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EXECUTIVE SUMMARY

1.1 Introduction and scope of study

Economically viable frut production in the Westemn Cape region of South Afrnica s only possible under
imgation. However, the increasing competition of industry and urbanisabion for water currently allocated
o agnculture necesstates a more efficient utihsation of water by the agrcultural sector. Expected
increases in water tanffs and predicted water shortages will also hamper the further development of
imgable land. Improved irrigation scheduling is therefore imperative 1o ensure optimal utilisation of water,

Besides the increasing demand by ndustry and urbanisation for water curently allocated to agnculture,
perods of drought occur from time 10 time In the Republic of South Africa. Water stress expenenced by
frut trees during periods of severe water deficit can be a kmiting factor in fruit production. Quality of the
crop is, because of its export nature, an important consideration and cannol be comgromised. Strategic
management of water on the deciduous fruit farm s therefore of utmost importance under drought
conditions, applying the water when and where it would render the best economical benefit. Knowledge
of tree response 10 waler deficits is, however, necessary 1o compile a set of decision making rules
conceming imgation management under kmited water supply.

Furthermore, the current trend towards high-density plantings necessitates different managenal practices
to ensure the control of vegetative growth. Optimum tree growth and optimum water utilisation can be
obtained by regulated deficit imgation (RDI). a practice whereby plant water deficits are manipulated by
applying less water through imgation than the trees would have used under normal condtions. The
reason why RDI is eflective relates to the growth pattern of shools and frut. For certan deciduous fruit
species and cultivars, the shoots grow rapidly during the early season and their growth siows down as
rapid frun growth begins. Water stress during this period will reduce the growth of shoots without

The RDI approach has the potential 10 enhance effective water use by producers. For example, the
amount of water allocaled 10 producers in the Breede River Valley dunng the 1998/09 season was in the
order of 7 450 m” ha'', whereas the estimaled water requirement for peaches at Robertson Exparment
Farm was 7 853 m’ ha'. A water deficit of 400 m’ ha” was expected for the season. However,
application of RDI from October to December could result in an estmated water saving of 1 680 m® ha "
This would mean that a saving of 23% on the water allocation could be achseved.

Information on water use by trees under varying RDI management systerns, and comparison thareof to
water use under conventional irrigation, would help to understand plant response under kmited water
supply, N could also assist in the formulation of RDI strategies. Research on the response of fruit trees
1o RDI dunng diflerent phenciogical growth stages was therefore undertaken in order 1o optimise the
appication of this technique uncer Westermn Cape conditions.



1.2 Objectives

The objective of the study was 10 supply guidelines for rmigation scheduling of decduous fruit trees.

In the context of thes study, to supply information on the effect of water deficits on tree response 1o
improve existing gudelines and thus aid in imgation management decision-making dunng penods of
kmited imgation water or alternatve management practices through:
o Determining the eflect of regulated water deficencies dunng different phenclogcal growth
stages on shoot-, frud- and tree growth of peach and apple trees.
o Quantifying the effect of regulated water deficiencies on the production and quality of
peaches and apples.
o Delermining the water consumption of these trees under regulated water deficencies.

1.3 Structure and summary of the report

The report of the project “Evaluabon of a8 model for water use in deciduous frut orchards and scheduling
of imigation with the a«d of meleorological data” resulted in publication of two reports. This report covered
improvement of guidelines for imgation scheduling of deciduous fruit trees. Evaluation of @ model for
waler use in deciduous fruit orchards is discussed in a separate report, namely “Selection and calibration
of @ model for imgation scheduling of deciduous frull orchards™,

The motivation for the research on the defict imigation studies is outlined in the Introduction (Section 1),
followed by a literature review (Secton 2) that covers the effect of reduced iImigation on tree response.
The studies on deficit irrigation on stone fruil (peaches) and porme frull (apples) are presented in sections
3 and 4. Results for peaches are presented lor lrees with a normal (3.1) and a high (3.2) crop load,
respectively.

Results and conclusions

Deficit imgation of peach trees

The effects of regulated deficit emgation on the production and frult quality of peaches were investigated.
A feld tnal was camed out in a twelve-year-old Neething peach orchard at Robertson Experiment Fam.
Treatments consisted of five different soll water depleton levels applied during five different growth
stages, Irrigation was apphed at the five soil water depletion levels of which T1 was regarded as
relatively wet (imgation was applied when the average soil matnc polental reached ca. =50 kPa). T2 was
regarded as normal (imgation apphed at ca. ~-100 kPa) and three different defict irigation regimes T3, T4
and T5, were imgated al sod matnc potentials of ca -200, -400 and -800 kPa. respectively. The five
growth stages were Stage 1 (cell growth), Stage 2 (slow fruit growth), Stage 3 (rapid frut growth). Stage 4
(npening) and Stage 5 (post-harvest).



Fruit was thinned as such 10 allow a low crop load in the first and a high crop load in the second season.
The soll water content was monitored and irmgation was scheduled by means of a neutron water meter.
Vegetatve and fruit growth, fruit mass and production were measured. Fruit were examined for bruises
and firmness.

Frut size, frut mass, fruit quality, as well as production, were not sensitive 10 water deficits during the
dfferent gromth slages with a normal crop load. However, a tendency 10 reduced shool growth with
decreasing soll matric potentials was observed during the slow fruit growth, rapid frut growth as well as
the ripaning stages. The apphcation of deficit imgation during the slow frult growth or post-harvest stages
can save substantial amounts of water with a normal crop load, provided that normal irrigation is applied
during the other growth stages.

A combination of water deficits during the ripening stage and high crop load resulted in smaller fruit and
lower production. Fruit size, fruit mass, frut qualty, as well as production, were notl sensitive 10 water
deficits dunng the call growth, slow fruit growth or post-harvest growth stages, provided that normal
irigation is applied in the other growth stages. Irespective of crop load, soil matric potentials down o
=200 kPa can be allowed during any one of the growth stages without seriously affecting the final frud
size, Iruit mass, fruit quality or production, However, this sod water deficil may then only be allowed In
one of the growth stages and normal irngation must be applied during the other four stages.

Although deficit imigation reduced seasonal water consumption, it could not be recommendced as a waler
saving strategy for trees with a heavy crop load, due 10 its negative effects on fruit quality and production.

Defici! imgation of apple trees

The study on defict imgation of apples was terminated before objectives were reached. A lack of
expected plant reaction was ascrnbed 1o unsuccessful induction of treatments. This was due to a
combination of cool weather, large vanabon in soil water holding capacity, variation in tree sze and
unquantifiable water seepage from higher ground influencing the soll waler balance. These problems
were identified 100 late 1o redo the study on another plot and the remainder of the funds had been applied
1o other aspects of the project. Selected data are presented to illustrate the extent of the problems
encounered.

1.4 Recommendations for further research

A study similar in design 10 the present deficit imgabon approach for apple, provided 1t is performed on a
sutable sfie, could be considered, since the objectives were not realised and guidelines for imgation
scheduling of apples could not be improved. Irrigation scheduling guidelnes could Improve water
management by producers and # will be possible 10 apply kmited water resources more effectively



Deficit imgation stuches for the emerging olive ree induslry are also needed. because many of the
plantings are locatec in low rainfall areas, some prone 1o salinity. Intemational resaarch has shown that
water stress can influence producton and quality of both frut and ol

1.5 Capacity building

Ms Beukes obtaned an MSc degree in Botany at the University of Stellenbosch through compietion of the
thesis tithed “The efMect of regulated defict imgation on the production and fruit quality of peaches.”
Valuable experience in research methodology and reporting was ganed from the project and will be used
in the PhD study of Ms. Volschenk with the title “The effect of saline imigation on selected soil properties
and the plant physiology, vegetative and reproductive growth of apricot trees”. Capacity bullding amongst
farmers was achieved by means of an information day, lectures at @ short course, presentations at
sympaosiums and pubhcations.
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Figure 75. The relabon of predawn leaf water potential (-kPa) to (A) average fruit mass at
harvest (g) and (B) gross farm income (R/ha) of Golden Delicous apple frst dunng

Figure 76. The effect of increasing accumulated stress days on waler consumption (mm d”') of
Gokden Delicious apples from two sof depths at treatments 6, 7 and 8 during the 2™
phenclogical phase of the 1597/98 season. Outliers are encircled.




CHAPTER1
INTRODUCTION

1.1 Background

Economucally viable fruit proguction n the Western Cape region of South Afnca is only possible under
imgation. Howaver, the increasing competition of industry and urbanésation for water currently allocated
o agrculture (Liebenberg & Uys, 1995) necessitates a more efficent wtilisation of water by the
agncuitural seclor, Expected increases in water lariffs and predicted water shortages will also hamper
the further development of irmgable land. Improved imgation scheduling is therefore imperative 1o ensure
optimal utiksation of water,

Besices the increasing demand by industry and urbanisation for water currently allocated to agriculture,
penods of drought occur from time 10 time in the Republic of South Africa. Water stress experienced by
frut trees during penods of severe water defict can be a lmiting factor in fruit production (Fereres &
Goldghamer, 1980). Quality of the crop is, because of its export nature, an important consideration and
cannot be compromised. Strategic management of water on the deciduous fruit farm is therefore of
utmost importance under drought conditions, applying the water when and where it would render the best
economical benell. Knowledge of tree response 10 water deficits is, however, necassary 1o compile a set
of decision making nies conceming irigation management under limited water supply.

10 ensure the control of vegetative growth. Optimum tree growth and optimum water utilisation can be
oblained by regulated deficit imgation (RDI), a practice whereby plant waler deficits are manipulated by
applying less water through irigation than the trees would have used under normal condibions (Milchell,
Jerie & Chaimers, 1884). The reason why RDI is effective relates to the growth pattern of shoots and
fruit. For certain deciduous fruit species and cultivars, the shoots grow rapidly during the early season
and their growth slows down as rapid fruit growth begins. Water stress dunng this period will reduce the
growth of shoots without markedly affecting fruit growth (Goodwan 2000),

The RDI approach has the potential 10 enhance effective water use by producers. For example, the
amount of water allocated %0 producars in the Breede River Valiey during the 1998/99 season was in the
order of 7 450 m’ ha'', whereas the estimated water requirement for peaches at Robertson Experiment
Farm was 7 853 m’ ha'. A water deficit of 400 m’ ha' was expected for the season. However,
application of RDI from October to December could result in an estimated water saving of 1 680 m” ha™",
This would mean that a saving of 23% on the water allocation could be achieved.

Information on water use by trees under varying RDI management systems, and companson thereol o
water use under conventional sngation. would help lo understand plant response under kmited waler
supply. It could also assist in the formuiation of RDI strategies.  Research on the response of fruilt trees
to RDI during different phenological growth stages was therefore undertaken in order to optimese the
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apphcation of thus technique under Westem Cape conditions,

1.2 Objectives

The otyective of the study was to supply guidelines for irmgation scheculing of deciduous frut trees.

In the context of this study, 1o supply iInformation on the eflect of water deficits on tree response 1o
improve sostng gudelines and thus aid in imigation management decision-making during perods of
limited irmigation water or alternative management practices through:
o Determining the effect of reguiated water deficiencies during different phenclogical growth
stages on shoot-, fruit- and tree growth of peach and apple trees.
o Quantifyng the effect of regulated water deficences on the production and qualty of
peaches and apples.
o Determining the water consumption of these trees under regulated water deficences.,

7.3 Structure of the report

The report of the project “Evaluation of a model for water use in deciduous fruit orchards and scheduling
of imgation with the aid of metecrological data” resulted in publcation of two reports. This report coveraed
improvement of guidelnes for imgation scheduling of deciduous fruit rees. Evaluation of a model for
water use in deciduous fruit orchards is discussed in a separate report, namely “Salection and cafibration
of @ modael for imigation scheduling of deciduous frult orchards”.

The motivation for the research on the defict irrigation studies is outlined in the Introduction (Section 1),
followed by a Merature reviaw (Section 2) thal coveres the effect of reduced Kmgation on treée response.
The studies on defictt imigation on stone frutt (peaches) and pome fruit (apples) are presented in sections
3 and 4. Results for peaches are presented for trees with a normal (3.1) and a high (3.2) crop load,
respectively.



CHAPTER 2
LITERATURE REVIEW

Limited waler supphes or the practice of altemalive mgabon management stralegies in orchards could
cause waler deficits in fruit trees. Waler stress can intentionally be induced by withholding irmigation or by
applying less water than plants use, a method called regulated deficit imgation (RDI, Mitched ef al., 1984).
To effectively apply RDI as a tactcal 100l 1o reduce vegetative growth and thus pruning costs, or 1o
manipulate fruit quality, knowledge of plant response to waler stress is important. Fereres and
Goldhamer (1990) reviewed irrigation of deciduous fruit and nut trees, including effects of reduced
imgation on growth, development, yields and fruit quaity. Kotzé (1991) discussed faciors that should be
considerad when formulating an irrigation strategy duning a year of critical water shortage, includng the
amount of irigation water available, orchard composition, cultivae composition, sensitive development
stages, the imgation history of orchards, water hokding capacity of sods and adjustment of cultivation
practices. The literature review In this report focuses on selected aspects of the effects of water deficits
on deciduous fruit rees. The emphasis wil be on studies where peach, apple and pear trees were
subjected 10 deficit imgation,

The effect of water deficits on vegetative growth

Chalmers, Milchell and Van Heek (1981) found that a decrease in the rate of waler application dunng
spring had a strong effect on the vegetative growth of peaches. They also concluded that irrigation could
be developed into a powerful tool to maniputate plant growth for greater fruit-fullness and less vegetative
growth. However, increased yields with reduced imgabon can only be oblained whaen the tree has excess
vegetative growth that can be suppressed in favour of fruit growth, They also suggested that appropriate
irigation strategies must be determined in accordance with the natural vigour of the crop, the age of the
trees, the soll type, the fruit growth as well as the crop load.

Ten years of research at Tatura (Victoria, Australia) on peach trees showed that the application of RDI
practices from the beginning of the growing season, can ssgnificantly kmit vegetative growth, increase frust
yrekis and reduce the tendency 1o tvennial beanng (Decrox, 1992). Expenments performed on peaches
(ev. Camival) in Tunisia indicated that a restriction of water supply decreased shoot elongation and
branch thickenng by up to 35% and 12%, respectively (Ghrab ef al. 1998). Grrona ef al. (1953) intCated
that RDI caused only an 8% reduction in trunk growth relative 1o a well-watered control in peach trees (cv.
Cal Red). However, they found no clear visidle indications of decreased shoot growth with the RDI trees
compared to well-walered conlrols. This was probably a consequence of the relatively long time needed
10 achieve moderate water stress in the RDI treatments on a deep soil.

Research on peach trees (cv. Golden Queen) by Mitchell and Chalmers (1982) in Australia indicated that
by withholding as much as 0.875 of the imigation requirements of the tree (determned krom Class A pan
evaporation) during periods of ittle growth, or during the penod of dechning growth rate of the fruit,
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vegetative growth can be reduced by 75% without reducing frut yield. In a lysimeter trial at the Tatura
Centre (Victoria, Australia), Boland et al. (1993) reported a reduction in shoot exiension, leaf area index.
pruning wesghts and trunk cross-sectional area with RDI treatments in peaches.

Li ef al (1989) reported that restricted water supply instantaneously inhibited shoot elongation and shoot
diameter increase in peach trees. They also found that neither after-effect nor favourable action of water
stress were evident duning the post-stress period. Their results also indicated that water deficit had no
effect on leal area. Based on the infensity of the growth inhibxdion by water deficiency, they classified the
sensithvity of organs 10 water stress in the following order of severity: shoot diameter increase > shoot
alongation growth > fruit growth > expansion of leaf area. They concluded that it is possible 10 control the
vigour of peach trees without reducing fruit size and yield, and without affecting frut quality, by applyng
deficit imgation dunng the first rapdd frud growth and pith hardening phases. According ‘o Chalmers,
Mitchell and Jerie (1985) summer and winter pruning of peach trees can also be reduced and simpliied.
Summer shoot growth was decreased by 75% by applying RDI. Winter pruning would therefore become
simpler, hghter and less expensive.

