severe if the untreated plots had not been irrigated as
frequently. The growth reductions by the antitranspirartts were undoubtedly
due to their effects on reducing photosynthesIs, and for PI-fA, to phytotoxicity.
(This would suggest that a lower concentration 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 perennial crops such as
oleanders and fruit trees. A probable reason for this is that growth in annual
crops is more heavily dependent upon photosynthetic production, whereas that in
the perennial cropsJ where large reserves of photosynthates already exist in
storage tissues, is more heavily dependent upon maintaining high plant-water
potentials. It should, however, be kept in mi.nd that continuous use of an
antitranspirant year after year on a perennial crop such as a fruit tree, while
giving seasonal :I.ncreases 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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Orchar,d 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 this results in an improved water status of the plant. One method of
assessing 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 tr.unk radial changes were also obtained as a
basis for comparison of tree response before and after treatment.

Changes in 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 per tree. In the first experimentJ there
were five replicates of the following treatments: 1) distilled water + X-77;
2) CS-6432*(2%); 3) Al1ied**(2%); 4) PMA***(34 ppm); 5) CI~****(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 unsprayed trees because their foliage had not been
wetted. For three days after spraying, the largest reduction of shrinkage was
achieved by CS-6432, but thereafter, the effect disappeared. The other treat..
mentis appeared to have Iit tLe , if any) effect on t'educLng trunk shrinkage.

Radial expansi.on of the tree trunks depends on 1) overnight rehydration
of daytime shrinkage, and 2) accumulation of pnot.osynchat es , Le., growth.
Growth of the tree trunks was reduced by the film-forming sprays, particularly
CS-6432, by up to 30%. The reduction in radial expansion did not occur until
three days after spraying, this preswnably being the time requi.:r.edfor the
reduction in photosynthesis and translocation of metabolites to become evident.
Growth continued to be reduced for about two weeks. The other treatment s did
not si.gnificantly reduce growth, and CEM appeared to increase it, thougb no
explanation can be given for this.

* Chevron Chemical Co. ~ Richmond, Calif. - exper Iment.al, film antitranspirant

** Allied Chemical Co.~ New York ~ experimental film antitranspirant
*** Phenylmercuric Acetate - stomata-closi.ng antitranspirant

**** Cyclohexim:tde - protein inhibitor fungicide
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Relative wat er content (Rv.1C) of the almond leaves was measured one day
after spraying. In the morning, all of the treatments showed higher RWCsthan
controls (Table 9). In the evening (a little before sunset) when RWCsare
generally low because of continuous transpiration during the day, only the film
antitranspirant increased RWC, whereas PHA and eIiM reduced it. A possible
explanation for the evening data is that PMAand CEMretarded stomatal closure
(see Par t I for effects of PI-fA), which had probably alre.ady started Ln the
leaves of control trees, thereby delaying restoration of thei.rwater 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 \..•.ater contents.

________ n •__ ._._. "_._._._. _

Table 9

Effects of various sprays on relative wat er contents (RVlC) of almond Leave s ,
measured one day after spraying.

_____ ~R;.;;e~l:.;;ca:.;;t~i~.£--S.£.nten t (%) • .

AM \0830) PHJ).900)

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

CS-6432 (2%) 87.7 84.1
-----~-

The first orchard expe rImen t on almond trees described above showed that
1) at the low di.lution used: PMAand CHMwere not effective antitranspirants;
2) only the film-fanning spr ays , and particularly CS-6432, produced the effects
expected of an effective antitranspirant, Le.) improved the wat er status of
the tree (reduced trunk shrinkage and Lncre as ed ru.JC) and decreased gr ovrh
dependent on photosynthate accumulation (reduced trunk expansion). Ther ef cr e ,
in the second expe r Lment; on almond trees) only ant1.transp:Lrants of the. film-
fOL~ing type were used.

The second exper:tment was carried out in the same almond orchard. Pre-
treatment dendrometer readings were made from August 17 to 21, 1967, to establisb
growth and shrinkage pH.tterns for the tree trunks. On August 31, the followi.ng
treatment!> were sprayed at three liters per tree: 1) control (unsprayed);
2) Wilt-Pruf (1:4); a polyvinyl chloride. complex produced by Nursery Speci.alty
Products) Inc , , N.Y.; 3) single spray of CS~6432 (2%); 4) double spray of
C8-6432 (2%), i.e., a second spray being given as soon as the first had dried.
On the day before spr ayf.ng, the. daytime ahr.i.nkage pat terns of the trees were
very similar) but on the day after spraying, the pat terns showed that all the
antitranspirant treatments were effective, the two+sp ray applications of CS-6432
giving the greatest reducti.on (about 50%) d.n shrInkage (Figure 9). This was
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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 sIn gLe spray of CS-6432 t but the double
CS-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 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 vtew 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 pe.r.sistent effect.

The percentage increases or decreases in r'adf.a.L trunk growth, relative to
control, are shown in Figure 11. ~~e antitranspirants produced slight increases
in growth during the first two days after spraying, probably because of an
improved 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 CS-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 soil mof.scure ,.•as reducing growth rates, particularly for the
controls. The average soil-matric suction in the 1 to 3 foot profile increased
from about 2 atm on August 31 (day of spr.aying) to about 5atm on Septenwer 22
and about 6 atm on October 18. The cumulative changes in soil-matric sucti.on
(averaged for measurements at 1-, 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 ant:Ltranspi.:cant treatments. By the. end
of September, this effect was noted only in the deeper soil layers si.nce most
of the moisture in the upper foot had already been depleted.

The presentation of growth data in Figure 11~ as percentage Lncreaaes or
decreases around the controis ~ is use ful for assessf.ng n11at ive effects at
anyone timet but can be a little misleading when comparing effects at different
times. Thust 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), Le. ~ a. r'educ t.Lon of 5 1/2 units; on September 24 correspondi.ng
values were about 11 and 13 unitst i.e~,an increase of only 2 units; $1d on
October 15 they were about 7 1/2 and 5 1/2 units, i.e., a decrease of 2 units.
Thus in absolute units, the growth reduction in early September. scon after
antitranspirant application! were greater than the growth increases which
occurred in late September and early October; and the total radial growth of
the trunk, from August 31 to October 18, was reduced by 60 units (about 0.3 tum)
by the CS-6432 (double spray). The. single spray of CS-6t432 reduced total
radial growth by 40 units, and Wilt-Pruf reduced it by 70 un f.t s , Thus, although
\Y'ilt-Prufinitially did not reduce grot-7th as much as CS-61132, its growth sup-
pressing effect persisted (unlike CS-6432) through the latter part of September.

Relative water contents (re.Lat Lve turgidities) of Leaves from treated
trees, sampled in the late afternoon when shrinkage was maximum, were always
from 4 to 7% (actual RliJC units) greater than those of the untreated trees ~
indicating that lower plant moisture st~ess resulted from the antitranspirant
treatments (Figure 13) ~ It i.s not ewor thv t.hat; this effect on relative
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probably due to a greater amount of coverage and to the thicker fi.lms resulting
from the double spray. By the second day after spraying, Wilt-Pruf was con-
sis ten tly more effect f.ve than the single spray of CS-6432, but the double
CS-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 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-PruL 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 pe.rsistent effect.

The percentage increases or decreases in I'ad:l.al trunk 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
improved plant-water balance. Thereafter, trunk growth was retarded as a result
of suppressed photosynthesis and the consequent reduced accumulation of photo-
s}~thates. The double spray of CS-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 soil mo:tsture was reducing growth rates) particularly for the
controls. The average soil-matri.c. suction in the 1 to 3 foot profile increased
from about 2 atm on August 31 (day of spraying) to about Satm on September 22
and about 6 atm on October 18. The cumulative changes in soil-matric suction
(averaged for measurements at 1-, 2- and 3-foot depths) after spraying on
August 31 are shown in Figure 12. The amount of increase in rnatric suction was
always greater for control than for the antHral1spirant treatments. By the end
of September, this effect was noted only in the deeper soil layers si.ncemost
of the moisture in the upper foot had already been depleted.

The presen.tation of growth data in figure 11~as per cent.age increases or
decreases around the controls, is useful for assessing relative effect.s at
anyone time, but can be a little misleading when eomparing effects at different
times. Thus, on September 6~ the actual magnf.t udes of growth per day (in
dendrometer units) were about 17 for control and about 11 1/2 for CS-6432
(double spray) ~ t ,e , ~ a reduction of 5 1/2 units; on Se.ptember 24 coz respondang
values were about 11 and 13 units~ i.e., an increase of only 2 units; and on
October 15 they were about 7 1/2 and 5 1/2 uni.ts, i.e., a decrease of 2, unLts,
Thus in absolute unf.t.s , the growth reduction in early September ~ soon after
antitranspirant application, were greater than the growth increases which
occurred in late SeptewDer and early October, ~ld the total radial growth of
the trunk, from August 31 to October 18, was reduced by 60 units (about 0.3 mtu)
by the CS-6432 (double spray). The single spray of CS-6432 reduced total
radial growth by 40 units, and Wl1t-Pru.€ reduced it by 10 un Lts , Thus, although
Hilt-Pruf initially did not reduce growth as much as CS-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 R1fJC units) 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 relative
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turgidity continued for 2 1/2 months after sprayLng , thereby lending support
to the long-term effects on shrinkage.

