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30TH ANNIVERSARY OF THE CITRUS BRANCH STATION 

Record of action of the conrnittee of citrus growers to select and 
finance a Citrus Research Farm. 

Summarized from the minutes of ·meeting except portion in ·guotation marks 
which are exact. 

In the fall of 1942, Dr. A.H. Finch, Head of the Horticulture Department 
suggested to citrus growers of the Salt River Valley that a Citrus Research 
Farm was required to conduct experiments which had been carried on cooperatively 
with growers since 1931. Upon obtaining favorable reactions from growers, 
Dr. P. S. Burgess, Dean of the College of Agriculture, appointed a committee 
to work out details. 

"The Citrus Corrmittee appointed by Dr. P. S. Burgess composed of Frank 
Brophy, C. H. McKellips, E. J. Mehren, W.W. Pickrell,~- J. Rhoades, and A. 
H. Finch ex-officio met at the Arizona Club at 12:30 PM, January 14, 1943, 
to discuss the financing and selection of an experimental citrus grove for 
the University of Arizona Agricultural Experiment Station. 11 Mr. Mehren was 
elected chairman, Mr. McKellips treasurer, and Mr. Hilgeman secretary. This 
committee represented respectively, the following packing houses: Libby Fruit 
Packing Company, McKellips Citrus Packing Company, Arizona Citrus Growers, Mesa 
Citrus Growers, and Rhoades Fruit Packing Company and other independent packers. 

In selecting a site for the research station certain qualifications 
were considered essential. It should be not less than 40 acres and have bearing 
trees of all major varieties preferably planted in blocks so experiments 
could be started immediately, and some vacant land for future rootstock and 
variety trials. It should be centrally located and convenient to all growers. 
It should be about average for winter temperatures. Several available groves 
were discussed. The present site of the Station was selected as best qualified 
by the criteria set up, also, it was close to the laboratory at the Date Garden. 
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The Fred Burden grove was finally selected. This 40 acre grove had about 
22 acres of Marsh grapefruit. About 19 acres had been planted in 1932 with 
trees grown from buds obtained from the Col. Dale Bumsteadls Arizona Orchard 
by C. H. Coulsen. It, also, had 5 acres of Navels, 6 acres of Valencias, 3 
acres of sweet oranges all from unknown nurseries and about 3 acres of vacant 
land. Winter temperatures were considered to be near average for the Valley. 
The soil was reasonably uniform .Mohave sandy loam with a rather shallow surface 
soil of 30 11 depth underlai•d with calcareous coarse gravelly loam. Such soi'ls 
were thought to be typical of about 40% of the existing acreage. The price 
of the grove was reported to be $14,000. 

After discussion, with respect to financing: 11 Mr. Pickrell reported that 
the Mesa Citrus growers cooperative had pledged up to $5,000 but not more than 
20% of the cost. Mr. McKellips reported that members of his packing house would 
also supply up to $5,000. 11 

Mr. Pickrell proposed a memorandum or contract be signed by the packing 
houses or growers to finance the purchase. It was estimated that 2.5 million 
field boxes of fruit would be harvested in 1942-43. An assessment on each 
packing house of 6 or 7 mills per field box would finance the project. Mr. 
Pickrell was authorized to obtain an option on the grove and Mr. Mehren and 
Mr. Pickrell agreed to meet the following day to draw up a contract for the 
packing houses. Dr. Finch suggested that the industry specify that the grove 
be used exclusively for citrus research for a period of 25 years. 

Meeting adjourned about 3 PM 

The grove was subsequently purchased and deeded to the University of 
Arizona in February, 1943. Dr~ Willard Bitters served as Superintendent 
until he resigned in May, 1946. Mr. Paul Brown was then appointed and 
experiments were designed by Dr. Leland Burkhart. In 1948, Dr. R. H. Hilgeman 
was appointed Superintendent and project leader for citrus research. He 
resigned as Superintendent in 1971. Mr. J. Allen Dunlap was appointed as 
Superintendent and operates the Station at present. 
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CITRUS LEAF ANALYSES AS A GUIDE TO FERTILIZATION 

Valencia trees planted in 1935 were fertilized with 1 lb N/tree/year from 
1949 to 1959 and with 1 lb in March and 1/2 lb in June from 1960 to 1970. Grape
fruit trees planted in 1932 were fertilized from 1949 to 1970 with 1# N/tree/year. 
Leaf analyses were made on spring growth leaves on non-fruiting twigs gathered in 
October. Valencia leaves were analyzed for 20 years and grapefruit for 17. 

A summary of the data is sh.own in the Tables below. This shows the 
highest, lowest and average values. Grapefruit had higher values than Valencia 
oranges for Kand Ca and lower values for N and P. Sodium changes with the salinity 
of the water. These values are similar to others obtained in grove surv~ys and 
appear to be typical for these varieties and all other elements. 

Yields varied widely during the test period. Values for nitrogen were not 
correlated with yields. With Valencia orange a previous test suggested values 
below 2.1% were deficient. In the data shown below, 2 years were below this value, 
so very low values occur occasionally on well fertilized trees. From fertilizer 
tests on grapefruit (see page 5) P and K represent adequate nutrition. 

, By standards developed for oranges in California and Florida, the average 
values for N, P, K were low, Ca was high, and Mg was adequate. It is evident that 
the standards cannot be used to interpret leaf analysis in Arizona. 

To further complicate interpretation of leaf analrses, we have found root
stocks markedly influence nutrient uptake (see page 15). · Each variety, also, 
appears to have characteristic effects on nutrient uptake. Thus, 2.2% to 2.3% is 
probably optimum N for Valencia, whereas; l . 9% to 2.0% is optimum for grapefruit. 

It is concluded that P and Kare ample in trees in the Salt River Valley. Leaf 
analyses are of little value in determining N fertilization requirements. Applications 
of 90 lbs N/acre on grapefruit and from 90 to 135 lbs/acre on Valencias maintains 
productions in fine textured soils with the least deleterious effect on quality 
of fruit. 

Analyses of Citrus Leaves - % in Dry Leaves in October 

Valencia Orange, 20 years wet and moderate irrigation, 1# or l 1/2# N/tree 
N p K Ca Na~/ 

Average 2.30 .104 .86 6.2 . 13 
Highest 2.58 .118 1.09 6.8 .42 
Lowest 2.07 .085 .72 5.2 .06 

Marsh Graeefruit, 17 years, 1# N/tree fertilizer plots , 
N p K Ca NaQ/ 

Average 2.02 .094 l.02 7.0 .034 
Highest 2 .14 . l 03 1.41 7.7 .054 
Lowest l.89 .084 .80 6. 1 .026 

~/ High Na values occurred between 1949 and 1952 and reflect accumulation of 
salt in the soil. 

~/ Analyses started in 1953 after salt was leached. 

