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Irrigation Management Influence on Fruit Quality and
Storage Life of ‘Redspur’ and ‘Golden Delicious’ Apples

S. R. Drake! anD R. G. Evans?

Abstract

During three crop seasons ‘Redspur Delicious’ apps SMalus domestica, Borkh) from furrow
irrigated plots had more red color and lower soluble solids content (SSC) than trickle irrigated
apples. ‘Golden Delicious’ from furrow irrigated plots were larger, softer and had lower SSC than
apples from trickle irri%ated plots. No carbohydrate or mineral differences were evident for
‘Redspur’ or ‘Golden Delicious’ from furrow or trickle irrigation treatments. No other fruit quality
differences were apparent between trickle or deficit-trickle irrigation treatments. Fruit quality
losses occurred with both cultivars during storage, but losses were not related to irrigation type.
Good quality fruit was produced with all irrigation procedures, even under limited water.

Introduction Water supplies in these regions can

Fruit grown in semi-arid regions of vary greatly from year to year and
the woﬁd generally require supple- insufficient supplies are not uncom-
mental irrigation to supply water needs. mon. Restricted supplies require care-
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ful water management to produce
quality fruit.

Fruit quality can be manipulated
with water management. Mild water
stress can reduce fruit size, increase
soluble solids and color development,
and advance physiological maturity
of the fruit (2, 3, 4, 5, 6, 7, 8, 10, 12).
Reports of differences in fruit firmness
and titratable acidity as a result of
water management provide conflicting
results. Some reports (1, 8, 9) suggest
that firmness is decreased with restric-
tive levels of irrigation, but others (2,
13) suggested that irrigation level had
no effect on firmness. Acid content of
apples can either be increased or de-
creased with the use of deficit irriga-
tion (2, 8, 9, 13 ), as is the case for
storage quality (8, 9).

This conflicting information requires
development of better understanding
of the effect of water management on
apple quality and storage life. Water
management is now one of the critical
issues in apple production, and water
shortages will increase in importance
in the future. The objective of this
study was intended to help define the
influence of ample vs. deficit water
management on apple quality and stor-
age life in relation to time of harvest.

Materials and Methods

This study was conducted over 3
crop seasons using ‘Redspur Delicious’
on MM.106 rootstock and ‘Golden
Delicious’ on M.26 rootstocks grown
at the Washington State University,
Irrigated Agriculture Research and Ex-
tension Center, Prosser, WA. Trees were
planted in 1976 at a spacing of 5.5 x
5.5 m in a Warden fine sandy loam
that averaged 1.1 m in depth. Field
capacity (FC) was 28% by volume,
and permanent wilting point was 8.4%
by volume. Irrigation treatments super-
imposed over the block were: 40 trees
of furrow irrigation (F), 36 trees of
trickle irrigation (T) and 42 trees of
deficit trickle irrigation (DT). Average
annual precipitation in this region is

190 mm, of which 50 mm falls May
through September.

The furrow irrigation (F) treatment
consisted of 2 rows of trees in the
block that were irrigated every 2 weeks
for 24 hrs via furrows 45 cm apart
(~800 mm/yr). At each irrigation, the
entire soil surface from the bottom of
the furrow to the top of the crown
between furrows was wetted. The re-
maining rows of the block were di-
vided into 2 trickle irrigation treat-
ments with 4 emitters per tree spaced
1 m apart in a box configuration.

Both trickle irrigation treatments
were scheduled using a U.S.W.B. class
“A” evagoration pan (0.80 pan coeffi-
cient). One irrigation treatment (T)
was irrigated at 100% E all season each
year (~450 mm/yr). In the second
treatment (DT), irrigation was with-
held until mid-July or August each
year and then restored by trickle irri-
gation at 100% E (~400 mm/yr). Each
trickle irrigation treatment consisted
of 3 groups (replication) of 3 trees
each per cultivar.

