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a  b  s  t  r  a  c  t

Side  cracking  and ostiole-end  splitting  skin  damage  affected  decay  development  and  the percentage  of
sound  fruit  during  fresh  fig (Ficus  carica L.)  postharvest  handling  and  marketing.  Modification  of  current
grading  standard  tolerances  according  to cultivar  is suggested  to protect  the  consumers  and  improve
marketable  yield.  The  type  and  degree  of skin  damage  varied  among  cultivars.  For  ‘Brown  Turkey’,  ‘Kadota’
and ‘Sierra’,  slight  skin-damage  prior  to cold  storage  increased  decay  and  reduced  postharvest  life.  In
contrast,  the  postharvest  life  of ‘Black  Mission’  fig was  not  significantly  affected  by  a  slight  degree  of
skin  damage  prior  to cold  storage.  Furthermore,  postharvest  decay  incidence  was  associated  with  the
ater stress
rading standards
reeding selection

degree  of  side  cracking  and  ostiole-end  splitting  at harvest.  Because  fruit  skin  side  cracking  and  ostiole-
end  splitting  occur  during  fruit  growth  and  development,  prevention  by  regulated  deficit  irrigation  (RDI)
with 55% ETc was  studied  for two years.  In both  seasons,  fruit quality  attributes  were  not  affected  by  RDI,
except  for ‘Brown  Turkey’,  where  size  decreased  by 21%  during  one  season.  RDI significantly  reduced  fruit
skin side  cracking  and  ostiole-end  splitting  in  ‘Brown  Turkey’  and skin  side cracking  in ‘Sierra’,  increasing

n  ‘Bro
marketable  fruit  by  50%  i

. Introduction

Figs (Ficus carica L.) are soft fruits with thin skins that are highly
usceptible to fruit skin side cracking and ostiole-end splitting dur-
ng growth and development. These fruit skin damages are related
o genotype and orchard conditions (Condit, 1947; Crisosto et al.,
011a). Some studies use the term cracking to describe both super-
cial cracks that occur on the fruit side, and end-cracks that expose
he flesh (Lampinen et al., 1995). Cracking has been described as
the physical failure of the fruit skin” (Milad and Shackel, 1992) in
he form of fractures in the cuticle or skin, which typically do not
enetrate into the flesh. Splitting is an extreme form of cracking
hat penetrates into the flesh (Opara et al., 1997).

In current commercial cultivars consumers prefer fresh figs
t the tree ripe maturity stage (Crisosto et al., 2010). Fresh figs
arvested between commercial and tree ripe maturity are highly
usceptible to postharvest deterioration and are more perishable
han other crops (Turk, 1989) because they have an epidermis that
s easily damaged and a high sugar content (Kaynak et al., 1998).

hus, the postharvest life of fresh figs is extremely short and the
ajority of fresh fig consumption takes place near the centers

f production (Turk, 1989). Due to global markets and increased

∗ Corresponding author. Tel.: +1 530 752 7549; fax: +1 530 752 8502.
E-mail address: chcrisosto@ucdavis.edu (C.H. Crisosto).
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wn  Turkey’  and  18% in ‘Sierra’.
Published  by  Elsevier  B.V.

consumer interest in fresh figs, extending their postharvest life is
desirable. Fresh fig deterioration can be delayed by low tempera-
tures (Kaynak et al., 1998; Turk, 1989) and controlled atmospheres
(Colelli et al., 1991) during storage and transportation. However,
preventing deterioration due to decay is a challenging task due to a
high incidence of fruit skin damage, the lack of registered posthar-
vest products, and a strong consumer trend for organic fresh figs.

