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ABSTRACT 

The Effects of Chemical and Cultural Treatments on 

Gibberellin Levels in Strawberry Leaves and on 

the Induction of Secondary Flowering 

by 

Richard N. Arteca, Master of Science 

Utah State University, 1976 

Major Professor: Dr. J. LaMar Anderson 
Department: Plant Science 

Gibberellins 3, 4 and 7 were isolated from "Shasta" Strawberry 

(Fragaria X ananassa Duch.) leaves and identified by gas and thin 

viii -

layer chromatography. In young expanding leaves GA
3 

occurred at 5 

times the concentration of either GA
4 

or GA
7

. 

CCC (2-chloroethyl-trimethylammonium chloride), SADH (Succinamic 

acid-2,2-dime thyl hydrazide), ethephon (2-chloroethylphosphonic acid), 

and UBI-P293 (2,3-dihydro-5-6-diphenyl-1,4-oxathiin) were applied to 

established plantings of three June-bearing strawberry (Fragaria X 

ananassa Ouch.) cultivars: 11 Shasta, 11 "Fresno" and "Tioga." Treat-

ments were applied on alternate days for three weeks following 

anthesis of the king blossom. Levels of GA
3 

and GA
4 

were reduced by 

all treatments, but GA
7 

occurred at such low concentrations that 

treatment effects could not be measured statistically. Three weeks' 

exposure to short-daylengths (8 hours of light and 16 hours of 

darkness) resulted in no change in GA
3 

or GA
7

, but GA
4 

concentrations 



ix 

were signi[lcan tiy reduced . Leaf tiss ue was analyzed t o e valuate 

treatment effec t s on chlorophyll content; no significant changes were 

observed. No secondary flowering as a result of photoperiod , 

pos t-harvest defo liation or g rowth retardant treatments was observed . 

(76 nages) 



INTRODUCTION 

The s trawberry has been classified as a short-day plant requiring 

sho rt light periods and long dark periods to flower (18), but there 

is some variability within the species as to photoperiodic response. 

If expos ure to light is longer than the critical period (the dark 

period not being long enough) plants will develop vegetatively without 

completing the i r reproductive cycle. 

By shortening the length of daylight during the blossoming period, 

secondary flowering can be induced in the strawberry. Benoit (6, 7) 

has shown that an 8-ho ur day and a 16-hour night for 20 consecutive 

days has an inductive effect on the June-bearing strawberry cultivar 

"Redgauntlet" and that t he second harvest could be obtained 98 days 

after the start of the short-day treatment. 

Guttridge (28) showed that vegetative growth promoters are formed 

under long days. These vegetative growth promoters are contained 

within the leaf (65). Therefore, if the strawberry plant is completely 

defoliated or mowed down after the first crop, secondary flowering 

co uld be induced . There ar e unconfirmed repo rts that mowing has been 

effective in stimulating secondary flowering in tropical areas. 

There is evidence for gibberellin-like substances in the straw

berry (24, 55), but there is no conclusive evidence as to exactly 

which gibbere llins are contained in strawberry leaves. 

CCC (2-chloroethyl-t r imethylammonium chloride) can effectively 

block the biosynthesis of GA 3 and other gibberellins (16, 38, 42, 52, 

53) . According t o kinetic studies performed by Lockhart (48), CCC is 
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an anti-gibberellin. CCC and AM0-1618 (2-isopropyl-4-dimethylamine-

5-rnethyphenyl-1-piperidine-carboxylate methyl chlo ride) inhibit 

vegetative growth in higher plants and gibberellin biosynthesis in 

Fusarium. I t has been postula ted by Harada and Land (38) that CCC 

and &~0-1618 inhibit stem growth and other responses in higher 

plants by inhibiting GA-biosynthesis, which is required for the 

growth process. 

The purpose of this study was to determine the effects of growth 

retardants, short daylength and defoliation on endogenous gibberellin 

levels and secondary blossoming of 11Tioga'1 strawberries. 



REVIEW OF LITERATURE 

Photoperiodic classificat ion and 
compari son of J une-bearing and 
everbearing strawberries 

3 

Everbearing varieties of strawberries are l ong-day plants, forming 

f ruit-buds under long days of s umme r in t he northern states (18). 

June-bearing varieties are short- day plants, rarel y forming fruit-buds 

under natural conditions except i n the f all when days become short and 

temperatures low. Downs and Piringe r (23) compared June-bearing and 

everbearing var ieties of strawberries at f luctuating temperatures and 

var ying photoperiods. They reported that: 

1. Runner production increased with increasing daylengths up t o 

15 hours in t he June-bearing varieties, and with l onger than 

15 hour daylengths the runners were longer and in greater 

quantities. 

2. Everbearers produced few runners under any of the photoperiods, 

but the trend was to produce more runners during the 13-hour 

days. 

As a group, the everbearers produce very few, if any runners (18). 

Interrelatlunship of temperature and 
pho t operiod on vegetative and repro
ductive g r ow t h and on rest in straw
berries . 

Hartman (39) showed that alt hough the June-bearing strawberry is 

a short-day plant, flower-buds can be initiated during long days 

provided the temperatures are low enough (15.5 C or less). All vari-

eties used in his experiment f ormed flowers when the temperature was 
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maintained at 15.5 C, even under long day conditions . No flowers were 

formed under long days at temperatures of 21 C. The plants under short 

days initiated flowers at about the same rate at 15.5 and 21 C. These 

results in general agree with the findings of Darrow (19) and Darrow 

and Waldo (18) that at low temperatures flower buds may form in the 

strawberry under long-day light periods. 

The strawberry plant in the northeastern United States becomes 

dormant with the onset of low tempe ratures in the fall (17). However, 

temperatures alone are not responsible for dormancy, for many plants 

may remain dormant under warm greenhouse conditions. When strawberry 

plants were left in the field until January 1 and then brought into 

a warm greenhouse , all varieties tested grew vigo rously even though 

the days were short (17). 

Rest in the strawberry is considered to be induced by a short-day 

low-temperature complex and is broken to a degree in some varieties by 

additional daily light exposures and in all varieties by temperature 

at or below freezing (18, 20). Long days and high temperatures can be 

very effective in breaking the rest period in strawberries (18). The 

s trawberry differs from many other plants in that it retains its green 

leaves while in the resting stage unless s ub jected to temperatures 

below freezing. For this reason light and high t emperatures can be 

very useful i n breaking dormancy (20). 

Pi ringer and Scott (54) showed that long photo periods will 

stimulate runner formation without chilling, but a short period of 

chilling depresses runner formation, and addit i onal chilling is then 

required for optimum runner formation . The longer t he chilling (within 

the limits of their experiment (54)) the greate r the number of runners. 
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The maximum runner production on all varieties tested occurred after 

long periods of winter chilling combined with long natural or 

artificial daylengths. Plants of all tested varieties formed runners 

during long days without chilling (54). Others have also shown that 

plants form fewer runners if they receive a short period of initial 

chilling, but many more runners if they receive prolonged chilling 

periods (3, 18, 19, 39). 

