
PRODUCTION OF WASHINGTON NAVEL
ORANGE IN A DESERT CLIMATE.

Item Type text; Dissertation-Reproduction (electronic)

Authors ABDUL-HUSSAIN, SOHAIL ALIWE.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:26:30

Link to Item http://hdl.handle.net/10150/187820

http://hdl.handle.net/10150/187820


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again-beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
MicrOfilms 

Inrernational 
300 N. Zeeb Road 
Ann Arbor, MI48106 





8503595 

Abdul·Hussain, Sohail Aliwe 

PRODUCTION OF WASHINGTON NAVEL ORANGE IN A DESERT CLIMATE 

The University of Arizona 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI48106 

PH.D. 1984 





I 
j 

~RODUCTION OF WASHINGTON NAVEL ORANGE 

IN A DESERT CLIMATE 

by 

JbdUI-Hussain, Sohail A. 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PLANT SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN HORTICULTURE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 8 4 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by __ ~6~a~h~a~{~1~A~.~A~h~du'u,1~-~HwtlwA~@w9wi~n~ __________________ __ 

entitled Production of W~9h1n8ton Navel Orange in a Dagert Climate 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of PbUosophy rith a major in Horticu1tun 

Dat 

/t,- ~;'9 /5F~ 

Date 

DaLL 'I1 )f~--
Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Disf/!!d i(if ./ 
3CJ 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at the 
University of Arizona Library to be made available to 
borrowers under rules of the University. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the head of 
the major department or the Dean of the Graduate College 
when in his or her judgment the proposed use of the material 
is in the interests of scholarship. In all other instances, 
however, permission must be obtained from the author. 

5IG~-· -::::. 



1 

'\ 

I 

I 
I 
I 

I 
I 
I 
i 
1 

j 

I 
I 

I 
i , 

1 

I 
j 
I 

1 
I 
! 

ACKNOWLEDGEMENTS 

I wish to express my sincere graU tude and special 

note of thanks to Dr. Albert K. Huff, for his skillful and 

competent assistance as research advisor during the course 

of this study and preparation of the dissertation. 

Sincere appreciation is expresse(,j to my dissertation 

committee, Dr. Paul M. Bessey, Dr. Norman F. Oebker, Dr. 

Paul G. Bartels, and Dr. Frank R. Katterman, for their 

assistance and guidance throughout the course of this study. 

Thanks are due Dean Bacon and Salvador Romero at the 

University of Arizon citrus farm and to all friends who 

helped me in doing the field work. 

This dissertation is dedicated WJl th much love to my 

parents and my brothers and sisters. 

iii 



1. 

2. 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF ILLUSTRATIONS 

ABSTRACT 

INTRODUCTION 

LITERATURE REVIEW 

Washington Navel Orange Yields Under Desert 
Conditions Compared With Yields Under 

Page 

vi 

vii 

x 

1 

5 

Less Arid Conditions •.......••....•.•.•.••. 5 
Yield ................................... 5 
Fruit Size .............................. 7 

Role of Soil and Climatic Factors on Yields 8 
Soil Salinity ....•...•..........••..•... 8 
Temperature ••.•..•...............••••.•. 8 
Relative Humidity....................... 10 
Photoperiod ..••.....•........•.•....•... 10 

Yields in Relation to Leafiness of 
Inflorescences .•••.•...•.....•....•.•..•••. 12 

Effects of environmental factors on 
Photosynthesis and transpiration ...••..•••. 14 

Techniques That Have Been Used To Improve the 
Yield of Orange Trees ••.•.......•..••...•.. 18 

J. MATERIALS AND METHODS 20 

Plant Material ...••.......•........•.••..•... 20 
Establishing the Pattern of Loss of 

Reproductive Structures .....••....•.•••.... 21 
Photosynthesis and Transpiration Measurements 

Under Field Conditions .....•....•..•••..••. 21 
Photosynthesis •........•.....••.•••...•• 21 
Transpiration ••..••..•...•....•.••••.••. 22 

Leafiness of Inflorescences of Washington 
Navel Orange Trees ..••......•......••••..•. 23 

Classificati,n of Inflorescences •........ 23 
Application of Nitrogen and its 

Effects on LIF .•..•...........••••...• 24 

iv 



4. 

5. 

v 

TABLE OF CONTENTS--Continued 

Page 

Determination of Leaf to Flower 
Ratio (LIF) ••••...••....•..•••..••.... 26 

Application of Plant Growth Regulators •••.... 26 
Use of Overhead Sprinklers to Increase 

Yields . e _.................................. 27 
Difficulties Associated with the Study....... 27 
Arrangement of the Study..................... 28 
Analysis of Yield and Climatic Data............ 28 

RESULTS J1 

Nature and Timing of Yield Losses ..•..•••.••. J1 
Identification of Principle Soil and Environmental 

Factors and Their Effects on Yield ......... JJ 
Soil Salinity........................... JJ 
Tempera tures •. • • . . • . . . . . . . . . . . • . . . . • . • . . JJ 
Relative Humidities .......•......•.•...• 45 

Photosynthesis and Transpiration Rates 
Under Desert Conditions •............•••••.. 45 

Photosynthesis .•....•.............•..... 45 
Transpiration ...•.........•.•........... 48 

Leaf to Flower Ratio of Washington Navel 
Orange Trees and its Effects on Yield ...... 54 

Effect of Potassium Nitrate and Urea 
on LIF and Final Yield ............•.......• 55 

Use of Growth Regulators to Improve Yield 58 
Gibberellic Acid (GA

J
) •••••••••••••••••• 58 

Benzy ladenine (BA) . . • • . . . . • . . . . • . . • • • . • . 59 
Failure to Improve Yield Using Overhead 

Sprinklers .......•......................... 59 

DISCUSSION AND CONCLUSION 

6. LITERATURE CITED 

61 

70 



Table 

1. 

2. 

J. 

4. 

5. 

6. 

7. 

LI ST OF TABLES 

Average harvested yield from Navel and 
Valencia orange trees for 27 seasons 
(1954-1980) from three different areas 

Number of replications and concentrations 
of KNO J and GA J for each treatment of 1980 
trlal ......................................... . 

Number of replications concentrations of 
KNOJ' Urea, GAJ' and BA for each treatment 
of 1981 and 1982 trials •..••.•.••.•..•.•.....•. 

Proportionate loss of reproductive struc-
tures from Washington Navel orange trees 
growing in three different areas .....•..•...... 

Average daily net photosynthetic rates of 
Navel and Valencia orange trees growing in 
Arizona with the average temperature, rela
tive humidity, and quantum (PAR) of 
five measurements, from 8:00 am to 4:00 pm 

Effect of GAJ and KNOJ on number of leaves, 
flowers, fruit set before and after June 
drop, and harvested fruits of Navel orange 
trees growing in Arizona in 1980 ...•......•... 

Effect of KNO
J 

and Urea on number of leaves 
and flowers, GAJ on fruit set, and BA and 
overhead water sprinkler on fruit loss 
during June drop period and subsequent har
vested yields of Navel orange trees growing 
in Arizona in 1981 ..••..•••••••••.•••••••...•.. 

vi 

Page 

6 

25 

25 

J2 

47 

56 

57 



LIST OF ILLUSTRATIONS 

Figure 

1. Citrus areas of Arizona and California 

2. Departure from 27 year average mean tempe.ratures 
of the 5 highest (I) and 5 lowest (OJ Washington 
Navel orange yielding years in the Arizona-

Page 

30 

California Desert region .••...•......•..•....•.. 34 

3. Departure from 27 year average maximum tem
peratures of the 5 highest (') and 5 lowest (0) 
Washington Navel orange yielding years in the 
Arizona-California Desert region ..•.........•.. 35 

4. Departure from 27 year average minimum tem
peratures of the 5 highest (,) and 5 lowest (0) 
Washington Navel orange yielding years in the 
Arizona-California Desert region ................ 36 

5. Departure from 27 year average mean temperatures 
of the 5 highest (.) and 5 lowest (0) Washington 
Navel orange yielding years in the Central Cali-
fornia region ................................... 38 

6. Departure from 27 year average maximum tem
peratures of the 5 highest (.) and 5 lowest (0) 
Washington Navel orange yielding years in 
the Central California region ................... 39 

7. Departure from 27 year average minimum tem
peratures of the 5 highest (Il and 5 lowest (0) 
Washington Navel orange yielding years in . 
the Central California region ................... 40 

8. Departure from 27 year average mean temperatures 
of the 5 highest (e) and 5 lowest (0) Valencia 
orange yielding years in the Arizona-California 
Desert region ................................... 41 

9. Relationship between harvested yield of the 
Navel orange trees, growing in the Arizona
California Desert region and Central California 
region, and average temperatures from the June 
preceding bloom through June of the harvest 
year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

vii 



LIST OF ILLUSTRATIONS--Continued 

Figure 

10. Relationship between harvested yield of the 
Navel orange trees, growing in the Arizona
California Desert region and Central California 
region, and maximum temperatures from the June 
preceding bloom through June of the harvest 

viii 

page 

year • . • • • . • • . • . . . . . . . . . . . . . . . • . . . • • • . . . . . . . . . • . . 43 

11. Relationship between harvested yield of the 
Navel orange trees, growing in the Arizona
California Desert region and Central California 
region, and minimum temperatures from the June 
preceding bloom through June of the harvest 
year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

12.- Net photosynthesis of Washington Navel and 
Valencia orange trees growing in Arizona 
throughout the day in two different months 

13. Transpiration rates of Washington Navel (0) and 
Valencia (e) orange trees growing in Arizona on 

46 

March 14, 1983 •••.•••.•••.•...•...••••.•..•..... 49 

14. Transpiration rates of Washington Navel (0) and 
Valencia (,) orange trees growing in Arizona on 
March 31, 1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

15. Transpiration rates of Washington Navel (0) and 
Valencia (e) orange trees growing in Arizona on 
June 1, 198.'3 II • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • 51 

16. Transpiration rates of Washington Navel (0) and 
Valencia (e) orange trees growing in Arizona on 
June 22» 1983 .•••.•.•..••..•.•••.•.•••..•..••.•• 52 



ABSTRACT 

Yields of Washington Navel orange [Citrus sinensis 

(L.) Osbeck] under Arizona desert conditions are low, due 

mostly to a low number of harvested fruit and secondly to 

small sized fruits. 