4 

Mg 
.37 
.40 
.34 



RESPONSE OF MARSH GRAPEFRUIT TON, P, K, AND MANURE FERTILIZERS 

Block c Trees plante~ . '32 ·Experiment started •49 · ·Revised · 1 66 . Terminated '71 

Between 1949 and 1965, trees were differently fertilized each year as 
follows: 3.3# Am. Nit. in March (N); 10# of Am. Phs. 11-48 in March (NP) and 
200 lbs of dairy manure in September (M). Between 1966 and 1971, half of the 
12 blocks in each treatment were continued. The other half was changed in 
1966 as follows: N to 10# per tree for 2 years and then withheld; NP to N and 
potassium sulfate (NK) with 10 lbs applied in March and 10# in August; l# of 
Fe chelate 138 was applied in 1966, 1967, 1969, and 1971 (Fe M) to the manure 
plots. Data from the 3# N and NO treatment is not presented. The increased N 
did not increase yield and withholding N had not caused a marked reduction by 1971. 

Beginning with the 1954 crop, fruit was always harvested in early February. 
Fruit increases about 33% in size by May, so yields and fruit sizes are less than 
if harvest had been delayed. Solids and acid and peel thickness were always 
determined on size 40 fruit in late December. Leaves were gathered in October. 

Data are su111Tiarized by periods to show successive effects of treatments and 
aging of trees (Table 1). In all treatments, highest yields occurred between 
1960 and 1965, thereafter, yields declined as low and inside fruiting wood died 
and side branches interlocked. Trunk growth declined successively until 1966 
then increased. Fruit size declined and acid in the fruit increased successively 
in each interval. 

Different fertilization did not significantly influence yields, trunk 
growth or solids in the fruit in any period. After 1953, P slightly decreased 
acid, peel thickness and fruit size. Pin ]eaves was increased, K decreased 
and N unchanged. Effect of manure changed markedly over 23 years. In 1955, 
iron chlorosis began in the lower leaves. It gradually increased so that by 
1971 some trees had 70% of leaves affected and extensive die back of old low 
limbs. Heavy fruit sets in the healthy upper parts maintained yields. Initially, 
manure tended to increase fruit size then decreased it after 1960. In the final 
12 years, peel thickness was reduced and acid increased. N, P and particularly 
Kin leaves was increased successively. Fe chelate regreened trees, but chlorosis 
developed in years when not applied, yields were not significantly changed. 
Potassium increased Kin leaves and apparently partially reversed the fruit size 
reduction previously induced by P. 

The experiment demonstrates that P and K fertilization will moderately 
change these levels in leaves without effect on yield or trunk growth 
and with only slight effects on fruit quality. Fertilization with these 
elements is not required. Manure produced marked increases in N, P and 
Kin leaves and induced iron chlorosis which caused die back and modified 
fruit responses. The cause is unknown. It should not be used. 

5 



In 1969, lithium was found to be present in leaves. The amount apparently 
had varied from year to year and induced slight to moderately severe leaf 
drop in March. This situation may have influenced these results. In years 
of slight to moderate leaf drop defoliation was most severe on P fertilized 
trees and least severe on manure fertilized trees. Because the amount of leaf 
spot and defol iati'on vari'ed widely between years, 1 ithium appears to be rapidly 
leached below the root zone. Although sodium and chloride are considered to be 
high in the irrigation water, only very low amounts were found in leaves. 

Response of Marsh Grapefruit to Fertilization 

Trunk Size 36 Soluble Yield 
boxes growth & larger Solids Acid 

No. cm2 % % % 

'49-'53 
N 
NP 
M 
Ave 

'54-'59 
N 
NP 
M 
Ave 

'60-'65 
N 
NP 
M 
Ave 

'66-'71 
N 
NP 
NK 
M 
M + Fe 
Ave 

7.6 
7.8 
7.7 
7.7 

l 0. 5 
l 0. 6 
10. 3 
l 0. 5 

12. 7 
12.4 
12.6 
12.6 

9.8 
9.3 
9.8 

l 0. l 
10.3 
9.9 

20.9 
21.3 
21.4 
21.2 

18.5 
19. 2 
19. 7 
19. l 

18.2 
18. l 
18.3 
18 •. 2 

22.0 
21.2 
21.2 
20.7 
18.5 
20.7 

39 
37a 
41 
39 

22 
16b 
20 
19 

15 
l Oc 
13 
13 
15 
13 

a NP significantly smaller in 1958 and 1959. 
b NP significantly smaller in 5 years. 

l 0. 7 
10.6 
10.7 
l O. 7 

11.7 
11.6 
11.7 
11.7 

11.2 
11.2 
11.3 
11.2 

11 .1 
11. 2 
11.4 
11.4 
11.6 
11.4 

c NP significantly smaller in 1967, 1968, and 1969. 
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1.81 
1.80 
1.82 
1.81 

1.83 
1.81 
1.88 
1.84 

1.90 
1.86 
1.97 
1. 91 

2.00 
1. 97 
2.00 
2.08 
2.08 
2.02 

Peel Leaf Analyses, Oct . 
Thick N P - K 

mm 

8.9 
8.7 
8.7 
8.8 

9. l 
8.7 
8.7 
8.8 

9.5 
8.9 
8.7 
9.9 

9.2 
8.7 
8.6 
8.2 
8.4 
8.6 

% .% % 

2. 07 . 096 l . 02 
2.05 .104 1.00 
2.14 .111 1.32 

l • 97 . 096 . 98 
l . 94 . l 03 . 90 
2. 16 . 109 1. 35 

2. 04 . 092 1._01 
2.06 .102 .85 
2 • 03 . 099 1. 16 
2.22 .106 1.47 
2. 23 . 1 08 1. 42 



Block. G ·val enc ta 

ALTERNATE SIDE OF TREE IRRIGATION 

Started 1949 Terminated 1969 

A ridge was constructed close to the tree trunks so that water could be 
independently flooded over the area on the north and south sides of the trees. 
Every year N was applied in March and both sides irrigated. In the remainder of 
the year alternate sides were irrigated. Between 1949 and 1959 trees were 
irrigated under the moderate schedule of 10 irrigations per year and results 
compared with trees irrigated on both sides. This schedule was irrigated at 
50 to 60 cbs soil water tension at 3ot• depth which provided 1 irrigation on 
about May 1, another June 1, then every 21-25 days until fall with a total of 
10 irrigations per year. In 1960, the schedule was changed to correspond with 
the wet program. Trees were irrigated at 30-35 cbs tension, with 3 irrigations 
between March and June, then at 14 to 17 day intervals in the su1111ler for a total 
of 15 irrigations per year. Water used per year was: Wet--68 11

, Moderate-.-53 11
, 

Alternate 1 49 to 1 59--3ou-, Alternate 1 60 to '69--38 11
• 

Data are summarized below for all treatments for 4 intervals as the effects 
changed with time. Yields were equal between 1949 and 1954. Alternate irrigation 
reduced fruit size and trunk growth and soluble solids in fruit were increased. 
Between 1955 and 1959, wet treatment yields increased over moderate and alternate 
which were equal. Trunk growth in alternate trees was reduced relatively more, and 
fruit size was unaffected. Die back of limbs started in alternate irrigated trees, 
although wilting of leaves had never occurred and fruit growth was similar to the 
trees irrigated on both sides. 

