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PECAN ROSETTE:
SOIL, CHEMICAL, AND PHYSIOLOGICAL STUDIES

BY

A. H. FIXCH AND A. F. Kixxisox

THE PROBLEM

Rosette of pecan trees is known wherever pecans are grown in the
United States and has been mentioned by workers in Australia (49).
It was among the first serious pecan diseases to develop with the com-
mercial planting of pecans, being recognized by growers as early as
1900. Orton and Rand (43) have recorded that in 1902 requests were
made of the United States Department of Agriculture for information
about the disease and possible methods of control. These workers re-
ceived specimens of the disease from Sacaton, Arizona, in 1911, indi-
cating that it has been present in this State for more than 20 years.

Pecan trees badly affected with rosette are not heavily productive.
They seldom produce more than a few nuts. Trees affected while young
do not make satisfactory growth, become misshapen, and generally are
rendered worthless. In 1919 McMurran (39) estimated that "prob-
ably 10-20 percent of the pecans planted in orchards in southeastern
United States have shown this trouble in a more or less marked
degree . . ." Alben, et al (1) have recently reported that aIn some of
the southeastern states, hundreds of acres of pecan orchards made
unprofitable by this disease have been abandoned and relatively few of
the commercial plantings in the whole pecan territory are entirely free
from it."

Because of rosette, orchards have been abandoned in the Santa Cruz,
Casa Grande, and other valleys of southeastern Arizona; some other
orchards are now at the point of abandonment. Trees of many orch-
ards have been removed and others have not done well in the Salt River
Valley, largely because of rosette. Rosette is common in the Safford
Valley where it has discouraged pecan development. It has been a
contributing factor to the loss of some plantings in the Mohawk Valley.
The Yuma Valley is the only major district of the State known to be
essentially free of rosette. In the South Gila Valley, 10 miles east of









PEC AX ROSHTTB 411

"On the river flood plains of southern Louisiana {where) the soil is deep
and black, pi high fertility, and presumably of high water-holding capacity
. . . the disease is practically unknown."

More recently Alben, et al (1) reported:

"On alluvial soils of Louisiana, rosette occurs regardless of soil type when
trees are growing near old building sites, near negro cabins, in extremely
fertile garden soils, in barn lots, and near pig pens.''

Skinner and Demaree (50) found a high organic content of the soil to
be beneficial. Returning green manure crops to the soil resulted in
complete disappearance of rosette symptoms. Chemical fertilizers were
again without effect. It is of interest that similar results have been
reported in work with apple rosette in the Pacific Northwest (41). For
treatment of pecan rosette Matz (32) thought shading and mulching to
be advisable. Demaree (15) has recommended a soil-building program
in which the addition of organic matter to the soil is the principal fea-
ture, at the same time he cautions that, "Attempts to cure the disease
are frequently discouraging."

A condition commonly believed to be accountable for pecan rosette
in the Southwest is that of the soluble-salt or alkali content of the soil.
It has found wide credence among growers and others. The concept is
illustrated by Hodgson (25) who comments as follows:

''Of all the fruit and nut trees commonly grown in the southwest the pecan
and walnut appear to be the most sensitive to the occurrence of abnormal
amounts of salts in the soil. The pecan especially appears to be injured by
concentrations far below those comomnly referred to as alkali. There is
much reason for believing that the mysterious rosette or 'frizzles' disease so
widespread on the pecan in southwestern United States is primarily a nutri-
tional disorder induced by abnormalities in the soil solution of the kind in
question. There can be no doubt whatever that the pecan is extremely sensi-
tive to concentrations of mineral salts, a fact which will unquestionably pre-
clude its commercial culture in lara:e parts of the areas in this state which are
climatically most favorable. Likewise it will obviously be dangerous to
employ any but the purest of irrigation waters."

A similar thought has been expressed by Braunton (10) who says:

"Commenting on the Yuma (South Gila Valley) lands observed where pecan
rosette is present, it is clearly evident that sufficient black alkali is present to
cause the trouble. In other lands with less alkali there may he other causes or
contributing causes."

