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A comparison of the combined effect of water stress and crop load on
fruit growth during different phenological stages in young peach trees.
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2Department of Pomology, University of California, Davis, CA 95616, USA
(e-mail: jordi.marsal@irta.es) (Accepted 13 November 2003)

SUMMARY
The combined effect of fruit load and water stress on fruit water content and dry-matter accumulation was analysed
for three phenological stages of fruit growth. Irrigation treatments were no irrigation during Stage I (NI-SI), Stage II
(NI-SII), or Stage III (NI-SIII) compared with a fully irrigated control. Three thinning treatments were imposed with-
in each irrigation treatment resulting in fruit loads ranging from low to high. Fruit harvests at the end of Stage I, II and
III were used to determine total tree fruit fresh and dry matter after each stage of fruit development. Fruit water accu-
mulation was highly sensitive to the effect of water stress at high fruit loads in all fruit developmental phases, but
reductions in fruit water content were more apparent during Stages II and III than during Stage I. On the other hand,
fruit dry-matter accumulation was relatively insensitive to water stress at any fruit load level and developmental stage.
However, reductions in dry-matter accumulation were obtained during Stage III from those trees that were not irri-
gated during Stage I (NISI). Since these reductions occurred only for mid-to-high fruit load conditions, the decreases
in fruit growth during Stage III appeared to be related to a carbon source limitation. The possible reasons for this
source limitation are discussed.

*Author for correspondence.

Water stress, among other factors, has a major role in
limiting peach fruit growth in Mediterranean cli-

mates. However, the expression of water stress effects on
fruit growth can be modulated by fruit load (Berman and
DeJong, 1996; Naor et al., 1999; Naor et al., 2001). In gen-
eral, high fruit loads tend to increase the sensitivity of
fruit growth to deficit irrigation (Berman and DeJong,
1996; Girona et al., 2003). For instance, Berman and
DeJong (1996) showed that during Stage III of fruit
growth, fruit dry-matter accumulation was more greatly
affected by water stress in heavily cropped trees than in
lightly cropped trees. To the best of our knowledge, the
combined effects of the water stress and fruit load on
fruit growth have not been explored during Stage I or
Stage II of fruit development.

The mechanism which fruit growth can be limited by
fruit load is through total carbon availability or carbon
transport to fruits (DeJong and Grossman, 1995). Water
stress related reductions to fruit growth can be more
complex, limiting growth through turgor related reduc-
tions in cell wall extension or reducing cell division, as
well as decreasing carbon through reductions in photo-
synthesis (Bradford and Hsiao, 1982). The combination
of water stress and fruit competition through over-crop-
ping should provoke greater reductions in fruit growth
than each one individually.

When quantifying fruit growth in terms of dry-weight
accumulation, two different types of limitations can be
defined: i) source-limitation if the amount of carbon
available is not enough to support potential fruit growth,
and ii) sink-limitation if there is enough carbon to supply
the potential fruit growth but total crop growth is limit-

ed because of insufficient sink capacity. Carbon transport
to fruit and/or competition for carbon from other organs
can be reasons for below-potential growth in sink-limited
fruits (Pavel and DeJong, 1993; DeJong and Grossman,
1995). Pavel and DeJong (1993) demonstrated how fruit
growth limitations changed in response to different 
fruit loads, from source-limited during Stage I and III, to
sink-limited during Stage II. This research demonstrates
the need for considering the phenological stages of fruit
development in a complete seasonal evaluation of the
interaction between fruit load and water stress on fruit
growth. In addition the sensitivity of fruit growth to
water stress processes may change with the developmental
phases (i.e. cell division and cell expansion during Stage
I and III, respectively, are regarded as sensitive to water
stress, while the pit hardening period during Stage II is
considered to be less sensitive to water stress (Chalmers
et al., 1981; Chalmers et al., 1983).

Furthermore, when considering the implications of
water stress and fruit load on final fruit size, it is possible
that water deficits occurring at different fruit loads 
during early stages of fruit development may affect
growth during subsequent phases of fruit development.
For instance, it has been reported that fruits having 
experienced water stress during Stage II can experience 
compensatory growth rates later (Li et al., 1989;
Chalmers et al., 1981). However this event has not been
found in other studies (Girona et al., 1993; Girona et al.,
2003; Boland et al., 1993; Goldhamer et al., 2001), and
perhaps differences in fruit load could explain some of
the disparity among these studies.

