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ABSTRACT

Sixteen species of trees, shrubs and ground covers,

commonly used in landscape designs in southern Arizona, were

given high, medium, and low water treatments under trickle

and spray irrigation systems. Annual water deliveries for

these plant species were obtained. Well-distributed summer

rains substantially reduced the irrigation needs of these

plants, and all the plant species were reasonably maintained

under trickle irrigation, with less than one-gallon-per-day

water deliveries, except Mulberry. Plants were grouped into

four categories according to their annual water deliveries,

viz., very high, high, medium, and low water users.

Trickle-irrigated plants made almost equal growth

and maintained similar appearance as spray-irrigated plants,

which were given more water. The data on plant growth incre-

ments were analyzed for selected ten plant species to deter-

mine the effects of reduced water treatments. None of the

plant species showed significant linear or quadratic rela-

tionships with water levels except Privet, which showed

significant linear relationship with high, medium, and low

water treatments for plant height and plant spread.

viii



CHAPTER 1

INTRODUCTION

Deserts have been the home and the inspiration for

more than one great civilization. The early settlers in

the American southwest who came from Spain and Mexico knew

that water was a limited and precious commodity, to be used

with care in achieving maximum vegetative production and

environmental improvements.

The existing landscape attitudes and traditions of

the southwest of today are originally from England and cen-

tral Europe where there is abundant water and greenery.

These Anglo-Saxon settlers first settled in the north and

central United States and then spread over the southwestern

United States. If the settlers from central and eastern

portions of the country had adopted the earlier Moorish con-

cept of water as a limited and precious resource, perhaps

the southwest would have been spared the pending cultural

shock relative to water use priorities.

Throughout the western states, water is an important

resource upon which there are multiple demands. Some of

the major demands are agricultural, industrial, energy devel-

opment, recreational, wildlife, urban, etc. Among these
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demands, the urban demand is rapidly growing, as the urban

growth has been explosive. Water supplies are limited and

the expanding population puts higher demand on the existing

limited supplies.

Water serves so many of our needs in and around the

home that it must be regarded as a precious commodity; yet

in many households it is used carelessly or excessively. It

is estimated that about half of the water delivered to

average southwestern homes is used outside the house, i.e.,

for irrigating the lawns and the garden and of this half

portion of the water, nearly one-fifth is lost due to runoff

and deep percolation (State of California, 1976).

The importance of domestic water conservation is well

understood, as it has received considerable research and

attention in the past. Unfortunately, until recently, the

reduction of the exterior use of water has not received the

same research and attention as has the interior use.

In Arizona and the southwest, because of large

residential water use for irrigation, significant amounts

of water can be saved in domestic lawns and gardens. An

obvious means for accomplishing this is to eliminate exces-

sive watering which results in runoff and deep percolation.

Substantial water savings are also possible by using plants

that require less water.
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To get the most from each unit of water, we must

know how much water to apply. Therefore knowledge of the

water requirements of urban plants and lawns is necessary.

Water requirements of urban lawns have already been evalu-

ated (Kneebone and Pepper, 1979).

The objectives of this research are to determine

the irrigation water requirements of some trees, shrubs and

groundcovers commonly used for landscape designs in southern

Arizona and to find out the effects of reduced water treat-

ments on their growth and appearance.



CHAPTER 2

REVIEW OF LITERATURE

Water Conservation 

Leonardo da Vinci described water as "the driver of

nature." All living things require water for their survival.

Water is plentiful in nature, as nearly two-thirds of the

earth's surface is covered with water. Unfortunately out

of this water supply, but a fraction is satisfactory and

available for human use. According to Biswas (1975), this

fraction is less than one percent at any given moment.

While ice caps, glaciers and ground water account

for most fresh water resources, for all practical purposes

it is surface water that constitutes the basic available

supply for most people Ground water has been heavily

developed in some parts of the world including southwestern

United States, which has resulted in the exploitation of the

water-bearing formations. A handbook prepared by the Uni-

versity of Arizona (1977) states that there are 300 wells

throughout the city of Tucson where the water level is

lowering at an accelerated rate as the use exceeds natural

replenishment.

4
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With improved technology, the future development of

surface and groundwater resources will certainly remain an

important consideration in our water picture. Today,

however, with the increasing concern for the preservation

of the native values of our rivers, fisheries and recrea-

tional opportunities, the continually increasing cost of

water development, and the use of energy, the emphasis is

moving towards alternative methods to satisfy increasing

water demand. A recent report from the state of California

(1976) states that, given favorable circumstances, water

supplies can be increased by such techniques as watershed

management and the direct harvesting of precipitation. Sub-

stantial savings are also possible through better integra-

tion of surface and ground water supplies, water exchanges,

reclamation of waste water and water conservation--using

less water to accomplish the same purpose.

According to Hillel and Ravitz (1972), under arid

and semi-arid conditions, water generally constitutes the

primary limiting factor in all the sectors. A major task

of management is to ensure the supply, conservation and effi-

cient utilization of water used for municipal, industrial

and agricultural purposes. An important consideration is

that a large portion of water used in these areas is non-

essential in the actual production process. Hence, there

is an opportunity for water savings.
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The importance of water conservation is well under-

stood in the agricultural and industrial sectors, as many

years have been devoted to research and development in these

areas. Water conservation practices are catching up in urban

sectors as well, particularly in the southwestern United

States. The urban water supply of cities in this region is

scanty and it is always insufficient for existing needs. It

can never cope with the ever-increasing population growth of

the area.

A report from the state of California (1976) indi-

cates that of the total state water demand, 13 7 is urban,

which is increasing. The report states further that the

residential water use in 68 7e , commercial 14% and industrial

187 . The residential water can be again categorized into

two: 567e is for the interior use; most of the remaining 447e

is used for landscape watering.

Since southwestern Arizona is located in the arid

environment with maximum temperatures in excess of 38 0 C

for several months of the year with low rainfall, water is

at a premium and the domestic water conservation is of vital

interest. Popkin (1979) reported that a large proportion,

i.e, about 65% of the water delivered to an average south-

western home, is used for turf and garden irrigation. Most

of this is valuable potable water.
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Water conservation practices started many years

ago on the farms in Arizona. Erie, French and Harris (1965)

have reported the consumptive use requirements of water for

most of the crops in Arizona. They also have reported mean

consumptive use for Beimuda lawn at Mesa and Tempe, Arizona.

On the home front, little research was reported, most of

which pertain to the vegetable crops and their water require-

ments. Kneebone and Pepper (1979) have evaluated the water

requirements of urban lawns. No work till this date is

reported towards finding out the actual water requirements

of urban landscape plants in southern Arizona. Some work,

though, is reported on a relative basis, and lacks the

desired accuracy.

Miller (1978) prepared a list of plant matrix that

can be grown in southwestern deserts. This includes species

naturalized from other arid regions of the world as well as

plants native to the North American deserts. The common

denominator for all these plants is their ability to with-

stand various degrees of drought. He listed over 200 desert

trees, shrubs, groundcovers, and vines, with cultural infor-

mation and comment on each species, including their relative

water needs such as ample, moderate or low water require-

ment. Actual amount of water required is not quoted, and

in all cases the information provided in the matrix refers

to established plants.
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Sacamano and Jones (1976) prepared a bulletin

covering native trees and shrubs for landscape use in the

desert southwest but do not have accurate figures for water

requirements of the trees and shrubs. They quoted the

drought resistance of these trees and their relative water

requirements.

A handbook prepared by the University of Arizona

(1977) for the City of Tucson, divides landscape plants into

seven basic groupings relating to how they function in a

landscape design. For the water requirement purpose it

lists low, medium and high water-requiring plants, each

under the seven basic groupings. The plants requiring 10-20

inches of water per year are listed under low water require-

ments, 20-35 inches per year under medium, and 35-50 inches

per year under high water requirement.

The handbook has also suggested an approximate method

for determining the water requirements of commonly grown

landscape plants. Although based on several assumptions,

the method can serve as a useful guide to estimate the sea-

sonal water requirements for evergreen, deciduous, cool-

season grass and flowers and garden plants.

According to Nehrling and Nehrling (1968), proper

watering not only saves time and money, but also improves

soil conditions, decreases the amount of fertilizer needed,
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lessens disease, insect and weed problems, and improves

lawn and garden quality.

Larson and Borrows (1972) stated that garden and

lawns, when actively growing, require about an inch of water

every week. If the rainfall does not furnish this, supple-

mental watering is required. They also have suggested that

watering should be started when a third to a half of the

available water has been removed by plants and should be

continued until the entire soil in the rootzone is wet.

Excess watering of lawns and gardens, as well as

keeping them under prolonged water stress, are both harmful.

Threshow (1971) described in detail the disorders associated

with adverse water relations, viz., water deficiencies and

water excesses.

Taylor and Slater (1955) have stated that too little

water to moisten the root zone and too much water both pro-

duce undesirable effects on crops. This is a waste of water

that may be needed for other purposes. They further state

that it is therefore highly desirable to apply enough water

to moisten the root zone without excessive loss by deep

percolation. In other words, they have emphasized the need

for knowing the irrigation water requirements of plants.

Moisture Stress and Plant Growth 

The most rapidly expanding area of research in plant-

water relations during recent years deals with the effect of
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water stress on the physiological processes of the plants.

Kramer (1974) has said that the various effects of water

deficits are interrelated and hence it is difficult to

determine how reduction in growth takes place with dimini-

shing available water. He further says that water stress

causes stomatal closing, thereby reducing photosynthesis.

This results in reduction of cell elongation. Protein and

RNA synthesis are also affected simultaneously by water

stress, and the effect differs at different stages of growth.

According to Threshow (1971), as water becomes defi-

cient, the plant progressively undergoes incipient, transient

and permanent wilting. Moisture stress influences such

processes as water uptake, seed germination, stamatal clo-

sure, transpiration, photosynthesis, respiration, enzymic

activity, growth of shoots and roots, shrinkage of tissue,

mycorrhizal development and mineral nutrition.

Post (1952) said that the lack of water causes

wilting, and further lack of water permits drying of tissues

and dormancy or death. Perennial plants of woody nature may

become dormant following such treatment. The constant lack

of water may not cause dormancy in some annual plants.

Sometimes water stress results in hardening of plant tissues

and early maturity.

Plants respond differently to moisture stress at

different stages of growth. According to Taylor and Slater
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(1955), when vegetative growth is rapid, plants react quickly

to moisture stress. If the soil becomes dry at this time,

new leaves do not develop fully and a general reduction in

succulence follows. When water becomes available again,

rapid growth may resume, but the small leaves and stems pro-

duced during moisture stress never become fully enlarged

and the plant never catches up with the non-stressed plant.

Desert plants are often subjected to water stress

because of the climatic conditions and water shortages.

Unfortunately until recently, very limited research was done

to determine their water requirements and to determine the

effects of moisture stress on them.

McGinnies and Arnold (1939) studied the water re-

quirements of Arizona range plants over five years at the

Desert Grassland Station of the Catalina-Santa Rita Experi-

mental Range. The native species basically included three

groups of plants, viz., grasses, annuals and xerophytic

trees and shrubs. The quantity of water a plant needs for

the production of a unit weight of dry matter was used as

its water requirement. A result of the comparative study

of 28 rangeplan.ts were: perennial grasses were fairly uni-

form in their water requirements; summer annuals had lower

water requirements than the winter ones; trees and shrubs

had the highest water requirements except foothill Palo
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Verdes; Mesquite had three times the water requirement as

perennial grasses.

Over a five-year period, Youngner, Williams and

Green (1976) studied ecological and physiological implica-

tions of greenbelt irrigation. Studies of the soil and

plant water status suggested that for the shrub species,

growth stimulation was pronounced when soil moisture was

raised to levels more available to plants. This available

water controls the moisture status of the plants, thereby

controlling stamatal functioning and regulating growth.

Halevy (1966) states that water stress is influenced

not only by soil moisture tension but also is a result of

lack of correspondence among the components which determine

the water status of the plant; namely water absorption,

translocation and loss. In some cases when transpiration

is high, even a reduction in soil moisture tension to a

minimum will not eliminate the reduction in the leaf water

potential and plant growth. He observed this in experiments

with roses and gladioli, which supports the idea of using

physiological indicators to determine water stress and timing

the irrigation rather than using soil moisture content.

Daubfnmire and Charter (1972) observed the behavior

of woody desert legumes at wilting percentages of the soil.

They concluded that in desert legumes, the attainment of
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the wilting percentage is not obvious as wilting of leaf

blade does not occur instantly like wheat leaves. Perma-

nent wilting is defined as a degree of wilting so complete

that leaves will not regain their normal unwilted appearance

after 24 hours in a moist chamber. However, in the case of

desert legumes, as soon as wilting percentage is exceeded,

the rate of abscission increases, shoot elongation is ceased,

transpiration rate is reduced and the diurnal position of

pinnules is changed. Apparently the growth and transpira-

tion continues at a normal rate at any moisture level above

the wilting percentage.

Desert landscape plants respond in a different way

to water stress than the plants from the humic regions.

Branson, Reuben and McQueen (1976) studied the moisture

relations in twelve northern desert shrub communities near

Grand Junction, Colorado. They observed that seasonal

patterns of both internal plant stresses and soil moisture

stresses increased from late May until early September when

increases in rainfall caused both to decrease. Efficiency

of water use (plant growth per unit of water used) was more

for species from moist habitat than from the dry habitat.

Desert plants can be stressed more than the agricul-

tural crops. Clark et al. (1974) studied the survival of

four selected desert shrubs under dry soil conditions.
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Partial wilting of each occurred at much lower soil mois-

ture potential than agricultural crops, and each recovered

after irrigation.

Sachs, Kretchum and Mock (1975) worked on minimum

irrigation requirements for landscape plants at San Jose

and Santa Ana, California. Several field established broad-

leaved and coniferous evergreen shrubs and two ground covers

survived and maintained adequate appearance with restricted

growth, without supplemental irrigation from May through

September on deep soils. Two plant species were given one

or two irrigations. Defoliation occurred in Oleander; the

rest of the plant species were acceptable in appearance.

Their findings indicate that substantial savings in water

costs and in controlling vegetative overgrowth can be real-

ized by reducing irrigations to an established landscape

planting.