To determine at whicn development stage yield reduc

tion occurred, flowering branches were tagged at mid-bloom 

and the leaves and flowers were counted. The percent 

flowers shed at certain times was then recorded. In addi

tion, 27 years yield data for the Arizona-California and 

Central California production regions were examined in rela

tion to temperature and relative humidity to identify fac

tors causing low yields in the desert climate. 

It was found that a low number of fruit was due to a 

low percentage fruit set, while fruit shedding during June 

drop contributed somewhat less to reducing the number of 

harvested fruits. A lower percentage of fruits were lost 

from Arizona Navel orange trees during and after June drop 

than reported for trees in Florida and California. This 

resulted in a higher percentage of initial flowers becoming 

mature fruit, even though there were fewer harvested fruits 

per tree in Arizona. It was concluded that Navel orange 

trees growing in Arizona have relatively fewer flowering 

branches. 
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A correlation between yields and temperatures for 27 

years showed that mean and maximum temperatures during the 

period from June pr.ior to flowering through June after 

flowering had a highly significant, adverse effect on yields 

of Arizona grown trees, but not on yields of California 

grown trees. Relative humidity had no observable effect on . 

yield. In addition, low yields of Navel orange trees in 

Arizona was disassociated with soil salinity. 

Low leaf to flower ratios (LIF) had a significant 

effect on fruit set only if LIF was 1.0 or less. However, 

the effects of LIF were insignificant to the number of har

vested fruits. 

Foliar applications of potassium nitrate (KNO
J

) for 

two successive years significantly increased yield. Gib-

berellic acid (GA
J

) did not increase fruit set and harvested 

yields. Benzyladenine (BA) combined with overhead 

sprinklers failed to reduce the number of fruit shed during 

June drop. Transpiration and photosynthesis rates for both 

Navel and Valencia orange trees were low under Arizona con-

ditions. 



INTRODUCTION 

The Washington Navel orange is one of the most impor

tant commercial orange varieties with high market value. 

However, the desert citrus producer is unable to take full 

advantage of the Washington Navel orange market attributes 

because of low and variable yields in the desert climate. 

Washington Navel oranges are preferred over most of the 

principal citrus varieties for their superior commercial and 

eating qualities. In fact, Washington Navel oranges are 

considered, with other orange varieties, as second only to 

apples as the leading fruits. In the United states, for 

example, the per capita consumption in 1980 of fresh 

oranges, grapefruits, grapes, and peaches were 7.1, 3.6, 

0.9, and 0.9 kg respectively (82). Furthermore, the commer~ 

cia1 development of the orange industry in the United states 

is founded upon the success of Washington Navel and Valencia 

oranges. Washington Navel oranges meet the consumer demands 

throughout winter and spring and Valencia oranges meet the 

summer and fall demands. 

Citrus specialists and growers have long recognized 

that Washington Navel orange trees growing in Arizona and 

other parts of the arid southwest generally do poorly and 

have lower yields than Washington Navel orange trees growing 

1 



in less arid climates (10, 16) and in less arid portions of 

a larger region (69). In addition, yields of Washington 

Navel orange trees growing in Arizona are lower than yields 

of Valencia orange trees growing in the same region. 

2 

This study was conducted to answer the question as to 

why Washington Navel orange trees give low yields under 

desert condition. In this regard, a pattern of Washington 

Navel orange yield was established to determine the most 

critical stages of fruit development at which most reproduc

tive structures were lost and,low yields resulted. By 

determining the yield pattern, it was easy to identify 

whether low yields were due to low fruit set, high fruit 

drop, or both factors combined. 

Presumably, both soil and environmental factors can 

affect yields. To determine factors most influencing yield, 

this study was designed to investigate the following; 1) The 

effects of soil salinity on the final yield. 2) The role of 

Arizona field temperatures and relative humidities on types 

of inflorescences found on the trees. J) The nature of 

fruit set and fruit drop percentage of Washington Navel 

oranges in the Arizona desert. 4) The effects of high tem

peratures and low relative humidities condition on photo

synthesis and transpiration rates of the trees. 

~fter identification of the most influencial environ

mental factors on yields, attempts were made to determine if 

it was possible to modify their effects and to increase the 
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final yields. In this regard, treatments of KNO
J

, during 

flowers differentiation, GA J at full bloom time; and BA com

bined with water sprinkled over the trees during June drop 

period were considered to increase LIF, fruit set percen

tage, and decrease the number of fruit drop during the June 

drop period respectively. 

This study was restricted to the determination of the 

yield pattern by counting the number of flowers and new 

leaves per hundred tagged branches of each tree produced 

during full bloom and the number of fruit set before and 

after June drop on each of these branches. Special atten

tion was given to determine the correlations between yield 

and temperature and relative humidity by means of a statis

tical analysis of 27 years yield and climatic data. 

This study revealed the role of pre-bloom tem-

peratures and leaf to flower ratios on final yield, nitrogen 

applications on leaf to flower ratio and subsequently the 

final yield, GA
J 

effects on fruit set, and BA effects on 

fruit drop. It showed the effects of different climatic 

factors on the photosynthesis and transpiration rates 

throughout the day during critical periods of flower and 

fruit loss. 

The experimental design of this study was as follows; 

a completely randomized design was used for the purpose of 

statistical analysis of the treatments. Trees were randomly 

assigned to the treatments each year except trees which 
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received 0.5 M KNO] for two years in a row. Each year, 

there were between seven to eight treatments with at least 

three replications for each treatment. 

4 



Yield 

LITERATURE REVIEW 

Washington Navel Orange Yields Under Desert 
Conditions Compared With Yields Under 

Less Arid Conditions 

Generally, the productivity of orange trees has been 

observed by citrus specialists and farmers in Arizona and 

other parts of the arid southwest to be lower than the pro

ductivity of those trees growing under less arid climatic 

conditions. For instance, Arizona orange production between 

1962 and 1981 averaged only 63% and 77% of the yields of 

Florida and California orange trees respectively (10). 

Specifically, the productivity of Navel orange trees 

is not only variable between states (10, 16) but also from 

one district to another within a state (69). Yield data for 

the period of 1954 through 1980 showed that Navel orange 

yields from trees growing in the Arizona-California Desert 

region averaged only 72% of yields from trees growing in the 

Central California region (Table 1). In addition, average 

yield per acre from Navel orange trees growing in the 

Southern California region is lower than the yields from 

trees growing in the Central Ca1ifoTnia region by 82%. 

In contrast, yields of Valencia orange trees growing 

in the Arizona-California Desert region (85) were lower 

5 
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than the yields found in the Central California region by 28% 

(Table 1). However, the average yield per acre from Navel 

orange trees growing in the Arizona-California Desert region 

is still lower than the average yield per acre from Valencia 

orange trees under the same conditions by about 34% (Table 

1), despite the similarity in planting densities for both 

v,rieties. Furthermore, it is also clear that the dif-

ference in yield of Valencia orange trees growing in the 

Central and Southern California regions is less than the 

difference in yield from Navel orange trees growing in the 

same regions. In fact, the yields from Valencia orange 

trees are higher in the Central California region than in 

the Southern California region by only 2%. Therefore, a 

considerable interest has been shown in increasing the yield 

of Navel orange trees in the desert to similar yields of 

trees growing in less arid regions. 

Table 1. Average harvested yield from Navel and Valencia 
orange trees for 27 seasons (1954-1980) from three 
different growing areas. 1 

Arizona-
Southern Central California 
California California Desert Valley 

Carton per Acre 

Navel Orange 355+16 442+22 250~11 

Valencia Orange 492+30 481+27 

1 References 69, 85. 
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Fruit Size 

Low productivity of Washington Navel orange trees is 

due mainly to low number of fruits and secondly to smaller 

sized fruits(69). For example, Washington Navel orange 

yields and size of fruits from the Arizona-California Desert 

region for 1979-1980 season averaged about 50% and 22% 

smaller than yields and size of fruits from the Central 

California region respectively(69). 

In subtropical regions, environmental factors can 

lower yields by reducing fruit size or decreasing fruit 

number per tree. Yield data (69 r 85) indicated that low 

Navel orange yields observed in the desert climate were 

mainly due to fewer harvested fruit, although smaller fruit 

partially contributed. Subsequently, the low number of har

vested fruit is caused by either a low percentage of fruit 

set or a high percentage of fruit drop after setting, or 

both combined. By establishing the yield pattern of flower 

and fruit drop with time, it could be determined which stage 

in fruit development when there is an exceptional loss, 

accounts for low number of fruits in the desert climate. In 

addition, the effect of environmental factors on the status 

and the size of the fruits was examined. 
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Role of Soil and Climatic Factors on Yields 

Soil Salinity 

Citrus trees are salt-sensitive and salinity of the 

soil was found to reduce both quantity and quality of orange 

fruits (5, 17, 24, 74). However, different citrus varieties 

may show different responses to the level of the soil 

electrical conductivity. For example, a study by Pearson 

and Huberty (74) showed only a 5% reduction in production 

for Washington Navel orange trees as compared to Valencia 

orange trees following the irrigation with Colorado River 

water (1.2 mmho cm- 1 ). In additon, Bingham, Mohler, Parra, 

and Stolzy (5) showed that if EC of the soil is less than 2 
-1 mmho cm , yields of citrus trees were not affected by accu-

mUlation of soluble salts within the root zone. Therefore, 

the electrical conductivity of the soil for the University 

of Arizona Citrus Experiment Station in Tempe, Arizona was 

obtained and the effect of soil salinity on yield of 

Washington Navel oranges was determined. 