The response of the alternate trees to more frequent irrigation between 1960 
and 1964 was a trend toward higher yields, a definite increase in trunk growth, 
a decrease in soluble solids, and continued production of small fruit. 

Fruit growth in the 1965 to 1969 period showed water stresses in alternate 
trees between irrigations were identical with wet trees and differences in 
soluble solids lessened. Yields increased. The alternate irrigated trees 
adapted to the lower soil water program chiefly by restriction of vegatative 
growth rather than by reduced fruiting. 

Effect of Alternate Side Irrigation~ 

Years 1 49- 1 54 1 55- 1 59 t60-'64 l55.;_•59 . 
Yield in field boxes per tree; trunk growth in square centimeters/year 

Yield Trunk Yield Trunk Yield Trunk Yield Trunk 
Wet 3.9 19 4.2 21 5.6 18 6.9 16 
Moderate 3.9 16 3.6 17 5.2 14 6. 1 13 
Alternate 3.9 13 3.5 13 5.3 16 6.6 12 
% of fruit 113 and larger in May;% total soluble solids in December 

Size Solids Size Solids Size Solids Size Solids 
Wet 59 10.4 77 11.0 57 l 0. 7 70 10 .5 
Moderate 57 10.7 70 11. 2 53 11.2 67 10.8 
Alternate 46 11.4 70 11.8 53 11.2 61 10.9 
~ Compare alternate with moderate from 1949 to 1959; compare alternate with wet 

after 1960. 
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Fl etcher Grove 

YIELDS FROM 7 VALENCIA ORANGE STRAINS AND 4 ROOTSTOCKS; 
EFFECT O'F DOUBLE PLANTING 

Planted 1960 Terminated 1972 

This experiment was designed to determine the best combination of 
Valencia orange strains avai1able in 1957 on different rootstocks. Buds 
from disease free lines of Campbell Nucellar, Frost Olinda and Cutter 
strains were imported from California through cooperation with Dr. John 
Carpenter and Dr. J. R . . Furr of the USDA at Indio. The Wood, a local 
seedling, and Chapman, the best old line strain available which was imported 
by A. D. Shamel in 1939 were included. Both were disease free. All 
strains except Chapman had about equal infection with stubborn. Yields 
from stubborn trees were excluded. 

The Campbell Old Line had the highest production (Table 1). In addition, 
the fruit is typical oval shape with excellent quality. Tree growth was 
vigorous and stubborn infection was low. Frost and Woods also had high yield 
and good quality. Total soluble solids in Wood was lower than in Campbell and 
Frost. Olinda had the highest. By 1972, Cutter and Campbell Nucellar had 88 
and 72% respectively, of the trees with "Holly leaf." This is a mutant 
leaf which is twisted with a holly leaf type margin. Only a few trees were 
affected in 1964, but almost half of the affected trees had mutant limbs in 
1972. Fruit on these limbs were highly variable in shape, some were extremely 
elongated, others large with coarse thick peel. Chapman trees lacked vigor and 
a high percentage had stubborn disease. Because of these factors, the Cutter, 
Campbell Nucellar and Chapman should not be propagated. 

The Rough lemon rootstock up to 1966 set significantly more fruit than 
the others. Between 1968 and 1971 no difference existed in yields or trunk 
size between Rough lemon and Willow leaf mandarin. Sour orange yields improved 
as trees became older. Cleopatra produced the smallest trees and the lowest 
yields. 

A spacing trial with 6 varieties was planted adjacent to the main test. 
Yields from Campbell, Frost and Olinda were compared with these varieties 
in the main block (Table 2). Planting 22' x 11' increased yields 33% between 
1964 and 1966, but only 4% between 1968 and 1971. Statistical analyses could 
not be made. Undoubtedly other trials would produce slightly different results. 
This trial shows yields were not greatly increased. Trees were interlocked by 
1966 and picking was difficult and more expensive. The trees are presently 
being thinned ·by 2 methods. 
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TABLE 1. Yield and Trunk Area from 7 Varieties and 4 Rootstocks 

Yield in field · bOxesY 

Varieties on all 
roots tocks 

Total Total Ave. 
t.64.;,_t.66 l:68~l71 ~64.;,_~71 

Varietie~ on ·a11 ' tOOt~tOtks 

Campbe 11 (old} 
Frost 
Wood 
Olinda 
Cutter 
Campbell (Nuc.) 
Chapman 

6.3a 
5.7ab 
5.4b 
5.6a 
5.1 be 
4._9c 
5.2c 

Rootstocks with all varieties 
Rough lemon 
Willow mandarin 
Sour orange 
Cleopatra mandarin 

7. la 
5.4b 
4.6b 
5. lb 

Campbell Old Li~ ·variety 
( 

Rough lemon 7.9a 
Willowleaf mandarin 5.7b 
Sour orange 4.9b 
Cleopatra mandarin 4.7b 

27.0a 
24.0b 
22.0c 
20.0cd 
21. led 
20.4d 
l7.2e 

24.2a 
24.0a 
20.7b 
19.4b 

29.3a 
29.2a 
25.5b 
22.3b 

4.7a 
4.3b 
4.0c 
3.9c 
3.8cd 
3.6d 
3.2e 

4.5a 
4.2ab 
3.6bc 
3.4c 

5.2a 
5. la 
4.4b 
3.9b 

Trunk area& 
1964 1972 

cm2 cm2 

62a 
64a 
6lab 
58b 
63a 
52c 
53c 

64a 
63a 
54b 
56b 

64a 
67a 
58b 
58b 

359b 
349b 
369b 
315c 
389a 
305c 
262d 

359a 
356a 
330ab 
297b 

363a 
386a 
362a 
322b 

y Values followed by different letters differ significantly. 
y.J Fruit tested in April 1968. 

Soluble 
Solidsy_/ 

% 

l l. 7 
11.8 
11 .5 
12.2 
12.0 
11.8 
11 .,8 

11.8 
11.8 

TABLE 2. Effect --of Spacing on Yields per Acre and Trunk Size . 

Spacing 

22x22Yl 

22x11Y 

% gain 

1964 

153 

265 

73 

1965 

82 

69 

-18 

Yield in 55 lb field boxes per acre 
1966 Ave. 1968 1969 1970 

280 

351 

+25 

171 

228 

+33 

446 

510 

14 

683 

562 

...,21 

517 

546 

6 

Y Average area of trunks 10n above bud union in 1968. 

1971 

698 

835 

19 

Ave. 

586 

613 

4 

Stub
born 
% 

5 
8 
2 
3 
5 
7 

18 

TrunkY 
cm2 

173 

153 

'!" 13 

y.J Average for Campbell Old Line, Frost and Olinda, regular test, all rootstocks. 
y Same varieties and rootstocks, data from single rows, all rootstocks. 
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WINTER TEMPERATURES AT THE UNIVERSITY OF ARIZONA DATE GARDEN AND CITRUS 
BRANCH STATION BETWEEN 1930 AND 1972 

Temperatures 
In 1930, thermograph reco·rds were started at the Date Garden at Rural 

Road and Baseline. Tall palms protected the shelter. In 1943, records were 
obtained at the Citrus Station near the barn. In 1953, the locati.on was 
changed to Block A where large trees surrounded the weather box on 3 si'des. 
In 1959, a wind machine was placed about 60 feet away which raised temperatures 
2 to 5° on the coldest nights. In 1964, the location was changed to Block G 
surrounded by large trees where temperatures were usually 1 to 2° colder than 
at Block A on. all nights and where wind machines raised temperatures only 1 to 
3° F. 

