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Abstract: 

'Kent' mango (Mangifera indica L.) trees were subjected to four irrigation treatments, 

consisting of 100% of field capacity = control, 75 and 50% of control, respectively 

(all progressively reduced) and a regulated deficit irrigation treatment (RDI). Trees 

exposed to normal farm practices were also monitored. Since the soil contained 80 ± 

1.48% coarse sand, 4 ± 4.86% silt and 9 ± 1.15% clay, associated with a high 

infiltration rate accounting for 289 ± 52 mm h-I, the experimental orchard was well 

suited for pulse irrigation. The frequent applications of irrigation water lead to savings 

between 40 - 50 % in the four-irrigation treatments in contrast to the farm controL 

Experimental treatments were selected to determine if a reduction in irrigation would 

affect vegetative and reproductive growth patterns. Vegetative growth such as trunk 

diameter and tree height were only affected in the progressively reduced treatments at 

the end of the 2000 season. No significant differences were found between the 

irrigation treatments in terms of fruit growth and yield indicating that there were no 

negative effects from the irrigation treatments. Physiological measurements consisted 

of stomatal conductance and photosynthesis with no significant differences between 

treatments except when stress was introduced in the RDI treatment. 

 
 
 



1 General introduction. 

Man has practised the use of irrigation to grow agricultural crops since biblical times. 

The methods used to irrigate have changed dramatically over the last few decades, 

with more emphasis being placed on water use efficiency and water conservation. The 

goal of modem agriculture is to use less water for irrigation without a decrease in fruit 

quality and yield. 

South Africa has very few water resources. In recent years vanous factors have 

contributed to greater uncertainty in the environment (global change in climate) 

within which decisions need to be taken for agricultural water management 

(Backeberg and Odendaal, 1998). In the Blyde River valley where the irrigation trail 

was conducted, the current form of irrigation distribution (earthlined canals) has led to 

a loss of 60% water before it reached the farmer (Anonymous, 1999). Because of this 

immense loss and political environment, farmers and government had to re-examine 

cultural practices of the past (government policy has focused to distribute running 

water to all rural communities, due to insufficient infrastructure). Therefore 

government and farmers have committed themselves to build an underground pipeline 

to distribute water. This will lead to a higher percentage of water available not only 

for irrigation but also informal settlements (Backeberg and Odendaal 1998; 

Anonymous 1999). Thus, to utilize irrigation water efficiently farmers have to 

optimize irrigation management. 

Varying soil conditions have a major influence on the suitability of soils for irrigation 

purposes. Soil with a high clay content usually has a lower infiltration rate, 

intensifying irrigation management not to over-irrigate, while allowing a higher 

degree of freedom in sandy soils. Soil depth and water-holding capacity contributes to 

the challenge of managing irrigation optimally. For the farmer the knowledge and 

suitability of soils for irrigation purposes is essential. 

There are generally two approaches involved when managing irrigation. The [ITst is 

progressively reduced irrigation, where the amount of irrigation water applied, is 

reduced through the whole growing season of the tree. This method, however, does 
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not take varying carbon demands by different tree organs throughout the season into 

consideration, leading in many cases to a decrease in tree performance (Boland et aI., 

2000). The method could nevertheless be useful in determining a crop coefficient, 

since soil moisture monitoring alone is not sufficient in determining tree water 

requirements. 

A second method is known as regulated deficit irrigation (RDI), where irrigation is 

withheld during certain growing stages of the plant. Regulated deficit irrigation might 

represent a suitable method to optimize irrigation management. Water deficit can 

create a balance between vegetative growth and fruit growth by reducing vegetative 

growth in certain stages, such as flushes, and promoting fruit growth at the same time, 

since fruits represent the dominant sinks in the tree (Chalmers et aI., 1984; Mitchell et 

aI., 1989). It can also contribute to reducing pruning, overcoming leaching and 

improving manageability of high-density orchards. For the efficient use of this 

method it is essential to gain knowledge and to understand interactions between 

carbon and water demands of vegetative and reproductive growth patterns over the 

season. Both of these methods lead to a decrease in the amount of irrigation water 

applied, while not negatively affecting the tree in most cases (Chalmers et aI., 1981; 

Mills et aI., 1996). 

The objective of this study was to optimize irrigation management by minimizing 

irrigation water applications and leaching of nutrients, to keep yield constant or to 

improve it, and to enhance the understanding of mango (Mangifera indica L.) fruit 

and tree growth for the specific climatic region it was essential to identify periods 

suited for the implementation of regulated deficit irrigation strategies. 
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2 Properties and Seasonal Soil Water Content 

Introduction 

The production of agricultural crops is a very important contributor to the economy of 

South Africa. The production of high value crops such as fruits, has the greatest 

contribution. The performance of these crops is highly influenced by the amount of water 

they receive in certain growing stages. Therefore, irrigation management plays a vital 

role in stabilizing production and facilitating the growing of these crops. Despite many 

advantages, irrigation has taken its toll on the limited water resources of the country. 

Backeberg and Odendaal (1998) stated that 53 .6% ofthe total water available was used in 

agriculture, with the Northern Province being the second highest consumer. In view of 

this problem improving water use efficiency of tree crops poses a major challenge. 

The Lowveld of South Africa (Mpuma\anga and Northern Province) is one of the best 

areas for the cultivation of sub-tropical fruit. This is of particular importance considering 

the fact that South Africa has a very low percentage of arable land and a low variable 

rainfall for the cultivation of these crops. The farm Mariepskop is situated on the base of 

the eastern escarpment (Drakensberg in the Northern Province). Unfavourable climatic, 

topographic conditions and parent material (granite) influenced soil formation in this 

area. These factors combined gave rise to a Glenrosa form (Lithic Ustochrept soil) that 

consists of two horizons, A and B. The A horizon (topsoil) is characterized by a shallow 

layer of well weathered material with a low organic matter content. The subsoil consists 

of a fairly deep, hard Lithocutanic B horizon. This means that more than 70% of the 

horizon consists of partly to well weathered rock. The other 30%ofthis soil profile forms 

typically tongues into the weathered rock, where plant roots grow into. 

Important factors to consider when implementing an irrigation trial are the suitability of 

the soil for irrigation. The most substantial factors to take into account are soil depth, soil 

infiltration rate, and soil water retention. All these factors are predominately influenced 

by the soil particle size distribution within the orchard. Soil infiltration rate refers to the 

5 

 
 
 



potential of the soil to take up water (thus the downward flow of it). This is influenced by 

the depth and uniform distribution of the applied irrigation. In most cases the initial 

infiltration rate for most soils is as high as the emission rate of the irrigating system, but 

starts to diminish as the soil profile fills up and will eventually lead to surface runoff if 

the rate of soil water infiltration is less than the application rate (Baver et ai., 1972). 

Water infiltration, however, does not just occur downwards but also sidewards. The 

strength of this sideward movement depends on the matric potential of the soil, where the 

matric potential is influenced by the cohesion forces of other water molecules and 

wetting surfaces (Baver et al., 1972). 