Temperature 

Among all environmental factors, temperature has been 

often reported in past studies to affect the yield of orange 

trees. For example, temperature has been known to affect 

the number of flowers produced and subsequently the number 

of flowers set (1, 38). High day time temperatures and low 

night time temperatures, especially in winter, combined with 



9 

low humidities were found to induce flowering (I, 18, 26, 

45, 56, 61, 70). In addition, Hall, Khairi, and Asbell (23) 

and Khain and Hall (38) have concluded that low air tem

peratures resulted in more leafless floral shoots while great 

numbers of leafy floral shoots were produced with higher air 

temperatures. Therefore, it was thought that under Arizona 

conditions reproductive growth emphasized over vegetative 

growth. As a result, Navel orange trees under Arizona con

ditions would have a low leaf to flower ratio, which is 

known to contribute to low fruit set (15, 20, 61). This may 

be due to the fact that under a heavy blooming season, Navel 

orange trees, with low leaf to flower ratios, are not 

capable of supporting fruit with enough energy and car

bohydrate due to a reduction in the available photosynthate 

caused by fewer supporting leaves. As a result, trees tend 

to shed a great number of flowers and undeveloped fruits 

during and after full bloom. Preliminary observations in 

Arizona have verified a low leaf to flower ratio for 

flowering branches and low photosynthesis rates of 

Washington Navel orange trees. Therefore, the fruit set 

percentage of the trees could be low due to a high number of 

flowers and few leaves giving a low leaf to flower ratIo. 

The effect of low leave to flower ratio to fruit set per

centages of the trees was tested in this study. 

Fruit loss during June drop has also been correlated 

with high temperatures combined with a high degree of 
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moisture stress (9, 32). Coit and Hodgson (9) and Jones and 

Cree (32) found that if a maximum temperature above 40°C 

occurs on one or more days during May and June, below 

average yields tend to take place with Washington Navel 

orange trees. This may be due to a water inbalance in the 

fruits and leaves under a high degree of moisture stress. 

The contribution of June drop to reduced yield was also 

tested. The relatipnship between temperatures and Navel 

orange yields was determined throughout 13 months for 

Arizona-California desert and central California regions. 

Relative Humidity 

Since high temperatures usually are accompanied by 

low relative humidities under Arizona conditions, the 

effects of relative humidity on citrus trees is unclear. 

Studies by Har-Even and Monse1ise (25) and Guardiola, 

Agusti, and Garcia-Mari (21), however, showed that low rela

tive humidity of about 30%, was more effective in inducing 

fruit drop than high temperatures of about 35°C. Therefore, 

the effects of relative humidity on yield of Navel orange 

trees was evaluated by comparing yields with mean relative 

humidities through a period beginning one year prior to 

flowering and extending to harvest. 
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Photoperiod 

Experiments have shown that flowering behavior of 

citrus trees in some cases may not be influenced by day 

length. Even in cases in which an influence of day length 

was found, it was only small. For example, early studies by 

Haas, (22) showed that late opening flowers set more fruit 

than flowers that bloomed earlier. He attributed that to 

changes in the temperature and to a small change in photo

period. In addition, a study by Lenz (4S) showed that with 

high temperatures treatments of about JOoC day/2SoC night, 

flowering of sweet orange cuttings did not occur at any day 

length. However, with a temperature regime of 24°C day/19°C 

night, flowering occurred with both 8 and 12 hours, but not 

with 16 hours of daily light. But Moss (61) investigated 

these results further and found that flowering of sweet 

orange cuttings can be controlled by photoperiod only at 

16°C day/12°C night or above. Therefore, at low temperature 

(lSoC/SOC), flowering was nat photoperipdically controlled. 

Since flowering is not controlled photoperiodically at lSoC 

day/SoC night, which is similar to Arizona conditions before 

and during flowering time, citrus trees were considered as 

day-neutral plants and the effects of photoperiod on 

fluwering was ignored. 
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Yields in Relation to Leafiness of Inflorescences 

Citrus trees under subtropical conditions tend to 

produce a large number of flowers along with a heavy flush 

of new shoot growth in the spring of each year. However, a 

very small portion of these flowers will actually set fruits 

(15). In addition, many of the.fruits that do set will not 

be harvested because they will be dropped from the tree 

throughout the period between blossoming and harvesting (32, 

49, 50, 51) when unfavorable conditions occur after fruit 

set. Therefore, the number of flowers produced by the trees 

is important for two reasons. First, it can simply 

influence the percentage of fruit set (20, 72). In fact, 

Goldschmidt and Monselise (20) and Noort (72) found that 

with a small number of flowers, trees attained a large per

centage of final set (up to 11%). Second, the number of 

flowers produced on a tree can change the leaf to flower 

ratio found on the tree. This can be very important because 

having more leafy shoots will diminish competition among 

the fruits fo~ carbohydrate and minerals (60, 66). As a 

result of this, larger number or bigger fruits would result. 

Leafy inflorescences are more desirable than the 

leafless ones because they have been found to be more 

capable of setting fruits than leafless ones (7, 15, 30, 46$ 
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58,66,72,77,79). This is due to the fact that new 

leaves found on leafy inflorescences will simply contribute 

photosynthate to developing fruit and that will enhance 

fruit-set (60, 66). Moss, Steer, and Kriedemann (66) attri

buted this to more sufficient foliar surface and photo-

synthetic capacity of young leaves of leafy inflorescences 

to support early growth and to make a substantial contribu

tion to subsequent growth of fruits. Whereas fruits on 

leafless inflorescences had to obtain all their assimilates 

from older leaves to support their growth. However, the 

photosynthetic capacity and foliar surface of the older 

leaves are generally insufficient to meet the big demand of 

developing fruits(66). In this case, unless a large number 

of old leaves were present, fruits would have less chance to 

remain on the tree due to the competition from stronger 

sinks. Furthermore, new leaves were found to have an 

apparent important nutritional (19, 46, 47, 66) and hor

monal (19, 39) task of ensuring the persistence of 

fruit1ets. However, when several flowers are borne on the 

same axis, complex interactions occur expressing competition 

as to rate of flower development and chances of set. In 

addition, Sauer (79) reported that leafy floral shoots 

ensure a good crop this season plus giving plentiful growth 

in the following year. 



Effects of Environmental Factors on 
Photosynthesis and Transpiration 

Under low humidity and high temperature conditions, 

the consumptive use of water increases due to high 

transpiration. Therefore, trees may face water shortages 

unless adequate moisture is maintained. In fact, Hilgeman 

(27) in Tempe, Arizona showed that transpiration rates for 

citrus trees are similar under both low and high humidity. 

Thus, if adequate soil moisture is available, desert trees 
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should not necessarily be more water stressed than trees 

growing elsewhere. But, a study by Kaufmann (36) showed 

that citrus trees are not capable of replacing the amount of 

water lost due to an increase in the transpiration rate. 

This can make a significant reduction in leaf water poten-

tial. Therefore, if severe high temperatures and low humid-

ity conditions continue, trees must reduce the amount of 

water lost from leaves in order to survive. The reduction 

in water lost can be done through lower transpiration rates. 

To avoid water stress caused by high transpiration 

rates which presumably causes excessive fruit drop, citrus 

trees were found to respond by stomatal closure (51, 73). 

The closure of the stomata to maintain a suitable transpira

tion rate, would reduce CO2 exchange and probably photo-
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synthesis as CO 2 becomes limited. If this is true, 

excessive flower and fruit drop under desert conditions may 

be a result of inadequate photosynthesis providing car

bohydrate to the rapidly growing reproductive structures. 

Therefore, it would not be surprising to find that a reduc

tion in photosynthesis is an important factor far flowers 

and fruit1ets abscission during bloom. As a result, a 

significant reduction in yield would take place. Low rates 

of photosynthesis could also lower the amount of car-

bohydrate found in the trees and that could decrease the 

yield in a given year (34, 35) and the following year (79) 

due to limited amounts of stored carbohydrates. 

A proper balance between transpiration and photo

synthesis must be maintained within the tree to avoid yield 

reduction. Transpiration rates are initially higher under 

high temperature and low humidity conditions, but become 

lower, due to closure of the stomata, if these unfavorable 

conditions continue. 

Normally, stomata respond, with adequate water 

supplies, to the internal CO 2 concentration. stomata open at 

low CO2 concentration and close at high CO 2 concentration. 

However, if water supplies are low, stomata are expected td 

close even when the cO2 concentration inside the leaves is 

low. This action by the stomata is taken to avoid any 

excessive loss of water which could cause more severe damage 

to the plants than temporary reduction in photosynthesis. 
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But minimizing water loss must not jeopardize photosynthesis 

for a long period. Therefore, plants living in a dry hot 

climate must maintain maximum photosynthesis rates 

even though the stomata are nearly closed. 

The closure of the stomata is an important act for 

two reasons. First, if the stomata are not closed to reduce 

mid-day water deficits in the trees due to high transpira

tion rate caused by high temperature and low humidity, a 

severe water stress would occur later in spite of high soil 

moisture. At this stage, trees may not show any visable 

signs of water stress because leaf appearance of citrus 

trees in this case is not a good index of low leaf water 

potential caused by water stress or root damage (75). 

Second, if the stomata were closed as a result of reducing 

water loss, carbon dioxide uptake on a hot day will severely 

be limited and may cause fruit drop (51, 73). In addition, 

Kriedemann (43) found that under 80% relative humidity, the 

maximum net photosynthesis reached 10 to 12 mg CO2 

dm- 2 hr-1 and remained unchanged up to 30 0 C with little 

reduction at 35°C, but with dry air the maximum net photo

synthesis took place between 15 to 20 0 C. 

Previous studies have shown that exogenous cytokinins 

promote stomatal opening (3, 31, 52, 53, 55) and as a result 

increase transpiration. Therefore, if the photosynthesis is 

at a low level because of the closure of the stomata, opening 

the stomata should increase photosynthesis. In this study, 
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an attempt was made to increase the stomatal apreture and 

photosynthesis by benzyladenine applications during the June 

drop period. In addition, overhead water sprayers were used 

to increase the humidity and decrease the temperatures 

around the trees (73) to avoid excessive water loss from the 

trees. In fact, Palmer, Hanscom, III, and Dugger (73) 

suggested that the water-cooled trees had lower stomatal 

resistances and maintained an adequate rate of CO 2 uptake 

which would prevent the onset of low carbohydrate-induced 

fruit abscission. 



