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Irrigation scheduling of an early maturing peach cultivar using tensiometers
and changes in the stem diameter.

Abstract — Introduction. In peach orchards, it is difficult to judge precisely how much and
when water should be applied. In comparison with the crop evapotranspiration method, soil
and plant based methods provide potential alternatives for irrigation scheduling. Therefore,
such two methods were tested to assess the effect of their use on fruit yield and quality for an
early maturing peach cultivar. Materials and methods. An homogeneous experimental
orchard of Royal Glory was divided in two halves; in one half, irrigation was scheduled accord-
ing to tensiometer measurements, and, in the other half, according to micromorphometer meas-
urements. Results. Compared to the tensiometric method, irrigation according to the micro-
morphometric method induced a significant reduction of the amount of applied water over 4
years (without affecting yield and average fruit weight), tended to enhance fruit total soluble
solids, to decrease heterogeneity of fruit diameters within individual trees, and to reduce the
peach tree trunk cross-sectional areas. Thus, water restriction in the orchard improved quality
and therefore marketable value of peach production. Discussion. The micromorphometric
method appeared well suited for optimizing irrigation scheduling in peach orchards. Taking
these results into account, the tensiometric method has to be improved to be more adapted
to peach water needs. (© Elsevier, Paris)
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Pilotage de l'irrigation dans un verger de péchers précoces a I'aide
de tensiometres et de mesures de variations de diamétre de tiges.

Résumé — Introduction. En verger de péchers, il est difficile d’évaluer la quantité d’eau a
apporter et le moment ou il faut le faire. Outre la méthode de mesure de I'évapotranspiration,
les méthodes basées sur I'observation du sol et de la plante peuvent également permettre de
piloter l'irrigation. Par suite, deux telles méthodes ont été testées afin d’évaluer 'impact de
leur utilisation sur le rendement et la qualité des fruits d'un cultivar de pécher précoce. Maté-
riel et méthodes. Un verger expérimental homogeéne de Royal Glory a été divisé en deux par-
ties : dans l'une l'irrigation a été basée sur des mesures tensiométriques, dans l'autre, elle a
été pilotée par mesures micromorphomeétriques. Résultats. Par rapport a la méthode tensio-
métrique, l'irrigation programmeée par la méthode micromorphométrique induit une réduction
significative de la quantité d’eau appliquée sur une période de 4 ans (sans affecter le rende-
ment et le poids moyen du fruit) et tend a accroitre les sucres solubles totaux du fruit, a dimi-
nuer I'hétérogénéité du diametre des fruits a l'intérieur de I'arbre et a réduire les surfaces de
section de tronc des péchers. Ainsi la restriction d’eau occasionnée par l'utilisation de la
méthode micromorphométrique dans le verger a permis d'améliorer la qualité et, par consé-
quent, la valeur commerciale de la production de péche. Discussion. La méthode micro-
morphométrique apparait efficace pour optimiser le pilotage de lirrigation en verger de pécher.
En prenant en compte ces résultats, la méthode tensiométrique doit étre améliorée de facon
a étre mieux adaptée aux besoins en eau du pécher. (© Elsevier, Paris)

Prunus persica / besoin en eau / irrigation / technique de prévision / instrument de
mesure / production / qualité du fruit
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1. introduction

In peach orchards, it is difficult to judge
precisely how much and when water
should be applied. Consequently, several
methods have been proposed and used to
irrigate to plant requirements [1, 2].

Among those methods, the reference
crop evapotranspiration (ET;) method is
frequently used for irrigation scheduling [3].
However, since this method requires sev-
eral adjustments in terms of canopy size
and loss of water from the soil, it is com-
plicated and may affect the accuracy of
evaluation of plant water requirements [4].
In comparison with the ET; method, soil
and plant based methods provide potential
alternatives for irrigation scheduling [5, 6].

Soil water potential measurements have
been used with success to evaluate plant
water consumption [7]. Plant based meth-
ods used to schedule irrigation have
included the continuous measurement of
daily stem diameter variation which is
referred to as a micromorphometric method.
The micromorphometric method permits
the assessment of the water status in the
plant and gives estimates about its water
needs [8]. Positive results with the micro-
morphometric method, i.e., fruit quality
improvement without reducing yield, have
been achieved with late season peach cul-
tivars [9, 10]. Nevertheless, the measure-
ment of stem diameter changes has never
been used with an early maturing peach
cultivar and important physiological differ-
ences have been pointed out between early
and late peach cultivars [11].

Hence, it appears necessary to test the
micromorphometric method for the use of
irrigation scheduling with an early peach
cultivar. The tensiometric method will also
be used for irrigation scheduling in this
experimental orchard.

