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AssTrACT. The interactions between irrigation and crop level with respect to fruit size distribution and soil and stem water
potentials were investigated in a nectarineRrunus persica(L.) Batsch. ‘Fairlane’) orchard located in a semiarid zone.
Irrigation treatments during stage Il of fruit growth ranged from 0.62 to 1.29 of potential evapotranspiration (ETp). Fruit
were hand thinned to a wide range of fruit levels (200 to 1200 fruit/tree in the 555-tree/ha orchard). Total yield did not
increase with increasing irrigation rate above 0.92 ETp in 1996 and maximum yield was found at 1.06 ETp in 1997. Fruit
size distribution was shifted towards larger fruit with increasing irrigation level and with decreasing crop level. The two
highest irrigation treatments had similar midday stem water potentials. Our findings indicate that highest yields and
highest water use efficiency (yield/water consumption) are not always related to minimum water stress. Total yield and
large fruit yield were highly and better correlated with midday stem water potential than with soil water potential. This
confirms other reports that midday stem water potential is an accurate indicator of tree water stress and may have utility
in irrigation scheduling.

Fruit size is a major criterion of nectarine fruit quality. Sinca spite of low soil water potential, whereas deficit irrigation in
fruit size is affected by crop load and water deficit (Berman asthge Ill decreased fruit size and changed some quality attributes
DeJong, 1996; Naor et al., 1997b), it is of interest to optimize cr@halmers and Wilson, 1978; Li et al., 1989). Crop water con-
level and water availability, in order to maximize the number sfimption in stage |1l was much higher than that in stage Il (Boland
large fruit. etal., 1993; Olsson, 1977) and can reach 120% of the Class A pan

Peach cropyield can account for 65% to 70% of total tree annexsdporation rate. Trees that were irrigated at rates of 100 and 130%
dry matter production (Chalmers and van den Ende, 1975). PeaafcGlass A pan evaporation in stage Il produced fruit of similar
and nectarine fruit size decreases with increasing crop load (Bersiaas (Mitchell and Chalmers, 1982). Irrigation level affects soll
and DeJong, 1996; Blanco et al., 1995; Rowe and Johnson, 198#ter availability and, thereby, plant water status, fruit yield and
Tukey and Einset, 1938), probably because of the limited avaike (Berman and DeJong, 1996; Boland et al., 1993), and shoot
ability of assimilates. Compared with nonfruiting trees, fruitingrowth (Chalmers et al., 1981).
nectarine trees often have greater stomatal conductance (Chalmekdidday stem water potential may be a sensitive and rapid tool
et al., 1983; DeJong, 1986a, 1986b) and higher assimilation rétdsrigation scheduling and water stress assessment with orchard
(Chalmers et al., 1975; Crews et al., 1975; DeJong, 1986b3es. Differences in midday stem water potential between trees
probably partially to compensate for the increased assimiledeeiving high and low irrigation treatments, were previously
demand. The higher stomatal conductance of fruiting treedfdand to be higher than those for midday leaf water potential, in
accompanied by higher leaf and fruit transpiration rates (Chalmerany orchard trees (Garnier and Berger, 1985; McCutchan and
et al., 1983), and lower midday (Chalmers et al., 1983; DeJdigackel, 1992; Naor, 1998; Naor and Wample, 1994; Naor et al.,
1986a) and night (Chalmers and Wilson, 1978) leaf water potenli@5; Stern et al., 1998). AppMélusxdomesticaBorkh.) (Naor
compared with nonfruiting trees. Assimilation rate and midd&y al., 1995, 1997c) and pe&yfus communik.) (Shackel et al.,
stem water potential of stressed peach trees, decreased with987) fruit size, almondqrunus dulcigMill. D.A. Webb] trunk
creasing crop level, probably due to a decrease in new rootctipss-sectional area (Shackel et al., 1997), and the percent of
production in the heavy crop-loaded trees (Berman and DeJatwerry Prunus aviurl.) growing buds were found to be corre-
1996). lated with midday stem water potential. The data reported in the

Trees respond differently to deficit irrigation, depending on tipast decade clearly indicate that midday stem water potential
fruit growth stage (Behboudian and Mills, 1997). Deficitirrigatioehould be considered as a plant water stress indicator in many
in stage | and Il of fruit growth, did not affect yield (Li et al., 1989yeciduous trees including peach and nectarine.