The records from these locations provide information on the general 
conditions regarding freezes in the Salt River Valley. The Citrus Station 
is apparently near average for citrus areas. In all freezes, other parts of 
the Salt River Valley have either been colder or warmer, but these differences 
were not consistent. 

It should be emphasized that 2 to 4° F differences in temperature can occur 
within short distances. Factors causing these differences are, exposure of 
thermometer to wind, ground cover, proxi·mity and size of trees and the devel opment 
of localized 11 pools 11 of cold air. Citrus groves became colder as the trees 
become larger. Such changes appear to be at least 3° F and possibly as much 
as 5° F. 

' Freezing of Fruit 
Experience with Valencia oranges has shown that although fruit freezes 

near 26° F, under cooling regularly occurs so that no significant freezing 
of fruit occurs on large trees growing on sour orange rootstock under non-ti l l age 
culture until temperatures are below 26°F for 3 to 4 hours with a minimum 
temperature near 23° F. Slush ice is normally found under such circumstances 
but juice sacs are uninjured. Severe losses to Valencia oranges have accompan i·ed 
temperatures below 22° with durations of 6 to 8 hours below 26° F. However, 
grapefruit have been exposed to such conditions, which caused ice to form in 
fruit, in freezes during 1934, 1937, 1963 and 1971 with no injury or injury to 
only a few juice sacs. 

Operations of Wind Machines and Heaters 

Because of possible freeze damage, wind machines usually have been operated 
when temperatures were below 28° F. Heaters have been lit at 26° F only when 
prolonged cold below 23° was apparent. Our observations indicate that wind 
machines are most effective with young trees which allow the wind to move freely. 
Orchard heaters are most efficient with large old trees which interfere with 
wind and retain the heat within the canopy of the tree. Combinations of hea ters 
and wind machines effectively moved heat downwind from the machines. 
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Winter Temperatures at University of Arizona 
. . Date Garden or Citrus Station 1930 - 1972 

Year 31~9° & colder 25.9° & colder 21.9° & colder Coldest Night 
No. No. No. No. No. No. Min- Hrs. Below 
of of of of of of Date mum 26° 22° 
nights h°'urs . nights hours ni.ghts hours 

Date Garden near large ealms 
30-31 29 137 4 11 12/21 23 4 0 
31-32 39 249 8 23 1 2 1/25 21 6 2* 
32-33 42 222 8 31 1 2 2/11 21 7 2** 
33-34 20 73. 1 3 12/18 23 3 0 
34-35 18 99 4 16 12/3 23 3 0 
35-36 27 114 4 5 1/20 24 1 0 
36-37 23 171 6 39 3 12 1/24 19 11 7*** 
37-38 14 60 2 4 11/13 25 2 0 
38-39 37 119 3 3 11/24 24 2 0 
39-40 9 24 1 2 l/14 24 2 0 
40..-41 1 3 12/15 30 0 0 
41-42 18 77 12/25 26 0 0 
42-43 8 28 l/19 26 0 0 

Citrus Station near barn in oeen cold area 
43-44 30 99 2 4 1/15 24 4 0 
44-45 30 81 1 1 1/2 24 l 0 
45-46 36 167 8 21 1 1 1/31 21 8 l** 
46-47 28 112 5 13 2 3 1/4 20 5 2** 
47-48 51 312 20 70 5 19 1/29 18 8 6*** 
48-49 41 251 10 37 2 8 1/5 20 12 3*** 
49-50 28 177 10 39 3 16 1/5 16 11 7*** 
50-51 15 51 2 3 1/2 23 3 0 
51-52 21 103 6 10 12/21 24 2 0 
52-53 27 71 2 8 2/21 23 7 O* 

Citrus Station - Block A - large trees on 3 sides in warmer area 

53-54 33 183 11 24 1 2 12/21 21 4 2* 
54-55 37 223 16 72 5 6 2/20 19 7 2** 
55-56 24 89 3 13 2/4 23 5 0 
56-57 15 56 3 2 11/20 23 l 0 
57-58 21 79 2 6 1/23 24 3 0 
58-59 22 86 1 2/1 25 0 
59-60a 24 123 2 2 1/6 25 1 0 
60-6la 19 65 2 2 12/6 24 2 0 
61-62a 27 109 2 8 1 1 1/12 21 3 1 
62-63a 20 95 5 16 1 1 1/14 21 4 l*** 
63-64a 55 297 11 21 2/7 22 3 0 
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Year 31 .9° &·colder . ·,25 ~ 9(!) ·& colder ·21~9° & colder Coldest .Night 

No. No. No. No. No. No. Min- Hrs. 
of of of of 
nights hours nights hours 

Citrus Statfon .;. Block 'G __ withi'n ·grove; 
64-65a 30 177 2 2 
65-66a 27 161 2 2 
66-67a 42 220 6 13 
67-68a 18 104 
68-69a 32 158 4 7 
69-70a 17 138 9 29 
70-7la 44 244 8 44 
71-72a 46 283 7 18 

Average 37 131 4.8 14.9 

* 
** 
*** 

Variable light injury to fruit. 
Severe injury to fruit. 
Severe injury to leaves and fruit. 

of of Date 
nights hours 

large trees, cold area 
2/13 
2/16 
1/7 

12/10 
12/22 
l/6 

l 1 1/6 
2/3 

.6 1.8 

a Wind machine raised temperatures on nights below 28° F. 

mum 

25 
25 
23 
26 
24 
23 
21 
23 

Note: After 1953-54, injury to fruit and leaves refers to the coldest 
area at the Citrus Station. , Thermograph records are not available 
from these areas. Minimum temperatures were 5° colder in 1963 and 
3° colder in 1971. 

12 

26° 

l 
1 
3 
a 
3 
5 
8 
4 

Below 
22° 

0 
0 
0 
0 
0 
0 
l*** 
0 



ANNUAL VARIATION IN YIELD OF CITRUS TREES - 1949 .... 1971 

In Arizona, wide variations in yields in all varieties of citrus are 
common. Yields from grapefruit planted in 1932 and Navel, Valencia and 
Diller oranges planted in about 1935 illustrate variations (Table 1). 
Cultural practices for each variety were similar throughout the period and 
yields are from the same tre.es each year. Pi'cldng of oranges was at about 
the same time each year. · 

Yields are shown as fruit per tree. Such yields differ slightly from 
box yields because size of fruit is closely related to number of fruit on 
the tree, and influenced by the amount of heat above 100° F and rainfall in 
the summer and fall. Navel yields are compared with average per acre yields 
reported by the Navel Orange Administrative Corrmittee. Yield variations 
are similar to Navels at the Citrus Experiment Station particularly in the 
extreme years. This indicates that the influence of an overriding climatic 
factor on tree physiology of Navel oranges is the principal cause of variation 
and the cultural practices are of relatively little importance. Grapefruit 
appears to be less affected. 