These experiments with almond trees gave us sufficient experimental
evidence to believe that certain antitranspixant sprays reduce transpiration
and thus improve the water status of the tree. It was postulated that~ inspite
of reductions in photosynthesis and trunk growth, this may result in increased
fruit growth, if the trees were sprayed duri.ng the latter stages of the matura-
tion period of the fruit~ when increase in fruit size is more dependent on
madnt enance of plant turgidity than on photosynthesis. Increase in fruit size
not only results in greater t.onnage , but also puts UlO1:,e 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., DeD).

Halford peache~~ - 1969

In August 1969~ an experiment with Halford peaches, consisting of the fol-
lowing treatments, was conducted in a cOl~lercial orchard near Yuba City~ California.
Twelve trees were divided into two groups of sLx, one group being a wet and the
other a dry treatment. Each group of six was divided into two subgroups, i.e.~
control (wat.er+ 0.1% X-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 irrigated
only on August 3 and 12. l'ensiometers at 24" and 36" measured $oi1-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 potentLal.,
respectively. Resistance readings were made on one or two spots on an attached
leaf. TIle leaf was then detached and put in the pressure bomb. Vernier calipers
were used to measure diameters of 15 fruit on each tree. The diameters W8:Le
later converted to volumes, as sunrl.ng the fruit to be a sphere. Since ea.ch fruit
was tagged, it was possible to measure the same fruit periodically to establish
its growth curve> inc:ludtng pre- and post-treatment measurements. At the start
of the experiment on August 1, the fruit werl:\ still green and were about 50 mm
in diameter. Fruit were harvested on August 29. Soluble sol1.d content: in the.
juice expressed from the fruit was determined n:\fractometrically. The trees
sprayed on August216 and again on August 27 at the rate of 10 to 15 gallons per
tree at 400 Ib/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 \>lhich rec(~ived t.he 8f17 and 8/24 irrigations ~
and those which were not i.rrigated 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 roseto .50 to .75 for unirrigated trees.

Maximum daytime trunk shrinkage before and after spraying~ are sh~yu in
Figure 15. After the sprays on August 16 and 27, shrinkage was decreased, but
this effect was small and temporary for the irrigated 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 decreasf.ng this shrinkage was very noticeable after each
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spray. In Figure 16, the patterns of trunk shrinkage during the day, on
Aug~~t 28 and part of August 29 indicated greater rates of shrinkage for
unsprayed unirrigated 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 8/17. These reducdons were often in the fonn 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 O.7 and -0. 7 dendrometer unLts ,
respectively~ whereas corresponding values for the unirrigated trees were
-1. 3 and -LO.

The effects of the antitransp:i.rant spray and irrigation 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 ant Lt r ansps rant
increased resistance and pressure potential (less negative values) for both the
irrigated and unirrigated trees. It was a little surpri.sing that there was
very little difference in resistance and potential between the leaves from
i.rrigated and unirrirsted control trees until 8/29 when the af ternoon r.esistance
rose to 0.27 min cm- and potential to -20 atm fot" unirrigated trees. Treatment
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 ant.Lt r ansp Lr'ant+t reat ed unirri.gated
trees. However~ by evening} partial stomatal closure occurred in the control
leaves (particularly for \mirrigated trees) though it was still light, but not
in the sprayed leaves. lbus~ the reduction of plant stress earlier in the day~
resulting from antitranspirant t.reatment, prevented early stoID;;tta.l closure.
Pressure potentials were always greater than -15 atm for leaves of irrigated
sprayed trees~whereas the controls dropped to less than -20 atlilby noon.. By
mid afternoon~ only the sprayed irrigated trees were able to maintain relatively
high water pote.ntials. By eveu Lng, water poten.t.LeLs of cont.ro.l, leaves increased
to about -12 at m, presumably as a result of their early stomatal closure.

The rates of growth of fruit on the 'furious trees prf.o r to spraying was
fairly similar. Figure 18 sh()t<J~:; the percent increase in vo l.ume for the various
treatments after spraying au August 16 (about two weeks before harvest) and
again about two days before harvest. The Lncre.ase in volume was smallest for
the untreated dry trees, and largest for the CS-6!d2 treated trees. In the dry
plots ~ it was interesting to note the response of the treated t rees tv 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 fruit by hot~ dry weather. Figure 18 does not show absolute sizes of
the fruit. However , based on volumes, the amount of growth between the fl.rst
spray and harvest in the wet plots was 44·%more for the anti.transpirant-treated
fruit than for the controls. The actual increase in final volume of the fruit~
attributable to the illltitranspirant, was 8.5%. An estimate of the returns resulting
from, say, a 7%increase i.nfinal volume (v weight) of peach fruits is given
below.



- ~ Z :::
>

~ w !- U
J

('•
..
..-

c:~ o t":~ ~'.- o :::::.J
'

F
'1 ~) - t,! (;) < ....,~
.