It seems doubtful that the low soluble-salt content of the soil in the
Southern pecan districts could be held responsible for the occurrence
of rosette there. Furthermore, the presence of the disease on acid soils
(50) would preclude it being the result of alkali. However, the ques-
tion arise's at once: May not the disease as it occurs in the Southwest
be of an origin different than that in the older pecan belt? The ques-
tion! stated in another way is: May there be more than one cause pro-
ducing rosette or producing symptoms so nearly alike as to be confused
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vegetative growth were alike susceptible to the disease. This was noted
in the Southern pecan belt and in the Southwest. It seemed that fac-
tors governing length and type of shoot growth were not operative in
producing rosette.

Of probable importance in influencing the amount and kind of growth
is the internal nutrition or composition of the plant particularly as re-
gards carbohydrate and nitrogen relationships. This has been reported
for various plants by many workers, Kraus and Kraybill (30), Har-
vey (24), Murneek (42), Roberts (47), and others. It was therefore
reasoned that if faulty nutrition was responsible for rosette it should
be of a mineral rather than of an organic origin. This thought was
perhaps in agreement with the observation of Haas, et al (21) that wal-
nut "little leaf," pecan rosette, peach 'little leaf," and mottling of apricot
and citrus are related diseases and independent of nitrogen require-
ments. Substantiating such a belief was the fact that various mineral
elements have been found beneficial in treating certain unusual or ab-
normal conditions in plants.

Iron has been known for many years to be effective in curing some
types of chloroses when applied through roots or sprayed in solution
on the leaves (20). More recently it has come into practical use for
treating various chlorotic plants including rice (19), pineapple (34),
apple and cottonwood trees (11), pears and other fruit trees and orna-
mental plants (7, 53).

An important relation of manganese to cholorophyll formation has
been found by McHargue (38), Bishop (9), and others. Applying it
to the soil has been effective in treating a lime-induced chlorosis of soy-
beans and oats (54). Small amounts applied as sprays to plants and
soil-cured chlorosis in spinach, oatsT beets, and beans (18). Fertilizing
with manganese corrected a chlorosis and certain malformations in
various truck crops (51). Samuel and Piper (49) found that a defi-
ciency produced a gray-speck disease of oats. They suggested that
pecan rosette was probably a manganese-deficiency disease. A deficiency
or an excess of manganese may cause chlorosis and die-back in citrus
(22, 23).

Magnesium is known to be one of the constituents of the chlorophyll
molecule (55). A deficiency of it caused chlorophyll to disappear in
leaves of the oat plant (16). Applying it as a fertilizer corrected chlo-
rosis of tobacco (17) and of corn (28). Citrus trees growing with a
deficiency of magnesium were chlorotic (45).

An essential character of zinc and certain other elements to the
growth of green plants was suggested by Maze (33) in papers appear-
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Fig. 5.—Healthy leaf taken from a rosetted tree
24 hours after placing zinc chloride in the trunk.

, Xote the discoloration of the veins.

ing from 1914-1919. Richards, reviewed in Benecke-Jost (6) reported
much earlier that small amounts of zinc in the culture solution were
beneficial to fungi. Manganese, copper, and zinc in small quantities
have increased the dry weight of yeast produced (36). Sommer and
Lipman (52) gave evidence of the indispensible nature of boron and
zinc in higher plants. Boelcher, reviewed by Conner (14) found that
zinc up to 0.01 percent in the soil was stimulating and above that was
toxic to wheat. Conner (14) reported a toxic action. A generally
beneficial but in some cases a toxic effect of zinc was observed in
Florida (5). Oat plants (37) growing with manganese, copper, zinc,
boron, and arsenic "produced marked increase in yields in comparison
with checks/' Johnston (26) has reported certain malformation and
chlorotic conditions in tobacco plants when grown in a medium deficient
in nitrogen, phosphorus, potassium, calcium, magnesium, boron, sulphur,
manganese, or iron. A deficiency of boron in cultures has produced a
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burning of the leaves and early death of growing- points in lettuce (35) .
Bertrand and Benzon (8) noted that the zinc content of leaves was pro-
portional to their "richness" in chlorophyll.