Techniques That Have Been Used to Improve the Yield 
of Orange Trees 

-
Many different attempts have been made to increase 
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the yield of an orange tree. However, results have been 

varied depending on ,the kind of study. Some previous 

experiments have been conducted to increase the yield by 

increasing the leaf to flower ratio which has been increased 

by nitrogen applications to the trees. A study by Embleton, 

Jones, and Coggins (14) clearly demonstrated that the leaf to 

flower ratio can be increased by foliar sprays of potassium 

nitrate during flower bud differentiation, which take place 

in the cool short day of mid-winter (76, 86). In this study, 

these experiments were repeated along with attempts to use 

urea as a potentially more effective source of nitrogen. 

It has been known that the final crop reaching 

maturity depends not only on the initial number of blossoms 

and the size of fruits but also on the number of fruitlets 

set. Although studies have shown that fruit set depends on 

the internal and external factors which influence the devel-

opment of fruitlets during a period of two to four months 

after blossoming begins (15) and until harvest (49, 50, 51), 

several studies have been made to increase the yield of 

orange trees by increasing the percentage of fruit set. A 

number of chemicals have been used, applied to the soil or 

as foliage sprays, as production increasing agents. But so 



far different results have been obtained depending on time 

of investigation as well as kind and concentration of the 

19 

chemicals. Perhaps of greatest interest is the fact that 

several concentrations of GA) have been found to effectively 

increase the yield by increasing the fruit set percentage of 

Washington Navel orange trees (11, 29, 42, 59, 64, 71, 78, 

80, 81). Gibberellic acid was also found to increase the 

size of the fruits ()), 41, 68, 88). However, Cameron, 

Cole, and Nauer (7), Delange, Skarup, and Vincent (12), and 

Krezdorn (40), could not find a clear reason for the dif-

ferences in fruit sizes. 



MATERIALS AND METHODS 

Plant Material 

This study was carried out during the four seasons 

with the flowering in 1980, 1981, 1982, and 1983 on 

Washington Navel orange [Citrus sinensis (L.) Osbeckl trees 

at the University of Arizona Citrus Experiment Station in 

Tempe, Arizona. Thirty-two healthy trees, about 10 years 

old, growing .on light-medium soil, and budded on sour-orange 

were selected for uniformity of size and appearance. The 

trees had been under uniform conditions of soil and orchard 

management. Flood irrigation was used, and at each irriga

tion six inches of water, with total salt content about 800 

ppm during winter and 1400 ppm during summer was applied to 

the surface area during the season except December, January, 

and February. Soil moisture at field capacity was found to 

be 16.6% after 24 hours drying period. Salinity of the soil 

was low with a conductivity of 0.825~ 0.025 mi11ihos per cm 

(mmho/cm). 

The trees annually received two treatments of 

anhydrous ammonia 0.55 kg per tree, one each in March and in 

May in the irrigation water. In addition, the trees 

received two treatments of wettable sulphur (0.23 kg per 

tree) and Cygon-400 (0.95 liters Cygon-400 mixed with 75 

liters of water per acre) to control thrips. 
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Establishing the Pattern of Loss of 
Reproductive structures 

One hundred healthy and representative branches of 

the spring cycle-shoots, about 10-20 cm long, around each 

tree, one to three meters from the surface, were randomly 
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selected and tagged for observations. The number of flower 

buds and small and mature fruits were counted on each tagged 

branch. Counts were made at four different times to deter-

.mine the number of fruits set (number of flowers which 

actually developed into fruit and remained attached to the 

tree after the blooming period) and fruit remaining on the 

trees before and after the June drop period and again at 

harvest. These counts were made on May 13, Jun~ 26, and 

December 31, 1981. 

Photosynthesis and Transpiration Measurements 
Under Field Conditions 

Photosynthesis 

Photosynthesis measurements under field conditions 

were made for both Navel and Valencia orange trees in two 

different months. The photosynthesis measurements were made 

throughout the day at two hour intervals. Temperature, 

relative humidity, and photosynthetically active radiation 

during the measurements of photosynthesis are shown in 

Table 5. 
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A syringe technique developed by Clegg, Sullivan, and 

Eastin (8) was used to measure the photosynthesis of the 

trees under field conditions. A small portable plexiglass 

chamber, equipped with a fan for air circulation, was sealed 

over a single shoot of several healthy leaves. Shoots were 

randomly chosen around the trees, about one meter from the 

ground. Attention was paid to select shoots of the spring 

growth flush. However, those shoots had few leaves of the 

last year's growth flush. The shoots were tightly enclosed 

to prevent air leakage. Immediately, two samples of gas 

were taken from the chamber with two 10 cm J plastic 

syringes. Two more samples were taken after J minutes. The 

syringes then were shipped from Tempe to Tucson on the same 

day. The CO2 concentrations in the syringes were measured 

with an infrared gas analyzer equipped with automatic 

recorder. Leaf areas were usually measured with aLI-COR, 

Inc. LI-J100 area meter. Some leaf areas were determined 

using a technique where all leaves on the measured shoot 

were removed from the stem and the xerox copies made. The 

leaf copies were then cut out and weighed. At the same 

time, known area of the same copy paper was weighed and the 

area of the leaves calculated from the weight. 

Transpiration 

Transpiration (micrograms per square centimeter per 

second, ug cm- 2S- 1 ), d· ff· . t (. 1 uSlve resls ance mIcrogram per 
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-2 -1 square centimeter per second, ug cm S ), quantum 

(photosynthe~ically active radiation PAR), leave temperature, 

and relative humidity (%) were measured the day before pho-

tosynthesis measurements. The measurements were made using 

LI-COR, Inc. LI-l600 steady state porometer with an aperture 

area of two square centimeters. Ten individual readings on 

single leaves were made of each parameter at two hour inter-

vals. The measurements were made on randomly selected 

healthy leaves around the tree, at about one meter height. 

Unfortunately, this instrument works best between 20% and 

80% humidity and outside these limits errors in transpira-

tion measurement are expected. Most readings were made in 

this range, but some summer readings were made at humidity 

lower than 20%. 

Leafiness of Inflorescences of Washington Navel Orange Trees 

Classification of Inflorescences 

Several ways have been used to describe the vigor of 

the tree or the inflorescences found on the tree. Although 

these ways are not very accurate and are designed for dif-

ferent purposes, they may all determine to some extent the 

set of the different types of inflorescences, depending on 

how many leafy and leafless inflorescences ar~ produced. In 

1945, Reece (77) classified inflorecences of citrus trees 

into two types, designated as leafy and leafless. However, 

Sauer (79), Lenz (46), and Moss (59, 61) have classified the 



growth of citrus shoots into five types. Since then, 

workers have been using this later classification (1, 21, 

68). 
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Growers, however refer to a "white blossom" when few 

leaves are produced and to a "green blossom" when a greater 

quantJty of leaves are produced with the blossom. Recently, 

a new way has been developed as an indication of the type of 

inflorescences found on the tree. It is the use of the 

ratio of the number of flowers to the number of inflores

cence leaves. It has been used as a good index of the types 

of inflorescences produced by trees (66). For the purpose 

of this study, the ratio of inflorescence leaves to flowers 

is considered as the indication of type of inflorescences. 

Application of Nitrogen and its Effects on LIF 

Three nitrogen applications were made, at 20 day 

intervals, with a Bean sprayer [100 lb. per sq. in. (psi)], 

equipped with hand-held nozzle, until run-off. The trees 

were sprayed three times during the flower differentiation 

period (January to March). The treatments and the number of 

replications for the trials are given in Tables 2 and 3. 

For the purpose of statistical analysis of the treatments, a 

completely randomized design was used. Trees were randomly 

assigned to each treatment after an independent ran

domization was carried out. 



Table 2. Number of replications and concentrations of 
KNO J and GA J for each treatment of 1980 trial. 

Concentration Replications 
Treatment of Chemical (trees) 

( M) ( No) 

control J 

KNOJ 0.25 5 

KNO J 0.5 5 

KNO J 0.75 5 

KNO J 1.0 5 

GA J J x 10-5 5 

KNO J + GA J 0.5 + J x 10-5 4 

Table J. Number of replications concentrations of KNOJ. 
Urea. GAJ. and BA for each treatment of 1981 
and 1982 trials. 

Treatment 

control 

KNO J 
KNO

J 
(Two years) 

KNO
J 

+ GA
J 

KNO J + GA
J 

+ BA 

Urea 

Urea 

Urea 

Concentration 
of Chemical 

(M) 

0.5 

0.5 

0.5 + J x 10-5 

0.5 + J x 10-5 
+ 5.5 x 10-5 

0.14 

0.17 

0.20 

Replications 
(trees) 

( No) 
4 

4 

4 

4 

4 

4 

4 

4 
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In the 1980 trial, KNO
J 

was tested to determine its 

effects on LIF and to select the most effective con-

centration. Therefore, in the following years, the most 

effective concentration of 0.5M was used. In 1981 and 

1982 trials, the concentration of 0.5M KNOJ was used 
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with or without GA
J 

(J x 10-5M) depending on the treatment. 

Different concentrations of urea were used in the 1981 

trial to see whether or not it was more effective than 

KNO
J 

in increasing the LIF of the trees. Urea was applied 

at the concentrations of 0.14, 0.17, and 0.20M on January 6, 

26, and February 2J, 1981 during the flower differtiation 

period. 

Determination of Leaf to Flower Ratio (LIF) 

The same hundred branches selected and tagged for 

establishing the pattern of loss of reproductive structures 

were used to determine LIF of the trees. Counting the 

number of new leaves and flower buds in each branch and 

tagging each individual branch. Counts were made at the 

beginning of the bloom period, when most flowers were pre

sent and closed. Then, the ratio of leaf to flower (LIF) 

was determined for each tagged inflorescence. 