Arney (2) has s hown that the shortening photoperiod of autumn is 

the primary cause of floral initiation under natural conditions in 

southern England, and low night temperatures play a minor part unless 

they occur on consecutive nights just before the beginning of the 

inductive period . 

Induction of flowering by mineral 
starvation and drought 

Flowering is readily induced in some cultivars by mineral star-

vation before deficiency symptoms appear, by drought, or by trans-

planting (32) . Mineral starvation induced flowering in the cultivar 

"Templar" in a pot plant experiment (32). Guttridge (32) showed that 

af t er five months in the summer, all 24 plants growing in a 1/3 soil-

2/3 sand mixture f l owered in spite of long day leng ths . The limitation 

of fruit yields by flower inhibition in highly ferti le soils or 

following heavy nitrogen feeding is not uncommon on commercial planta-

tions . 

A flower forming substance in the 
strawberry plant 

Hartmann (40) hypothesized that a flower forming stimulus is 

manufactured in strawberry leaves under proper environmental conditions. 
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This stimulus is presumably translocated to the meristematic areas of 

the plant whe r e it results in the dif ferent iation of floral parts. 

Plants under long photoperiods become reproductive when portions of the 

total leaf area were subjected t o short days. The number of flower 

clusters produced were in direct ratio to the percentage of the total 

leaf area placed under short day conditions . The formation of runners 

was inversely proportional to the percentage of the total leaf area 

exposed only to long days. Fully e xpanded leaves of the short-day 

plant Xanthium, exposed to long photoperiods, inhibits transmission of 

the stimulus through the stem to which the leaves are attached ( 36 ). 

Stout (63), working with s ugarbeet, a long-day plant, believes that the 

substance conducive to reproductive development might be translocated 

with carbohydrates. 

A vegetative growth promoter and 
flower inhibi t or in strawberry 
leaves 

Thompson and Guttridge (65) postulated that photoperiod control of 

flowering in the strawberr y operated through a flower inhibitor 

produced in the leaves. Although st rawberry leaves at any maturity can 

hinder flower initiation, mature leaves have a greater effect th an the 

immature, and decreasing the photoperiod decreases the inhibitory 

activity, while yo ung actively growing strawberry l eaves s how high 

gibberellin activi t y (24, 55) . Photoperiodic response in the straw-

berry is controlled by a hormone produced in the leaves under long 

daylengths (28). This hormone was thought to induce vegetative growth 

and inhibit flower promotion. The removal of mature leaves r emoves 

the photoperiodic requirements for flower initiation, even with the 



younger leaves present (65). When June-bearing strawberry plants were 

exposed (after a prolonged cold treatment) to 15.5 C and daylengths of 

10, 12, 14 or 16 hours, and varying amounts of leaves were removed, the 

following occurred: 1) neither intact plants nor plants bearing only 

mature leaves initiated flowers freely when daylengths were longer than 

12 hours, 2) plants with all mature l eaves removed initiated flowers 

at 14 but not at 16 hours, and 3) totally defoliated plants initiated 

flowers at al l daylengths. Induction was not entirely dependent upon 

a flower promoting substance (39), but was influenced by an inhibitor 

produced in the l eaves (65). 

Guttridge (28) presented evidence that floral induction in pl ants 

sensi tive to photoperiod resulted from action at the growing apices of 

specific flower promoting substances or hormones. The existance of 

these subs tances is inferred by the observation that photoperiodic 

perception is located in the leaves, whereas response occurs at the 

apices, thus implying a translocatable chemical stimulus or hormone. 

Guttridge (28) traced P 
32 

.movement from the par.ent to th.e daughter 

plant but not in the reverse direction unless the parent plant was 

defoliated, or if the daughter plant was in a 17-hour and the parent 

in a 9-hour light period. A light-break treatment promoted vegetative 

growth not only to the parent plants directly exposed to it, but also 

in receptor plants attached by stolons. Increased promotion of vegeta

tive growth was observed (28) when plants receiving lightbreak were 

exposed to a daylength three hours shorter than their attached receptor 

plants. The vegetative growth of plants in short photoperiods was 

increased either by promotive substances received via stolon from 

plants receiving a light break or by draining away from plants in short 
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photoperiods the substance which inhibits vegetative growth. Failure 

of the activity of a supposed flower promoting substance in this experi-

ment and the failure to induce floral initiation in an earlier experi-

ment (65) except under extreme conditi ons as mentioned earlier, is 

evidence for a vegetative growth promoter. 

A secondary crop in June-bearing 
strawberries through the use of 
photoperiod 

By controlling the photoperiod, Benoit (6, 7) obtained a secondary 

c r op with reasonable yields from the June-bearing variety, 

"Redgauntlet." A shading period between the hours of 5 pro to 9 am 

(16-hour dark period ) was the most beneficial and profitable treatment, 

the shorter dark per iods leading t o smaller yields. 

Mowing and burning s trawberry crops 
for increased yields 

In such strawberry varieties as "Cambridge Favorite" that have 

strong photoperiodic control of inflorescence initiation, removal of 

the l eaves fails to promote flower initiation but disturbs the normal 

pattern of the process (49). In varie t ies where photoperiodic control 

of flowering is weaker and subject to modification, defoliation permits 

the initiation of inflorescences despite the inhibitory conditions 

imposed by long days. Flower truss i nitiation in defoliated plants 

(cultivars "Talisman" and "Redgauntlet") exceeded that of the untreated 

plants . This may have resulted from a decrease in the concentration of 

an inhibitor of inflorescences, as old leaves are more inhibitory t han 

young ones (28, 65) . In the varieties "Cambridge Favorite" and "Royal 

Sovereign ," which do not initiate inflorescences in the summer, autumn 
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initiation was reduced by defoliation. Although the rate of truss 

initiation subsequently increased, it frequently failed to r each the 

levels attained by the untreated plants before growth ceased in the 

winter (49). 

Guttridge and Mason (31) showed that early defoliation (before mid

August) was better than late defoliation irrespective of the variety. 

Varietal differences in yield response to defoliation paralleled 

differences in truss initiation. Yields were not increased unless 

initiation of trusses were promoted. 

In strawberr y plants that were burned or cut after cropping, the 

following occurred: 1) crops following burning produced higher yields, 

except when wilted plants were burned, and 2) cutting the strawberry 

plants increased yields over the controls (70). It appeared that 

removal of leaves is advantageous t o increased yields (28, 40, 65, 66). 

Gibberellin biosynthesis 

The isoprenoid nature of the gibberellins and their general hie

synthetic relationship to diterpenes has been well defined. An overall 

scheme (70) is as follows: 

1. Mevalonate is a precursor of the acylic diterpene geranyl

geranyl-py rophosphate, 

2. Cyclization of this substance to kaurene, 

3. Modification kaurene by oxida tion, and ring contraction and 

el~ination of an angular methyl group to form c
19

-gibberellins. 