The establishment and enforcement of grading systems is used
to prevent fruit losses during postharvest marketing and to pro-
tect consumers. The current grading systems for some major crops
may  lead to a high incidence of fruit wastage due to strict limi-
tations. Whereas, grading systems for minor crops, like fresh figs,
are not well defined to non-existent. The United Nations Economic
Commission for Europe (UNECE) considers fresh figs with slight
longitudinal cracks in the skin to be of good quality, Class I, while
Class II figs allow more skin damage (UNECE, 2010). The Califor-
nia fig industry has no current grading standards for fresh figs as
this industry is developing. Fruit with slight or moderate skin side
cracking has been observed in the same box with sound fruit dur-
ing commercial packaging and at the stores in California (Kong
et al., 2012). However, the impact of cracking on postharvest life has
never been evaluated. Usually, fruit skin side cracking and ostiole-
end splitting provide entry sites for fungal decay and moisture loss

(Opara et al., 1997; Crisosto et al., 2011a). In addition, under field
conditions ostiole-end splitting provides an entryway for insects
that vector diseases such as endosepsis that spread to healthy fruits.
Endosepsis, caused by Fusarium verticilliodes commonly referred to

dx.doi.org/10.1016/j.postharvbio.2013.06.004
http://www.sciencedirect.com/science/journal/09255214
http://www.elsevier.com/locate/postharvbio
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s pink, brown, soft, and eye-end rots (Michailides and Morgan,
998), has caused up to 50% of annual fig fruit losses in Califor-
ia (Hansen, 1928). This disease is brought into the fruit by the fig
asp pollinator (Blastophaga psenes L.) through the ostiole open-

ng in ‘Calimyrna’ type figs. Due to endosepsis the fresh and dried
g industry is slowly moving away from cultivars requiring insect
ollination to parthenocarpic type figs that do not require pollina-
ion (Michailides and Morgan, 1998). Current strategies to reduce
ecay incidence and extend the fig postharvest life include care-
ul handling of the fruit to minimize skin damage (Crisosto et al.,
011a) and using postharvest sulfur dioxide treatments to protect
he open wound (Cantin et al., 2011).

Any approach that reduces the number of fruit with skin side
racking and ostiole-end splitting on the tree will help maintain
igh production, reduce losses, and extend postharvest life. A rela-
ionship between fruit cracking and changes in levels of irrigation
as been studied in nectarine, tomato, apple, and litchi. A high
ater supply triggered a high incidence of fruit cracking in nec-

arine (Gibert et al., 2007), tomato (Peet and Willits, 1995), apple
Opara et al., 2000) and litchi (Rab and Ul-Haq, 2012). In California,
igh irrigation rates in mature ‘Black Mission’ trees for the dried fig
arket, produced high fig yields, but also more culls (Goldhamer

nd Salinas, 1999). Various researchers have speculated that fig
racking and splitting are due to changes in tree water status
Condit, 1947; Melgarejo, 1996). However, information to support
his is limited. In our preliminary fresh fig irrigation trial, regulated
eficit irrigation (RDI) yielded a significantly lower percentage of
ruit with skin cracking and ostiole-end splitting compared to stan-
ard irrigation rates (Crisosto et al., 2011b). RDI established at a
pecific stage of fruit development can reduce water usage, with-
ut affecting yield or fruit quality in prune (Lampinen et al., 1995)
nd peach (Goldhamer et al., 2002).

The main objectives of this study were to understand posthar-
est life limitations of fresh fig fruit, investigate the shelf life of fruit
ith varying degrees of skin damage, and evaluate the benefits of

egulated deficit irrigation on reducing fruit skin damage incidence
rior to packaging.

. Material and methods

.1. Postharvest market life evaluations

In 2006, fruit from the three cultivars ‘Black Mission’ and
Zidi’ (dark-skin) and ‘Kadota’ (green-skin) were harvested at
ommercial maturity from the United States Department of Agri-
ulture (USDA), Agricultural Research Service (ARS) National Clonal
ermplasm Repository. Immediately after harvest, the fruit was

ransported to the Kearney Agricultural Center (KAC) and placed in
old storage (0 ◦C and 85% relative humidity) for 7 d. The fruit was
hen transferred to a storage room (20 ◦C and 40% relative humid-
ty) to simulate retail display at room temperature (shelf life) for up
o 3 d. Fruit evaluations were performed immediately after removal
rom cold storage, and 1, 2 and 3 d thereafter. Fruits were evaluated
or soundness, decay (fruits with Rhizopus, Alternaria, Penicillium,
nd/or Botrytis), and the presence of juice on the ostiole.