-? :::
:
-1
8

[;:' :c (I)
-2
0

I
-22

r

~

~

~~~
'\\.
~, -,

~~

.
~"

~"
•
•
..
..~

•
..
.,

'\
.•
•
•
..
.

"
0

\ +\ \ \ \ \ \ \\ \ \ \ \ \'b
.

-C
O
NT

RO
L-

---
CS

~6
~·
32

(1
°1

0)
o

IR
R
tG
A
TE

D
A

N
O
N
-i
R
R
IG
A
T
E
D

I
!

+
.
I

!.
!

!
I

8
10

12
.

14
[6

13
NO

ON
A
U
G

28

It!
I

I
8

10
12

14
16

,
NO

ON
A
U
G

29

~i
gu

re
16

:
Ef

fe
ct

s
of

CS
~6

43
2
an

ti
tr

an
sp

ir
an

ta
nd

la
te

ir
ri

ga
ti

on
s

on
da

yt
im

e
tr

un
k
sh

ri
nI

'.
l.

gepa
tt

er
ns

of
Ha

lf
or

d
Pe

ac
h
tr

ee
s.



0.6

- 0.5-I
Eo
c OLlE .1

w
~ 0.3···

~
(f)~t3 0.2
n:

0.1

E 0

_J

~ -"OfZ
ltJ

5 -15-
CL

wn;
::) -20
(J)
(/)
wex
0_ -25

CONTROL
CS- 6432 ( f %) .
IRRIG,6.TED
NON-!r~R1GATEDx

x.....
I "-"I ' .

I .•...•...
I .....•.....
/ x--

I
I

I
X

r- ....
/ --
/
/
/(/

vV---"

L......., __ L

10 '2NOON
___ .A-l .L(, ,

14 :6 18

AUGUST 28, 1969
FiJ;;~17: Effects of CS··6432 a :J.titranspirant (sprayed on

August 27) and irrip Ition on diffusive resistance
and pressure po t e nt i 11 of Halford Peach Le ave s ,



30
r

.
28
i-

2
6
t

.W
· 2
4

.'
,

I
C
-:
.
.2
2 r

:)
t

--l
20
L

o
I

>
18
i-

Z w (() -r L.L
1

'0:
:
<
-) Z t- Z W U CL
:

Lf
J.

C
L

r-
-r
n
'r
r-
r-
n
rs0
1
"
'=A

t'
\j
""
l"
"I
-r
-rA
··
n
it
.

r,)·
l.r~

t
t·

,r',
l
T
S

C
o-~

-(...
.L,

l-
~!

'-"
'

\
~"
I-"
"!\
l\j!

.
.
r

1
'L:
."
-
I
.
"
,

I"
'll

..
.{t

'"
-\;

'"
i',

1
\r\1

.
.

,
A

t,
Ir
"-'

'j\1
U

IR
R
iG
A
T
IC
)N

O
N
H
A
L
F
O
F
:D
P
E
A
C
H
G
R
O
W
T
H
.

.
0

-0
'P
JE
T
{

0-
--0

CO
NT

RO
L

fJ
~T
(C

S-
64
32

l
i%

)

CO
NT

RO
L

A
T

,...
•....'

0
I

,;I
v

X
:-
'-
~
~
\

D
R
Y
{x
--
-~

/ /
»; I,

"-
'I/
~

/A r
/ / / /

.
/,..,.

/
/

/
..
•
.•
.

1
4
1
-

f-
"'
-

·f

12
r

/.1
IO
~

/7
f'

I
1/

S
r

1/
6
1
-

.
./3
1

~/
rz

~
,.

/Y
,

X
"
x

Fi
gu

re
18

:
Ef

fe
ct

s
of

tw
o

sp
ra

ys
of

CS
-6

43
2

an
d

of
la

te
ir

ri
ga

ti
on

s(
We

t)
on

gr
ow

th
of

Ha
lf

or
d

pe
ac

h
fr

ui
t.

O
!-
?"

I
[~

•
f

,
t

~
•

~
~

~

i5
'1
\
17
t

19
21

l'
23
·

i;\
25

27
It
\

29
J r,

'
l

A
U
G
U
S
T
i9
69
!

I
1

<
:-
JP
A
...
.r
!R
D'
,tG

'
1R

~\
(
~

SP
Pf
\Y

.L
11
)
R\
!r-
(~
T

iIo
w-

~
'\

~
••.
••
f

\
+

'
,

.••
I

~
J..

'-
•.
~

.•.
~
i--
\

f
~;,

;i.
'I-

~
'

..
-

('\
~,
!f.
:""
"f~

)
/q;'

7~
.",

~:
~~

t
;.<
}:;
..-
,

.~



17a

Yield 15 tons/acre

Extra yield due to antitranspirant "" .07 x 15
At $60!ton, gross extra returns "" 1 x 60

~ about 1 ton/acre
= about $60/acre

Using a mist blower to apply 2 gal. of diluted (1%) CS-6432 spray per tree,
the amount of CS-6432 concentrate used Has O.Olj gal. l ccee;

CS-6432 concentrate"" .04 gal/tree x 100 trees/ace ~ 4 gal./acre.
(since CS-6432 is an exper'i.men t.al material, its cost has not as yet
been determined.)

Spraying cost (excluding material) "" about $10/ acre.
'Ihere fo re , net extra returns per acre due to the CS-6432 spr ay > $60/acre

minus $10/ acre, minus cos t of 4 gal. CS-6!d2.

The possibility of incorporating the antitranspirant with a normally applied
insecticide or fungicide spray prior to harvest should be kept in lnind; this would
eliminate the spraying cost. The antitransptrant has been used only on canning
peach varieties. Since the skin is removed (by immersion in hot lye) before
canning, the problem of removing the HIm from the fruit does not arise. When
a sample of antitranspi.ran t-vt re at e.d 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 CS-6432 reduced shrinkage of the peach
fruit, as measured between 9 avrn, and 2 pv m, (Figure 19). Fruit from the
unsprayed unirrigated trees showed the greatest shrinkage~and those from
the antitranspiran t-vsp rayed irrigated trees the least. It i.s also f.nte res tLng
to note that the fruit from the antitranspirant-sprayed unirrigated trees did
not shrink as muc.h as the irrtgated control trees.

The fruit soLub l.e soUds content from 8/11 to 8/29 varied between 9 and
ll%~ indicating that the accumulation of solids \...•.as largely complete by the
time the spray was applie.d. However , there appeared to be about a 10% reduc-
tion in soluble solids resulting from the CS·,·6432 spray (TabLe 11). It is
believed that this was probably a. dilution effec.t resulting from higher water
contents (manifested as increased pressure pot eut.La Ls in the leaves) in the
fruit from antf.t ranap Lrant= t reated trees. However~ the effects of phot osynt.he t i.c
reductions. caused by antitranspirants, on accumulation of photosynthates in
fruits and elsewhere 1.n the tree requires investigation.

VivJan Peaches - 1970

In July 1970, another experiment on peaches near Yuba City was carried
out. In this case, an early var Lety , Vivian, t'13S used and only one spray of
CS-6432 (1 1/2%) was applied one week before harvest. The treatments were
sirrllar to the experiment on Ha1fords 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 be fore harves t , 1. e , , all ()f the trees were
irrigated on July 6, but only the wet plot trees 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 (Rt in min em-I) and
pressure potential (P, in atm) of Halford'peuch leaves~

IrrigatE~q Nonirriaated

Control CS Control CS--...._., ..•.-------
R P R P R P R P--~ ---

8/17 (1100-1300) .08 -15.2 .11 -10.4 .10 -15.3 .17 -11.9

8/24 (0940-1050) .06 .08 .06 .08

8/28 (0935-1100) .05 -17.3 .09 -12.4 .04 ~·15.0 .17 -12.1

(1130-1215 ) .08 -22.4 .20 -14.8 .07 -20.3 .33 -15.1

(1430-1540) .09 -19.0 .15 -14.8 .ll -1.9.0 .24 -18.7

(1740-1830) .34 -12.2 .19 -13.8 .51 -13.6 .24 -16.7

8/29 (l000-1100) .03 -18.2 .08 -14.6 .08 -17.2 .10 -12.2

(1330-1430 ) .09 -16.4· .11 -15.4 .27 -19.6 .18 -1.9.7

----~ _.-
--_ .._¥---------

:f"able 11

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

Irrigate.d _

Control CS-61+32 Control-_. CS-6f.I<32

8/15 (pre-spray)

8/29 (after
spraying
on 8/16

and 8/27)

10.47 10. S3 9.97 9.97

10.47 9.43 9.97 8.93

Reduction o 1.10 o 1.04

Percentage
reduction o 10./t o 10.4

---_ .._--------.-----
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harvest was on July 23. At harvest, average soil-moisture percentages (dry
weight basis) sample.d at 2-foot intervals to siL feet were about 11% in the
unirrigatedand 16% i.n the irrigated plots.

Dendrometer measurements showed that, like the Halford peach trees in
1969 t the antitranspirant was more effective in r.educing daytime trunk shrinkage
of the unirrigated than irrigated trees. Trunk shrinkage of trees which did
not receive an irr1gatl.on on 7/18 was about two to three times greater than
that of the irrigated trees. There \<7a8 very lit tle radial. growth of the tree
trunks making it difficult to assess the effect of the CS-6LI32 on trunk expan-
sion. However, trunk growth Has greatly decreased by \ilitholdingthe last
irrigation (Figure 20).

In Figure 21, the cumulative Lncreas es in fruit volume for the various
treatments are plotted. The response to the final irrigation is clearly visible
as an increase in the growch curves of the wet pLct trees t 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
CS-6432 after the spray on July 16 is also clearly visible, the larges response
being for irrigated trees. It is also interesting to note that the final
volumes of fruit from the unirrigated antitranspirant-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 irrigation.
The significance of this finding is that an an t Ltranspdran t; may be used to at
least main tain fruit growth rates durin g 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:wou.Ldalso allow the gr owar to disc. in his irri.gation
contours and have his field ready for mechanieal harvesters (whi.ch are becoming
necessary because of increasing labor costs) without being hampered by wet soil
at the critical harvest dates. Although the CS-6432 gave d 40% increase in
volume growth between the date of spraying and harvest in both the wet and the
dry plots, the actual increase. in final fruit volume was only about 3 1/2%,
compared with 8 1/2% for the Halfords in the previous year. Nevertheless, the
:l.ncre-,ase in fruit size was clearly demonstrated, as was also the decrease in
fruit shrinkage during the day , as measured between 9:30 avm, and 5:30 p s m, on
July 22 (Figure 22). The greatest fruit shrinkage occurred on the unirrigated
treess 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 CS-6432-treated fruit in
the dry plots and control fru:i.tin the wet plots.

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 Oil Co., on fruit siZing. Diameter n~asurements with vernier
callipers were made on 20 f ru.l t 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 MobHeaf in 5 parts water), 1:6
and 1:7 caused some leaf yellowing, but 1:9 did not. Laboratory measurements
of transpiration and photosynthesi.s 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 applied by a mist blower at 7 liters per tree. Observations
of leaf samples coll.ected on 8/18, under a scanning electron microscope indi-
cated that th~ Mobileaf film coverage on the upper and lower surfaces of the
leaves was satisfactory. However, it is u~likely that there was compl~te 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 variabi.lity 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 10w0r 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 uade on
leaves on the shady side of each tree, af ter 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
lower 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
(min cm-1)

Potential
.. (at~2.

Shade

Control

Mobileaf (E)

SlUl

Control

Mobileaf (E)

.07 -14.6

.19 -12.3

.03 -20.7

.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), arid measurements made on 8/21.

1330 ..: ·1430 1520 1620· ..
, d , Pote~'tialResistance Potential Resistance

(min em-I} (atm) (min cm-l) (at m)

Control .04 -20.2 .08 -15.9

tiobileaf (E) .11 -14.9 .20 -13.6

Mobilea! (L) .09 -14.2 .23 -11.1

Mobileaf (E+L) .83 - 9.9 .42 -10.1

The effects of the antitranspirants 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 control, 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 higher growth rate
than controls prior to being sprayed on 8/14. Nevertheless, the rate of fruit
growth after spraying these trees was greatly enhanced. TIle relatively greater