Landscape plants also show differences in drought

tolerance and efficiency of water use. According to Halevy

(1972) the effect of decrease in soil moisture varies accor-

ding to the different physiological processes investigated.

Some show a marked influence even at very low soil moisture

tensions, while others remain unchanged until soil reaches

wilting point or even later. A plant condition which shows

an apparent and easily detected change when the soil reaches



15

the tension critical for a particular plant, may thus be

used for irrigation of this plant species as a physiological

indicator.

Sionit and Henderson (1973) used a highly sensitive

electronic dendrometer for studying the water relations of

herbaceous plants, including Privet. Immediately after

irrigation, they observed a rapid increase in the stem dia-

meter and transpiration rate of both herbaceous and woody

plants. Under water stress, shrinkage was observed in the

stem diameter.

Metwalli, Struckmeyer and Beck (1970) studied the

effects of three moisture regimes on the growth and anatomy

of two geranium species. As the moisture level increased,

the height, leaf area and dry weight also increased. The

diameter of petioles and stem and the thickness of leaves

also increased as the soil moisture increased.

An article from the Ministry of Agriculture, Japan

(1971) states that Mulberry trees respond directly to water

stress. With three levels of available moisture, the growth

and appearance was better in high water treatment, medium

showed average results, while the low water treatment showed

poor growth and appearance.

In recent years, considerable work has been done to

grow plants with trickle irrigation. Kramer (1980) has
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emphasized the need and advantages of trickle irrigation.

It is frequently observed that trickle irrigation makes

enormous water savings possible without any reduction in

yield compared to plants irrigated with any other conven-

tional method.

Ponder and Kenworthy (1976) performed a study to

determine the relationship of trickle irrigation to trunk

diameter increase and nutrient composition of nursery-grown

trees. They found that trickle irrigation does not promote

any consistent change in the nutrient composition of leaves.

As regards the growth, some plant species showed more vege-

tative growth in the first year and some in the second

year. Some plant species did not show any increase in the

second year.

Ponder and Kenworthy (1976) also studied the influ-

ence of trickle irrigation on root distribution. They found

that the irrigation does not influence the root system depth;

more over, they also found that the root system of irrigated

and non-irrigated trees were distributed in the same volume

of soil. Some plant species had nore fibrous and more large

roots than the non-irrigated ones.

Middleton, Proebsting and Robergs (1978) observed

in their study on apple trees that the overall growth was

no different under trickle than in sprinkler irrigation
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treatments. However the trickle-irrigated trees fruited

earlier, and had more shoot spread while sprinkler-irrigated

trees had more shoot height as compared to their spread.

Weatherspoon (1978), at Monticello, Florida, con-

ducted preliminary research to determine the feasibility of

using trickle irrigation for increasing the water use effi-

ciency and reducing runoff problems inside nurseries. His

results indicate that water application rates can be reduced

by at least 75 7e and quantity of runoff by at least 857e with

little or no effect on the growth of the garden plants.

A recent survey report from the State of California

(1976) estimated that in almost all gardens the plants are

overwatered. They strongly recommended the need for deter-

mining the water requirements of urban plants and also

recommended the use of trickle irrigation. According to the

report, nearly 207 of the potable municipal water is wasted

in domestic gardens through overwatering.

Cotter and Chavez (1979) conducted a study of seas-

onal and landscape effects on residential water application

rates used to maintain mesophytic plants in Las Cruces, New

Mexico. Their results showed a positive and significant

correlation between water delivered and the turf and garden

area maintained. However, only one-half of the variation

in the water applied was accounted for in the analysis. In
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two years about 407 more water was applied than the esti-

mated water requirements. They also have stated that the

principal reason for excessive water use appeared to be

consumers' lack of knowledge about plant water requirements.



CHAPTER 3

MATERIALS AND METHODS

This experiment was conducted at the University of

Arizona, Campbell Avenue Farm, during 1978 to 1980, near

Tucson, Arizona. The soil at the experimental site is formed

in layers due to-deposits from the river, and is mostly loam

with occasional gravel, particularly on the east side of the

field. According to U.S.D.A. classification, it is a Pima

soil.

The Tucson weather is mostly arid throughout the

year, with thundershowers in summer. Weather data for the

entire period of the experiment are given in Appendix A.

Sixteen species of landscape plants, comprising

trees, shrubs and ground covers commonly used in landscape

design in southern Arizona, were selected and grown in a

nursery. Planting occurred during June and July of 1978.

In 1979, two plant species were replaced with two new spe-

cies. Table 1 lists these eighteen plant species. Descrip-

tive information about some of the plant species is given

in Appendix B. Eighteen plants of each species were planted

under trickle irrigation on the east side of the field and

also under spray irrigation on the west side of the field.

19
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Table 1. Plant material used in the experiment.

Common Name	 Botanical Name

1. Euonymus	 Euonymus japonica 

2. Pyracantha	 Pyracantha sp.

3. Boxwood	 Buxus microphylla 

4. Texas Ranger	 Leucophyllum frutescens

5. Oleander	 Nerium oleander

6. Privet	 Ligustrum lucidum

7. Arizona Rosewood	 Vauquelinia californica

8. Pine	 Pinus eldarica

9. Rhus Lancia	 Rhus Lancia

10. Mulberry	 Morus alba 

11. Acacia	 Acacia smallii 

12. Mesquite	 Prosopis glandulosa "glandulosa"

13. Buford's Holly	 Ilex cornuta "Bufordii"

14. Red Sage	 Salvia greggii 

15. Suaeda	 Suaeda vera

16. Periwinkle	 Vinca major 

17. Jojoba	 Simmondsia chinensis

18. Atriplex	 Atriplex repandens 
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Figure 1 shows the planting layout for one repli-

cation under both the trickle and the spray irrigation

systems. Ground covers under spray irrigation were re-

moved after the first year due to excessive weed problems

caused by low spots of the field. Three replications of

each plant species were tested under the trickle and the

spray irrigation.

Water for this experiment is provided by the City

of Tucson. The main is located on the west side of the

field. A main valve, backflow preventer and a 50-mesh

filter are installed after the main. From the filter, water

is carried underground by two-inch PVC pipe to the trickle

irrigation manifold on the east side and to the spray irri-

gation manifold on the west side.

The trickle irrigation system is controlled auto-

matically using sixteen solenoid valves and two twelve-

station controllers. A two-inch main leads through a 200

mesh filter, pressure regulator and pressure gauge and joins

with the trickle irrigation manifold. Sixteen outlets, one

for each plant species, are taken from the manifold and on

each of them, a solenoid valve and a water meter is installed.

From the water meters, 3/4-inch PVC lines are taken under-

ground to three subplots for each plant species. This 3/4-

inch PVC finally leads to nine riser pipes, providing three
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Figure 1. Planting layout under one replication of
trickle and spray irrigation systems.



23

outlets, one each for the high, the medium and the low water

treatments, at all three subplots. A faucet on each riser

connects to flexible plastic tubing which carries water to

the vicinity of plant roots. Trickle emitters are installed

on the flexible tubing. Three water levels are obtained by

installing 1 emitter per plant for low water treatment, 2

per plant for medium, and 3 per plant for the high water

treatment. Thus the volume of soil wetted under 1 emitter

was low, under 2 was medium and maximum rootzone was wetted

under 3-emitter treatment. This was done in order to test

the effects of amount of water on the growth and appearance

of plants. The effect of spatial distribution could not be

evaluated because of the limited financial resources.

Figure 2 shows a schematic sketch of trickle irri-

gation layout for one replication.

The spray irrigation system uses manual valves. The

layout was similar to that of trickle irrigation layout

except that in place of emitters, sprays (spitters) were used.

High-discharge sprays were used on the high-water-using plant

species, and the low-discharge ones on the low water users.

Subplots of each species under spray irrigation system also

were given low, medium or high water treatments with medium

receiving twice the amount of water and high receiving three

times more the amount of water compared to the low water

treatment.
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Under spray irrigation, watering was done about

once a week and about twice a week under trickle irrigation.

Soil moisture content in the high water treatments as meas-

ured by tensiometers was initially used to determine how

much water to deliver. The tensiometers work only in the

range of soil moisture tension. When the plants were young

and growing, they were maintained well by keeping the soil

moisture nearly at field capacity for all the plant species.

As the differences in response of plants to differential

water treatments were not becoming apparent, it was decided

to stress them further. Tensiometers were not useful in

the higher tension range, so they were replaced by gypsum

blocks. However, the gypsum blocks were not reliable in

predicting soil moisture content and could not be used to

determine how much water to apply.

By the end of 1979, only in some species were the

plant responses different in high, medium and low water

treatments, e.g., Privet and Mulberry. The other species

were not showing differences as desired. So it was decided

to further stress the plants.

In 1980, physiological indicators of water stress

were used to determine how much water to apply. Halevy (1966)

stated that drooping and yellowing leaves and high leaf

temperatures are good indicators of plant water stress.
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These factors were observed, combined with the 1979 water

level for the low treatment to calculate the medium water

delivery in 1980. While only visual observations were

used, the plants under the low water treatment were

stressed between most irrigations.

Weeds were a problem both years, especially after

the rains. Pre-emergence chemical weed control was tried

both years, but it was not effective. Hence contact weed

killers were used, viz., Paraquat, Round-up and Yuban (MSMA).

Frequent hand hoeing and land tilling were also used to

control weeds.



CHAPTER 4

RESULTS AND DISCUSSION

In the first year (1978), the experimental site was

obtained and the plot layout determined. Planting occurred

in June and July. To insure the initial establishment of

the young plants, all the plants were given high water treat-

ments. No watering was required after October as rain pro-

vided sufficient water. Measurements of plant heights and

diameter were made.

In 1979 rains provided sufficient water until the

end of March. As a result of above-average rains and below-

normal temperatures, several plant species suffered frost

damage. Excessive weeds were a problem. The southwest

corner of the plot is at a lower elevation compared to the

rest of the plots. As a result, flooding occurred, killing

both of the groundcovers, Atriplex repandens and Suaeda vera.

Weed growth was tremendous in these low spots. Weeds were

cleared and new Suaeda vera plants were planted. Atriplex 

repandens under drip irrigation was replaced by Salvia 

greggii and under spray irrigation Atriplex repandens was

replaced by Vinca major. Jojoba did not recover from freeze

27
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damage, and hence all the plants were replaced. Other

plants also died during the year, and the following were

replaced:

1. Buford's Holly 5 4. Rhus Lancia 2

2. Pyracantha 2 5. Boxwood 1

3. Mesquite 2 6. Euonymus 1

Care was taken that the new replacement plants were

of the same type and age as those in the experiment. In the

first week of April, the water lines were serviced; spray

nozzles and emitters were cleaned. After the first week of

April, the plants were given differential water treatments,

i.e., high, medium and low. This was achieved by irrigating

different times, i.e., 10, 20, or 30 minutes for the low,

medium and high water treatments, respectively.

In the summer, as the plants were receiving higher

rates of water because of higher evapotranspiration, it

became increasingly difficult to water the plants. Hence,

it was decided to install one, two, or three emitters or

spray heads per plant so that they received low, medilm,

and high water treatments automatically during each watering.

Flexible pipe was buried in order to ease inter-crop opera-

tions.

Soil moisture content in the high water treatment

was measured with tensiometers in each species, which served
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as a guide for the initial watering. Additional tensio-

meters were installed when it became apparent that too much

water was being applied. Water applications were reduced

further, but the plants receiving the low water treatments

did not show signs of water stress. The tensiometers did

not work in the drier range and were replaced by gypsum

blocks for soil moisture measurements. Watering continued

until early December when low temperatures reduced plant

needs and sufficient rainfall occurred.

To control the weeds, the chemicals Roundup and

Paraquat were applied. Dacthal was also tried as a pre-

emergence herbicide, and the only weed that caused a severe

problem during the rest of the year was nut grass. Neither

chemical sprays nor pre-emergence herbicides controlled nut

grass growth. Hence, it was a problem throughout the year.

A pre-emergence herbicide was applied again in the fall to

control winter weeds.

In 1980, as indicated by Halevy (1966), physiologi-

cal indicators of water stress were used to determine when

and how much water to apply. This worked well to determine

the timing of irrigation. The previous year's low water

requirement, under which all the plants maintained reason-

ably good growth and appearance, also served as a useful

guide to quantify irrigation water to be applied in a season.
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Buford's Holly did not show any growth or better

appearance throughout the experiment. Most of the plants

did not survive for more than 2-1/2 years. The probable

cause can be that it does not survive under full sun.

Many Jojoba plants did not survive the winter and

were replaced by Periwinkle under trickle irrigation. Under

spray, the Jojoba was replaced by Suaeda vera, but did not

survive transplanting.

Weeds were a problem throughout the year, especially

after the rains. As the last year's pre-emergence weed

control was not effective, only post-emergence weed-killers

were used, viz., Paraquat, Round-up and Yuban (MSMA). Fre-

quent hand-hoeing and land tilling were also used to control

weeds.

For ease of presentation, the results and their dis-

cussion are grouped into two subtitles: Water Delivered; and

Effect of Water on Plant Growth and Appearance.

Water Delivered 

Water measurements began shortly after planting,

which took place in June and July of 1978. To ensure plant

establishment, all the plants were given the high water

level until mid-August. Because of the unusually high fall

and winter rainfall, no irrigation was required after late

October. Table 2 shows the water applied at the high level

during the summer season of 1978.



Table 2. Approximate water delivered to plant species
during August and September 1978 and their
average heights under trickle irrigation.

Plant Species Height Water
(ft) (Gallons/Day)

Euonymus 1 2.2

Pyracantha 1.5 2.0

Boxwood 0.8 3.0

Texas Ranger 1 3.4

Oleander 4 2.2

Privet 1.3 3.0

Arizona Rosewood 1.5 1.3

Pine 1.5 2.2

Rhus Lancia 2.0 4.4

Mulberry 8.0 5.9

Acacia 3.5 0.9

Mesquite 1.5 5.7

Buford's Holly 1 3.2

Suaeda 1 0.4

Jojoba 1 2.3

Atriplex 0.3 0.6
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In 1979, the irrigation systems were modified to

conveniently provide the differential water treatments.