.2. Fruit skin damage from side cracking and ostiole-end
plitting and postharvest life

In 2012 fruit from four cultivars, ‘Black Mission’ and ‘Brown
urkey’ (dark-skin), and ‘Kadota’ and ‘Sierra’ (green-skin), grow-

ng under 100% ETc at the KAC in Parlier, California (as described
n Section 2.4) were harvested at commercial maturity according
o color and firmness (Crisosto et al., 2010). The fruit were imme-
iately brought to the F. Gordon Mitchell Postharvest Laboratory
 Technology 85 (2013) 154–161 155

at KAC for grading into four categories, according to the degree
of fruit skin damage resulting from side cracking (Fig. 1A) and
ostiole-end splitting (Fig. 1B). These four categories were created
based on the amount of fruit skin damage observed accord-
ing to European grading standards. These categories were: none
(no damage), slight damage (side cracking and ostiole-end split-
ting covering less than one-third of the fruit), moderate damage
(side cracking and ostiole-end splitting covering between one-
third and two-thirds of the fruit) and severe (side cracking and
ostiole-end splitting covering more than two-thirds of the fruit
). Side cracking scores were determined by the length of the crack
compared to the length of the fruit (Fig. 1A). Ostiole-end splitting
was based on the width of ostiole split compared to the diameter
of the fruit (Fig. 1B).

None, slight, moderate and severe scores were handled as sep-
arate postharvest storage treatments, with four replications of ten
fruits each. Figs were placed in cold storage (0 ◦C and 85% relative
humidity) for 7 d. Then figs were transferred to room temperature
(20 ◦C and 40% relative humidity) for 3 d, to simulate store shelf life
conditions, prior to being evaluated. Fruit evaluations as described
in Section 2.1 were performed.

2.3. Orchard layout

Cultivars ‘Black Mission’, ‘Brown Turkey’, ‘Kadota’ and ‘Sierra’
were planted in 2006 at KAC in Parlier, California. The planting
design consisted of 10 rows, with four rows per irrigation treat-
ment, separated by two center buffer rows. Each cultivar had five
replicated trees grouped together as a unit and was randomly
assigned within each row. The tree spacing was 5.4 m between rows
by 2.4 m between trees, on sandy loam soil with a single drip line.

2.4. Irrigation treatments

In 2011 and 2012, two irrigation treatments were established
based on crop evapotranspiration (ETc), which was calculated by
the reference evapotranspiration (ETo) multiplied by a crop coeffi-
cient (Kc) (Fereres and Soriano, 2007). The ETo data was  collected
from the California Irrigation Management System weather station
#39 for Parlier, California. The Kc was  based on a peach study that
showed that the midday canopy light interception of a tree crop can
be used to determine Kc (Ayars et al., 2003). The field was  irrigated
at 100% ETc until at least 25% of the fruit were in stage II of fruit
growth, which occurred during the first week of August. Then, RDI
at 55% ETc was imposed on five consecutive rows, while the other
five rows continued receiving irrigation at 100% ETc.

Fig fruit have three distinct growth stages. Stages I and III are
periods of rapid fruit growth, while stage II shows almost no change
in fruit size. Fruit growth stage II was  determined when the weekly
rate of change in fruit diameter was  <1 mm per week for at least
three weeks (Crane, 1948). Bearing fig shoots grow fruit at different
maturity stages, simultaneously. Thus, each harvest period con-
tained fruit corresponding to the fruit growth stage when irrigation
treatments were initiated.

Midday stem water potential (MSWP), measured on covered
leaves, was  used to quantify plant water stress status (McCutchan
and Shackel, 1992). One leaf per tree from the south side, near the
base of the tree, was selected and placed inside a foil bag for at least
20 min  prior to MSWP  measurement to allow equilibration with
the water potential in the stem (Fulton et al., 2001). The MSWP
was measured weekly on three trees per cultivar located in the

center row of each irrigation treatment using a pressure chamber
(Plant Water Status Console 7′′ 40 bar, Soil Moisture Equipment
Corp., Santa Barbara, CA). MSWP  was measured between 12 p.m.
and 3 p.m., as such measurements are more affected by different
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Fig. 1. Fresh fig fruit skin damage: skin side cracking damage scores from none to severe on ‘Black Mission’ (A). Ostiole-end splitting damage scores from none to severe on
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Brown Turkey’ (B).

rrigation regimes than pre-dawn measurements (Goldhamer and
alinas, 1999).