Waler stress decreased the leal area (smaller leaves/ premature leaf fall) and caused premature setting
of terminal buds of apple trees (Ebel, 1991). Shoot growth of 1-year-old apple trees was reduced by
approximately 7% and 32% and leaf area 7% and 36% where 60% anc 80% of the avasdable soil waler,
respectively, was depleted compared 1o a 40% depletion level (Reuther of &, 1981). Furrow imgaton
intervals of 14 and 21 days on a sandy loam soil decreased shoot growth of third leaf pear trees by 240%
and $+60%, respectively, compared 10 where a 7 day srigation inerval was apphed. It is expected that the
effoct of water stress on vegetative growth would be augmented in young trees with imited root systems
compared 1o older trees that have deeper, more extensive rool systams,

According 10 Reuther ef al. (1981 and references therein), bearing orchard trees produce most new shoot
growth when imgated frequently al soill matnc potentiais of -15 kPa 10 —40 kPa in the 1op 300 1o 600 mm
of the sod, sightly less when imgated at -60 kPa 10 =80 kPa and much less when irmigated at =200 kPa to
-500 kPa. Lotter, Beukes and Weber (1985), in a study where Granny Smith apple trees were imgated at
four levels of total available soil water applied during each of four phenclogcal phases, reporied a
signdficant decrease in apple shootl exiension growth when average soil matric potential was -80 kPa
compared 10 -20 kPa applied during the shoot growth phase.

Although data from pot experiments are not directly apphcable 10 orchard conditions, it s considered
informative regarding plant response to water deficits. Van der Maas (1995, 1986). in a controlied pot
study on shoot and frut growth of young apple trees (cv. Elstar/ M.9), compared the effect of soil matric
potentials of ~45 and =101 kPa during the shoot growth penod followed by =7 kPa in the penod therealter
10 & soll matric potential of -7 kPa applied throughout the season. The growth of shoots at the ~45 kPa
treatment was reduced 10 247% of that of the -7 kPa treatment, while fruit growth was reduced by 11% in
comparison with -7 kPa throughout the season. No re-growth of shoots was recorded after increasing
the water application. The -101 kPa treatment reduced shoot growth by 274% and fruit weight by 34% of
that at -7 kPa, while 10% of the shoots showed regrowth. The positive effects of the 45 kPa deficit level
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during the shoot elongation stage were confirmed by anather expenment where the soil matric potential
was mantaned al a level of -45 kPa during thvee weeks near the end of the shoot growth period. This
decreased shoot growth by 32% with no significant effect on fruit growth or fruit quality.

In addition to shoot elongation, shoot inftiation is another critical aspect of vegetative growth that can
influence tree productivity (Fereres & Goldhamer, 1990). According to Peretz, Proabsting and Evans
(1986), the limited wetting of the root volume of Delicious apple trees by daily trickle irmigation (100% of
Class-A pan evaporation). induced water deficits that reduced shoot length, but increased the number of
shoots. The total length per tree was similar 10 that of sprinkler srigated trees that received 90% of Class-
A pan evaporation. Regulated defict irmigabon combined with trickle imigation reduced the number and
length of vigorous shoots when compared 10 furrow-irrigated control trees (Ebel, Proebsting & Evans,
1995). The authors also reported that crop load did not affect shoot length, but they obtained an inverse
relationship between the number of vigorous shoots and crop load. Rawash ef al. (2000), in contrast,
found that although reduced imgation of Anna apple trees on MM106 rootstock decreased the shoot
length, it increased the number of shoots per tree.,

Shoot and trunk thickening of apple trees are also considered sensitive 10 water deficits (Assaf, Levin &
Bravdo, 1975; Landsberg & Jones, 1981 and references therein, Rawash ef al., 2000). Delicit irigation
reduced the trunk cross sectional area of Redspur Delicious/ MM 106 and Golden Delicious/ M26 over a
period of three years (Peretz of a, 1986). According to Lotter ef al. (1985), trunk growth decreased
signigficantly when the total available soil water level was decreased from 85% (soil matric potential ca.
=20 kPa) 10 25% (soil matric potential ca. ~1200 kPa) during the period from the end of shoot extension
until harvest before wrigation was appled. Trees recaived irrigation dunng the rest of the season
whenever the total avallable sod water level was decreased to 65% (sod matric potental ca. 60 kPa),

In a study conducted near Prosser, Washington State (USA ) Ebel o al. (1995) reported that RDI
favoured reproductive growth over vegetative growth by suppressing vegetative growth in apple trees.
Drought stress early in the cell elongation phase of fruit growth reduced vegelative growth and improved
yleld efficiency without reducing frut size at harvest. It is important 10 note that the fruit growth stages
most favourable for applying growth retarding water deficits are different for stone and pome fruit, For
peaches, pit hardening (Chalmers ef al., 1981; Ui ef af., 1989, Michell & Chalmers, 1982) and for apple
and pear frut, eary in the cell elongation stage (Irving & Drost, 1887; Michell ef al., 1984, 1886), is
considered the most appropriate development stage to induce water stress for restraining vegetative
growth without detnmental effects on fruit growth (Ebel. 1991),

The effect of water deficits on fruit growth

According 1o Zahner (1968), the stage of frut enlargement in relation 1o soil moisture and irmigation
practices has been studied for many decades, for example in Citrus (Bartholomew, 1926), Pyrus (Lewss,
Work & Alanch, 1935), Malus (Boynton, 1837) and Prunus (Hendrickson & Veihmeyer, 1950). Zahner
(1968) also concluded that the rate of fruit enlargement s strongly reduced following the rapid depletion
of sof water and that the final fruit size and quality are strongly regulated by the amount of water available
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during frut enlargement. Gospodinova (1997) found that water defict under the 50% evapotranspiration
RDI treatment. apphed dunng the second fruit development stage of peach trees, can lead to a sightly
negative effect on fruit quality. Regulated deficit irigation sometimes suppresses fruit growth. However,
there 15 some evidence of an enhanced frnst growth rate for peach trees when full imgation s restored
following the deficit penod (Mitchell & Chalmers, 1982, Li ef a/. 1989).

According 1o Chalmers of al. (1981). less severe water-withholding treatments during the dry weight stage
of peach fruit gromth increased fruit yield by as much as 36% when compared to the fully irrigated
treatments, while reducng vegetative growth. Chaimers, Ofson and Jones (1883) state thatl reduced
irmgation treatments supprassad fruit growth only siightly and then only when water was withheld from the
trees during dry weight stage 2 (slow fruit growth) and stage 3 (raped fruit growth and frut ngening). They
also found that, when all treatments received an equal and full aliocation of water dunng dry weight stage
3. fruit on trees that had previously received a resincted allocation of water, grew substantially faster,
resulting in larger fruit at harvest

According 10 Goodwin (2000), fruit growth Is rapid during the ripening stage and waler stress must be
avoeded dunng this stage as the tree needs ample water 10 mantan frut growth. This viewpoint s similar
to that of Parker and Marini (1994), as they state that drought during the npening stage will reduce fruit
size and quality most seriously. Kotzé (1991) also reported that the most rapid increase in fruit size,
especially in the case of stone fruit, took place during the npening stage i.e. the last two 10 three weeks
before harvest. Apart from the fact that cell growth 's decreased by waler stress, water and nutrients can
also be extracted from the frst. It is therefore clear that the npening stage of development s extremely
critical and water stress will not only adversely affect fruit size and therefore yield, but also fruit quality.

According to Ui ef @ (1989, and references theren), the growth rate of peach frut under condibons of
severe water stress was not at all affected duning the first stage of rapid fruit growth, although a very low
leaf water potential and stomatal closure were observed. They also found that fruit expansion was
significantly limiled by water deficits duning the final stage of rapd rut growth, This suggests that cell
enlargement appears more sensitive 10 water stress than cell dvision (Hsiao 1973). Li of al (1889) also
reported that a period of water stress imposed on peach trees during stage 1 (first stage of rapid fruit
growth) and stage 2 (fruit pith hardening) favoured fruit growth after alleviating waler stress in the trees.
Mitchell and Chalmers (1982) also observed this effect on frut growth during the post-stress penod.
Since the rate of cell enlargement is dependent on the cell's expandability and turgidity status (Hsiao
1673). and the cell turgidity status in those water-stressed fruits is the same as in the non-siressed fruit
during the post-stress perod, it is possible that cell expancability would be increased. This effect may be
due 10 the violent changes of water status in the cells, from a good turgidity status 10 a significant water
deficit, or inversely during the period of water stress or at the time of water stress removal (Li ef al. 1989).

Peach fruit growth during the day was less and fruit shrinkage was greater with a heavy crop load than
with a light crop load (McFadyen, Mution & Barlow, 1996). This appeared 10 be comrelated with lower fruit
water potential and turgor polential in trees with a heavy crop load. They concluded that increased crop
loads increased frut waler deficits, which reduced fruit growth. The reduction in fruit size commonty



associated with increased crop load may be due. at least in part, (o the eMect of crop load on fruit water
relations.

The fruit enlargement process in apple trees is sensitive, even 10 milkd water deficits (Landsberg & Jones,
1961). In a Goiden Delicious apple orchard in Span, low levels of irmgation resulted in a higher frequency
of small frsts (Bonany, Camps & Blanke, 1988) Ebel (1881) concluded from a study on lale season
drought stress applied only during the cell enlongation phase of apple fruit growth, that fruit weight at
harvest was inearly related 10 drought stram within the plant. Fruit growth declined slightly, but was not
strongly reduced until the volumetric soil water content of a 1.1 m deep sit loam soil was reduced below
12%. This value corresponds 10 £20% of total available water or a soi matric potential of ~300 kPa,

Normal pear fruit growth rates continued as long as the available water depletion in the 900 mm deep
clay solis in Mediord, Oregon dd not exceed 30% (Lewis, Work & Aldnich, 1835). A 20% reduction in fruit
growth rate occurred at 80% available water depleton. Research by Assaf ef af. (1975) on the effect of
different imgabon regimes on apple fruit growth rates on a clay soll in Israel, showed that the weekly
increase in fruit volume was aimost halved when irmigation was applied at 70% available water depletion
instead of at 20 to 30% avallable water depleton. Reuther ef al. (1981) adapted published work of
Kurmashiro and Tateishi (1966), which showed that the average weight of apple fruft reduced 1o 94%,
85% and 79% of that of the control, smigated at a soll matric potential of <10 to <20 kPa, when trees were
imgated at a sofl matric potential -20 1o -30 kPa, -850 to -80 kPa and 400 1o -500 kPa, respectively.
600 to 900 mm of soil reaches soil matric potentials between -40 and ~100 kPa than from trees where
soil is allowed to dry to -200 to -1000 kPa. They also stated that trees recelving less imgabion water than
the ET requirement always have smaller frut sizes than trees receiving full imgation. However, in a study
companng tnckle to furrow imgation, apple fruit growth was reduced when daily trickle irrigation replaced
100% of Class-A pan evaporation (Peretz of al, 1986), while a continuously trickle irmigated treatment did
not show any decrease in fruil size.

Furthermore, there is some ewvicence of compensative fruit growth for apple and pear trees, as for
peaches, when full irmigation is restored followsng the deficit penod (Ebel, 1991, Ebel ef al, 1995; Machell
of al 1984, 1986). Fruit gromth rate of apple trees subjected to water deficits early in the cell elongation
phase of fruit growth by withholding imigation until a soll matnc potential of -300 kPa was reached, for
example, was reduced 10 50% of those recerving adequate imgation, but reduction in fruil volume up to
15% and 20% was recovered afler imgation was restored by trickle and microsprinkler imgation,
respectively (Ebel, 1991). The amount of recoverable fruit size depended on the volume of soil rewetted
afer imgalion was reslored and 1t was conciuded thal deficts should be alleviated at least 3 weeks before
harvest to ensure that fruit regain ther size.

Crop load may alter the effect of water deficits on apple fruit growth. According to Ebel (1991), the
amount of compensative apple fruit growth depends on the level of plant water deficits after irngation is
restored and crop load. Frut growth rate was higher on ightly cropped trees compared 10 trees with a
nomal crop load and the trees could have lolerated a more severe drough stress 10 achieve the
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maximum recoverable reduction in frutt volume

The effect of water deficits on production

Production s a function of fruit size as well as the number of fruit on trees.  Research on peaches (cv.
Camwval) in Tures, Tunssia, indicated that a 30% imgation restriction reduced crop yield and fruit load by
10% 10 25% and 5% to 23%. respectively, compared 1o the well-watered control (Ghrab ef ol 1998).
Boland ef al. (1993) found that the yeld of RDI trees (Prunus persica L. Batsch) imgated weekly was
reduced compared to that of the non-imitng imgation treatments. In a trial on Bartlett (Williams' Bon
Chretien) pears, the average yields over 5 years were increased by 20% and imigation volume was
reduced by 2% (Decroix, 1992),

Accordng 1o Peretz ef al. (1986), higher yelds, less vegetative growth and higher yiek! efficiencies of
Delicious apple trees were associated with trickle imgation operated at a deficit level. It is suggested that
trickle irrigation was causing a shift from vegetative growth 10 fruit growth. Results showed that the shift
toward fruitfulness did not reduce fruit size. Rawash ef al. (2000) found, in a study Gwring two successive
seasons, that regucing daily smigation amounts of young Anna apple trees (rootstock MM 106) by a tactor
of 0.6 and 0.4 of Class-A pan evaporation, reduced yields on average by 7% and 37%, respectively
compared 1o reduction by a factor of 0.8 of Class-A pan evaporation. The differences in production could
solely be attnbuted to smaller frult since the drier treaments had significantly higher fruit numbers.

Fruitfulness increased as vegetative vigour in deciduous trees was reduced by RDI (Jene. Van den Ende
& Dann, 1989). Flowering, frult set, fruit number at harvest and in most cases total yield, were all
increased by applying RDI to peach and pear trees (Mitchell ef al. 1984, Milchell ef /. 1988, Mitchell of al.
1889). However, fruit set of apple trees was considerably reduced by water stress and less fruit per
cluster were retained in droughted trees (Powell, 1974). Landsberg and Jones (1981) reviewed the
effects of water deficits on development of apple trees in detail and concluded that bud morphogenesss is
more lkely 10 develop 10 the point where floral primordia are produced if trees are not subjected o
significant water deficits. Assal, Bravdo and Levin (1974) and Assal ef al. (1975) furthermore showed
that fruit drop of apple trees under imgation in Israel was inversely related to the amount of water applied.

In a detalled study of young apple trees (cv. Elstar/ M.9), Van der Maas (1998) concluded that sod matnic
potential treatments of ~45 kPa and -101 kPa apphed during shoot growth stage decreased the number
of flower buds on 1.year-old wood by 63% and 79%, respectively, and almos! doubled the number of
flower buds on older wood compared 1o the -7 kPa treatment throughout the season. It was estimated
that the 45 kPa treatment would retan the most flower buds after pruning.

The effect of water deficits on photosynthesis, stomatal conductance and leaf/ stem water
potential

The physiological control of water status in temperate frutt crops have been reviewed by Jones, Lakso
and Syvertsen (1985) and the influence of water status on stomatal conductance and photosynthesis by



Flore and Lakso (1889). Flore (1984) more recently reviewed the consequences of drought on vegetatve
and reproductive growth and physiological processes in Prunus with emphasis placed on sensitvity and
how waler can be managed (o improve yeld,

Andersen and Brodbeck (1988) found that shoot and leal expansion were more sensitive to water deficits
than photosynthesis or stomatal conductance. Stomatal conductance of peach trees was not affected
untl leal water potentials lower than 2000 kPa were reached and pholosynthesis was not affected
adversely until these levels of stress were reached (Flore, Moon & Lakso, 1985). According to Flore
(1994), 1t seems thus that under field condiions, stomatal conductance and pholosynthes:s of peach
treas are not affected until severe stress conditions are imposed. Ferreira ef al. (1996) in research on
wel-imgated and droughted peach trees in orchards in Portugal, found that a change in tree behaviour
occurred at a threshold pre-cawn leal water potental value of ~450 kPa. This value comesponded 1o a
50% reducton in stomatal conductance measured 1 howr afler noon, a 35% reduction of daly
transpiration and a dally relative trunk shrinkage twice that of well-imgated trees at 10% of avallable water
in the main root zone of up to 1 m. According to Proebsting and Middieton (1980), peach trees exposed
to exireme water stress under Washington State conditions (no imgation and receiving only 86 mm of
rainfall during the growing season). died after leaf water potentals were reduced below ~3000 kPa during
mid- 10 late summer,

Girona ef al. (1993) stated that the leal water potential of peach trees (cv. Cal Red) under RDI appeared
to be less affected by plant water deficits than the stomatal conductance of the same trees during the
sacond growth stage. Leaves of trees subjected to deficit arigation were therefore photosynthetically
more waler-use efficient during the latter part of the stress period than those of the non-siressed trees.
Boland ef al. (1993) indicated that acaptation of peach trees 1o water stress during RDI was associated
with stomatal closure and reduced leal area.