2. materials and methods

2.1. orchard description

This study was carried out in a peach
tree orchard planted in 1989, at Gotheron

Fruits, vol. 54 (1)

Experimental Station of the Institut National
de la Recherche Agronomique, near
Valence in the middle Rhone Valley in
France. The soil was stony alluvial with 15%
clay, 30% silt and 54% sand, considered
particularly suitable for peach tree cropping
[12].

Before the peach tree plantation, and to
maintain soil fertility and the homogeneity
of the experimental area, cereal crops had
been sown for three successive years.
Homogeneity of the experimental area was
checked by weighing the grain harvest for
each plot of the future peach tree experi-
ment.

The area of the experimental orchard
was approximately 0.5 ha. Royal Glory, an
early maturing peach (Prunus persica (L.)
Batsch) cultivar, grown on GF305 rootstock,
was planted in an open vase training sys-
tem (3.25 X 6.00 m). Approximate dates of
flowering, beginning of stages 2 and 3, and
harvest were March 15, May 20, June 10 and

July 10, respectively. Before planting, K, P,

Mg, Ca and organic matter were supplied
according to soil fertility analyses and to
meet the orchard’s requirements [13]. In
addition, K was supplied every year after
planting because the first application of K
had not been sufficient for the duration of
the experiment [14]. N was also applied
every year at the rate of 100 kg-ha'l. Weeds
in the tree row were controlled manually
by hoeing in the first year, and with one
application of bromacil and further sea-
sonal applications of paraquat, when
needed in subsequent years. Rye grass was
sown between rows to provide permanent
ground cover.

A micro jet irrigation system was installed
with 2 emitters per tree, in a distance of 1 m
from the tree. Each emitter had a discharge
rate of 30 L-h™L. Irrigation according to ten-
siometer and micromorphometer measure-
ments was applied from 1992. The experi-
mental orchard was divided in two halves;
in one half, irrigation was scheduled
according to tensiometer measurements,
and, in the other half, according to micro-
morphometer measurements. Tensiometer
devices were installed in the whole exper-
imental orchard to control soil water poten-



tial variations in the two halves of this
orchard.

Rainfall was assessed on the site and Et
calculated using Penman equation.

2.2. experimental arrangement
and analysis

The experimental arrangement com-
prised two plots: tensiometer and micro-
morphometer. This arrangement was cho-
sen because the homogeneity of the whole
experiment had already been checked (see
above). For statistical analysis, means were
compared using the Newman and Keuls
test [15].

2.3. scheduling by tensiometer

Tensiometers were installed in three sites
of the tensiometric plot, at a distance of
0.50 m from the emitter, and in depths of
0.30, 0.50, 0.75 and 1.00 m. The trees were
irrigated whenever the soil water potential
(y soil) reached-40 kPa at 0.30 m depth.
The volume of water applied in this plot
varied with the y soil evolution, i.e., if the
soil did not raise at 0.50 m depth after irri-
gation, more water was applied for the fol-
lowing irrigation or conversely. The field
capacity was represented by a —10 kPa y
soil. Throughout the season, trees were irri-
gated when y soil reached —40 kPa at 0.50 m
depth. Tensiometers were also installed in
the micromorphometric plot to compare
the v soil in the two plots.

2.4. scheduling
by micromorphometer

Stem diameter changes (accuracy * 50 um
according to Katerji et al. [16]) were assessed
with linear variable differential transformers
(LVDT) mounted on an INVAR frame and
installed upon four peach-tree branches in
the micromorphometric plot of the orchard
[9]. All sensors were connected to a specific
“Pepista” microcomputer [17], that recorded
data every 30 min and controlled irrigation.
These recorded data allowed defining a
Diurnal Growth Increase (DGI) and a Diur-
nal Stem Shrinkage (DSS) [9]. DGI was taken
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as the overall change in diameter over time,
in 24 h units, since down. DSS was the dif-
ference between the maximum diameter
usually observed in early morning and the
minimum diameter, generally reached in
mid-afternoon. Some nil DGI and a 70 um
DSS were both required for at least three
sensors among the four installed to auto-
matically start irrigation, according to pre-
vious results based on measurement of
plant water status, e.g., leaf water potential

[9, 18l.