_— Berman and DeJong (1996) tested the effect of two extreme
Received for publication 12 Mar. 1998. Accepted for publication 5 Oct. 1998. Tigggation levels and three crop levels. However, their crop loads
cost of publishing this paper was defrayed in part by the payment of page Cha(%ge higher and level of deficit irrigation less than those typically

Under postal regulations, this paper therefore must be hereby naahkexdise- . . .
mentsolely to indicate this fact. used in Israel. There is a need for further, more detailed study on
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Table 1. Cumulative irrigation rates in stages | + I, and in stage Ill of fruit growth; daily irrigation rates and croeoteffiercentage of potential
evapotranspiration rate (ETp)] in stage IIl of fruit growth. Numbers in parentheses are Average ETP) (mstate IIl.

Irrigation level Irrigation level Daily irrigation Crop coefficients
in stage | + Il in stage Ill in stage Ill in stage Ill
(mm) (mm) (mm) (% ETp)
Treatment 1996 1997 1996 1997 1996 1997 1996 1997
(6.8) (5.7)

1 257 380 204 123 43 3.8 0.62 0.62
2 268 379 268 167 5.6 5.2 0.82 0.84
3 280 379 299 211 6.2 6.5 0.92 1.06
4 273 380 413 255 8.6 7.8 1.27 1.29

the interaction between crop level and irrigation level in relationgoading machine (50 to 85 mm in diameter).

yield, fruit size and soil and plant water status. An improved SoiL WATER POTENTIAL MEASUREMENTS. TWO tensiometers (Ir-
understanding of these interactions are expected when treatorgeter, Riverside, Calif.) were installed in each plot in mid-May,
irrigation and crop levels and water potentials as continuause at 50 cm and the other at 80 cm depth. The tensiometers were
variables. The objective of the present investigation was, thdoeated close to a tree trunk, 20 cm from an emitter. Trees having
fore, to study the combined effect of four irrigation levels in stagegedium crop levels were chosen for tensiometer installation.
[l and a wide range of crop levels, on yield, fruit size distributiomensiometer readings were taken in the morning, before irrigation

and soil and stem water potentials. started. In the first 3 weeks after installation, tensiometers having
irregular readings were reinstalled to improve uniformity.
Materials and Methods STEM WATER POTENTIAL MEASUREMENTS. Midday stem water

potential was measured with a pressure chamber. Two shoot tips
CuwmaTic conpiTions. The experimental site was in the northper tree were sampled from the inner part of the canopy; they were
ern Galilee, Israel (38!, 36°E), 350 m above mean sea leveknclosed, while still attached, in plastic bags covered with alumi-
which is a semiarid zone with no summer rain. The averagem foil. After an equilibrating period of 90 min, the shoot tips
precipitation (October to April) in this area is about 550 mm. were detached from the shoot, and stem water potential was
EXPERIMENTAL ORCHARD. The experimental plot was a 6-yeardetermined immediately in the field with a pressure chamber (Ari-
old, drip-irrigated, commercial orchard of ‘Fairlane’ nectarine dlad, Kfar Charuv, Golan Heights, Israel). The two measurements
Prunus persica seedlings rootstock spacedté m apart. The were averaged for statistical analysis. Stem water potential mea-
irrigation system consisted of two lateral lines per row, spaced 4ubements were usually taken from the trees near where the
m apart, with 2.3 L pressure-compensated in-line drippersensiometers were installed. On two occasions in 1996, measure-