West and Fall (69) stress that this scheme pertains to studies in 

fungus and that sequences may differ from one organism to another even 

though the patterns are similar. 
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Studies on the biosynthesis of gibbe rell ic acid in Fusarium moniliforme 

have es t ablished (-)-kaurene as a precursor (15, 25). In higher plants 

this pathway is s till unresolved. Concentrations as low as 0.1 mg/ml 

CCC in the growth medium will reduce fungus gibberellin production by 

50 percent, whe reas 10 mg/ml or more fully suppresses GA-biosynthesis 

(52) . Tracer s tudies (4) with intact fungus show that 0.13 M CCC 

blocks GA-biosynthesis between geranyl-geranyl-pyrophosphate and kaurene 

(at kaurene synthetase) . Simila r conclusions were reached by Cross and 

Meyers (16) on the effects of CCC on metaboli t e production in cultures 

of Fusarium moniliforme and by Kende (42) who has shown that Fusarium 

monilifo rme grown in the presence of CCC does no t produce gibberell ins . 

Kinetic s tudie s on growth retardants 

Kinetic studies by Lockhart (48) showed that CCC and Phosphon D 

(tributyl-2,4-dichlorobenzyl-phosphonium chloride) retard elongation 

by partially blocking the system that provided active gibberellin to 

the growth mechanism. CCC and Phosphon D acted as competitive inhib-

itor of gr owth, whereas excess gibberellin added t o the system overcame 

their effec ts, the reby classifying them as anti-gibberellins. However 

the inhibition of stem growth by maleic hydrazide was shown (33) t o be 

independent of the promoting effec t of gibberellin . Therefore, maleic 

hy drazide is a noncompetitive inhibitor of growth and GA-biosynthesis 

since additional gibberellin will not cause a reversal of its effec ts. 

Maleic hydrazide is not classified as an antigibberellin (33). 

Effects of growth retardants on 
gibberellin biosynthesis 

Harada and Lang (38) showed t hat CCC and AM0-1618 (2-isopropyl-4-

dimethylamino-5-methyl-phenyl-1-piperidinecarboxylate methyl chl oride) 
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inhibit growt h responses in higher plants and GA-biosynthesis in 

Fusarium. They pos tulated tha t CCC and AM0-1618 inhibited stem growth 

and o t her r esponses in higher plants due to the inhibition of GA

biosynthesis, which was required for the growth pr ocess. The f ollowing 

studies support this conclusion: CCC does not affect the induction of 

amylase syn t hesis in barley endospe rm by exogenous gibberellin (53), 

but CCC lower s the content of extractable gibberellins in seedlings of 

peas (44) and Pharbitis nil (74), and long term treatments of CCC on 

balsam fir resulted in the absence of gibberellin-like substances in 

its sap (57). 

The gr owth retardants CC C and AM0-1618 are more effective inhibitors 

of GA-b iosynthesis when Fusarium cultures were maintained in continuous 

light (5 5). Large amo unts of GA
3 

and GA
7 

were produced in the light, 

whereas only GA
7 

was produced in the dark. Mertz and Henson (50) showed 

that these growth retardants caused complete disappearance of gibberel

l i ns in the dark, but this was not possible in the light. GA
3 

was 

a lways de tectable . Fusarium moniliforme showed va riation in sensitivity 

t o growth retardants, thereby leading to the possibility of more than 

one pathway of gibberellin synthesis, as has been observed in higher 

plants (50). 

CCC shortens petioles and decreases top and root growth of straw

berry plants (30). The addition of gibberellic acid overcame this 

depression of petiole length and increased top growth (iresh weight) 

but did not affec t root growth . CCC caused a decrease in pet i ole 

lengths and suppressed the initiation and elongation of runners, but 

i t did no t induce the formation of f lower trusses under long photo-
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periods (29). CCC promoted the effects of short daylengths and had 

effects opposite to those of gibberellic acid and long daylengths with 

respect to vegetative growth, but there was no truss formation (64). 

In a study by Jones and Phillips (41), CCC was found to signifi

cantly decrease the gibberellin content in excised sunflower organs. 

This decrease was overcome by the addition of gibberellic acid. Young 

a nd Cooper (72) showed similar results in redblush grapefruit. 

Lesham and Koller (47) hypothesize that peduncle elongation may be 

associated wi th an increase in gibberellin ac tivity. Gibberellin-like 

s ub stances are lacking in the leaves of strawberry plants during flower 

i nit ia tion , but during peduncle elongation there was an increase in two 

s ubstances, possibly GA
3 

and GA
7

. Exogenous GA
3 

applied at the time of 

flower differentiation enhanced peduncle elongation, whereas CCC, an 

inhibitor of GA-b iosynthesis, caused the opposite effect. 

Tolbert (68) showed tha t CCC and related substances caused shorter 

thicker s tems, broader greener leaves, earlier stronger tillering, and 

more uni fo rm growth of wheat. These changes are similar t o those 

produced by high light intensity and opposite to the effects of gib

berellins. 

Reid and Crozier (59) showed with the use of a rice bioassay that 

1 mg/1 CCC stimulated gibberellin l evels 150 fold. However, plants 

treated with 1000 mg/1 CC contained approximately the same amount of 

gibberellins as the untreated pea s eedlings. Similar results are 

reported by several authors (8, 10, 35, 43, 58). In contrast, many 

st udies found large decreases in gibberellin activity (15, 29, 39, 38, 

41, 42, 44, 48, 52, 53, 57, 73). Additional research is required in 

this area. 
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CCC and AM0-1618 when added to cult ures of Gibberella fujikouri 

at the beginning of gibberellin biosynthesis completely suppressed the 

biosynthesis of gibberellic acid and the diterpene(-)-kaurene,7-hydr oxy

karnolide and 7,18-dihydroxykaurenolide (16). 

CCC in hi gh concentrations inh i bits chlorophyll and protein syn

thesis (8). At low concentrations CCC inhibits gibberellin biosyn

thesis in Jack bean leaves. Greenwald (27) showed that 0.1 mM of CCC 

destroyed chlorophyll and thereby dropped the carotinoid levels. The 

decrease of carotinoids prior to chlorophyll reduction and their rise 

before chlorophyll resynthesis strongly suggested that CCC played a role 

in bleaching of the Jack bean leaves. Greenwald (27) hypothesized that 

this bleaching was a result of photooxidation of chlorophyll. 

Ethephon (2-chloroethylphosphonic acid) induced flowering and 

growth regulatory properties in pineapples (13). Ethephon degrades to 

form ethylene, thereby, inducing flowering. Ethephon also induces 

flowering in bromeliad and inhibits flowering in hydrangeas (1, 21). 

In immature peach ovules the synthesis of kauren-19-01, a 

gibberellic acid precursor, was depressed in the presence of SADH 

(succinamic acid-2,2-dimethyl hydrazide) (60). SADH inhibits internode 

elongation in shoots (5, 12, 34, 56, 75), hastens the maturity of stone 

fruits (5) and enhances anthocyanin formation. Low concentrations of 

SAOH enhanced flower initiation in the Fuschia cultivars, "Lord Byron" 

and "Hollydale" (60). SADH depressed the synthesis of gibbe.rellin 

precursors in Cucumis satiuus (34) and in Echinocystis endosperm (22), 

but in two studies (38, 52) SADH has been shown to be ine.ffective in 

blocking GA-biosynthesis. 
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Cathey (12) stated that growth retardants are highly specific and 

that there is a great deal of variation with respect to plant response . 