Soil water retention refers to the amount of water and ion solution present in the soil 

profile that can be removed by drying the soil at a temperature of 110°C to a constant 

weight. The amount of water present depends on the size of pores between soil particles, 

with large pores usually emptying first when the soil starts to dry out (Koorevaar et ai., 

1983). Water present in the crystalline structure is often not taken into consideration 

when determining this factor since a considerable amount ofenergy is needed to extract it 

from this form (Baver et ai., 1972). Relative values for these parameters are not available 

since soils differ over wide areas and under circumstances of formation. 

The state of water in the soil can be described in two ways, in terms of quantity present 

and the energy status of the water. The quantity present is expressed either on gravimetric 

or volumetric basis (Rundell et aI., 1991). The energy level of water is particularly useful 

for describing the dynamics of flow, the availability to plants and the driving forces 

causing water to flow in the soil (Warick, 1990). Soil water potential can be defmed as 

the work (energy) necessary to transfer a quantity of water from a reference state to the 

point of interest, where the reference state is pure water. The most meaningful 

instruments used to estimate soil water potential (deficit) are tensiometers or the neutron 

probe. The tensiometer is a good indicator of water taken up by the plant, which indicate 

when uptake potential drops below the soil water potential exceeded in the root zone 

(Campbell and Mulla, 1990). A neutron probe is a more exact form of measurement with 
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the advantages of measuring at different depths m the soil thus glvmg a better 

representation of the true water content. 

The specific use of various irrigation equipment, which is more beneficial to water 

conservation while applying an adequate amount of water, is a very controversial 

question with many advantages and disadvantages to current systems. At present the 

systems most widely used are sprinkler irrigation followed by flood and then micro ( drip) 

irrigation. Micro irrigation has the highest efficiency level with a mean of 85% 

(Backeberg and Odendaal, 1998). 

The objectives of this study was to determine the suitability of the soil for frequent 

irrigation, to reduce water and nutrient losses by evaluating two different methods of 

irrigation, progressively reduced and regulated deficit irrigation, to observe the effect of 

reduced irrigation on soil water availability, and to investigate the pattern of water 

movement in the soil profile. 

2.2 Materials and Methods . 

The experiments were conducted on a commercial farm (Westfalia, Mariepskop) in the 

Hoedspruit vicinity during the 1999 and 2000 season. The different irrigation treatments 

were implemented within a one hectare mango (Mangifera indica L, cv. Kent) orchard 

planted in 1996. The 4-5 year old trees grown on Sabre rootstocks were planted at a 

density of 6 X 1.5m. Cultural practices such as pruning, pest management and 

fertilization were conducted according to commercial farm practices. Temperature had a 

yearly mean of 31°C maximum and 13°C minimum with an average recorded rainfall of 

510 mm. The mango orchard is lying on a slight incline towards the mountain 

(southwest) The four irrigation treatments (four replicates per treatment) were randomly 

distributed in a block design in six rows within the orchard. Meteorological data for the 

duration of the study were obtained from the neighbouring farm, Bavaria, until the 

Campbell Scientific weather station located on the Mariepskop farm was in working 

condition. 
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2.2.1 Soil analysis 

Physical and chemical properties of the orchard soil and the nutrient content in the leaves 

were analyzed by the Soil Science laboratories of the Department of Plant Production and 

Soil Science, University of Pretoria. Soil depth was measured in each replicate. Soil 

particle size distribution was also determined for eight locations randomized in the 

orchard at three different depths in the profile (30, 60 and 90 cm) using the hydrometer 

method as described by Day (1950). Chemical soil analysis included basic element 

concentration and pH level of the same samples collected for soil particle size analysis 

according to methods described by the soil testing advisory manual (Anonymous, 1990). 

Soil infiltration rate was determined on six locations in the orchard. The retention rate 

was determined using the pressure plate method as described by Richards and Weaver 

(1944). 

Leaf samples were collected in each treatment, to determine the nutritional status of the 

plant in the four replicates assigned across the orchard. Twenty-five fully mature leaves 

from the last flush were collected randomly, then oven-dried and ground to a [me 

powder. Samples were analysed according to laboratory methods for fertilizers and 

nutrient content (Scott et ai., 1999) 

2.2.2 Irrigation treatments 

Trees were irrigated using a single drip irrigation system. The orchard was pulse irrigated 

three times a day, five days a week for the first season and three times a day, seven days a 

week, for the second season using 4l h- 1 drippers. This was compared to the traditional 

farm method where irrigation was applied at 8l h- 1 for a specific period once a day. In the 

first season (1999), drippers were placed between trees (75 cm from the tree) . This was 

done to stimulate a bigger root zone for better water and nutrient absorption. During the 

second season (2000) drippers were moved and placed 30 cm from the stem of each tree, 
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because of the possibility of under-irrigation. Each tree had, therefore, two individual 

drippers instead of one. A farm control (Co-F) was also added to evaluate differences 

between the treatments and normal farm practices. For the farm control, 8l h- 1 drippers 

were placed between each tree (75 cm between adjacent trees\ 

Irrigation treatments consisted of: 

-100% control TO 

-75% of the control (progressively reduced) Tl 

-50% of the control (progressively reduced) T2 

-Regulated deficit irrigation T3 

-Farm control Co-F 

Water dispersion within the soil was also studied after irrigation for 15, 30 and 60 

minutes. These were graphed to determine if the movement of water was sideways or 

downward. 

To determine the amount of irrigation water to apply in the different treatments, water 

deficits were determined by taking neutron probe (model 503DR Hydroprobe, Neutron 

Depth Moisture Gage, Campbell Pacific Nuclear, California U.S.A) measurements on a 

weekly basis. Aluminium tubes were inserted in the soil profile in each replicate up to a 

depth of one meter. Tubes were placed 20 cm from the tree. The amount of irrigation 

water applied was based on neutron probe readings and an irrigation scheduling program 

(Soil Water Balance). 

An evaluation was also done between the neutron probe and capacitance sensors 

(Automatic soil moisture data collector 3, Netafun, Israel) to determine the sensitivity of 

the sensors in response to irrigation fluctuations . One capacitance sensor was installed in 

each treatment at three depths 30, 60 and 90 cm. They were placed at the same distance 

from the tree and drippers as the neutron probe tubes. Sensitivity was evaluated on two 
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days, one in autumn (10 May 2000) and one in summer (10 January 2001), in hourly 

intervals. 

The three dimensional distribution of irrigation water in the soil profile was determined 

by installing neutron probe tubes in the form ofa cross in one of the replicates of the TO 

treatment. Two tubes were placed on each side of the tree, approximately 50 cm apart 

from each other across the row, and another two within the row, 35 cm from each other 

(Fig. 2.1). 

I I I ! :I I ! I I 

I I I I ! I I 

Dripper: I I Dripper I l
I ....~ \ I I I L ' I 

\ I I I i~· 
I I 

\i I (1 m) ! : I

'"'~ I 
, I , 

11 ; (0.5 m) I , 

1(0.75 m)\ (0.35 m)i (0 m) \ (0.35 m)1 (0.75 m)\ : 

I I i (0.5m) I I I : I 

\ I i (1 m) I I i I 

I i I I I ! 
I I I I I ! , I 

Figure 2.1. Layout of neutron probe cross in TO treatment. 