With the initiation of the chemical treatments of the present studies
there appeared a paper by Haas (23) reporting that zinc in the culture
solution improved the quality but not the quantity of the growth of
citrus. Also, Roberts and Pierce (46) observed that a zinc-lime spray
had resulted in a deeper green color of the foliage and general improve-
ment of peach trees. Another paper appearing about the same time
but which did not come to our attention until late in the summer was
that of Chandler, et al (12) in which a beneficial effect of fruit trees
affected with rosette or little leaf was noted following applications to
the soil of an iron sulphate containing a considerable amount of zinc
as an impurity and in the case of two trees, following similar applica-
tions of zinc sulphate. Also appearing during the early summer of 1932
were two papers by Alben, et al (1 , 2) reporting beneficial results from
the use of iron in treating pecan rosette. In subsequent correspondence,
Dr. Alben suggested that their results might have been due to zinc
impurities. This was reported in later papers (3, 4 ) , the former re-
viewed from a manuscript copy kindly submitted by Dr> Alben.

EXPERIMENTAL PROCEDURE AND DATA

SOIL STUDIES

Studies of soluble-salt content of the soil and of soil reaction (pH) in
relation to the occurrence of pecan rosette were initiated in October
1931 and continued throughout 1932. The soil samples were obtained
by use of a soil auger or tube. The sample from each 1-foot level was
placed in a paper bag and forwarded to the Department of Agricultural
Chemistry and Soils of the University of Arizona, where analyses and
pH determinations were made. The analysis for total soluble salts
included the following ions: sodium, calcium, magnesium, chlorides,
sulphates, carbonates, bicarbonates, and, in some cases, nitrates. Total
soluble salts were determined electrometrically using a conductivity
bridge as described in Bulletins 6 and 8 of the Bureau of Soils, U.S.D.A.
The pH values were also determined electrometrically using the stand-
ard quinhydrone method.

A summary of the results of these studies is shown in Table 1. While
rosette was common on soils found to contain a high salt content the
data generally are believed to indicate no clear relationship between
the soluble-salt content or the pH of the soil and the occurrence of
rosette. Trees were healthy on soil having an average soluble-salt
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content of from 447 to 1939 p.p.m. Severe rosette occurred where
the soluble-salt content was from 235 to 1879 p.p.m. Similarly the
average pH range of the soils from near healthy trees was found to
be 8.01 to 8.73, and from rosetted trees to be 7.67 to 8.67. Further
samples representative of only a few trees and therefore not included
in the table gave an average pH of 9.2 for the first 5 feet of soil. The
trees grew luxuriantly during the early summer but rosetted severely
later.

Likewise, there seemed to be no consistent relation between the pres-
ence of any of the individual salts and the occurrence of rosette. Severe
rosette occurred where the black alkali content ranged from 0 to more
than 204 p.p.m. However, of the locations studied, healthy trees were
not found on soils containing more than 12 p.p.m. of black alkali.

CHEMICAL STUDIES

Studies of the effects of various chemicals upon trees affected with
rosette were begun in April of 1932 and continued throughout the sum-
mer.

Chemicals Used.—The chemicals used in the treatments were c.p.
ferric chloride, U.S.P. ferric citrate and ferric ammonium citrate, and
commercial iron sulphate (copperas) ; c.p. magnesium acetate and mag-
nesium citrate; c.p. manganese acetate and manganese citrate; c.p. zinc
chloride and U.S.P. zinc sulphate; c.p. mono-potassium phoshate, c.p.
ferric phosphate, and commercial treble superphosphate; c.p. acetic acid;
c.p. sulphuric acid; and tannic acid of unknown purity. The k'chemically
pure" materials were those of commercial distribution by the manufac-
turer and not especially purified. Later inquiry of the manufacturer
revealed that the zinc chloride contained 0.01 percent heavy metals,
0.01 percent sulphates, 0.4 percent alkali salts and gave a slight reaction
for oxychloride. A later analysis1 of the commercial iron sulphate used
showed that it contained about 1 percent of zinc. All solutions used
were made up with commercially distilled water.