.5. Regulated deficit irrigation fruit evaluation

Fruit collection for each cultivar was carried out in the cen-
er row of each irrigation treatment on the same three trees used
o determine MSWP.  Yield, fruit count, weight, firmness, soluble
olids concentration (SSC), titratable acidity (TA), and skin damage
ere evaluated. Fruit firmness was measured with a fruit texture

nalyzer (Guss, Strand, South Africa), as described by Souza and
liveira Ferraz (2008). SSC and TA were obtained from a com-
osite juice sample, obtained by squeezing five fruits in a hand
ress and filtering through cheesecloth. SSC was measured using

 temperature-compensated digital refractometer (PR 32�,  Atago
o., Tokyo, Japan). TA was measured with an automatic titrator (TIM
50, Radiometer Analytical, Lyon, France) and reported as percent-
ge of citric acid equivalent. Skin damage evaluation included visual
nspection of each fruit for side cracking, ostiole-end splitting, and
ruits with both side cracking and ostiole-end splitting. Fruits were
eparated according to fruit skin damage into four damage cate-
ories: none, slight, moderate and severe as described in Section
.2 (Fig. 1).

.6. Statistics

The data was analyzed using statistical analysis software (SAS
.3). Analysis of variance (ANOVA) was used to determine signifi-

ant differences between treatments within the same cultivar. For
he fruit skin damage from side cracking and ostiole-end splitting
nd postharvest life studies, ANOVA was based on 4 replications
or each treatment to determine differences among skin damage
scores. For the water stress and fruit skin damage experiment
ANOVA was based on individual trees as replications to deter-
mine differences between the two  irrigation treatments. Mean
separations were detected by Tukey’s Honestly Significant Test
(HSD). Linear regressions were used to investigate the relationships
between plant water status, reported as an average MSWP,  and
the average percentage of fruit skin damage as related to harvest
period.

3. Results and discussion

3.1. Postharvest market life

Fruit removed from cold storage (0 ◦C and 85% relative humidity)
to ambient air temperature had no decay or juice at the ostiole-
end, the culls at that time were due to insect damage and cuts.
Upon removal from cold storage (Day 0), ∼99% of ‘Black Mission’
(Fig. 2A), ∼75% of ‘Kadota’ (Fig. 2B) and ∼90% of ‘Zidi’ (Fig. 2C) fruits
were sound. Decay in fresh figs is typically not observed during
cold storage at 0 ◦C but instead during subsequent warming; it can
be reduced by a single application of sulfur dioxide prior to stor-
age (Cantin et al., 2011). The percentage of sound fruit decreased
rapidly over time for these three cultivars during simulated retail
display at room temperature (shelf life). Decay and juice on the
ostiole increased gradually with exposure to ambient air tempera-
ture conditions. Juice on the ostiole is an undesirable trait because
juice outside of the fruit is a nutrient source for pathogens, mak-
ing the fruit more susceptible to fungal decay, and thus considered

a cull. The percentage of fruits with juice on the ostiole increased
for all cultivars except ‘Black Mission’, affecting up to 60% of fruits
by the end of ambient air temperature storage period. At the end
of the 3 d ambient air temperature storage period, ∼45% of ‘Black
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Fig. 2. Postharvest life of ‘Black Mission’ (A), ‘Kadota’ (B), and ‘Zidi’ (C) figs expressed
as  the percentage of sound fruit, decayed fruit, and fruit with juice on the ostiole
measured after 7 d of cold storage at 0 ◦C and after 0, 1, 2 and 3 d at 20 ◦C (to simulate
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period was plotted against the average percentage of fruits with
side cracking or ostiole-end splitting harvested during that period.
helf  life). Bars indicate standard deviations from each mean.

ission’ fruit remained sound, while the other cultivars were 90%
ulls. Thus, decay and juice on the ostiole contributed to a reduction
n sound fruit.