2.5. tree growth and yield

Inside each plot (tensiometer and micro-
morphometer), five single trees were cho-
sen as replications. On these trees, 10 shoots
were sampled on which fruit growth (about
150 fruits per plot) was followed. Twice a
week, fruit diameters were assessed and, at
harvest, their weight, firmness and total sol-
uble solids were determined. Six other trees
per treatment were sampled among the
trees of the experimental orchard. After the
total harvest at dates close to fruit maturity,
all fruits from these six trees per treatment
were divided into market size classes based
on diameters, and their frequency was
determined. Fruit yield was also determined
at the firm-ripe stage for the rest of the pro-
duction, i.e., for about 70 trees per plot, by
weighing their total harvest. Average fruit
weight was calculated on a representative
sample of this fruit production (30% of the
total harvest). Tree growth was partly eval-
uated every year in winter by measuring
trunk circumference of all the trees at 0.30 m
from the ground.

3. results

3.1. water applications according
to experimental data

There was less water applied under the
micromorphometric method than under the
tensiometric method (fable ). The first irri-
gation was delayed by one month under
the micromorphometric method compared
to the tensiometric method: irrigation
started at the beginning of June for the ten-
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Figure 1.

Seasonal changes in 1995 in:
(a) reference crop
evapotranspiration (ETg)

and natural rainfall,

(b) irrigation scheduling

for micromorphometer plot,
(c) irrigation scheduling for
tensiometer plot.
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siometric method and in July for the micro-
morphometric method in 1995 (figure 1).
However, in July and August 1995, water
applications were 1 220 and 1 430 m3-ha™!,

f ai 8
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respectively, for the tensiometric and micro-
morphometric methods. Thus, during these
2 months, the amounts of water applied
according to the two irrigation scheduling
methods differed only slightly.

Nevertheless, the soil water tension was
always higher with the tensiometric
method, compared to the micromorpho-
metric method, at all soil depths (figure 2).
The greatest y soil differences between the
two treatments were detected at 0.30 and
0.50 m in depth. As depth increased, the
y soil curves resembled each other
(figure 2). The latter values decreased until
heavy rainfall in September (results not
shown), showing an absence of irrigation
excess in the whole experimental area.

. 0
] *
= bc



 Soil water

Micromorphometer

Furthermore stem diameter variations
differed little from one tree to another
(figure 3). They displayed a rapid tree
response after some irrigation: a DGI (Diur-
nal Growth Increase) enhancement and a
DSS (Diurnal Stem Shrinkage) diminution,
which pointed to a growth recovery
(figure 3). On the other hand, water restric-
tion was easily identified by a large DSS
(about 70 um) and a DGI near zero
(figure 3); this tendency being observed
just before an irrigation release.

3.2. tree growth and yield

Yield varied from 15.7 kg to 51.9 kg per
tree according to the year (table II), bear-
ing no relation to the amounts of water
applied (table D. Such yield differences
from year to year were probably due to cli-
matic conditions, as already mentioned [19].

There were no significant differences in
average fruit weight and yield from 1992 to
1995 (table 1) between these two irrigation
treatments, although about 50% more water
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d) 1.00 mm
- ~ c - 5
= g s 3 3
& & <+ = i
Date

wmme TENSIOMEtEr

was applied to the tensiometric plot than to
the micromorphometric plot. These results
agree with the fruit growth curves obtained
(figure 4) where there was very little dif-
ference between the two treatments. How-
ever, there was a significant reduction in
tree trunk cross-sectional area (TCA)
(table ID of the trees irrigated by the micro-

- Branch diameter variations (1/100 mm)
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Figure 2.

Soil water potential readings
in 1995 for tensiometer

and micromorphometer plots.
The represented tensions
were the means of three
readings (three sites)

for each depth:

0.30 m (a),

0.50 m (b),

0.75m (c)

and 1.00 m (d).

Figure 3.

Irrigation effects on variations
of branch diameter in 1993
for two peach trees

(cv. Royal Glory).

Irrigation was scheduled
according to

the micromorphometric
method, arrows indicated
water applications.
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ble Il

mparison of peach tree (cv. Royal Glory) produchon and growth according to the trrtgatlon sched »
ethod used. Yield and average fruit weight were the mean of three replications, each oomposed of about
20 trees. Trunk cross-sectional areas were measured on every tree of the experimental orchard.

. Yield (kg per tree) ' Average fruit weight (g) ' Trunk cross-sectlonai area (cm?)
experiment ; M : ' :
_ Tensio- Micro-  Standard error Tensio- Micro- Standard error  Tensio- Micro- Standard srror
meter morphometer (p=0.05)  meter morphometer (p=005)  meter morphometer (p 005)
430 390 43 1650  166.0 85 g 111
171 157 1.8 1730 1620 | 120 147a  1834b
51.9 51.0 25 170.0 165.0 110 1774 163b

39.3 42.8. s .,‘159.7 1586 70 ceen 192};10.“ .

ta followed by dxﬁerent Ietters are szgmﬁcantty dlfferen’t atp=0.05; fhese letters refer to the companson between the tw_ treatments,-
for a same year. , . ;

morphometric method compared with
those irrigated by the tensiometric method,
but this growth reduction did not exceed
4.5% of the total growth, and it did not
appear to affect the productivity of the trees.