After 1950, alternate bearing with grapefruit occurred in all but 2 
years. The range was generally narrow. Alternate bearing is least evident 
with Navel and Valencia oranges. Between 1960 and 1963, Navel yields increased 
successively each year; very high yields were maintained.from 1968 to 1971. 

High yields occurred in all varieties in 1949, 1950, 1963, and 1971. 
These were years of severe freezes with relatively cool weather during the 
50 days after bloom. Low yields occurred with all varieties in 1951, 1956, 
1958, and 1960. In these years temperatures of 110° For more occurred within 
50 days after bloom. High yields occurred in 1957, 1959, and 1961 which were 
cool during fruit setting. However, the alternate bearing feature evident 
with all varieties during this interval may have been as important as climate. 
After 1963, accumulated heat and maximum temperatures during fruit setting had 
apparently little direct influence on yield. This is especially evident in 
1969 when high yields occurred on all orange varieties despite very high temperatures 
and accumulated heat and a large yield in 1968. 

It appears that winter freezes are a major climatic factor influencing 
yields. The effect of high temperatures during fruit set is not clearly 
evident but may augment physiological conditions associated with the alternate 
bearing cycle. 

An important feature is the effect of aging of the trees. Navel trees 
show an increased yield trend to 1968, Valencia yields increased only slightly 
after 1959, Diller yields were high in 1949 and increased irregularily and 
slowly throughout the period. Grapefruit attained a high yield in 1954, 
then varied annually gradually increasing to a maximum level between 1961 and 
1965. Yields then declined as the limbs interlocked and lower limbs died. 
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Variations in Yields of Citrus; Heat During uJune Drop 11 Period 

5o ·Dais ·Post ·s1oom · ·vte1d ·tn ·Frutt ·per Tree 
Ave. Navel Valen=- Dtller Grape-

Year Full Days Degrees Max- Yield Navel cias Sweet fruit 
Bloom over over mum per 30, 24 23 108 

~ Date 100° 100° Temp Acre Trees Trees- Trees Trees 
b/ No. No. b/ oF. cf Bl. F Bl. G Bl. G Bl. C 

49** 4/14 5 16 106 242 510 786 l 090 460. 
50** 3/25 0 0 99 212 570 890 1240 420 
51 4/10 6 49 110 130 400 550 260d/ 
52 4/13 8 16 103 200 460 940 460-
53* 3/31 0 0 99 202 400 720 l420 20.0d/ 
54* 4/6 0 0 100 197 490 770 1300 680-
55** 4/13 3 7 104 178 430 800 1380 550 
56 4/7 6 19 110 171 320 290 950 470 
57 3/31 0 0 99 183 330 530 1540 670 
58 4/18 21 106 111 83 80 170 460 480 
59 4/7 2 4 l 03 158 380 1020 1550 720 
60 4/7 5 29 110 126 240 560 800 660 
61 4/4 l 2 102 176 470 890 · 1620 790 
62 4/11 10 19 103 183 540 760 840 740 
63** 4/7 7 26 106 236 870 1250 1790 860 
64 4/20 12 35 104 156 400 940 1240 760 
65 4/17 8 20 105 240 730 760 1780 870 
66 4/11 13 33 105 194 560 1230 830 430 ' 
67 4/3 7 39 108 190 480 780 1210 830 
68 4/2 2 8 104 260 820 1170 1660 570 
69 4/13 19 80 110 219 840 1030 1560 560d/ 
70 4/3 7 36 109 178 780 870 1530 630-
71** 3/28 2 1 101 870 980 1750 760 
72 3/22 0 0 100 

' " 
~**Severe freeze the preceeding winter. * Moderate or ltgbt freeze. 

'pj Navel 4 to 7 days earlier and Valencia 4 to 7 days later. 

9 Average yield per acre in commercial groves. Report of 
Navel Orange Administrative Corrrnittee. 

<j/ Previous year crop harvested in July. 
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CITRUS TREE GROWTH AND FRUIT QUALITY IN RELATION TO CLIMATIC CONDITIONS 

1970-71 Crop year _ 
Winter temperatures were above normal and rainfall below. Bud breaking 

started about February 15. 

Subnormal temperatures with heavy rains slowed blossom development in 
March . Full bloom occurred on Navels from March 30 to Apri"l 3 and on Valencia 
April 5 to 9. April temperatures were cool. Temperatures above 100° F occurred 
between May 14 to 19. This- was fo 11 owed by subnormal weather until June 18 . Of 
the next 28 days, 21 were above 110° F (max 119°}. June, July and August were 
3 to 5° above normal. Fruit growth was below normal in the surruner, increased 
after the rain on September 3 and did not stop until December 15. Growth was 
resumed after January 12 and continued normally in the spring. 

Specific features Grapefruit peel was thin and smooth, juice content high, acid 
was very· high and solids above average, fruit size was below average. Yield was 
variable, in some instances reflecting the alternate bearing established in 1966. 
Despi t e high temperatures comparatively little sunburn of leaves occurred. After 
the September rain a heavy flush of new growth developed. Defoliation of grapefruit 
cuased by lithium was moderate to severe and the most severe that ever had occurred 
on trees ~lanted in 1959. 

1971-72 Crop year 
Extreme warm weather following the freeze caused bud breaking by February 8. 

New shoots on Navels were severely damaged by the late February freeze. Warm 
weather followed and temperatures above 90° in late March and early April caused 
rapid blossom development and opening. Full bloom was between March 29 and April 
5, however, on some trees scattered blossoming occurred later. Warm weather 
continued to mid April, then changed to below normal with only l day above 100°F 
up to June 12. Fruit at this time was above normal in size and fruit set excellent. 
Temperatures changed abruptly to 113° on June 15 and continued above 110° for 10 
days . July was above and the remainder of the year slightly below normal with 
rainfall low. Shoot growth in August and September was excellent. An early freeze 
(26° F) on October 30 damaged leaves on young trees. In spite of the large loss 
of frozen blossoms, production of Navels was high. 

Specific features Fruit growth was normal during the suITlller and fall. Cold weather 
retarded growth from December 5 to February 5. With grapefruit, extremely rapid 
growth occurred in February, slowed in early March and ceased on March 20, which 
was about a month earlier than normal. Valencia fruit growth stopped December 5, 
resumed growth during rains in late December, slowed or stopped during cold periods 
in January then resumed in early February. A slightly above normal increase of 
17% occurred between February and mid May. Grapefruit solids and acid were slightly 
lower than normal, peel thickness was above and juice content below average. Regreen 
was slight at the Station but variable and moderately severe in some commercial groves. 
Lithium excess symptoms were slight to moderate at the Station. In June, small brown
black shallow pits developed between oil glands on grapefruit causing loss of 
grade. Drop of mature grapefruit was very low in June. 
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Block_ H. 