Application of Plant Growth Regulators 

Two chemicals were sprayed until run-off using a Bean 

sprayer (100 psi) equipped with a hand-held nozzel. 
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Gibberellic acid was used to test its effects on fruit set. 

The concentration of GA3 was 3 x 10-5M, which was shown 

previously (11) to increase fruit set, with and without 0.5M 

KN0 3 for the 1980 and 1981 trials. Gibberellic acid was 

applied twice during full bloom, once on February 27 and 

.again on March 15 for the 1981 trial. Benzyladenine was 

tested on stomatal resistance and fruit drop. A BA con

centration of 5.5 x 10-5M was sprayed until run-off on May 

13, 22, 29 and June 8, 17, 26 for the 1981 trial. 

-
Use of Overhead Sprinklers to Increase Yields 

Overhead sprinklers have been shown to lower leaf and 

air temperatures and increase fruit set and size of fruits 

of Navel orange trees (73). Therefore, overhead sprinklers 

were used to evaluate the idea of decreasing the percentage 

of fruit drop and subsequently increasing yields by spraying 

the trees with water during the June drop period when BA was 

used on the trees. One Moore Manufacturing Inc. lawn 

sprinkler hose was laid on the top of each BA treated tree. 

The flow of water was adjusted to spray over as much of the 

tree as possible. The water, city water with a total salt 

content of about 500 ppm, was applied from about 10:00 am to 

3:00 pm each day from May 29 to June 26, 1981. 

Difficulties Associated with the Study 

Two instrumental limitations, in addition to 

environmental difficulties under field conditions, were 
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associated with this study. First, our porometer range was 

ideal at 20 to 80% relative humidity, whereas under desert 

conditions the humidity, most of the time during the summer, 

was lower than 20%. However, the porometer readings under 

low humidity conditions at least enabled us to compare the 

transpiration rates of Washington Navel and Valencia orange 

trees under the same conditions. Second, the photosynthesis 

measurement using the syringe method is considered to be one 

of the less accurate methods because of potential leaking 

and variability. 

Arrangement of the Study 

The thesis was organized into three trials, 

1980, 1981, and 1982. Each trial was divided into a number 

of treatments, with each treatment consisting of at least 

three replications. One replication consisted of a single 

tree. Trees were assigned at random to each treatment. All 

data were statistically analyzed using a completely ran

domized design. The F ratio and an analysis of variance were 

used to test the variability within treatments. The general 

equation for a straight line (Y = a + bX) was used to show 

the nature of the relationship between yield and climatic data. 

Analysis of Yield and Climatic Data 

To find any significant correlations between yield 

and temperature and relative humidity, 27 years of these 

climatic data were obtained for the Arizona-California 
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desert valley and Central California regions (8J, 84)~ The 

Arizona desert valley area includes two important citrus pro

ducing areas, Yuma and Phoenix, Arizona. The Central 

California region includes the two commercial citrus areas of 

Fresno and Porterville, California (Fig. 1). Temperatures 

and relative humidities at Yuma and Phoenix, Arizona were 

a v"erag'ed to represent the Arizona-Cali fornia Desert produc

tion region. Temperatures and relative humidities at Fresno 

and Porterville, California were averaged to represent the 

Central California production region. These climatic data 

were compared with average yields per acre and fruit size 

for both Washington Navel and Valencia oranges through the 

period of 1954 through 1980 (69, 85). Weather data included 

monthly maximum, minimum, and average temperatures, as well 

as monthly relative humidities for the same period. In 

addition, the electrical conductivity data of the soil of 

the University of Arizona Citrus Farm in Tempe, Arizona was 

obtained from the soil analysis report made by a commercial 

soil testing laboratory (lAS Laboratories). 
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Figure 1. Citrus areas of Arizona and California. (1) 
Central California, (2) Southern California, and 
()) Arizona and California Desert region. 
Adapted from (16). 



RESULTS 

Nature and Timing of Yield Losses 

As mentioned earlier, the productivity of Navel 

Orange trees growing in arid regions is low due mainly to a 

low number of fruits and secondly to smaller sized fruit 

(Table 1). To determine at which stage in fruit development 

there is an exceptional loss, a comparison was made between 

the temporal patterns of loss of reproductive structures 

from Washington Navel orange trees growing in three dif

ferent areas (Table 4). 

The pattern of reproductive structures lost from 

Washington Navel orange trees growing in Arizona showed that 

the largest loss of flowers and fruit1ets from those trees 

took place shortly after bloom. Indeed, 98% of the flowers 

and small fruits were lost prior to June drop in the Arizona 

desert, compared with only 89% lost in Florida, and 88% in 

southern California. In contrast, a lower percentage of the 

set fruits in Arizona were lost during the June drop period. 

About 5% of the fruit remaining on the tree after June drop 

were lost during the summer and fall. The final percentage 

of flowers developing into harvestable fruits in Arizona was 

0.9% compared to 0.6% for trees growing in Florida, and 0.2% 

fer trees growing in southern California. 
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Table 4. Proportionate loss of reproductive structures from Washington Navel 
orange trees growing in three different areas. 

Developmental 
stage 

Post-bloom (May 13) 

June drop (June· 26) 

Summer and fall. 
(December 31) 

Total drop 

Percent of fruit 
remained 

Yield (fruit/tree) 

1Reference 51. 

2Reference 15. 

Tempe} 
Arizona 

9.8 • 15i;.0. 1 

0.87+0.2 

0.05+0.05 

99.07 

0.93 

263+41 

. Lake County, 
Fiorida l 

Flower and fruit drop (%) 

88.7 

10.4 

0.25 

99.4 

0.6 

Riverside, 
Ca1ifornia 2 

87.5 

10.0 

2.3 

99.8 

0.2 

419 

\..j 

'" 



Identification of Principle Soil and Environmental 
Factors and Their Effects on Yield 

Soil Salinity 

Measurements of electrical conductivity (EC) of the 

soil at the experiment farm were low at 0.8J + O.OJ 

mmho/cm. This EC value is 42% lower than the critical 

JJ 

EC value which had a significant effect on yields of Valen

cia Orange trees found by Bingham et a1. (5)~ In addition, 

no toxic salt effects were observed on the trees, except 

those which received BA and overhead water sprinkler treat

ment. 

Temperatures 

The analysis of Washington Navel orange yields and 

climatic data for 27 seasons showed that under Arizona-

California Desert region conditions, where the average mean, 

maximum, and minimum annual temperatures are 22.5, JO.2, and 

14.8°C respectively, average mean and maximum temperatures 

were found to have a significant adverse effect on yield 

during the season (Figs. 9, 10, 11). Comparing the highest 

yielding years with the lowest yielding years, shows that the 

five lowest Navel orange yielding years from the 27 years were 

associated with above average mean, maximum, and minimum tem

peratures in each month from the June preceding bloom through 

June of the harvest year (Figs. 2, J, 4). One exception was 

the average maximum temperature in February (Figs. J). 
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(I) and 5 lowest (0) Washington Navel orange yielding years in the 
Arizona-California Desert region. Monthly mean temperature for the 
5 highest and 5 lowest yielding years was subtracted from the 27 
year average mean temperature for each month. (F) flowering, (Fp) 
flowering of previous crop, (H) harvest, (Hp) harvest of previous 
crop, (JD) June drop. Each point represents an average of 5 year 
yield values. 
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Departure from 27 year average maximum temperatures of the 5 highest 
(') and 5 lowest (0) Washington Navel orange yielding years in the 
Arizona-California Desert region. Monthly maximum temperature for 
the 5 highest and 5 lowest yielding years was subtracted from the 27 
year average maximum temperature for each month. (F) flowering, ~ 
(Fp) flowering of previous crop, (H) harvest, (Hpj harvest of pre- ~ 
vious crop, (JD) June drop. Each point represents an average of 5 
year yield values. 
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In contrast, the five highest Navel orange yielding 

years were associated with below average mean, maximum, and 

minimum temperatures throughout the same period, with the 

exception of May and with the exception of the minimum tem

peratures in November (Figs. 2, J, 4). In addition, this 

temperature effect on Navel orange yield for the Arizona

California Desert Region was greater during the winter 

months and June following bloom compared with the rest of 

the season. 

In contrast, the five lowest and five highest Valen

cia orange yielding years growing in the Arizona-California 

Desert region were not associated with above and below 

average mean, maximum, and minimum temperatures (Fig. 8). 

The coefficient of correlation between Valencia yields and 

mean monthly temperature was insignificant (r = 0.267) (Fig 

8). Furthermore, the effect of temperature on yield of 

Navel orange trees growing in the Central California region 

with an average mean, maximum, and minimum temperatures of 

17.2, 24.9, and 9.5°C respectively, was different than the 

one found in the Arizona-California Desert region (Figs. 5, 

6, 7). The five lowest and five highest Navel orange yield

ing years were not associated with above and below average 

mean, maximum, and minimum temperatures for the same period. 