Measurements were taken once a week and seasonal patterns were determined. 

Statistical analysis 

Results were analysed by the department of Statistics, University of Pretoria. The 

program SAS (Statistical Analysis System) was used according to instructions from 1. 

Grimbeck and M. van der Linde. The test, repeated measurements for water deficit was 

done at a level of 5% using one factor (see appendix). 
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extremely low. Soil analysis emphasised the suitability of the soil for frequent pulse 

irrigation. 

Leaf (Tab. 2.1) and soil (Tab. 2.2) analyses indicated a severe deficiency in a certain 

element in the fertilization program. This deficiency could have had a negative impact on 

the tree performance and growth of the second season (for the different treatments, the 

deficiencies are currently being corrected). 

Table 2. LNorm values (Tomlinson and Smith, 1998) for foliar mineral content compared 

to measured values found in the experimental leaves during the 2000 season. 

Element Norm Actual 

N(%) 3 1.18 

P(%) 0.09-0.11 0.19 

K(%) 0.8-1 0.99 

Ca(%) 2.0-2.8 2.45 

Mg(%) 0.2-0.25 0.30 

Zn(mg/kg) 20-100 48 

Cu(mg/kg) 10-20 1300 

Mn(mg/kg) 60-200 310 

Fe(mg/kg) 70-100 78 

Low nitrogen levels may be due to the high rainfall experienced in the beginning of the 

year that led to increased leaching of nutrients, especially nitrogen that is easily leached 

in comparison to the other elements that are more stable in the soil profile. There were 

also technical difficulties experienced in the beginning of the experiment concerning 

fertilization that could have attributed to this phenomenon. The copper concentration 

(Tab. 2.1) was extremely high in analogue to the norm values (Tomlinson and Smith, 

1998). This was due to very frequent applications with copper-oxy-chloride to combat 

fungal diseases infecting the trees. 
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The months February to March, normally associated with high temperatures, were 

subjected to a high frequency and quantity of rainfall leading to the drastic decrease in 

amount of water irrigated in all the treatments No irrigation took place during the rainy 

season (February and March) in weeks having rainfall higher than 20 mm. This procedure 

was implemented on the farm, where the farm was not irrigated during this time. 

However, during the second half of the 2000 season irrigation took place when necessary 

and also over weekends, even if it did rain. Thus the fIrst part of the experiment was not 

highly influenced by the experimental treatments due to the influence of rain. 

In comparison to normal farm practices (Co-F) 33% less water was applied in the control 

(TO) (Fig. 2.5). Water savings in Tl and T2 amounted to 46 and 56%, respectively in 

comparison to the amount applied in the farm control (Co-F). In comparison to the 

control (TO), T1 and T2 had only a 21 and 40% decrease. The lower decreases observed 

in Tl and T2 might be attributed to technical diffIculties, such damaged irrigation pipes 

experienced during the fIrst part of the experiment. Pipes were also flushed on a regular 

basis that led to a higher amount of water used. 
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values experienced by farms in the vicinity (personal communication). Thus the goal to 

reduce water availability to the trees and to regulate it was successful during the later part 

of the season. Caspari et al. (1993, 1994) and Mostert et al. (1996), also found similar 

high relative values of water savings when applying RDI on apples and pulse irrigation 

on mangoes. Regulated deficit irrigation seems to be a viable option, if a producer wants 

to save costs (irrigation). 

Comparison of the capacitance sensor and the neutron probe led to different observations 

between the autumn and summer experiment (Fig. 2.6 and Fig. 2.7). During the autumn 

the deficit at 60 cm, recorded by the capacitance sensor, was greater than at 30 cm (Fig. 

2.6). This is in contrast to the neutron probe measurement for that particular time where 

the observation at 30 cm experienced the largest deficit. The neutron probe gave a good 

indication when irrigation took place as can be seen at 60 and 90 cm depth at 8:00, 11 :00 

and 14:00. The difference between measurements method, might be due to technical 

problems with the experimental set-up, since the soil profile exhibited a high infiltration 

rate, with water having a rapid downward movement (Fig.2.3), thus making an accurate 

hourly observation in especially the 30 cm section almost impossible. 
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Figure 2.8 Water distrubution in the soil profile for the summer and winter season 2000 

(each point represents the mean of 16 dates). 

The neutron probe cross in the field showed large differences within the soil profile 

where irrigation took place, with an increase in deficits as the tubes moved further away 

from the dripper, towards the tree, and major increases in deficits as the tubes moved into 

the inter row spacing (Fig. 2.8). There were also large seasonal differences between 

readings, with the highest deficits averaging in the winter (Fig. 2.8 B). The summer of 

2000 (Fig. 2.8 A) showed a much lower deficit than the summer of 2001 (data not 

shown). This might be due to the high rainfall experienced during the summer of 2000 in 

contrast to the low rainfall in summer 2001, while the effect of pulse irrigation also 

started to dry out the soil profile slowly restricting moisture close to the dripper. Roots 

that grow into the row are dependent on rainwater for a source of irrigation and thus only 

sporadic growth in this section of the root system will take place when rainfall is at a 

higher frequency. Most roots in this section were thick with few root hairs, leading to the 

assumption that trees might not have been dependent to a large extent on this part of the 

soil profile for water, since there is no consistent moisture present to sustain the root hairs 

(Salisbury and Ross, 1991). 
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2.4 Conclusion 

Pulse irrigation in the particular orchard seemed to be suitable, because of soil properties 

such as a high sand content averaging 80% coarse sand and high infiltration rate. Because 

of the frequent irrigation and extremely low clay and silt content, more frequent fertilizer 

application in contrast to current farm procedure (once a month) might be necessary. 

Water application varied widely among the irrigation treatments, the control (TO) was 

however still lower than normal farm procedure. The soil water balance cross installed in 

the orchard represented a good indicator of stress in other parts of the soil profile and 

shows the dispersal rate and pattern of water in the soil profiles. Weekly measurements 

taken in the cross can be used as a reference when experiencing problems in 

physiological measurements as well as to see the effect of rain on refilling the soil profile. 

21 

I \5"17 ~ b?~ 

b15?-.;L 4 cr l..; b 

 
 
 



2.5 References 

Anonymous. 1990. Handbook of standard soil testing methods for advisory purpose. 

Compiled by the non-affiliated soil analyses work committee, Soil Science 

Society of South Africa, Pretoria, South Africa. 

Anonymous 1999. Bringing joy to all: The Blyde river water project. Pamphlet by CSIR, 

Private bag 395, Pretoria, 0001, South Africa. 

Backeberg, G.R. and P.E. Odendaal. 1998. Water for agriculture: A future perspective. 

Symposium of the Fertilizer Society of South Africa, Sun City Hotel, 24 

April, 1998. 

Baver, L.D., W.B. Gardner and W.R. Gardner. 1972. Soil physics. John Wiley & Sons, 

Inc., New York. 

Campbell, G.S. and D.1. Mulla. 1990. Measurement of soil water content and potential. 

In: B.A. Stewart and D.R. Nielsen (eds.). Irrigation of agricultural crops. 