Cathey and Stuart (11) showed that CCC has the ability t o retard growth 

on a greater number of plants than many other growth retardants . There 

is no known interaction between growth retarding chemicals and 

phytochrome (12). A study by Kuraishi and Muir (46) showed that 

retardation of stem growth by CCC is due to the lack of IAA and not 

dependent upon gibberellins . Classifying CCC as an antigibberellin (48) 

may be misleading (46). Retardation of growt h by CCC may be counter

acted in intact plants with gibberellins because such treatments 

increase the levels of diffusable auxin (45, 46). 

Moore and Hough (51) showed a major decrease in auxin levels within 

the strawberry during floral induction . After flowering the auxin 

level increases even though short-day conditions still prevail. As 

cited by Moore and Hough (51), Hashizume (37) found that the IAA 

content in Cryptomeria japonica decreases prior to floral induction 

and is increased immediately after under short-day conditions . 

Thompson (66) a lso supports this theory by showing that auxin levels 

decrease during flower initiation and later increase in the strawberry. 

In the past, treatments with auxin have been shown t o inhibit flower 

initiation in petunias (26) and Xanthium (9, 67). Present research 

shows that auxin effects are almost certainly indirect. Salisbury (61) 

has shown that quantities of auxin required to inhibit flowering in 

Xanthium also causes epinasty indica ting that these effects are not 

typical of un trea ted plants. 
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MATERIALS AND METHODS 

Plots of established June-bearing strawberry cultivars "Fresno," 

"Shas ta" and "Tioga" were set up in a randomized block design at the 

Horticultural Field Station, Farmington, Utah, on May 9, 1975. Each 

plot was 1.8 m in leng t h and contained double row beds of each variety. 

On May 13, 1975 anthesis of the king blossom was evident, and repeated 

low concentration applications of growth retardants were initiated a long 

with a 10-hour daylength treatment. 

~rowth retardant applications 

The growth retardants CCC, SADH, ethephon and UBI-P293 were applied 

with a pres s urized knapsack sprayer. The treatments, according to the 

rates outlined in Table 1, were applied 3 times a week from May 13, 

through June 3, 1975. 

Table 1. Treatments to determine effects on gibberellin biosynthesis 
and secondary flowering. 

Treatment Rate 

UBI-P293 
UBI-P293 
Ethephon 
Ethephon 
10 Hr. Daylength 
Control 
CCC 
CCC 
SADH 
SADH 

1080ppm, 
540ppm 
560ppm 
280ppm 

920ppm 
460ppm 
500ppm 
250ppm 
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On May 20, 1975 no application was made due to extremely wet condi

tions. On May 26 a heavy frost killed many king blossoms. The low 

temperature for the day was -1 . 1•c . The black plastic covered pl ots 

s us t ained less damage than the uncovered plots. Thermograph readings 

showed that temperatures under the black plastic were 1.5 to 2.o•c 

higher than the outside temperature. 

Pho t operiod 

A photoperiod s tudy was cond ucted following the procedure outlined 

by Benoit (7), shading from 5 pm to 9 am for 21 consecutive days 

fo llowing anthesis of the king blossom. Shading was accomplished by 

cove ring the beds with 1.5 x 2.5 M strips of 5 mil black polyethylene 

plastic supported oy wooden slats S em wide and 1 M long bent in an 

arc-shape and held in position by wires attached at each end. After 

the supports were in place, 0.3 M of plastic was buried on one side of 

the row. The r emainder was draped over the top of the arc- shaped slats 

extending 0.3 M beyond the bottom of the support. This excess was 

stapled t o a 2.5 M post expediting the daily covering and uncovering of 

the plants. After the 3-week short-day period , plan ts were subjected 

to normal s ummer daylengths. 

Harves ting methods 

Fruits were harvested from June 20 through July 7, 1975 when the 

later cultivar, 11Tioga," was through bearing . The entire experimental 

area was harvested 5 times during t his period. The sixth picking 

consisted of only "Tioga." Berry weights were taken per variety per 
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treatment. Sizes were evaluated according to commercial sizing 

stand ards, the #1 (1 .9 em diame ter), #2 (1.6 em diameter) and #3 (.9 em 

diameter) . 

On July 15 , 1975, one row of each var iety was mowed, and all rows 

were immedia t ely wate r ed. This treatment r emoved the foliage of half 

' the plants in each plot, allowing the evaluation of pos t-harvest defoli a-

tion alone and in combination with gr owth reta rdant treatment s on 

inducing secondar y flowering. 

Gibbere l lin extraction and 
purification 

Leaf samples were harvested July 3, 1975 and stored at -20"C t o 

prevent breakdown or significant concentration change of na turally 

occurring gibbere llins until analysis. Gibberellins were extrac t ed and 

identif ied following the procedure outl ined by Seeley (62), with slight 

modifications. Firs t, a one gram sample size was used because with 

higher amounts, chlorophyll and fat globules were in larger quanti t ies 

and ha r der t o remove. Second, the centrifugation periods in the f rac -

tionating s t eps were 60 minutes at 8,000 g. Third, the solvent solution 

used in the thin layer c hromatography was that of Coombe and Tate (14) , 

CHC1 3 ;Et0H;HCODH:85;15;1; for it provided good separation of GA
3

, GA
4 

and GA 7 from each other and from impurities remaining within the sample. 

Chromatogr aphic analysis 

Gas ch r omatographic analysis of gibberell i ns was performed with 

a Hewlett-Packard 5750 gas chroma t ograph. Glass coiled columns 180 em 

l ong with an inside diameter of 3 mm were used. The carrier gas was a 

mixture of 95 percent argon and 5 percent methane with a flow rate of 

60 cc per minut e. A nickle 63 e lectron capture detector conne cted to a 
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Traco r MT r ecorder was used for dete ction. Three percent OV-17 liquid 

phase on Gas-Ch rom Q, 100-120 mes h was used. Three per cent DC-200 liquid 

phase on Gas - Ch rom Q, 100-120 mesh was used to confirm r esults attained 

from OV-17. Injector port, oven and dete ctor tempera tures we re 250•c, 

220•c and 275°C respectively . Data were analyzed quantitative l y by using 

a standard curve, peak h~ight in rom's vs. amount in nanograms. The 

amounts injected were 1/4 ng, 1/2 ng, 1 ng and 2 ng , which produced a 

linear relationship for the range i nvolved. 

Chlorophy l l determinations 

Total chlorophyll and chlorophyll A a nd B were determi ned fo llowing 

the method of Wh itham, Blaydes and Devlin (71) with slight modifications. 