Subplots of each species were given high, medium or low

water treatments with medium receiving 2/3 the amount of

water and low 1/3 the amount of water as compared to the

high water treatments. Table 3 shows the water delivered

to the medium water treatment in summer season of 1979.

Too much water was applied under the spray irriga-

tion, because it was not automatically controlled and high

discharge spray nozzles initially were used on some of the

plant species.

The effect of three water levels was seen more in

the case of tall shrubs and trees as compared with small

shrubs, which maintained somewhat similar growth and appear-

ance for all three water levels. This suggested that the

plants should be stressed further.

In 1980, water applications were reduced until the

plants receiving the low water treatment showed signs of

water stress. The previous years' low water treatment,

which did reasonably well, served as a useful guide in de-

ciding irrigation for the plants. As the plants were fully

established, they were more stress-resistant and hence the

water requirements were low for most of the plant species

as compared with 1979. Table 4 shows the average daily
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Table 3.	 Average daily water delivered in gallons/day,
for the time period June, July, and August
1979, to medium water treatment.

Plant Species Average
Plant Height

(feet)

Irrigation
Trickle	 Spray
(gallons/day)

Euonymus 2.60 0.62 2.30
Pyracantha 2.70 2.12 3.93
Boxwood 1.06 0.44 0.95
Texas Ranger 2.85 2.30 4.89
Oleander 3.53 1.97 2.99
Privet 4.16 1.44 4.13
Arizona Rosewood 3.07 2.95 4.17
Pine 4.05 0.20 1.12
Rhus Lancia 2.37 0.11 0.84
Mulberry 11.08 4.38 9.61
Acacia 5.29 0.64 2.59
Mesquite 5.00 0.96 2.86
Buford's Holly 1.30 0.23 1.12

Suaeda 1.00 0.45 1.73

Red Sage 1.10 0.50

Periwinkle 0.80 1.61
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Table 4.	 Average daily water delivery in gallons/day,
for the period June, July, and August 1980,
to the medium water treatment.

Plant Species Average Irrigation
Plant Height

(feet)
Trickle	 Spray
(gallons/day)

Euonymus 2.72 0.51 0.38
Pyracantha 3.16 0.48 0.55
Boxwood 1.07 0.23 0.25
Texas Ranger 3.61 0.53 0.64
Oleander 4.16 0.45 0.47
Privet 4.72 0.73 0.95
Arizona Rosewood 4.43 0.31 0.60
Pine 4.37 0.20 0.29
Rhus Lancia 3.97 0.48 0.46
Mulberry 11.81 0.87 1.24
Acacia 8.35 0.21 0.67
Mesquite 5.00 0.45 0.56

Buford's Holly 1.30 0.30

Suaeda 1.00 0.26

Red Sage 1.10 0.18

Periwinkle 0.80 0.18
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delivery for the summer season of 1980, to the medium water

treatment.

More water was delivered to Mulberry, even in 1980,

as it was in its growing stage. Rhus Lancia also took more

water than last year, for the same reason.

The low water requirements in 1980 were the result

of using better criteria for irrigation scheduling and more

rainfall during the watering months. Table 5 shows the

amount of precipitation recorded at the University of Arizona,

Campbell Avenue Farm, for the years 1979 and 1980. The

quantity of rainfall is not used in calculating the average

water deliveries.

The average water delivery for the individual plant

species was calculated from two years' data for every month

under the trickle and the spray irrigation systems. Fig-

ures 3 through 17 show the average water deliveries for the

established landscape plant species used in this experiment.

These figures also show the average plant size for which

the curves are useful. Appendix C contains all the infor-

mation about obtaining the average curves of water deliver-

ies for individual plant species.

In 1978, the plants were given excess water for

initial establishment and is not used in calculating the

average water delivery for the entire irrigation period.
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Table 5. Rainfall data for the years 1979 and 1980 (inches).

Month	 1979	 1980	 Average

January	 3.22	 1.03
February	 0.83	 2.73
March	 1.27	 1.26
April	 0.28
May	 0.58

June	 0.17	 0.30
July	 2.12	 1.88

August	 2.03	 2.50

September	 1.19

October	 0.28	 0.61

November	 0.34

December	 0.10	 0.25

1.56

1.78

1.26

0.14

0.29

0.23

2.00

2.04

0.60

0.44

0.17

0.17

Total (Inches/year)	 10.94
	

12.03	 11.48
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The low water treatment of the year 1979 showed reasonably

good growth and appearance. Hence it was used for water

delivery in 1979. In 1980, the low water treatment was

well-stressed, and the water deficiency symptoms were appa-

rent for all the plants under low water treatment with

trickle irrigation. The medium water treatment showed

reasonably good growth and appearance and was used as a

water delivery for 1980.

The total area under the trickle irrigation curves

of Figures 3 through 17 represent the average amount of

water delivered to individual plant species for the entire

irrigation period, i.e., to the low water treatment of 1979

and to the medium water treatment of 1980. The vertical

axis represents the number of gallons delivered per day per

plant and the horizontal axis represents the year by months.

The curves represent the irrigation water delivered for a

specific time of the year, in addition to the rainfall.

During both years of this experiment, rainfall was adequate

and no watering was required from December to the middle of

April. During the watering period, each plant species re-

quired varying amounts of water and their peak water use

demands were also different.

Plants can be grouped into four categories, accord-

ing to their water deliveries. Table 6 shows the average



Table 6. Average annual water delivery to individual
plant species, under trickle irrigation and
their grouping accordingly.

Plant Species
Water Delivery	 Group
Gallons/Year	 (Water User)

Euonymus	 630	 Medium

Pyracantha	 970	 Medium

Boxwood	 500	 Low

Texas Ranger	 1,110	 High

Oleander	 970	 Medium

Privet	 1,250	 High

Arizona Rosewood	 1,200	 High

Pine	 290	 Low

Rhus Lancia	 530	 Medium

Mulberry	 2,380	 Very High

Acacia	 390	 Low

Mesquite	 780	 Medium

Buford's Holly	 370	 Low

Red Sage	 340	 Low

Suaeda	 440	 Low

Periwinkle	 670	 Medium
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annual water deliveries to individual plant species, under

trickle irrigation. The data under spray irrigation were

ignored in this grouping because spray-irrigated plants were

given excess water and there was not much difference in the

growth of plants.

Those plant species whose annual water delivery was

less than 500 gallons per year can be grouped as low water

users. Boxwood, Pine, Acacia, Bufford's Holly, Red Sage

and Saueda are low water users.

Those plant species whose annual water delivery was

less than 1000 gallons per year but more than 500 gallons

per year can be grouped as medium water users. Euonymus,

Pyracantha, Oleander, Rhus Lancia, Mesquite and Periwinkle

are medium water users.

Those plant species whose annual water delivery was

less than 2000 gallons per year but more than 1000 gallons

per year can be grouped as high water users. Texas Ranger,

Privet and Arizona Rosewood are high water users.

Mulberry's annual water delivery was over 2000 gal-

lons per year and hence is grouped as very high water user.

Effects of Water on Plant 
Growth and Appearance 

In both 1979 and 1980, all the plant species were

given three water levels, both under trickle and spray
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irrigation systems. Plant heights and diameters of the

shoot spread were measured at the beginning in 1979 and

also at the termination of the experiment in 1980.

In data analysis, some plant species were not taken

into account. Jojoba, Holly and Atriplex did not survive,

and the ground covers were not present throughout the period

of the experiment. Acacia and Mesquite were pruned both

years and also suffered from some freeze damage in 1979.

The remaining ten plant species were used in the data analy-

sis. Data were analyzed for each of these ten species to

determine the relationship of water levels and plant growth,

both under trickle and spray irrigations.

The data were analyzed with the help of Numerical

Analysis Laboratory, University of Arizona. Statistical

programs for social sciences were used for the analysis of

variance. Table 7 shows the results from this analysis for

the plant heights and plant spread separately under trickle

and spray irrigations for Privet. For the rest of the plant

species, the results were not significant. From the analy-

sis, it is evident that there is no linear relationship or

quadratic relationship between the low, medium and high

water treatments and the plant height increment or the dia-

meter of the shoot spread increment in any of the plant

species except Privet.
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Privet is one of the most common plants used in

southern Arizona, mainly as a hedge plant. The findings of

this research indicate that it responds linearly to water

in a way that it will put on more growth if more water is

available to it. The other plant species, though having

differences in growth corresponding to the high, medium, and

low water treatments, were not statistically significant.

The experimental results clearly indicate that estab-

lished landscape plants can be maintained with low water

deliveries as they do not put on more growth due to more

available water. Rainfall, if adequate and well distributed,

can reduce the need for frequent irrigations. Particularly

in Southern Arizona, summer rains substantially reduce the

irrigation needs of plants in the peak water use period.

The reason for not obtaining statistically signifi-

cant differences in growth is that above-normal rains were

received in 1980; and it was observed that when adequate

rains were received, equal water was available to high,

medium, and low water treatments. Once the water was avail-

able, the stressed plants also started growing rapidly.

Several storms were received during the watering months.

The other reason is that there were genetic differences in

the experimental units. There was variation among the

plants from the same species.
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There were no significant differences in plant

growth under trickle and spray irrigation methods, although

the plants under spray irrigation received more water.

Rosewood, Rhus Lancia and Mulberry plants showed slightly

more growth under spray irrigation. Euonymus, Boxwood,

Oleander, Privet, and Pine were taller under trickle irri-

gation. Pyracantha, Boxwood, and Texas Ranger had more

spread under trickle irrigation. The results are summarized

in Tables 8 and 9. The actual plant height and diameter of

spread measurements are given under spray and trickle irri-

gation systems, in Appendix D.
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Table 8.	 Comparison of effects of trickle and spray
irrigation methods on plant heights. --
Measurements taken in April 1979 and in
December 1980.

Plant Species

- -Average Increase in Plant Height- -
(feet)

Trickle	 Spray	 Difference

Euonymus 0.63 0.42 0.21

Pyracantha 2.10 2.39 -0.29

Boxwood 0.34 0.30 0.04

Texas Ranger 2.07 2.41 -0.34

Oleander 2.96 2.92 0.04

Privet 1.96 1.82 0.13

Rosewood 1.35 2.36 -1.02

Pine 1.46 1.40 0.06

Rhus Lancia 3.52 4.65 -1.13

Mulberry 2.81 2.99 -0.18



Table 9. Comparison of effects of trickle and spray
irrigation methods on plant spreads. --
Measurements taken in April 1979 and in
December 1980, for diameter of canopy.

Plant Species

- -Average Increase in Plant Spread- -
(feet)

Trickle	 Spray	 Difference

Euonymus 0.40 0.68 -0.28

Pyracantha 1.53 1.27 0.26

Boxwood 0.11 0.05 0.07

Texas Ranger 1.97 1.76 0.21

Oleander 2.22 2.58 -0.36

Privet 2.32 2.33 -0.01

Rosewood 0.65 1.12 -0.47

Pine 5.30 5.60 -0.30

Rhus Lancia 2.16 2.44 -0.28

Mulberry 3.66 3.74 -0.08
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CHAPTER 5

CONCLUSIONS

The experiment was conducted for a two-year period.

To draw firm conclusions, it should be continued. Plants

need to be stressed further. However, from the present

study the following conclusions can be drawn:

1. In this study, trickle irrigation system saved sub-

stantial amounts of water compared to spray irri-

gation system. Plants under the spray irrigation

system received more water, but still made almost

equal growth as compared with trickle-irrigated

plants.

2. The experimental results support the findings of

Sachs et al., 1975, that landscape plants, once

established, can survive with less water as compared

with the water they require during their develop-

mental stage.

3. In southern Arizona, due to adequate and well dis-

tributed rains, the plants tested in this experiment

can maintain reasonably good growth and appearance

with about a gallon a day or less water, even in
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peak water use period, except Mulberry, regardless

of their size.

4. No watering is required during the months of Janu-

ary, February, March, and December as rainfall is

sufficient and the temperatures are low in these

months.

5. As suggested by Halevy (1966), physiological indi-

cators of water stress on plants serve reliably

well to indicate the need for irrigation.

6. Privet trees respond linearly to available water.

in hedges, they can make a big hedge quickly if

more water is available.

7. Plants should be regrouped according to their water

use, as follows:

a. Low water users: Boxwood, Pine, Acacia, Bufford's

Holly, Red Sage, and Suaeda.

b. Medium water users: Euonymus, Pyracantha, Olean-

der, Rhus Lancia, Mesquite, and Periwinkle.

c. High water users: Texas Ranger, Privet, and

Arizona Rosewood.

d. Very high water users: Mulberry.
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APPENDIX B

DESCRIPTIVE INFORMATION ON SOME OF
THE PLANT SPECIES

Compiled from the following sources:

1. Miller, 1978.

2. Nehrling and Nehrling, 1968.

3. Penton and Newcomer, 1967.

4. Sacamano, 1971.

5. Sacamano and Jones, 1976.

6. Sunset Magazine and Sunset Books, 1979.

7. University of Arizona, 1972.
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Euonymus. Euonymus iaponica.

High altitude zone. 3300 to 5000 ft. Evergreen,

full to part sun, moderate water-requiring shrub grows 8-10

ft. high, spreads up to 6 ft. A slow-growing arching shrub,

adapts to extremes in heat, frost, smog or exposure to ocean.

Develops dark green glossy leaves and brilliant crimson

berries. Makes a good hedge. Sometimes used as a tub plant.

There are numerous forms with white and yellow variegated

leaves.

Pyracantha. Pyracantha sp. crenulata.

Cold mountain region. 6000-8000 ft. Evergreen,

requires full sun, moderate water, grows up to 10-20 ft.

high with 10 ft. spread. Pyracantha is a shrub to small

tree up to 20 ft. high with green oblong leaves, bright red

to red-orange berries persistent through winter. Flowers

are cream-colored.

Boxwood. Buxus microphylla.

High altitude. 3300-8000 ft. Evergreen, requires

partial shade, more water, grows 3 ft. high. Plant has

compact folliage, bright-green in summer, turns brown in

winter in many areas. Grows slowly to 3 to 6 ft. if not
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pruned. Most often clipped as a low or medium hedge, or

shaped into globes, tiers, pyramids in containers.