750
700
- 650
600

550 : 3.3. fruit quality

500

. Every year, total soluble solids were
450

higher in fruits from the micromorphomet-
ric treatment compared with those from the
tensiometric treatment, significantly so in
1992, 1994 and 1995 (table 1ID. The differ-
. v . . , ence between the two treatments repre-
 Sde | 12June 23June 3Ja sented about 10% of total soluble solids;
. 195 o . this difference was significant and repre-

. sented a valid increase in fruit quality.

350

Fruit firmness, which is a good indicator
of fruit maturity, was not affected by irriga-
tion scheduling (data not shown). This
result demonstrated that fruits had been
harvested at the same firm-ripe stage over
the whole experimental area. Fruit from the
tensiometric treatment displayed a small
delay (24 to 48 h) in maturity in compari-
son to fruit from the micromorphometric
treatment based on the date of picking
(results not shown). This trend was con-
firmed for the fruit growth curves showing
that the micromorphometric fruit diameters
were effectively larger than the tensiomet-
ric ones (figure 4).

. _;‘.1,3@@@. . '24Juné,-: 5_'Juiy  45July
. b .
~ Micromorphometer  ------ Tensiometer

Figure 4.

Seasonal changes in peach diameters in 1992 (a) and 1994 (b) for tensiometer ! ‘
and micromorphometer plots. Figures are for at least 100 fruits for each treatment: trees per treatment) showed differences in
Vertical bars denote LSD at p = 0.05 the fruit diameter partitioning according to

Fruit grading (for the sampling of six

62  Fruits, vol. 54 (1)
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. _ Figure 5.
Table Ill. Peach grade partitioning
Total soluble solids (%) in peach, according to the irrigation scheduling method for irrigation scheduling

according to micromorphometric

used in the orchard.
and tensiometric measurements.

Year Tensiometer Micromorphometer Standard error (p = 0.05) The sample was constituted

. by the total harvest in 1995
1992 v aip 87a 05 of six trees (a) or of at least
1993  104ns 11.1ns 0.9 100 mature fruits (b) per
1994 88b 104 a 11 treatment.
1995 - 90b 96a 05 Marketable grades correspond

to fruit diameters:

E, 45-51 mm; D, 51-56 mm;
C, 56-61 mm; B, 61-67 mm;
A, 67-73 mm; AA, 73-80 mm;
AAA, > 80 mm.

Figures followed by diffe;éni letters are significantly different at P = 0.05.
These letters refer to the comparison between the two treatments for the same year.
ns: not significative difference.

the irrigation schedule (figure 5a). The
micromorphometric method increased the
percentage of the intermediate grades B (61
to 67 mm diameters), A (67 to 73 mm) and
AA (73 to 80 mm). The fruit numbers in
these three grades were, with the micro-
morphometric method, 8% higher than
those with the tensiometric method. On the
contrary, the largest and smallest fruit in
AAA (> 80 mm), C (56 to 61 mm) and D (51
to 56 mm) grades were, with the micro-
morphometric method, 7% less numerous
than those with the tensiometric method.
Similar results were obtained with other
fruit (from ten shoots sampled per tree on
five trees) (figure 5b), the differences
between treatments being accentuated (10%
variation between treatments). Further-
more, such results had also been detected
for the other years of experimentation (data
not shown). The micromorphometric method
seemed to contribute to reducing the het-
erogeneity of the fruit diameters within indi-
vidual trees.

a) Total harvest of six trees

% of total harvest

4. discussion

.
¢
=
@

=

®©
=
©

2

=
°

32

Compared with tensiometers, micromor-
phometer used for irrigation scheduling
allowed water to be saved in an early matur-
ing peach cultivar Royal Glory (table D.
This water economy was sufficient to main-
tain the peach tree rootzone at a lower soil
with the micromorphometric method Marketable fruit grades
(figure 2), particularly at 0.30 and 0.50 m in _ ' ‘ .
depth, i.e., where these roots are the most i ouae B eosormetic
abundant [20]. Despite this water restric-
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tion, peach tree performance was equal to
greater than the performance obtained with
the tensiometric method except for trunk
cross-sectional area which was slightly
reduced (tables II, IID. With late maturing
peach cultivars, it has been established that
optimizing irrigation with the micromor-
phometric method induced no difference in
peach yield and average fruit weight with a
small increase in peach total soluble solids,
compared to the tensiometric method [9,
20]. These findings were confirmed with an
early maturing peach cultivar. Those results
corroborate well with other experiments
concerning irrigation practice in peach tree
orchards which showed little difference in
growth, production and fruit average
weight when some minimum water was
supplied [1, 21]. Important differences were
only detected when differences between
treatments were emphasized [22, 23].