Leaf water potential has generally been used %0 relate drought stress 10 the water status of deciduous fruit
trees. According 1o Lakso (1994), typical leaf water potential values expected for exposed apple tree
loaves in orchards under sunny conditions, moderate evaporative condiions and adequate soil mosture
are ~1500 kPa to ~2000 kPa. Leaf water potential depends on the soil water potentiad, the resistance of
the plant-soil system 10 flow of waler and the rate of transpirabion from the leaves. In apple trees, in
contrast to many annuals where control of leal water polential is pnmanly a function of soil water
potental, there is a strong control of leal water potential by transpiration and any factor that affects it
Such factors would include vapour pressure defict, radiation, wind, and stomatal opening (Lakso, 1994),

However, Ebel, Proebsting and Evans (2001) and Garmier and Berger (1985) concluded that stem water
potential measurements had less leaf to leal vanation compared 10 that of leaf water potential. According
to Ebel of a. (2001) the minmum stem water potental, reached during madday, characterizes the
maximum diumal plant water deficits and incorporates the effects of the atmosphenc demand as well as
soil waler on the tree. Fruet growth rate of apples decined below a stem water potential of <1500 kPa
when the soil matnc potential was about ~-300 kPa. Measurement of stem water potenta could therefore
be used 10 deterrmine when fruit growth limitng drought strain is reached withen the plant (Ebel, 1991),



According 10 the author apple trees were very drought tolerant and stomata of trees closed below a stem
water potental of -1500 kPa. Pholosynthesis may be reduced by water siress through stomatal closure
of damage 10 the pholosynthetic apparatus. Massaci and Jones (1990) showed that with rapid water
and non-stomatal imitations affected photosynthesss of apple trees. High crop load with high walter status
can induce the same effect as drought stress on photosynthesis and siomatal conductance of apple trees
(Lakso, 1964) and thus affect fruit size and production.

Interactons between internal plant water status, slomatal conductance and vapour pressure deficit make
it afficult 1o characterize adequately the negative effects of water deficits without integrating such
inMeractions over time (Syvertsen 1985). Ebel ef /. (2001) calculated a crop water deficit index (CWDI)
with the aid of stem water polential data and a ssgndficant statistical relationship was found between CWDI
and appée frut weight al harvest. However, they concluded that models developed 10 predict frult weight
at harves! during a drought might have 10 be made for specific cultivar/rootstock combinations.

The effect of water deficits on fruit quality

Drought can affect frut matunity and quality st harvest, Fruit quality refers to fruit size, colour, firmness
and flavour as well as physiological disorders before or afer storage. Gospodinova (1997) found that
water deficit under the 50% evapotranspiration RDI treatment, applied during the second fruit growth
stage, provided a sightly negatve effect on the quality of the frut. Water stress appled duning the first
two growth stages did not significantly affect peach fruit storage capacity (Li ef al. 1989). Researchers,
from the Ecophysiclogical and Horticultural Research Unit, Pars, studied fruit growth and the
accumulation of sugars and acids (Anon 2000). They found that peach frud size is a vital characteristic in
determining quality. Almost 50% of the dry mass of the fruit consist of sucrose, which accumulates in the
frut particularly during the ripening stage. The carbon supply of the fruit, which is mainly composed of
sugars, depends on the flow of water for transport. It follows that a peach poorly supplied with water, will
also have a poor supply of sugar and nutnents, which will be detrirmental to frut quality.

Li ef al. (19589) reported that smaller fruit, higher levels of total soluble solids and longer storage capacity
afer harvest were charactenstic of fruit from peach trees subjected to water stress in the frut ripening
stage. Cell enlargement and subsequent fruit growth of peaches is dependent on water availability during
the ripaning stage (Parker & Mann 19984). Sugars resulting from photosynthesis accurmulated in the frut
during the final few weeks before harvest. Drought stress during this stage resulted in small, poorty-
coloured and poor-tasting fruit, which matured up to 10 days later than normal.  Johnson, Handley and
DeJong (1992), under Calfornia conditions, found that post-harvest waler deficits of early maturing peach
trees increased the occurrence of double fruit. Thes phenomenon could be countered by a well-timed
imgation before carpel differentiation.

Zahner (1968) and Ryall and Aldrich (1944) reported that well-walered pear trees produced fruts
smoother in lexture, higher in sugar content and lower in ackds than the fruits on trees growng under
normal summer soll water deficits. Pears in storage maintained green color and firmness best when
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given limited water Iate in the season (Ryal & Reimer, 1940 in Reuther ef al., 1981). The same authors
found that firmness of pear frutl decreased with increasing frequency of imgation.

Several researchers evaluated the effect of water geficit on apple fruit quality (Guelfat-Resch of al., 1974;
Mills ef af., 1994, Mils, Behboudian & Clothier. 1006, Peretz ef al., 1986, Proebsting, Drake & Evans,
1984; Rawash et al, 2000) and it was earlier thoroughly reviewed by Landsberg and Jones (1581)
According to Ebel (1991 and references therein), mild water deficits that slightly reduced fruit growth
advanced physiologcal maturity of apple fruit and increased soluble solids. Efects of drought stress on
starch, titratable acidity, femness and colour of apples was inconsistent (Ebel, 1991) and vaned between
studies (Assaf ef al., 1975. Evel ef o/, 1993; Guelfat-Reich ef al, 1974; Mills ef al, 1994, 1996;
Proebsting ef al, 1984; Rawash ef al., 2000) and it was earher thoroughly reviewed by Landsberg and
Jones (1981). However, the more recant studies of Mils ef &/ (1994) and Rawash et al. (2000) both
found positive effects of water stress on red skin pigmentation of fruit.

According 10 Ebel ef al. (1953), smaller apples were obtained at harvest with a RDi-treatment compared
to well-walered treatments. Lotter ef o/ (1985) also reported that Granny Smith apple size distribution
was markedly aMected by the different total available water treatment levels (85%, 65%, 45% & 25%)
applied during four different phenological phases (first 40 1o 50 days after full bloom. 40 10 50 days aher
full bloom until end of shoot extension growth, end of shoot extension growth until harvest and post-
harvest) per season. An increased percentage small fruit resulted especially where a 25% instead of 85%
tolal avalable water level was induced during the penod from the end of shoot extension growth until
harvest. Lotler of al. (1985), although treatment effects was not as obvious when induced dunng the
period from 40 to 50 days from full bloom until the end of shoot extension growth, recommended that a
total avadable water level of 85% should be favoured by producers dunng the main fruit development
period, i.e. from 40 1o 50 days from full bloom untd harvest. A physiological disorder such as walercore,
however, was found 10 increase with a higher total available water level, in contrast 1o sunburn, that
showed a strong increase with a lower total avallable water level. An increased incidence of bitter pit was
found during all phases when the total available waler level was raised

Water consumption

According to Girona ef al. (1993 and references therein) RDI treatments on a peach (cv. Cal Red)
orchard, resulted in @ 40% saving in imgation water. These savings were achieved with only minor
effects on fruit size and production. Decrox (1952) concluded that the RDI system of irmigation
scheduling can save considerable amounts of water without reducing yields with the additional benefit of
reducing labour requirements for pruning. The results of Boland ef al (1993) showed thal peach trees
imgated under frequent RDI with non-saline water were highly productive and efficient in the use of water
throughout the season. According 10 Mitchell & Chalmers (1982), all reduced iImgation treatments saved
consaderable water. A replacement of 12 5% E,, (evaporabon over the planting square) 10 mid January
folowed by 100% replacement 1o harvest required 6 000 m” ha™' compared 1o 9 000 m’ ha™' for 100%
replacement dunng the season. They concluded that imgabon methods based on this approach prove 10
be highly sutable for growing fruit in areas with imided water supplies.
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According 1o Chaimers ef ol (1985) plants respond 10 RDI in a highly predictable and quantifiable
manner, Shoot and secondary growth were suppressed in drect proportion 10 the water deficit. Frutt
growth was also stmulated in a predictable way. The most severe water defict apphed was a withdrawal
of 87 5% of the normal water requirement, applied over 66% of the growang season. This reduced total
water consumplion by 33% and vegetative growth by 75% without reducing frut sze or producton.

In a 5-year expenment in the Hula valley, Israel, the effect of six imgation treatments on apple trees was
compared. The best yield and largest fruit sizes were obtained when imgabion was apphed from 10"
June 1o 107 August whenever the 0-600 cm soll layer reached 40% available water, and during the rest of
the season when it reached wilting point. During these two penods the water content of the 600-1200 cm
layer was kept above 80% and 60%. respectively (Assaf ef al., 1975). In comparnson 10 commercal
prachce in the area that appled imgation when 50% of the 0-1200 mm profile sof water was avallable,
£16% less waler was used with a 238% Increase in commercial fruit yield, Rawash of al. (2000) found a
higher estimated water use efficiancy for Anna apple trees under Egypt conditions when 0.6 or 0.4 of
Class-A pan evaporabion was daly replaced by tnckle imgaton compared to 0.8 of Class-A pan
evaporabon.  However, the latler treatment resulted, despite signdficantly lower frut numbers, in
significantly larger fruit, hugher yield and the best total net profit

Beukes and Weber (1982) found in the winter ranfall region of South Africa, during the peak growing
penod of Granny Smith apple trees, that the actual evapotranspiration of plots receiving irrigation at a
25% twotal available waler level cecreased to approxamately a third of that measured at plots irrigated at an
85% total available water level. They evaluated growth and fruit quality parameters and recommended
for commercial production that, to control excessive growth andlor save water when imgation water
supply is lmited, the optimum sequence of total available water levels (%) for the season was
25/45/85/25 apphed duning four phenological phases, namely the first 40 to 50 days after full bloom, 40 to
50 days after full bloom until end of shoot extension growth, end of shoot extension growth until harvest
and post-harvest. This combination ywlided actual evapotransprabion of 1099 mm and would need 39%
less imgation water compared 1o maintenance of a seasonal 85% total avallable water level. However,
control of vegetative growth is not desired. a sequence of 1otal available water levels of 25/85/8525 was
suggested, that could still save £17% irrigation water compared 10 a wet regime throughout the season.

Summary

Vegetative growth of apple and peach trees appear 10 be more sensitive 10 water deficits than frust
growth. An opportunity is hereby created 10 withhold Ingation or use RDI 10 inhibit vegetative growth
without reducing production. This couki result in reduced pruning costs and decreased waler
consumption. The exient and lirning of water stress, however, s crilical, and care should be exercised 1o
ensure fruit guality of the current season as well as the development of the crop of the following season is
not adversaly affected.  Different smigation sirategies will be applicable 10 deep and shallow sols as well
as young and full-bearing trees and crop load effects should be taken inlo account. Vegetative and
reproductive growth patterns may differ for different frut crops and / or cultivars and should also be
considered whan a deficit imgation approach for the season is taken. A prerequisite for control of tree
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growth and thus successful implementation of deficit imgation or RDI, is that trees do not have access 10
supplementary sources of waler, besides rain or rigaton, dunng deficit penods.
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CHAPTER 3

DEFICIT IRRIGATION OF PEACH TREES

31 BACKGROUND

There s ittle quanttative informaton available on the cropping response of frud trees 10 waler stress
during differant phenological stages. Chalmers, Mitchell and Jene (1984) reported that final fruit size,
number of fruit or production of peaches and pears were not affected by reduced water supply during the
early stages of fruit growth unti the end of shoot growth. The effects of water deficits dunng the rapid fruit
growth stage on the final fruit size of apples have been reported as being of litte importance (lrving &
Drost, 1987). However, Lotter of al. (1985) reported that water deficits during the rapid fruit growth stage
of apples had a negative effect on the final fruit size,

In this project, experiments were carried out in order 10 study the behaviour of peach trees under
conditons of water deficits during the different phenological growth stages.

3.2 THE EFFECT OF DEFICIT IRRIGATION ON THE PRODUCTION AND FRUIT
QUALITY OF PEACHES WITH A NORMAL CROP LOAD

3.2.1 Material and methods

Experimental design. The expenment was camed out during the 1998/99-season at Robertson in the
Western Cape Province, Republic of South Africa, an area especially sulted for the production of peaches
(Figure 1). However, as the average annual rainfall at Robertson only amounts to 277,.5 mm during the
growth season, additional irmgation i1s required. The field trial was established on the Expanment Fam of
Infruitec-Nietvoorty (an Institute of the Agricutural Research Coundd), located at 33°50' S, 19° 54'E and
156 m above sea level. An automatic weather station, situated approximately 500 m from the orchard,
recorded daily preciptation (mm), houly maximum and minemum termperature (°C), total daily solar
radiation (MJ m”), average daily wind speed (m s™') at a height of 2 m and relative humidity (%). Daiy
evaporabon from an Amencan Class-A pan was also recorded,

The orchard was established in June 1987 in a North-South oriented hedgerow planting pattern and the
rees were trained as a closed vase. Tree spacng was 5 m x 3 m with four rees (Prunus persica (L)
Batsch) cultivar ‘Neething' on seediing rootstock, per treatment plot. Two guard trees bordered each
plot
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Figure 1. Map of the Republic of South Africa illustrating the locality where the peach deficit imgation
tnal was carmed out.
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Treatments consisted of five different soil water regmes applied during the following five growth stages:

Stage 1 - Cell division, enlargement and growth (ca. 40 days)
Stage 2 - Slow fruit growth (ca. 5 weeks)

Stage 3 - Rapic fruit growth (ca. 5 weeks)

Stage 4 - Ripening (ca. 7- 8 weeks)

Stage 5 ~ Post-harvest (ca. 12 weeks)

Imgation was to be applied at the following five sofl water depletion levels:

T1 - Relatively wet (imgation was applied when the average soil matnc potential for the sod profile of
600 mm reached ca. -50 kPa)

T2 - Nommal (krigation was applied when the average soil matric potential for the soil profile of 600
mm reached ca. =100 kPa)

T3 - Defictt (Irigation was applied when the average sofl matnc potential for the soll profile of 600
mm reached ca. ~200 kPa)

T4 - Defict (Irrigation was applied when the average soil matric potential for the soil profile of 800
mm reached ca -400 kPa)

T5 - Defict (krigation was applied when the average sol matnc potential for the soil profile of 600
mm reached ca. -800 kPa)

Imigation treatments T3, T4 and T5 were regarded as deficit imgation. These treatments ware apphed
during only one of the growth stages each while the T2 treatment was applied for the remainder of the
season. This resulted in twenty-five treatment combinations (Table 1). Each treatment was rephicated
three bmes. However, due to the influence of the prevailing weather condiions, the soil matric potentials
targeted for treatments could not always be reached and the sod matric potentials measured at the end of
each specific stage were used In analyses. The average sod matric potentials reached per stage for the
1968/99 and 199972000 seasons are ksted per reatment alongside the targeted soll matnc potentials in
Table 1.

Crop load: Fruit were thinned by hand at the end of the first growth stage 10 an average of 380 fruit per
tree.