The predominant types of skin damage (skin side crack-
ng, ostiole-end splitting, and both) varied among cultivars and
etween seasons (Fig. 3). ‘Brown Turkey’ consistently had the high-
st cull incidence, followed by ‘Black Mission’ and ‘Sierra’, while

Kadota’ had the fewest culls. The position of damage on the fig
as been reported previously (Kaynak et al., 1998; Crisosto et al.,
011a), but not the contribution of each type of skin damage to
otal culls. Over the two seasons, ‘Black Mission’ and ‘Sierra’ had
pproximately fifteen times more skin side cracking (∼30%) than
stiole-end splitting (∼2%) that made up the total cull fruit (Fig. 3).
hile ‘Brown Turkey’ and ‘Kadota’ had a similar incidence of skin

ide cracking and ostiole-end splitting. Individual fruits with both

 side crack and an ostiole-end split were less than 8% of total culls
or all cultivars, except ‘Brown Turkey’, which had ∼19%.
 Technology 85 (2013) 154–161 157

3.2. Side cracking and ostiole-end splitting damage scores and
postharvest life

As the degree of skin damage increased from none to severe the
percentage of sound fruit decreased because of decay and juice on
the ostiole (Table 1). Severe skin damaged fruit, which occurred
only in ‘Black Mission’ and ‘Brown Turkey’, had 100% decay after
storage. ‘Black Mission’ and ‘Kadota’ in the moderate skin damage
category had 0–5% of sound fruit after 7 d at 0 ◦C plus 3 d at 20 ◦C,
while, 40–55% of fruit in the slight and no damage categories were
sound after storage. Thus, the presence of slight damage prior to
cold storage did not significantly affect the percentage of sound
fruit for these two  cultivars. However, slight and moderate skin
damage significantly reduced sound fruit in ‘Brown Turkey’ and
‘Sierra’.

In fruits with moderate skin damage, decay incidence was very
high in all cultivars, while juice on the ostiole was  high for ‘Brown
Turkey’, ‘Kadota’ and ‘Sierra’ (Table 1). In ‘Black Mission’, decay
caused 95% of culls, as the incidence of juice on the ostiole was
very low (∼10%). Whereas, in ‘Brown Turkey’, culls were mainly
due to juice on the ostiole (85%). In ‘Kadota’, the culls were affected
equally by decay and juice on the ostiole (∼90%). Similarly, the culls
in ‘Sierra’, were due to both decay (69%) and juice on the ostiole
(74%). The increase in the degree of fruit skin damage from none to
severe was associated with the incidence of decay and juice on the
ostiole.

The size of the ostiole opening has been a concern to the Cali-
fornia fig industry because it is an entryway for insects that cause
diseases such as endosepsis, which can spread to other fruits
in the field. ‘Black Mission’ and ‘Sierra’ have a small (4 mm and
5 mm),  closed ostiole, while ‘Kadota’ and ‘Brown Turkey’ fruit have
larger ostiole openings of 6 mm and 11 mm,  respectively. Although,
‘Sierra’ was  selected in a UC breeding program for its closed osti-
ole end, our postharvest evaluation indicated that a “closed ostiole”
does not reduce juice leakage after harvest.

European grading standards for marketing and commercial
quality control of fresh figs including brebas categorizes slightly
and moderately cracked figs into Class I and Class II, respectively,
as both are considered marketable (UNECE, 2010). Class I figs may
have slight longitudinal cracks and a split in the ostiole end, pro-
vided that the total length of the split and ostiole do not exceed
30 mm,  which is similar to our classification of slightly damaged
fruit. Class II figs may  have longitudinal cracks, but the total length
of the split and the ostiole is not to exceed 40 mm,  which is com-
parable to our classification for moderately damaged fruit.