Texas Ranger. Leucophyllum frutescens.

Mid-altitude desert zone. 2000-4000 ft. Evergreen,

requires full sun, low water. Grows up to 4-18 ft. with

8 ft. spread. Plant is dense, rounded grey-leaved shrub

native to Texas and Mexico. Dark purple flowers present

during late summer and early fall whenever it rains or the

plant is watered. Well adapted to Southwest desert, used

for hedging, defining spaces, screening and for colorful

accent in desert landscapes. A drought-tolerant shrub,

thrives with little water.

Oleander. Nerium oleander.

Evergreen, requires full sun, moderate water, grows

up to 8-12 ft. high with 10-20 ft. spread. It is a shrub

or small tree grown in southern Arizona, semi-desert area.

Leaves are dark green, prune to desired shape, can be multi-

or single-trunk tree but usually used as a dense hedge.

Flowers cluster at twig as branch ends during May or June

or October. Flowers are single or double, white, pink, or

red in color. All parts of plant are poisonous. Plant

stands considerable drought, poor drainage, soil with a

relatively high salt content. Thrives in heat and strong
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light, even reflected light. Well-adapted to an arid cli-

mate. It withstands heat if well-watered and winter

temperatures if full growth is hardened.

Privet. Lingustrum lucidum.

Evergreen tree, but can be kept lower as a big shrub

or may form multiple-trunked tree. Leaves 2 to 4 inches

long, taper pointed, dark to medium green flowers, especially

in clusters followed by profusion of fruit. Blooming time

April-May. Drought-resistant, but looks better with water.

Can grow in narrow areas. Requires more water, grows 35 to

40 ft. with 15 ft. spread.

Arizona Rosewood. Vauquelinia californica.

Upper desert zone from 2500 to 5000 ft., native to

Arizona. Evergreen, requires full sun, low water, grows

10-30 ft. high with 5-15 ft. spread. It is large evergreen

shrub or small tree with twisted upright branches and narrow,

leathery, bright-green leaves. Small white flowers in clus-

ters appear in May and June. It is used for massed planting

or boundary hedging in desert landscapes. It is drought-

tolerant.

Pine. Pinus eldarica.

High altitude zone. 3300 to 5000 ft. Evergreen,

requires full sun, high water, grows 50 ft. high.
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Rhus Lancia. Rhus lancia.

Low, mid-desert zone. Evergreen, grows in full sun,

requires low or moderate water, grows up to 25 ft. high with

25 to 35 ft. spread. Slow-growing tree. Leaves divided

into willow-like dark green leaflets. Pea-sized yellow or

red berry-like fruit in clusters on female tree. Naturally

multi-trunked, but can train to single trunk. Established

plants tolerate drought and heat. Can grow in any soil, but

prefers good drainage.

Mulberry. Morus alba.

Low, mid and high desert zone. Deciduous, full sun,

high water requirement. Grows 30 ft. high with 30 to 35 ft.

spread. Excellent desert shade tree, bright green foliage,

rapid growth in hot climates and alkaline soils. Grows

faster with water and feeding. This tree is subject to

overpruning, causing severe suckering.

Acacia. Acacia smallii.

High altitude desert. 3300 to 5000 ft. Small, wide-

spreading evergreen to deciduous tree or large shrub, having

delicate foliage, shiny twigs. Flowers are yellow-orange,

arranged in balls. Tolerates heat, drought and alkaline

soils. Fast-growing on deep soils supplied with adequate

water. Grows up to 10 to 20 ft. high with 20 ft. spread.
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Mesquite. Prosopis glandulosa.

Low, mid and high desert zone. Deciduous, requires

shade, moderate water, grows 15-30 ft. high with 40 ft.

spread. Fast-growing, with bright, fine-textured foliage.

It will be completely evergreen in the low desert, sometimes

thornless. Small, greenish yellow flowers in long spikes.

Deep soil and regular watering greatly improve tree growth

and appearance. Drought-tolerant.

Buford's Holly. Ilex cornuta "Bufordii"

High altitude zone. 4000-6000 ft. Evergreen, full

sun, shrub or small tree, needs long warm season to set

fruits. Dense or open growth, grows up to 10 ft. Bright

red berries are produced during fall and winter. Leaves

are spineless.

Red Sage. Salvia greggii.

Low, mid and high desert zone. Deciduous, full sun

and partial shade, low water, grows 3 to 4 ft. high, with

3-4 ft. spread. Upright, branching shrub, medium green

leaves, one-inch long, rosy-red flowers in loose clusters

on spikes, during late spring and summer.



APPENDIX C

PROCEDURE AND DATA FOR OBTAINING AVERAGE
WATER DELIVERY CURVES FOR THE PLANT SPECIES
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I. Formulas used in calculating the water delivered to

high, medium, and the low water treatments:

K = Gallons of water delivered per day per

plant to the medium water treatment.

x 1.5 = Gallons of water delivered to high water

treatment per day per plant.

x .5 = Gallons of water delivered to low water

treatment per day per plant.

II. Formula for calculating the average water delivery per

month:

Water delivered to the medium water treat-1

ment per month per plant in 1980 + Water
0.5x

delivered per month per plant to the low

water treatment of the year 1979.

= Average water delivery for that particular

plant species.



C1

74

CO %.0	 1/4.0 Cc) aN
Ln 03 cn	 cr.

000 001-4 00,-4

CO CV	 Ccl Q i-4	 Lc) CNI CO	 14-1
	Q  (."-) 1/4.0	 cn Le)	 Cc) U-1

.	 .	 .	 .	 .	 .	 .	 .	 .

00v-4 00,-I 000 000 000

L.r) N	 C.") n.0	 N	 ‘.0	 c) n.0	 1..r C  U	 r",	 r-q 	C Cr)
	Cc) N. r-1	 1-4 t-4 C•4 Cc)Ur-4N- C'") s..0 01 r-I C	 r-I	 Ln.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

00,-1 c0,-icy r-ICNIC'c) t--401.1- 000 000 000 000

II) 0 in CO l.f) CV Cc)	 Cs4	 Cc1 N. 0 Cr) ‘,0	 0 In	 r--1

	

1-1 C`l...I'	 Tn 1-4 Cr) ‘,0 01	 Cr)	 C1 t C	 Cr) 	Cr)	O v-I CN1
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

000 001-4 000 000 000 000 000 00C)

	

st r-4	 01 Cr) N. 0 CO	 Lrl 01 CO	 N. 0 r--I Cr) -1- 	0\
	r -I Cr) t.0 Cr) C 0.1	 oo	 csi LI-I a)	 Ln c‘i	 ‘.0 NI	 u-) cc,

• •	 •	 •	 •	 •	 •	 •	 •
000 COO 001-1 000 000 000 000 000

E
0

5
0

E
0

E
0

E
0

E
0

E
0

•-+ -0 .,-I 4 •,-1 .= *T-1 4 •r4 ..a *,-1 4= • n••1 4
3 "0 OD 3 "0	 t3.0 3 70 td3 3 70 CO 3 70	 /d.0 3 'CI 14 3 "0 t.0
0	 W • ,-1 0	 cu •,-4 0	 cU -, 1 0	 cll •,-1 0W •, -1 0	 0) •*-1 0	 cu •,-1
p-]z= ,-.1z= 1-1z= 1..Z.r.= 1-z= •-lzr-0 1-1z=

$4
a)

.c)	 $..
4..1	 E	 a)

,--1	 co	 a;	 ..o
-,-I	 a)	 ›,	 o	 J-1	 o

54	 >,	 0	 ,--1	 to
a.	 ca	 0	 0	 o	 (1)	 0

*CC	 z	 0-1	 In	 ‹C	 c.r)	 0



75

,t 00 0 4 	CN 01 N. 1.11	 ,4 CV 01 C\I	 VD 00 N. un op N.	 N. un cg
on uP CD	 00 01 Ul r4	 Ul CD Ul Csi VD 01 P., 1-1	 Ch	 01 r,

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
00 r 00 r--1 0 1-1 1-1 0 r-I 1-1 000 001-1 001-1 00r-1

on qD cN cnJ ,t VD CN 00 N. cs co N. Cs Cs op N. un nu	 cs on ,t Cs nn
on vP cs un CD Ul CV U1 00	 on un cu un co ,t CN	 :1- 00 01 01 VD CD

	. 	 .
CD CD CD r..4 01	 Cn1	 VD Cg	 VD 1-4 0-4 01 CD CD r-1 CD C) r-1 CD CD 1-1

• un c.,4 C' C' oo
01 N.	 N. N. un cu uo on cs op vp ,t nu ,f up op Lo ,t N. ,f
CD CD 1-4 CD ri 1-1 CD 1--1 CJ CD 1-1 1-1 1-4 on un csi	 up	 nn un	 nn un
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

CD CD CD CD CD CD CD CP CP CD CD CD Cp CD Cp CD CD CD CO OCD CD CD CD

oo N. un cs cs op 1-4 01	 CO VD	 Cg st VD CM oo N. ,f CN 01 VD cq 00
0,1 Ul CO :t CM.	 00 Cg CD ,A	 cU a, un	 oo nn un 1-1 vD

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
000 r-I	 -.1•	 0,101 0 r-11-1 01-11-1 001-1 01-1,-1

E
-,-.1 _I:
"Ci	 OD

0	 (1) •*-I

E
z

,-.1 4=
ID 00

0	 cu -,--i

E
.,--1 4=
7/ f4

0	 a) , --I

E
—1 4=

3 70 W
Q(1.) '•4

E
z

„..4 4:
ID OZ

0	 a) - ,--1

E
"_i 4:

3 'ID CD
0 cu ,-I

E
j,.., 4

3 0 O
0	 cu •,-i

.-1 X = 1-1 X = )-1 z= ,-1	 ..-', .= 1-1 X =I ,-1-Z= 1-1 X =

P
Q)

.0
..10
E

1-1
a.)

,-1 CO CD an
-,-1 cu >, 0 4-) 0
P
a.

>-,
cts

0
j

,-1
j

tO
j

0-
ev

J-I
c.)

<4 X •1 ,-.) <4 cn 0



\
r•-4

76

VD

.	 .	 .
o o o

VD CNI co

.	 .	 .
00C:D

0 0 0
cN

.	 .	 .
000

	CO 	 tr-)
1.4-)

	

.	 .	 .
COO

cr% cr)
c.)

.	 .	 .
000

1-4
cn

.	 .	 .
000

Cs1 t.r)
c.4

.	 .	 .
000

oo 1/40 st cv o a) C•s1 a) CV ON 01 CO I-1
Cs1	 00 fn 1/40 0 IllCu ...I- CO M •-.1- CO M CN1 L.r, co C`4 ...t• 1/40

• •	 • • •	 • • •	 • • •	 • • •	 • • •	 • • •	 •
000 00r-4 Or-lv-I 00,-I 00r-I 000 000

I! 0 in Lr) ce) C7‘ 00 N. r, 01 CD N- Cn O
r4 C'4 n-1 C r-4 1-1 CV M 0	 CV QN0 4C'

• •	 • • •	 • • •	 • • •	 • • •	 • • •	 •	 •	 •	 •

un
	r-I 	 \ CO	 CD © CZ) CZ) r-I r-I	 r••• 4	 Cl 1/40 CT	 C'e)	 011

	

C'Nj	 %./0	 .1- a) C'4	 .0 Cor-I 	,--4	 C•4	 C•1 n1" 1/40
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

000 000 001-1 000 000 000 000 000

c"--)

• •	 •
000

C‘i 11.1
4c
• •	 •

000 000 000 000 000 000 000 000

5 E 5 E 5 5 5
0 0 0 O O 0 0
40 .,-1 4 r40 r40 •r1 0 .,-4 4 .1-1 ,Z

.10	 ta '-e)	 to 3 -0 to 3 -0 tp 3 -0 to 3 -0 to 3 70	 ts.0
0Q) • ,-4 0	 CU •r•I 0Q) "••4 0Q) •••4 0	 CD 4-1 0	 CU •,--i 0	 w -,-1
04Z--: .-4z= ,-.1z= .-17:7. -- 1-3Z= .--1Z= .-.1==

(ll
4	 ;-I

4-1	 E	 cu
,-.)	 cn	 co	 ..0
.1-4	 a.)	 ›-N	 0	 J.J	 0
W	 ›•-,	 0	 41	 ta	 a.	 .L.,
a.	 cti	 0	 O	 0	 CL)	 (.)
<	 z	 I-)	 in	 <	 Cn	 0



r•••• En CV

77

	eV 	 Tn 	 n 	 cr, co	 co	 crs cr., a\ co
	r-- 	 1-4 oN	 co	 kID CV CO Cr) rs, r-4 C.1 Lel CO	 CO CV n.0 ce) 0

	

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
t--1 CV 0 ri CV 0 1-1 ,-4 0 0 r-1 0 0 0 0 0 r C r-i eV

cn	 c) co	 cv C r	 ,4o -a- co ‘-o	 -3. co CV

	

C,1 L40 0 CO VD in	 ON CA	 r-i	 0 1/40 c-4
. 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 .

	Ov -1 CV CV n..1" N.	 4 tn co	 cel in 0	 T-1	 v—i

•..1- CO CV
CNI

C.'s!	 e••••
Crl C C")

CV -4- LC,
CO CV

	e nI	 s-0
	cos) 	 L.r;)
	. 	 .