It has been established that fruit soluble
solids are positively correlated with fruit
growth rates measured during the latest
fruit growth phase (24, 25]. Under our exper-
imental conditions, higher total solids with
the micromorphometric method compared
to the tensiometric method were effectively
linked with a larger fruit diameter increase
during the last month before maturity
(figure 4). This may explain the higher fruit
quality obtained.

There were differences related to the
fruit grade partitioning (figure 5). The micro-
morphometric method appeared to result
in some homogenization of the fruit diam-
eters. That is particularly important as, first,
the intermediate grades (B, A and AA) are
sold at a better price compared to the lower
(C, D and E) and higher grades (AAA) [20,
27]; these intermediate fruit sizes are effec-
tively preferred by the consumers. Second,
the fruit diameter homogeneity decreases
the fruit sorting cost [28]. However, the fruit
diameter homogenization which seemed to
be obtained in parallel with irrigation opti-
mization had never been detected before
and must be confirmed with other cultivars
[11, 29, 301.

Our studies indicate that reducing irriga-
tion water supplies in peach orchards can
contribute to improve fruit production.

Fruits, vol. 54 (1)

Chalmers and Wilson [31], and Boland et al.
[32] showed that the regulated deficit irri-
gation (RDD) is a valid strategy to reduce
irrigation without limiting peach yield. RDI
is based on the manipulation of vegetative
and fruit growth by strategic application of
water stress at critical periods. Our aim was
different as including application of reduced
water throughout the season with the
micromorphometric method and compar-
ing with a classical method of irrigation
scheduling based on tensiometry. How-
ever, RDI and micromorphometry both led
to a reduction of vegetative vigour, without
decreasing fruit production and quality. The
chosen standards for the micromorphomet-
ric method (DGI = 0 and DSS = 70 pm)
appear well-suited for optimizing irrigation
scheduling in peach orchard, for an early or
a late cultivar. However, the tensiometric
method has not to be neglected because
easy to use. Furthermore, it has to be ame-
liorated according to the presented data.
The soil water potential chosen to start irri-
gation should obviously be diminished in
order to reduce soil at the root periphery
and, therefore, to improve fruit quality with
the tensiometric method used for irrigation
scheduling.
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Pilotaje de la irrigacion en un vergel de melocotoneros precoces con ayuda
de tensiometros y de mediciones de variaciones de diametro de tallos.

Resumen — Introduccion. En vergel de melocotoneros, resulta dificil evaluar la cantidad de
agua que aportar y el momento en que hay que hacerlo. Ademas del método de medicion de
la evapotranspiracion, los métodos basados en la observacion del suelo y de la planta pue-
den igualmente permitir pilotar el riego. Mis tarde, se sometieron a prueba semejantes méto-
dos a fin de evaluar el impacto de su utilizacion en el rendimiento y la calidad de los frutos
de un cultivar de melocotonero precoz. Material y métodos. Un vergel experimental homo-
géneo de Royal Glory fue dividido en dos partes: en una de ellas el riego fue basado en medi-
ciones tensiométricas, en la otra, fue guiada por mediciones micromorfométricas. Resultados.
En comparacion con el método tensiométrico, el riego programado por el método micromor-
fometrico induce una reduccion significativa de la cantidad de agua aplicada en un periodo
de 4 anos (sin tener influencia sobre el rendimiento y el peso medio del fruto) y tiende a incre-
mentar los azucares solubles totales del fruto, a disminuir la heterogeneidad del didmetro de
los frutos dentro del arbol y a reducir las superficies de seccion de tronco de los melocoto-
neros. Asimismo la restriccion de agua provocada por el uso del método micromorfometrico
en el vergel permitié6 mejorar la calidad y, por consiguiente, el valor comercial de la produc-
cion de melocotones. Discusion. El método micromorfometrico aparece eficaz para optimi-
zar el pilotaje del riego en vergel de melocoton. Al tomar en cuenta estos resultados, el método
tensiométrico debe mejorarse de manera a adaptarse mejor a las necesidades de agua del melo-
cotonero. (© Elsevier, Paris)

Prunus persica / necesidades de agua / riego / tecnicas de prediccion / instrumentos
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