flattening of the growth curve of control than of treated fruit during the
final week is quite evident in Figure 23.

The actual fruit volumes and volume changes during pre- and post-treatment
periods are shown in I'abLe 14. Adjustments of pos t-ct reat ment; fruit growth rates
of sprayed trees were 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 em3 more volume
enlargement per fruit than controls, whereas the E+L spray produced only
5 •.45 em3 extra volume in the same period) suggestir:.g that the second spr.ay h~d
no additional benefit in increasing fruit size. In other words, the 2.29 cm
increase from 8/14 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 be~ore harvest. From
8/14 to 8/21 the L spray produced 5.32 cm3 more volume per fruit than control.

The data in Table 14 are adjusted increases in f.ruit growth during post-
treatment periods. However, the actual increases in final fruit volun~
attributable to the sprays \<1eredetermined aft.er subtr.acting 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 ~n Halford peaches) it demonstrated
once again the potential of antitranspirants for sizing of fruit.
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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 over
.. 8/21 (cm3) con tro.l, . (Jo)

Control 146.57 0

Mobilea£ (E) 153.85 5.0

Mobileaf (L) 152.85 4.3

Mobileaf (E+L) 153.20 4.5

Olives: (in cooperation with Dr. K. Uriut Pomology Dept., UCD).

ManzanHlo olives - 1969

Olive growers have observed that rainfall occurring during, or immediately
prior to harvest increases olive size and dollar returns. This precipitation
iS

t
therefore, aptly called umillion dollar rain." The increase in fruit size

is 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 also 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 so 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) CS-6432 sprayed on
October 6 (23 days before harvest); 5) CS-6432 sprayed on October 13 (16 days
before harvest); 6) CS-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
pounds per square inch, using approximately 10 to 15 gallon8 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. All 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 (l 1/2%) on.
October 6 and 13 (E + L). Each tree lias replicated three times, giving a total
of 24 trees in the experimentt including the dry plot. Growth of fruitt

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 -8t
one-foot intervals to a dept.h of four feet (Table 16). Sample.s 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 weight basis) in the irrigated (I) and unirrigated
(U) sections of the Manzanillo Olive orchard. (The irrigated plot was watered
on September 24~ 1969. Rain oceurred on October 14-16.)

Soil Moisture (%) Ave.-
Depth (In. ): .9-12 12-24 24-36 36-48 0-48~--

10/2 I 12.4 19.0 21.6 19.1 18.0

U 5.5 12.2 15.1 13.3 11..5

10/6 I 14.5 20.0 17.0 14.1 16.LI

U 5.4 11.3 16.5 15.0 12.1

10/14 I U.B 16.8 15.9 16.9 15.3

u 9.3 12.4 14.6 14.5 12.7

10/20 I 17.4 20.2 11.1 18.1 16.7

U 12.3 13.5 16.9 1.6.7 14.8

10/27 1 15.1 16.6 16.9 18.6 16.8

U 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 limb per tree. Thu6~ radial changes were more a function of
the activity of the leaves and fruit on that limb~ than of the tree as a wbole.
Resistance to water vapor diffusion from the leaves was measured by a rate.
hygrometer ~ and pressure potent f.a.Ls of leaves and fruit by a pressure bomb.

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 rain (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 radial growth can be seen in
Table 17: 1) on October 6-7 for those trees sprayed with CS-61~32 on October 6,
and 2) on Oct ober 13-14 for those trees sprayed ~<li.th CS-6432 on October 13.
The large negative growth values on October 28-29 were cal~ed by warm~ dry
winds which tended to desiccate the trees during the night of October 28.
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(Measurements with the rate hygrometer showed that the stomata on olive leaves
do not close completely at night.) However, the relati veLy larger growth
reductions for the CS-6432 treated trees on October 28-29 1.sdifficult to
reconcile with the expected role of an antitranspirant. 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 uni.rrigated plot and least for
the unirrigated controls.

Table 17

Radial growth of limbs of Hanz.an ll.Lo olive trees as affected by antitranspirant
(AT) sprays on 10/6 (E) and 10!13 (L), and by rain and irrigation.

1969

Dc;'-. 1-2
2-3
3-6

Spray (E)
10/6

Oct. 6-7
7-9
9-10

10-13

Spray (1)
W./!.3

Oct. 13-14

Rain - Oc.t.
14-15

Oct. 14-16
16-17
17-20
20-23
23-27
27-28
28-29

Cumulative
...J!2.~_~._

(Oct. 1-28;

Not Irrigate.d

Control
.-JE.z.Q.L.

-4.3
-2.0
3.7

-2.0
-1. 7
2.0

-3.3

2.3

15.0
'-5. 7
-1..7

o
o

-5
-6.3

-2.7

AT
_(E+L)

-2.7
-1.7

1.3

9.7
6.7

o
-2.5

4.3

19.0
-2.0
-4.0
-2.3
-1.3
-2.3

-17.0

22.2

Control Rain
Unsprayed ..JB2~ .i!:L

-3.3
-1.3
3.3

-0.3
o

2.3
-2.0

13.0
-5.3
-2.0
-2.3
2.0

-l.0
-11.7

3.1.

-2.7
-1.0
2.0

o
1.3
3.0

-3.5

o 0.3

-3.0
1.7
0.7

o
2.0
2.3

-1. 3

3.3

17.7
-6.3
-5.0
-1. 3
2.3

-2.0
-9.7

------- ---------_._----
11.1

14.3
-5.7
-3.3
-2.0
1.3

-2.3
-9.0

1.7

AT
-i.E)

-3.0
0.7
3.7

9.3
4.0
0.7

-2.3

0.7

15.0
-6.7
-4.7
-4.7
2.7

-0.3
-15.7

15.1

AT
-<1l
-3.3
6.7

-2.3

-0.7
0.3
2.0

-l.0

3 .,
.J

16~7
-4.7
-2.3
-6.3
0.3

-1.3
-12.7

7.4

AT
(E+L)

-2.7
0.3
1.3

3.7
2.0
1.7

-1. 3

2.0

15.7
-3.7
-1.0
-5.7
0.3

-1.0
-13.0

11.6
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In the irrigated plot, the least cumulative growth was for control limbs, and
the greatest for the early CS-6432 spray. If an antitranspirant had been applied
earlier in the year when photosynthates ~ere being channelled into the trunk and
limbs, some reductions in radial growth would probably have occurred.

Treatment effects on daytime shrinkage 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 fo~ i.rrigated trees.
Before the early spray 011 October 6, the maximum variation in limb shrinkage
among the trees was + 10%. After spraying, shrinkage was reduced by as much as
70%. Shrinkage of limbs on the late spray (L) trees was similar to that of
control limbs prior to the October 13 spray, but was reduced by about 50% after
the L spray. Tn the E+L treatment, shrinkage remained relatively small after
the second spray ~ whe.reas the E spray alone appeared to lose some of its
effectiveness with time. Limb shrinkage, relative to that of control unirrigated
trees is shown in Figure 25. Prior to the October 6 spray ~ all the unirrigated
trees showed similar limb shrinkage, but thereafter shrinkage of the treated trees "-'8
reduced by 40%. Limbs of the control irrigated trees did not shrink as much as
those of the control undrri.gat ed trees. Figure 25 shows that shrinkage of
CS-6432 sprayed trees in the ir.rigated plots was reduced by as much as 85%,
relative to that of control unirrigated trees, thereby emphasizing the bene fLt
of adequate soil and plant water potentials for reducing daytime water depletion
in the tree.

Hhereas Figures 24 and 25 show maximum daily shrinkage of the limbs, F:l.gure
26 shows the shrinkage pattern on a single day (October 29). Shrinkage of the
control limbs began by 0800 , and of the sprayed limbs, after 0900 By
noon ~ shrinkage for the control urri rrf.gat.ed trees was about 1. 5 t:lmes greater
than that for. control j;n.'igated trees , and three times greater than for the
antitranspirant-treated trees. Haximumsh'ri.nk.age occurred around 1530 (PST),
\.;rUh the control irrigated trees shrinki.ng the most (33 dendrometer units or
0.168 mm), and the CS-6iJ,32 irrigated trees the least (20 units or 0.102 nun) 9

Maximum shrinkage in the treated unirrigated trees was the sume as that of
control irrigated trees (24 units or 0.122 mm)~ suggesting tha.t the antitran-
spirant offset the deficiency of soil moisturQ. Recovery of the water balance
of the limbs began after 1730.

ContLnuous dLurna L observations on radial changes of tree limbs and size
changes of olive hui t were made from 0800 on October 28 to 1800 on October
29. A hygrothermograph in the orchard also gave continuous 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
CS-6432 (E+L) t rees in th.eLrrLgated plot were measured. The data are shown in
Figure 27 as contraction or expansion of fruit and limbs, using 0800 (PST) on
October 28 as a starting reference. Dur.ing daylight hours~ when the temperature
was around 70"}? (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 1:l.mb shrinkage by CS-6432 on October 29 can be seen more clearly
in Figure 26 in which the morning reference point is common for control and
treated trees.) In the evening when temperature was dropping and humidity
r LsLng , ·rehydrat:i.on of the tree began. The recovery of the frui t began about
one hour later than that of the limbs. One of the mast interesting observations
in Figure 27 was the occurrence of a warm, dry north wi.nd during the ni.ghtwh:i.eh
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Figure 26: Effects of irrigation and CS-6432 (l~%) antitranspirant. on
daytime shrinkage patterns of :aanzanillo olive lirnb5.



Figure 27: Effects of CS-6432 (It%) on diurnal con-

traction and expansion of fruit and limbs of Manza-

nillo olives. (Fluctuations in ambien.t temperature

and humidity for the two observation days are also

shown.)
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raised the temperature from 50°F to 58°F at midnight and lowered ambient humidity
from 70% to 25%. This curtailed ~ehydration, so that neither the fruit or limbs
expanded to their 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 rom for control, but
only 0.08 rom for CS-6432. The corresponding overnight limb expansions for
control and CS-6432 were~ respectively, 17 and 8 denclrometer units (0.087 and
0.041 nun). The explanation for this may be found in one, or a combination of,
the following reasons: 1) during the preceeding daylight hours the controls
experienced greater deficits, which gave a large water potential 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 CS-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 humi.dity than were those of controls; and 2) t.his