U.S.A. 

Caspari, H.W., M.B. Behboudian, and D.1. Chalmers. 1994. Water use, growth, and fruit 

yield of 'Hosui' Asian pears under deficit irrigation. J. Amer. Soc. Hort. Sci. 

119: 383 - 388. 

Caspari, B.W., M.B. Behboudian, D.1. Chalmers, and A.R. Renquist. 1993. Pattern of 

seasonal water use of Asian pears determined by lysimeters and the heat

pulse technique. 1. Arner. Soc. Hort. Sci. 118: 562 - 569. 

Chalmers, D.1., P.D. Mitchell, and L. Heek. 1981. Control of peach tree growth and 

productivity by regulated water supply, tree density, and summer pruning. 1. 

Amer. Soc. Hortic. ci. 106: 307 - 312. 

22 

 
 
 



Day, P.R. 1950. Physical basis of particle size analysis by the hydrometer method. Soil 

Sci. 70: 363 - 374. 

Finkel, H.J. 1982. CRC handbook of irrigation technology, Volume I. CRC Press, Inc. 

Boca Raton, Florida. 

Grondklassiflkasie, 1991, Die Departement van Land bou-ontwikke ling, Private bag 

X144, Pretoria, 0001, Republic of South Africa. 

Hillel, D. 1980. Fundamentals of soil physics. Academic Press, New York. 

Koorevaar, P., G. Menelik, and C. Dirksen. 1983. Elements of soil physics. Elsevier, 

Amsterdam. 

Mostert, P.G. and IE. Hoffman. 1996. Water requirements and irrigation of mature 

mango trees. Acta Hortic. 455: 331 - 338. 

Richards, L.Y. and L.R. Weaver. 1944. Moisture retention by sun irrigated soil as 

indicated by some soil tests. Jnl. Agr. Res. 69: 150 - 23 5. 

Rundell, P. W. and W.M. Jarrell. 1991. Water in the environment. In: R. W. Pearcy, I 

Ehleringer, H.A. Mooney and P.W. Rundell (eds.). Plant physiological 

ecology. Chapman and Hall, New York, U.S.A. 

Salisbury, F.B. and C.W. Ross. 1991. Plant Physiology (4th Edition) pp. 137 -138 . 


. Wadsworth Publishing Company, Belmont, CA., U.S.A. 


23 

 
 
 



Scott, E.G.W., M. van Zyl, D. Gregorgy, J.J. Botha, S. Bredenkamp, and G. van der 

Merwe. 1999. Laboratory methods for fertilizers. Agri laboratory association of 

Southern Africa (Alasa). 

Tomlinson, I.R. and B.L. Smith. 1998. Principles of liming and fertilization. In E.A. de 

Villiers (ed.). The cultivation of mangoes. ARC Instituted for tropical and 

subtropical crops, Private bag X11208, Nelspruit, 1200, South Africa. 

Warrick, A.W. 1990. Nature and dynamics of soil water. In: B.A. Stewart and D.R. 

Nielsen (eds.) . Irrigation of agricultural crops, Monographs 35 pp.718-772. A.S.A, 

C.S.A., S.S.A Madison. 

Withers, B. and S. Vipond. 1974. lITigation: oesien ::lno pr::lcticp. RT B8tsford Limited, 

London. 

24 

 
 
 



3 	 Growth Responses to Progressively Reduced and Regulated Deficit 

Irrigation 

3.IIntroduction 

The irrigation of agricultural crops makes it possible for many countries to grow crops 

continuously throughout the year where previously it was not possible. In South Africa, 

the erratic rainfall pattern makes water a scarce commodity, which needs to be managed 

with great caution not to exhaust it. The knowledge of time of application and 

withholding of irrigation water is of vital importance to the farmer, as it could have a 

negative effect on growth and yield of crops. 

The annual vegetative and reproductive development of the mango tree takes place at 

defmite phenological stages. These stages give the producer a clear phenological calendar 

of occurrences, such as, flower initiation, differentiation, flowering (anthesis), fruit set, 

fruit development, harvest, shoot and root flushes (Davie and Janse van Vuuren, 1998). 

This information can be useful in the planning of management procedures like spraying, 

fertilization, and irrigation. 

Vegetative growth of mango and other tropical trees is not continuous but occurs as 

intermittent, short lasting flushes of terminal buds, before returning to a quiescent state 

(Singh, 1978). Modules produced during a flush may consist of a branch with up to 10-12 

new leaves (Whiley et ai., 1989). The extension growth of mango shoots terminates with 

the formation of a determined inflorescence. This type of growth gives rise to a Scarrone 

architectural tree model, where tree growth is determined by the terminal meristem that 

produces an indeterminate trunk bearing tiers of sympodial lateral branches (Schaffer et 

ai. , 1994). Three types of shoots can be produced: vegetative, reproductive and mixed 

shoots. Depending on the cultivar, shoots can produce flushes up to four times a year 

(Davenport and Nunez-Elisea, 1997). Initiation of flushes is usually influenced by 

pruning, irrigation, fertilization and temperature (Reece et ai., 1949). 
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The period between floral initiation and anthesis can be as little as four weeks under 

tropical conditions. This period, however, is much more variable under subtropical 

conditions (Schaffer et aI., 1994). This rapid transition demonstrates the capacity of the 

tree to take advantage of favourable environmental conditions, such as temperature and 

water relations (Singh, 1977; Pongsomboon, 1991). Trees may produce a few to 

thousands of inflorescences depending upon the genetic potential and climatic conditions. 

Both male and female (perfect) flowers are borne on the same on tree and inflorescence. 

The ratio between these is highly dependent on cultural practices and climatic conditions 

(Mukherjee, 1997). Most studies indicated that the distal half of the panicle usually has a 

higher percentage of perfect flowers and that most fruit set occurs on this part of the 

inflorescence (Singh, 1954; Majumder and Mukherjee, 1961). Singh (1965, 1966) 

indicated that there was a marked decrease in the amount of perfect flowers as 

temperatures decreased during bud break. The number of perfect flowers per panicle 

varies from year to year, depending on the location of the panicle on the tree and the 

cultivar (Singh, 1978; Young et al., 1981). 

Water deficit can lead to physiological stress in a plant and can be a natural effect or one 

that is managed by man. With irrigation management two forms of stress can be 

introduced, progressively reduced irrigation and regulated deficit irrigation (RDI). With 

management of irrigation water use, efficiency can be increased depending on soil 

conditions. If irrigation water is applied in smaller amounts at a higher frequency during 

the day, less water will be wasted by drainage with this method especially in sandy soils. 

Most ,plants are able to adapt to drought situations, while with time the severity of the 

water stress becomes less on the plant (Pongsomboon, 1991). To achieve high yields of a 

particular crop under deficit irrigation, a good understanding of the vegetative and 

reproductive crop responses under varying degrees of available soil water is essential. 