Soll preparation and soil analysis: Soil preparation was done before planting 1o a depth of 600 mm and
plastic sheeting was instalied between plant rows up 10 a depth of 1200 mm in order 1o avoid any lateral
movement of water between plots.  Soil samples were taken on expenmental plots a depths of 0-300
mm, 300-600 mm and 600-800 mm. The dsturbed soil samples were analysed for water-holding
capacites as well as particle size distnbution (De Kock, undated). Percentage water by volume was
determined at soll matnc potentals of =10, 50, -100, -200, ~400, 800 and -1500 kPa to oblain sod
water refention curves in accordance 1o the method of De Kock ef &l (1977). The soil water retenbon
curves for each experimental plot (See Appendix A for an example) were transformed 1o obtain a Log-Log
equation for estimation of soll matric polential from volumetric soll water content.  Although the soil
properties vaned throughout the orchard, it could be regarded as a sandy loam.
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Table 1. Targeted and actual soil maltnc polentials in the regulated deficit imgabon field tnal with
Neething peaches for the 1988/%99 and 199972000 seasons at the Robertson Expenment
Farm.
" Treat I Soil matric potential (-kPa)
ment
no. | Staged Stage 2 Stage 3 [ Stage 4 “Stage 5
(Cell growth) (Slow frust (Rapid it (Ripening) (Post harvest)
AP [C|IRX|®P AT C AP [C|AP[C|
AT | 80 | 4 | & | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
A2 700 | e 00 17700 | 700 | 700 | 100 | 700 | 100 | 100 | 100 | 100 | 100 | 100
A3 [200 | @1 48 | 100 | 100 | 100 | 100 | 100 | 100 100 | 100 | 100 | 100 | 100 | 100
A 400 | % W98 | 100 | 700 | 300 | 100 | 100 | 700 | 100 | 100 | 300 | 700 | 700 | 700 |
A5 1 s00 |85 [ 7700 700 | 100 | 06 | 100 | 100 | 100 | 00 | 100 | 100 | 100 | 100
AB | 100 | 00 100 | 50 | 43 | S8 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
A7 | 100 100 11_166‘—1&‘ 17907 [ 187 | 100 | 100 | 100 | 100 | 700 | 100 | 100 | 100 | 100 |
AS | 100 | 100 | 100 | 200 | 188 | 221 | 1 100 | 1 100 | 00 | 100 | 100 | 100 | 100 |
AS | 100 | 100 | 100 | 400 | 320 | 560 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
AVO | 900 | 100 1 100 | 900 | 894 | 00 | 100 | 100 | 100 | %00 | 100 | 100 | 100 | 100
Ai1 | 100 | 100 700 | 100 | 100 | 28 ll"‘_vB"Liw 700 | 100 | 100 | 100 |
T A12 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 29 | 190 | 100 | 100 | 100 | 100 | 100 | 1
A3 | 100 | 100 A 100 | 100 A 100 | 100 | 200 | 206 | 257 | 100 | 100 | 100 | 100 | 100 | 100 |
A4 | 100 | 100 | 100 | 100 | 1 100 304 | 406 1 100 | 100 | 100 | 100 | 100 |
I ECRE 100 | 100 | 100 | 100 | 800 | 474 100 | 100 | 100 | 100 | 100 | 1
A16 | 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | S0 | 88 | 77 | 100 | 100 | 100
A\T | 100 | 100 | 100 | 100 | 1 100 | 100 | 100 | 100 | 100 | 75 | 154 | 100 | 100 | w00
N R B BE AR A BE BB BRBE IR AR AR BE R
A9 | 100 | 1 100 | 100 | 100 | 100 | 1 100 | 100 | 400 | 256 | 386 | 100 | 100 | 100 |
A20 | 100 | 100 100 | 100 100 | 100 | 100 | 100 | 100 | 800 | 384 | 694 | 100 | 100 | 100
L R BE IR AE AR A e n
A22 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 1 130
T AZ3 | 100 | 100 100 | 100 | 100 | 100 | 100 | 100 | 1 700 | 100 | 100 | 200 | 194 | 296 |
AZa | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 400 | 364 | 382 |
A5 |9 100 | 100 | 1 100 | 9 700 | 100 | 100 | 100 | 100 | 100 | 800 A 480 | 554
AT Targeted sosl matnc potential A

B" » Soil matric polential reached curng the 1908/99 season.
C* = Sod matnc potentials reached during the 159972000 season.
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Water application: The imgation system conssted of MicroJet (blue-base) mecro-emitters, spaced 5 m X
2,5 m, with a delivery rate of 32 L h"', which wettec a stnp of 3.0 m in the plant row. Water meters (Kent)
recorded the total amount of water applied per treatment.

Monitoring of soil water content: Neutron water meler access tubes were installed 1000 mm from the
tree trunk in the plant row in each experimental piot. The neutron water meter (Campbell Pacific Nuciear,
California, USA) was calibrated in different soill types accorging 10 Karsten, Desst and De Waal (1975),
Different calibration curves were obtaned for depths shallower than 300 mm (Karsten & Van der Vyver
1979). The clay and silt contents for each measuring depth of each experimental plot were calculated
from the particle size analyses. These values were entered into a custom-made compuler program
(JJHM. Karsten, an assocate researcher at ARC Infruitec-Neetvoorbij) in order to calkculate different
calibration curves for each measuring depth of each experimental plot (Karsten eof al. 1975). The
volumetric soll water content was determined before and after each imgation with the aid of the neutron
water meter at depths of 200, 300 and 800 mm.

Irrigation scheduling: The neutron water meter measured volumetric soll water content was converted
o sol matric potential by means of the different soil water retention curve equations. The sod water
retention curve for the 300 mm depth was used to estimate the soil matric potential for the 200 mm depth.
The volumetric soil water content at the 200, 300 and 600 mm depths was representative of the 0-200
men, 200-400 mm and 400-600 mm depths of the soil profile, respectively. The average of the soil matric
potentials for the three depths was used as the soil matric potential of the soil profle.  Irrigation was
appihed when the required soll matric potentials were reached.

Growth measurements. Forty-eight fnat per treatment combination (four fruit per tree, four trees per plot,
three rephicate blocks) were labelled and fruit diameter was measured at fortnightly intervals with the axd
of electronic callipers (Mitutoyo Corporation, Japan). Twenty-four shools per treatment (two shoots per
tree) were labelled and shool growth was measured with standard measuring tapes. The percentage
shoot growth was determined as follows:

%SG = (SL-SLVSL, " 100 (8}

where %SG s percentage shoot growth, SL, is shoot length at end of growth stage and Si, is shoot
length at start of growth slage.

Fruit and shoot growth measurements commenced after the fruit was thinned at the start of Stage 2 at the
beginning of October and continued until harvest. Tree stem crcumferences were measured with
standard measuring tapes at the start of the growing season and at the end of each growth stage. Tree
volumes (V) were estimated by measunng the height (h) and the mean diameter (2r) of sach tree's
canopy with standard measuring tapes. Assuming that the shape of the trees was conical, the following
formula was used to calculate tree volume:

V=1,0477h 2)
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The effect of soil matnic potentials on stem. shoot and fruit growth as well as tree volume were evaluated
for the different growth stages.

Harvest procedure: Fruit were selectively harvesied at the standard degree of npeness. Thes
necessitated four harvests al weekly intervals. During each harvest, the total mass of frut from each
expenmental plot was determined separately. Simultansously, fifty fruit from each experimental piot were
randomly sampled and measured in order 10 obtain the average fruit mass of each expenmental plot at

each harvest. The weighted average frult mass, according 10 the 1otal mass of fruit per expenmental plot
at each harvest, was caiculated 1o obtam the average frut mass at harvest.

Fruit quality measurements: A sample of 45 fnal per treatment was collected at harvest and brused
according to the method of Robitadle & Jamck (1973). Bruise volumes were determined alter a penod of
14 days of cold storage at 4°C using the equation of Pictian & Sun as referred 10 by Topping & Luton
(1986). The firmness of 45 fruit per treatment was determined one day after harvest according 10 the
method of Bramiage (1966) and Truter (undated), with a dial-type penetrometer (Facchini, Alfonsine,
Raly), mounted on a modified drill stand. The plunger had a dameter of 11 mm. Skin was removed on
two opposite sides of a frutt and two readings were taken on each fruit. The juice of individual fruit was
analysed for sugar content with a calibrated refractometer using the method of Bramiage (1986). Fruit
and leaf samples of each treatment were analysed for chemical composition according 10 standard
laboratory techniques (ADAC, 1995).

Water consumption: Waler consumption of the trees during each growth stage was determined by
means of a water balance equation:

ET=SWC,+P+1-SWC, ~-R-D (3)
Where ET is water consumption during the growth stage (mm), SWC, is water content of the soil profile
at the start of the growth stage (mm), SWC, is water content of the soil profile at the end of the growth

stage (mm), P = rainfall during the growth stage (mm), | is irrigation applied during the growth stage (mm),
R is runoff (mm) and D is dranage (mm).

Precipitation was assumed 10 be 100% effective. while runoff and drainage was considered neghgible (set
equal 1o zero in calculabon of the water balance). The total water consumption of a specific treatment
was considered as the water consumption during the stage when the mgation treatment was applied plus
the water consumption for the specific treatment during the rest of the season when normal imgation was
applied. Before each imgation the soll water content of the specific treatment was measured with the
neutron water meter and the amount of water 1o be applied in order 10 reach field capacity, was
calculated. In order 10 ensure thal drainage during imgation can be considered as zero, only 80% of the
caiculated amount of water was consequently applied.

Data processing: A SAS (Version 6.12) software package for the analyses of variance and Student T-
Test for significance of differences was used. Statistical analysis of the water consumption data could not
be done as a mutual valve and waler meler was connected 10 the imigation pipes of the three replicates
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per treatment. An analysis of covariance was done to compare fruit growth measurements for the
different treatment combinations.

3.2.2 Results and discussion

Shoot growth: The relationship between the percentage shoot growth as measured during the slow frunt
growth, rapid fruit growth and ripening stages and the soil matric potential reached during the
corresponding stages, is presented in Figures 2 10 4 respectively. In all three stages significant trends
lowards decreasing shoot growth with decreasing soll matnc potential were obtained. The results
correspond with results reported by Michell & Chalimers (1982) where similar trends were observed
during the slow frult growth stage

The significance of the present results is that by manipulating irgation applications during these periods
excessive vegelative growth can be controlled, It is thus possible to eiminate adverse competition of
vegetative growth 1o the advantage of fruit development. However, it is of importance 10 note that the
different deficit imgations were appked dunng only one of the different growth stages.

Stem growth and tree volume: No significant differences in increase of trunk circumferences or n tree
volume were obtaned between the different treatment combinations (data not shown),

Fruit growth: The effects of the dfferent irrigation treatments during the five different growth stages are
illustrated in Figures 5 1o 9, respectively. No fruit growth measurements were done during the cell growth
stage (Stage 1) as the frut was only thinned at the end of this growth stage. However, the fruit growth for
this treatment, as measured from the beginning of the slow fruit growth stage (Stage 2) until harvest, is
presented in Figure 5. Due 10 the prevailing relatively moderate cimatic conditions during the earty
spring. no significant divergent sol matric potentials were reached during this growth stage. The irmgation
targets of =50 kPa and -100 kPa were reached for treatments T1 and T2. However, the maximum soil
matnc potentials reached for T3, T4 and T5, were also n the order of —~100 kPa instead of the targeted
200 kPa, -400 kPa and -800 kPa respectvely. As can thus be expected, the imigation treaiments
applied during this stage had no significant effect on the fruit size at harvest time.

Imgation treatments apphed dunng the slow fruit growth stage (Stage 2) resulted in signdficant differences
in fruit size at the end of this stage. The application of normal imigation dunng the two succeeding growth
stages eliminated this effect at harvest (Figure 6). Significant differences in fruit size for the different
imgation treatments applied dunng the rapsd frut growth stage (Stage 3) were obtained at the end of this
stage (Figure 7). However, application of normal irrigation during the following ripening stage was not
able 1o ehmnate thes effect and significant differences were still oblained at harvest. As the different
migation treatments applied dunng the ripening stage (Stage 4) prevailed until harvest time, the largest
afference between frut growth for the different krigation treatments presented in Figure 8, were
expected. Obwiously, no fruit growth measurements were possible during the post harvest stage of the
present season. Resulls presanted in Figure @ were obtained from the fruit growth measured for the
penod from the cell growth stage unti harvest. The different irngation treatments were apphed during the
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obtaned during the slow fruit growth stage (Stage 2) of Neething peaches during the
1998/1999-seas0n at Robertson Experiment Farm,
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Figure 3. Relationship between percentage increase in shoot growth and soff matric potential as
obtained during the rapid fruit growth stage (Stage 3) of Neethling peaches during the
1998/1999-season al Robertson Experirment Fam.
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Figure 4. Ralationship between percentage increase in shool growth and sod
matric potential as obtained during the frull ripening stage (Stage 4) of
Neethling peaches during the 1988/1999-season at Robenson
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Figure 5. Effect of water deficits dunng cell growth (Stage 1) on fruit diameter of Neethling
peaches as measured dunng the 1998/1999-season at Robertson Expenment
Farm. Treatments T3, T4 and T5 were not successfully induced (Refer to material
and methods for explanation of treatments).
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Figure 6. Effect of water deficts during slow fruit growth (Stage 2) on frut diameter of Neethling
peaches as measured dunng the 1998/1999-season at Robertson Expenment Farm
(Reder to material and methods for explanation of treatments).
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Figure 7. EMNect of water deficits during ragd frut growth (Stage 3) on frust dameter of Neething
peaches as measured during the 1998/1996-season at Robertson Experiment Farm
(Refer to material and methods for explanation of treaiments).
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Figure 8. Effect of water deficits during frut ripening stage (Stage 4) on frut diameter of Neethling
peaches as measured during the 19968/1999-season at Robertson Experiment Farm

(Refer to matenal and methods for explanation of treatments).
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Figure 8. ENect of water deficits dunng post-harvest stage (Stage 5) of the previous season on fruit
diameter of Neethling peaches as measured ounng the 1986/1999-season a1 Robertson
Experiment Farm (Refer 1o material and methods for explanation of treatments).



post-harvest stage of the previous season  No effect of imigation treatments was observed for thes
treatment combination.

It is important 10 note that the differences in fruit growth generated by the different imgation treatments
duning the rapsd fruit growth stage were not eliminated by normal imgation applied in the following
npening stage. This imphes that frult size can adversely be affected by water deficits during both the
raped fruit growth and npening stages.

Final fruit size: The final fruit size was significantly affected by the applcation of water deficit treatments
dunng the rapid frut growth and npening stages (Figure 10). The unexpecied small frult size oblained
with the T2 treatment in the raged frut growth stage was possibly due to smaller frust randomiy selected at
the start of the season (Figure 7). The arger than expected frun size obtained with the T4 treatment
during the ripening stage can be ascribed to larger randomly selected fruit at the start of the growing
season and rapid fruit growth from the beginning of December (Figure 8).

The relabonship between final fruit diameter and sod matnc potential (Figure 11) is probably of no
importance as no sgnificant differences in soil waler polentials were obtained duning the cell growth
stage. For the remaning stages cerain trends were observed, but poor relabionships were obtained
between final frut diameter and sod matric potential for all growth stages (Figures 11 to 15). These
results mcicate that final frult size was apparently not very senstive 10 water deficits during the different
growth slages.

Final fruit mass: Signdicant reduction in final fruit mass was obtained with a sod matnc potentsal
exceeding ~400 kPa duning the npamning stage (Figure 16) resulting in the smalest fruit of all tha treatment
combinations. The effects of soil matric potential on final fruit mass at harvest for the different growth
stages are presented in Figures 17 10 21,

No significant reductions in final fruit mass were caused by waler deficits during the dfferent growth
stages, except for a significant relationshvp between final fruit mass and soll matric potential dunng the
ripening stage where a tlendency of decreasing fruit diameter with decreasing soll matnc potentials was
observed (Figure 20). Thes corresponds with the findings of Li f ol (1989, and references therein). They
reported that fruit expansion was significantly imited by water deficits during the ripening stage. A mean
fruit mass (141.4 g), which is well within the norms of the Canning Industry, was obtaned.

Production: No signficant differences in production were caused by water deficits during the difarent
growth stages (Figure 22). The relationships between production and soll matric polentials obtained for
the different growth stages are illustrated in Figures 23 to 27,

A good relationship between production and soil matric polential was obtained dunng the rapd fruit
growth stage where deficit irngation lreatrments resulled in higher productions (Figure 25). This
coresponds with the results obtaned by Mitchell of al. (1984, 1986 & 1989). No relationships between
production and soil malric potential were obtained for the other growth stages. Production was not

25
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Figure 10. Effect of water deficits during the different growth stages on final fruit diameter of Neethling
peaches as measured during the 1998/1999.season at Robenson Experiment Farm (Refer
o malerial and methods for explanation of treatments).