3.3. Irrigation treatments and water stress

Throughout both seasons, starting from the beginning of the
growing season until the first week of August, all trees received full
replacement of their water use (100% ETc). During the first week
of August, four rows in the plot began receiving an RDI treatment,
which consisted of 55% ETc water replacement. For all cultivars the
plant MSWP,  which was measured weekly, ranged between −0.40
and −0.93 MPa  with an average of −0.65 MPa  for fully-irrigated
trees. In trees subjected to RDI, as water stress increased, MSWP
decreased from −0.70 MPa  in August to −1.20 MPa by October with
a seasonal average of −1.0 MPa.

3.4. Water stress and fruit skin damage

For each tree, the average MSWP,  measured at each harvest
There was  a significant positive relationship between MSWP  and
fruit skin side cracking in ‘Brown Turkey’ (Fig. 4A) and ‘Sierra’
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Fig. 3. Distribution of fruit skin damage types (side crack, ostiole-end 

Fig. 4B) during both seasons. In the RDI treatment, as the plant
tress increased, the MSWP  decreased along with skin side crack-
ng. In cultivars ‘Brown Turkey’ and ‘Sierra’ trees with a MSWP
f −0.6 MPa  produced fruits with 15% and 35% skin side crack-
ng, but as MSWP  decreased to −1.0 MPa, the incidence of cracking

as reduced to 5% and 20%, respectively. Additionally, there was
 significant positive relationship between MSWP  and ostiole-end
plitting in ‘Brown Turkey’, as the MSWP  decreased, ostiole-end
plitting was reduced (Fig. 5). A similar situation occurred in a nec-
arine study, where deficit irrigation decreased fruit weight leading
o less stylar end cracking (Gibert et al., 2007). By reducing the side
racking and ostiole-end splitting, the RDI treatment showed that

 lower MSWP  significantly increased the percentage of sound fruit
n ‘Brown Turkey’ (Fig. 6A) and ‘Sierra’ (Fig. 6B).

Our postharvest life evaluation work demonstrated that skin
amaged fruit were more prone to decay than sound fruit dur-
ng postharvest handling. As skin side cracking and ostiole-end
plitting occur on the fruit prior to harvest, minimizing skin dam-
ge through RDI during fruit growth and ripening will reduce the
umber of damaged fruit at harvest, and the likelihood that these

able 1
nfluence of four fruit skin damage scores at harvest on the percentage of sound fruit, de
fter  7 d at 0 ◦C plus 3 d at 20 ◦C.

Cultivar Skin damage scoresa Soun

Black Mission None 50 ab

Slight 55 a 

Moderate 5 b 

Severe 0 b 

Brown Turkey None 70 a 

Slight 16 b 

Moderate 5 b
Severe 0 b 

Kadota  None 55 a 

Slight 40 a 

Moderate 0 b 

Sierra  None 55 a 

Slight 20 b 

Moderate 6 b 

a Severe category occurred only in cultivars ‘Black Mission’ and ‘Brown Turkey.’
b Means with different letters indicate highly significant differences between treatmen

t  P ≤ 0.01 according to Tukey’s Honestly Significant test within each cultivar.
nd both) on four fresh fig cultivars evaluated for two harvest seasons.

damaged fruit will be included in packaging. The postharvest life of
fig fruit under RDI was  not evaluated. However, we  speculate that
because fig fruits are rich in phenolic compounds, especially the
dark-skinned figs (Solomon et al., 2006), fruit grown under water
stress conditions may  be less susceptible to decay development
during postharvest handling. Fruits with phenolic compounds have
natural antimicrobial components that could prevent fungal col-
onization of the host fruit (Nicholson, 1992; Prusky, 1997). RDI
increased the level of phenolic compounds in the skin of peaches
(Buendía et al., 2008) and grapes (Santesteban et al., 2011). There-
fore, fruit grown under RDI of 55% ETc may  have a different decay
tolerance than fruit grown under full irrigation. This hypothesis on
the potential development of plant disease resistance as a response
to water stress should be evaluated in the future.