Most studies about the effects of irrigation on vegetative and reproductive growth have 

been done on temperate fruit crops. Reduced irrigation leads to a decrease in trunk cross 

sectional area in most fruit tree crops (Ginestar and Castel, 1996; Mills et aI., 1996; 

Boland et aI., 2000). In apples Ianca (1985) illustrated the sensitivity of trunk growth as a 
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better parameter for water stress than fruit growth. The time of application of water stress 

is also very important (Mills et al., 1996). In apples, the later stress was applied in the 

season the less trunk growth was reduced in comparison with normal irrigated trees. 

Boland et al. (2000) detected that the size of the root volume and soil volume also had an 

influence on trunk growth in peaches, while Ginestar et al. (1996) indicated that there 

appeared to be an exponential relationship between water stress and trunk growth ill 

citrus. 

Tree height as a water stress indicator is not a well-known parameter. In most studies it 

was found that the effect of water stress on shoot extension and diameter increases 

correlated well with tree height. Most authors perceived a decrease in shoot extension 

rate when reduced irrigation was initiated (Mitchell et aI., 1989; .Proebsting et aI., 1989; 

Johnson et aI., 1992; Boland et aI., 1993; Caspari et aI., 1993; Girona et aI., 1993). 

However, Atkinson et al. (1998) indicated that shoot extension in apples was not 

negatively affected by water stress but that the number of shoots developing increased. In 

comparison to studies from other authors the magnitude of decrease was, however, very 

small. Mitchell et al. (1986) showed that pear trees still kept some of their potential for 

shoot extension even after water stress began and that the decrease in growth only started 

when the parchedness of the soil profile started to influence root growth. The same 

pattern was observed by Steinberg, (1990) in peaches where water stress led to a decrease 

in the rootstem diameter ratio that was due to the roots being a stronger sink. Mitchell et 

al. (1989) suggested that reduced irrigation lead to a decrease in shoot growth while 

improving fruit growth for the specific period and that reduced irrigation is a good 

management tool for high density orchards to control vegetative growth. 

Different organs on the same plant are known to have different sensitivities to deficit 

irrigation, with fruit growth being generally less sensitive to water deficit than vegetative 

growth according to Higgs and Jones, (1991). However Berman and Dejong (1996) 

found that fruit fresh weight was very sensitive to water deficit, while fruit dry weight 

was only reduced at very light crop loads. It has been hypothesized that under deficit 

irrigation fruits can adjust, osmotically thus enabling them to retain fruit turgor and grow 
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actively (Mills et aI., 1996). In most cases reduced irrigation had no negative effect on 

fruit growth and yield (Johnson et aI., 1992; Torrecillas et aI., 1993; Kilili et aI., 1996; 

Naor et aI., 1999), and in some cases even led to an improvement in quality and yield in 

apples (Kilili et aI., 1996). The time of application of stress is of great importance with 

almost no effect observed when pear trees were stressed during the fruit expansion phase 

(stage 3) (Mitchell et aI., 1989; Caspari et aI., 1993). Ginestar et aI. (1996) and Kilili et aI. 

(1996) found that deficit irrigation early in the season and during stage 2 of fruit growth 

led to a decrease in fruit weight in apples and citrus and return bloom the next year, but 

had no effect during stage 3. Torrecillas et at (1993) noted that reduced irrigation during 

flowering on citrus led to a lower fruit set, but after full irrigation was resumed no effect 

on fruit growth was noted between the different treatments. This effect was also observed 

by Boland et aI. (1993) in peaches which, attributed it to the low initial fruit set that 

occurred due to the thinning effect of reduced irrigation. The most striking effect of water 

stress on fruit growth was the increased potential of fruit growth recovery after full 

irrigation was resumed (Mitchell et aI., 1986). In some tree crops, it even alleviated the 

effect of biannual bearing decreasing it satisfactory, and had no negative effect on the 

yield in the next on-year (Mitchell et aI., 1986). 

The objective of this investigation was to determine the effect of progressively reduced 

and regulated deficit irrigation on mango tree growth and crop production and to identify 

periods during the year to initiate water stress that will reduce vegetative growth, while 

not affecting fruit growth. 

3.2 Material and Methods 

For this experiment the same orchard with the same experimental trees and irrigation 

treatments were used as described in Chapter 2.2. 
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3.2.1 Vegetative evaluation 

Trunk diameter - Measurements started at the end of November 1999 and were 

undertaken first in bimonthly but later . in monthly intervals to provide a more distinct 

pattern of growth over the different seasons. Diameters of all the experimental trees were 

measured using a digimatic caliper (Mitutoyo, Japan) . Measurements were taken 10 em 

above the scions parallel and perpendicular to the tree row and mean trunk cross sectional 

area (TeA) was determined. 

Tree height - Height increase monitoring was started in the middle of March 2000 in 

bimonthly intervals. Increases were measured using an abney level, at a distance of 4m 

from the tree. Mean tree height was calculated using the equation: 

H=(Tan (a)*4 m)+height of person 

Shoot growth - Stem extension rate (SER) was only measured during November and 

December 2000. Only one set of measurements was taken, as mango trees do not flush 

simultaneously throughout the year among and within treatments hampering correlation 

between treatments and dates. Sixteen trees per treatment were evaluated with four shoots 

on each tree when possible. (Stem length was measured using a digimatic calliper). 

3.2.2 Fruit evaluation 

Fruit diameter - During the flIst season, monitoring of fruit diameter was started 70 days 

after flowering when fruits had reach about the size of a golf ball. The measurements 

started late, since mango is known for the high percentage of infertile fruits that drop 

between 40-50 days after flowering. Measurements were carried out in biweekly intervals 

up to harvest at the end of January 2000. Fruit growth was determined by measuring two 

diameters with a digimatic caliper (axial and perpindicular to the axis) . Sixty fruits (5 

fruits per tree X 3 trees X 4 replicates) were tagged in each treatment. Fruit on trees 

were also thinned down to a certain fruit number to eliminate the effect of crop load on 
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plant water relations and assimilate partitioning. During the second season a different 

approach was taken since the fruit growth curves of the previous season (1999) indicated 

that measurements started too late. In the 2000/2001 season, two trees per replicate of 

each treatment were selected that had six shoots and at least three previous flushes. All 

the fruits on those flushes were tagged and fruit diameter was measured in weekly 

intervals starting 52 days after flowering until harvest. 

Estimating fruit dry weight - During the 2000/2001 season, 20 fruits from a separate set 

of trees were randomly collected on a weekly basis. Following measurements of fruit 

diameter, the fruits were oven-dried at 75-1 OOoC and their dry weight then measured. Dry 

weight of tagged fruits was estimated using the regression analysis between fruit diameter 

and dry weight of the destructive fruit samples of20 fruits 

Yield and export determination - The 2000 season fruits were harvested at the end of 

January and their fresh weight was detennined and afterwards they were oven-dried. 

During the 2001 season, harvest was during the middle of February and fruits were 

treated in the same manner as the previous year. The harvesting method followed normal 

farm procedures. The exportability of fruit was detennined according to fruit fresh weight 

standards used in the local industry. These values were supplied by a local packhouse 

(Bavaria Packers Hoedspruit). 