Cell growth stage

2

ES

y=0.1642x » 51.36
R = 0.6603

¥

Frut diameter (rmen)
-

g

” A A A A
0 200 400 600 800 1000

Soil matnc potential (-kPa)

Figure 11. Relationship between final fruit diameter and soil matric potential as obtained for

deficit srigation during the cell growth stage (Stage 1) of Neething peaches during
the 1998/1999-season al Robertson Experiment Farm.

Slow frult growth stage
64
-
62 "F
g 60} Bt -
g“ .
I y = -0.0029x + 62.051
é“ R? = 0.4032
54
52 A e A a
0 200 400 600 800 1000

Soll matric potential (-kPa)

Figure 12 Relationship between final fruil diameter and soil matnc potential as obtained for

defict irrigaton during the slow fruit growth stage (Stage 2) of Neethling peaches
during the 1998/1999.season at Robertson Experiment Farm.
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Figure 13 Relationship between final fruit diameter and soil matric potential as obtained for deficit

Irrigation duning the rapid fruit growth stage (Stage 3) of Neethling peaches during the
1998/1999-season at Robertson Experiment Farm,
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Figure 14, Relationship between final frut diameter and soll matric potential as obtained for deficit
imigation during the ripaning stage (stage 4) of Neethling peaches during the
19968/1999-season at Robertson Experiment Farm
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Figure 15. Relationship between final frut diameter and sod matric potential as obtained for

the post-harvest stage (Stage 5) of Neethling peaches during the 1958/1599%-
season at Robertson Experiment Farm,
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Figure 16. Effect of water deficits during the different growth stages on the final fruit mass of Neethling
peaches as obtamned during the 1998/1999-season at Robenson Experiment Farm (Refer to
material and methods for explanation of treatments).
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Figure 17, Relationship between final fruit mass and soi matnic potential as
obtained for deficit imgation during the cell growth stage (Stage 1)
of Neethiing peaches during the 1988/1900-season at Robertson
Experment Farm,
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Figure 18. Relationship between final fruit mass and soff matric potential as obtained
for defict imgabion during the siow frut growth stage (Stage 2) of Neethiing
peaches during the 1998/199%.season M Robertson Expenment Farm,
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Figure 19. Relationship between final frust mass and sol matric polental as obtained for defict

irrigation during the rapid fruit growth stage (Stage 3) of Neethiing peaches during
the 1998/1999.-seas0n at Robertson Experiment Farm.
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Figure 20. Relabonship between final fruit mass and soil matnc potential as obtained for deficit

imgation dunng the fruit npening stage (Stage 4) of Neethling peaches during the
1998/1999-season at Robertson Experiment Farm.
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Figure 21. Relabonship between final fruit mass and soil matric potential as obtained for deficit
imigation during the post-harvest stage (Stage 5) of Neethling peaches during the
19968/1999-season al Robertson Expenment Farm,

LSO (P = 0.05) = 11.22 [oT1eT2BTI@TA 0TS |

B8R 84588
—

Production (t ha')

1
1

th © &

L R

SUUUUERNNRIIRNNNNNNNRRRRY

ARRREEEEEEERNNNNRRRRN Y
SUUIINNNNNNNNNNNNNRRRY

IR RRRNNNNRN NN
AN

LR COE OB TIPS

TR
UL R

0 ! S -
Cell growth Slow fruit Rapid fruit Post harvest
growth growth
Growth stage

Figure 22. Effect of waler cdeficits dunng the dfferent growth stages on the production of Neethling
peaches as obtained dunng the 1998/19099.season at Robertson Experiment Farm (Refer to
matenal and methods for explanabon of realments).
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season al Robertson Experiment Fam.

Slow frunt growth stage

y=-00087x + 38.476
= 0.5321

Soil matnic potential (-kPa)

Figure 24, Relationship between production and soil matric potental as obtained deficit
irmigation dunng for the slow fruit stage (Stage 2) of Neethling peaches during
the 1998/1999-season at Robertson Experiment Farm.
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Figure 25. Relationship between production and soll matnc potential as obtained for deficit
imgation during the rapid fruit stage (Stage 3) of Neethiing peaches during the
1998/1999-season at Robertson Expenment Farm.

Ripening stage

y = -0.0084x + 35.379
! R =0.2764

Production (t har")

8 % ¥ 8 & & 8
.
.

Soil matric potential (-kPa)

Figure 26. Relationship between production and soil matnc potential as obtaned for defict
imgation during the frut ripening stage (Stage 4) of Neethling peaches dunng the
1996/1995-season al Robertson Expenment Farm.
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Figure 27. Relationship between production and sod malric potential as obtained for defict

umgation dunng the post-harvest stage (Stage 5) of Neethiing peaches duning the
1998/1999-season at Robertson Expenment Farm.



directly related 1o the measured final fruit dameter or final fruit mass (Figures 28 & 29)

Fruit quality: Results obtained from the nvestigation on the brusability of the fruit indicatled that water
deficits, apphed dunng the dfferent growth stages. had no significant effect on the percantage of fruit that
developed bruises (Figures 30 to 34). Although no signficant refationships between bruisabaity of fruit
and sod matric potential were obtained for all the different growth stages, a lendency was observed that
brussability decreased with decreasing soil matnc polentials during the rapid fruit growth and ripening
stages (Figures 32 10 33),

Water deficts did not affect the firmness of the fruit as no significant relationships between frut firmness
and soil matnic polential were oblained for the different growth stages (Figures 35 10 39). This
comresponds with results reported for apples by Ebel ef al. (1993). In contrast 1o the results reported by
Ebel of a/.(1993), no signficant differences were obtained with the different treatment combinations with
regard 10 percentage moisture or 1otal soluble acid in the fruit (data not shown).

Water consumption: Resulls presented in Figure 40 illustrate the tolal water consumpbion for the
different treatment combinations. The amount of water consumed during the slow fruit growth, rapid fruit
growth, ripening and post-harves! stages decreased with deceasing soil matric potential. Applying dehcit
erigation during the slow fruit growth and post-harvest stages can save substantial amounts of water,
These results comespond to those reported by Decroix (1992) and Girona eof al (1993)
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Figure 30. Relatonship between the brusibility of the fruit and soil matric polential as
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Figure 31. Relationship between the bruisibility of the fruit and soll matric potential as obtained
for deficit imgation cwing the slow frut growth stage (Stage 2) of Neethling
peaches duning the 1998/1999.season at Robertson Experiment Farm,
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Figure 32. Relationshp between the bruisibeity of the frut and soll matric potental as
obtained for deficit imgation dunng the rapid fruit growth stage (Stage 3) of
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Figure 33. Relationship between the bruisibility of the frut and sod matnic potential as oblained

for deficit imigation during the fruit npening stage (Stage 4) of Neethling peaches
during the 1998/1999-season at Robertson Experiment Farm.
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Figure 34. Ralationship between the bruisibility of the fruit and soll matnc potential as obtained

for defict imgation dunng the post-harvest stage (Stage 5) of Neethling peaches
dunng the 1998/1999-season at Robertson Experiment Farm.
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Figure 35 Relationship between the firmness of the fruit and soll matric potential as oblained

for deficht imgation dunng the cel growth stage (Stage 1) of Neethling peaches
during the 1568/1988-season at Robertson Expenment Farm.
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Figure 36. Relationship between the firmness of the fruit and sod matnc potential as obtained for
defict imgation dunng the slow frut growth stage (Stage 2) of Neethling peaches
cunng the 1988/1999-season at Robertson Experiment Farm.
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Figure 37. Relationship between the firmness of the fruit and soil matric polential as obtained
for deficit irrigation during the rapid frult growth stage (Stage 3) of Neethiing peaches
during the 1998/199%.season at Robernson Experiment Farm,
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Figure 38. Relationship between the firmness of the fruit and soll matric potential as obtained
for deficit imgabon during the fruit ripening stage (Stage 4) of Neething peaches
during the 1998/199%.season at Robertson Experiment Farm.
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Figure 39, Refationship between the fiermness of the fruit and soil matric potential as obtained during
defict imgation for the post-harves! stage (Stage 5) of Neethling peaches during the
1998/1998-season at Robertson Expenment Farm,
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Figure 40. The effect of water ceficts during the different growth stages on the total water



3.3 THE EFFECT OF DEFICIT IRRIGATION ON THE PRODUCTION AND FRUIT
QUALITY OF PEACHES WITH A HIGH CROP LOAD

3.3.1 Material and methods

The trial was continued in the following season (1959/2000) in the same orchard. The procedures
followed were identical 10 the 1998/1999 trial with the only exception that a 50% higher crop load was
allowed in the second trial. The average crop load in the second trial was 572 frult per tree compared to
380 fruit per tree for the first tnal. Fruit growth measurements were done once & week but vegetative
growth was nol measured.

332 Results and discussion

Meteorological conditions: A companson between relevant meteorclogcal conditions expenenced
during the respective growing seasons of the two trials is presented in Table 2. Similar meteorological
conditions prevailed during the 1988/1999 and the 1999/2000-seasons. No major differences in average
dailly maximum lemperature, average daily wind speed or relative humidity were expenenced during the
two different seasons. However, the total rainfall dunng the 1998/199%9-season was much higher than the
total rainfall for the 1999/2000-season. The average Penman-Monteith reference evapotransperation
(ETo) was somewhat higher for the 1998/1999-season compared 10 the present season,

Stem growth and tree volume: No signficant differences in increase of trunk circumferences or in tree
volume occurred between the different treatment combinations (data not shown).

Frult growth: The effects of the five different imgation treatments on fruit growth during the different
phenological growth stages are illustrated in Figures 41 to 45, respectively. As in the first experiment, no
fruit growth measuremants were done during the cell growth stage, as this stage proceeded thinning. In
addition, the targeled sod matnc potentials could also not be reached. However, the irrigation treatments
that were apphed during this stage had an effect on the fruit growth as measured throughout the rest of
the season (Figure 41).

Signeficant differences in fruit diameter were obtained by the different srigation treatments apphed during
the slow fruit growth stage (Figure 42). At the end of thus stage. the frut of the T1 treatment was the
largest and differed statistically from the fruit of the T5 treatment. However, as in the first expenment,
these differences were eliminated at harvest by applying normal imgation dunng the consecutive rapid
fruit growth and nipening stages. Thas suggests that fruit growth can recover from the negative effects of
deficht imgaton appled earier in the growing season. These results correspond with those reported by Li
of al. (1989) and Mitched ef &/. (1982, 1984 & 1986),



Table 2. Relevant meleorological conditions that prevailed during the two trials al Robertson Experiment Farm.

Month | Average daily maximum |  Average daily wind Total rainfall Average daily Relative dally humidity
temperature speed (ms”) (mm) Penman-Monteith ETo' (%)
(c) (mm)
1998/ | 1999 | Long 1998 | 1999 | Long 1998 | 1999 | Long 1998 | 1999 | Long 1998 | 1990 | Long
. 1999 | 2000 | term 1999 | 2000 | term 1999 | 2000 | term 1999 | 2000 | term 1999 | 2000 | term
Feb. iie 7 308 23 24 15 26 7a (K X7 56 46 702 7ie 635
Mar. 208 0e 303 22 21 14 184 08 157 | 47 30 33 718 896 | 649
Ap. | 1 | WS |26 | 20 | 20 | 13 | B4 |"04 |56 | 35 | 7 727 | a4 | W9 | 0
Sep. 227 | 22 | 195 25 26 16 136 02 A a0 | 3% 33 £55 74| 679
Oct. %63 %9 219 28 25 1.7 02 | 24 188 59 a3 a &7 Y 659
Nov. %9 26 245 25 29 16 a8 0 231 59 72 50 676 605 646
" Dec. 25 B2 272 28 23 1.7 a8 28 18 67 " 56 G 832 632
Jan. 320 34 294 24 24 1.7 52 100 151 68 81 55 713 851 634
Average 281 288 275 24 24 18 e 54 49 42 680 743 645
Total p— — — ol — 1750 548 1547 - - — — - ——

1 Reference evapolranspiration
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Figure 41, Effect of water deficts during cell growth (Stage 1) on fruit diameter of Neething
peaches as measured during the 199%/2000-season al Robertson Experiment Farm
Treatments T3, T4 and TS5 were not successfully induced (Refer to 3.2.1 for explanation

of treatments).
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Figure 42 Effect of water deficits dunng slow fruit growth (Stage 2) on frut diameter of Neethiing
peaches as measured during the 1999/2000-season at Robertson Expenment Farm
(Reder to 3.2.1 for explanation of treatments).
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Figure 45. Effect of water ceficits dunng post-harvest (Stage 5) of the previous season on frust
diameter of Neethling peaches as measured dwring the 19898/2000-season at
Robertson Experiment Farm (Refer to 3.2.1 for explanation of treatments).



Imgation trealments apphed during the rapid frut growth stage agan induced differences in frut growth
during thes penod (Figure 43). The largest frut sze was obtained with the T1 treatment, followed by the
T2, T3, 74 and TS reatments. However, consisient with results obtained in the previous season, the
differences were not elimnated by the apphcation of normal imgation during the following ripening stage
and the treatment sequence remained the same. The treatment sequence during this stage was T1, T3,
T2, T4 ana T5.

Water geficits apphed during the ripening stage significantly affected frunt growth (Figure 44). It is thus
important not 10 apply any severe waler deficits during this stage since this is the final and most important
fruit growth stage. Water deficits during this stage might have inhibded the conversion of acids and
starch to sugars. These results comespond 10 those reported by Anon (2000). The irrigation treatments
apphed during the post-harvest slage of the 1998/169%-season had a signficant effect on fruit growth
dunng the 1999/2000-season (Figure 45),

Final fruilt size: The final fruit sze was significantly affected by irigation treatments applied dunng the
rapid fruit growth, ripening and post-harves! stages (Figure 46). Smaller fruit were oblained with the
defict imgabion treatrments during the rapid fruit growth, as well as the ripening stages, while no definite
trend was observed during the post-harvest stage  The final frult size comrelated 1o soil matric potentials
reached in the five different phenological stages, are presented in Figures 47 to 51, respectively.

It was not possible 10 reach lower (More negative) soil matnc polentials during the cell growth stage due
1o the relatively mild climatic conditions expanenced dunng this stage (Figure 47). However, compared 10
the previous expenment, the soil matnic potentials actually reached during this stage were significantly
lower and @ good relationship between final fruit size and soll matric potential was oblained. Siméar
results were obtained for the slow ffuit growth, rapid fruit growth and ripening stages, where good
relationships were obtained between final fruit size and soil matric potentials (Figures 48 to 50), Alshough
significant differences in frult size during the post-harvest stage were obtannved (Figure 46), no significant
relatonship between fruit size and soil matric potential was observed (Figure 57).

Results oblained during the 1999/2000-season mostly contradicted results obtained dunng the
1998/1999-season, where no significant relatbonships Detween frut size and soil matric potentials were
reached. This can be ascrived 1o the higher crop load duning the 1999/2000-season. It can be assumed
that frut trees with a higher than normal crop load will be more sansitive 10 water deficits than trees with a
normal crop load. In addition, due 1o lower rainfall during the 1999/°2000-season, it was possible 1o reach
much lower (more negative) soil matnc potentals compared 1o the 1988/1999-season. Thes also
contributed 10 the better relationshwps obtained between fruit size and soil matric potentials,

The present results revealed that fruit sze was sensitive 10 waler deficits during all the pre-harvest
stages. These results are similar 10 those reported by Ui et al. (1989, and references therein). In general,
soil matric potentials of up 1o -200 kPa could be applied during any one of the growth stages without
senously affecting the final frult sze. However, normal irigation should be applied in the other growth
stages.
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Figure 46. EMect of water deficits during the different growth stages on final fruit siameter of

Neethling peaches as measured during the 1999/2000-season al Robertson
Experiment Farm (Refer 10 3.2.1 for explanation of treatments).
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Figure 47. Relationship between final frut diameter and soll matric potential as obtained for

defict imgation during the cell growth stage (Stage 1) of Neething peaches during
the 1999/2000-season al Robertson Expenment Farm
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Figure 48 Relatonship between final frut dameter and soil matic polential as
obtained for deficit imgation during the slow frut growth stage (Stage 2) of
Neethiing peaches dunng the 1999/2000-ssason a! Roberison Expenment
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Figure 49. Relatonship between final frut diameter and soil matnc polential as obtained

for deficit imgation during the rapsd fruit growth stage (Stage 3) of Neethling
peaches during the 1999/2000-season at Roberison Expenment Farm.