spaced 1.0 m apart. ments were taken in all
STATISTICAL DESIGN. The experiment was a split plot factoria! crop levels of the highest
design with four irrigation levels as main plots and crop level —T and the lowest irrigation
subplots. The treatments were replicated randomly five tim 0 * 0z # level treatments.
Each main plot (irrigation treatment) consisted of six adjace w 7z = " ol STATISTICAL  ANALY -
rows with three trees each. The four inner trees were used for &5 gp v :'i '”ﬁ, ~a sis. The crop yield and
crop level treatments. - an - . S water potential data of
TREATMENTS. The experimental plot was irrigated until the @ ;E : #g‘t allcroplevelsandall rep-
end of stage Il, according to commercial practice: irrigatic = il'?} licates in each irrigation
started by the end of April at 0.33 of potential evapotranspirati % A :?‘ level treatment were
(ETp), and gradually increased to 0.55 ETp at the end of st +— 2T - ¥ pulled together, and the
| (beginning of June). Irrigation in stage Il [beginning of Jur 0 1505 relationships between
until middle (1996) or end (1997) July] was 0.62 ETp. Differel o those variables were ana-
tial treatments were applied in stage lll. Irrigation rates afi fn® T . lyzed by linear regres-
harvest decreased to 0.55 ETp. The experimental plot v —~ 75 - | sion, using SAS REG
irrigated daily in stage Ill except for weekends, when a 2 E BD * (SAS Institute, Cary,
interval was used. Four irrigation levels were implemented - . N.C.)procedure. Allrep-
stage lll, 0.62, 0.82, 0.92, and 1.27 of ETp in 1996, and 0. % =0 i licates in each irrigation
0.84, 1.06, and 1.29 of ETp in 1997. The fruit on the four inn = 40 ! level treatment were di-
trees in each irrigation (main) plot were counted in the firstwe ® 30 - videdinto three crop lev-
of June and hand-thinned to four fruitlevels: 0to 200, 201to 4 |2 =y | els (<500, 500 to 750,

401 to 600, and 601 to 800 fruit/tree. Fruit thinning had not be 1n ¢ and >750 fruit/tree).
sufficiently accurate; therefore, the actual fruit levels (200 _ _ _ Thereafter, the effect of
1200) measured at harvest were used for data analysis. i 40D Beer 4200 the three crop levels on
Crop MEASUREMENTS. The fruit from the experimental plots _ fruit size distribution,
were harvested at the beginning of September (three selec Fruitsitres within each fruit size
pickings in 1996 and two in 1997, according to size (>60 mm in Fig. 1. Total crop yield as a