Statistical analysis 

The logistic regression and the repeated measurement test in the SAS program at 5% 

significant was used for statistical analyses. Analyses were performed on most vegetative 

and reproductive parameters using one factor, irrigation. All treatments were compared 

for a specific date, for the specific parameter. 
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height declined during the colder parts of the year as expected with low temperatures. 

Shoot extension rate also decreased after a high initial growth rate, in concordance with 

environmental conditions. 

Fruit growth exhibited the same growth pattern during both growing seasons. No 

significant differences were found among the different treatments in fruit diameter in the 

2000 and 2001 season. Even nitrogen deficiencies (Chapter 2) did not have an effect on 

fruit growth rate. Fruit growth followed a typical double sigmoidal growth pattern 

depicting three-growth stages. Estimated fruit dry weight accumulation did not display 

any significant differences among the treatments. Eighty percent of fruit harvested in 

1999/2000 in the treatments were suitable for export with most fruits not falling into this 

category because they were too large. The 2000/2001 season had an average increase of 

10% to ninety percent exportable. 
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4. Physiological Responses to Progressively Reduced Irrigation and Regulated Deficit 

Irrigation 

4.1 Introduction 

One of the most limiting environmental factors for crop production is the lack of water. 

In South Africa the water supply is limited and the addition of water through irrigation 

during the summer months ensures successful production of crops in general and mango 

in particular. Successful crop production is, however, not only influenced by 

environmental factors but also by the genetic composition of the cultivar. Actual yield, 

tree growth and development are mediated by several endogenous factors , including 

previous fruit load, pre-and postharvest vegetative growth, flowering maturity of terminal 

shoots, nutritional status and carbon to nitrogen ratios (Schaffer et aI. , 1994). These plant 

characteristics are both directly and indirectly affected by environmental factors such as 

light, temperature, vapour pressure deficit and water availability and will be affected 

more severely with dramatic changes in environmental factors, leading to a decline in tree 

performance. Nonetheless, mediated stress or the release of stress caused by normal 

seasonal changes, provide conditions that result in the progression of crop cycles due to 

phenological changes in the plant (Whiley and Schaffer, 1997). Understanding the impact 

of the environment on tree physiology and growth, and the particular adaptive strategies 

developed through selection and evolution, can provide a framework to manage the crop 

to maximize the genetic yield potential (Schaffer et aI. , 1994). 

The productivity of a crop is dependent on the amount of carbon fixed by the process of 

photosynthesis during the season and the partitioning of these carbohydrates to various 

plant organs. The effect of environmental stress experienced by the plant can be 

determined by photosynthesis. In the majority of studies using fruit trees, the method 

employed to determine photosynthetic efficiency involves the measurement of CO2 

uptake by the leaf (Whiley and Schaffer, 1997). The rate of photosynthesis of a crop is 

greatly influenced by photon flux density, temperature, change in vapour pressure deficit 

(Syvertsen, 1996) and will decline if water stress is experienced (Flore et aI. , 1985). This 
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is because water stress affects stomatal aperture and chloroplasts function (Beadle et al., 

1985). Measuring the rate of photosynthesis as an indicator of water stress should not be 

done alone, but in conjunction with measurements of stomatal conductance as water 

stress leads to a closure of stomata that directly influences the rate of photosynthesis. In 

almonds, the manipulation of irrigation to cause water stress led to a decrease in both 

stomatal conductance and photosynthesis (Girona et al., 1993). Stomatal closure occurred 

before photosynthetic rates declined when irrigation is reduced and may therefore be a 

more sensitive parameter to measure than photosynthesis (Girona et aI., 1993). This is 

however crop dependent, because the opposite was found in Hazelnuts (Girona et aI., 

1994). 

During water stress most plants experience stress in the form of reduced vegetative 

growth, notably affecting leaf size, without significantly influencing photosynthesis of 

the plant (Hsiao, 1993). However, as the stress intensifies photosynthesis per unit leaf 

area will begin to decline (Boyer, 1970). This will only be noticed in the beginning of the 

stress period during the hottest part of the day (midday), but as the stress continues this 

becomes more apparent during the earlier parts of the day and the longer time it takes to 

recover during the afternoon. With photosynthesis restricted to fewer and fewer hours, 

carbon accumulation declines; affecting vegetative and fruit growth more negatively. The 

amount of carbon accumulation during water stress is closely correlated with stomatal 

conductance (gs). 

The restriction of CO2 uptake caused by the increased amount of closed stomata, cannot 

be the only cause for reduction in photosynthesis. The metabolic capacity for 

photosynthesis of cells in the affected leaves is also reduced, thereby reducing the rate of 

photosynthesis (Hsiao, 1993). This means that when the plant is re-watered it takes 

longer to adjust to the optimum condition and at the same time the damaging effect of 

water stress on the plant cells might be overcome. 

Caspari et aI. (1994) showed with pears that although water stress early in the season had 

no significant effect on gs between the controlled and stressed trees, the difference in gs 

51 

 
 
 



became more distinct as time progressed. Trees exposed for a significant time to stress 

took more than two weeks to recover after full irrigation had been resumed indicating a 

lasting affect of stress on the plant (Behboudian et aI., 1994). A similar pattern was found 

in lychee (Stem et aI., 1998) where low irrigation frequency was associated with low gs. 

In peaches, Marsal and Girona, (1997) highlighted the sensitivity of different 

phenological stages of the tree to deficit irrigation. Williams and Matthews, (1990) noted 

that in grape vines gs also declined as stress intensified and that in most cases vine leaves 

did not recover during the night as sufficiently as the non-stressed ones did. In peaches, 

Girona et al. (1993) showed that gs and photosynthesis were affected negatively by water 

stress. The effect on photosynthesis was, however, not as great as on gs indicating that the 

leaves of peach trees are better adapted to overcoming stress. This is only possible when 

trees are exposed to a gradual stress instead of abrupt stress. 

In some cases, trees exposed to a deficit irrigation situation use water more efficiently 

than non-stressed ones. Girona et al. (1993) found that although stomata closed rapidly in 

peaches when stress is experienced, the effect on photosynthesis was not as great in 

comparison to the control. This might have been due to environmental factors, but trees 

could also adapt to the stress situation if they were exposed to a gradual stress for a 

continuous period (Harrison et aI., 1989). 

The effect that water deficit can have on the ability of fruit trees to photosynthesize and 

transpire has not received as much attention in the past as other environmental factors 

such as the effect of temperature and photon flux density. Most authors in this field 

(water stress) concentrated on temperate fruit crops with little attention being given to 

subtropical fruit trees. The objective ofthis research was to study effects of progressively 

reduced and deficit irrigation treatments on photosynthesis and stomatal conductance of 

the mango during the season. 

4.2 Material and Methods 

The same experimental setup and site was used as described in chapter 2.2 
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4.2.1 Measurement of Seasonal Changes in Stomatal conductance (gs) and Photosynthesis 

(Pn) 

Seasonal changes in gs among treatments were started during the middle of June 2000. 

Measurements were recorded using a porometer (UCOR-1600, Licor Inc., NE, USA). 

Records were taken on cloud-less days at midday at all measurement periods in monthly 

intervals, except for days when weather did not permit or when trees were flushing 

vigorously and no unshaded leaves of the same age as previously for measurements could 

be found on the tree. Three trees in three replicates were selected in each treatment, and 

four leaves measured on each tree (total 36 leaves per treatment). 