51



Ripening stage

il | y = -0.0145x + 52,809
52 b ® R = 0.8900
Ewl
bl
46 }
g ul
42 }
0 . : . :
0 200 400 600 800 1000

Soll matric potential (-kPa)

Figure 50. Relationship between final frut diameter and sod matric potential as obtained

for deficit imgation during the fruit npening stage (Stage 4) of Neethiing
peaches during the 199972000-season at Robertson Experiment Farm.
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Figure 51, Relationshp between final Inst dameter and soil matric polential as oblained for
deficit irrigation during the post-harvest stage (Stage 5) of the previous season
of Neethiing peaches during the 199%/2000-season al Robertson Expernment
Farm.



Fruit mass: The most significant reduction in final frut mass was caused by water deficits dunng the
npenng stage (Figure 52). The relationships between final frut mass and soll matnc potental for the
different phenciogical growth stages are presented in Figures 53 1o 57. No significant relatonships
during the ripening stage (Figure 56). This comesponds 1o results obtained during the 1998/1999-season
(Figure 20) and is reflected in Figure 52.

Water deficits should therefore definitely be avoided during the npening stage. This suggests that water
deficits kmited accumulabon of solids In fruit.  This viewposn! supports the results of Parker and Marini
(1994). Present results indicated that, soll matnc potentiais of up to -200 kPa can be applied during any
one of the growth stages without sarious negative effects on final frut mass. Smaller frut were obtaned
with all the treatment combinabons during the 19992000-season (Figure 52) in comparison 10 the
1998/1999-season (Figure 16). This can be ascribed 10 the higher crop load dunng the 1999/2000-
Season.

Production: The production obtained for the different treatment combinations is presented in Figure 58,
while the relationships between production and sod matnc potentials for the respective growth stages are
shown In Figures 58 1o 63. A significant negative effect on production was induced by water deficits
during the ripening stage (Figure 58). This effect was confirmed in Figure 62, where a good relationship
between producton and soil matric polential was obtained.

Relationships between production and final fruit diameter as well as between production and final frut
mass are illustrated in Figures 64 and 65, respectively. The same tendencies as in the 1998/1999-
season (Figures 28 and 29), were observed, In contrast to the latier, a very good relationship between
producton and final frud mass was observed during the 1999/2000 season. This was 10 be expecied as
similar tendencies are observed when the effect of water deficits during indevidual growth stages on final
fruit mass (Figures 53 fo 57) and production (Figures 59 to 63), respectively, are compared. The
decrease in production induced by water deficits during the ripening stage (Figure 62) comesponds to
results reported by Ghrab (1998), while a similar tendency was observed duning the 1998/169%.season
(Figure 26). The present results suggestad that soil matnc potentials of up o ~200 kPa could be allowed
during any one of the stages without the risk of serously reducing production.

Frult quality: The different defict mmigation treatments had no significant effect on the amount of frut
bruised. total soluble sokds or the firmness of the frult (data not shown). These results comespond with
those obtaned during the 1998/99-season.

Water consumption: The water consumption recorded for the different treatment combinations during
the 1999/2000-season s presented in Figure 66 Water consumption is largely dependent on the
meteorological condibons expenienced during the trial, such as evaporation and amount and timing of
rainfall. For instance, a relatrvely small amount of raen on a dry 1op layer of soll will have litle or no efect
on the replervshment of water. Tree volume and crop load can also have a significant effect on water
consumption
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Figure 52. Effect of water deficits during the different growth stages on the final fruit mass of Neething

peaches as oblaned dunng the 19992000-season at Robertson Experiment Farm (Reler
to 3.2.1 for explanabon of treatments),
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Figure 53. Relationship between final frut mass and soll matric potential as obtaned for deficit

irmgation dunng the cell growth stage (Stage 1) of Neethling peaches during the
1999/2000-season al Robertson Expenment Farm.
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Figure 55. Relationship between final fruit mass and sod matric polential as obtained for deficit

¥ngation during the rapid frult growth stage (Stage 3) of Neethling peaches during the
18962000-season at Robertson Experiment Fam.
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Ripening stage
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Figure 56. Relationship between final fruit mass and soil matnic potential as obtaned for deficet

irmigation during the fruit ripening stage (Stage 4) of Neethling peaches during the
1999/2000-season at Robertson Experiment Farm,
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Figure 57. Relationshep between final frit mass and sod matric polential as
obtained for deficit irmgation dunng the post-harvest stage (Stage 5) of
Neelhing peaches dunng the 19992000-season at Robertson
Experiment Farm
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Figure 58. Effect of waler deficits during the different growth stages on the production of Neethiing
paaches as oblaned dunng the 19992000-season al Robertson Experiment Farm (Refer 10
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imigation during the cefl growth stage (Stage 1) of Neethiing peaches during the
999/2000-season at Robertson Experiment Farm.
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deficit imgation dunng the rapid fruit growth stage (Stage 3) of Neethling
peaches during the 1999/2000-season at Robertson Experiment Farm.
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Figure 63. Relationship between production and sof matnc polential as oblained for deficit

imgation dunng the post-harvest stage (Stage 5) of Neething peaches dunng the
1999/2000-season at Robertson Expenment Farm
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The water consumption during the 1999/2000-season was on average lower than the water consumpbon
during the 1998/1995.season (Figure 40). This corresponds 10 the slightly lower ETo of the 1995/2000-
season as indicated in Table 2.

During both seasons, no considerable differences in water consumpbon were oblained durng the cell
growth stage. This can be related 10 sparse follage and mild meteorclogical conditions exparienced
during the beginning of the season. For instance, during the rapid fruit growth stage of both seasons, an
unexpected but considerably higher water consumplion was oblained with treatment T3 (ca 200 kPa),
compared to the normal T2 treatment (ca. =100 kPa). This can be ascribed 1o tree size. The average
tree volumes and stem circumferences as measured after harvest in the 1998/1999-season were,
respectively, 154 m’ and 439 mm for the T3 treatment compared 10 10,2 m” and 393 mm for treatment
T2, In the second season the respective average stem circumferences were 463 mm and 414 mm,

In general, apart from the cell growth stage, deficit imgation treatments tended to reduce seasonal water
consumption. By applying the water deficit T3 treatment (ca. ~200 kPa) instead of the normal T2
(ca. 100 kPa) treatment during the post-harvest stage, an average water saving of 1150 m” ha' per
season can be realized without any adverse effects on production.

34 CONCLUSIONS AND RECOMMENDATIONS

No maor differences in the meteorological condiions, recorded dunng the 1998/1999-season or
19992000 growing season, were expenenced, However, the total rainfall recorded during the first
season was much higher than duning the second season, while the average Penman-Monteth ETo for
the first season exceeded that of the second season.

The higher, and in some respects untimely rainfall. as well as the lower crop load probably prevented
targeted soil matnic potentials of all treatments 10 be reached during the first season. Lower soll matric
polentials were reached during the second season and the effect of waler deficits was thus more readily
observable n trees. Deficit imgation tended 1o reduce seasonal water consumption,

The efect of water deficit applied during the different phenological stages of peaches on tree response
and the implications thereof for imgation management is summanzed as follows:

Cell growth stage

The mild cimatic conditions expenenced dunng this stage had the effect that no significant water deficits
were reached. No significant effect of imgation treatments on fruit sze or production was obtained and
shoot growth was still in an initial stage. The water requirement duning this stage is about 35 mm, of
which at least 50% s provided by ranfall during a normal year. This stage s of tle importance in terms
of water saving aspects.



Slow fruit growth stage

By the apphcation of water deficits during the siow frut growth stage, it was possibée 10 limit excessive
vegetative growth. The deficit imgaton treatments had a significant negative effect on fruit growth at the
end of this stage. However. this effect was ekminated at harvest time by apphcation of normal imgation
treatments dunng the successive rapid frult growth and ripening stages. No negative effect of irngation
treatments was observed on production. This stage can thus be considered as a suttable penod for
applying deficit irngation with the asm of saving water and 1o imit excessive vegetative growth.

Rapid fruit growth stage

As with the slow fruit growth stage, 1 was possibie to himit vegetative growth by applying defict imgabon.
The apphcabon of deficit imgation during thes stage had a negative effect on fruit growth at the end of thus
stage. However, this negative effect was not eliminated by the appiication of normal imigation duning the
succeeding npening stage. Although production was not significantly alfected by imgation treatments,
severe water deficits are not recommendable dunng this stage.

Ripening stage

The application of water deficits during this stage had a negative effect on fruit size as the smalles! frut
were obtained, although vegetative growth was limited. Production was also decreased by water deficils
during this stage. The appication of water deficits during this stage s not recommended and normal
irrigations should tharefore be applied.

Post-harvest stage

No effects of defict imgation applied during the post-harvest stage of the previous season were
transferred 1o the succeading season, Substantal savings of imgaton water can be obtained by applying
deficit imgation during this stage without affecting fruit size or production in the following season,

The different deficit imgation reatments, applied In any one of the growth stages, had no significant effect
on the amount of fruit bruised, total soluble solids or the firmness of the fruit. It is furthermore important 1o
note that the different deficit irrigation treatments were apphed during only one of the five different growth
stages with normal imgabion treatments in the remaining four growth stages.



CHAPTER 4

DEFICIT IRRIGATION OF APPLES

41 BACKGROUND

Economically viable apple production in the Western Cape, South Africa, is only possidie under irmigation
and export markets demand quality fruit. Soils in the major apple produchion regions are coarse lextured
gravelly and shallow, which places extrema demands on krgation management. Guidelines for water
use under conditons of high atmospheric demand are not avallable and most producers are unsure of
correct imgation practices, especially under conditions of limited water supply. Furthermore, the current
trend lowards high density plantings necessitates the use of management practices which will ensure
control of vegetative growth,

Regulated deficil imigation could be used 10 control tree growth as well as optimize water use (Chalmers
of al. 1885). Research in this regard had been done for apple (Assal ef al., 1974; Beukes & Weber,
1982; Peretz eof al, 1986; Ebel, 1991). However, it was mainly conducted on relatively deep soils and
studees need 10 be conducted on shallower or kghler solls 1o determine the drought lolerance of trees
droughted eadier In the season. In this study, expenments were camed out in order 10 evaluale the
response of apple trees 1o waler deficits applied during the different phenological growth stages on soils
typical of one of the main apple production regions.

42 MATERIALS AND METHODS

Due to major changes in the definition of imgation treatments during the two years of this project the
followang detailed description of matenals and methods is included.

The trial was conducted in Eigin, an area sftuated in one of the main apple growing regons in the
Western Cape, South Afnca (Figure 67). An rigation tnal was established on the expenment farm ol an
Agriculturgl Research Council institute, Infruitec-Nietvoorty, located at 19° S, 19°34' E and 305 m above
sea level An automatic weather station, approximately 800 m from the orchard recorded daily
precptation (mm), hourly maximum and minmum lemperature (“C), hourly wet buld temperature. total
daily solar radiation (MJ m™) and average daily wind speed at 2 m height (m s™).

The orchard was established in June 1985 in an East-West oriented hedgerow with forty irmigation
treatment plots replicated in three blocks Tree spacing was 45 m x 2.5 m with 4 apple trees (Malus
domestica) of the cultivar Golden Delicous (scion) on Merton 783 rootstock per treatment piot.  Each plot
started and ended with a cultivar Granny Smith tree that served as polinator and border tree. Granny
Smith border trees also bordered the orchard.
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Figure 67. Map of the Republic of South Africa illustrating the locality where the apple deficit irmgation trial
was camied out.



Sod properties varied throughout the orchard, but could be regarded as loamy to clayey loam soils having
a large proportion of coarse material (approximately 57%) with a clayey layer in the subsoll of some plots.
The stone percentage was determined as follows:

%Stone = (M - MYM, * 100 (4)
where M is mass of the total sod sample and M is the mass of sol passed through a 2 mm sieve,

Soll preparation had been done 10 a 600 mm depth during estabshment of the trees and plastic sheeting
was inserted in the middie of the work row 10 a depth of approcomately 1500 mm 10 prevent lateral flow
between treatment plots. Due to variability of soils, water holding capacity and particle size distribution of
all treatment plots was determined in the laboratory.

The irmigation system consisted of micro-sprinklers with 4.5 m x 2.5 m spacing and a 32 L h"-delivery
rate, which wetted a 3.0 m strip in the tree row. To reduce problems with clogging, green Ental
microsprayers with a 31.2 L b delivery rate, which wetted a strip of 2.8 m in the tree row, were installed
during winter 1998, Water conlent was monitored using a neutron water meter . Imgation was apphed to
restore soil water content 1o field capacity to a depth of 600 mm. Water meters were used to measure
imgated volumes.

Deficit irrigation: Sixty plots from the onginal expenmental layout were selected for deficit irigation
during 1997/98. There were five irrigation treatments where soil water depletion 10 -50 kPa, -100 kPa,
200 kPa, <400 kPa and ~800 kPa were imposed during four phenological phases and were replicaled in
three blocks. The ~50 kPa treatment level was applied as a control for each treatment in phenological
phases during which the five treatment levels were not induced. The phenological phases were defined
as bud break, full bloom 1o 40 days from full bloom (vegetative growth phase or phase 1), 40 days from
full bloom 1o four weeks before harvest (fruit growth phase or phase 2); ripening 10 harvest (phase 3) and
post harvest (phase 4). Treatment combinations are presented in Table 3. kngation of all treatments
was done according 10 NeUtron water Meter Measurements.

Several problems with induction of treatments during 1987/98 resulled in re-evaluation of the treatments.
New treatments were imposed during the 1998/99 season and only block 2 and 3 were used as
replicates. The amount of soll water to be depleted for a normal imgation treatment (-75 kPa) was
estimated from an averaged soll water retention curve (data from blocks 2 and 3). The soil water content
of dsturbed soill samples from each plot was determined at =10 kPa, =75 kPa and -500 kPa in the
laboratory. Particle size cistnbution was determenad and a realistic estimation of the coarse component
done. Ths provided data for a soll water retention curve for each plot and allowed more accurale
estimation of soll matnc potential

A hundred percent imgabtion efficiency was assumed 10 prevent over<mgation. Since cimatic conditions
did not allow water deficits during phase 1, the four phenological phases were reduced 1o three (Table &),
Treatments were redefined with regard 10 a normal irmigation treatment and included fifteen combinations



of the different treatment levels (Table 4),

Volumetnc soil water content was monitored usng & neutron waler meter before and after irrigaton.
Mmmmm&mmwwmmmlwmmbwdnm
with the tree in the tree row 500 mm and 1000 mm from the tree trunk on the west side. The third one
was installed at 45° from the tree kne at 1000 mm from the tree trunk at the north side. Hence, sol water
content was measured only in the wetled area,

Plant measurements: Water stress was monitored by measurement of leal photosynthesis (A),
stomatal conductance (STC,) and/or stem waler potential or predawn leal water potentaal (Pd). Intially,
medday stem water potential was used during 1997/88 as a measure of water stress due 10 its significant
correlation to predawn water potential found by other researchers (Ebel, 1991. Gamier & Berger, 1985),
Before selected irigation events Pd_, was measured between 02h30 and 05h00 from the beginning of the
season (October) 10 harvest! (February) on three leaves per tree on nonbeanng exiension shoots, Stem
water potential was measured on three enclosed leaves between 10h30 and 14h00 In full sun condions.
Leal photosynthesis and STC, measuwrements were done. weather permitting, whenever significant
differences between treatments were expected. Measurements ware done on five leaves per troe on
nonbeanng exiension shoots from 10n30 untll 14000 in full sun conditions unless specified otherwise.

Shoot length was measured during 1957/88 at the end of phenological phases 1 and 2, but during the
199899 season at least fortnightly from end October to the beginning of January. A final measurement
was made before harvest on ten extension shoots per tree on all four trees per plot.  Stemn crcumference
was measured al the beginning of the season and al the end of each phenclogical phase as defined for
each season,

Bloom and fruit set were evaluated during 1997/98 by selecting five short and five long shoots per tree (all
four trees per plot) before full bloom. Durnng 1998/98 no stress was induced belore full bloom and frud
set and therefore no evaluation was done.