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 lit t l.e before midnight.
The increased humidity between 0600 and 0900 on 10/29 enhanced the rate of
fruit rcllydration. 1bereafter) humidity dropped and daytime shrinkage occurred.

The explanation for the nighttime responses to low humidity desc.ribed
above are based on the premise that the stomata of olive leaves do not close
fully at night, or that cuticular water losses from leaves and fruit are 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 humidity sensor.
The loss of water from the tree at nfght 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 flash1.ight~ 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, i.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~n5it 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-l at a night temperature
of lOoe. Thus, the day and night transit times differ by a factor of 5, but
resistance is increased by only 0.01 min cml• 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 ol.Lve stomata remain partially open at
night. (The range of night transit times recorded for the olive leaves was 16
to 18 seconds, the average being 29 aecon.ts) . Some night and day values of
leaf diffusive
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resistances are given in Table 18. Keeping in mind the comments above, night
resistances were not much greater than 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. (Each value is the average of measurements on three leaves.)

Time Resistance
Condition Date ~PST} {m.i~cm-l)

Twilight 10/29 1715 0.027
Dark 10/29 1745 0.063
Dark 10/29 1800 0.090
Dnrk 10/29 1900 0.070
Dark (l-1oonli gh t) 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) 10/31 1315 0.070

Treatment effects on resistance to water vapor diffusion and pressure
potentials of leaves on var.ious dates are shown in Table 19. (Time did not
permit measurements for all treatments on each date.) Experimental variation
was minimized by: 1) making alternate measurements on control and treated
trees to avoid confo~lding time effects with treatment effects on resistance
and potential; and 2) selecting leaves from the same side of each tree,
usually the shady side. On October 9 (3 days after the early spray). resistance
was doubled by the CS-6432 in tile 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 CS-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 spriY)t resistances
were higher for CS-6432 treated le~ve8 (0.09 to 0.27 min cm- ) than for controls
or those given artificial rain 6.03 to 0.04 min em-I). 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)t 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 potentials were still slightly higher for CS-6432 treated trees. The
potential of leaves from unirrigated 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 pr~~ounced for the irrigated trees. In
Table 21, the potentials of fruit 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, CS-6432
r.aised fruit pressure potentials by 4 to 5 atm. for the unirrigated trees, and
to a lesser extent for the irrigated treest 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 CS-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, 1969.

Pressure Eotentials (atm)

Unirrigated

Leaves Fruit

Time Control CS-64~? Tilne C®trol CS-6432

1530 -21.5 -11.3 1600 -21.7 -20.7
1605 -19.9 -11.4 1700 -22.6 -19.6

1550 -20.6 -9.1 1630 -19.8 -15.3
1620 -17.1 -8.0 1645 -18.8 -14.0

Irrigate~
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Table 21

Effects of CS-6432 (1 1/2%) and irrigation on pressure potentials (atro) of
Manzanil10 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.
Each value is based on measurements of five leaves.

Time-- (0930-
1030)

(1215-
1300)

(1300-
1315)

10/31

(1445-
1530)

11/12Date 10/29
(1600-
1645)

10/30

(1600)

Control -27.2 -26.7 -25.2 -26 ..5

CS(E+L) -22.0 -22.0 -20.0 -21.9

Ir..rigated

Control -24.4 -20.3 -20.3 -21.6 -28.6

CS(E)

CS(L)

CS(E+L)

-22.0 -17 .6

-18.8

-19.7 -20.0 -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 unirrigated plot. On the day of the early spray
(10/6), and on the followi.ng days, diameter changes were either positive. or only
slightly negative for fruit on CS-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 fruit swelling. On the subsequent
measuring days fruit of the "rain" trees behaved essentially the same as controls.
The CS-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 unirrigated trees, and the antitranspirant
was equally effective in both cases. The reduction, and in some instances pre-
vention, of 4aytime fruit shrinkage as a result of antitranspirant treatment
indicates improvement in the water status of the tree and suggests the potential
for increasing frui.t 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 em3, until Sept. 29~ when the range was 3.7 to
4.6 em3, depending on treatment (Figure 29). The initial size differences were
due to chance, and treatment effects ate therefore assessed by growth rates,
i.e., the slopes of the curves. Thus, the absence of B. Sept. 24 irrigation
reduced the growth rates (c.f. slopes of lower t~lO curves vlith upper 6 curves
in Fig. 29). Prior to 10(6, the slopes of 'the curves within the two irrigation
treatments were fairly similar, but after the sprays on 10/6 and 10/13, the
antitranspirant effects are manifested as increased growth rates. In the
irri.gated plot, the approximately i.dentical shapes of the two controls (unsprayed
and water + surfactant) shows that the antitranspirant effect was produced by
the CS-6432 film and not by mere 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 E. Land E+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-sprayed control and
L treatments. However, from Oct. 13 to 29, the L spray on 10/13 greatly enhanced
fruit expansion, relative to control. Much of the rapid inc:rease in fruit size
occurred immediately after spraying. Thus~ on 10/13, the additional L spray on
the E+L treatment increased growth relative to the E treatment. In fact, the
absence of any foliar wetting on 10!13 of the early antitranspirant 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 anti transpirant (L) and
simulated rain sprays, both applied on 10/13, are compared to the unsprayed
control in the irrigated plot. Prior to 10/13, 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 substantiati.ng the claims about "million
'dollar rain" mentioned earlier. Natural rain bet~leen Oct. 14 and 16 enhanced
fruit growth and provided further evidence of fruit swelling due to precipita-
tion ffild cloudy humid weather. However, with the passing of the rain and the
re-emergence. of the sun after 10/16, those trees wrdch were not sprayed with
enrLt.r anspf rant , lost most of the absorbed rain water (probably via the leaf
stomata) and the fruit resumed growth at the rates whi.ch we re observed prior
to the rain. Nevertheless, the slight boost in growth rate from 10/13 to 10/14,
resulting from the simulated 'rain, did enhance final fruit sLze somewhat. On
the other hand, fruit on the antitranspirant treated trees, did not lose the
benefit of the rain by decreasing in size, but continued expansion at an
enhanced rate. Thus, olive fruit swelling due to rain is a real, but largely
temporary response. Thus, the umil1ion dollar rain" is beneficial only if it
occurs 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 more reliable means of increasing
fruit size.

In Figure 30e, the effects on fruit growth of early + late applications
of CS-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. TI1e response to CS-6432 sprayed on 10/6 is very clear
in both the irrigated and unlrrigated trees. The final reducti.ons 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 Land E+L sprays on irrigated
trees. Finally, between 10/6 and 10/29 the smallest increase in fruit volt~e
(13.7%) occurred in the unirrigated conttol trees, and the largest increase
(27.2%) in the irrigated trees sprayed with CS-6432 on 10/13.

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

Table 22---
Treatment effects on final fruit volun1es of Manzanil10 olives. Com-
.parisons are relative to unsprayed controls in the irrigated plot.
.F~nal volumes were adjusted for initial size differences from the
control. (AT = antitranspirant (CS-6432); E = early spray;
and L = late spray)---------_._._--_._----~-----------~----

l!rigat~<!
Control
(Unsprayed)

Actual Vol.
w ••••• (em3)

Difference from
control (cm3)•.. .

Actual
Vol.

_ (cm3L

Final (lOj~2..:;.9'-/6;;,,;;9...:.) ..._._._ ..
Adjusted
Volume
(cm3) % ,~ Effect__ ..•••••.•..•...-.Y.

Initial ~9/24/69)

3.22 o 4.04· 4.04 100 G

Control
(Watet'j

3.24 + 0.02 4.04 4.02 99.5 - O.S

3.37 + 0.15 4.35 4.20 103.9 + 3.9

AT (E) 3.27 + 0.05 4.32 4.27 105.7 + 5.7

AT (L) 3.26 + O.O'~ 4.59 4.55 112.6 •.J. 12.6

AT (£+L) 3.26 + 0.04 4 •.5 1 4.t.7 110.6 + 10.6

Unj..Eyigated

Control
(}later)

3.09 - 0.13 3.66 3.79 93.8 -6.2

AT (E+L) 3.05 - 0.17 3.87 4.04 100.0 o
--.- .•.....•. , ..•....•..... .........--- ......•..,--------~_.---.----_._..•.••..•.••........•. --.._-_ .•....---.•._ ..-._--_ ..... - ..._"-----~_.•~~~.~...
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In the irrigated plott increase in final volume of fruit was about 11 to 13%
due to the Land E+L CS-6432 sprays, whereas the early spray alone was only
half as effective (6% increase in final volume). The temporary boost from the
simulated ursin" 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%t but the antitranspir.ant (E+L) compensated for
this. 80 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 frorn~ say~ a 10% increase in final
volume and weight of olive fruits is given below:

Yield 4 tons/acre

Extra yield due to CS-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, et c,) with
a $20 average price differential between grades, and assuming that the anr Lt ran-
spirant puts more fruit 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 = $lO/ton. Thus~
with til 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. 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/ac.re), Le., only 7.2 gallons
of CS-6432 concentrate/acre. Since CS-6432 is an experimental material, its