Therefore, the goal of this project was to study the
combined effect of crop load and water stress during
Stage I, II, or III on fruit growth. In addition, carry-over
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interactions between water stress and crop load during
early periods on subsequent fruit growth stages were
also considered with respect to final fruit size.The under-
lying hypothesis of this research is that the interaction
between fruit load and water stress as observed during
Stage III (Berman and DeJong, 1996) should also be
observed during Stage I of fruit development due to 
similarities in susceptibility of the growth processes to
carbon limitations, but not during Stage II of fruit devel-
opment (Pavel and DeJong, 1993; Grossman and
DeJong, 1995). To accomplish these objectives a number
of trees were well irrigated whereas other trees were not
irrigated during the different phenological stages of fruit
growth. Fruit thinning was applied to achieve a range of
crop loads one month after fall bloom.At the end of each
fruit developmental stage, a subsample of trees was 
harvested for each combination of irrigation, fruit
growth stage, and thinning treatment.

MATERIALS AND METHODS
The experiment was conducted in 1996 at the Estació

Experimental de Lleida at the Corbins experimental site
(IRTA) in a four year old peach (Prunus persica L.
Batsch) orchard (‘Groc de 1’Escola’). Peach trees were
spaced at 4 � 2 m, and trained to a central leader.
Irrigation was applied by means of a drip system with
two 8 l h–1 drippers per tree. The plot was managed using
commercial practices with a mowed cover crop strip
between rows.

The experiment was laid out as a split-plot design with
four complete blocks and 12 irrigation and crop load
treatments. The main plots (irrigation) were buffered.
Irrigation treatments were based on cutting off the 
irrigation during different fruit growth stages (NISI: no
irrigation during fruit growth stage I, NI-SII: no irriga-
tion during stage II, and NI-SIII: no irrigation during
stage III). These treatments were compared to a control
treatment (C) in which irrigation was supplied to 
provide fall water requirements according to the water
budget method (Goldhamer and Snyder, 1989).
Differential fruit thinning was imposed within irrigation
treatments to obtain a range of fruit loads.This was done
by hand thinning a total of 288 trees (48 elemental plots
with six peach trees per experimental plot) in which
three different thinning intensities were applied: high
(about 200 fruits per tree), medium (about 110 fruits per
tree) and low (fewer than 50 fruits per tree). Although
the thinning procedures were theoretically applied as
discrete treatments to the individual trees the end result
was a nearly continuous range of fruit loads per tree
ranging from heavily cropped to lightly cropped trees.
Fruit thinning was carried out four weeks after fall
bloom. Irrigation treatments were initiated immediately
after fruit thinning.

Tree water status measurements
To evaluate the plant water status, midday leaf water

potential (�1) was measured on fully expanded sunlit
leaves sampled from the outside part of the tree at solar
noon. Measurements were taken with a plant water 
status console (Model 3005, Soil Moisture Equipment
Corp., Santa Barbara, CA, USA) using the pressure
chamber technique (Scholander et al., 1965) following

the recommendations of Turner and Long (1980). These
measurements were taken two or three times per fruit
growth stage. Midday stem water potential (�STEM)
(McCutchan and Shackel, 1992) was also measured on
the same days and at the same time of the day as �1 by
selecting leaves close to the trunk within the canopy. At
least 2 h before the measurements, intact leaves were
placed within a bag of covered by aluminum foil. Two
measurements per experimental plot on the two central
trees of the medium thinning treatment were made for
the control and the plots receiving the cut off treatment
at any given sampling time.

Net leaf CO2 assimilation rate (A) was determined
using a portable IRGA system (Model ADC LCA-2,The
Analytical Development Co. Ltd., Hoddesdon, Herts,
UK). Calculations of gas exchange were made according
to the equations of von Caemmerer and Farquhar
(1981). Measurements were taken on mature, well-
exposed sunlit leaves at solar noon according to the same
sampling pattern as for �1.