VALENCIA ROOTSTOCK EXPERIMENT 

Campbell Old Line Planted 1962 

Yields in 1970 and 1971 from the high yield trees did not increase greatly 
over 1968 and 1969. C. Macrophylla produced the most fruit followed by Palestine 
lime, Rough lemon strains and Sacaton citrumelo. The most significant -feature 
of 1970 and 1971 was the marked yield improvement of Cleopatra, Troyer, and 
grapefruit. 

In 1970, tree volume was measured and average yields for 1 70 and 1 71 calculated 
as boxes per 1,000 cubic feet of tree volume. This provided an estimate of production 
efficiency. Macrophylla was the most efficient and C. Tiawanica the least. The 
largest Rough lemon trees were similar to the smallest CES 343 trees. Thus, yields 
in most instances reflected tree size rather than a specific physiological effect. 

Soluble solids were 11.4% in Rough lemon and 12.0% in sour orange and up to 
12.4% in Tiawanica. Juice content was nearly equal, so solids per ton were directly 
affected. · 

Average N and Kin leaves for 3 years show wide differences between rootstocks 
with N very high in Macrophylla and K very high in CES 343. Deficiencies were not 
evident. No relationship between N and K uptake are evident. 

Effects of Rootstocks on Yield, Tree Volume, Soluble Solids, Leaf N and .K 
. . ' . .. ' .. '. . '' ..... '. ' ... ' ' ' ' .. '. '' ' . 

Rootstock 

High Yield 
C. Macrophyll a 
Palestine lime 
U. of A Rough Lemon 
UCLA Rough Lemon 
Red Rough Lemon 
Moderate Yield 

Oklawaha Sour 
Florida Sour 
Brazil Sour 
Sac. Citrumelo 

Low Yield 
Troyer Citrange 
Cleopatra Mandarin 
C. Tiawanica 
C. Depressa 
Grapefruit CES 343 

Mean 
LSD 

Yield field boxes 
164- 167- 170-
1 66 l 69 I 71 
Tot. Ave Ave 

3.1 4.4 4.9 
2.4 4.0 4.4 
2.3 3.9 4.9 
2.5 3.8 4.2 
2.4 3.4 4.1 

2.0 3.3 3.3 
1.9 3.0 3.9 
1.2 2.7 3.5 
1.7 3.2 4.0 

1.3 2.7 3.2 
1.1 2.3 3.5 

.7 2.6 2.7 

.9 2.5 3.1 
l.1 2.5 .· 3.1 

Tree 
Vol. 
1 70-

cu ft 

1250 
1320 
1550 
1650 
1370 

1260 
1400 
1200 
1230 

1250 
1380 
1290 
1050 
1060 

1 .8 3.2 3.8 1300 
.4 .9 1.0 260 

Boxes 
per 

1,000 
Af 

3.9 
3.3 
3.2 
2.5 
3.0 

2.6 
2.7 
2.9 
3.2 

2.4 
2.5 
2.2 
3.0 
3.0 

2.9 
.7 

Sol. 
Solids 

b/ 
% 

10. 9 
11.1 
11.6 
11.2 
11.4 

12.0 
11. 9 
12.0 
12.0 

12 .3 
12.2 
12. 4 
12.0 

.12. 2 . 

11.8 
.5 

Leaf 
N 
c/ 
% 

2.51 
2.43 
2.24 

2.20 

2. 10 
2 .11 

2.32 

2.18 
2 .12 
2.17 
2 .16 
2.25 

2.23 
. 12 

~ Average number of boxes in 1970 and 1971 per 1 , 000 cu ft of tree vo 1 ume .. 
b/ Total soluble solids in March, 1971. 
'fl% in spring cycle leaves in October, average 1968, 1969, and 1970. 
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Leaf 
K 
c/ 
% 

l.03 
.86 
.80 

.80 

.94 

. 92 

.96 

.73 

.66 

.84 

.74 
1 •. 20 

.87 

.12 



RESPONSE OF OLD GRAPEFRUIT TREES TO TWO METHODS OF PRUNING 

Block A Planted 1928 Test Corrmenced February 1969 

In February and March 1969, 144 interlocked trees about 20 feet tall in 18 
rows were selected for a pruning test. Pruning was as follows: 

(A) Control plot - no pruning except removal of deadwood. 

(B) Moderate pruned plot - trees cut back to 10 to 12 feet high and 
the sides removed. 

(C) Severe pruned trees - cut back to 6-7 feet on all sides. 

All pruning was done with chain saws and electric pruning saws. 

Tree trunks were white washed in late April and in early May. The severely 
pruned trees which were sunbruned, developed the fungus disease Hendersonula. The 
fungus invades the wood and bark producing lesions and death of the bark. The 
disease was discovered in June and by the time control measures were started 
some of the trees had begun to heal up naturally. The dead and discolored bark 
was removed and the diseased areas treated with a Bordeaux mixture and then 
covered with a white water base paint . 

The 1971 and 1972 yields directly reflect the severity of the pruning; reduced 
yields, increased size of the fruit, increased trunk growth and produced a higher 
percent of U.S. No. 1 fruit. The 1970 crop was light on the moderately pruned 
trees and no fruit was set on the severely pruned trees while the unpruned plots 
had a larger yield than in 1969. The 1971 and 1972 crops had significantly 
different yields between the severely pruned and control plots while the moderately 
pruned did not have this difference. The percent of fruit produced below 8 feet 
in 1972 on the severe trees was three times that of the unpruned trees. The severely 
pruned trees yielded a higher percent of 40's and larger than the control trees. 

In 1970, the fruit quality was significantly affected. Pruning reduced 
soluble solids and acid, the solids/acid ratio was greater, the percent juice 
weight was higher and the peel thickness was thinner in fruit from the pruned 
trees. In 1971, the difference in fruit characteristics were not significant 
except in a lower acid and higher solids/acid ratio in fruit from the pruned trees. 

A problem which arises when large trees are pruned, is what is to be done 
with the limbs and brush. This can be an expensive problem since the materials 
must be chopped up or shredded and removed, picked up by hand and carried off, 
or ground up after they are dry by running over them with a caterpillar tractor; 
The latter method was used in combination with hand removal of the larger limbs 
in this test. 
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Bloom Year 

Effect of Pruning on Yield, Fruit Quality and Trunk Growth of Old 

Grapefruit Trees 

67* 68* 69 70~ 71 
Yield in Field Boxes Trunk Growth Fruit 40 1 s & 

69-72 in cm2 below larger 
8' 
% % 

A Unpruned 12.5 8.9 11.0 6.0 12.0 49 18 30 

B Moderate 12.5 8.5 1.0 4.8 1 o. 6 71 34 32 

C Severe 12.6 10.0 0 3. l 8.2 75 55 5,4 

LSD 1.6 2.4 11 

*Yields for two previous years before pruning. 
~Estimated 5 boxes frozen fruit blown off unpruned trees; none on pruned. 