cost has not as yet been determined. Normal spraying costs (excluding material
applied) are about $lO/acre.

Therefore net extra returns per acre due to the CS-6432 spray

c $160!acre minus $lO/acre minus cost of 7.2 gal. CS-6432 concentrate.

The moisture content of the fruit from the various treatments sampled on
the afternoon of the harvest date, indicated that the CS-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 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 CS-6432
treated trees, determined by weight loss between November 3 and 13~ are shown
in Figure 32. The rate of water loss from the sprayed fruit (from trees which
had been treated with CS-6432 three weeks earlier) was about 50% less than that
from control fruit, and as a result the latter were completely shriveled by
November 10_ whereas the treated fruit remained smooth and plump. Howeve r ,
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In the irrigated plot, increase in final volume of fruit was about 11 to 13%
due to the Land E+L CS-6432 sprays, whereas the early spray alone was only
half as effective (6% increase in final volume). The te"mporary 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. In other words, the anti-
transpirant substituted for the ir.rigation 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 weight of olive fruits is given below:

Yield 4 tons/acre

Extra yield due to CS-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, euc , ) wi.th
a $20 average price differential between grades, end assuming that the antitran-
spirant puts more fruit 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 $1.0 ••• $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. 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 tyith only 4 gallons
of spray/tree, (only 1/3 as much antitranspirantfacre), i.e., only 7.2 gallons
of CS-6432 concentrate/acre. Since CS-6432 is an experimental material, its
cost haa 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

m $1601acre minus $lO/acre minus cost of 7.2 gal. CS-6432 concentrate.

The moisture content of the fruit from the various treatments sampled on
the afternoon of the harvest date, indicated that t:he CS-6432 conserved more
moisture within the fruit (Figure 31). A texture rating test, based on the
resistance offered by a 35 g san~le of olive fruit flesh, showed that fruit
from CS-6432 trees had slightly lower resistance pressures.

The rates of moisture 106S from harvested fruit from control and CS-6432
treated trees) determined by weight 10s8 between November 3 and 13, are shown
in Figure 32. The rate of water loss frOID the sprayed fruit (from trees which
had been treated with CS-6432 three weeks earlier) was about 50% less than that
from control fruit, and as a result the latter were completely shriveled by
November 10, whereas the treated fruit remaf.ned smooth and plump. However,
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post-harvest 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 fruit are put in brine to hold them until they can be processed. TIle 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 CS-6432 as a water vapor har rLar , Also, the increases in pressure
potential and fruit growth by antitranspirant treatment were probably more a
function of retarded water loss from the leaves than from the fruit.

Since the harvested olive fruits still had CS-6432 film on their surfaces,
experiments were run to see whether the normal lye and water washing process,
to which they are subjected before marketing, woul.d remove the film. Preliminary
small-scale trials indicated that the film could be removed, but when a larger
scale investigation waS tried by the Departn~nt of Food Science, at Davis where
the black ripe olive process was used, a certain amount of the film still
adhered to the fruit at the end of the processing. Although most of the film
was removed (enhanced by agitation from the aeration process) nwny fruit still
had a circle of film adhering to their lower ends~ where the antitranspirant
had obviously accumulated and dried in a drop at the time of application. Bo,v-
ever, the partial removal of the film from most of the fruit is a promising sign
that at least some modification of the process (possibly a detergent wash) \'1ill
totally remove the CS-6432 film. Furthermore~ if the ingredients of CS-6432
have EPA clearance, the use of this material for increasing fruit si~e appears
very promising.
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OTHER INVESTIGATIONS
fEuit cracking (in cooperation with Dr. K. Uriu. Pomology Dept., UeD).

Prunes:

Side cracking of prunes appears to be related to fluctuating temperaturest
the moisture status of the growing fruit, and soluble solid levels. Since
antitranspirants may affect at least the latter two factors, CS-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. Comparisons were made
with con trcl trees (sprayed with water + 0.1% '$.-77surfae tan t ) •

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
CS-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 cm-I) (atm)

Control .03 - 9.5
Alar (2000 ppm) .04 -10.7

CS-6432 (1%) .15 - 6.7

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
CS-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 prune to rupture. Therefore, if an
antitranspirant is to be used as a means of isolating the causes of side cracking~
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 outcomes from this experiment were that CS-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 th~
fruit. In this case, an antitranspirant and film on the fruit may prevent this
uptake and thereby reduce cracking.
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Cherries:

Rainfall just before harvest often occurs in many cherry growing areas) such
as Oregon. Washington and sornetimes 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)OOO/acre) and since 50% of the fruit is often damaged by
cracking) this amounts to a ~;2)SOO/acre loss. Experiments were therefore con-
ducted with film antitranspirants to s~e whether a film on the fruit would
reduce the uptake of e.xter na.l water and there.by reduce cracking.

In prelirninary laboratory tests in May-June 1970 Mobil{:af (1:5) was used t o
det ernune from whic.h pa r t s of the cherty fruit most of the water is ~ 1) lost,
and 2) absorbed. The water loss experiment was done over a 2-,<leek period in
the laboratory at ambient temper at ure.s of about 65 to 75°F and relative husd.d Lt.i.es
of 40 to 50%. Water loss was determined as cumulative weight changes from pairs
of cherry fr.uits hanging from a wire. There were four repli.cates of the foLl.owi.r.g
treatments~ control (fruit dipped in ,,,ater); Mobileaf (1:5) on the top) bottom,
top + bot tom, or over the eut.I re fruit surface. The basis for t.he various
pa r tLa.l film coverings on the £1'u1 t was the belief that cherry cracking may be
due to wat e.r uptake pr Lmard Ly from: 1) the top of the frui.t where the stem is
attached and where a drop of rain water can accumulate in the I cup t, and/or. 2)
from the bottom (apical end) of the fruit where drops of rain may hang and be
absorbed. It was hoped that curtailment of water loss from various parts of
the fruit by an antitranspirant wcu.ld provide an indicati.on as to which parts
of the fruit offer l:he Leas r resistance to the passage of water. In Figure 33~
rates of water loss were great es t from controls, Leas t from fruit which were
entirely tre at ed (dipped) with Hobileaf, and intermedi.ate from the various
partially treated fruits. Thus, curtailment of the ratE! of water passage appears
to be more closely r el.at ed to the amount of skin surface covered) than to any
specific r.egion of the fruit covered by the ant Lt ransp Lrant , (Since the amount;
of wat er lost from a fruit dipped in the Hobileaf was reduced by over 50%, the
potential for us Lug such macerLal.s to prevenz post-harvest desiccation of
cherries is plum:L.".i Lng. )

The next s r ep was to make a dLr-ec r meas ure of v1<:lter upt ake by the cherry
fruit) and to note the d">c.tG of an an t.Ltrausp Lran t film in curtailing this
uptake. The f r ul t s were treated tIlth Hob:U.ea£ (1:5) ~ as be fo r e , and four
replicates were used, but in this case each replicate of each treatment com-
prised ei.ght fruits. After the antitranspirant had dr Led , the batches of eight
fruit were weighed and then completely Lmrae r sed in beakers of distilled water.
At suitable time intervals the fruits were removed from the ,.,rater) bl.otted, and
aga Ln \o;eighed in bat ches of eight to determine weight increases, i.e., water
uptake. The uptake rates were expressed as grams water per gram of initial
fresh weight of fruit (Figure 34). Hater. intake was not curtailed by treatment
at the top of the fruit, and only slightly curtailed by tr.eatment of the bottom.
However) treating the entire fruit with Mobileaf greatly curtailed the amount
of water taken into the fruit. Thus after 12 hours) water uptake was reduced
by about 50%. H<::!te.r uptake was severely retarded by the entire Mobileaf coa.t Lng
only after an ini.tial rapid uptake ~ which was probably due to hydr at Lon of the
wax Ulm itself during the first hour , This ini.ti.al hydration. plus whate.ver
water was entering the fruit at a retarded rate, was of the order of about 10
milligrams per fruit. Assuming a 50% retarda~ion in water intake to the fruit)
the. actual quantity of water retained by the film itsel£~ 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. How-ever, it should be kept in mind that the number
of fruit 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 tmrealist:i.cmeans of inducing cracking. Nevertheless ~ the first cracks
were observed on control fruit within 3 hours of Lmme rsLon , whereas fruit entirely
coated with Mobilea£ showed cracking after about eight hours of inmersion. All
of the fruits showed some cracks at the end of 12 hours. The predominant type
of crack was on the bottom of the fruitJ but many of the fruit also had top and
side cracks as well.

The experiment just descr.ibed involved complete or partial antitranspirant
treatment of the fruit surfaceJ and complete imnlersion of all fruits in distilled