Vegetative growth measurements
Trunk circumference (cm) (TC) was measured at 20

cm above ground level at bloom and at the end of each
fruit developmental stage. The average relative growth
rate (cm cm–1 day–1) (RGR) for TC during each develop-
mental stage was calculated as:

logeTC2 – logeTC1RGR = ––––––––––––––––– , (1)
T2 – T1

where TC1 (cm) and TC2 (cm) are the measurements at
the beginning and end of each developmental stage
(DeJong and Grossman, 1995). T2 - T1, is the number of
days in each developmental stage.

The effect of the irrigation treatments on shoot 
elongation growth was monitored by tagging four shoots
on each experimental tree (a total of 4 � 288 shoots).
Shoot length was measured with a metric tape before
irrigation was applied and at the end of each phenologi-
cal fruit growth stage.

Fruit measurements
One-third of the trees from each plot were harvested

at the end of the three fruit development stages. For each
harvested tree, the fruits per tree were counted and the
total fresh weight per tree measured.A fruit sample of 24
fruits from each tree was taken to the laboratory to
determine fruit dry weight; fruits were dried at 72°C to
constant weight. These data were used to determine a
fresh/dry weight conversion factor for each treatment
and harvest period.

Statistical analysis and quantification of treatment limita-
tions for fruit growth

The effect of irrigation treatments on the sensitivity of
fruit dry weight to fruit load was tested by an analysis of
covariance (ANCOVA). This was done at two fruit load
levels: low fruit load (< 65 fruits per tree) and high fruit
load (> 125 fruits per tree). Using these boundaries
allowed us to include more than nine trees for each fruit
load level. The ANCOVA at two fruit load levels was
used to distinguish the effect of irrigation treatment at



FIG. 3
Seasonal patterns of midday leaf water potential (A) and midday stem
water potential (B) corresponding to the different irrigation treatments.
Each symbol represents the mean of 8 measurements. Error bars

indicate ± standard error as obtained from ANOVA using SAS.
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low fruit load competition from those when competition
was potentially higher. ANCOVA tests were performed
from data considering trees as sample units, and by using
the PROC GLM from reference reports SAS (1988).The
heterogeneity of slopes (TRT*Fruit load) was tested
before assigning statistical significance to the effects of
the irrigation treatments.

The procedure described by DeJong and Grossman
(1995) was used to quantify fruit growth limitations to
water deficit during each fruit growth phase.This method
enables an estimation of the degree of sink and source
limitation on fruit growth. The calculation requires a 
continuous function of fruit growth rate in dry weight
that is dependent on fruit load. A brief summary of the
calculations is outlined as follows:

The potential relative growth rate (potRGR) was 
calculated for each phenological stage as:

logeW2(<30) – logeW1(<30)potRGR = ––––––––––––––––––––– , (2)
T2 – T1

where W2(<30) and W1(<30) are the mean individual fruit
dry weights (g) at harvest dates T2 and T1, corresponding
to trees having fewer than 30 fruits per tree. W1(30) during
Stage I was estimated from a sample of 24 fruits at fruit
thinning before any treatment was applied.

The total potential fruit sink demand rate of control
trees (PSINK) (g tree–1 day–1) was modelled as:

(W *
1(e(potRGR(T2–T1)) – W *

1)n
PSINK = –––––––––––––––––––––-–––– , (3)

T2 – T1

where n is the fruit number, and W*1 is the mean fruit dry
weight (g) at the onset of each developmental stage.

The potential source supply rate (PSOURCE) (g
tree–1 day–1) was estimated from dry weight growth rate
under source-limited conditions, when fruit load exceed-
ed 220 fruits/tree in control trees.

(W2(>220) – W1(>220))n
PSOURCE = –––––––––––––––––––– , (4)

T2 – T1

where W2(>220) and W1(>220) are the mean individual fruit
dry weight (g) at the specified fruit load range at harvest
dates T2 and T1, respectively.

The rate of actual total fruit dry weight growth rate
(ACTUAL) (g tree–1 day–1) during each developmental
stage for an irrigation treatment was calculated as:

(W2(ƒn) – W1(ƒn))
ACTUAL = –––––––––––––––, (5)

T2 – T1

where W2(ƒn) and W1(ƒn) are the quadratic response 
function (ƒn; W= an2 bn + c) of total fruit dry weight (W)
to fruit count per tree (n) at harvest dates T2 and T1,
respectively. For the Stage I period and for all irrigation
treatments, the initial response function was determined
from the average fruit dry weight of a sample of 24 fruits

FIG. 1
Seasonal patterns of the cumulative applied water for the different

irrigation treatments.

