
Table 1. Postharvest decay o f precooled and non-precooled blueberries following storage at 2° or 10°C, and after holding 
at 21°.

Decay (% )

Hours

Stored 3 days 
at 10°C

Additional holding at 21°C 

24 hr 48 hr

Treatment to I0°C 1976 1977 1976 1977 1976 1977

NPC 24 2.0 a' 3.3 a 6.6b 9.2c 24.9 c 26.2d
NPC 48 3.8 b 4.7b 15.0c 17.8 d 32.0 d 32.9 e
PC 24 1.9a 2.7a 2.6a 3.5 a 13.6b 15.9b
PC 48 1.5a 3.0 a 2.9a 5.4 b 15.4b 21.9c
PCy 0.9a 1.8a 1.8a 2.5 a 2.5 a 7.4a

zMean separation within columns by Duncan’ s 
yHeld at 2°C continuously.

multiple range test, 5#  level.

Table 2. Postharvest decay o f precooled and non-precooled blueberries following storage at 2°C and after holding at 21°.

Treatment
Hours 

to 10°C

(% ) Decay

Stored 3 days 
at 10°C

Additional holding at 2I°C

24 hr 48 hr

1976 1977 1976 1977 1976 1977

PC 2 1.8 a' 2.1 a 3.5 a 4.0a 12.9a 11.8a
NPC 24 2.0ab 4.3 b 6.8b 6.9b 21.7b 18.6b
NPC 48 4.1 b 4.4b 7.3 b 8.1 b 23.8b 21.9b

'Mean separation within columns by Duncan’ s multiple range test, 5CA level.

Rapidly precooling blueberries to 2°C sig­
nificantly reduced the amount o f decay that 
developed subsequently during the 21 ° hold­
ing period that followed the 3-day (Table 1) 
and 10-day (Table 2) simulated transit 
periods. After 3 days at 10°, despite low inci­
dences o f decay, there was significantly less 
decay in the PC berries than in the NPC ber­
ries that took 48 hr to cool to 10° (Table 1). 
After an additional 24 hr at 21°, the PC berries 
had 60 to 80% less decay than the NPC ber­
ries, even when the latter were cooled to the 
ambient temperature in 24 hr. When the ber­
ries were held 48 hr at 21° after storage, the 
PC berries still had significantly less decay 
than NPC berries that had been cooled to 10°. 
A  constant temperature o f 2° resulted in sub­
stantially less decay than any other treatment 
after 48 hr at 21°.

Blueberries precooled to 2°C and stored at 
that temperature for 10 days, to simulate sur­
face transport to prospective European mar­
kets, had significantly less decay after cold 
storage than NPC berries that had been cooled 
to 2° in 48 hr (Table 2). Slightly less decay 
was found in the PC berries than in the NPC 
berries cooled to 2° in 24 hr. Test shipments 
o f fresh blueberries to distant domestic mar­
kets conducted by the USD A  required 48 hr to 
reach an average berry temperature o f 13.5° 
from the initial 27° (unpublished data). Thus, 
in the average container load (1920 trays), 
berry temperatures probably would not reach 
2° in 48 hr and decay could be higher than re­
ported here.

Following the transfer to 21°C, the PC ber­
ries had significantly less decay than the NPC 
berries even when the latter fruits had been 
cooled to 2° in 24 hr (Table 2). After 48 hr at 
21°, the PC berries still had more than a third 
to nearly a half less decay than the NPC ber­
ries. The benefits o f precooling probably 
would have been more striking if we had 
cooled the NPC berries more slowly, as 
would occur in an actual commercial ship­
ment. The PC berries were still marketable 
despite the relatively long storage period and 
the 48 hr at 21°, since 15% defective fruit is 
permissible (1). Other researchers have ac­
cepted 20% defects as a marketable limit (1). 
Despite moisture condensation on berries 
when transferred from 2° to 21° in our tests, 
the bloom did not appear adversely affected. 
Whether or not decay was enhanced because 
o f the condensate is questionable (7).

Rapidly precooling fresh blueberries to a 
temperature just above freezing and maintain­
ing that temperature appears best for suppres­
sing decay development and preserving the 
marketability o f the fruits. Gray mold ac­
counted for most o f the decay in blueberries in 
these tests. Very little altemaria and anthrac- 
nose were seen. Rapid precooling and the 2°C 
storage temperature were especially benefi­
cial in the longer storage tests because the 
shelf life o f this highly perishable commodity 
was lengthened to 12 days which suggests 
that surface transport o f fresh blueberries to 
foreign markets may be feasible.
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Dropping o f flowers and fruit is a serious 
problem in citrus, especially in seedless culti- 
vars. According to Erickson et al. (4), the
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flower and young fruit drop percentages in 
‘Washington Navel’ orange (based on the 
total number o f flowers) are: flower buds 
48.5%; flowers 16.7% young fruit with 
pedicel (postbloom drop) 31.4%; and young 
fruit abscised without pedicel (June drop) 
3.2%.