Fruit diameter was determined weekly or fortnightly during phenological phases 2 and 3 for treatments
T1 10 T10 and T15 (10 fruit per tree, 4 trees per block) Malturity indicas were delermined at harvest.
Total mass and number of fruit per tree were recorded at harvest and fruit graded 10 determine size
distribution.  Gross farm income was determined according 10 estimated income per caron for 199798
(personal communication, H. Campbaell). Physiological disorders and maturity were evaluated after cold
storage for three months at -0.5 *C. and 7 days at 20°C.

Soll profile studies: Due 10 lack of plant reaction 1o treatments, soil profiles were studed at the end of
the 19398/99 season 1o establish if an extemal source of water did not contribute 10 the water consumpbion
of the trees. Three profile pits were made - one above sach replicate block - in the area between the
experimental orchard and the orchards located above. Two profiie pits were also made in blocks 2 and 3
10 qualify root destribution 10 determine whether soil water extraction had occurred outside the wetted
strip.
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Table 3. Imgation treatments for regulated deficit imgaton of Golden Delcious apple dunng
the 1997/96 season at Eigin Expenment Farm.

Soil water matric potential (-kPa)
Treatment
number
Phase 1 Phase 2 Phase 3 Phase 4
(Vegetative growth) | (Fruit growth) | (Ripening) | (Post-harvest)
LA 50 50 50 50
_T12 100 _S0 50 50
T3 200 50 50 50
14 400 50 )

T5 800 50 50 50
16 50 50 50 _50
I7 50 100 ) 50
T8 50 200 50 _50
19 50 400 50 50
T10 50 800 50 50
Ti1 50 50 50 50
T12 50 50 100 50
T13 50 50 200 50
T4 50 50 400 50
T15 50 50 800 50
T16_ 50 50 50 50
T17 5( ) 50 100
T18 50 50 50 200
118 50 ) 50 400
T20 50 50 50 800

Table 4. Redefined imigation treatments for regulated defict imgation of Golden Delicious
apple trees dunng the 19868/99 season at Eigin Expenment Farm.

Treatment Phase 1 Phase 2 Phase 3
T N’ an il N“ N
T2 NZ N2 N2
T3 NgT N/4 N4
T4 2 N N
15 N/4 N _ N
T6 N N/2 N
17 N N4 N
T8 N N N
19 N/4 N/2 N
T10 N2 N4 N
T11 N N 0
T12 N N2 0
T13 N N4 0
T4 N2 N4 0
T15 0 0 0

1 N imgate when soil water is depleted 10 the -75 kPa level

2 N2 Imgate with each second imgation of N.

3 N4 Imgate with each fourth irngation of N or stress,

4 2N:  Imgate when half of the normal depletion 18 completed,

5 0:  Noimgation.



43 RESULTS AND DISCUSSION

Deficit irrigation: The length of the phenological phases of Golden Delicious apple trees dunng which
the irrigabion treatments were imposed during the 1997/98 and 1998/94 seasons at Eigin experiment farm
is summarsed in Table 5. Although treatment plots were selected for undormty to enable imgation
according 10 average water deficits, there were stil large differences in imgation requirements between
rephcates. Addtional imgation was supplied 10 piots with hegher requirements by staning water
application earier. The number of imgabons apphed dunng the 1997/98 and 1998/99 seasons,
respectively, are presented in Tables 6 and 7. This excludes the irigation apphed 1o refill the profile o
field capacity at the start of the first and end of all phenological phases. Due 10 abnormal climatic
conditions, dry treatments could not be induced during the first phase. Although rainfall for October was
less than the long term average, it was approximately 3.5 and 2.4 times the longterm average for
November during the 1997/98 and 195899 seasons, respectively (Table 8). Ranfall for December was
also higher than average during both seasons (52% and 70%, respectively). Approximately 42% and
82% of the monthly total precipitation occurred during the first phenological phases.

During the 1997/58 season problems were also encountered with inducing dry lreatmaents during the
second and third phenological phases. Precipitation during phenologicy' phase 2 was approximately 45%
higher than the long term average. Despite very low rainfall and high ETo, phenological phase 3 was 100
short for induction of dry treatments (Table 5). This problemn was successfully solved dunng 1998/99 by
redefinition of the phenological phases. All phase 4 trealtments were successfully nduced dunng
1997/98. During the 1998/99 season, however, the N/4 treatment level coukd not be induced duning the
post-harvest phase.

Total amounts of water applied during the 1997/98 season did not differ markedly between treatments
(Tadble 9). The high totals for treatments 4 and 12 were ascribed 10 overwmgation af the end of
phenciogical phase 2 (2400 m’ ha) and 3 (600 m’ ha'"), respectively, due 10 faulty slectric valves. The
measured amounts of water applied to the different treatments duning the 198899 season (Table 10)
show large differences and, despite the contnbution of rainfall, one would expect significant stress to be
induced at least at stress treatment trees during the second phenoclogical phase and those that received
no imgation dunng the season. The differences in the total amount of waler applied between the two
seasons can mainly be atiributed to a change from using an 80% to a 100% irngation efficiency In
calculaton of imgation volumes; application of different imigation treatment level combinations; the timing
and contribution of large ranfall events and the use of 75 kPa as replacement for -50 kPa as refill
reference pount for the normal imgation events and its subsequent effect on umigation interval,

Plant reaction

Plant water stress: To atlain the objectives of the project with regard 10 the effect of stress on tree
performance, i was necessary 10 estabish if the proposed waler stress was actually induced in trees
Hence, physiological paramaters were used as a means 1o Monitor tree reaction 10 water stress.



Table 5. Length of phenclogical phases of Golden Delicious apple trees during the
1987/88 and 1988/90 seasons at Eigin Expenment Farm. Date of bud break was
assumed as the 1 October of each season.

- Length of phenological phase (days)
““Phase 1 | Phase2 Phase3 | Phase 4 “Total
T 1997/88 57 62 29 64 213
1998/99" 76 a4’ 51 - 212

1 Duning 1998/99 phase 2 included both frut growth and ripening while phase 3
represanted the post harvest penod.

Table 6. Rainfall and number of imigation events per treatment level received during four phenclogical
phases as recorded during the 1997/98 season at Eigin Expenment Farm.

Number of scheduled irrigation events
Phenological Period - Rain per irrigation treatment level
phase Start - End (mm)
50kPa | -100kPa | -200kPa | -400kPa | -800kPa
1 0110097 - 26111797 | 57 | 1944 2 1 0 0 0
2 271197 -270198 | 62 1148 o 2 1 0 0
3 28/01/98 - 250299 | 29 44 2 1 0 0 0
a 26/02/98 - 30/04/96 | 64 | 117.1 3 2 2 1 1
Table 7. Ranfall and number of imgation events per treatment level received during three phenciogical

phases as recorded during the 1998/99 season at Elgin Experiment Fam,

Phenological Period Days | Rain Number of scheduled irrigation events
phase Start - End (mm) per irrigation treatment level

2N N N2 N4 0

1 01/10/98 - 15/12/98 | 76 | 185.1 T 1 0 0 0

2 161296 - 000399 | B84 | 453 - 4 4 1 0

3 V0399 - 300499 | 51 | 812 - 3 1 0 0
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Table 8. Relovant meteorological condiions that prevailed during the 1997/98 and 1998/1999 season at Eigin Experiment Farm.

Month | Average daily maximum Average daily wind Total rainfall Average daily Relative daily humidity
temperature speed (ms”) (mm) Penman-Monteith ETo' (%)
°c) (mm)
1997/ | 1998/ |Long | 1997/ | 1998/ | Long | 1997/ | 1998/ | Long | 1997/ | 1998/ | Long | 1997/ | 1998/ | Long
1998 [ 1999 [term | 1998 1999 |term | 1998 | 1999 (term 1098 1999 | term | 1998 | 1999 | term
Oat. 241 220 | 203 19 20 17 482 190 | 724 39 40 34 7990 | 836 | 700
Nov. 224 | 218 | 226 23 17 16 | 1436 | 1003 | 416 4s 37 4 783 | 871 | 687
Dec. 255 | 254 | 243 22 | 18 | 18 2 | ®2 | @0 | 82 ar | as | e | w2 | e
Jan 258 | 2716 | 256 18 17 15 496 | 185 | 343 a7 50 46 832 | 854 | 686
Feb 284 2713 259 18 1.7 14 44 20 344 41 43 4 872 846 802 |
Mar 251 | 210 | 249 17 15 13 237 | 174 | 491 KX 34 32 881 | 821 | 694
Apr. 240 | 236 | 222 18 1.7 12 912 | 818 | 703 27 19 22 869 | 782 | 711
Average | 250 | 250 | 237 19 .7 15 p— pu -— 40 39 a7 833 | 836 | 694
YT =T =T =T =T =T =TT Trmm =1t =T= gy

"



Table 9. Amount of imigation water applied by different irrigation treatments to Golkden
Delicious apple trees during four different phenological phases and for the 1997/98

season at Eigin Expenment Fam.
' Imgation water mp'lod-'b the full surface
R - ) (m'haty )

Phase 1 Phase 2 | Phase 3 Phase 4 Total

T 910 1750 1000 1750 5410

T2 370 1930 990 1720 5010

T3 0 1670 1000 1740 4420

T4 0 2230 1080 1870 5180

R E 0 1800 1020 1780 4800

T6 850 2120 970 1680 5630

77 830 1040 1040 1820 4780

T8 950 1080 1040 2010 5080

BRE] 900 480 1010 1730 4120

T10 950 500 1020 1810 4280

T 950 1750 1010 1790 5500

112 860 1840 1530 1860 6110

T13 920 1850 640 1710 5120

T4 970 1940 680 1760 5360

T8 890 1860 810 1700 5250
116 1180 1760 1010 1780 5750 |
il 890 760 | 970 980 4600 |

Tié 860 1780 1000 1220 4860
719 1000 2000 1030 1180 5200 |
720 810 1690 1020 250 4070 |

1 Refer to Table 3 for explanation of treatments.



Table 10. Amount of irmigation water applied by different sngation treatments o Golden
Delicious apple trees during three different phenological phases and the whole
1996/99 season at Eign Expenment Farm,

- Irrigation water npé'ﬂ; 1o the full surface
vl I B
Phase 1 Phase 2 Phase 3 Total
T 268 2455 €17 3420
2 0 1388 212 1660
13 0 673 0 ]
T4 0 2141 600 ~2741
75 0 2246 580 2826
76 249 1481 o9 2399
L‘ﬁ 260 CiE 648 1528 |
T8 1898° 2434 600 4932
79 0 1581 673 2254
710 0 "800 794 1504
T 366 23712 0 2738
Y12 245 1698 0 1943
T13 — 320 796 0 1116
T4 0 747 0 747
[ 115 0 0 0 TJ

1 Refer to Table 4 for explanation of treatments.
2 Overwrigated due to system ermor (1222 m" ha ).
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Due to trwee outliers, midday stem waler potential rendered a poor correlation (R = 0.36) to predawn leaf
water potential during phenoclogical phase 2 of season 1997/98. Conseguently. t was decided to
proceed with predawn measurements in the third phenological phase despite the practical problems.
During the 2™ and 3™ phenclogical phases, respectively, water stress was quantified by calculatng a
stress day ndex and evalusting its effect on different tree parameters. This was done by fiting &
mathematical function 1o plant water polential versus day of season and Integrating the area under the
functions. This data showed that irrigation treatments were definitely not succesfully replicated (Tables
114 12). This was confirrmed by results of stomatal conductance measurements (data not shown).

After redefinition of treatments for the 1998/99 season, the treatment which received stress throughout
the season (T3) was the only treatment where predawn leal water potential reached significantly lower
values than the normal irrigation regime (Table 13). In order 1o induce significant stress during the
second phenological phase, the drying period of the N4 treatment level was extended 10 N/ (irrigate with
each sixth irigaton of N). However, the T7 and T10 treatments as well as the T15 treatment still showed
no significant waler stress.  Photosynthesis and stomatal conductance measurements confirmed this lack
of significant stress (data not shown),

The following three contradictions in plant reaction led 1o the theory thal trees obtaned water from a
source other than rain or imgation:
1) The lack of stress at the treatment which received no irmgaton dunng the season (T15).
2) Only one of the stress treatments showed significant stress after five normal irrigation events were
withheld (T3).
3) An increase in fruit growth rate of the stress treatment (T3) during a period (14/01 10 21/01) in
which neither rain or imgation occurred (See Figure 71),

Vegetative growth: Stem growth did not differ significantly between treatments during the selected
phenological phases or the total of the growth penod monitored for both seasons (data not shown).
Negative growth values during phase 4 of the 1897/98 season proved that measurement errors due to
imegularities in the bark of the stems can interfere with treatment induced differences. The use of stem
growth as an ndicator of waler stress s probably more apphcable 10 young trees where large increments
in stem growth still occur

No significant dilerences in cumulative shoot growth were found between reatments duning the 1997/98
(data not shown) and 1998/99 (Figures 68A & 69A) seasons. Even a second statistical analysis of
1998/99 data with crop density as covariant, to eliminate the effect of crop load on vegetative growth,
showed no significant dfferences. Shoot growth rate of treatments T1 1o T10 and T15 (Tadle 4),
however, was significantly different, but only between 07/01/99 and 04/03/9% (Table 14). This coincides
with the first period where water stress could actually be induced.

Shoot growth rate showed that the stress treatments (T3) tended to stop growth at an earlier stage than

the normal (T1) and wel (T8) imgation regimes (Figure 698) which caused the tendency towards lower

cumulative shoot growth (Figure GSA). All treatments where stress was induced at some stage dunng the
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Table 11. Stress days' accumulated by Golden Delcious apple trees at different imigation treatment
levels in replicate blocks during the 2™ phenological phase of the 1997/98 season.

Treatment level 3 ’
(-kPa x 10" days)
(-kPa) - -

Block 1 Block 2 Block 3 Mean

50 §2.7 544 577 549

20 65.1 665 798 705

200 67.4 839 809 774

400" 626 530 675 610

800° 60.9 I3 786 70.3

1 Based on stermn water polental.
2 Imgation treatment not induced,

Table 12, Stress days' accumulated by Golden Delicious apple trees at different imgation
treatment levels in different replicate blocks during the 3™ phenological phase of the

1997/98 season.
Stress days
T"':::""" (-kPa x 107 days)

" Block 1 “Block2 | Biock3 Mean

50 57 66 X3 63

100 " 67 4.1 63 8.7

200 55 5.1 64 57

400" 50 44 T T4 56

800" 57 58 X )

1 Based on predawn leal water potential.
2 Irrigation treatment not induced.
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Table 13. The effect of imgation treatment level on predawn leal water potental of Golden Delicious apple trees
at selected dates during phase 2 as well as the seasonal mean till harvest of the 1998/90 season.

Treatment

Predawn leaf water potential (-kPa)

. Phase 2 Seasonal mean
S January | 15 22 January | O February | 24 February |  till harvest

T 388 405 462 360 343 368
T2 307 467 560 a8 315 ar?
T3 ~ 521 523 642 453 518 439
T4 367 348 423 318 308 336
Ts 37 37 440 293 324 318

T6 355 437 543 407 32 e
7 az7 373 487 378 ais 372
8 an 332 248 252 300 3n
) 348 353 452 358 307 351
T10 %7 32 440 325 340 33
715 27 290 430 370 367 332
LSD (P20.05) a3 122 107 a3 63 54

1 Refer 1o Table 4 for explanation of treatments.
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Table 14. The effect of selected regulated deficit imgation treatments on shoot
growth rate of Goiden Delicious apple trees duning day of season 99
10 155 (07/01/99 10 04/03/99) of the 1998/99 season.

"~ Treatment number’ Irrigation level "Shoot growth rate
combination (mm day”)
11 N-N-N [l
"2 N2-N2-N2 0.08°
B ] Ni&-N4-N4 0.05%
T4 N2-N-N o.08™
Rl N4-N-N 0.06°
16 N-N2-N 0.08™
17 N-N4-N 005"
18 2N-NN o
19 N4-N2-N 0.0
110 NZ2-Na-N 0.0
Ril 000 0.06°
LSD (p-0.05) 0.031

1  Refer to Table 4 for explanation of treatments.



season was significantly lower than the T8 treatment (Table 14). The stress treatment was, however, not
completely nduced in all phenological phases (Table 7). Furthermore, not all treatments that received
the same treatment level at a certain phase reacted in the same way In that specfic phase. These
differences could be due o varying levels of stress induced by differences in soil matnc potential resulting
from differences in soil texture between rephcates.