Chl orophyl l ext rac tion from a 1 g sample (fresh weight) of strawberry 

leaves in 75 ml of chilled acetone was homogenized with a Virtis-45 homo

genizer f or ten minutes. After the leaves were thoroughly ground , the 

g reen liquid was transferred to a Buchner funnel, containing a pad of 

Whatman No 1 filter paper . Following chlorophyll removal from the leaf 

tissue, it was transferred to a gr ad uated cylinder whe re t he final volumn 

was brought up to 100 ml with 80 pe r cen t acetone for convenience of 

calc ulation. The extrac t was then transferred to a 125 ml Erlenmeyer 

f l ask and r e fri gerated until spectrophotometric analysis. In each of 

the previous s teps the extract was kept on ice and under low light 

condi tions to prevent chlorophyll breakdown. For the chlorophyll deter 

mination the optical density of the chl orophyll extract in a 10 mm cell 

was read and recorded with a Beckman model DB-6 spectropho tome t er set 

at 645 , 663 , and 652 nm. An 80 percent ace tone aqueous solvent was used 

as a bl ank . The amo unt of chlorophyll present in the extract was 



calculated on the basis of mg chlorophyll per gram of l eaf tissue 

extr ac ted, by the following equations (71): 

mg of chlorophyll a/g tissue (12.7(D663)- 2.69(D645)) 

v 
X 1000 X W 

mg of chlorophyll b/g tis sue : (22.9(D645) - 4 . 68 (D663)) 

v 
X 1000 X W 

mg of t otal chl orophyll/g tissue (20. 2 (D645) 

19 

[1] 

[2] 

v 
+ 8. 02(D663)) X lOOO X W (3] 

mg of total chl orophyll/g t issue : D6;i . ~ lOOO x lOO~ x W [4] 

Equation [4] was used as a check on equation [3] . 
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RESULTS AND DISCUSSION 

Effects of growth retardants and 
photoperiod on gibberellin and 
chlorophyll levels in strawberry 
leaves 

The effects of the growth retardants CCC, SADH, Ethephon, UBI-P293 

and photoperiod on levels of GA
3

, GA
4 

and GA
7 

are shown graphically in 

Appendix Figures 1, 2 and 3 respectively. Orthoganol comparisons 

(Appendix Tables 2, 3 and 4) along with a Duncan's multiple range test 

(Appendix Tables 6, and 8) were used to determine the significant 

differences between the various treatment means as compared to the 

controls. All test3 were run at the :l5 percent confidence l evel unl ess 

otherwise stated. 

High l evels of GA3 were found in the untreated plots (Appendix 

Figure 1); 8.925 nanograms was the mean for the four one gram samples. 

Orthoganol comparisons (Appendix Table 2) indicated: 1) both concentra-

tions of UBI-P293 significantly decreased GA
3 

levels as compared to the 

controls at the 95 percent confidence level, and with the lower concen-

tration there was significance at the 99 percent confidence level; 

2) ethephon at the higher concentration showed no significant decrease 

in GA3 , while at the lower concentration there was a definite decrease; 

3) 10-hour photoperiod produced no significant decrease in GA
3

; 4) CCC 

produced no significant decrease at the higher concentration, but the 

lower concentration produced a significant decrease in GA
3 

levels; and 

5) SAD!! at the higher concentJ;ation produced a significant decrease in 



21 

GA3 at the 95 percent confidence level and at the l ower concentration 

the r e was s significant decrease at the 99 percent confidence level. 

The above data show that the lower concentrations reduced GA
3 

l evels 

to a gr eat e r extent than the higher concentrations. The Duncan' s 

multiple r a nge tests (Appendix Table 6) verified the results from the 

or thoganol comparisons (Appendix Table 2), 

GA4 occ urred in lower concentra tions than GA
3

, but treatment 

effects we re s t i ll measurable (Appendix Figure 2). The orthoganol 

comparisons (Appendix Table 3) showed: 1) at the higher concentration 

of UBI-P293 there was no significant decrease in levels of GA
4

, although 

at the lower concent ration there was a significant decrease; 2) ethephon 

did not produce a significant decrease at either concentration; 3) photo

period produced a significant decrease in GA
4

; and 4) CCC and SADH each 

prod uced significant decreases at both concentrat i ons. The Duncan's 

multiple range tes t (Appendix Table 7) verified the results attained 

from the orthoganol comparisons (Appendix Table 3). 

Natural levels of GA
7 

were lower than either GA
3 

or GA
4

. Orthoganol 

comparisons (Appendix Table 4) and the Duncan' s multiple range test 

(Appendix Table 8) indicated no significant differences in levels of GA
7 

fo r any of the treatments. Levels of GA
7 

are shown graphically in 

Appendix Figure 3. 

A Duncan's multiple range test was run in order to evaluate data 

(Appendix Figure 4) attained from the chlorophyll determination stud y. 

There was no significant increase in chlorophyll levels with any o f the 

treatments (Appendix Table 5). 
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There has been evidence on the occurrence of gibberellin-like 

s ubs tan ces in actively growing strawberry leaf tissue (24, 55), but there 

has been no conclusive evidence as to exactly which gibberellins were 

contained in strawberry leaves. The preceding results constitutes 

present e vidence or the occurrence of GA
3

, GA
4 

and GA
7 

in young actively 

growing leaf tissue taken from the June-bear ing cultivar, 11Tioga. 11 

Evidence has been presented that CCC effectively blocks GA-biosyn-

t hesis in Fusarium moniliforme (38, 42, 52, 53), Pharbitis nil (74), 

Gibberella fujikuori (16), Balsam fir (57), pea seedlings (44), redblush 

g rapef ruit (72), and excised sunflower organs (41). Thus agreeing with 

the r esult s obtained in this experimen t . 

SA OH was ineffective in blocking GA-biosynthesis in Fusarium 

moniliforme (52), but the above results show effective blocking of GA
3 

and GA
4 

in strawberry l eaves . 

According to the findings of this expe riment, it may be concluded 

that: 1) multi-low rate applications of all gr owt h retardant s used 

produced a significant decrease in GA
3 

and GA
4 

but not in GA
7

, 2) chloro

phyll content was unaffected by growth retardants at the concentrations 

used , and 3) a 10-hour photoperiod decreased GA
4 

but not GA
3 

or GA
7

. 

Effec ts of growth r etardants and 
photoperiod on weight and size of 
the June c rop 

The mean weight of 4 replications (three varieties combined) are 

shown separately for each treatment and f or each day of harvesting 

(Appendix Figures 5 through 14). There was a progressive increase in 

yields for all treatments from the first day of harvest until the last, 

when the we ights began to level off. There was a l arge deviat ion a r ound 
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the mean. This error was due in part t o: 1) differences in picking 

procedures of the people who aided in harvesting and 2) inconsistency 

in the number of plants contained within the plots prior to treatment ; 

in some areas plants were densely matted, while other areas contained 

a sparse amount of plants. 

Orthoganol comparisons were made from the overall weight difference 

between each individual-growth retardant -treated plot and the controls 

showed no significant difference (Appendix Table 10). Lack of signifi

cance was due to a large sampling error. This is shown graphically by 

comparison of Appendix Figures 5, 6, 7, 8, 11, 12, 13, 14 with Appendix 

Figure 10. 

Orthoganol compa risons of the mean weights per day were made between 

photoperiod plots and controls (Appendix Table 9). The comparisons 

showed that on the second day of harvesting, the yield from plots covered 

with black plastic were significantly higher than the controls. The 

rest of the comparisons showed no significant differences (Appendix 

Figures 9 and 10). The overall difference in weight was not significant 

(Appendix Table 10, comparison 5). 