Fruit were harvested at recommend-
ed commercial harvest (16) and 10
days later for the three crop seasons.
Samples from the (F) irrigation treat-
ment were taken from three selected
trees in a row of uniform size and
crop load. The middle tree in each
three tree irri%ation group (T and DT)
was selected for sampling. At each of
two harvest, 40 uniform fruit from
each cultivar, irrigation treatment and
replication were taken. Twenty fruit
were used for each evaluation, at har-
vest (0 days), and after 120 days in
regular atmosphere storage at 1° C. At
harvest, fruit quality was determined
immediately on 10 fruits, and 10 fruits
were evaluated for shelf life after 7
days at 20° C. After storage for 120
days 10 fruit were evaluated immedi-
ately and 10 fruit after 7 days at 20°.
Fruit flesh was analyzed for minerals,
carbohydrates, firmness, soluble solids
content }SSC), titratable acidity and
external fruit color, as described previ-
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ously (3). We performed analysis of
variance (ANOVA) using SAS (SAS
Institute, Cary, NC) as a factorial de-
sign. Irrigation treatments (3 levels?,
harvest time (2 levels), storage time (2
levels) as the subplots and years (3)
were used as replication (this was
done using the means of 3 trees per
treatment group each of 3 years). Based
on significant F tests, means were
separated by the Waller-Duncan range
test.

Results and Discussion

Irrigation influenced the color of
‘Delicious’ apples (Table 1). ‘Delicious’
grown with ?F irrigation had lower
Hunter L and b values and higher a
values than apples grown with (T)
irrigation, andp })DT) irrigated apples
had intermediate color values. Hue
values indicated that (F) and (DT)
fruit had more red color than (T) fruit
(13% and 23% respectively).

It seems contradictory that apples
grown with the most (~800 mm/yr)
and least (~400 mm/yr) water had the
best red color, as indicated by the hue
values. An earlier study (13) suggested

that trickle irrigation produced redder
apples than sprinkle irrigated apples
when water was applied at a rate
equal to 100% evaporation (E) for both
types of irrigation. In this study, the
extremes (F) and (DT), one with ex-
cessive water use and the other with
minimal water use, produced apples
with better red color than (T) irrigation
applied at 100% (E). It should be noted
that in this study, water was applied at

ound level and not overhead where
the cooling effect of water has been
shown to influence red color develop-
ment. Harvest timing or cold storage
had no influence on the color of ‘Deli-
cious’ apples, and no interactions be-
tween treatments were observed.

When removed from refrigerated
storage and held for 7 days at 20° C
(ripening time), the Hunter a and b
vaﬁles of ‘Delicious’ apples were re-
duced regardless of the type of irriga-
tion used. However, there was no
change in either Hunter L or hue
values.

Irrigation and harvest date had no
influence on the color of ‘Golden Deli-
cious’ apples (Table 1). During 120

Table 1. Color during three crop seasons in Washington State of ‘Delicious’
and ‘Golden Delicious’ apples as influenced by irrigation type, harvest,

storage and ripening time.

Hunter Color
Variable L a b hue L a b hue
‘Delicious’ ‘Golden Delicious’

Irrigation '

Trickle 439a 199b 133a 342a 727a -50a 348a 986a

Deficit-Trickle 413ab 21.2ab 122ab 302b 733a -52a 3505a 988a

Furrow 404b 218a 115b 279b 734a -583a 347a 989a
Harvest

| 427a 215a 127a 323a 737a -50a 350a 990a

I 410a 204a 120a 292a 726a -53a 346a 984a
Storage (days)

0 421a 216a 124a 316a 738a -71b 339b 1021 a

120 416a 203a 122a 298a 725a -32a 358a 953b
Ripe (days)

0 423a 216a 131a 314a 747a -70a 332a 1020a

7 414a 203b 116b 303a 715b -32b 364b 955D

ZMeans in a column within irrigation, harvest, storage period or ripening time not followed by a common letter are significantly different

(P = 0.05)
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days storage and 7 days of ripening,
‘Golden Dellclous became less green
(smaller “a” values) with pronounced
increase in yellow color (higher b
values). Cons1derm§ hue values, there
was a distinct shift from green to
yellow color. Depending on the market,
there is a distinct preference for green
or yellow ‘Golden Delicious, and this
market preference should be consider-
ed for best return.