The nature of the 27 year relationship between yields 

of Navel orange trees growing in the Arizona-California 

Desert region and the Central California region and average 



Figure 5. Departure from 27 year average mean temperatures of the 5 highest 
(,j and 5 lowest (OJ Washington Navel orange yielding years in 
the Central California region. Monthly mean temperature for the 5 
highest and 5 lowest yieldir.o years was subtracted from the 27 year 
average mean temperature for each month. (FJ flowering, (FpJ 
flowering of previous crop, (Hpj harvest of previous crop, (JD) June 
drop. Each point represents an average of 5 year yleld values. 
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the Central California region. Monthly maximum temperature for the 5 
highest and 5 lowest yielding years was subtracted from the 27 year 
average maximum temperature for each month. (F) flowering, (Fp) 
flowering of previous crop, (Hp) harvest of previous crop, (JD) June ~ 
drop. Each point represents an average of 5 year yield values. ~ 
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Figure 8. Departure from 27 year average mean temperatures of the 5 highest 
(I) and 5 lowest (0) Valencia orange yielding years in the 
Arizona-California Desert region. Monthly mean temperature for the 
5 highest and 5 lowest yielding years was subtracted from the 27 
year average mean temperature for each month. (F) flowering, (Fp) 
flowering of previous crop, (Hp) harvest of previous crop, (JD) June 
drop. Each point represents an average of 5 year yield values. 
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Figure 9. Relationship between harvested yield of the Navel orange trees, 
growing in the Arizona-California Desert region and Central Califor
nia region, and average temperatures from the June preceding bloom 
through June of the harvest year. Each dot represents one year 
yield value. 
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Figure 10. Relationship between harvested yield of the Navel orange trees, 
growing in the Arizona-California Desert region and Central Califor
nia region, and maximum temperatures from the June preceding bloom 
through June of the harvest year. Each dot represents one year 
yield value. 
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Figure 11. Relationship between harvested yield of the Navel orange trees, 
growing in the Arizona-California Desert region and Central Califor
nia region, and minimum temperatures from the June preceding bloom 
through June of the harvest year. Each dot represents one year 
yield value. 
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mean, maximum, and minimum temperatures over 13 months are 

shown in Figs. 9, 10, and 11. The regression lines were 

highly significant for Navel orange trees growing in the 

Arizona-California Desert region yields when yields were 

correlated against both average mean and maximum tem-

45 

peratures, and ne1r significant for yields correlated 

against average minimum temperatures. The regression lines 

for Navel orange yields of trees growing in Central Cali-

fornia, however, were insignificant when they were corre-

lated against any temperature parameter. The correlation 

coefficients are shown in Figs. 9, 10, and 11. 

Relative Humidities 

Similar analysis of the role of relative humidity on 

yields of Navel orange trees growing in the Arizona

California Desert region and Central California region 

revealed no significant correlation between relative humidi-

ties. and Navel orange yields for either region. (Data is 

not shown because of space limitation). 

Photosynthesis and Transpiration Rates 
Under Desert Conditions 

Photosynthesis 

Measurement of net photosynthetic rates under Arizona 

desert conditions showed that both Navel and Valencia orange 

trees have low net photosynthetic rates (Fig. 12 and Table 

5). The net photosynthetic rates were about the same 
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Figure 12. Net photosynthesis of Washington Navel and Valen
cia orange trees growing in Arizona throughout 
the day in two different months. Each point 
represents the mean of 6 measurements. 
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throughout the critical period of flower and fruit loss. 

Navel orange trees had an average daily ~et photosynthetic 
2 I-

rate of 1.5 mg CO
2 

dm- hr- in March and June under field 

conditions. Valencia orange trees showed very slight 

increases in net photosynthetic rates over Navel orange 

trees with average daily net photosynthetic rates of 1.6 mg 

CO d -2 h -1 f A ·1 and J H th t h t 2 m r or prl une. owever, e ne p 0 0-

synthetic rates usually reached their peaks between 2 and 4 

pm (Fig. 12). The low value observed for Navel orange trees 

and the high value observed for Valencia orange trees at 

2:00 pm, and shown in Figure 12, are ascribed to different 

branches used for the measurements at each sample time. 

Table 5. Average daily net photosynthetic rates of Navel 
and Valencia orange trees growing in Arizona with 
the average temperature, relative humidity, and 
quantum (PAR) of five measurements, from 8:00 am 
to 4:00 pm. 

Net Relative 
Photosynthesis Temperature Humidity Quantum 

(mg CO
2 

dm-2 hr-l ) (OC) (%) u Em -2 

sec 
Navel orange 

16 March l.5 + 0.4 24 + 5 28 + 5 1060+315 

1 June 1.5 + 0.3 38 + J 24 !.. 3 899+350 

Valencia orange 

1 April l.6 + 0.2 30 + 4 18 + 3 1229+299 

22 June 1.6 + 0.5 37 + 2 16 !.. 3 457+134 
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Transpiration 

Both Arizona Washington Navel and Valencia orange 

trees had low transpiration rates and relatively similar 

patterns of change in transpiration throughout the day with 

exception of June 1 measurements (Figs. 13, 14, 15, 16). 

On March 1-4, 1983 (Fig. 13), transpiration rates were 

about 0.6 ug Cm-2 5-1 for Navel orange and 0.8 ug Cm- 2 5-1 

for Valencia orange at 8 am and increased at 10 am. However, 

low measurements for both Navel and Valencia oranges at noon 

could be attributed to the increases in the diffusion 

resistance of the leaves due to low level of photosyntheti-

cally acti ve radiation (PAR) caused by the clouds. Maximum 

rates of 1.3 ug Cm- 2 5-1 for Navel orange and 1.7 ug 
-2 -1 Cm 5 for Valencia orange were reached at 2 pm. In fact, 

maximum transpiration rates were observed at 2 pm for most 

days measurements were taken. However, maximum rate on 

March 14 was the lowest observed maximum transpiration rate. 

Low temperatures in March with clouds could be the reasons 

for low transpiration rates at that time. The rates then 

went down at 4 pm and reached their lowest levels at 6 pm. 

Transpiration rates of Navel and Valencia orange 

trees on March 31 (Fig.14) were slightly greater than the 

transpiration rates on March 14. Transpiration rates on 

h d · t -2 -1 Marc 31 eplct he maximum value of 3.0 ug Cm 5 also at 

2 pm. The slight differences between transpiration rates of 

Navel and Valencia orange trees could be attributed to the 
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Figure 13. Transpiration rates of Washington Navel (0) and 
Valencia (.) orange trees growing in Arizona on 
March 14, 1983. The average daily leaf tem
perature, relative humidity, and the PAR for 
Navel orange trees were 23+l oC, 41+4%, and 
579+206 and for Valencia orange trees were 
23+Toc, 41+4%, and 435+201 respectively. Each 
poInt represents the mean of 10 measurements on 
10 randomly selected leaves around 3 trees. 
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Figure 14. Transpiration rates of Washington Navel (0) and 
Valencia (.) orange trees growing in Arizona on 
March 31, 1983. The average daily leaf tem
perature, relative humidity, and the PAR for 
Navel orange trees were 28+3°C, 26+7%, and 
869+369 and for Valencia orange trees were 
28+3 0 C, 25+6%, and 829+355 respectively. Each 
poInt represents the mean of 10 measurements on 
10 randomly selec~ed leaves around 3 trees. 
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Figure 15. Transpiration rates of Washington Navel (0) and 
Valencia (.) orange trees growing in Arizona on 
June 1, 1983. The average daily leaf tem
perature, relative humidity, and the PAR for 
Navel orange trees were 38+3°C, 18+2%, and 
813+328 and for Valencia orange trees were 
38+JoC, 18+2%, and 826+302 respec,ti vely. Each 
poInt represents the mean of 10 measurements on 
10 randomly selected leaves around 3 trees. 
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Figure 16. Transpiration rates of Washington Navel (0) and 
Valencia (.) orange trees growing in Arizona on 
June 22, 1983. The average daily leaf tem
perature, relative humidity, and the PAR for 
Navel orange trees were 38+3°C, 16+2%, and 
908+364 and for Valencia orange trees were 
39~3°C, 15~1%, and 899~38J respectively. Each 
point represents the mean of 10 measurements on 
10 randomly selected leaves around J trees. 



amount of photosynthetically active radiation received by 

the leaves of both· Navel and Valencia orange trees. 
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Although the pattern of change in transpiration rates 

throughout June 1 were similar to these on other days, there 

was a significant increase in transpiration of Navel and 

Valencia orange trees (Fig. 15). High temperatures and low 

humidities may be the causes of high transpiration rates at 

this time of the year. The transpiration rates at 8 am were 

1.8 and 2.8 ug cm-2 5-1 for Navel and Valencia orange trees 
-2 -1 respectively. A maximum rate of 4.9 ug em 5 for Navel 

orange trees and 9.9 ug Cm- 2 5-1 for Valencia orange trees 

were obtained at 2 pm. Then the rates started to drop to 

about 1.4 and 2.6 ug Cm- 2 5-1 for both Navel and Valencia 

orange trees at 6 pm. The data for June 1 (Fig. 15) also 

shows the differences in transpiration rates at earlier 

dates. 

In fact, at 2 pm the transpiration rate of Valencia orange 

trees was higher than the transpiration rate of Navel orange 

trees by 100%. On June 1, 1983, when the measurements were 

taken, the average leaf temperatures and relative humidities 

around the trees were 45.6 ~ 0.2°C, 12.4% and 43.8 ~ 0.3 0 C, 

14% for Navel and Valencia orange trees respectively. The 

photosynthetically active radiation which was received by 

the leaves was about the same for both Navel and Valencia 

orange trees. These slight differences in temperatures and 
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humidities could be the causes of the different transpira-

tion rates of Navel and Valencia orange trees. 

On June 22, 1983, the transpiration patterns of Navel 

and Valencia orange trees were again similar to earlier 

dates and the differences in rates during the day were small 

(Fig. 16). 

Leaf to Flower Ratio of Washington Navel 
Orange Trees and its Effects on Yield 

The average of leaf to flower ratio (LIF) of Navel 

orange trees growing in Arizona for three years was found to 

be 1.02~0.2 (Tables 6,7). This LIF is lower than the LIF 

ratio found by Hall, Khairi, and Asbell (23) for Valencia 

orange trees growing in California by about 65%. It is also 

lower, by about 77%, than the LIF found by Moss (63) for 

Valencia orange trees growing in Australia. Statistical ana

lysis for our data show that there was a highly significant 

correlation (r=0.71) between LIF and harvested yield if LIF 

is less than 1.0. When LIF was higher than 1.0, the corre

lation between LIF and yield was insignificant. When LIF 

ratio was less than 1, the correlation between LIF and fruit 

set before the June drop period was highly significant 

(r=0.76) and after June drop the correlation was significant 

(r=0.52). 



Effect of Potassium Nitrate and Urea 
on LIF and Final Yield 

Data in Table 6 show that there were real differen-
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ces in LIF and insignificant differences in the number of 

fruits set after June drop among the means of treatments. 