FIG. 2
Seasonal patterns of fruit dry mass and relative fruit dry mass for

control treatment conditions and commercial crop load.
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were relatively small (�STEM values of -0.6 MPa for
Control compared with -0.9 MPa for NI-SI), whereas dur-
ing Stage II and Stage III differences were larger and the
most negative values of �STEM reached approximately
-1.7 MPa for both NI-SII and NI-SIII (Figure 3B).

Leaf net assimilation rate (A) was reduced by the last
day of Stage I for NI-SI compared to the control trees.At
the end of both Stage II and Stage III, reductions in A
were very pronounced with rates of only 3 to 4 �mol CO2

m–2s–1 being measured in the NI-SII and NI-SIII treat-
ments (Table I).

Water deficit during Stage I for NI-SI was enough to
substantially reduce trunk circumference growth (Figure
4). Increased fruit loads also reduced trunk growth 
during this stage in both treatments (control and NI-SI).
However, during Stage II, fruit load only significantly
reduced trunk growth in control trees. All non-irrigated
trees had very low growth rates during this period 
(NI-SII).Trunk growth rates during Stage III were, lower
than in any other stage. Trunk growth in the control trees
was noticeable and dependent on fruit load, whereas in
NI-SIII trees, trunk growth was close to zero and effects
of fruit load were not observable.

Shoot extension growth was affected to a lesser extent
in the NI-SII and shoots of NI-SIII treatment trees were
not significantly shorter than those of control trees.

Cutting off irrigation during the non-irrigated periods
noticeably reduced fruit water content. Although 
reductions occurred throughout the range of fruit loads
considered in this study, differences were more apparent
at the highest fruit loads. Among the different phenolog-
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at fruit thinning before any irrigation treatment was
applied. The total fruit dry weight per tree was obtained
by multiplying the average fruit dry weight by the 
number of fruits per tree.

The data obtained per tree were fitted to linear 
( y = a + bx ) functions for PSINK.

RESULTS
The cumulative irrigation applied in the control 

treatment until the end of Stage III was 550 mm. NI-SI
saved only 10% of the water applied with respect to
Control trees, whereas NI-SII and NI-SII1 yielded much
greater irrigation savings, around four times higher than
with NI-SI.Water savings were almost identical in NI-SII
and NI-SIII (Figure 1).

The studied cultivar manifested a typical seasonal 
pattern of fruit growth with the highest accumulation of
dry matter occurring during Stage III, i.e. 17%, 30% and
50% of the total dry matter accumulated in Stage I, Stage
II and Stage III, respectively (Figure 2). Fruit growth
during Stage III, however, appeared slightly less 
pronounced than in other cultivars (Pavel and DeJong,
1993; DeJong and Grossman, 1995).

Both �1 and �STEM in the Control trees tended to
decline throughout May and thereafter maintained 
values of about -1.2 and -0.6 MPa for �1 and �STEM,
respectively (Figure 3).

Differences in water status between control trees and
deficit-irrigated trees varied substantially depending on
the developmental stage. During Stage I the differences

TABLE I
Probabilities for the sources of variation in net assimilation rate during the last day of every phenological period studied

Effects tested in ANOVA Stage I Stage II Stage III

Irrigation Treatment (TRT) 0.0476(z) 0.0009 0.0003
Block (Blq) n.s. 0.0052 0.0453
TRT*Blq n.s. n.s. n.s.
Fruit Load (FL) n.s. n.s. n.s.
TRT*FL n.s. n.s. n.s.

Means for the Treatment effect (TRT) Stage I Stage II Stage III

Average Control 12.6 a 10.1 a 11.3 a
(µmol m–2 s–1) NI-SI 9.8 b 11.4 a 11.7 a

NI-SII 13.0 a 3.4 b 10.8 a
NI-SIII 12.8 a 10.5 a 4.5 b

(z)Probability according to ANOVA analysis (SAS, 1988)

FIG. 4
Effect of fruit load on relative growth rate of trunk circumference during Stage I (A), Stage II (B) and Stage III (C) for the different irrigation

treatments. Each symbol represents a single tree observation.
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ical periods. Stage III produced the clearest fruit water
content differences between irrigation treatments with
values in NI-SIII substantially lower than in any other
treatment (Figure 6). After the first two non-irrigated
periods, fruit water content in the trees with fruit recov-
ered completely, and NI-SI and NI-SII treatment trees
had similar values to those of the control during Stages
II and III, respectively (Figure 6).