VI
1/4.0 cn 01

Lfl
cr-, co co
r-i C	 Le)

000 000 001--1 000 000 000 000

0 st 0 Ce) CO n.0 st CO st n.0	 Cr% ...I 01 en CO e••••
ri	 Cr-) CV CV CO ON NI' Ce) VO C Ln ri VD En o qb

0 0 0 0 0 0 st Cn1 0 1-1 r-I CI—Iv 0 0

E E	 E	 E	 E	 E	 E	 5
G G	 G	 G	 G	 O	 G	 G

,-4 .G	 -,-1 x	 •,-4 =	 ri ,..0	 •,-4 „G	 ri ,.=	 rl .0	 ri „C

• :1 tO	 "O /SO	 Op	 T1 CIO	 1:3 CIO	 "C tr)	 ''''J ea) 3 -0 olD
O 0)-v-4-,-i	 0 a) -,-1	 00)-v-4•*-4	 0 CI) •n••n 	 0 V .1-1 	0W .4-4	 0 aj .1-4	 0Q) .1-4
.1 Z = 1-.1Z= n-1Z= 1.-7..= )-;== 1-3== i-Z= -Z =

..1
CD
.0

4-i 	E	 a)
,--1	 cn	 CL)	 -0
-,-1	 (V	 >,	 G	 1J	 0
W	 C	 ri	 CSC1	 a.	 1.,
a.	 as	 z	 z	 =	 a)	 o
d	 =	 ,-)	 0-)	 d	 cra	 0



Cr%

78

Lin	 Lr) Lr)	 Lr)	 Lr)	 Lf1	 Lr)	 Lr)	 Lin	 Lr)
N- Lr) 04 co r-- Lr) 04 LC) r.. r.. Lr) 04 re) %.4) 01 CIO f'.. -4- 0, cn
on C's r-4 .1- cA -.1- vD cv co cv ul oo 01 VD ch cr, ,..1 c.,) ol sx) crN cq ,T r,
. . . • • • • • • • • • • • • . • •

r.4	 1-.4	 r-4 r--I	 0

Lt )	 Lr) Lr) U	 L1 Lr)	 Lr)	 Lr)	 Lr)
co N. Le) <:› r-4 r-4	 r-4 r-4 r-4 C•4 Cr) 04 Lr) r.. c•4 Lr)	 O'N CO r-- Lr)	 Lr)
04 Lin cx)	 co r-- Lc) 0 Lr) cx) n41c	 c:i c:i	 04	 VD r-4	 Lr) r.4 C*1

	

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	

r-4 Cs4	 r-4	 -zr	 r-4 C•4 r-4 C•4

Lr)	 Lr)	 .
0 r-4 r-4	 00 nC) .....t Q.) C,4 CX) CX) VD -4- r-4 C•4 Cr)	 ,.10 04 CXD Cij VD -.Zr
Cs4 .4.1- qi C•J Lr) 00 col r..- (7) r-4 cn in 04 -4- VD 04 ,Zr VD r-4 Cr) *CI- r-4 cn Lr)
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

r..4

	LC')	 Le)
.1' C7N Cr)
re) L.c) (:)
• •	 •

	Lr) 	 Lf)
r-4 C'l

	r--	 r-4
• •	 •

	Lr) 	 Lr)
CnI u-) r-•
u-) CD u-,
• •	 •

C•J
cc) cn

• •	 •

cc) r--
re) r--. r-4
• •	 •

r-4 C•4 r-4 r-4 r-4 C•4 r-4

5
•-1 •,-4 /-1 4 •n•••I
CO .73 f4to ,"C	 t4 1: f4

0 (13 Cll Oct),-4 OcU-,< 01) ,-I
= 1-Z 1-2	 = ra	 =

1.4
cp
4

4..)	 E	 cli
0-.4	 cn	 w	 4
..,-i	 cl)	 ?,	 Z	 4- 	 0
$.•	 >,	 C	 ,—I	 CIO	 0-	 4.1
CL.	 ril	 Z	 C	 Z	 CD	 G.,
<4	 z	 n	 n-)	 <	 C/1	 CD

Le)	 Lr)	 Le)	 Lr)
œ r-- u-) r--	 r-I r-4 ce) ,,t
C•J Le) co cfl r-- r-4 .7.1- co cs4
• •	 •	 •	 •	 •

	r-4 	 ro.4

r4	 •,-4

	

70 00	 70 00	 ICJ 110
	0(11, -1	 00.)•,-4



CN 01 00 00 V) ft 01 CN oo
	04 U100 01 Af	 CA...st 01 f.

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
CD CD CD CD CD H CD CD H C7, CD r.-1

ri 01 -st CN 00 r,	 on r, cp
oq	 V:, on N. 	01 r-	 CN	 ff

• • •	 " •	 • • •	 • "
0 CD 0	 00r-i 000

79

CM CM 00 ff	 ri 01 ,43 CM 04 Ul ff 03 Af. ul Cf Cf CO %..0 Cg CO CO rf. Ul
f:1" CA ft C on (D oc) VD	 ao r-	 01,1- on r- r-4 on r, CD un ri

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
CDC3r-1 C)riCN CDriCfl C31-10 ,4 CDCDri OC-  CDCDri 01-11-1

ff u1 Cg CD CD CD og un r, 00 r, un un ri VD ft 00 04 00 ff. 111 VD 04 00
01 r"*. r-1 	CO 0') Ul Q 111 0/ r, H H 01ft CD CD H r, u on on r- CD
• • " •	 •	 • • •	 • • •	 •	 • •	 • • •

CD CD ri H 04 ,1" 04 un r, cq r, 	04 01 ri csi on CD eV CD CD r4

Cfl N- 0 un %.so c:r, 03 V3	 el	 VD Q 01	 01 %0 	1/4.13 01 01 H 04 01

	

01 C CD n.C; ('4 03 Os un on 03 ff. 111	 CN 01 CD CD CD 1/4.0 01 CM r, ,T
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

CD CD ri Cr-4 r- i CD ri 04 CD ri C4 QC r-I r- 401 CN ri CD ri CN

	5 	 s	 e	 E	 e	 E	 E	 E

	

0	 0	 0	 0	 0	 0	 0	 0
.,-.1 x	 "I 4	 •,.4 4:	 . -,...1 4	 .,-4 4	 ..,-1 4	 .., 4 g:	 ,-1 ..g:

3 77 tO 3 77 al)	 "0 CO	 1:7 CO	 "0 O4 3 7: 60 3 "CS f4 3 77 tD
0 W ,-I 0 w ,-4 0 W -,--I 0 W -i-i 0 (3.) .1-1 0 w ri 0 0 ri 0 C) ri

1- z 2: ..1 :: = .1 :: M: ,-.1 :: = 1-1 :: = ,-3 Z = ,-. Z :: ,-. Z =

P
W

	..ca 	 P
	.1..) 	 E	 w
	,..-1	 m	 W	 XI
	..p.i	 a)	 Of	 =	 .1.)	 0

	

$.4	 0	 ,-.4	 tu0	 CL	 1.1
	CL 	 M	 Z	 Z	 cl.)	 c.)
	<4 	 z	 "1	 rl	 <	 c/1	 0



800

vo co ko
,3:3

• •	 •	 •	 •	 •

	

0 0	 0 1-4-r-

	L.r) co u 	CO 0 r-4 r-I 01 CO	 o

	

Lr-) C•NI C.' (n	 n0	 CO N	 CPI -.1•	 CO (4'1
• •	 •	 •	 •	 •
r-I CV 0 0 r-I 0 0 0 0 0 1-4 0 0 r-4 0 0 I-I

c.r)	 Cf, co r,	 crn co c.) o-N co C o o C c..,4 CO 01 Tn

tfl CO 0 ri r--1 CO	 Lt.) o	 -1-	 CO C1
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

000 r	 cn‘.0	 r-I Lf1	 C')	 r--I 0 0 r-I 0 0 1-1

1/1	 C \I CO	 rn 	 CO Tn 	 0 CT
cs4	 r-4	 C`4 	r-I	 Le-1	 tri	 ('4N. r-I C•1 •-.1•

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
000 000 000 000 000 000 000 000

rn Lr N CO l0	 Cr1 CO r`n 	 r-I	 0 C C re) n0 0-1	 c.r)	 o
	cos! 1.,-) CO Cr- (NN	 T•••• an (NI ir) o Lt..1	 c...4 co s.o (NI co %.o 0.4 CS%

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
0 0 0 rl	 C`4 	 n.0 r cr)	 o	 e-4	 1-4 r-I C r-4 1-1	 r--I 1-4

E	 5	 E	 5	 5	 E	 E	 E
Z

•,-1 4	 •r4 4	 .1-1 4	 •,-i ,4	 ,-1 4	 -,-i 4	 .,-i 4	 •,-4 4
^0 bip	 Tp tap	 -0 to	 -0 co	 ^0 b.0 3 -0 t40	 '0 tiO 3 -0 at)

0a.) ,-, 	oa)-,--1	 Ocu-,--1	 0a)-,4	 ocp),-4	 ocp•r-1	 ocip,-1	 0 a) •,-1

,...1z= ..1Z= )-1Z= •-1,Z.= •-1Z= 1-1Zr.-: ,-1Z= .-1Z=

P
ap
4

J-) E	 a)
,-4	 cn	 cu	 „o
••-4	 a.)	 ›,	 4-)	 0
P	 C	 ,—I	 tIO	 rz.	 4-)

o a.	 c0	 =	 a)	 ()
<4	 Z	 ''')	 '-)	 <4	 (11	 0

• •	 •



N. II CV	 CO CV ON Crs CO
s.0 0 V.) CV ON

• •	 •
ri	 ri
	

ri

81

	VD CV	 CO rl	 C") N. tr.) c.1
	Co)

	
c\I	 CO cV	 k.C)

• •	 •	 •	 •	 •	 .	 .	 .	 .	 .	 .
000 000

N. Lf.)	 C.')	 CO CV as Crs CO
ri CV 1-1	 C+1 1-1	 ..1 	 (V

000 000 000 000

Lt1 N. In (`.4	 CO CV CV
11-1 N. CV VI CO ri CNI	 ri	 C'")

CO %.0

.	 .	 .

CO CNI
Csi

.	 .	 .

CO N. tf)
CV in CO
. . .

Crl
ri	 Crl

000 000 000 000

ri C') CO 'COCV 00 1/4.0 en
,-4	 tri r-4 C -1

• • • • •	 • • •	 •
000 000 000 000

LI-1 C Lrl CT, CO 0 0 0 N.
C -4 ,-4 cr)

000 000 000 000

trl N. CV ..„1- 1/40 C31 ON CO CO '.0
0 0 0 1-1	 C C 1-1 CV 0 1-i CV

000 000 000 000 000 000 000 000

5	 5	 5
Z

	ri .0	 9-1 4	 .,-I 4

	

3 '0 tu)	 "0 CO 3 "0 tO

	

0 a) -I	 o a) -T-4	 0 Q) •,-1
1-1Z= 1-.1Z= r1Z=

5	 E
0	 0
-,-1 4	 .1-4 4

3 -0 tO 3 '10 tt,1
0 a) ,-1 0 CL) •,-1
1.-1 Z = 1-4 Z =

b13

5
	4 	 •r4 4

	

3 -0 13.0	 C.C)

	

11 -1-)	 C1)

Z	 1-4 Z



Cc) n.0
	N 	 1/4.0

• •	 •
00

ce)
cr)

• •	 •
00 0

s.4

82

CT) Ch co	 N. Ln c,4	 cr-)C	 0	 00 cn Crn 	 Lr)	 s.CD	 s.0 Cr‘N	 0	 CO N	 Cc) VD	 I	 N L.r) r•-•	 1-1 c•-)	 N cr)
0 0 0 00r 00	 00	 000  000 000  0

03 N. in	 -4* 00 CN	 03	 in	 CO ).0	 ).0 c•-)	 \	 -0' 00 en	 C	 k•10
cr) r	 CO (,")	 in r	 N-cr)	 eN)	 r-I cN• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •0O 1-4 0 0r	 Or	 0	 r-4 000 000 000

03 l0	 ).0 cyn 	 000	 C os co	 ko ce) crn 	 re) s.o	 in O in
r-4 ri 111	 C") ‘0	 (;) cn in	 N	 %.0	 N Ln

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
000  000 000 000  000 000  00 0

Lr-101.r)	 poN.tn	 ce)h.co	 ce)	 po N. in	 in r-	 s.0
N	 N in N. 0 i-1N	 00	 000 	 ri in N in N.
000 000 000 000 000 000 000 000

03
e-4 rr)

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

E=
..r-1 4

• tap
O Q) • ,-4
I-4Z=

5	 E	 E.	 E	 E	 E	 EZ	 Z
• -1 4	 -,I 4	 •,-1 4	 •,-I 4	 •,-I 4	 1 4	 4-I 4
"CJ	 ta0	 "Z)	 ea0	 tO	 3 7, 	ei.0	 3 '7'	 643	 "C3	 0.0	 3 -C)	 60

O a) - ,-4	 0	 (1./ 4-1	 0	 CI) -,-4	 O a.) - , 4	 0	 a.) **4 	0Q)-4-, 4	 0(0 .1-4
I-1Z=	 I-1Z=	 rIZ:=	 P.-1Z=	 I-JZ=	 I-1E=	 1-4Z=

$-1
9)
4	 S..I

4-1	 E	 CU
✓ i	 al	 (ll	 .s:
-,-4	 a)	 ›,	 .‘.)	 o

-4	 ›N	 Z	 e—I	 CIO	 01.	 4-3

a.	 as	 a)	 c.)
¢ Z	 in	 N-)	 VI	 0



	I-11 CD U1 CO r, un un	 uo
cm 0-) Ln ,4 r, r- un Cq

• •	 •	 •	 •	 •	 •	 •	 •
	CD CD 1-4 CD 1-1 1-4 C)	 CV

CA Ch CO VD 01 CA CV Ul r, r, 1-1 CD 1-1

	

01 rn r-I 01 r. CD u1 CD u1	

▪

 s.ID 0,1 CO
• •	 •	 •	 •	 •	 •	 •	 •	 •

▪ 	

•	 •	 •	 •	 •

CD CD 1-1 CD CD 1-4 CD 1-4 ,4 CD CD 1-1 CD r-4

CO
C

1.4

cu

cu
"O

cu

cj

o
t+4

M

0

• •

r-1
Cd 4-1
bi)

a)
b.0 OZ)
cri

CIJ

83

CO 1/4.0.1- Cg

•	

Ul CD Ul 0-) qD 1-4 Ch Ch ao
• tr, 00 CD CD CD NU  CV '.0 0  co 

▪ 

Ch
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

1-1 0,1 01 1-4 C.4 01 CD	 CV CD 1-4 r4 CD CD 1-4

r•-n ••••1' ,4

	