Measurement of Pn was initiated during the beginning of July 2000 and was also 

evaluated on a monthly basis using an Infrared Gas Analyzer (Ciras, PP-System, U.K.). 

Measurements were taken on sunny days and on fully exposed leaves. No measurements 

were taken in months with high activity in vegetative growth due to the lack of mature 

and fully exposed leaves. Three trees for three replicates of each treatment were 

measured, using three leaves ill each tree (total 27 leaves per treatment). Pn was 

measured three times a day at 8:00, 11 :00 and 14:00 to create a diurnal curve. 

Measurements during the late afternoon were not possible because of a shading effect by 

the windbreaks adjacent to the block. 

During two periods, a month before flowering and in the third growing stage of fruit 

growth, irrigation water was withheld in T3 for about 4 weeks. The first period (a month 

before flowering) is well known in mango cultivation, especially in countries where the 

minimum temperature is not low enough to synchronize flower initiation (Singh 1977, 

Bernier et ai., 1981). Irrigation was withheld from 19 May 2000 until 19 June 2000 and 

gs was measured after 21 days of stress. Trees were re-irrigated after the farm manager 

started re-irrigating the farm control trees. The second period irrigation of RDI was from 

16 December 2000 until 15 January 2001. During the frrst week of stress midday gs was 

measured on three trees per treatment using three leaves on each tree. During the same 
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Values for both seasons corresponded well with results from Whiley et aI., (1993) who 

found averages of lO)lmol CO2 m-2 
S-l for the winter and 14)lmol CO2 m-2 

S-l for the 

summer in mango. The difference in photosynthesis in winter between T3 and the other 

treatments may have been due to stress that was induced in T3 a month prior to these 

experiments that had a lagging influence on photosynthesis although it was full irrigated 

after one month of water stress. Similar responses have also been reported by Goldhamer 

et ai. (1999) and Behboudian et ai. (1994), who suggested that the soil profile in field 

grown trees took a longer time to refill after resuming fully irrigation, leaving a large 

deficit for two weeks after full irrigation. During the summer, photosynthesis differed 

significantly between T2 and the other treatments. This might be due to the effect of leaf 

age and the phenological stage that some of the branches were in, or the effect the 

treatment had on the tree. Mango trees are evergreen and can have leaves ranging from a 

few months old to a few years old (Whiley et aI., 1993; Schaffer et aI., 1994) with 

different photosynthetic abilities. 

Midday photosynthesis for the period July to October (Fig. 4.4) showed the same pattern 

as the seasonal changes (Fig. 4.3) between treatments. Significant differences between 

treatments started to appear in September. TO and T2 were more affected than the other 

treatments during September 2000 and October 2000. 
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Leaf water potential is probably the most sensitive indicator of water stress experienced 

in the plant (Girona et aI., 1993; Marsal et aI., 1997). Measurement of this physiological 

parameter was, however, not possible in mango as was done by Larson et aI., (1989), 

Pongsomboon et al.,(1992) and Davenport and Nunez-Elisea, (1997) in mango. The main 

reasons for not including leaf water potential measurements in this project was, because 

there was no clear visible difference between latex and water that was excreted from the 

leaf when it is placed in the pressure chamber. Secondly water potential measurements 

may be not such a sensitive indicator in the beginning of a stressing period (Goldhamer et 

aI., 1999). It is possible that the use of this instrument in mango research is more 

SUbjective than in other temperate crops. 

4.4 Conclusion 

Progressively reduced irrigation does not seem to negatively affect stomatal conductance 

or photosynthesis during the growing season. Most of the differences between treatments 

could be attributed more to environmental changes over seasons than any physiological 

changes taking place in the plant. Regulated deficit irrigation on the other hand had a 

defmite effect on stomatal conductance during the first stressing period when water 

availability in the soil was very low. When the second period of stress was initiated the 

effect of stress was cancelled by rain and root growth, to an extent that there was no 

difference in stomatal conductance between treatments. 
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5. Summary 

Mango trees generally did not seem to be affected negatively by the different 

irrigation treatments they were subjected to. A high water infiltration rate indicated 

the suitability of the soil for pulse irrigation, with the soil profile having a high sand 

content and low silt and clay percentage. Total irrigation applied to the full-irrigated 

treatment was considerably lower than the farm control. Nutritional deficiencies 

experienced during the second season did not affect tree parameters negatively in 

comparison to the farm control. Growth parameters were not significantly affected 

during the first season, with most decreases in growth rate due to non-water 

environmental factors. Fruit growth and total yield were improved during the second 

season, indicating that physiological parameters were not negatively influenced 

between treatments. Stomatal conductance and photosynthesis gave the same pattern 

for all treatments with significant changes only during seasonal changes. Severe water 

stress led to a decrease in the rate of the physiological parameters. 
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6 Appendix 

Table 1 	 Analysis of repeated measurements (one factor, completely 
randomized) of water deficit for 14 months from December 1999 to 
January 2001. 

Source of variation df SS MS F 

Source 55 21968.99 399.43 4.27 
Error 132 12357.23 93.61 
Total 187 34326.22 

Irrigation 3 671.39 223.79 2.39 ns 
Months 13 19925.67 1532.74 16.37 ns 
Irrigation * Months 39 1319.42 33.83 0.36 ns 

Least Squares Means for Treatment effect 

TO Tl T2 T3 
TO 0.0593 0.8556 0.0952 ns 
T1 0.0593 0.0390 0.8249 ns 
T2 0.8556 0.0390 0.0647 ns 
T3 0.0952 0.8429 0.0647 ns 
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Table2 	 Analysis of repeated measurements (one factor, completely 
randomized) of trunk growth for 13 months from December 1999 to 
January 2001. 

Source of variation df SS MS F 

Month November 
Source 3 30.77 10.25 0.33 
Error 108 3378.11 31.27 
Total 111 3408.89 

Irrigation 3 30.77 10.25 0.33 ns 

Month January 
Source 3 18.95 6.13 0.19 
Error 108 3586.26 33.26 
Total III 3605.21 

Irrigation 	 3 18.95 6.13 0.19 ns 

Month March 
Source 3 78.74 26.24 0.71 
Error 108 3965.60 36.71 
Total 111 4044.34 
Irrigation 3 78.74 26.24 0.71 ns 

Month April 
Source 3 148.25 49.41 1.25 
Error 108 42.72.54 39.56 
Total 111 4420.79 

Irrigation 	 3 148.25 49.41 1.25 ns 

Month May 
Source 3 136.39 45.46 1.08 
Error 108 4539.67 42.03 
Total 111 4676.06 

Irrigation 	 3 136.39 45.46 1.08 ns 

Month June 
Source 3 129.55 43.18 1.06 
Error 108 4403.30 40.77 
Total 111 4532.86 

Irrigation 	 3 129.55 43.18 1.06 ns 
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Month July 
Source 3 103.03 34.34 0.79 
Error 108 4673.59 43.27 
Total 111 4776.62 