dlamet[er)' and CO_|OI‘). The fruit O_f each tree were We@hed’ a'} nction of crop level in the four irrigation treatments in 1996 and 1997. Numbers
their size distribution was determined by means of a commercigjegends are crop coefficients (percentage of potential evapotranspiration).
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Fig. 2. Crop vield of fruit >60 mm in response to crop level compared with trees irrigated at 1.06 of ETp
gﬁinggfﬁri3§g:tifgrq<:tt;ggtgje<>nrtgpir']e;gggin 1997. This minimizes the possibility that year-to-year differ-
and 1997. Numbers in legends are crofe'CES I pote_ntlal fruit size accounteq for the higher yield response
coefficients (percentage of potentialt0 Crop level in the other treatments in 1996.
evapotranspiration). Fruit size distribution shifted towards larger fruit sizes with
increasing irrigation level (Fig. 3) in both years. However, crop
grade in each irrigation level, level negatively influenced fruit size, as expected (Fig. 3). In 1997,
was tested by analysis of vari-fruit size distribution shifted to smaller fruit compared to 1996, and
ance followed by Duncan’s mul- the differences between years were more pronounced at low than
tiple range test, using the SASat high irrigation levels (Fig. 3).
GLM (SAS Institute) procedure.  Water poTENTIALS . Soil water potential in all treatments de-
creased from —20 kPa at both 50 and 80 cm depths at the beginning
Results of stage Il to about —40 kPa at 50 cm and —60 kPa at 80 cm depth
by the end of stage Il (data not shown). Decreases in soil water
on IrRrRIGATION . Cumulative ir- potential were expected since irrigation was applied at 0.62 of ETp
o e rigation during stage Ill of fruit in stage Il. Large differences in soil water potential were apparent
Jear " ";:.. growth ranged from 204 to 413during stage Ill among irrigation treatments at both depths (Fig. 4),
¢ yzen MM in 1996 and from 123 to where those differences were significant only in the 80 cm depth.
255 mmin 1997 (Table 1). Daily Soil water potential fluctuated with a weekly periodicity: high soil
irrigation rates in stage Ill were water potentials were apparent on Mondays, after an irrigation to
lower in 1997 than in 1996 make up for a 2-d water loss, and thereafter soil water potential
(Table 1) because of the higher evaporative demand and the lodgéfeased through the course of the week.
period of stage Ill in 1996 than in 1997. Midday stem water potential increased with increasing irriga-
Crop YiELD . Average crop level was similar in both years angbn rate, up to a 0.92 ETp in 1996 and up to 1.06 ETp in 1997
across all irrigation treatments (606 to 768 fruit/tree). Total crgpasons (not shown). Midday stem water potential was not affected
yield increased with crop level and irrigation level (Fig. 1), whetg crop level in the two extreme irrigation treatments in 1996 (Fig.
differences between irrigation levels increased with increasiBg However the midday stem water potential was highly corre-
crop level. The yield of large fruit in the 0.62 of ETp irrigatiomated with yield of large fruit (Fig. 6).
treatment remained practically unchanged with increasing fruit
level in 1996 and decreased slightly with increasing fruit level in Discussion
1997 (Fig. 2). Total yield and yield of large fruit of trees irrigated
at 0.62, 0.82, and 1.27 of ETp in 1996, were more responsive tONTERACTIONS OF CROP LOAD AND WATER POTENTIALS . Our data
crop level (Figs. 1 and 2; Table 2) compared with the equivalehbw no effect of crop level on midday stem water potential in
irrigation levels in 1997 (0.62, 0.84, and 1.29 of ETp). Howeveftressed trees (Fig. 5). It contradicts other studies that report a
trees irrigated at 0.92 of ETp in 1996 had similar crop yiedignificant decrease in midday stem water potential with increas-
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Table 2. Linear regression analysis of total crop yields and yields of large fruit (>60 mm in diameter) as a functiomifethefrfruit per tree in
1996 and 1997.

Yield
Treatment component
Year (% ETp) (Mg-hd) Intercept Slope r?
Total
1996 0.62 7.1% 0.050 b 0.94
0.82 11.0a 0.055 ab 0.95
0.92 10.0a 0.061 a 0.94
1.27 10.6 a 0.062 a 0.97
>60 mm in diameter
1996 0.62 189 a 0.0057 ¢ 0.02
0.82 23.7a 0.025 bc 0.46
0.92 16.4 a 0.043 ab 0.74
1.27 16.3a 0.047 a 0.84
Total
1997 0.62 15.0a 0.030¢c 0.77
0.84 148b 0.039¢c 0.88
1.06 75a 0.063 a 0.95
1.29 13.7a 0.052b 0.94
>60 mm in diameter
1997 0.62 225a -0.17 ¢ 0.28
0.84 32.0b -0.01c 0.11
1.06 11.8a 0.045 a 0.78
1.29 224 a 0.025b 0.44

ZResults followed by different letters differ significantby= 0.05
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Fig. 4. Morning soil water potentials
before irrigation 1.5 months before
harvest in 1997, in the four irrigation
treatments. Numbersinlegends are crop
coefficients (percentage of potential

Fig. 5. Midday stem water

potentialsin the highest and lowest

irrigation treatments on 2 d
selected in 1996, as a function of
crop level. Numbers in legends
are crop coefficients (percentage
of potential evapotranspiration).

tive damage to tree pro-
ductioninthose irrigation
treatments, especially in
thetwo lower ones (Table
2). The 1.06 ETp irriga-
tion level had the highest
yield in 1997 (Table 2;

evapotranspiration). Results within each
soil depth followed by different letters
differ significantly,p=0.05. Statistical
analysis was performed on the average
soil water potential from DOY 215 up
to harvest (DOY 243).