U.S. 
Number 

1 
% 

19 

23 

32 

------------ -~-~-•-~-•-~---------------------n-------~---------- .--------------n--

Fruit Characteristics 
Bloom Year Soluble Acid Solids/ Juice Peel 

Solids Acid Weight Thick 
% % Ratio % mm 

70 71 70 71 70 71 70 71 70 

A Unpruned 11.2 11.0 2. 19 2. 13 5 .10 5. 19 44 41 9.5 

B Moderate 10.4 11. 0 1.79 1.94 5.83 5.79 48 40 8.7 

C Severe 10.0 10.9 1.74 1.76 5.73 6.01 48 41 8.5 

LSD 0.6 ns .08 .18 .23 .48 2 ns 0.7 

Sample tested Dec. 29, 1970 and Jan. 6, 1972. 

18 

71 

9.9 

10.3 

10. l 

ns 



PRELIMINARY TEST WITH LEMON PRUNING 

Block H Lisbon 1 erilon · 8 roots tocks Planted 1952 

In 1967, trees in this experiment were strongly interlocked so rootstock 
effects were considered invalid. A preliminary pruning experiment was initiated. 
Row 1 was unpruned. Because it was the outside row with a road on one side yields 
have been maintained. Row 2 was pruned by toping and side pruning in 1967, 1969, 
and 1971. Yields decreased drastically in the year pruned then increased in 
the unpruned year. Fruit size is small in the high yield years. Row 3 was 
machine pruned to an 8 foot square in March 1969, then moderately pruned on all 
sides each year in the spring. Yields have gradually increased after pruning 
but are still low. Fruit has been large. Row 4 was pruned to about an 8 foot 
square in March, 1967 . . New shoots were cut back in March and August in 1968 and 
in August each year thereafter. This pruning removes about 70% of the current 
years growth. After pruning, short lateral shoots have developed in September 
and October. Yields have increased more rapidly than with spring pruning and 
attained 10.6 boxes in 1971. However, yield from these trees was higher prior 
to the experiment. 

In 1970, ring picking was made on October 19. All of the fruit was harvested 
from the severely pruned trees. Only 38 and 32% was harvested from control and 
alternate year pruned trees. Fruit has been consistently larger from the severely 
pruned trees. 

Effect of Pruning Lemons on Yield and Size of Fruit 

Yield in field boxes 
Ave. Ring Fruit/ 

1 64- 1 66 l67 1 68 1·69 1 70 1 71 % a/ box~ 
Row Treatment 1 70 •71 

1 Control 8.4 9. 1 11.6 12.7 10. 5 13.7 38 296 

2 Top & Sides 6.4 2.6 10.9 2. 1 9.8 5.6 32 242 
I 67- 1 69- 1 71 

3 Severe 1 67 6.9 .6 3.8 4.4 7. l 100 235 
Spring 

4 Severe t67 7.8 '!""· 1.0 5.2 5.8 10.6 100 258 
August 

~ Percent of crop ring picked on October 19, remainder on December 16, 1970. 

'pf Fruit per field box on December 31, 1971. 
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RESPONSE OF VALENCIA ORANGES TO GIBBERELLIC ACID, CYCLOHEXAMIDE AND LIME 
SPRAYS 

Block B Tested Initiated April 1971 Test Harvested MaY 1972 

On April 8, 1971, about 7 days after full bloom; large Valencia orange t rees 
were sprayed with 25 ppm gibberellic acid; 10 ppm cyclohexamide, and lime. The 1970 
crop was on the trees at the ti'me. It was harvested in late April. The sprayed 
trees and control were picked and graded in May, 1972. 

Data are shown in the Table below. Gibberellic acid reduced yields~ did not 
increase size of fruit, and slightly but significantly increased the% of "necked" 
fruit as was shown in 1969. Cyclohexamide markedly reduced the number of fruit set 
which increased fruit size, and drastically reduced the grade of fruit. 

In Florida, cyclohexamide has been found to loosen fruit so it can be more 
easily harvested mechanically. Recently, it was shown to reduce yields when 
applied in March. Lime spray maintained yield and grade but reduced fruit size 
as was shown in 1969. 

Gibberellic acid and cyclohexamide will be further tested as possible thinni ng 
agents for Kinnow mandarin. 

Effect of Gibberellic Acid and Other Materials on Fruit Yield 
Quality, Shape, and Size of .Valencia Oranges 

Treatment Yield in Fruit/Tree Size Shape 
88 & 

Bloom Year larger necked 
7 trees/treatment 1 69 170 1 71 % % 
sprayed April 8, 1971 ~ Pl c/ di 

Control 771 759 730 X 43 X 1.7 y 

Lime spray 741 759 700 X 30 y 1. 9 xy 

25 ppm GA 753 679 506 y 44 X 3.4 X 

10 ppm Cyclohexamide 753 684 414 y 57 z 1.2 y 

a/ Yield previous year before test started. 
b/ Yield on trees when sprays applied. 
"fl Yields after treatment. Values with different letters are 

significantly different. Fruit harvested May, 1972. 
<J../ Percentage of fruit with elongated "neck" at calyx also known 

as "sheepnose. 11 

20 

us 

#1 
% 

54 

52 

52 

38 



THE FREEZE SITUATION 1970~71 

There were 44 nights below 32° F. with no temperatures below 29° on the 
14 nights below 32° in December. Major freezes occurred between January 4 to 8 
and February 27 to March 3. After the January freeze, day temperatures were 
successively warmer attaining 75° on January 15 and remaining above 70° on 
30 of the following 33 days (maximum 90°). This condition accelerated drying 
of frozen fruit. Strong winds on 7 occasions blew off 10 to 20% of the grapefruit 
and scarred fruit. 

The January 4--8 freeze was characterized by low day temperatures (46 to 49° F); 
low dew points (12 to 18° F); rapid temperature drop to 21° to 24° F by 7PM, followed 
by a rapid 3 to 5° increase; long periods below 32° F (15 to 16 hours); 10 
to 14° inversion at 7PM~ dropping to 2 to 4° at the coldest time. 

Wind machines were operated 13 to 14 hours each night. Heaters placed in 
the orchard at the rate of 12 and 15 per acre burned for 6 to 8 hours. On 
about l acre, 40 heaters increased temperatures 4° Fin the center of the area 
(Table 1). The area was upwind from the wind machine which was completely 
ineffective 170 feet away. Warm air was carried downwind and apparently warmed 
trees 300 feet away. In the coldest zones, Valencia oranges within 6 feet of the 
heaters were unfrozen, whereas, fruits 12 feet away were completely frozen. 

Tree injury has highly variable ranging from 5% leaf injury on the 
warmest Valencia and lemon trees to 50% defoliation of unheated large trees in 
the coldest area (see Table 1). Navel oranges with stubborn disease were 40-80% 
defoliated. All varieties on Rough lemon rootstock had more damage than those 
on sour orange. Exposed fruit was frozen on 4 nights. On l night, ice formed 
in almost all grapefruit. In May, about 70% of the grapefruit within the lower 
half of the tree that had ice in them showed less than 1% injury. Fruit in the 
extreme top had 50% or more injury. Damaged fruit did not always show rind 
injury. Wind scar was severe and caused additional loss of grade to grapefruit. 
56% of the grapefruit was packed orchard run; with Valencias 14% was packed 
SunKist and 47% orchard run. 

Heating costs for the 40 acres were $935 for LP gas for the 4 wind machines; 
$1225 for diesel oil for heaters; labor $350; total $2510 or $63 per acre. The 
fruit saved returned $7300 and uninjured lemon trees produced 11 boxes of 
fruit per tree in 1971. 