Overall yields were reduced due to a heavy frost on May 26, 1975, 

which killed many of the king blossoms. Plants under the black plastic 

canopy sustained less damage than the uncovered plants. 

Size comparisons were made between the treated plots and the 

controls (Appendix Figures 15 through 24). The mean number of each size 

grade for four replications (three varieties combined) are shown 

separately for each treatment, for each day of harvesting. 

Orthoganol comparisons were made between the number of size grade 

ones in each treatment and the control . The overall amount of size one 
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berries in the plots with a 10 hour photoperiod were significantly 

higher than the controls (Appendix Table 11 comparison 5 and Appendix 

Figures 19 and 20). There was no significant difference between t he 

g r owth retardant-treated plots and the controls {graphically shown by 

comparison of Appendix Figures 15, 16, 17, 18, 21, 22, 23, 24 with 

Appendix Figure 20) . The significantly higher number of size one fruit 

may have been due to a warmer temperature under the black plastic can

opy , which protected many of the king blossoms. The only blossoms that 

were killed under the black plastic were those that were in contact wi th 

the blac k plastic during the frost. 

Orthanoganol comparisons we re also made between the number of size 

two fruit in the treated and untreated plots. These comparisons 

indic ated no significant differences (Appendix Table 12 and graphically 

by comparison of Appendix Figures 15, 16, 17, 18, 19, 21, 22, 23, 24 

with Appendix Figure 20). 

The number of size three fruit for all treatments was very l ow 

(Appendix Figures 15 through 24), insignificant, and not analyzed. 

According to these findings, the following may be concluded: 

1) growth retardants at the concentrations used did not affect the 

yield and size of the June crop, and (2) plastic covering of the 

photoperiod treated plots protected king blossoms against late frosts, 

thereby increasing yields in the earlier s t ages of harvesting. This 

treatment had no effect on the overall yield, which is in agreement 

with the results attained by Benoit (6, 7). 



Effec t s o f growth retardants, photo
period and post-harvest defoliation 
on secondary flowering 

The growth retardant-treated plots did not produce a secondar y 

crop , possibly due to the timing of application. 
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A 10 hour daylength was ineffective in producing a secondary crop. 

This may have been due to timing; it is quite possible that the va rj-

e ties , "Shasta, 11 "Fresno" and "Tioga," require different pho toperiod 

manipulation than Redgauntlet, the variety used by Benoit (6, 7). 

"Redgauntlet" naturally produced a secondary crop, but the yie lds are 

extreme ly low, a nd manipulation of photoperiod increases these yields; 

whereas, the varieties used in this experiment do not naturally produce 

a secondary crop. More research is required in this area in order to 

determine the exact photoperiodic requi rements for these varieties. 

Post-harvest defoliation was also ineffective in producing a 

secondary crop. With varieties having strong photoperiodic control 

of inflo rescence, such as "Cambridge Favorite," removal of the l eaves 

fails to promote initiation and disturbs the normal pattern of this 

process (49). "Shasta," 11 Fresno" and "Tioga" may also have strong 

Photoperiodic control over flowering, therefore not initiating flower 

buds under noninductive cycles. 
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Table 2 . Analysis of variance table for orthoganol comparisons 
between mean levels of GA

3 
per gram of strawberry leaf tissue 

((c. v . Tioga) for each of the treatments listed below and the 
mean. 

ANOV d. f. s.s. M.S . Fcal. Ftable 

Treatments 9 88.65 9.85 1. 70 2.21 

UBI-P293 (1080 ppm) 1 30.42 30.42 5.241 *4.17 

UBI-P293 (720 ppm) 1 54.08 54.08 9.32 **4.17 

Ethephon (564 ppm) 1 13 . 26 13.26 2.284 4.17 

Ethephon (282 ppm) 33.21 33.21 5.72 *4 .17 

Photoperiod (10 hr. daylength) 1 15.68 15.68 2 . 70 4.17 

CCC (920 ppm) 1 15.125 15.125 2.61 4.17 

CCC (460 ppm) 1 42.78 42.78 7.37 *4.17 

SADH (502 ppm) 1 34.03 34.03 5.863 *4.17 

SADH (251 ppm) 1 54.60 54.60 9.41 **4 .17 

Residual 30 174.14 5.8045 

Corrected Total 262.79 

*Significant at the 95 percent confidence level. 
**Sign1ficant at the 99 percent confidence level. 
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Table 3. Analys i s of variance table for orthoganol comparisons between 
mean levels of GAi per gram of s trawberry leaf tissue (c .v . 
Tioga) fo r each o the treatments lis ted below and the mean. 

ANOV d. f. s.s . M.S . Fcal . Ftable 

Treatment 9 71. 42 7.935 1.62 2. 2l 

UBI-P293 (1080 ppm) 1 9.57 9.57 1.95 4.17 

UBI-P293 (720 ppm) l 29.2 6 29.26 5.97 *4 . 17 

Ethephon (564 ppm) 1 9 . 90 9.90 2.02 4.17 

Ethephon (282 ppm) l 20.16 20.16 4.12 4.17 

Photoperiod (10 hr. daylength) 1 40.04 40.05 8 . 17 *4.17 

CCC (920 ppm) l 40.05 40.05 8.17 *4.17 

CCC (460 ppm) 1 26.28 26 .28 5.36 *4 .17 

SADH (502 ppm) 1 26.48 26.48 5.4 *4.17 

SA1)H (251 ppm) 1 40.05 40.05 8.17 *4.17 

Residual 30 147 . 0 4.9 

Corr ected To tal 218.426 

*Significant at the 95 percent confidence level. 
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Table 4. Analysis of variance table for orthoganol comparisons between 
mean levels of GA7 per gram of strawberry leaf tissue (c.v. 
Tioga) for each of the treatments listed below and the mean. 

ANOV d. f. s. s. M.S. Fcal. Ftable 

Treatment 9 21.8 2.42 .609 2. 21 

UBI-P293 (1080 ppm) 1 .396 .396 .1 4.17 

UBI-P29 3 (720 ppm) 1 1. 78 1. 78 .45 4.17 

Ethephon (564 ppm) 1 . 5832 . 5832 .15 4 . 17 

Ethephon (282 ppm) 1 3.73 3 . 73 • 94 4.1 7 

Photoperiod (10 hr . day length) 1 5 . 37 5.37 1. 35 4.17 

CCC (920 ppm) 1 2.27 2.27 .57 4.17 

CCC (460 ppm) 1 1.67 1.67 . 42 4 .17 

SADH (502 ppm) 1 8.632 8 .632 2 .1 7 4.17 

SADH (251 ppm) 1 13.16 13.16 3.29 4.17 

Residual 30 119.69 3.98 

Correc ted Total 141.48 



Table 5 . Duncan's Multiple Range Test for mean levels of chlorophyll per gr am of strawberry l eaf tissue 
(c.v. Tioga) for each of the treatments listed below. 