1.11	 r,
• •	 •

CD 1-1 r4

1-4 0J 01 1-4 CV 01
	on VD Ch	 00 CV

• •	 •	 •	 •	 •
,4 Cg 01 .1- 00 01

1-1

cm oo r,	 oo 04
U-1 1-4

on r, Co on mo CSN
r4

01 %.0 Ch CJ	 VD CD CD CD Ch Ch CO 1.01	 VD ,4 01 .1- 1-4 01 .1- vp on cm
on 1/40 cm CD CD CD QD 0,4 ap Cg Ul CO Ul VD 04	 VD	 00 04 CV ul r*,
• •	 •	 •	 •	 •	 •	 •

CD CD CD r4 cv on cy un r, cq 

▪

 r-	 on-1- cq -d- %.0	 cq • cq	 k.c)

5	 5
•?..1

-0 04	 7n to
o

= Z

ad

z
,C

• 0.0	 "0 tO
O CU .1-10 CI) .1-1

1-4 z72,	 =



r-i

84

Lr-)
v.) cD Lr)	 ce) crN 01 CO	 CO CV cni it) N 0 0 0 0	 r-I
1/4.0 ce) cr. co n.‘) u-)	 CO CI	 GrN	 Cn COQ

•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
1--4 - Q rl	 ri Cn	 0 0 0

1-r1 CV V1 0	 Cn CO %.0 	C Cn tH er) H en
cc	 col	 1-1	 C71 C*1 Ill	 N	 Cr)	 C1I a 	0 C1/44 CO 1/4cc  CO

•r-I	 1-1	 1-1	 r-I	 r-I r-I

Lin	Lt) 	Lri 	 Ix)
ri	 N-	 v.) CV	 CO CV 1.n Q V) CO %.0	 VD CV CO	 Cn

r-I	 Cn ri	 Lr) r-i	 r-I 1-4 Q r-1 4 0 ri 4 tO
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	CO N Lf1	 CO CV 'JD Cn	 y-I 1/4.0 r.-4 ('4 Cr) 0 1-4 v-4 N.	 r-I 1/40 CV CO
Cn 1,1 r NJ ...1"	 tr)	 ce) (NJ	 t-4	 I/1	 Un

• •	 •	 •	 •	 • • •	 •	 •	 •	 •	 •	 •	 •	 •	 •

Ez e sz e
rl ,..0

e e sz
•1-1 4 .1-4 4 -,-i 4 •,-I 4 •,-I 4 .1-I 4

3 7:3	 bi) 3 '0 b1) 3 '0	 l313 3 77/ tO 3 73 0.0 3 '0	 I:a3 :)	 0.0
Q0..) • ,-4 0	 CV • ,--I 0	 ID "-i 0 Q) -4 0	 C) .r.I 0Q) --4 0Q) .1-4
1.4z= iz= 1..Z= 1.- ..2= 1-1Z= r-Zz="-. PIZ=

/-.4
Q)
4	 k

.t./	 5	 CI)
ri	 cri	 a)	 4
-,-I	 (1)	 0	 4-1	 0
I-1	 P.,	 0	 .--1	 CIO	 a.	 .1.)

Or	 CI	 0	 C)	 C.)

d	 Z	 '-')	 '-')	 d	 Cl) 	0



r-I

Un un
cc)	 0.1
CD r••I 04 CD ..D Cg

• •	 •

un un
	r4 01 se	 01

cc oq r,
• •	 •	 •	 •	 •

r..4 1-1 0.1

un un
cr on 03 CD CD CD 1"*. .1- 1-1 0.1 u1 0.

	

nt CN0.1 -:i- VD	 CN	 004	 VD
• •	 •	 •	 •	 •	 •	 •	 •

	

%.0 04 00	 0,1 01 CO •..0 se CO 0, U1 se oh t--)	 co 1n• ln c r, o	on on	 co c1/44 1/4c	 o	 r.-1 r-- c.' ooco	 1/4c o1/4 n.0 on 0 CN CO CO

•r4 01 Ill r-4 01 se	 ri 04	 0,1

on cor, ,t on on
un	 un

01 se
un	 un
CN CN 03 CD CD C) .1-CO 04 vD 0q 00 CO g0

Nt/1 04 	r, on '.0 0.' 1-1 on un cq ,t '-0 cg ,f r, on ,t r-I 01 U1
• •	 • • •	 • • •	 • • •	 • • •	 • • •	 • • •	 • • •	 •

04 .1- ‘0 ul	 VD un	 un 1/40 C4 03 CD rA 00 1/4.0 se Oh 00 0 0 0
01 %CCN Cs, Un r- r, un Cq C.' C'-) 0.1 .1- VD oo r- VD 04 u1 00 0.4	 VD
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •

vr4	 r•-1 CN

E E E 5 5 E 5 E
C

-1-4 ..0
C
•,-I X

c
-,-4 X

c
-,-I ..=

a
-,-; ..c

C
”-i .0

C
.1.4 ,.0

C
•rl ..0

"0 00 3 "0 00 3 "0 0.0 3 1:3 CD 3 "0 CO 3 '0 00 3 "0 0.0 3 17 00
0	 CU ,-+ 0Q) • -4 0Q) • -1 QQ.) -,-4 0Q) * - i 0	 CU •*4 0	 CU •*4 0	 Cl.) r4
14z= n4z= o4z= .2Z= .1Z= ,-1Z= .4== .1Z=

,--1
.1.4	 CU

;..4	 >s	 C
0..	 C13	 0
<	 Z	 1.-)

4.J
cn

;-n
Q)

..0
E
cu

S-4
cv

.=
0 ,..) 0

r-I 110 0.• J..)
0

P-1
0
¢

CD
cn

C.)
0



P age Missing
in Original

Volume



r-4 CNI 01
r4 0V 01

r, rA
CD ,-4 C')

• •

0\1 -4t VD
0,1 01

• •	 0

87

01 VD Ch A, .4' 1--1 04 ,1- V0 \ID 04 Co
rA cq 01 ,4 01 1.41 0\1,1' VD I-4 01.1' III 111 I	 I	 I
• •	 • • •	 • • •	 • • •	 • 111 111 111

C\J -'.D 00 \0 ,1* 01 MD CA A, -4tr-i CA CO A, 0\1 04' \O
01\0 CA 0\1 4r) 00 I	 1	 CD CD 0) CD 01 A, r4 r- Lino-) 0,1	 \ID

• •	 • • •	 • IC
r-4 0,1 01 ,4 ,4

• •	 •

Cfl al 00 Cq qD CV CO CD CD CD CO VD VD 04 CO U11-4 VD
CD	 04 4-4 Cq CI 1-4 ol 4-4 09 on r4 01 Ul 01,1' 1-401,1'

• • • •	 • •

ulc) ul cy .1- VD C4 141P, 01 r, CD A, ,1* r4 ,1" CO 0.1 1-40,1 01
0\1 Ul A, 0,4 .1- 1/40 1-4 04 01 0,1 CD rA 0\1 0V,t 1-4 04 01

• • • •	 • 0	 . •

E z
•r4 4 4 •,-1 4 .1-1 4 .4-1 4

E
O

3 no tO
a) •*-1

3 no to
o

3 "o
0	 a.) •,-1

"C)bD
0	 al •,-1

0 61)
0 cu

3 "to to
O

170
0	 CI) .1-4

1-1Z= 1.Z= •-Z= Z 1-1 Z Z z =



CD CD CD
01 VD CN
• •	 •

on co r-
on un

	01 CN 	 01 ,f
	c..1 :I- 1/40	 c..1	 1/40

• •	 •

o
	4 	 4

	

3 70 bp	 10 b0
	0Q)4 •r4	 0 C) •/-I

.0
• CO	 7:/ W
O C.) .1-1	 0 CU .1.4
r-1	 Z

88

tr1	 ul
VD 01 CT
1-1 01

CV VD
	CV 	 1/40

• •	 •

un un
co .o ,f r- un c.4
cg un 00 1.-1 CNI
• •	 •	 •	 •	 •

I	 I
I	 I

III	 III
I	 II	 I II

CD CD C) Cl VOCN
	on r,	 co

• •	 •	 •	 •	 •III
r-4

	Lrol (0) Ln	 r-1

	

CNIuTh	 n.1"
• •	 •

00 Nn UN 00 VD	 00 Nn U1 CD 1-4 1-1 03 CN	 CD CD CD CD CD CD VD CNI CO
CD 1-4 Cg r 01 u1 1-4 01 U1 1-4 CV 01 CD	 Cq r-4 rq on	 c.4 on CD 1-1

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

00 VD	 01 r, CD ,f 00 C4
C.4 un co	 ,f	 on r,

.	 .	 .	 .	 •	 .	 .	 .	 .
1-1

5	 E	 eo	 o	 o
.,-1 4 	•r4 4	 .1.-1 4
ICJ bP	 70 ad 3 Il ta

0W-4•,--(	 o a) ”-i	 0W •,-1
1-7 z = 1-3 z = ,-1 z=

n-1



S 1 LIE a ON

89

lf)	 tr)	 Lt1	 tf)	 L.r)	 tf)
Cn1 L.r) 1%, 	%.0	 co	 1-1 Cn1	 cv	 i.r)	 co a'	 csn co

cv	 cv t.r) co cn r C c•) , .1-	 /-4 NI	 c r')	 *-4 c•1	 c•)
. 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 .

III	 I/I	 III
:	 :I	 I	 III

I	 I	 I	 I	 III	 III
III	 III	 Ill	 III	 III

5
Z

..,—i x
3 TJ tf)
0	 CI) • ,-I

E
.,—, ,.=

3 '1:7	 bf)
0	 (1) •,-(

E
z

.1-4 4
3 'C) CZ
O C.) *1-1

5
z

-,--I 4
3 7) ti)
O a) •-4

rZZ= 0-4Z.= n-•1== 0.1"2.:=

,-1
-,-4 a) ›,
).4 0 ,--I
a. ca a a
< z in Pn

E	 E	 E	 E
z	 z	 z

•r.4 4
3 71 b.0
0 (1) •,-I

t.-1== 0-1Z= 1-4z= r4z=

;-I
CU
41 3-1

J-)	 5	 w
cn	 (1.3	 4
o	 .0	 o
to	 a4	 4.4
a	 a)	 (..)
.t	 co	 0

..r.I 4 •r..1 4 •1-1 4
3 I:5	 tiO 3 10 CO 3 7:) t1.0
0	 a) •,-I 0Q) • --I 0 CI) .1-1



APPENDIX D

DATA ON PLANT GROWTH MEASUREMENTS

90



cti

cra

r-q

C-)
9-1

E-4

CSN

c0
Crs

Lr) c) c) r-A 0'4 CT 04 0 CO r-4 OD 0 CO r-A r-4
.	 . .	 . .	 . .	 . .	 . .	 .

011 C14 04 v--1 N 1 1-4 r-1 0.4 1-1 C`J C1.1 i-i T-1 r-1 C".4 r-1 r-1 Cs4

F `, 1/440
.	 .

C:) Cf) 0,4 C) r-4 Cf) \41)
.	 .

0 CT 01 1.0 Lr.) c:) c) 1/41c)

04 04 04 04 04 C11 04 04 Cf) 04 Ce) r-4 CNI 04 04 0,1 04

0 0 0 04 0 Q Cr) Cr) q) r's r-- Le--) r-4 r-4 r-A
.	 . .	 . .	 . .	 . .	 . .	 . .	 . .	 . .	 .

0404 0104 01011 C`40J CNN r-ir-1 r-1 011-1 01 04

Cf) Cf)
• .

01 C14
.	 .

C) 04
.	 .

1.r) c,)
.	 .

c)
.	 .

C:)
.	 .

(.7% Lr)
.	 .

c) c)
.	 .

QQ
.	 •

04 CNA .1 01 Cr) 04 C14 04 Cr) r-4 04 r-4 04 Cr) 04 Cr) 04

C14 r-4 nd r0 N- CO ..<1' C11 r-4 C:) 0 <1' 01
.	 . .	 • • . • • • • • • • • • • • •

CNT--1 CNr-4 CNIT-1 r-4 T-4 04 0,1 CNr--1 r-4 r-40,1 04

CT 04 n0 0 CO 0
• •

04 r--
• •

c)
• •

c-4
• •

c) c-A
• •

cs. r-4
• •

r-- -zt
.	 •

04 C11 04 04 04 CJ 0J 04 Cr) CJ 04 04 01 CO 0,1 0j 04 C11

00 C) r--1 0 COQ (N N- 01 CX) r-4 n.91) ()N
• • • • • • • • • • • • • • • • • •

r-4 C•1 04 C1.1 04 0,1 04 04 01 r-4 r-4 r-4 CN 04 04 I-4

c,4 cyN Cr) r-4 C'4 Cr) 1.r) -zr r--4 r-,
• • • • • • • '	 •

04 04 Cr) CsA Cr) 04 04 CsA Cr) Cr) 04 C•4 04 04 Cr) 04 014 (N

5 5 E
,..c •,-n ,.= •,-I
bo 71 3 eLID -0 3 b0 -0 3

•,-1 cL) 0 ,-I ) 0 •?-1 cli 0
= z 1-4 = Z )-1 = z 1-1

ca.	 ça.	 01.1

cu	 cu
c4

91



C7)

Cr)

CY)
r•-•
CYN
1-4

CS)
r--
Crn
r-4

CO
0-N

Cr)
r-I

Q
co
Cr)
r-I

(:) r--
.	 .

-:t \.0
.	 .

Ln
.	 .

Ln
.	 .

	C7 	 csN
	. 	 .

n41)
.	 .

r-4 Lr)
.	 . .	 .

.71- co
.	 .

Lr) Ln Ln Ln ,zt kf) r-4 ‘40 -zt -:r

It 0
.	 .

C - C:)
.	 .

Ln 0

C7)
.	 .
Ln

Q Ce) Cr)

(1) 00	 Ln

Ln

n�0

r-,

u-) c0

c:)

Ln
.	 .

:1-
.	 .

0 00
.	 .

0 0
.	 .

o.' cc
.	 .

cc
.	 . .	 .

0 00
.	 .