Thermocouples were used to obtain temperatures of the trunk, scaffold limbs, 
twigs, leaves and fruit on a large grapefruit tree 20 feet in diameter and 18 
feet tall in a dense block of treesduring the entire week of the freeze. 
Temperature at the center of the 12u diameter trunk decreased from 41° to 31° F 
during the first 3 days, then diurnal variation from 31° to 35° F occurred. 
Cambial temperatures of 6N scaffolds ranged from 27° to 42° F. Shaded twigs 
3/8 inch in diameter exposed on the north side ranged from 22° ,to 48°; south 
twigs exposed to the sun reached 62° F. Surface temperatures of spring leaves 
exposed within the main canopy of the tree reached 20.5° F without injury to 
the leaf, but leaves on protruding summer shoots were frozen. Exposed grapefruit 
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in the top of the tree froze at 25.5° to 26° Fon 3 nights but fruit low and 
inside the canopy chilled to only 27° F and was not frozen. These data illustrate 
the protective effect of heat stored within large trees. 

New shoots on Navels and 1 year old trees developed in February and were 
1/2" to l l/2 11 long when the February 27 to March 3 freeze occurred. Wind 
machines were run on only March 3. At 3:00 AM, air temperatures were 24° F 
at 5 ft and 38° at 50 ft. Wind machines rapidly increased temperatures 10° near 
the machines and 3° at 420 feet away. Although most of the new shoots and 
blossoms on Navels and young trees were killed, a heavy crop of Navels was 
set on old trees. 

Leaves wilted severely during the freeze. Between 2 and 4 PM on January 
8, severely wilted leaves were gathered and leaf water deficits determined. 
The water in the leaf that was lost was: Kinnow - 45%, Valencia - 37%, grapefruit -
33%. Leaves on these trees, respectively, regained normal turgor about 9, 5, 
and 2 days later. About 30% of the leaves tested had a few epidermal cells killed. 

Valencia oranges were analyzed from a warm and a cold location where, respectively, 
no frost damage was evident and where about 40% of the fruit were frozen too 
severely to ship fresh. Juice content in injured fruit decreased to February 
18, and increased in April and May as uninjured juice sacs enlarged. Total 
soluble solids and ascorbic acid increased to late March. On May 27, frozen 
area fruit had 44% juice with 113 lbs of solids per ton,unfrozen fruit had 
51% juice and 127 lbs of solids (Table 2). It is very interesting that Vitamin 
C decreased less in frozen fruit than in normal fruit. 

It is evident that it was highly profitable to delay picking this fruit 
until May. Juice and soluble solids were higher in May and fruit size increased 
17%. In this particular year the maximum loss of juice occurred by late 
February. Unfortunately, it is not possible to predict such changes. 
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TABLE 1. Cold Nights 1970 - 1971. 

50 ft. Tower Coldest area Warmest area 
mid- • min- below below place min- below mm-
night mum mum 26° 23° mum 26° 
oF. of. oF. hrs. hrs. of. hrs. 

Jan. 3-4 32 25 23 5 SE a 25.5 .5 
Jan. 4-5 31 24 20 7 5 NW b 24 .6 
Jan. 5-6 28 25 21 8 3 NW b 26 
Jan. 6-7 28 22 20 4 1.5 NW b 24 1.5 
Jan. 7-8 31 . 23 21 11 6 NW b 27 
Feb. 26-27 23 2 '!"'· C 24 1. 7 
Feb. 27-28 25 l C 26 
Mar. 2-·3 42 35 24 l 1/2 ~ a 26 

a Wind machine on. 
b Wind machine and 40 heaters/A. 
c No protect ion. 

-------- ------~ - -------------------- - - -- -------- - - V . . ' . - - -

TABLE 2. Effect of Freezing on Fruit Characteri.stics 

Juice peeled 
by weight % 

Juice whole fruit 
by weight% 

Total soluble 
solids% 

Vitamin C 
mg/100 ml 

Pounds solids 
per ton 

Fruit growth 

Block 
~ 

G 
B 

G 
B 

G 
B 

G 
B 

G 
B 

G 

Dec 
28 

70 

50 

10.5 

64 

105 

162 

Jan 
12 

Jan 
26 

70 
69 68 

50 
46 46 

11.4 
11.5 11.9 

71 
73 77 

114 
106 105 

162 165 

Feb 
18 

Mar 
25 

Apr 
28 

May 
27 

70 72 74 73 
65 65 69 68 

48 48 51 51 
42 42 43 44 

11.5 12.0 12.1 12.5 
12.3 12.9 12.5 12.8 

68 65 64 62 
73 74 75 72 

110 115 123 127 
103 108 107 113 

170 177 185 190 

~ Block G -· Warm location, fruit not frozen, high irrigation. 

Block B - Cold location, fruit frozen, moderate irrigation, 
about 40% of fruit was below Arizona State frost 
injury standards. 

Q_/ Growth of tagged fruit in Block G. 
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THE FREEZE SITUATION 1971~72 

The temperatures were about normal for November, December, and January 
while February was 6 to 7 degrees above normal and March was 11 to 12 degrees 
above normal. The cold weather started early with the last two days of October 
and the first two days of November having below 32° F. The rest of November was 
warm with one other night below freezing. The early frost did no damage to 
the fruit and only burned some of the new vegetative growth. 

During November, 1971, there were 15 nights below freezing and 10 of these 
nights were from the 8th to the 17th. This was the second lo_ngest cold period 
for the winter with the lowest minimum for the period being 24° F for two hours 
on the 16th. Wind machines were operated on four nights for a total of 7 
hours with only 2 1/2 hours at full speed. 

There were 19 nights in January below 32° F, of these 11 were in sequence 
from the 2nd to the 14th. The lowest temperature reached during this cold 
period was 24° F for less than one hour. Wfod machines were operated only on 
the 5th and 10th for a total of 11 hours. Fruit was cut each morning with little 
or no ice being found except on the 5th. No fruit or tree damage was observed. 

The coldest temperature of the winter came on the morning of February 3rd 
with a reading of 23.3° F with a duration of less than one hour. The temperature 
was below freezing for 12 hours that night but wind machines were requi'red for 
only 4 hours. No ice was found in the fruit and no tree damage was observed. 
There were four other nights during the month below 32° F with no protection needed. 

The final frost of the winter came on March 30th after the warm temperatures 
of February and early March had initiated new growth and bloom. The frost only 
nipped a few very tender leaves on the new growth and didn't seem to affect the 
bloom. 

The winter in sull111ary had normal to slightly above normal temperatures even 
though there were 46 nights with a total of 283 hours below freezing. of which 
18 hours were below 26 degrees. The wind machines were used a total of 8 nights 
for 25 hours, much of which was at idle or low speed and no orchard heaters were 
used. The nights the wind machine were used had good inversion temperatures so 
the idle and low speed seemed to move enough upper air to give protection. 
There were also a few nights with high clouds and gentle breezes to prevent rapid 
or prolonged drops in temperature. 
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