Though temperature (3), light intensity 
(11) and girdling (8) can influence fruit drop 
o f citrus, many researchers suggest that these 
factors act through plant growth regulators (1, 
3, 10). It has been demonstrated that G A 
plays a significant role in preventing fruit
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Effect of BA and GA on Fruit Drop of 
Citrus1
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The People’s Republic o f China
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Abstract. Application of gibberellic acid (GA ) and 6-benzylamino purine (BA) on whole trees of 
‘Washington Navel’ orange (Citrus sinensis [L .] Osbeck) during anthesis caused flower thinning and 
increased leaf size of the spring growth flush. BA sprayed on whole trees at the young fruit stage in­
duced premature initiation of the summer growth flush and resulted in serious fruit drop. Applica­
tion of BA on the surface of individual young fruit of ‘Washington Navel’ orange and ‘Satsuma’ man­
darin (C. reticulata Blanco) prevented postbloom drop, but not June drop. Neither GA nor BA had 
any influence on fruit-set of “ Jeng” orange.
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Table 1. Effect o f BA and GA application during anthesis on leaves, twigs and fruit-set o f ‘Washington 
Navel’ orange.

Concn (ppm)
Fruit set' 

(70

Leaf size (cm )y
Leaf-
drop'

No. dead 
twigs"GA BA o f flowers Length Width

0 0 15,232 0.98 10.2 4.6 20 0
100 0 16,170 0.34* 11.5* 5.0** 193 140

0 100 24.439 0.13** 12.0* 5.2** 42 18
0 400 17,463 0.08** 11.8* 5.4** 32 1

100 400 20.397 0.08** 13.0** 5.8** 160 75

'Determined on May 10. 
yBased on 200 leaves.
'No. o f fallen leaves per tree on April 24.
"N o . o f withered twigs per tree on April 24.
*, **Different from control at 5%  (* )  and I7r (* * )  level by LSD.

drop o f citrus (2, 6, 7, 9), but there is little in­
formation concerning the influence o f cytoki- 
nins on growth and development. We applied 
BA and G A, together and separately, on 3 cit­
rus cultivars in order to determine BA effect 
on fruit set.

The experiments were carried out in the or­
chard o f the Institute o f Citrus, CAAS, 
ChungKing, China, in 1972 with 7-year-old 
‘Washington Navel’ orange trees, and 8-year- 
old ‘Satsuma’ mandarin and ‘Jeng’ orange 
trees, all grafted on Poncirus trifoliata (L .) 
Raf. A ll plant growth regulator solutions con­
tained 0.1% o f a nonionic wetting agent.

Whole tree sprays prior to and during an­
thesis. Twenty ‘Washington Navel’ orange 
trees were divided into 5 groups according to 
vigor and number o f flowers. The design was 
a randomized block with 4 single-tree repli­
cates and 5 treatments: 100 ppm BA, 400 ppm 
BA, 100 ppm G A, 400 ppm BA +  100 ppm 
and G A  and control. Trees were sprayed on 
March 20 (flower bud stage), April 17 and 24. 
The total number o f flowers was counted be­
fore treatment and the percentage o f fruit set, 
number o f withered twigs and fallen leaves, 
and the length and width o f leaves o f the 
spring flush were determined after treatment.

Whole tree sprays at the young fru it stage. 
Eight ‘Washington Navel’ trees with similar 
vigor were divided into 2 groups, each with 4 
trees. One group was sprayed with 400 ppm 
BA on May 2 and 8 when the fruit was very 
young. The first treatment was made about 5 
days after petal fall. The other group served as 
the control. The total number o f fruit o f each 
tree was determined before treatment. The 
number o f summer flush sprouts and percen­
tage o f fruit set were determined after treat­
ment.

BA and BA +  GA applied to selected fruit. 
One hundred pairs o f young fruit o f similar 
size and tree position were selected for each 
treatment. One o f each pair was treated while 
the other was used as the untreated control. 
The treatments were 400 ppm BA, 800 ppm 
BA and 400 ppm BA +  50 ppm G A for 
‘Washington Navel’ orange. The first appli­
cation was on May 12 when the average fruit 
diameter was 0.5-0.6 cm. The remaining ap­
plications were done on May 17, May 30, and 
June 13. Fruit-set was determined at intervals 
after treatment.