-:t
.	 .

r-4 Ln Ln %.7.t cr) Ln In .․) Ln It

Q- 0 .0 0.0 oo -1. .0 o co .0 1/40 o -1- -.1- -1-

.	 . .	 . .	 . .	 . .	 . .	 . .	 . .	 . .	 .
r•-- It r---• k.0 r•-• nID Lf	 tr) CO CO nSD O tr)

a) N- 1/4410 u Ln C N- -.1- 0 C) <I- 1/40 -.7t <11
• •	 •	 •	 •	 •	 •	 .	 •	 •	 •	 •	 •	 •	 •	 •	 •

r-4 Css) r-4 r-4 Cs4	 Cs4 r-4 r-4 r-4	 C),J r-A CN4 r-A r-4	 r-4 C`A

7))1) CX) 0 r-4 CO Lr)	 c) c) c) (7, (---) CX) Ln c:, c:, Lr) or.
cd

• •	 •	 •	 •	 •	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

cn -.1- -.1- -.1- (-1 01	 a) in -.1- 01 -.1- Ln Ln cr) Ln If) -.1- -../.al

Ln	 Cs4 ,Zr C%4 nZr CZ) q) .10 r	 CO CXD Le) nZr csA
.	 .	 •	 •

0 (NJ C') r-A r-4	 r-4 Cs4 r-4 r-4	 C's1 r-A r-4 r-A r-4 	 C,4 r-4

	kJ° 0 lS)	 C•4 Ln	 '.0 0 0 kli) \SID Q 0 ,S)
• •	 •	 •	 •	 •	 •	 .	 •	 .	 •	 •	 •	 •	 •	 •	 •	 .

-d- -1- -1' <NI	 trl	 c\I ce)	 -J. -1- (-r) c,1

E	 5	 E

-0	 •r-I	 .0	 •T-i	 .0	 •*-4
or)	 -0	 3	 bC)	 -0	 3	 oi3	 -0	 3

cu	 0	 .,4	 a)	 0	 •*-1	 a)	 0
=	 Z	 t-1	 =	 Z	 I-1	 =	 Z	 1-4

92



93

CD	 Ch QD 00 U1 CD CD CD CD CD Ch CD 00 COQ Ch --d-.	 .	 •	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 •
1-1 CD CD CD CD CD r-1 1-1 1-1 1-4	 CD r-1 CD CD	 CD CD

CD	 Ch QD

r21 C C C

7DCD m CD CD Ch 1-1 01 Ch CD CD CO CD CSN ,...0
Wr-I	 1-1 1-1 CD r4 CD CD	 1-1 1-1 C"..) I--; C:.) C2;

CD CD Ch CD Ch CD CD CD CD CD CD LCD CO 	CD CO CD C,

CD 1-1 Or-4 1-1 1-1 r-1 rg r-1 CD CD CD 1-1 CD 1-1 1-i

0.1 0,4 t-1 CD CD Cq CD CD CD 0,4 e-1 %.40 CD 1/440 CD Cg COCD

T-1 1-1 1-1 r-1	 t-1 1-1 mq	 rA r-1 CD	 r-.1 CD 1-1 1-1 CD r-1

n1" CN CO CO 	cN 1-1 CD 1---1 t-1 CD	 1-1 CN 1/4.0 01 Ch ul

r 4 CD CD CD CD CD CD r-1 r 4 	CD CD CD CD CD

u1 1/4.10 0\1 Ch C	 4 r, CD	 u1 01 u1 U1 Ch CD 0 4 k..0
.	 .	 .	 .	 .	 .	 .	 •	 .	 .	 .	 .

rg CD 1-1 CD r-1	 1-1 r-1	 r-1	 1-1	 1-1 v-1 CD 1-1 1-1 CDra

CD CD Ch CD	 Cg 00 00 01 01 r-1 r, r, ul r, 	r,

r-1 r-4 CD 1--4 	1--4 CD CD 1- 4 r	 r-1 CD	 CD CD CD r-1 CD 1 4

nt 01 n1- Cq u1	 ul CD ul Ul	 cp cs) cr m ,t c) m

1-1 1-4 1-1	 I--; 1-1	 1-1 1-1 1-4 1-1 1-1	 1-1 CD 1-1 r-4 1-1 1-1

E 	e	 5

4	 •,-.1	 4	 .-I	 X	 '?"1
60	 I:3	 ai)	 "o	 3	 to	 -c)	 3

.,-i	 w	 o	 .,-I	 a.)	 0•*-4	 (1)	 0
=	 z	 I--	 =	 z	 i-	 =	 z	 i-        

cd

cd 
Cil

cd
 y

1-1                        



94

Co CO <1.1 r-4 01 n411) QC) N. N.	 01 N.	 CY) qi) CY) C	 1.1-1.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
CY) Cel ,Cr	 CI CY) CY) CNI cn cf) cf) cf)	 cf) -ch	 cr)

0) Lch -1- Lrh r-- 0) Lnoo	 r-- 0con	 00 00 1/40 0
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

-ch 1/40  un Ln	 Lc) Ln -1- 1/40 Lc) Ln -ct	 1/40 1/40 n0 k4) )0

Cf) q)	 r-- <14 co 	QI) CY)	 Ln F-4 CD -zt	 C:) (:) r-- r-4 Q r-4
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

CY) C14 Cr) C11	 CY) (14	 Cf) Cr)	 ,Zi" CY)	 CY) Cr) CY) <4. ,Zr Cf)

-ch Q r-- C14 kf) r-4 0) n4) Co chl 0 0 0 0) cp Co co 0
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	1/40 Lr)	 .1-	 Ln	 -zh 1/4.0 -1- 1/40 1/40 Ln	 Ln	 Lr) Lch Lr) Ln

-zh Lc) Q r-4 k0 (NA CY) <N1 r-- c,4 -1- c•1	 (:) CD (NJ C)1 r-4

c-,4 C11 CY) Ce)	 C11 C11	 C11 r-4 C1.1 C)I C1I <14	 C.4 Cs4 C`si C14 <1.1 <11

	- ch T-1	 chl cN co 1/40 0 in 1/40 CY) CX)	 c\I 0 0 OC
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	Ln Le) .1- -.1- 	cf)	 cf)	 u	 u un	 cr)

.Cc 	 QN. CD) CXD	 Ln 1/40 <:) <1.1	 Co O.'	 <N1 Ln r-40
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

C11 r-4 C1.1 r-4	 r-4 r-4	 (14 <14 r-4 C•4 CY) C14	 r-4 r-4	 <1.1 C14 C11

	Ln 0)	 cf) n0	 -7.1- CD Ln	 1/40 -ch cf) c:) ch Cr) (7) CD CD
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	

Ce)'	 Ce)	 -.1" Ce)	 -.71. 	C11	 Ln -1- -.t	 -.1- -1- Lr) -.t

E5
0

-0	 .,-
3	 tD	 '0
CD	 '1-1	 C)	 0

4-1	 =	 z	 i-1

. 1-4	 c.,	 cn

CO
O.%
4-1

E5
:1

-0 •,-I
3 tuj -0
0 •,-I C)
I-4 = z



crN

r-1cc!

c0

01

	

CD r-1 CD CD u1 01	 cD CD CD cD VD VD 01 cD cD

	

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	

-t	 -t -t -t -t	 -t	 -1- -t uh tr) 0-)

	

If) co r-, Lr) r-4 cr)	 Oc) Q -zr -zr in	 -t QD

	0 r-
.	 .	 .	 .	 .	 .

	1/41D	 r--	 n.0

	co n40 0 0 r 	0 cp C'4Q 0Q Cr)	 Lt1	 CN1

	

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	

n. n. 	 Ln	 -.I-	 In In

	c r,- Lr) 1/44)	 cx)	 Lr) -:t	 -t f-, .0 0 r-- r--

	

.	 .	 .	 .	 .	 .

	

r- co	 o o o	 o n..o	 n.0 %..o (.0

95

ci 	01 0-) nsic .110	 rn 1/4,0 r-4 0') 01 in	 CLrl Cf.)
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

cv cv cv cv cv cv cv cv cv cv cv cv cv cv cv cv cv cv

VD	 u1 (N 01 00	 u1 r- ch co (N 	ch -t 00 VD CN
• •	 •	 •	 .	 •	 •	 .	 •	 .	 •	 •	 •	 •	 •	 •	 •	 •

Lf U	 U Lr) Lc)	 LC) u1	 -zr -:t 1.()	 uh Lr) Lr) is) Lr)

1-1 01 C') (N -1- 	-1- -t	 r- VD VD VD r-1 cv r-	 0q
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

• CN1 0\1 0\1	 cq 0,4 cq 0.1	 c\i cq 0g 01 0,1 Cg Cg

co co 0-) 0	 4111)	 LC'C 	c-n cNi ko r-,

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
ul 1/40 u1 L.r1 m01 q) 	L u1 -zt ,zr	 -.1- U Ln Lr)

E	 E	 E
4	 'I-4	 4	 .r-I

11.0	 7i	 CO	 "0	 '00	 9D
-ri	 a)	 0	 ,.4	 W	 0	 ”-4	 W	 o
m"	 z 	,- i 	Z.	 ,-.	 m	 Z	 N.4



C:3.\

CrN
r-Ici

o
CO
ON

a)
ON

Cr\

o
cc

O
CO
CrN

NO ON
.	 .

ce) ix)
.	 .

.0 c0
.	 .

ON
.	 . .	 .

,Ct
.	 .

r,
.	 .

-1- %sip
.	 .

c0
.	 .

-,f 0,1 -,f -1- -1- -.1- -1- -1- .1- Lf) -1- 0,-) 0\1 0,1 01 0,1

o
• • .	 •

ON
.	 •

Cn1 N
• • • .

.0
• •

Lr) 0
• .

01 0,4
.	 •

0 0
• .

r. .0 .0 .0 Lin coco c O NO if) N. N. Lr) .0 .0 .0

un Q .0 O CXD C NO CO 0 ON r--I ON NO 01 un O Q 01
• • • • • • • • • • • • • • • • .	 •
,t .1- 01 :1- UL CC 01 -1- -d- -1- 01 01 01

on 01
.

0\1 cg
.	 .

U.)
.	 .

CD Ul
.	 . •.

CD CD
.	 .

CD U.)
.	 .

00 VD
.

CD 00 00

r- r- NO 1.1.1 U.) N. r- VD 1/4.0 NO N. 1/4.0

un r-, ir) NO 00 NO NO r--I CO 0 NO U cc -.7.t
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

	

01 01 01 0.1 01 01 01	 01 01 .1- cr 0,-) on cA 01 c\I

-zr cc un r r-- ON 01 .0 ON .0 .0 .0 0N cyN .0 ci) „71-
• •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •

	

Lr)	 Lr)	 Lr) un	 -zr	 -zr -zt -zt -zr un

	NO 0 OC CO -Zr '.O r- 	un	 ocip CD .0	 cN
• •	 •	 •	 .	 •	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	, zr <1- 	cnol 010,1 NM MN MCY) MM MM

	C')(:)	 r-- CNJ 	coco 00' 00 QC co (:)

	

.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	Lr) Lrn ,d- 	Lr)	 -,1- ,d- urn -d- 	VD NO U.) -zr un

	5 	 5	 5	_	 .r4	 4	 .,-1	 4	 •,-+
4010	 '0	 3	 CD	 7	 WO

	.1.4	 CD	 o 	•H	 C.)	 o	 .,-1	 a)	 o

	

m'	 Z	 1-4	 az	 Z..'	 ,...	 7::	 Z.'	 ,-

a.	 a.

1:4	 C4	 C

96



"o
cc)

cr)
4-1

t-1
0.4

$-1

rjj

r-4

CJ

4
E-1

CO
C"N

CfN

CO

r--I

CO

CO
CT\

97

01) 0 0 CXD	 01 Si" 0 01	 CU 	1/4.0 Ln (TN o 	DD
• •	 •	 •	 .	 •

	

Ln	 ce) cr) cY-)	 cc)Ln in in 0-1 -.I- 	Ln -1- -1. Ln in

0 0	 CY)'0	 71QC 	 co CN4 q) 0 r-- 0 -d- - i- co ,:t 003	 CI• •	
•	 •	 •	 •	 •	 •	 •	 •	 •	 .	 •

a)	 a)Lln Un	 ...1- Ln cr.)	 .0 r-- r-. Ln in	 1.0 r--. .c) 1/40 kID 1.4)
0.1	 0)

n411) oc) OM CVO 00 CT CT nC) Lt-) n0 CD oc:>	. 	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
Ln	 L! O Ln Ln .0 ./- .0 .0 Ln .d- Ln	 .;1- c•1 .0 .0

c0	 Ln in .0 c,-) Q CT	 k•O Crl CT CT	 Cn1
C)• •	 •	 •	 •	 •	 •	 •
(IdLn Ln Lr)	 Lr)	 k.CD 0.n Ln D Ln Ln u 	Cfl	 CD k.CD

CX) C•4 n71- CN1	 ‘CD	 CX) %.C21 0'1	 'D CO	 r-4 C`.1 CD C:) Cr)(:).	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
Cr) ,,t Cfl Cfl Cr) Cfl	 Cr) Cfl Cr)	 Cr) Cfl cr)	 ,1-	 cr) ce)

r0	 "0r--I r--	 (:) 0 0-n 	 m r-- :1- 0 c',1 0") -d- c:) cn 0'4 (:)
al	 cd
cl)	 a)Ln Ln	 Ln Ln -..t	 .0 q) CO rn r-- .,t r.-- r-- Ln rn %.0
a)	 a

	Ln cr, Q 0 \CD 0 QI) CT 0 Ln Q -.4 CNI	 c,-) CO
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

On	 cn	 Cr)	 cr)	 cNI	 cr)

E E

•,--1

E

4
t-.113 "o 3

•
ti)

*r4
-ci 3

4
tr)

-,-i
'1:3 3

-r-I a.) 0 •r-I (1) 0 •v-I (1.1 0
= z 1-1 = z 1-4 = z r-1

(N Cr)

a,	 a,
1:4	 t:4

• •	 •	 •	 •	 •	 •	 •	 •	 •	 •

k.t) CX) (NI rn 	 CX)

LC) Ln Ln Ln

'C)	C ON- CT	 CX) 1/40 C 	LÇ	 C,1
• •	 •	 •	 •	 •	 •	 •	 .	 .	 .

	

.	 Cf))1- In



Crn

cd
)-4

CC
 CD

CO

"Id

)-1

cn

cd
r--I

C.)