water. In the next experimentJ described below~ the effects on water uptake of
partial immersion in distilled water of fruit entirely treated with Mobileaf
(1:4) were investigated. Three in~ersion treatments were used: 1) fruit com-
pletely immersed~ 2) only the apical ends of the fruit immersedt and 3) drops
of water placed in the cups of the cherrfes at the point 'Where the stem joins
the fruit. In each of these immersion situations a pair of untreated fruit and
a pair of Mobileaf-treated fruit was used. Each treatment pair was replicated
four times. As water was being continuously absorbed by the fruitt 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 J is shown :InFigure 35. In each of
the three immersion systems the greatest water intake was by fruit not treated
with an t.Lt.ranapf.r an t , Water intake in the complete irmnersion system was about
three times greater than in the two partial immersion systems. How0vert the
Mobileaf-treated fruit in the complete inUllersion system absorbed wat er at about
the same rate as the untreated fruit in the partial innnersion system. The lowest
rates of absorption were from the antitranspirant treated fruit in the pardal
immersion syst.em, there being very little d:lfference lH.~twe.enbottom and top
Immersion. Thus~ once again it appears that water i.ntake occurs through the
entire fruit surfac.eJ and that coating the. surface with an antitranspirant such
as Mobileaf does curtail the rate of water intake.

Before conducting the field expe'r Lmen t on cherry cracking a phytotoxic:i.ty
trial i.nvolving CS~6432 at If 2~ and 4%J and Mobileaf at 1:6~ 1:3~ and 1:2 con-
centrations was carried out. The CS-6432 produced a ring on the bottom of the
frtl.i.t, and very slight browning on some of the fruit at the 2 and 4% concentra-
tions. There was no significant damage to the leaves. The Nobilea£ resul.t.ed
in slight browning of t.heleaf margins and some of the veins at all concentrations~
but there was no damage visible on the fruit. On the basis of this phyt.otoxf.ci t.y
trial the following treatments were selected for spraying on fru:lts of selected
limbs on cherry trees in the orchard: 1) control (di.stilled water plus 0.1%
X-77 surfactant); 2) CS-6432 (1%); 3) Mobileaf (1~5); 4) Nobi.1eaf (1:3).

Three Bing cherry trees were selected in the orchard and each treatment was
sprayed on two limbs of each tree , Approximately one liter of spray soluti.on
was applied only to the fruit of the six limbs of each treatment. No attempt
was made to spray the leaves, although some of the leaves around the clusters
of fruit were inevitably wer.t ed by the an tt t ranspd ran t , Two days later., Le.,
on May 27,1970~ simulated rain was applied to the three trees by spraying them
at half-hout' intervals with distilled water at the rate of about 6 gallons per
tree per spray. The simula.ted rain was sprayed from 0830 to 19/~5
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on the first day, 0800 to 1700 on the second day t and from 0545
to 1045 on the third day. The frequent sprays ensured that the foliage
and fruits remained wet throughout the three days of simulated rain. The first
fruit cracking was observed on the second day of simulated raint 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. (Fruit 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 categorLes of cracking we re used in making the cracking counts:
1) top cracks (usually in concentric drcles along the shoulder of the fruit);
2) bottom cracks (the most severe type~ oc.curring at the apical end of the cherr.y);
3) top and bottom cracks (occurring simultaneous lyon the same fruit); 4) suture
cracks; and 5) no cracks. Since the suture cracks were often only small~ and
also occurred an fruit 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 cracks 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 or only suture cracks.

The data for the first harvest (just after 2 1/2 days of s f.mul.s.t ed rain) ~
based on two limbs per treatment, are given in Table 24A. The total number of
cherries per treatr~nt varied from 109 to 157. It appeared that only the two
Mobileaf concentrations significantly reduced the amount of cracking. The 1%
concentration of CS-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 CS-6432
(1%) did not. The percentage of cracked fruit in all. treatments was greater in
Table 24B, 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 Lt.mbs 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. Similadly, in the CS-6432 trea.tment the limb with
more mature fruit had 70% cracked, compared with 64% cracked on the less mature
limb.
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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. Ls t harv:.est 5/29/JJ?, B. C~melete harvest 51Z~ & 6/1~

No. of fruit % No. of fruit %------
Cracked Total Cracked Cracked Total Cracked--~

Control 50 119 42 264 458 58

CS-6432 (1%) 42 109 38 241 429 56

Mobileaf (1:5) 41 157 26 181 502 36

Mobileaf (1: 3) 32 110 29 175 403 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 lithe cherry crop is in danger of splitt:1.ng,due to the untimely rains which
hit the Sacramento Valley this week.. tl The article went on to say that " •••. the
cherry crop nearly barves ted , will be affected by splitting if hot weather is
in tense enough. Cherry crop damage is also feared in El Dorado and Sutter
COlmties." Thus, natural rainfall during the cherry harvest season is a danger
not only in the Northern states but also in California. Furthermore, there is
;ill indication that increased cherry ylelds can be obtained by the use of over
head sprinklers. If this system of irrlgation 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 antit:ranspirants. Young Douglas Fir
trees, cut in the Sierras north of Auburn, California, were treated with CS-6432
(3%)~ and were kept in a greenhouse. whe.re observations Here made on transpiration,
needle drop and needle desiccation. In one experiment, 12-1nch Douglas Fir t"wigs
were placed with their stems in jars of water and transpiration rates were
measured by weigh t diffe.rences. Four repl:i.cates of the following treatments were
used: 1) control (water + X-77 surfactant); 2) CS-6432 (3%). and 3) Wilt Pruf)
a polyvinyl chloride in an aerosol dispenser. Transpiration rates from treated
twigs in each replicate were adjusted by a factor which was based on the fresh
weight of the ~rigs, relative to the fresh weight of the control tWig in that
replicate. This procedure compensated for differences in transpiring surface
among the twigs.

During the first week (November 29 to December 6») CS-6432 and Wilt Pruf
reduced transpiration by 40 to 70% and 10 to 30%, respectively (Figure 36).
Howevert after cutting the ends of the stems and changing the water in the jar~~
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transpiration rates from the treated tWigsw~e not consistently suppressed
during the following P10 weeks. Thereafter transpiration was again reduced,
by about 30%. Since the ends of the ste~s were not cut under water~ it is
likely 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 differenc.es in water loss.

In the first experiment w:i.th3 to 4 foot Douglas Fir t:ree8~ the bases of the
trees Were not kept in water. The treatments were: tmsprayed trees (control);
CS-6l~32 (3%) sprayed before cutting the trees; CS-6432 (3%) sprayed 24 h01.·TS

after cutting the trees. Three repli.cate t re.es of each treatment. were set up
in the greenhouse in pots of dry gravel. During the f:i.rst two weeks CS-6L~32
reduced transpiration; relative. to lmsprayed trees. However, during the next
three weeks the rates of water loss 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 were
divided by the initial fresh weights of the trees to compensate for differences
in transpiring surfaces. These. ratios areIT8sented in Table 25 for the total
five-week period (November 26 to December 30), as well as for the fi.rst t\.;tO-

weeks (November 26 to December 11) and the last three weeks (December 11 to
December 30). During the first two Hl?eks ~ the control trees showed the Larges t.
ratios (greatest water loss per unLt of tree weight) and the post-cut spray
t rees , the smallest. Howeve r , during the folloWing three ~\leeks this relation-
ship was reversed. This occurred because the trees still had sufficient wat er
within them during the first period to lose 8 to 9 grams per day, but thereafter
desiccation set in and water loss rates were greatly reduced (2 to 3 grams per
day). Thuss for the total observation pertod of five weeks there was no net
gain in water conservation by the CS-6432 treatment (0.510 ratio for CS-6432
post-cut spray, compared •.rith O•.504 ratio for control). The pre-cut spray
resulted in a saving of water from the plant, in spite of showing little
effectiveness in! tLaLl.y ,

-----~-_._------_.
Table 25

Effects of pre-cut and post-cut sprays of CS-6432 (3%) on ratios of total t:rnn"-
spiration (g/tree) to in:Ltial tree fresh weights (gl tree) for g:l.ventime periods.

Nov. 26- Dec. 11- Nov. 26-
Dec. 11 Dee. 30 Dec. 30

Control 0.368 0.136 0.504

CS-6432 (Pre-cut) 0.364 0.123 0.487

CS-6432 (Post-cut) 0.320 0.190 0.510
--- ~._-_•..•.......••.••....

In the second experiment with Douglas Fir, half of the trees had their bases
in water, and the other half dtd not. Each of these groups had control and
CS-6432 (3%)-sprayed trees. The antitranspirant did not reduce transpiration
in either the wet or the dry group of trees, and in fact appear.ed to increase
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the rate of water loss. The n~st striking differences were between the watered
and the unwatered trees. Thus, aft ar about two weeks, the transpiration
(g/tree/day) was 22 for the watered and only 7 for the unwatered trees. Further-
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 trees are adequately watered) than by applying
an antitranspirant. Severe needle drop did not occur from any of the Douglas
Fir trees, so no assessment could be made 011 the effects of CS-6432 on needle
drop , During the course of this experiment, periodic sampling of needles was
made to determine their moisture percentage (dry weight basis). The CS-6!f32