Spraying BA, G A or BA +  G A  on whole 
trees did not increase fruit set but resulted in 
flower and fruit thinning. The 400 ppm BA

and 400 ppm BA +  100 ppm G A treatments 
had the greatest thinning effect. The percen­
tage o f fruit set in the 2 treatments determined 
on May 10 was only 8% o f that o f the control 
(Table 1). A ll treatments increased the leaf 
area o f the spring flush, but 400 ppm BA and 
400 ppm B A  +  100 ppm G A  were most effec­
tive. Spraying G A or BA +  G A  resulted in 
serious withering o f twig and leaf drop.

Spraying BA on whole trees at the young 
fruit stage increased and accelerated the sum­
mer growth flush and resulted in the dropping 
o f all young fruit. The percentage o f fruit set 
for control was 3.3% while that o f BA treat­
ment was zero 18 days after treatment. The 
number o f sprouts o f the BA treatment was 
297 while that o f the control was 22.

Application o f BA or BA -f G A to indi­
vidual young fruit decreased postbloom drop 
and increased fruit set. The percentage o f fruit 
set on May 23 (11 days after treatment) was 
95% for the 400 ppm BA treatment and 91 % 
for the 400 ppm BA +  50 ppm G A treatment, 
both much higher than the 21 % o f the control 
(Fig. 1). After late May most young fruit, 
both BA treated and control, turned yellow, 
beginning at the navels, then separated from 
the pedicel and dropped. By mid- or late July

most o f the fruit had dropped, although the 
fruit set percentage o f the BA application was 
still higher than that o f control. The B A  +  G A 
treatment had a different effect than BA 
alone. During June drop, which occurred 
after late May in 1972, only a few young fruit 
dropped from the pedicel with BA +  G A 
treatment. The fruit set percentage with appli­
cation o f B A  +  GA was far higher than that o f 
the control and therefore the numbers o f har­
vested fruit were greater. Young fruit treated 
with BA or BA +  G A were dark green, large 
and had thicker pedicels than the controls. 
The effect produced by BA treatment alone 
was slightly less than that by BA +  G A  treat­
ment. BA prevented postbloom drop in ‘Sat­
suma’ mandarin as in ‘Washington Navel’ 
orange, but there was no effect o f BA treat­
ment on fruit-set, fruit shape, or size in ‘Jeng’ 
orange.

It is known that fruit-drop in citrus has 2 
phases: postbloom drop and June drop, and 
that plant hormones play an important role in 
citrus fruit set. We do not know if the re­
sponse o f both fruit drop phases to plant hor­
mones is the same or not. Recently, Garcia et 
al. (5) reported that BA increased the fruit set 
o f ‘Clementine’ mandarin, but not as much as 
GA. They reported no difference in response 
to BA and G A  on the 2 phases o f fruit drop. 
Our results indicate that BA has a great influ­
ence on postbloom drop but not on June drop. 
BA +  GA, however, can prevent both post­
bloom drop and June drop, similar to the ef­
fect o f G A alone. We believe that the 
mechanisms o f the 2 phases o f fruit drop are 
different from each other. Our results also 
showed that the effect o f BA on postbloom 
drop varied with the cultivars and the organ 
treated. The effect o f BA on ‘Washington 
Navel’ orange and ‘ Satsuma’ mandarin is ob­
vious, but no effect could be observed on the 
seeded ‘Jeng’ orange. When BA was applied
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to the whole trees, either the spring flush 
leaves were enlarged or summer growth flush 
sprouts were induced to grow earlier. BA  pre­
vented postbloom drop only when it was ap­
plied directly to the surface o f fruit.
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Abstract. Residues of 2,2-dichlorovinyl dimethyl phosphate (dichlorvos) on Calimyrna figs (Ficus 
carica L .) declined to <5 ppb by day 6 after trees were pressure sprayed with 2,805 liters/ha at a rate 
of 2.24 kg Vaponite 2 a.i./ha for control of dried fruit beetle (Carpophilus hemipterus L.) and 
Drosophila spp. and fruit were sampled at 0 ,1 ,2 ,4 ,6  and 10 days. Very little residue (<5  to 33 ppb) 
was detected on fresh figs after multiple applications of 2.24 and 4.48 kg a.i./ha. All of the ground- 
dried figs had significant residues. About 90.9% of the residues were removed after dehydration. 
Dichlorvos residues were on the surface of the figs but were not easily removed by surface wash only. 
Residues were absorbed in the surface cuticle materials of the figs and surface waxes must be dissol­
ved to successfully remove the residues from the plant material.