E-1
CO

Cd
Cd

Cfp

CU

4-1
CI)

Cd
r-4

Ci

E-1

CO

C/I1
r-I

CO

98

	cf) Lr) C•4 AD .7„1- r's	 Cs4 C'4 r-- c‘A c-s) -zr	 AO r•••	 CO Lr) cyn
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	C•4 Cr) CY) Cr) CI)	 CI Cr) NI Cr) Crl Cr) Cr) Cr)	 Cr) Cr) Cr)

	CC CV r-, Q c;n 	 c) cs4 cr) cf) c:p Q c:) -1 . 	cf)	 r--

Lr) u -zr	 ce)	 nt) -zr	 -zr Lr) Lr)	 Lr) Lr) Lr) Lr) -zt -zr

	

C•A 0 I—I n:1" Cr) L( 	L cx)	 qop	 cx)	 -zr	 c..1 T
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

Cs4 ,,t CI	 CI CI	 CI C`,1 Crl (NI <NI	 Cr) Cr) Cr) C•4 CI (NI

co	 n41)	 co A) n0 0 CD ,:t Cr) CX) Lr) co cr) r-- ce)

n1"	 Lt-) nc) Lf Lt-)	 -.1-	 0-) on 

	cp cf) Lr) -zt cY)	 c) C:D C•4	 C'A '.O N-	 r-- -zr ce)
• .	 "	 "	 . .	 . .	 . .	 . .	 . .	 . .

	Cs.] C'4 Cs4 C•4 (NI C'4	 C•A Cs4 C'4 C'A C•4 C'A 	 C•4 C•4 C•4 C'A C•4 C•4

	AD CV A) (r) Cr)	 CC CO CYN r-4 CC 1/40	 Lr) CO CY1 cr) r--
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .

	

Lr)	 1/441) r-- Qi)	 r-- A) %.0 CX)	 CC 0 0 cr) cs\

0 Q Lr-) Lr) ,d- C'4 CD CO	 CY1 T A)	 r-4 rs, CD Lr)
• •	 •	 •

	

CY) Cf) CV CV CV CV	 CY') 4-4 CV 4-4	 CV CV CV r--I CV CV CV

CY) .1- CD C•A CO CD -.1" nZr C'4 is) r-4 st T st	 CX) Cr) CO
• •

	A) f•.. CY• r-4 00 0	 rss AND	 Lr) Lr) CO T r-- r's Lr) r-- ‘170

	

r-4	 r-4

	5 	 5	 5

4	 .r-i	 4	 •,-I	 4	 •?-1
br)	 "d	 3	 tuD	 "d	 3	 b)	 "ZI

-,-1	 w	 0	 .r-1	 (I)	 0	 *4-4	 CL)	 0

=	 Z	 1-1	 =	 Z	 )—	 =	 Z	 14

<NI

a..	 a.
f:4



rj 00  

(1.)

C.)
•

CO

r-I

CD CD CD CD CD CD cD CD QD QD QD CD CD k..0 CD CD n0 QDQ.
	.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Q. 	.	 .

01 cn1 01 cv cq ,t 01 01 ol 01 01 01	 cq cq 0,1 C.1 0n1

Ch 00 ,	 cD CD	 ‘...o Ln CD QD r, r- CD

	

:;	 -6 01 -f	 un 
,f• •

:f un on 01 01 un
P0

QD QD
	

Q.

	
Q4;)
	

1/4•0 0
	

0 0

\ r-I
	

cn.1

00	 CD u-) Q C' 	 0 r 	00 cp	 Q tr)
•

01 0	 cr; 0"; ce; :t	 <1.	 <1.	 QD
S-1

PI0

00 01

QD QD

c.;

CD 01 QD cq QD QD r- :t CD CD 01 oo Qo	 1-1

• • • • "	 " • • • '	 • " • ' •
CD 	4 r	 r	 C) 1-1 Cg CJ 1.-1 CD r	 1 CD	 r-i

qo oo	 Ch :t Ch	 (1) CD	 01	 ol	 r, r- Ch

• •
N- 	kD	 °	 r, QD QD r, Q0 ,t u-)

Pc1

cq CD un 01 cg CD QC 0000 QC') 000 1/40	 00

• •
Cq r C1.4	 cq	 CD CD cq r	 rq	 Cq 1-1 1-4

r-	 qo	 01-1' CD Ir) .1- 01 ,A	 r--.1 QC.' 0000

‹t 0

	

‹;	 Lr; ‹;	 QD un u-.)	 U1 1/1	 1/4.10 ,f

100

	5 	 5	 5

	

C	 C	 C
4	 ,1	 4	 ,4	 ...c	 .1-1
CO	 1C	 00 	'ii 	CD	 "0
,I	 o..)	 o	 „I	 o.)	 0	 ,1	 o.)	 o
=	 z	 1-4	 =	 z	 ..4	 =	 z	 1..

i—i	 Cq	 ("1

99



CrN

C:1

Cr)
r-

cd

Cf)

4-J

CC1

a4

O
co

Co
O

CYN

100

CD CD

01 oo

CD CD

NO
1-1

CD CD

CD CD
1-1 r

CD CD
• •

CD
	r 	 t-1

CD CD
• •

CD
r-1 1-1

CD CD
• •
COO

1-1

CD CD
• •

CON
r-1

CD CD
•

OC

CD CD
• •
OC

oc  01 in CO 0303 1-1 0 0 0-) 0 COO 030
• • • • • • • • • • • •

Nn CV 01 u1 CV CV 01 01 u1 CV 01 VD 01 CV 01 01
1-1 1-1 1-1 1-1 1-1 1-1

CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD
• • • • • • • • • • • • •

CrN CD r- r- Ln )..0 01 0.4 CD CD cs.1 csn crN CD CD CD
1-1 1-1 1-1 /-1 1-1 1-1 r-I r-1

Ln O r- 01 CD r- CD c0 CD CD -d- cD ul CD 03 03 1.1-) vD
. .	 . .	 . .	 . .	 . .	 . .	 .

Cn 01 CD 0,1 C cr .1- Ln u-) cq 0-) 01 Ln 01 t-1 on on cy
1-1 1-1 1-1 1-1 F-1 1-1 1-1 1-1 r-4 r4 t-1 1-1 r.-1

00 00 ul CD u-) 0 00 Ln 0 Ou CD CD OU
• • • • • • • • • • • • •

O
1-1

003 c:r Or-4 CC 03 Cr 1-1 CN 00
f-1 1-1

CD r- CD r-
•

k.0 ‘...0
• •

CD CD
• •

co
• •

COO
• •

cq
• •

r-
• •

0-) CD 01 0-) cq r 4 01 t-1 C.) 01 1-1 T-1 on C N cq on 1-1
1-4 1-1 1-1 1-1 1,-1 1-1 1-1 1-1 1-1 1-4 4-1 1-1 1-1 1-1

CD CD CD CD CD CD CD CD CD u1 CD CD CD CD CD CD CD CD
'	 •

003 00 01 ON ON ON ON ON ON ON ON 0 ON 0 ON ON

1-1

co vO CD -4t CD 01 Ln r-1 on CD CD OC -Lt CD CD
. .	 . .	 . .	 . .	 . .	 . .	 .

CD 0,1 1--1 01 CD 01 01 01 C.'4 CV 01 1-4 01 0,1 01 Cg
1-1 1-4 1-1 1-1 1-1 1-1 1-1 1-4 1-1 1-1 1-1 1-1

E	 E	 E

,.=	 -1-1	 ,C	 ”-I	 ,./Z	 9-4

00	 7:3	 bD	 17)	 bD	 7:1
-k	 a)	 0	 •,-i	 a)	 0	 *1-4	 1.)	 o
=	 Z	 14	 =	 z	 n-1	 =	 z	 1-1

N

fz.
Q) 	a)

p4	 p4



LITERATURE CITED

Biswas, A. K. (ed.). 1977. Water Development and Manage-
Ment. Proceedings of the U.N. Water Conference,
Mardel Plata, Argentina, Part 1. Pergamon Press,
New York.

Branson, F. A., Reuben, F. M. and McQueen, I. S. 1976.
Moisture Relations in Twelve Northern Desert Shrub
Communities Near Grand Junction, Colorado. J.
Ecology 57:1104-1124.

Clark, S. B., Letey, J. Jr., Lunt, 0. R. and Wallace, A.
1974. Survival of Selected Desert Shrubs under Dry
Soil Conditions. J. California Agricultura. Vol.
8:14-15.

Cotter, D. J. and Chavez, F. 1979. Factors Affecting Water
Application Rates on Urban Landscapes. J. Amer.
Soc. Hort. Sci. 104(2):189-191.

Daubfnmire, R. F. and Charter, H. E. 1972. Behavior of
Woody Desert Legumes at the Wilting Percentages of
Soils. Botanical Gazette. 103(4):762-770.

Erie, L. J., French, O. F. and Harris, K. 1968. Consumptive
Use of Water by Crops in Arizona. Agricultural
Experiment Station, College of Agriculture, The
University of Arizona, Tucson. Technical Bulletin
No. 169. 46 p.

Halevy, A. H. 1966. The Influence of Progressive Increase
in Soil Moisture Tension on Growth and Water Balance
of Gladiolus Leaves and the Development of Physiolo-
gical Indicators for Irrigation. J. Amer. Soc. Hort.
Sci. 76:620-630.

Halevy, A. H. 1972. Water stress and the Timing of Irriga-
tion. J. Hort. Science, 7(2):113-114.

Hillel, D. and Rawitz, E. 1972. Water Deficits and Plant
Growth, Vol. III, Academic Press, New York. pp.
307-338.

101



102

Kneebone, W. R. and Pepper, I. L. 1979. Water Require-
ments of Urban Lawns. Arizona Competition Report
to OWRT Project B-035-WYO, Wyoming Water Resources
Research Institute, University of Wyoming, Laramie,
1-20 p.

Kozlowki, T. T. (ed.). 1968-1972. Water Deficits and Plant
Growth. Vols. 1-4. Academic Press, New York.

Kramer, J. 1980. Drip Systems Watering for Bigger and
Better Plants. W. W. Morton and Co., New York.

Kramer, P. J. 1974. Fifty Years of Progress in Water Rela-
tions Research. J. Plant Physiology, 54:463-471.

Larson, W. E. and Borrows, H. L. 1972. Landscape for
Living. The Yearbook of Agriculture, U.S.D.A., U.S.
Government Printing Office, Washington, D.C. pp.
227-232.

—
McGinnies, W. G. and Arnold, J. F. 1939. Relative Water

Requirements of Arizona Range Plants. Arizona Agri-
cultural Experiment Station, Technical Bulletin No.
80:165-246.

Metwalli, A. W., Struckmeyer, B. E. and Beck, G. E. 1970.
Effect of Three Soil Moisture Regines on Growth and
Anatomy of Pelargonium hortorium. J. Amer. Soc.
Hort. Sci. 95(6):803-808.

Middleton, J. E., Probsting, E. L. and Roberts, S. 1978.
Apple Orchard Irrigation by Trickle and Sprinkler
Methods. Transactions of Amer. Soc. Ag. Eng. 22(3):
582-584.

Miller, J. D. 1978. Design and the Desert Environment.
Office of Arid Lands Studies, The University of
Arizona, Tucson. Arid Land Resource Information
Paper No. 13. 216 p.

Ministry of Agriculture and Forestry. 1971. Studies on the
Irrigation in Mulberry Field. J. Sericult. Sci. Jap.
39(6):443-450.

Montgomery, D. C. 1976. Design and Analysis of Experiments.

Wiley, New York. p. 45-58.



103

Nehrling, A. and Nehrling, I. 1968. Easy Gardening with
Drought Resistant Plants. Hearthside Press Inc.
Publishers, New York.

Ponder, H. G. and Kenworthy, A. L. 1976. Trickle Irriga-
tion of Shade Trees Growing in the Nursery. J. Amer.
Soc. Hort. Sci. 101(2):100-106.

Post, K. 1952. Florist Crop Production and Marketing.
Orange Judd Publishing Co. Inc., New York. p. 160-
207.

Popkin, B. P. 1979. Augmenting Water Supply for Home Irri-
gation. Hydrology and Water Resources of Arizona
and the Southwest. Vol. 0:1-10.

Renton, P. A. Jr. and Newcomer, H. R. 1967. Gardening in
South Texas. The Neylor Co., Texas.

Sacamano, C. M. 1971. Arizona Garden Guides. Arizona Plant
Climate Zones. Cooperative Extension Service, College
of Agriculture, University of Arizona, Tucson. 4 p.

Sacamano, C. M. and Jones, W. D. 1976. Native Trees and
Shrubs for Landscape Use in the Desert Southwest.
College of Agriculture, Cooperative Extension Service,
The University of Arizona, Tucson. Bulletin No. A82.
40 p.

Sachs, R. M., Kretchum, T. and Mock, T. 1975. Minimum
Irrigation Requirements for Landscape Plants. J.
Amer. Soc. Hort. Sci. 100(5):499-502.

Sionit, N. and Henderson, D. W. 1973. Changes in Stem
Diameter of Herbaceous and Woody Plants as a Measure
of the Internal Water Balance. Iran J. Agri. Res.
2(1):39-50.

State of California. 1976. Water Conservation in California.
Bul. No. 198, Department of Water Resources. p. 24-
25.

Sunset Magazine and Sunset Books. 1967. Sunset Western
Garden Book. Lane Magazine and Book Co., Menlo Park,
California.

Taylor, S. A. and Slater, C. S. 1955. Water. The Yearbook
of Agriculture, U.S.D.A, U.S. Government Printing
Office, Washington, D.C. p. 372-376.



104

Threshow. 1971. Environment and Plant Response. McGraw
Hill Book Co., New York.

University of Arizona. 1977. Water Conservation for Domes-
tic Users. City of Tucson, Tucson. 32 p.

Weatherspoon, D. M. 1978. Preliminary Horticultural Re-
search at Agricultural Research Center, Monticello,
Florida Program. 76/01 and 12.

Younger, V. B., Williams, T. E. and Green, L. R. 1976.
Ecological and Physiological Implications of Green-
belt Irrigation. University of California, Davis.
Contribution No. 157. 4 p.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112