Fruit dry matter, in contrast to fruit water content,
was not affected by water stress during the non-irrigat-

ed treatment periods (Table II and Figure 6). However
a carry-over effect from the previous water deficit 
period was apparent in the NI-SI treatment at the end
of Stage II and this effect was even more evident for the
same treatment after Stage III. In the high fruit load
trees, NI-SI fruit dry weight values were significantly
lower than in any other treatment (Table II fruit
load>125, and Figure 6).

Since irrigation treatment differences in fruit dry
weight were not significant at very low fruit loads
(<65), potential sink demand (PSINK) was calculated
from the average of all trees with fruit load <30, irre-
spective of irrigation treatments. The calculated fruit
growth rates for each developmental stage (ACTUAL)
indicated that NI-SI fruits during Stage I remained 
relatively unaffected and that NI-SII fruits, during
Stage II, were also not reduced compared with the con-
trol (Figure 7). During Stage III, NI-SIII fruits also did
not reflect noticeable differences in growth from those
of control, however, there was an apparent reduction in
total fruit growth in NI-SI treatment trees at that time.
PSINK and PSOURCE tended to increase with devel-
opmental stage. However the increase in potential 
supply from Stage II to Stage III was probably hampered
in the case of NI-SI since calculated values of fruit
growth for the maximum crop load trees remained sub-
stantially less and fruit dry weight at the end of Stage III
was significantly less than for any other treatment with
high fruit load conditions (Table II, >125).

PSOURCE was higher than PSINK at about 160
fruits per tree during Stage I and III, whereas during
Stage II, this event occurred at a lower fruit load (125
fruits per tree).

FIG. 5
Seasonal patterns of shoot extension length for the different irrigation
treatments. Each symbol represents the mean of 72 trees. Error bars
indicate ± SE as obtained from ANOVA using SAS. Different letters
indicate statistical difference in cumulative shoot growth according to a

Tukey’s test at P<0.05.

FIG. 6
Effects of fruit load on fruit water content at the end of Stage I (A), Stage II (B) and Stage III (C), and on the fruit dry weight at the end of Stage I
(D), Stage II (E) and Stage III (F). Each symbol represents a single tree observation. Data per irrigation treatment is fitted according

to a logarithmic function.
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DISCUSSION
During Stage I, the combined effect of fruit load and

water stress on fruit dry-matter accumulation was negli-
gible, (Figure 6 and Table II). The same pattern of
response for fruit growth in dry matter between treat-
ments was observed during Stage II and III, with no clear
evidence of increased carbon limitation due to water
stress. These observed results, at least during Stage III,
appear to be in conflict with those of Berman and
DeJong (1996), who reported greater dry-matter reduc-
tions in fruits that experienced water stress at high fruit
loads than in those at low fruit loads. A possible reason
why an interaction between fruit load and water stress,

was not evident during Stage III in our experiment could
be that the highest fruit load levels achieved were not
strong enough to limit carbon availability at the same
rate as in Berman and DeJong (1996). In this study with
four year old peach trees planted at high density,
maximum fruit counts were 250 fruits on trees that were
allotted 8 m2 per tree. On the other hand Berman and
DeJong (1996) reported mean fruit loads of 561 fruits
per tree on trees that were allotted 11 m2. Fruit load
expressed in fruit numbers per allotted surface area,
resulted in maximum loads for heavy cropped trees in
our study of 31 fruits m–2 whereas in the study of Berman
and DeJong (1996) unthinned trees reached an average

TABLE II
Probabilities for the test of heterogeneity of slopes in the ANCOVA analysis of fruit dry weight per tree as a function

of number of fruits for low and high fruit load levels. Each tree represents a statistical unit

Effects Tested in ANCOVA Low fruit load High fruit load
(<65) (>125)

Comparison for Stage I
Treatment (TRT) n.s.(z) n.s.
Covariable (n° fruits) 0.0001 0.0001
Heterogeneity of slopes (TRT x n° fruits) n.s. n.s.