Potassium nitrate (0.5 M) applications increased LIF and 

showed a significant correlation to harvested yield. In 

addition, trees treated with GA J , GA J and 0.5 M KNOJ , 0.5 M 

KNO J , and 0.75 KNO J showed significant differences in LIF 

over trees treated with 0.25 M KNO
J

, 1.0 M KNO
J

, and 

control. However, this data could be misleading because in 

this experiment branche$ were not tagged, but rather chosen 

differently for each count. Therefore, Table 7 with data 

from specific, tagged shoots was considered as more repre

sentive of the real situation in Arizona. 

Data in Table 7 show that there were real differen-

ces among treatments in regard to LIF. Trees treated with 

KNO
J

, GA
J

, and BA had a value of 2.0~0.4 and trees treated 

with KN03 with or without GA3 had a value of 1.0+0.2. These 

LIF values were significantly different than the values of 

trees treated with three different concentrations of urea. 

Reapplication of KNO J for two years, failed. to show any 

additional increases in LIF in the second year. However, 

trees treated for two years with 0.5 M KNO
J 

had the highest 

fruit set percentage, before and after June drop, and real 

, differences in regard to harvested yields even though LIF 
L 
I 



Table 6. Effect of G'I,J arrf 003 en fl..ITI::er of leaves, fJm.ers, fruit set before cn:J after J.ne drop, ard fmvestej 
fruits of N:1vel ~ trees QI'O't'Iin;} in Arizr:ng in 1.900. Tte treatTre1t here Cmtrol, 3 x m-5 M G'I,J, . 
0.25 M I<JI(),J, 3 x 10-- M G'I,J + 0.5 M KNJy 0.5 M 003, 0.75 M 003, cn:J 1.0 M 00,J. If:plicatiCtlS of GlI3 arrf 
KNJ,J \\ere na:Je with a hifIJ pressure ~yer Ulti1 I1J)-(}ff. Tte trees here ~ye1 for three tines dJrin;} t;te 
flatErs differe1tiatim p::rioci (In.ery to MH:chl at ZJ cay intervals. Ea:iI treatTre1t ansisted of 5 
replicatiCtlS with exreptien of t:fl3 crntrol ;n:J GlI,J + OO,J treatTre1ts 1\hi.d1 crnsistai of 3 ard 4 replica
tims resp3Ctively. 
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Harvestro 
Treatm::nt L£gves FlDvers LIF Fruit Set Fruit Set Fruit 

April 29 .J.re La April 29 .J.re La Dec La 

( fl.JTfy;r /l(J) brcnTes j- (11..ITlErl1(J) br:aIcfesJ (%-orflo¥ers) ( rurt:er Itree) 

Centro1 331 + 9 466 + 67 0.7 + 0.1 ill + 12 41 + 6 33 + 3 9+2 226 + 59 

OOfo.m ) JOO + 45 486 + 43 0.8 + 0.1 135 + 19 41 + 5 28 + 5 8~· 2 329 + 53 

00
3 

(O.!N) 429 +~ :J18 + 66 1.1 + 0.1 133 + 15 48 +6 35 + 10 13 + 4 JJ3 + 62 

OOjO.7!N) 4J9 + 31 399 + 46 1.1 + 0.2 139 + 28 36 + 4 35 :t. 8 9+2 275 + 23 - -

OOf 1,(11) 349 + f{) 414 + 53 0.8 + 0.2 151 + 24 44 +2 36 + 11 11 + 3 249 +~ 

GAf 3 x 10-5M) 3%+42 ID:t.36 1.1 + 0.2 Uf) + 18 .34 +4 33 + 4 9+1 247 + 28 

GA3 + oo~ 457 + 27 326 + 46 1.4 + 0.1 145 + 14 41 + 5 45 + 9 12 + 4 223 + 35 
(3 x 10-- + O.!N) 

~ 



Table 7. Effect of 003 am Urea CTI rurt:er of leeves a-d fJ.a;,ers, GlI3 CTI fruit set, crd B1 am overhee:J \later 
sprirkler CTl fruit loss dJrirYJ tre Jre drcp (X3I'iocJ fTd 51 bq;>q B1t fm'vestgj y1.e1r:Js of N3vel oran;;e trees 
growinJ in Ariana in 1981. 0030.5 M crd Urea 0.14, 0.17, crd 0.2 M here ~ye:J en the trees U1ti1 nn
off CTI In.azy 6, 26, crd Febrr.my 23, 1981. Trees treat;gj with GlIJ J x 1fr M here spraye:J CTl Febrr.my 27 
ard M3rch 15, ciJrirYJ full blron. B!I 5.5 x 1£r5 M Il9S sprayOO CTl M3y 13, 22, Z) am ~lrle 8, 17, 26, \!i9ter 
Il9S awliB1 to t.te trees treat;gj with aq CTl M3y z:; crd Il9S shIt off CTI J.re 26, 1981. Ead1 treaim:rlt 
c:cnsi.stB:J of 4 replicaticns. 
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Harvesta:J 
TreatIre1t Leaves FlrJkers LIF Fruit Set Fruit Set Fruit 

M9y13 J..re 26 M2y 13 J..re 26 Dec J1 

(~I1(1J bra r:tes) (% of flD»ers) (~/tree) 

Centrol 1fJ2 + J2 48J + 27 1.0 + 0.1 10 + O.J 5 + 0.8 2.0 + 0.,'[ 1.0 + 0.2 26J + 41 

ImjO.!J.1) 456 + 7 I{)J + B3 1.1 + 0.2 10 + 4.0 5 +2 3.0 +0.6 1.0 + 0.4 235 + 85 

ImJ (Too Years) 1fJ5 + 11 478 + 54 1.0 + 0.1 16.0 + 4 10 +2 3.0 + 0.9 2.0.:!:. 0.4 IfJ9 + 79 - -(O.!J.1) 

GilJ+~ B:1J + 84 .uJ + .58 1.4 + 0.2 J.O + 0.8 2.8 + 0.5 1.0 + 0.2 1.0 + 0.1 125 + 16 
(J x 10"" + O.!J.1) 

ImJ + GilJ + 81 + 577 + 59 .342 + I{) 1.7 + 0.4 9.0 +2 5.5.:!:. 0.6 J.O + 0.6 2.0 + 0.4 166 + 72 
F olia,)e 5pr.irl<lers 

( 0.!J.1 + J x 1.0'"' s,.., 
+ 5.5 x lO-!ir-1) 

Urea (O.llM) J65 + J9 69J + 106 0.5 + 0.1 7.0 + 2 6 + 0.6 1.0 + 0.4 1.0 + 0.2 J17 + 27 

Urea (O.l7M) 313 + 26 747 + 8J 0.4 + 0.1 7.0 + 2 6.5 + O.J 1.0 + O.J 1.0 + 0.1 3J1.:!:.22 

Urea (O.:J.1) J8J + 13 !lJ8 + 135 0.7 + 0.2 12.0.:!:. J 7.J + 0.6 3.0 + 1.6 1.0 + 0.5 376 + 79 
~ 



was the same for trees treated with 0.5 M KNO
J 

in com-

;J bination with GA
J 

or the control trees. In contrast, urea 

was ineffective in increasing LIF (Table 7). 

Use of Growth Regulators to Improve Yield 

Gibberellic Acid (GA
J

) 
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Data in Table 6 show that GA
J 

increased and if com

bined with 0.5 M KNO
J 

highly significantly increasad (ANOVA) 

LIF of Navel orange trees. However, GA
J 

failed to show a 

significant effect on fruit set percentage and harvested 

yield of Navel orange trees (ANOVA). In fact, trees treated 

with 0.5 mg KNO
J 

had higher fruit set and higher yields than 

trees treated with GA
J

, with or without KNO
J

• 

In the 1981 trial, the data showed (Table 7) that 

trees treated with GA
J

, KNO
J

, and BA gave the highest LIF 

value and similar fruit set percentage for trees treated 

with 0.5 M KNOJ for two years. However, trees treated with 

GA
J

• KNO
J

, and BA failed to show any increases in harvested 

yield although the percentage of fruit set for trees treated 

with GA
J

, KNO
J

, and BA was similar to trees treated with 

0.5 M KNO J for two years. In fact, the harvested yields for 

trees treated with GA
J

, KNO
J

, and BA were low and the 

highest yields were for trees treated with 0.5 M KNO
J 

for 

two consacutive years. 
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Benzyladenine (BA) 

Although BA has been found to open the stomata (3, 

31, 52, 53, 55), BA did not reduce the percentage of fruit 

loss during June drop (Table 7). In fact, the percentage of 

fruit lost from trees treated with BA was similar to the 

percentage of fruit lost from trees treated with 0.5 M 

KN0 3 for one or two years. In addition, the effect of BA on 

fruit drop may be superseded by the effect of over-head 

water sprinkler on the trees during BA treatment. For 

this reason, the harvested yields for trees treated with BA 

were next to the lowest yield obtained from other treatments 

(Table 7). 

Failure to Improve Yield Using Overhead Sprinklers 

Use of overhead sprinklers to decrease the tempera

ture and increase the humidity around the trees along with 

BA treatment failed to increase the yield of Navel orange 

trees in the Arizona desert climate. Transpiration rates of 

the trees may have been increased by BA treatment, but the 

rates may have been decreased again by the water treatment 

due to decreases in temperature and increases in humidity 

around the tree~. However, severe leaf and fruit drop took 

place shortly after salts started to accumulate on the 

leaves. For this reason, trees treated with BA had very low 
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yields. In fact, the yields of these trees were next to the 

lowest yields of all treatments for the trial, although this 

treatment had the highest L/F (Table 7). 