Dichlorvos (DDVP, Vapona) is an organic 
insecticide-acaricide effective as a fumigant, 
stomach, and contact poison. Some o f the 
pests controlled by this chemical are ants, 
aphids, mites, mealybugs, ticks, drosophila, 
centipedes, flying moths, other small flying 
insects, flies, fleas, gnats, spiders, wasps, 
and roaches. It is also utilized in sprays on 
animals, animal shelters and greenhouses (2). 
Use o f dichlorvos on figs is one o f the few ap­
plications on raw agricultural commodities.

Dichlorvos is registered for use on proces­
sed figs, but it has not been registered for con­
trol o f insects on fresh or dried figs. The pur­
pose o f these experiments was to determine 
the residues o f dichlorvos after multiple ap­
plications to Calimyrna fig trees for the con­
trol o f dried fruit beetles and Drosophila spp.

An experiment to ascertain the disappear­
ance o f  dichlorvos residues on the figs over a 
period o f  time after a single spray application
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consisted o f 3 replications o f single tree plots 
centrally located in a commercially producing 
fig orchard located in central California. 
Trees were sprayed with 2,805 liters/ha at a 
rate o f 2.24 kg a.i./ha with Vaponite 2 Emul- 
sifiable 22.8% (0.242 kg dichlorvos a.i./liter) 
applied with an air-blast pressure sprayer at 
the beginning o f fruit harvest in August 1979. 
One kg o f residue samples and untreated con­
trols were collected 0, 1,2, 4, 6, and 10 days 
after treatment, frozen and stored for analysis 
at -10°.

Two rates, 2.24 kg a.i./ha and 4.48 a.i. kg/ 
ha were used in a second experiment. The 
lower dosage is the effective rate o f applica­
tion for pest control. Spray was applied to 
single-tree plots with 3 replicates, including 
untreated controls, at the beginning o f har­
vest, August 15, and subsequently at 5-day 
intervals for a total o f 5 applications per treat­
ment o f 2.24 and 4.48 kg a.i./ha. Five sampl­
ings o f both fresh fruit and ground-dried fruit 
were collected and analyzed for dichlorvos 
residues. Fresh figs were collected from the 
trees just prior to each spray application and 
the ground dried figs were collected just prior 
to multiple dichlorvos applications. Samples 
were frozen immediately after collection and 
stored for analysis at -10°.

Frozen ground-dried samples were 
thawed, rinsed with running tap water for
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about 5 min, and placed in a dehydrator at 43° 
to 49° for 24 hr or until the moisture content 
was 15 to 17% as determined by drying in a 
vacuum oven. Samples were repackaged and 
stored frozen at -10° for residue analysis.

Partially thawed figs were chopped, 25 or 
50 g weighed and blended with 1 ml o f 12N 
hydrochloric acid, 250 g anhydrous sodium 
sulfate and 200 ml mixed pentanes (b.p. =  30- 
60°C). The solvent was decanted into a 
round-bottomed boiling flask; the remaining 
solid material was rinsed 3 times with 50 ml 
pentanes and combined. One hundred ml 
water was added to the pooled solvent and the 
mixture evaporated in vacuo at 25-30° to re­
move the pentanes. The water bath tempera­
ture should not exceed 32° to prevent loss o f 
dichlorvos by evaporation.

The aqueous layer was filtered through 
Whatman #41 filter paper into a 1 liter 
separatory funnel, 50 g sodium chloride 
added, and partitioned three times with 50 ml 
pentanes which were combined. One ml o f a 
polyethylene glycol-acetone solution (1:100 
v/v) was added to the pooled pentanes to pre­
vent dichlorvos evaporation losses and the 
mixture was evaporated in vacuo at 25-30° to 
1 ml. The sample was quantitatively transfer­
red to a 6.5 ml sedimentation tube with pen­
tanes and the final volume was adjusted by 
slow evaporation o f the solvent under nitro­
gen gas while in a thermostatted water bath at 
25-30° so that 1 |xl would contain 25 to 500 
mg fig extractives for GLC analyses, depend­
ing upon ppb dichlorvos present.

Gas-liquid chromatography and an alkali 
flame ionization detector were used to deter­
mine dichlorvos residue levels (1). The 
method, as modified in this laboratory is ap­
plicable for the quantitative analysis o f 
dichlorvos in or on fig fruit down to 5 ppb. 
The gas chromatograph was an Aerograph 
Model 600B equipped with an alkali flame 
ionization detector and containing a 76 cm x 
31 mm (2.5 ft X 1/8 inch) glass coiled column 
packed with 5% OV-101 on Chromosorb G, 
110/120 mesh, DMCS. Operating parameters 
were injector temperature, 160°C, column 
temperature, 115°, detector temperature, 
115°, hydrogen flow 30 ml/min., air flow 180 
ml/min., carrier gas N 2 flow 30 ml/min, and 
attenuation 4. The recorder was a poten-
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