Treatments.—Each of the above chemicals was applied in one or
more of the following ways: (i) by placing the dry chemical in holes
bored into the tree trunk, and (2) by dipping and spraying leaves and
leaflets with various concentrations of solutions of the different mate-
rials, and (3) by injecting similar solutions into the trunk of affected
trees. Applications of the materials to the soil were not made in the
first season's experimentation. It was believed that experiments with
the application of chemicals directly to the plant tissue would likely be
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most indicative of their true effect because materials applied to the soil
may be ufixed" and rendered unavailable to the growing plant.

Trees used.—The chemical treatments were conducted chiefly with
trees in the third, fifth, and eighth growing seasons in the South Gila
Valley, where rosette has been especially serious. Burkett, Halbert,
Kincaid, Success, and Schley varieties were used. From April to Aug-
ust 4 the studies were confined to the 5-year-old grove. Here alfalfa
was growing as an intercrop. In the fall of 1931 a heavy alfalfa hay
mulch had been placed in the tree rows and during the winter the trees
had been severely cut back leaving only the trunks of many. New
shoots in the spring came from older wood just below the cuts and
grew vigorously. Symptoms of rosette appeared by the first of May
and were common a few weeks later. By late June, many trees had
become severely affected —• to the extent of burning and loss of leaves.
Thereafter, treatments were confined to such trees.

Introducing Dry Chemicals.—In introducing the dry chemical into
the tree, a hole Yi inch or less in, diameter, depending upon the size of
the tree, was bored horizontally into the trunk extending practically
through the xylem. Usually three such holes were bored into each
tret. They were spaced 6 inches or more apart vertically and placed
one-third of the circumference of the tree apart horizontally. With
smaller trees two holes were sometimes used; with trees having a trunk
\y2 inches or less in diameter a single hole was made. A small piece of
tin fashioned trough-like was placed with one end in the hole; on this
the chemical was poured and then pushed into the hole with a wooden
plunger. It was believed that any contamination from the tin would be
small and would probably affect all of the materials used. In the earlier
treatments, the material to be placed in each hole was carefully weighed
but in later work it was poured directly from the bottle and
the amount estimated. Two to 4 grams per hole were generally used.
Sealing the holes was most satisfactorily accomplished by use of a
common cork coated with shellac. Some leakage of the materials
occurred but caused no apparent damage to bark or tree. For each tree
treated, a comparable tree was selected and maintained as a check.

Dipping of Leaves.—For dipping of leaves the solutions were con-
tained in wide-mouthed glass bottles or in pyrex beakers. The leaves
or leaflets were submerged in the solution for only a moment and then
withdrawn. Care was used that all dipped surfaces were made definitely
wet. Leaves were generally dipped only once although some were
dipped a second time 10 to 15 days after the first treatment. Arbitrary
concentrations of 1-percent and 0.1-percent solutions were tried at first
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and later extended to include other strengths. Xo attempt was
made to find a "best" concentration. The extent of burning was ob-
served to be influenced by exposure and character of the leaf as well
as by the kind and concentration of the solution.

Sproving Foliage.—In spraying the solutions on the foliage, a hand
pump with metal tank and rod was used. Solutions of equal concen-
trations being considered, those applied as a spray tended to burn the
foliage more than those applied by dipping.