RDI did not influence fruit quality attributes SSC, TA, or firm-
ness for any cultivars, which is consistent with data for peaches

(Lopez et al., 2008). RDI reduced fruit weight in ‘Brown Turkey’ but
only during the 2011 season by 21%. ‘Brown Turkey’ had signifi-
cantly heavier fruit compared to the other cultivars. In our study
‘Brown Turkey’ fruit weighed about 58 g while ‘Black Mission’ fruit

cayed fruit, and fruit with juice on the ostiole in four fresh fig cultivars evaluated

d (%) Culls

Decay (%) Juice on ostiole (%)

40 b 10 a
45 b 0 a
95 a 15 a
100 a 6 a

10 c 20 c
63 b 48 b
50 b 85 a
100 a 100 a

20 c 35 b
55 b 40 b
90 a 89 a

5 b 45 a
65 a 35 a
69 a 74 a

ts
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Table  2
Influence of regulated deficit irrigation on total yield, percentage of sound fruit and percentage of marketable fruit for Europe and California, according to grading standards
based  on fruit skin damage scores for two seasons.

Cultivar Treatment (ETc)a Total yield (ton/ha) Soundb (%) Marketablec Europe (%) Marketabled California (%)

2011 2012 2011 2012 2011 2012 2011 2012

Black Mission 100% 6.4 ae 5.2 a 56.3 a 60.0 a 93.0 a 84.3 a 74.7 b 73.0 b
55%  6.3 a 4.2 a 64.4 a 77.5 a 95.3 a 85.1 a 85.1 a 87.1 a

Brown  Turkey 100% 23.4 a 17.2 a 33.5 b 46.5 b 68.4 b 77.6 b 33.5 b 46.5 b
55%  19.6 a 10.1 b 85.6 a 94.2 a 94.5 a 99.3 a 85.6 a 94.2 a

Kadota  100% 39.0 a 23.0 a 77.8 a 71.5 a 97.4 a 90.2 a 77.8 a 71.5 a
55%  28.6 a 17.1 a 74.8 a 71.6 a 96.4 a 91.7 a 74.8 a 71.6 a

Sierra  100% 9.8 a 10.0 a 59.3 b 63.8 b 97.4 a 92.8 a 59.3 b 63.8 b
55%  7.5 a 10.8 a 76.1 a 81.5 a 97.6 a 99.0 a 76.1 a 81.5 a

a Irrigation based on evapotranspiration of the crop.
b Percentage of fruit without any defects.
c Percentage of fruit with slight and moderate skin cracking that is marketable according to the UNECE standard.
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d The suggested percentage of fruit that is marketable according to this study’s p
e Means with different letters indicate significant differences between treatment

eighed 36 g, ‘Kadota’ 39 g and ‘Sierra’ 40 g. This reduction in fruit
eight in ‘Brown Turkey’ contributed to a decrease in the total yield
ith the RDI treatment. However, we calculated that while ‘Brown

urkey’ orchards given 100% ETc, yielded approximately 20 ton/ha,
ess than half of that was  marketable as fresh fruit. The same trees

iven RDI 55% ETc treatment yielded about 15 ton/ha, with 85 to 95%
f that fruit rated as sound and up to 96% of the crop considered
arketable in Europe (Table 2). Meanwhile cultivars with smaller

ig. 4. Relationship between midday stem water potential (MSWP) and the percent-
ge of fruit with side cracking in ‘Brown Turkey’ (A) and ‘Sierra’ (B) for two harvest
easons. Each point represents the average irrigation treatment MSWP  during three
arvest periods and the average percentage of fruit with side cracking for each tree
easured.
vest results.
≤ 0.05 according to Tukey’s Honestly Significant test within each cultivar.

fruit (‘Black Mission’, ‘Kadota’ and ‘Sierra’) had no difference in total
yield between the two irrigation treatments (Table 2).

The RDI treatment had a significantly higher percentage of
sound fruit in ‘Brown Turkey’ and ‘Sierra’, with the amount of sound
fruit improved by 50% and 18%, respectively. When slight and mod-
erately skin damaged fruits are included, 84–99% of ‘Black Mission’,
‘Kadota’, and ‘Sierra’ fruit produced under RDI and full irrigation
would be considered marketable according to the European grad-
ing standards. ‘Brown Turkey’ was the only cultivar with severe
skin damage that showed a significantly higher percentage of mar-
ketable fruit according to the European grading system with the
RDI treatment.