had no significant effect on moisture content of the needles. However, whereas
the needles from all of the trees had the same initial moisture 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 on the naturally waxy needles.
Twigs of Douglas Fir were therefore sprayed 1<lith C5-6432 or CS-7784 (the wax
component of CS-6432). After the spray had dried the twigs were placed in a 2%
solution of sodium hydroxide for 24 hours and were then transferred to distilled
water for another 24 hours. This treatment made the ant ft.r anapd ran t Visible,
by separating the films from the needles. Film c.overage was fairly complete.
with both CS-6432 and CS-7784, Part of the explanation for the lack of effective~·
ness may lie in the experimental procedure , since our facillties 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 t.he stems which were
in wa::er~ It is possible that: an antitranspirant spray may be most useful for
those trees which are harvested early in the season, i.e.., in lute summer in
areas which do not rece i.ve summer r8.in or irrigation. A summer application of
antitranspirant may ensure haz ves t of turgld , rather than water deficient trees)
and thereby increase thei r pas t~,harves t life.

Blossom drop (In cooperation 1>7ith Dr. VL L. Simms) VegetabJe Crops Extension
Service, UCD)

It has bee.n observed tmder 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 i.t may be dependent upon the wat er
st.at us of the plant, especially under conditions of high radiation and desiccating
winds. Inflorescence coun ts vlere therefore made in un t re.at ed 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 air temperatures
were 90 to 9S"}', and minimum. relative hund dLtt es about 50%. Observations were
made both in moderately dry soil (soil water pot:ential in the root zone varied
from about -0.4 to -0.8 atmospheres) and just after an irrigation (soil water
potential approximately -0.1 to -0.3 atmospheres). The CS-7432 had virtually
no effect in reducing blossom drop under the conditions pre.vailing. (The most
interesting outcome of this experiment was that blossom drop was significantly
more severe for G.V. -50 t.han for Cornelli 14,)
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TiE bur~ (in cooperation with Dr. V. E. Rubatzky. Vegetable Crops Extension
Service} UCD).

Tip burn in Le t tuce usuaLl.y dee ur s when weather conducL ve for high tran-
spiration rates follows a cool spell. A pre.liminary experiment with lettuc.e in
the field was carried out with CS-6l+32 sprayed on each lettuce head. The treat-
ment did not reduce the incidence of tip burn under the warm weather ccnd I tLons
prevailing at Davis at the time. This would suggest that the physiological
cause of this d:J.sorder should be investigated mQre deeply; an antitranspirant
may prove to be a useful r es earch tool in such investigations.

Bedding 'plant~ (in cooperation with Dr, W. P. Hackett. De.pt:. of Environmental
Horticulture) DeD).

Wholesale nurserymen have 'indicated that an extension of shipping time by
as little as 2EI hours would substantially enlarge the market area avat.Lab l.e to
bedding plant growers. P'reLi.mi.uar y tests were conducted "lith Hobileaf on COlfi'-

lOOrcial packs of economically important bedding plants: marigold, petunia,
zinnia and tomato. Tn experiments simulating trucking conditi.ons (low light
and temperature), antitranspirant treated plants shm..red excellent storage
quali ty , but their abiIi ty to respond to normal Ii ght and temper atur e following
storage was severely impaired. Application techniques must be. wor-ked out to
achieve more compLet e coverage cons f s tent.Iy before meaningful expe r Lments can
be conducte.d on transplan.t survival of the bedding plants.

Vase life of roses (in coopc ra tLon witb Dr. H. C. Kohl) Depr , of Envi.ronmental
Horticulture, UeD).

I.n California alone, cut roses constitute a $60 ~OOO~OOO/year crcp , Expe.rim
ments were done to determine. the usefulness of CS-6432 for exte.nding the vase
life of florists' cut roses. These differ from garden cut roses in that they
are given commercial chilli.ng and h{)ld:Lng t empe.ratur es until sold to the. puoLic ,
A comme rcf.a'l. floral preservat.Lve, Flor.al:l.fe~ was added to the \..rater in all of
the experiments. It ~>1aE; latter r epo rt.e d to part Lal Ly close s t.omat es in and of
itself.

In a preliminary exper i.ment with t;:xc:lsed rose leaves dippe.d in CS-6!.J2 (3%).
the foliage was laid cat. on paper toweLs in the: lab bet.ween h.ourly weighings.
After seven hours) one of the control leaves £>18.5 nearly clri.ed to the poInt of
crumbling. The eight hour tot aL Hater. losses were O.7!g for cont r o.l and O.27g
for CS-6432.

A subsequent experiment using 'Forever Yours I cut red r-os es , replicated in
two environments, showed no r ead Ll.y observable difference in the opening pat t.ern
of the ones treated 'with CS-6432 (3%) and those treated treated with distilled
water. However , after five days , somc::oliar toxic.ity was evident on the
CS-6432 treated loaves.

Using bouquets of n.Lne stems, each w'l_th two leaves ~ water consumption was
recorded for £:i ve and a half days. The~· terns were treated by plunging them bud
first into a vat of 1%CS-6432~ The con+ro.l plants wer'e similarly dipped in
distilled water plus 0.1% X-77. One s-at was defoliated. All bouquets opened
equally, but there were differences in W:'iter loss (TabLe 26) •.
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Table 26-----
Effects of CS-6432 ffi1d defoliation on ~ateT loss (~l) from rose bouquets.

17-20 Total

Time 1645- 1530'~ 1620- 1600-
1530 ,_._~62L_._.1600 _. QJJlJ__ , (5 1/2 daysL L.,

Treatment

Control n.o 80.8 71.0 136.2 365.0 100

CS-6432 (1%) 31.0 60.5 68.1 145.2 304.8 83.5

Defoliated 45.0 39.5 85 .l~ 214.0 58.6

--_._----~--------,-----

'Whenapplied as an aerosol spray, CS-6432 (.1.%) was effective in reducing
water loss from the foliage, again without a marked increase in the keeping
quali. ty of the f Lower (Table 27).

Table 27

Cmnulative water 10s:3 (ml) from six s tems per t re atrnen t for seven days fo.l LceIn g
applicat:i.on.

Control 560,7

Decapitated 432.2

Defoliated 254.8

CS-6432 (1%) (spray) 503.1

._--_._--------_._._.~----------'---

When CS-6432 (1%) was applied as a dip to stems which had.been left out of
water until the flower n.eck began to be limp, the treated s terns covered well
when again put in water. One of the control stems collapsed completely and the
other did not open successfully.

Trials wIth another antitranspirant, Hob:lleaf, indicated that the favorable
wat er balance produced by antLt ran sp Lrant; treatment tended to accelerate t.he
early stages of flower opening except when the fLower buds were dipped, thus
~gluing t the petals cLosed , "Wh,en!'lobile-af was applied to wilted cut roses the
pet.als stayed on 10ng81: than on the controls although they used more. wate.r,
possibly indicating a more complete recovery from the s t re ss .
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Experiments are planned in which the antitranspirants will be tested in the
absence of floral preservar.ives) thus more c.losely simulating home use. Also
tests will be run at the grower to ~.Jholesalerpoint of production, during which
time the cut stems are occasionally completely out of water.
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Antitransp:i.rants retarded the rates of t••.•.at er use by oLeande rs grown along
California t s hf.ghways , and therefore have a potential for reducing the Frequency
of their irrigation as well as the ass ocLaced costs and hazards. Antitransp:Lrants
also showed a potential for reducing the watering requirements of turf grass.

Apart from water conservation, antitranspirants also proved useful in
improving plan.t performance by tncreasing plant water potentiaL Thus, 1) survi.va l
of transplanted seedlings was Lnc re aaed; 2) wate r potentials in fruit trees W(,;Le

raised ~ leading to higher growth rates of fruit ~ final volumes of peaches being
increased by 8%and of olives by 13%; 3) shoot growt.h of oleanders was increased}
but this could be partly offset by incorporating a growth retardant (Alar) in the
spray. On the other hand ~ anm.t rauspt.r anus decreased ve get at Lve growth and yield
of an annual fLe l.d crop (snap beans), but al.so had the effect of delaying the
maturity of the crop. Miscellaneous investigat.ions included attemptB to reduce
blossom drop of bearrs , increase the life of cut ChrLstmas trees, reduce. le.t.t.uce
tip burn, reduce the cracking of prune and cherry fruit, and increase the shipping
life of bedding plants and the vase life of roses.

The potential uses f o'r anti transpirants whLch still require investigation.
are many and varied. 111ey include 1) conserva tf.on of water by decreasing
transpt.rat.Lon from watershed and r:!.parian ve getat Lon, thereby increasing s t re am-
flow; 2) decrease of plant water stress at moisture sensitive stages of crop
growth; 3) extension of the range of environment.al adaptability by reducing
plant desiccation; II) substitution for irrigation. to reduce 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 t fungi and smog and saLt spray by forming a prophylactic film.

Current expe rfment s V7it.h an tLt ransp Lrant s at the Un.iversity of Califonlta,
Davis include: 1) continued f.nves t Lgat Lons on basic as pect.s such as Lmproveme»t
of antitransplrant materials, optimum concentrations ~ application meth ods , fo l.Lar
coverage and duration of effects; 2) uses in ornament.aL hortic.ulture. (e. g. ,
continued cooperation ,.;'i th the California Ht.ghwayLandscaping Department, "mel
further experiments on extension of vase life of cut .flowers); 3) increased
survival of both young and mature t ransp Lants (we are currently cooperating
with a large farmi.ng concern near Ba.k.ersfield in increasing survival and par formance
of several thousand 3-year··old transplanted c.itrus trees); 4) decrease russetti.ng
of pears; 5) decrease cherry fruit cr ackf.ng caused by rai.nfall and/or over-
tree sprinklers; and 6) conti.nue efforts to maximize frui.t size.
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