Treatments Yi PlO p9 p8 p7 p6 p5 p4 p3 p2 
D=.467 D-.464 D-. 46 0 D=.456 D-.450 D- . 443 D=.433 D= . 420 D=.389 

CCC 
(920 ppm) 2.06 *.70 *.63 *.47 . 34 0 34 0 31 .29 .23 .18 
SADH 
(502 ppm) 1. 88 *.52 .45 .29 .16 .16 .13 .11 .05 
CCC 
(460 ppm) 1. 83 *.47 .40 .24 .11 .ll .08 .06 
Photoperiod 
(10 hr. daylength) 1.77 .41 0 34 .18 .05 .05 .02 
UBI-P293 
(1080 ppm) 1. 75 .39 .32 .16 .03 .03 
Ethephon 
(564 ppm) 1.72 

0 36 .29 .13 0 

Control 1. 72 .36 .29 .13 
Ethephon 
(282 ppm) 1.59 .23 .16 
SADH 
(502 ppm) 1.43 . 07 
UBI-P293 
(720 ppm) 1. 36 

*Significant a t the 95 percent confidence l evel. w 
"' 



Table 6. Ouncan's Multiple Range Test for mean levels of GA 3 per gram of strawberry leaf tissue (c.v . 
Tioga) fo r each of the treatments listed below. 

Trea tments Yi PlO p9 P8 p7 p6 P5 p4 p3 p2 
0=4 .08 0=4.05 0=4.02 0=3.98 0=3.93 0=3.87 0•3 .79 0=3.67 0•3.4 

Con trol 8.92 *5 . 225 *5. 2 *4.625 *4 . 125 *4.075 *3.9 2 . 8 2.75 2.57 
Ethephon 
(564 ppm) 6.35 2.65 2.62 2.05 1.55 1.50 1. 32 .225 .175 
CCC 
(920 ppm) 6 . 175 2.4 7 2 .45 1.875 1.37 1. 32 1.15 .05 
Photoperiod 
(10 hr . daylength) 6 . 125 2 .42 2.4 1.82 1.32 1.27 1. 1 
UBI-P293 
(1080 ppm) 5.025 1.32 1.3 . 72 .225 .175 
Ethephon 
(282 ppm) 4.85 1.15 1.125 .55 . 05 
SADH 
(502 ppm) 4.8 1.1 1.07 . 5 
CCC 
(460 ppm) 4.3 .6 .57 

UBI- P293 
(720 ppm) 3.725 .025 
SADH 
(251 ppm) 3. 7 

*Significant a t the 95 percent confidence level. w 



Table 7. Duncan's Multiple Range Test for mean levels of GA4 per gram of strawberry leaf tissue (c.v. 
Tioga) for each of the treatments listed below. 

Treatments Yi PlO p9 p8 p7 p6 P5 p4 p3 p2 
0=3. 71 0=3. 68 0=3.65 0=3. 62 0=3.57 0=3.52 D-3 .1+4 D-3 .44 D-3.17 

Control 4.47 *4.475 *4.475 *4.475 *3 . 825 *3.637 *3.625 3.17 2.22 2.18 

UBI- P293 
(1080 ppm) 2. 28 2.28 2.28 2.28 1. 63 1.44 1.43 .98 .03 
Ethephon 
(564 ppm) 2 . 25 2.25 2.25 2.25 1.60 1.41 1.4 .95 
Ethephon 
(282 ppm) 1.3 1.3 1.3 1.3 .65 .46 .45 
CCC 
(460 ppm) .85 .85 .85 .85 .20 . 01 
SADH 
(502 ppm) .837 .837 . 837 .837 .18 
UBI-P293 
(720 ppm) .65 .65 .65 .65 
Photoperiod 
(10 hr. daylength) 0 0 0 
CCC 
(920 ppm) 0 0 
SADH 
(251 ppm) 0 

*Significant at the 95 percent confidence level. w 
00 



Table 8. Duncan's Multiple Range Test for mean levels of GA 7 per gram of strawberry leaf tissue (c .v. 
Tioga) for each of the treatments listed below. 

Treatments Yi PlO p9 p8 p7 p6 P5 p4 p3 p2 
D=3.36 D=3.34 D-3.31 D=3.28 D•3.24 D•3.19 D=3.12 D=3. 03 D•2.87 

Control 2.56 2.56 2.07 1.64 1.36 1.06 .9 4 .91 .54 .35 
UBI-P293 
(1080 ppm) 2.21 2.21 1. 72 1.28 1.01 .71 .59 .56 .18 
Ethephon 
(564 ppm) 2.02 2.02 1.53 1.1 . 82 .52 .40 .37 
CCC 
(460 ppm) 1.65 1.65 1.16 .72 .45 .15 .03 
Ulll-P293 
(720 ppm) 1. 62 1.62 1.13 .69 .42 .12 
CCC 
(920 ppm) 1.5 1.5 1.01 .57 . 3 
Ethephon 
(282 ppm) 1.2 1.2 .71 . 27 
Photoperiod 
(10 hr . daylength) .925 .925 .43 

SADH 

(502 ppm) .487 . 487 
SADH 
(251 ppm) 0 

w 

"' 



Table 9. Analysis of variance table for mean weight comparisons 
between 10 hour daylength treatment and the control for 
each day of harvesting. 

ANOV d . { . s . s. M.S. Fcal. Ftable 

Treatments 9 397.1 44.12 8.57 2.21 

1 - June 20, 1975 1 .8625 . 8625 .167 4.17 

- June 23, 1975 1 21.7 21.7 4.22 *4. 17 

3 - June 25, 1975 1 12.65 12 . 65 2.45 4 . 17 

4 - June 30, 1975 1 3.125 3.1 25 .61 4.1 7 

5 - July 3, 1975 1 . 3825 . 3825 .07 4.17 

Residual 30 154.71 5.15 

Corrected Total 551.81 

*Significant at the 95 percent confidence level. 
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Sign. 

N. S. 

Sign . 

N. S. 

N. S. 

N.S. 



Table 10. Analysis of variance table fo r the overall mean weight comparison for each of the treatments 
listed below and the control. 

ANOV d. f. s.s. M.S . Fcal. Ftable 

Treatments 10 45.3188 4.53 .298 l. 88 N.S . 

UBI-P293 (1080 ppm) 1 7.456 7.456 . 49 3.84 N. S. 

UBI-P293 (720 ppm) 1 . 4645 .4645 .03 3.84 N. S. 

Ethephon (564 ppm) 1 1.55 1.55 .1 3 . 84 N. S. 

Ethephon (282 ppm) 1 2.25 2.25 .14 3. 84 N. S. 

Photoperiod (10 hr . daylength) 1 21.25 21.25 l. 39 3.84 N. S. 

CCC (920 ppm) 1 8 .677 8.677 .57 3.84 N.S. 

CCC (460 ppm) 1 .9765 .9765 .06 3.84 N. S. 

SADH (502 ppm) l 2 . 7l 2. 7l .17 3.84 N.S. 

SADH (251 ppm) l .0122 . 0122 .0008 3.84 N.S . 

Residual 190 2,898.43 15.2 

Corrected Total 2,943 . 8 

~ ..... 



Table 11. Analysis of variance table for orthoganol comparisons between the number of ones in each of the 
treatments listed below and the control. 