Bloom and fruit set: No significant water siress could be induced before ful bloom (£ 18-26 October) or
the penod of frut set in each of the two seasons. This rendered the objective 10 evaluate these aspects
of fruit development 10 water stress obsolete.

Fruit quality: Only firmness, seed colour and starch content differed significantly a harvest during the
1997/98 season (Table 15). Differences could, however, not be attributed Lo irrgation treatment. During

1966/99 only seed colowr and total dissolved solids were significantly different (Table 16). These
parameters tended to be higher al treatments that received the stress (N/4) treatment dunng phenological
phase 2.

Fruit diameter and final fruit size was not significantly different between Lreatments during the 1997/98
season (data not shown). Duning the 1998/99 season dala were corrected for crop density effects and
severe stress was induced at some freatments in the penod belore harvest Wetter treatment
combinations tended 10 have larger fruit dlameters during the 2™ phenological phase in comparison with
@ stress treatment that was defintely induced (Figure 70). Although treatments did not differ significantly,
the differences in fruit size can still affect count per carton and gross farm income. The T8 treatment
produced fruit size of count 88, which could cause an increase of between approximately 13% %0 17% in
price per carton.

Fruit growth rate (corrected for crop density) showed significant differences between treatments (Figures
7110 74). Fruit growth rate of stress treatments declined as soll water was depleted. but increased aher
rain occurred in the previous or same measurement penod. The effect of stress on fruit growth was
countered by significantly enhanced growth of the stress treatment fruit after rain or irigation events.
This could explain why final fruit diameters between treatments did not differ significantly,

Production: There were no significant differences (P<0.05) with regard 10 cropping density (number of
fruit per cm stem circumderence), yield effectivity (kg frut per cm stem circumference), fruit mass and
gross farm income in both seasons (data not shown). Percentage exportable frull dunng 1997/98 was
a'so not significantly different. In 1958/99 trends showed frult mass and gross famm income tended 10
decline with lower seasonal predawn leaf water potential (Figure 75A88).

Water consumption: Average water consumption during the second phenological phase of the 1997/98
season tended 10 decrease with increasing stress days. with the exception of one data posnt (Figure 76).
Water consumption occurred 10 a depth of 900 mm despite the fact that the imgation was only applied 10
a 600 mm soil depth. Water balance calculations for estimation of water consumpbon were discarded



Table 15 Effect of imgation treatment on matunty of Golden Delcious apple frult at harvest dunng

the 1997/98 season.
" Treatment | Firmness |  Fruit " Seed Acid “Starch
number’ (%g) color color (%) (%) (%)
T 79 27 49 12.1 048 | 73 |
T2 79 27 52 127 046 133
Nl 80 27 51 136 050 B3
T4 77 26 49 130 048 1.7
75 79 27 51 1.0 047 o7
T6 79 28 50 125 047 e3
7 81 27 54 128 046 60
NG 81 28 50 124 047 a7
To 79 28 49 126 047 7.0
T10 84 . 56 133 046 43
711 80 27 (X 12.3 0.46 10.0
T2 81 26 49 131 048 103
T3 80 26 a7 134 048 133
T14 81 26 49 128 047 12.0
115 82 26 5.0 12.7 0.48 133
Ti6 81 26 52 130 047 11.0
Bil2E i L 25 46 120 047 10.0
T8 80 27 50 128 0.48 120
T19 79 4 O 49 126 | 081 10.3
120 81 27 54 128 052 93
LSD (p=0.05) | 032 1 04 1 1 T 49

1  Refer to Table 3 for explanation of treatments.
2 Total dissolved solds,
1 No significant difference




harves! during the 19958/99 season
Treatment | Firmness Fruit Seed ToS* Acid Starch
number’ (xg) color color (%) (%) (%)
g B 25 50 129 046 50
= 15 26 55 %] 0.48 40
LE] 76 25 58 a7 0.49 40
14 74 24 51 134 0.50 55
EERE 73 74 a8 332 550 |
16 74 23 52 137 0.46 20
17 75 24 54 136 0.48 40
T8 75 25 50 132 “0.51 65
19 T4 25 52 136 048 40
110 75 26 52 139 0.52 25
™ 75 25 a8 134 0.50 20
112 74 26 51 135 050 50
(K] 75 26 56 143 0.50 a5 |
T4 7.2 26 55 137 0.48 a5
T15 75 25 56 137 0.50 40
LSO (p-0.05) 1 1 03 08 1 1
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Figure 70. The effect of selected imgation trealment level combinations on fruit growth of Golden
Delicious apple fruit cunng the 1998/99 season. Refer 10 Table 4 for explanation of
treatments.



Cen Cwvgeten o) T 0 T2 2D T) T «0=fG T w@uflT] w0l 1) «@-ro ™

'
[

F
Raviengation (men pee Wl suriace ared)

Frutt growth rate (mm d ')
- .
. B

“m

Ve GV WO R ME 0. s 3V MO B D R VR
0N W TR WY T W v am s

Figure 71. The effect of differant imgation treatment levels during phenoclogical phase 1 and 2
on crop density comected fruit growth rate (FG) of Golden Delicious apples at Eigin
dunng season 1998/99, Refer 1o Table 4 for explanation of treatments.
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Figure 72. The effect of different irmgation treatment levels dunng phenological phase 1 on crop
density corrected frut growth rate (FG) of Golden Delicious apples at Eign durnng
season 1908/99. Refer 10 Table 4 for explanation of treatments.
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owing the 1958/59 season because of inflow of water from sources other than irmgation and rain as
discussed below,

Soil profile studies: According 1o an earlier report on classification of the sobis of Elgin Experiment Farm
(Wooldndge, 1983) the soil types include the Glencoe, Kroonstad and Pinedene forms. These lorms are
typecal of wet condtions. Effective soll depth was indicated as 750, 600 and £900 mm depth,
respectively. Limiting factors reported for these soll forms include plinthite. Ructuating water tables and
gleycutanic layers.

The recent soil profile excavations at the top of the slope above block 3 disclosed a prominent E horizon
directly above a clay layer. This confirmed the presence of lateral water flow and extensive leaching over
a long perod. The E horizon was not as prominent above block 2. The differences between the two
blocks are confirmed by the potential leaching depth that was estimated as the difference in depth from
the first encountered clay and gravel layer from the soil surface (Tables 17 & 18).

The profile pit in block 3 furthermore showed seepage of water on a shallow clay layer at approximately
700 mm depth (Table 17). Root depth in both blocks extended to the clay layer (600 1o 900 mm deep)
which provided access 10 waler. This waler probably came Irom sources other than thatl received from
irrigation or rain. Root distibution extended outside the wetlad strip 10 the meddie of the work zone next
10 the plastic sheeting.

The hypothesis is made that lateral flow from rain or irmigation of orchards located above the experimental
orchard moves on a clay layer undemeath the inserted plastic sheets from the top 1o the bottom of the
slope. The clay gets shallower especially at the botlom of the slope of block tivee, which causes the
waler 10 accumulate n the expanmental plots located near the bottom. Lateral movement of waler could
also occur from the area alongside the orchard where young pine trees were planted. The clay layer in
the pit at the bottom of the slope of block 2 was located deeper, and the problem did not seem 1o be as
pronounced as in block 3. The soil alongside the nserled plastic on the top of the slope also showed
proof of leaching. An area of preferential flow was probably created when the soil was disturbed during
instaliation of the plastic and water leached clay and st particles, which resulled in a lightly coloured
area. It seems as il the plastic did not successfully prevent the movement of water down-slope, and
caused further artifacts in the soll water regimes.

44 CONCLUSIONS AND RECOMMENDATIONS

The lack of expected plant reacton could be ascribed 10 unsuccessiul induction of treatments.  This was
due 10 a combination of cool weather, large vanation in soil water holding capacity, vanation in tree sze
and water obtaned from a source other than rain or irrigation.

Water defict imgation triss should be executed in areas where the climate allows induction of all
reatments. Since this experiment was intended 10 provide guidelines for defict irngation of apples in the



Table 17. Depth of the first encountered clay and gravel layer from the soil surface and
estmated depth of the leached layer in soil profiles from the area above the three
rephcate blocks of the E10 orchard at Eigin Expenment Farm.

" Replicate block " Soil layer depth (m)
number Clay Gravel Leached depth’
1 0.76 0.40 0.36
2 087 074 0.23
3 157 1.08 0.49

1 Leached depth was estimated as the depth differance between clay and gravel.

Table 18. Depth of the first encountered clay and gravel layer from the soil surface and estimated
depth (m) of the leached layer in sol profiles from root distribution studes at the top and

bottom of two replicate blocks of the E10 orchard at Eign Experiment Farm.

“Replicate block | Profile pit Soil layer depth (m)
number location Clay  Gravel Leached depth’
2 Top “0.88 051 037
~ Bottom “1.07 048 0.50
3 ~ Top 1.08 0.70 0.38
Bottom 0.73 0.52 0.2

1 Leached depth was estmated as the depth difference between clay and gravel.




Eign area, it must be concluded that the only period when this technique seems to be successfully
applicable for this area is cunng mudsummer (December o February). However, a large fraction of the
vegetative growth of Golden Delicious apple trees s already compleled near the end of December, which
make the use of this technigue questionable for thes cultivar in this area. It must be kept in mind though,
that the two seasons in question had randall in November and December much tagher than the long-lerm
average.

The large coarse component and vanability in sols and percentage of orchards on slopes in this region
will also cause problems with lateral movement of water in soils and subsequent lack of control over
stress induction unless precision imgation is practiced and/or provision for adequate drainage is made.
Experimental plots for srigation research purposes shoulk! in future preferably not be on soils prone to
wetness or on a steep siope and include adequate border trees for dfferent treatments, since inserted
plastic can cause artificial condibons. No inflow from other water sources 10 the plot should be possible,
Water consumption measurements should cover the whole area allotied 1o the tree (wetted stnp and work
row area) due 1o the presance of roots to the micdie of the work row.

In situ soil waler retenbon curves are needed 10 estabish the relationship between $o0il water content and
soil matnic potential in soils with such a large coarse component. With regard 1o evaluation of the reaction
of vegetative and fruit growth 10 stress, data should rather be expressed in terms of growth rates. This
could provide much more inssght about the reaction of the growth processes 10 stress than cumulative
growth curves.

This project was terminated as the problems had been identified 100 late 1o redo the study on another
piot. The remainder of the 199972000 budget was used to provide suitable infrastructure on farms of
selected producers 1o evaluate the Soll Water Balance model.



CHAPTER 5

GENERAL DISCUSSION AND CONCLUSIONS

The cautous use of deficit imgation for deciduous fruit could mhibit vegetative growth, reduce pruning
costs and save limited imgation waler resowrces withoul reducing production and fruit quality, The
response of twelve-year-old Neethling peach trees on seedling rootstock 1o deficit irngation apphed during
diflerent phenologeal stages in the Robertson production area, seems 10 confim the findings of other
resaarchers on the effect of water deficiis on peach namely, that water stress induced dunng the slow
fruit growth stage could inhibit vegetative growth without aflecting production or fruit quality. In addition,
substantial savings of irrigation water could be obtained by applying deficit imgation dunng the post-
harvest stage stage without affecting frurt size or production in the following season.

Several factors, however, should be taken inlo consideration when devising an imgation stralegy for
condiions that offer from those under which the research was performed. The vegetalive and
reproductive growth patterns may differ for different fruit crops and/ or cultivars and should be considered
when a deficit irrigation approach for the season is taken. It was clearly shown that crop load affected
tree response 1o water deficits, a fact thal has also been proved by other researchers for apple trees.
Tree age should also be taken into account since young irees may be more susceptible to stress cue 1o a
limitted root system, In this regard, local research on the effect of water deficits on young peach trees
would be valuable. The soll water holding capacity of the root zone would also determene the sirategy for
the saason, with a dfferent approach needed for deep and shallow soils, respectively.

The study on defict migation of apples was terminated before objectives were reached. A lack of
expecied plant reaction was ascribed 10 unsuccessiul induction of treatments. This was due 0 a
combination of cool weather, large variation in soll water holding capacity, variation in tree size and
unguantifiable water seepage from higher ground influencing the soil water balance. These problems had
been identified 100 late 1o redo the study on another plot and the remainder of the budget was re-applied
to other aspects of the project.

A study similar in design to the present deficit irmigation approach for apple, provded & is performed on a
suitable site. could be considered, since the objectives were not realised and guidelines for irrigation
scheduling of apples could nol e improved. Irigation scheduling guidelines could improve waler
management by producers and it will be possible 10 apply imited water resources more eflectively if
definite defict imigation strategies are avadable,

N
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APPENDIX A
SOIL WATER RETENTION CURVES
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Figure |. Laboratory determined soll water relention curves for the 0 - 300, 300 - 600 andt 600 - 900 mm
soll depth increments of a typical sandy loam sod (Treatment A1, replicate block 1) at
Robertson Experiment Farm.



APPENDIX B
ARCHIVING OF DATA

Afer careful consideration it was decided not 10 Inchude long ksts and tables with data in the report, but 1o
archive raw data at ARC Infruitec-Nietvoorbij in hard copy and CD-ROM format in the project file in the
project office. Data for research purposes can be obtained via the WRC from ARC Infruitec-Neetvoorbij.

For any enquiries please contact the WRC directly or Mrs O. Beukes at:

AR e Nt vortn
PIB X5026

Stalanbosch

7599

South Afnca

E-mail- odette@infryit g1c 22
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Other related WRC reports available:

Two dimensional energy interception and water balance model for hedgegrow tree
crops

Annandale JG * Jovanovic NZ * Mpandeli NS * Lobit P » du Sautoy N

Two types of model, both predicting crop water requirements on a daily time step, were
developed for hedgerow tree crops. These models were incorporated into the Soil Water
Balance (SWB) model. The models are:
«A mechanistic two-dimensional energy interception and finite difference, Richards'
equation based soil water balance model; and
«An FAO-based crop factor model, with a quasi 2-D cascading soil water balance model
The two-dimensional model for hedgerow crops calculates the two-dimensional energy
interception, based on solar and row orientation, tree size and shape as well as leaf area
density. Inputs required to run the two-dimensional canopy interception model are: day
of year, latitude, standard median, longitude, daily solar radiation, row width and orientation,
canopy height and width, skirting height and width, extinction coefficient, absorptivity and
leaf area density. For the two-dimensional soil water balance model, the input required
included starting and planting dates, altitude, rainfall and irrigation water amounts, as
well as maximum and minimum daily temperature. To run the FAO-type crop factor
model, the required input included planting date, latitude, altitude, maximum and minimum
daily air temperatures, FAO crop factors and duration of crop stages. The two-dimensional
SWB model evaluation consisted of checking internal consistency and units used,
comparison of model output with independent data sets of real life observations and
sensitivity analysis. Inspection of the qualitative behaviour of the model and its
implementation was done by checking whether the response of the model output to
changing values of a parameter conforms to theoretical insights. There was good
agreement between predicted and measured daily soil water deficit for water-stressed
and non-stressed treatments. Field measurements indicated that in hedgerow plantations
the whole area across the row must be borne in mind when assessing soil water content.
The reason for this is the effect of irrigation distribution and rain interception by the
canopy, the variation in radiation interception by the canopy across the row, the irradiance
reaching the soil surface as the season progresses, the presence of a grass sod or bare
soil in the inter-row region and the root density across the row. It was found that there
are significant amounts of roots in the inter-row region and thus this portion of the rooting
volume must not be ignored when assessing the water balance.
The contribution to crop water uptake from the inter-row volume of soil can be high,
particularly under high atmospheric evaporative demand, and thus needs to be accounted
for in irrigation management in order to maximise rainfall use efficiency.

Report Number: 945/1/02 ISBN: 1 86845 869 5

TO ORDER: Contact Publications - Telephone No: 012 330 0340
Fax Number: 012 331 2565
E-mail: publications@wrc.org.za

I

ssS1 00N