Least square means Control 0.223 0.695
(kg tree–1) NI-SI 0.232 0.678

Comparison for Stage II
Treatment (TRT) n.s. 0.0072
Covariable (n° fruits) 0.0001 0.0039
Heterogeneity of slopes (TRT x n° fruits) n.s. n.s.

Least square means Control 0.534 1.94ab
(kg tree–1) NI-SI 0.527 1.79b

NI-SII 0.636 2.06 a
Comparison for Stage III

Treatment (TRT) n.s. 0.0581
Covariable (n° fruits) 0.0001 0.0001
Heterogeneity of slopes (TRT x n° fruits) n.s. n.s.

Least square means Control 0.958 3.57 a
(kg tree–1) NI-SI 0.967 3.01 b

NI-SII 1.143 3.52 a
NI-SIII 0.875 3.59 a

(X)NS, non statistical significance at P<0.05 using ANCOVA test (SAS 1988).
(Y)Different letters mean statistical significance at P<0.05 using Student’s t-test (Pdiff option of reports SAS, 1988).
(Z) Probability according to ANCOVA test (SAS 1988).

FIG. 7
Relationship between fruit load and rates of potential sink demand (PSINK), potential source supply (PSOURCE), actual total fruit dry weight
growth (ACTUAL) for the different irrigation treatments and each fruit growth development stage: Stage I (A), Stage II (B) and

Stage III (C).
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of 51 fruits m–2. This difference in the heaviest crop load
treatments between the two studies is the result of the
fact that heavier crop loads are more difficult to achieve
in young peach trees of some varieties. Another factor
that should be taken into account is that early-maturating
cultivars have shorter phenological growth phases and
since they have less time available for growth they also
produce smaller fruits than late-maturing cultivars
(Berman et al., 1998). Early-maturing cultivars, however,
have been traditionally bred with the target of increasing
fruit size and thus the pressure for increased carbon
demand over shorter fruit growth periods is higher than
in late maturing cultivars (DeJong et al., 1987; Berman
et al., 1998). The cultivar used in Berman and DeJong
(1996) (‘Elegant Lady’) matures about two weeks earlier
than the cultivar used in this study. This could have also
contributed to a lower sensitivity to fruit load. Whatever
the reason for less limiting carbon conditions for fruit
growth, interactions between fruit load and water stress
were not consistently found in this study even during the
most sensitive period to water stress (Stage III).

Fruit water content was always reduced by water
stress along the range of different fruit loads independ-
ently of the phenological stage considered. This fact 
corroborates the research of Berman and DeJong (1996)
who asserted that dry-weight growth was relatively
insensitive to water stress compared to fresh weight
growth. However, reductions in fruit water content for
water stressed trees were less evident during Stage I and
most exacerbated during Stage III (Figure 6). These 
differences could be related to the fact that water deficit
levels were not, a priori, identical among phenological
stages. According to treatment differences in �STEM

(minimum values around -1.7 MPa, Figure 3B), water
deficits during Stage II and Stage III were clearly evident
whereas the levels of water deficit reached during Stage
I were only mild (-0.9 MPa, Figure 3B). However, the
concept of what mild water stress represents during
Stage I may depend on the process being evaluated.
From a canopy growth standpoint, the implications of
this very mild water stress level on shoot elongation
growth were more severe during Stage I than during
Stage II (Figure 5). In addition, the only component of
seasonal fruit dry matter affected by water stress in any
of the tested irrigation treatments was Stage III fruit-
growth for fruits in treatments receiving water stress 
during Stage I. Clearly water deficit (the level of tissue
dehydration) and water stress (the effect of dehydration
on function) did not convey the same meaning when
comparing different phenological stages or processes
(Bradford and Hsiao, 1982).

According to the conceptual framework of the
Source-Sink demand model used in this study, there
could be two explanations for the carry-over effect of the
NI-SI treatment on the fruit growth during Stage III.
PSINK may have been affected by water stress during
Stage I, perhaps by means of a reduction in cell division
or cell enlargement, thus reducing the fruit growth
potential during subsequent periods of fruit growth.
Alternatively, PSOURCE was reduced because the 
NI-SI treatment experienced a significant reduction in
leaf net assimilation rate and/or leaf photosynthetic sur-
face area that affected subsequent availability of assimi-
lates to fruits. The hypothesis of an altered sink potential