Irrigation had no influence on the
firmness of ‘Delicious,’ but there was a
difference in the firmness of ‘Golden
Delicious’ due to irrigation (Table 2).
‘Golden Delicious’ apples grown under
éT) or (DT) irrigation were 10 to 13%

irmer than apples grown under (F)
irrigation. Larﬁer apples are generally
considered to be less firm than smaller
apples of the same maturity. Apples
grown under (F) irrigation in this study
were larger than those grown under

or (DT) irrigation (187 g as com-
Fare to 131 g and 163 g respectively
or ‘Golden Delicious, and 214 g as
compared to 162 g and 204 g for

‘Delicious’). Historically larger apples
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demand a higher price than smaller
apples, but smaller apples grown under
low soil moisture have better keeping
quality (8). Harvest date had no etfect
on the firmness of ‘Delicious’ but
‘Golden Delicious’ firmness was re-
duced 8% with a 10 day delay in harvest.

Firmness of both ‘Delicious’ and
‘Golden Delicious’ was lost during stor-
age and ripening. This loss of firmness
in storage for ‘Delicious’ would not be
considered serious. After 120 days of
storage, firmness values for ‘Delicious’
were well in excess of the minimum
firmness requirement (54N) for apples
(15). During 120 days of storage Deh-
cious’ lost 7.5% of ielr original firm-
ness; whereas ‘Golden Delicious’ lost
36%. Storage for 120 days resulted in a
maior loss in firmness for ‘Golden
Delicious’ regardless of irrigation treat-
ment. Firmness loss of this magnitude
would seriously reduce consumer ac-
ceptance of apples in this condition.
During ripening, firmness loss for
‘Delicious’ was accelerated, but ‘Golden
Delicious’ lost very little of their firm-
ness during 7 days of ripening.

Table 2. Firmness, soluble solids content, and titratable acidity during three
crop years in Washington State of ‘Delicious’ and ‘Golden Delicious apples
as influenced by irrigation type, harvest, storage and ripening time.

Firmness Soluble Solids Content Titratable Acidity
(N) (%) (@% Malic)

Variable Del GD Del GD Del GD
Irrigation

Trickle 64.1 a 68.0 a 13.6 a2 146 a 018 NS 034 NS

Deficit-Trickle 62.7 a 66.5 a 135a 145 a 0.19 0.34

Furrow 629 a 605b 127 b 131b 019 0.37
Harvest

| 64.1 a 676 a 134 a 143 a 019a 037 a

I 62.4 a 623 b 131 a 139 a 018 a 034b
Storage (days)

1 65.5 a 749 a 139 a 141 a 020 a 044 a

120 609 b 55.0b 126 b 140 a 017 b 026 b
Ripe (days)

0 682 a 67.3a 138 a 144 a 020 a 0.38 a

7 582 b 62.7b 128 b 138 a 018 b 032b

ZMeans m a column within irrigation, harvest, storage or ripening time not followed by a common letter are significantly different
05).

(P=0,
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Table 3. Carbohydrate content during three crop years in Washington State
of ‘Delicious’ and ‘Golden Delicious apples as influenced by irrigation type,

harvest, storage.

Carbohydrates (g/100 mis)
S Glucose Fruct Sorbitol

Variable Del GD Del GD Del GD Del GD
Irrigation

Trickle 20ab* 28a 19a 22a 52a 26a 034ab 048a

Deficit-Trickle 1.7b 27 a 20a 20ab b51a 26a 030b 049a

Furrow 21a 29a 20a 18b 52a 27a 035a 043a
Harvest

| 23 a 33a 22a 23a 56a 31a 037a 056a

I 16b 22a 18 a 1.7b 48b 21b 029b 037b
Storage

0 23a 32a 21a 24a 54a 30a 036a 058a

120 16b 24 a 19a 1.7b 49b 22b 030b 035b

ZMeans in a column within irrigation, harvest, or storage not followed by a common letter are significantly different