Irrigation 3 103.03 34.34 0.79 ns 

Month August 
Source 3 87.05 29.01 0.74 
Error 108 4249.89 39.35 
Total 111 4336.95 

Irrigation 3 87.05 29.01 0.74 ns 

Month September 
Source 3 125.99 41.99 0.88 
Error 108 5154.33 47.72 
Total 111 5280.33 

Irrigation 3 125.99 41.99 0.88 ns 

Month October 
Source 3 17l.65 57.21 1.17 
Error 108 5266.79 48.76 
Total 111 5438.45 

Irrigation 3 171.65 57.21 l.17 ns 

Month November 
Source 3 183.81 61.27 1.20 
Error 108 5519.92 51.11 
Total 111 5703.74 

Irrigation 3 183.81 61.27 1.20 ns 

Month December 
Source 3 128.96 42.98 0.81 
Error 108 5706.65 52.83 
Total 111 5835.62 

Irrigation 3 128.96 42.98 0.81 ns 

Month January 
Source 3 1198.12 399.37 0.40 
Error 108 106502.42 986.13 
Total III 107700.54 

Irrigation 3 1198.12 399.37 0.40 ns 
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Table 3 	 Analysis of repeated measurements (one factor, completely 
randomized) of tree height for 6 months measured from March 2000 to 
January 200 1. 

Source of variation df SS MS F 

Month 16/0312000 
Source 3 0.84 0.28 4.56 
Error 124 7.62 0.06 
Total 127 8.46 

Irrigation 	 3 0.84 0.28 4.56 * 

Month 09/0512000 
Source 3 0.59 0.19 3.26 
Error 124 7.49 0.06 
Total 127 8.08 

Irrigation 	 3 0.59 0.19 3.26 * 

Month 16/06/2000 
Source 3 0.50 0.16 2.53 
Error 124 8.30 0.06 
Total 127 8.81 

Irrigation 	 3 0.50 0.16 2.53 * 

Month 1010812000 
Source 3 0.64 0.21 3.75 
Error 124 7.15 0.05 
Total 127 7.79 

Irrigation 	 3 0.64 0.21 3.75 * 

Month 16110/2000 
Source 3 0.36 0.l2 2.10 
Error 124 7.09 0.05 
Total 127 7.45 

Irrigation 	 3 0.36 0.12 2.10 * 

Month 10101/2001 
Source 3 0.23 0.07 1.13 
Error 124 8.46 0.06 
Total 127 8.69 

Irrigation 	 3 0.23 0.07 1.13 ns 
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Table 4 	 Analysis of repeated measurements (one factor, completely 
randomized) of shoot growth for 5 weeks measured from November 
2000 to December 2000. 

Source of variation df SS MS F 

Date 2211112000 
Source 3 200583.163 66861.054 0.15 
Error 21 9233070.144 439670.007 
Total 24 9433653.307 

Irrigation 3 200583.1631 66861.0544 0.15 ns 

Date 3011112000 
Source 3 38250842.1 12750280.7 0.86 
Error 21 312545891.7 14883137.7 
Total 24 350796733.8 

Irrigation 3 38250842.13 12750280.71 0.86 ns 

Date 07112/2000 
Source 3 13622663.3 4540887.8 0.97 
Error 21 98787025.1 4704144.1 
Total 24 112409688.4 

Irrigation 	 3 13622663.25 4540887.75 0.97 ns 

Date 13/12/2000 
Source 3 29259241.5 9753080.5 0.62 
Error 21 333024968.0 15858331.8 
Total 24 362284209.5 

Irrigation 	 3 29259241.53 9753080.51 0.62 ns 

Date 20/12/2000 
Source 3 1407905.43 469301.81 0.40 
Error 21 24393350.47 1161588.12 
Total 24 25801255.90 

Irrigation 	 3 1407905.432 469301.811 0.40 ns 
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Table 5 	 Analysis of repeated measurements (one factor, completely 
randomized) of fruit growth for 11 weeks measured from November 
1999 to January 2000. 

Source of variation df SS MS F 

Date 1111111999 
Source 3 64.083076 21.361025 0.63 
Error 44 1498.567848 34.058360 
Total 47 1562.650924 

Irrigation 3 64.08307623 21.36102541 0.63 ns 

Date 25/11/1999 
Source 3 68.750957 22.916986 1.01 
Error 44 1000.203412 22.731896 
Total 47 1068.954368 

Irrigation 	 3 68.75095659 22.91698553 1.01 ns 

Date 0811211999 
Source 3 63.4767855 21.1589285 1.17 
Error 44 795.4768936 18.0790203 
Total 47 858.9536791 

Irrigation 3 63.4767855 21.1589285 1.17 ns 

Date 2311211999 
Source 3 203.255213 67.751738 1.49 
Error 44 1999.895633 45.452173 
Total 47 2203.150846 

Irrigation 3 203.255213 67.751738 1.49 ns 

Date 06/0112000 
Source 3 34.8434077 11.6144692 0.94 
Error 44 542.2425433 12.3236942 
Total 47 577.0859510 

Irrigation 	 3 34.8434077 11.6144692 0.94 ns 

Date 20/0112000 
Source 3 54.5656963 18.1885654 1.22 
Error 44 657.0127960 14.9321090 
Total 47 711.5784924 

Irrigation 	 3 54.5656963 18.1885654 1.22 ns 
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Table 6 	 Analysis of repeated measurements (one factor, completely 
randomized) of stomatal conductance, measured from August 2000 to 
December 2000 for specific dates. 

Source of variation df SS MS F 

Month 08/08/2000 
Source 3 49737.66 16579.22 0.78 
Error 6 127502.02 21250.33 
Total 9 177239.69 

Irrigation 	 3 49737.66 16579.22 0.78 ns 

Month 14/09/2000 
Source 3 47266.94 15755.64 1.56 
Error 6 60747.79 10124.63 
Total 9 108014.74 

Irrigation 	 3 47266.94 15755.64 1.56 ns 

Month 18112/2000 
Source 3 47575.08 15858.36 0.81 
Error 6 117777.33 19629.55 
Total 9 165352.41 

Irrigation 	 3 47575.08 15858.36 0.81 ns 
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Table 7 Analysis of repeated measurements (one factor, completely 
randomized) of stomatal conductance, measured from 18 December 
2000 to 21 December 2000. 

Month 
Source 
Error 
Total 

18112/2000 
1 
16 
17 

0.02 
21579.06 
21579.08 

0.02 
1348.69 

0.00 

Irrigation 1 0.02 0.02 0.00 ns 

Month 1911212000 
Source 1 585.58 585 .58 0.40 
Error 16 23226.41 1451.65 
Total 17 23812.00 

Irrigation 585 .58 585.58 0.40 ns 

Muuth 20/ 12/2000 

Source 1 4120.30 4120.30 1.31 
Error 16 50229.30 3139.33 
Total 17 54349.61 

Irrigation 1 4120.30 4120.30 1.31 ns 

Month 2111212000 
Source 1 98 .00 98.00 0.06 
Error 16 224136.49 1508.53 
Total 17 24234.49 

Irrigation 1 98.00 98.00 0.06 ns 
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