ANOV d.£. s.s. M.S. Fcal. Ftable 

Treatment 9 59,548 . 4 6,616.5 1.08 1. 88 

UBI-P293 (1080 ppm) 1 931.225 931.225 .15 3.84 

UBI-P293 (720 ppm) 1 144.4 144.4 . 023 3.84 

Ethephon (564 ppm) 1 756.9 756.9 .12 3.84 

Ethephon (282 ppm) 1 2,480 . 62 2,489.6 2 . 4 3. 84 

Photoperiod (10 hr. daylength ) 1 30,747.025 30,747.025 5.00082 *3.84 

CCC (920 ppm) 1 2,958.4 2,958.4 .48 3.84 

CCC (460 ppm) 1 396.9 396.9 .965 3.84 

SADH (502 ppm) 1 1,612.9 1,612.9 .26 3.84 

SADH (251 ppm) 1 600.625 600.625 .097 3.84 

Residual 190 1,168,206.2 6,148 . 4 

Corrected Total 1,227,754.6 

*Significant at the 95 percent confidence level. ..,.. 
"' 



Table 12 . Analysis of variance table for orthoganol comparisons between the number of twos in each 
of the treatments listed below and t he control. 

ANOV d. f. s.s. M.S . Fcal. Ftable 

Treatment 9 6,072 . 72 674.74 .52 1. 88 

UBI-P293 (1080 ppm) 1 3,686.4 3,686.4 2.87 3. 84 

UB I-P293 (720 ppm) 1 115.6 115.6 .09 3. 84 

Ethephon (564 ppm) 1 483.025 483.025 .37 3 . 84 

Ethephon (282 ppm) 1 245.025 245.025 .19 3.84 

Photoperiod (10 hr. daylength) 1 70.625 70.625 . 055 3.84 

CCC (920 ppm) 1 3.025 3.025 .0023 3.84 

CCC (460 ppm) 1 648.025 648.025 . 505 3. 84 

SADH (502 ppm) 1 8.1 8.1 .006 3.84 

SADH (251 ppm) 1 403.225 403.225 .315 3.84 

Residual 190 243,379.8 1,280.9 

Corrected To tal 249,452.52 

..,. 
"' 
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Figure 5. The mean weights of 4 replications (c . v. Shasta, Fresno and 
Tioga combined) of UBI-P293 (1080 ppm) for each day of 
harvesting , plus and minus two standard deviations are 
represented by vertical bars running through t he mean. 
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Fi gure 6 . The mean weights of 4 replications (c . v . Shas ta, Fresno and 
Tioga combined ) of UBI-P29 3 (720 ppm) for each day of 
harvesting, plus and minus two standard deviations are 
represented by vert ical bars running through the mean. 
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Figure 7. The mean weights of 4 replications (c.v . Shasta, Fresno 
and Tioga combined) of Ethephon (564 ppm) for each day 
of harvesting, plus and minus two standard deviations are 
represented by vertical bars running through the mean. 
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Figure 8. The mean weights of 4 replications (c.v. Shasta, Fresno and 
Tioga combined) of Ethephon (282 ppm) for each day of har
vesting, plus and minus two standard deviations are repre
sented by vertical bars running through the mean. 
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Figure 9. The mean weights of 4 replications (c.v. Shasta, Fresno 
and Tioga combined) of Photoperiod (10 hour daylength) 
for each day of harvesting, plus and minus two standard 
deviations are represanted by vertical bars running 
through the mean. 
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Figure 10 . The mean weights of 4 replications (c.v . Shasta, Fresno 
and Tioga combined) of Control fo r each day of har vesting, 
plus and minus two standard deviations are represented by 
vertical bars running t hrough the mean. 
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Figu r e 11. The mean weight of 4 replicitions (c .v. Shasta, Fr esno 
and Tioga combined) of CCC (920 ppm) for each day of 
harvesting, plus and minus two standard deviations are 
r e presented by vertical bars running through the me an. 
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Figure 13. The mean weight of 4 replications (c.v. Shas ta, Fres no and 
Tioga combined) of SADH (502 ppm) for each day of 
harvesting, plus and minus two standard deviations are 
represented by vertical bars running through the mean . 
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Figure 12. The mean weight of 4 replications (c.v. Shasta , Fr esno 
and Tioga combined) of CCC (460 ppm) for each day nf 
harvesting, plus and minus tl<a standard deviations 
are represented by vertical bars running through the 
mean. 
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Figure 14. The mean weight of 4 replications (c.v. Shasta, Fresno 
and Tioga combined) of SADH (251 ppm) for each day of 
harvesting, plus and minus two standard deviations are 
represented by vertical bars running through the mean. 
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Figure 15. The mean number of size grade berries for 4 replications 
(c.v. Shasta, Fresno and Tioga combined) treated with 
UBI-P293 (1080 ppm) for each harvest date plus and minus 
two standard deviations which are represented by vertical 
bars running through the mea n. 
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Figure 16 . The mean number of size grade berries for 4 replica tions 
(c . v. Shasta, Fresno and Tioga combined) treated with 
UBI-P293 (720 ppm} for each harvest date plus and minus 
two standard deviations which are represented by vertical 
bars running through the mean . 
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Figure 17. The mean number of size gr ade berries fo r 4 r eplications 
(c .v. Shas ta, Fresno and Tioga combined ) treat ed with 
Ethephon (564 ppm) for each harvest date plus and minus 
two standar d deviations which are represen t ed by vertical 
bars running through the mean . 
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Figure 18. The mean number of size grade berries for 4 replications 
(c . v. Shas ta, Fresno and Tioga combined) treated with 
Ethephon (282 ppm) f or e ach harvest date plus and minus 
t wo standard deviations which are r ep r esented by vertical 
bars running through the mean. 
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Figure 19 . The mean number of size grade berries for 4 replic~tions 
(c . v. Shasta, Fresno and Tioga combined) treated with 
Photoper i od (10 hr. daylength) for each harvest date plus 
and minus two standard deviations which are represented 
by vertical bars running through the mean. 
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Fi gure 20. The mean number of size grade berries for 4 replications 
(c . v. Shasta, Fresno and Tioga combined) treated with 
Contro l for each harvest date plus and minus two standa rd 
deviations which are represented by vertical bars runn ing 
t hro ugh the mean. 
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Figure 21 . The mean number of size grade berries for 4 replications 
(c.v. Shasta, Fresno and Tioga combined) treated with CCC 
(920 ppm) for each harvest date plus a nd minus two standard 
deviations which are represented by vertical bars running 
through the mean. 
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Figure 22. The mean number of size grade berries for 4 replications 
(c.v. Shas t a, Fresno and Tioga combined) treated with CCC 
(460 ppm) for each harvest date plus and minus two standard 
deviations which are represented by vertical bars running 
t hrough the mean. 
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Figure 23. The mean number of size grade berries for 4 replications 
(c . v. Shasta, Fresno and Tioga combined) treated with SADH 
(502 ppm) for each harvest date plus and minus two standard 
deviations which are represented by vertical bars running 
through the mean . 
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Figure 24. The mean number of size grade berries for 4 replications 
(c.v. Shasta, Fresno and Tioga combined) treated with SADH 
(251 ppm) for each harvest date plus and minus two standard 
deviations which are represented by vertical bars running 
through the mean . 
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