(P=0.05)

Both ‘Delicious’ and ‘Golden Deli-
cious’ apples grown under (T) or (DT)
irrigation had higher SSC than aﬁples
%rown under (F) irrigation, with dif-

erences of as much as 6.3% for ‘Deli-
cious’ and 10.6% for ‘Golden Delicious’
Previous reports showing that fruit

own under moisture deficit have
igher SSC (1, 2, 11) agree with our
study. The higher the SSC the more
valuable the fruit becomes. Time of
harvest had no influence on the SSC
of either cultivar. There was a distinct
drop in SSC for ‘Delicious’ during
storage and ripening, but no differences
were apparent for ‘Golden Delicious’

Irrigation did not influence titratable
acidity in either cultivar. Later harvest
caused a loss of titratable acidity for
‘Golden Delicious, but not ‘Delicious.
Both cultivars lost acid content during
storage and after ripening.

‘Delicious’ apples grown under (F)
irrigation had a higher sucrose and
sorbitol content than apples grown
under (DT) irrigation (TaliHe 3). Other
researchers (12) have reported increas-
ed sorbitol in apples grown under
water deficit. ‘Delicious” grown under
(T) irrigation was intermediate in su-
crose and sorbitol content between

apgles F) or (DT) irrigation. Irrigation
had little influence on carbohydrates
in ‘Golden Delicious’

There was a reduction in sucrose,
fructose and sorbitol in ‘Delicious’
apples and glucose, fructose and sorbi-
tol in ‘Golden Delicious’ apples with
later harvest and storage time. No
change in the sucrose content of
‘Golden Delicious, or glucose content
of ‘Delicious’ due to harvest or storage
time was evident. The values for total
carbohydrates in this study do not
agree with the values for SSC (Table
2), a difference not entirely unexpect-
ed. The individual sugars were deter-
mined using non-enzyme treated juice,
and their total would be 5 to 15% lower
in value than SSC. SSC includes values
for oligosaccharide and starch that
cannot be determined on non-enzyme
treated juice.

Irrigation had no influence on the
flesh Ca, Mg, P, K or N content of
either ‘Delicious’ or ‘Golden Delicious’
(data not shown). Even though there
was no difference in Ca content be-
tween apples from the 3 irrigation
treatments, visual symptoms of bitter
pit were much more frequent in the
apples from the (F) irrigation treat-
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ments. This could possibly be due to
fruit size which tended to be large in
the (F) treatment than in other treat-
ments. A more likely reason may be
water variability as a result of furrow
irrigation or alternate wetting and dry-
ing of the soil (14). Increased Ca has
been reported §12) in apples grown
under water deficit.

Mineral content of ‘Delicious’ apples
remained constant during storage with
no apparent loss (data not shown).
‘Golden Delicious’ had less Mg and N
after 120 storage than at harvest but
had no other mineral content differ-
ences due to storage.

Conclusions

Good quality fruit can be produced
using considerably less water than
commonly used. Color, particularly of
‘Delicious’ apples, can be changed by
irri%ation management. ‘Delicious’
apples grown under (F) and (DT)
irrigation were redder than apples
grown under (T). This difference in
color was significant and could be
used as a marketing technique and
would be recognized by the consumer.
This color difference could result in a
higher grade for ‘Delicious’ apples

own under (F) and (DT) irrigation
than if grown under (T). Color of
‘Golden Delicious’ was not affected
by irrigation type. Both, ‘Delicious’
and ‘Golden Delicious’ grown with
either (T) or (DT? irrigation had higher
SSC which would increase their con-
sumer acceptance. It should be noted
that fruit From trees on rootstocks
more sensitive to dry soils than MM.106
may react differently chan in this study.

Although quality differences were
evident for apples grown under dif-
ferent irrigation treatments or amounts
of water, quality fruit can be produced
even with procedures using consider-
ably less water than is currently prac-
tical. Time of harvest, storage and
ripening influence apple quality to a
much greater degree than any irriga-
tion method used in this study.
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