Figs. 1 and 2), indicating

thatirrigation rate should
not increase above 1.06 ETp in stage lll, which is consis-
tent with previous findings (Klein, 1983; Mitchell and
Chalmers, 1982).

Midday stem water potential of the highest irrigation
ing crop level in stressedlevel was much lower than values reported for peach (Berman and
peach (Bermanand DeJongPeJong, 1996), and lower than those reported for nonstressed
1996) and apple (Naor etprune Prunusxdomesticda..), almond, and cherry (McCutchan
al., 1997c). A question is and Shackel, 1992; Shackel et al., 1997). The lower midday stem
raised, why midday stem water potentials found here are probably related to the low irriga-
water potential in the cur- tion level in stage Il, which differ from other reports. Deficit
rent study, responds differently to increasing crop level comparg@ation in stage Il may have caused depletion of water through
to that reported by Berman and DeJong (1996). Although numbarch of the root zone, which was not restored during stage lll.
of fruit per hectare was similar to that reported by Berman aNdvertheless, fruit yield (Fig. 1 and 2) and midday stem water
DeJong (1996), we observed a linear yield response to crop level potential did notrespond
(Fig. 1) compared with a nonlinear yield response to crop level by to increasing irrigation
Berman and DeJong (1996). This suggests that the crop load ( rate above 1.06 ETp. It
per unit of leaf area, or light interception) was smaller in our stut may indicate that high-

Cruil dianeler gradas darg

Fig. 3. Fruit size distributionin 1996 (right-
hand figures) and 1997 (left-hand figures)
inthe fourirrigation treatments (numbers
in three crop levels in each of the upper
right-hand corners are crop coefficients
(percentage of potential evapotrans-
piration). Results within each fruit
diameter grade followed by different
letters differ significantly,p = 0.05.
Numbers in legends are fruit per tree.

It seems therefore that stem water potential of stressed tree = 3¢ . . *" ’ est yields and highest
dependent on both the number of fruit per hectare and the crop I 3; an ' ; o water use efficiency
In addition, it was previously pointed out by DeJong (1986a) a ., F - (yield/water consump-
Naor et al. (1997a) that differences in plant water stress, attrit o ., | .-*-- e tion) are not always re-

able to differences in climatic conditions among the vario %
studies, may explain the contradictory findings on the effect @
crop load on plant water potential.

STEM WATER POTENTIAL AND YIELD . The correlation of yield with
stem water potential was better than that with soil water poten
(data not shown), which is consistent with previous reports
apple (Naor et al., 1995). The high (typical) variability in tensiom- ot
eter readings (Fig. 4), may account for this lower correlation. T, o irrigation in deciduous or-
high correlation of midday stem water potential with yield (Fig. 6%%3 ;ES 'Zﬂéié?ﬁéﬁiﬁ;”&?ér?ﬂ Iﬁf‘}?rg’f chards. Hort. Rev. 21:105—
is consistent with other studies on apple (Naor et al., 1995, 199 7gking, as a function of midday stem water _131-
and pear (Shackel etal., 1997). Also, midday stem water potentigigential on 27 Aug. 1997. Bgrman, M.E. and T.M.

. . . eJong, 1996. Water stress
were found to be correlated with trunk cross-sectional area i

. . . hd load effect fruit fresh and d ights in peaim
almond (Shackel et al., 1997), with the fraction of growing buds 'Bersi((::rg.pT?:e ;hfsci;.%%:gélgjse&. and dry weights in p Us

cherry (Shackel et al., 1997), and with stomatal conductancesfinco, A., A. Pequerul, J. Val, E. Monge, and J. Gomez-Aparisi. 1995.
apple, grape\(itis viniferal..), and nectarine (Naor, 1998). These Crop-load effects on vegetative growth, mineral nutrient concentration
observations clearly indicate that midday stem water potential issad leaf water potential in Catherine peach. J. Hort. Sci. 70:623-629.

lated to minimum water

Ful =3 A stress.

Ful =3 rim

245 -20h -5 -1101 -F 00
Midday stem watsr pobential (M=)
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