for NI-SI treatment fruit during Stage III seems unlikely
since fruit dry weight at low fruit loads was not affected
by the irrigation treatments (Table II). Recalculation of
PSINK considering only NI-SI data, provided a very 
similar response to that of the control (data not includ-
ed). The second hypothesis, that PSOURCE could have
been reduced in NI-SI treatment trees, seems to have 
little support from the slight decreases in leaf net assim-
ilation rate that occurred during Stage I followed by
assimilation rates equivalent to the Control during Stage
II or Stage III (Table I). Furthermore decreases in A
were dramatic during stages II and III non-irrigation
treatments but dry-weight growth rates at high fruit load
were similar among irrigation treatments (Table II;
Figure 7). However, the implication of the significant
reduction in shoot extension growth for NI-SI treatment
should not be neglected. The decrease in shoot length
had been effective for more than two months by the time
Stage III started. Moreover, early shoot growth is 
considered important for fruit growth since it occurs
close to fruits compared with late shoot growth which
occurs mainly in watersprouts (DeJong et al. 1987).These 
factors could result in less photosynthetic leaf area
directly supporting fruit growth and thus a possible
reduction in the carbon reservoir available for fruit
growth as compared with control trees with the same
amount of fruit. In other words, fruit count may not be a
good indicator of tree fruit load when comparing NI-SI
and control treatments during Stage III due to the 
differences in canopy size and capacity for obtaining
readily available carbon for fruit growth.The NI-SI treat-
ment probably had a higher effective fruit load than con-
trol trees for the same fruit count.

The results of this experiment showing little effect on
dry-matter fruit growth by the moderate-to-severe water
stress applied during stage III seems rather surprising,
since for fresh market oriented production, this is 
considered the most sensitive period for irrigation.
However, this belief is mostly derived from the decrease
in fruit size that commonly occurs when irrigation is
reduced during Stage III. Indeed, Girona et al. (1993)
found significant reductions in fruit size as a result of
water stress during Stage III but no effect on fruit dry
weight. Furthermore, Naor et al. (1999 and 2001) in 
nectarines studied the combined effect of water stress
and fruit load on final fruit size and found dramatic
effects for most of the range of fruit loads. This is expect-
ed when considering that final fruit size is largely influ-
enced by changes in water content since a peach fruit is
made up of approximately 85 % water at harvest. Fruit
dry weight, however was not reported in the studies of
Naor et al. (1999 and 2001), but in prunes, Lampinen et al.
(1995), found no reduction in fruit dry weight as a result
of water stress during Stage III. Water deficit near 
harvest is a common practice in prune production since
deficit irrigated prunes can be dried more easily than
when full irrigation is applied near harvest.

The practical implications of this study can be extend-
ed to the use of an irrigation technique called Regulated
Deficit Irrigation (RDI) (Behboudian and Mills, 1997).
The objective of this technique is to conserve water and
reduce excessive vegetative growth in high density plant-
ed frees, which theoretically can produce a benefit in
final fruit size (Chalmers et al., 1981) but the latter event
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has not been consistently reported in the literature
(Girona et al., 1993 and 2003; Goldhamer et al., 2001).
Positive effects have been achieved by reducing irriga-
tion during Stage II (Chalmers et al., 1981) and in some
studies also during Stage I, (Li et al., 1989). The results of
our study show that in young peach trees and under 
conditions in which canopy shading is not a problem,
reducing irrigation during Stage I can have substantial
negative effects on fruit dry weight growth.

In summary, for the growing conditions of this experi-
ment (mid-to-late season cultivar and young trees), the
influence of fruit load on water stress sensitivity to fruit
growth in dry matter seemed negligible in all stages of
fruit development. However, an impairment in fruit

growth was evident during Stage III in fruits from trees
not irrigated during Stage I (NI-SI). According to the
Source-Sink demand model, a possible explanation for
these growth reductions may be related to a reduction in
the potential source supply. Since substantial reductions
in assimilation rates per unit of leaf area did not impair
the capacity to allocate dry matter to the fruits during the
period in which water stress occurred (Stage II and Stage
III, in NI-SII and NI-SIII, respectively), we hypothesize
that the reduction in shoot growth during early shoot
development (Stage I) could have impacted the develop-
ment of leaves close to fruits and thus reduced the 
carbon supply to fruits during the later period of high
demand (Stage III).