Our studies demonstrated that fruits with slight or moderate
skin damage in cultivars ‘Brown Turkey’, ‘Kadota’, and ‘Sierra’ had
significantly more decay than non-damaged fruit during shelf life.
Thus, in these cultivars only fruits free of skin damage should be
packaged for the fresh fig market in California (Table 2). Since
‘Black Mission’ is more tolerant to skin damage, fruits with slight
skin damage can be added to the container without affecting
postharvest life. The addition of slightly damaged figs increased the

percentage of marketable fruit from 65 to 80% in ‘Black Mission’ in
the current study. RDI treatment had a significantly higher amount
of marketable fruit according to the suggested California standards
than the fully irrigated treatment for all cultivars except, ‘Kadota’.

Fig. 5. Relationship between midday stem water potential (MSWP) and the percent-
age of ostiole splitting in ‘Brown Turkey’ figs for two  seasons. Each point represents
the average irrigation treatment MSWP  during three harvest periods and the average
percentage of fruit with ostiole-end split for each tree measured.
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Fig. 6. Relationship between midday stem water potential (MSWP) and the per-
centage of sound fruit (figs free of skin damage) in ‘Brown Turkey’ (A) and ‘Sierra’
(B)  for two seasons. Each point represents the average irrigation treatment MSWP
d
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1995. Sensitivity of yield and fruit quality of French prune to water deprivation
uring three harvest periods and the average percentage of sound fruit for each tree
easured.

. Conclusions

The shelf life of fresh figs is very short and limited by decay and
uice leaking from the ostiole end. In two separate controlled cold
torage and shelf life studies (one conducted in 2006 on fruit from
he USDA ARS National Clonal Germplasm Repository, and one con-
ucted in 2012 on fruit from the 100% ETc treatment from KAC),
ecay originating from skin side cracking and ostiole-end split-
ing reduced fruit postharvest life. Although the type and degree
f defects varied by cultivar, our results show that fruit held at
0 ◦C increases decay development rapidly, thus proper temper-
ture management is essential during storage and display for all
resh figs and should be held at 0 ◦C.

Although the current European grading system for fresh figs per-
its slight and moderate skin damaged fruit to be sold, California

resh fig cultivars showed that the percentage of fruit with posthar-
est decay increased as the degree of skin damage increased from
one to severe. Postharvest decay of ‘Brown Turkey’, ‘Kadota’ and

Sierra’ fruit was greatly affected by slight, moderate and severe
kin damage indicating that only sound fruit should be allowed for
hese cultivars. Because skin damage occurs on the fruit at harvest,
reventing fruit skin damage is essential to maintain the posthar-
est life of that fruit. RDI with 55% ETc treatment, applied when
5% of fruit were ripening, reduced fruit skin damage and increased
he percentage of sound fruit in ‘Brown Turkey’ and ‘Sierra’, with-

ut negatively impacting other quality attributes. Minimizing the
kin damage through RDI during fruit growth and development will
ncrease the percentage of sound fruit.
 Technology 85 (2013) 154–161

Our results indicate that ‘Black Mission’ figs can tolerate slight
skin damage without significantly decreasing quality after storage.
‘Black Mission’ figs have several desirable characteristics: dark skin,
a small ostiole that prevents insects from entering the fruit; little
to no juice leakage from the ostiole during storage; and skin that
is not influenced by irrigation. Therefore, genotype selection is an
important approach to develop the fresh fig industry.

Proper enforcement of grading standards is essential to maintain
fresh fig postharvest life. Changes in irrigation management can
decrease the incidence of side cracking and ostiole-end splitting
on some cultivars as well as reduce orchard water usage. Fur-
ther detailed work on understanding the relationship between fruit
growth development stage, water stress, and the decay susceptibil-
ity of the postharvest life of water stressed fruit are recommended.
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