DISCUSSION AND CONCLUSION 

The nature and pattern of Washington Navel orange 

tree yields growing under Arizona desert conditions 

described by this study outlined several important 

features. First, it confirmed that Washington Navel orange 

trees do poorly and have low yields under desert conditions 

compared to less arid conditions. Secondly, low yields 

under desert conditions are due mainly to a low number of 

fruits and secondly to smaller sized fruit (Table J). The 

third feature, which has received little prior attention, is 

that the low yields of Washington Navel orang9 trees growing 

in arid climates are due mostly to low fruit set and not to 

fruit loss during the June drop period, as has long been 

suggested. In fact, this study showed that about 98% of the 

flowers and small fruits were lost shortly after full bloom 

compared to only 89% and 88% for trees growing in the 

Florida and California areas respectively. These results 

support findings of Levitt (48), and Lima, Davies, and Krez

dorn (51) who found that a high percentage of fruit dropped 

from Navel orange trees during the early post-bloom develop-

ment stage. However, it appears that the percentage of 

fruits lost during the June drop period from Navel orange 

trees growing in the Arizona desert is lower than the per

cent~ge of fruits lost during the June drop period for the 
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same Navel orange trees growing in Florida and California 

(Table 4). 
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Low percentage of fruits lost during the June drop 

period from Navel orange trees growing in Arizona could be 

attributed to the small number of fruits which set origi

nally. However, the yields of Navel orange trees under Ari

zona conditions were still lower than the yields of Navel 

orange trees growing in California. Higher yields under 

California conditions, in spite of lower percentage of fruits 

remaining on the trees, was attributed first to the ability 

of the trees to produce a higher number of flowers than trees 

growing in Arizona, and second to the ability of the trees to 

supply those reproductive structures with enough photosyntha

tes to enable them to remain attached to the trees until they 

mature as fruits. Furthermore, lo~ photosynthesis rates of 

Navel orange trees growing in Arizona could contribute to 

small fruits and as a result to low yields found in Arizona. 

Analysis of yield and climatic data for 27 years 

showed that although citrus trees are grown in a broad range 

of climatic regions, Navel orange trees are more sensitive 

to high temperatures and less adaptable to arid climates 

than Valencia orange trees. However, Navel orange trees can 

tolerate to some extent high temperatures and soil salinity 

and continue to grow and produce some yield. 
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This study has shown that soil salinity in Arizona 

can be tolerated by Navel orange trees for several reasons. 

First, according to Harding, Pratt, and Jones' (24) equation 

of the relationship between yield and EC, yields in Arizona 

should be about 97 kg (5.7 carton) of fruit per tree if cli

matic factors were similar to those.in California. But the 

average yield per tree in Arizona is only 69 kg (4.1 carton) 

of fruit per tree. Therefore, a 29% yield reduction is more 

than can be attributed to salinity and is likely associated 

with climatic factors rather than soil salinity. 

Secondly, a study by Bingham, Mahler, Parra, and 

Stolzy (5) showed that there was no salinity hazard (caused 

by the accumulation of soluble salts within the root zone) 

to the yield of citrus trees if EC is less than 2 mmho/cm. 

Finally, a study by Pearson and Huberty (74) showed that 

Navel orange trees receiving Colorado River water with a 

condutivity of 1.2 mmho/cm experienced only a 5% decline in 

production and Valencia orange trees exhibited no decline of 

yield. Therefore, considering only soil salinity, the dif

ference between Navel orange and Valencia orange yields 

should be no more than about 5% under Arizona conditions. 

But as the data in Table 1 show, this difference is about 

34%. For these reasons, it was concluded that low Navel 

orange yields in Arizona are mostly due to unfavorable 

weather and not to adverse soil salinity. 
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If unfavorable weather conditions continue, specially 

high temperatures and low humidities, orange trees must 

respond rapidly to increasing transpriation rates in order 

to survive. This can be done by two protective devises. 

First, citrus trees may maintain an adequate water moisture 

within the trees by preserving a steady speed of water 

uptake. This is unlikely to happen, specially during summer 

months when conditions favor high transpiration rates, 

because even when the soil water supply is adequate, a 

distinguishable reduction in citrus-leaf water potential 

resulted from a small increase in transpiration rates (13, 

36). In addition, the water-supplying ability of citrus 

roots was decreased when soil temperatures rose to 25°C or 

more (2). 

Secondly, and more likely, the stomata may be closed 

to reduce the amount of water lost due to expected increases 

in transpiration rates; otherwise, a mild water shortage 

would become a severe water stress. In fact, Kaufmann and 

Levy (37) showed that the stomata of citrus trees are closed 

under water stress conditions and remain closed for several 

days even when the trees were irrigated following the water 

stress period. 

Closure of the stomata means that a primary reactant 

(C0 2 ) of the photosynthetic process is limited, and low net 

photosynthetic rates for the trees resulted. The observed 

net photosynthetic rates under Arizona conditions were low 
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compared to net photosynthetic rates measured under different 

conditions. For examplei Kriedemann (43, 44) found that net 

photosynthetic rates for both Navel and Valencia orange 
-2 -1 trees were around 10 mg CO2 dm hr at 20 to JOoC and 50 

to 60% relative humidities conditions. In Arizona, net 
. -2 -1 

photosynthes~s ranged from 0.5 to 4 mg CO2 dm hr at tem-

peratures between 24 and 35°C and relative humidities bet-

ween 16% and 28%. Low net photosynthetic rates observed 

under Arizona conditions were in a close agreement with a 

study be Kriedemann (43) who found that net photosynthesis 

rates of citrus trees declined when the temperatures reached 

20°C or more in dried air. 

The effects of temperatures on net photosynthesis 

were found to be enhanced by low relative humidities. stu-

dies by Kriedemann (43, 44) showed that the optimum net pho-

tosynthetic rate for orange trees was between 15 and 20°C 

in "dried" air, but the optimum rate was between 20 and 25°C 

in air with a relative humidity of 80% or more. 

In addition, studies by Palmer (7J) and Moss (65) 

showed that fruit abscission is associated subsequently with 

low net photosynthesis. Furthermore, the sensitivity of 

citrus leaf photosynthesis to high temperatures is substan

tially altered by the relative humidity level. Therefore, 

both high temperatures and low humidities are closely 

related to low net photosynthesis of Navel orange trees 

growing under Arizona conditions. Subsequently, low net 
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photosynthesis rates under these conditions would contribute 

directly to low fruit set and indirectly to low yields in 

the Arizona desert region. 

It is reasonable to suggest that more frequent irri

gations during summer months would reduce the effect of high 

air and soil temperatures on both photosynthesis and 

transpiration. But Navel orange trees were irrigated every 

15 days during summer, and this seems to be a reasonable 

practice to avoid excess water which would create poor aera

tion and salt accumulation problems. However, trees were 

not irrigated for about three months during the winter time. 

This may be a very important time to have an adequate amount 

of moisture in the soil. In fact, Noort (72) in South Africa 

found that Navel orange trees irrigated every 28 days had 

about 80% and 55% reduction in yield and fruit set percen

tage respectively compared with those that were irrigated 

every 14 days during winter time. Therefore, it is likely 

that more frequent irrigations may be needed during the 

winter months and this would result in higher Navel orange 

yields under Arizona conditions. 

Although leafy inflorescences were found to set more 

fruits than the leafless ones, leaf to flower ratios (L/F) 

under Arizona conditions showed a significant correlation 

with fruit set and final yield when the ratio was 1.0 or 

less. This is due to the fa~t that when the number of 

flowers was low (high LIF), LIF had no effect on fruit set 
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nor on final yield because there were few fruits on the 

trees. In this case, there was more leaf area per flower 

produced on the tree with leafy inflorescences than if 

leafless inflorescences were present on the tree. But, if 

the number of flowers produced was high, usually the case in 

Arizona, LIF did make a difference; unless there is enough 

leaf area to support these flowers to become mature fruits, 

a great number of flowers would be lost and low yields could 

result. 

Data of Tables (6, 7) suggested that GA
J 

might have 

adverse effects on yields of Navel orange trees. This 

result confirms results of studies by Moss (62) and Moss and 

Bellamy (67) who found that GA
J 

may fail to reduce the alter

nate cropping and increase the yield. Although the mecha

nism of GA
J 

action on LIF and fruit set is unknown, 

Monselise and Huberman (57), Martin et al., (54), and 

Wielgat (87) have suggested that protein metabolism might 

involve with GA
J 

action. 

Although BA might have opened the stomata, this study 

showed that a combination of BA and overhead sprinkling of 

water reduce the yields of Navel orange trees. This may, 

presumably, have been due to the overhead sprinkling of water 

during BA treatment which caused salt accumulation on the 

leaves which caused severe leaf and fruit drops. The effect 

of BA on stomata may be established but the effect of BA on 
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photosynthesis and transpiration rates during fruit drop 

period remain to be determined. 
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In summary, low Navel orange yields in Arizona were 

caused by few and small fruits. Low numbers of fruits were 

attributed primarily to low percentage fruit set and 

secondly to fruit drop. However, small fruits were attri

buted to low photosynthesis rate. 

Analysis of yields and temperature, relative humi

dity, and soil salinity showed that temperature among all 

other environmental factors had a significant adverse effect 

on yields of Arizona Navel orange trees. These effects were 

found insignificant for Navel orange trees growing in the 

Central California region. The effects of high temperatures 

on Navel orange yields from trees growing in Arizona were 

not limited to any single month. In fact, the lowest and 

the highest yielding years were associated with above and 

below average temperatures extending from June preceding 

bloom through June of the harvest year. The highest 

regression coefficient between temperature and yield were 

observed only when this entire time span was taken into con-

sideration, although high temperatures in June of the har

vest year and the winter period of January through March 

especially contributed to low yields. Similar effect of 

temperature on yield were not observed for Valencia orange 

trees growing in Arizona, nor for Navel orange trees growing 

in Central California with mean temperatures less than 19°C. 
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Low transpiration and photosynthesis rates in Arizona 

were attributed to high temperature and low humidity con

ditions. stomatal closure due to low leaf water potential 

was attributed to high transpiration rates and less than 

adequate rates of water uptake due to excessive high soil 

temperatures. Closure of the stomata could be a favorable 

adaptative action for the trees to survive, but the disad

vantages are unfortunately poor fruit set. 

Although this study showed that temperatures 

extending over a years time play a major role in determining 

Navel orange yields, factors such as carbohydrate level 

within the trees should not be ignored completely. In addi

tion, the relationships between yields and genotypic expres

sion and hormonal regulation are still difficult to 

understand due to the interactions among different factors, 

and some regulations will probably remain mysteries. 
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