Solution Injections.—For injecting solutions, a J^-inch hole was
bored into the tree trunk as described for introducing the dry material
Only one hole was made in each tree. Glass jars suspended above the
hole were used as reservoirs and the solutions conducted through glass
and rubber tubing. With the first experiments a short piece of iron pipe
screwed into the hole completed the connection with the tree but it was
later found that a one-hole rubber stopper accomplished this more satis-
factorily. If the solutions did not enter the tree in 12 to 24 hours they
did not do so at all. Tissues around the holes apparently became im-
pervious after that time as reported by Collison, et al (13). Check trees
were selected for many but not all of the trees treated by solution injec-
tions.

TABLE 2.—SUMMARY OF EXPERIMENTS WITH INTRODUCTION OF
DRY MATERIAL INTO TREE TRUNKS.

Material

Manganous acetate
Magnesium citrate
Zinc chloride \
Zinc sulphate

Iron sulphate

Ferric citrate

Ferric ammonium citrate

Mono-basic potassium
phosphate

Ferric "phosphate

Tannic acid

Xumber of
trees treated

2
3

32
20

24

21

24

12

12

2

Condition of trees
October 8, 1932

All severely rosetted
All severely rosetted
All healthy
19 healthy. The other one healthy
except for three leaves on a lower
branch which made no growth after
treatment.
i healthy. Balance mild to severely
rosetted.
5 healthy. Balance mild to severely
rosettedS \f »wl V *H la V-' Vfc •

5 healthy. Balance mild to severely
rosetted.

4 healthy. Balance mild to severely
rosetted.
2 healthy. Balance mild to severely
rosetted.
All severely rosetted
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TABLE 3.—SUMMARY OF EXPERIMENTS WITH DIPPING OF
AFFECTED LEAVES.

Material

Manganous acetate

Magnesium acetate

Zinc chloride'''

Zinc sulphate*

Iron sulphate1"

Ferric chloride

Ferric citrate

Mono-basic potassium
phosphate

Sulphuric acid

Concentration
of solution

Pet.

1.0
0.1
1.0
0.1
1.0

05

0.1
0.05
0.01
1.0
0.5
01
1.0
0.5
0.1
LO
0.1
LO
0.1
1.0
0.1

N/20

Number
clipped

24
26
22
24
17

7

52
58
22
18
20
24
27
16
18
21
12
24
16
22
20
22

Burning

No
No
No
No
Generally

severe
Generally

severe
Slight
Slight
Very slight
Slight
Slight
Very slight
Slight
Slight
No
Severe
No

Severe
No

Slight
Slight
No

Improve-
ment

No
No
No
No

Yes

Yes

Yes
Yes
Yes

Yes
Ye?
Yes

Yes
Yes
No
No
No
No
No
No
No
No

•Improvement was limited to leaves dipped while young.

TABLE 4.—SUMMARY OF EXPERIMENTS WITH INIECTION OF
SOLUTIONS INTO TREE TRUNKS

Material

1% Ferric citrate
1% Ferric chloride
1% Ferric sulphate
1% ferric sulphate in 1%

sulphuric acid
1% Zinc chloride

1% Treble super phosphate
in 1% sulphuric acid

1% Ferric phosphate in
\°fc sulphuric acid

1% Acetic acid
N/20 Sulphuric acid

Number of
trees treated

1
1
2
1

4

1

2
2
2

Condition of trees
October 8, 1932

Severe rosette
Severe rosette
Severe rosette
Severe rosette

Entirely healthy with bright
green foliage

Foliage not a bright green but no
symptoms of rosette ^ ^

Severe rosette
Mild to severe rosette
Mild to severe rosette
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The results obtained by placing the various chemicals in the tree
trunks are indicated in Table 2, those for dipping of affected leaves
in Table 3, and those for solution injections in Table 4. In which-
ever way applied, treatments with the two zinc compounds have been
uniformly and consistently followed by improvement.

Trees treated during the early summer months by introducing the
various materials into the trunk were generally not severely rosetted and
many untreated as well as treated trees recovered before midsummer
fFig. 4). This fact tended to mask any effects of treatment at that
time, and is believed to account for the presence at the end of the sum-
mer of some health)* trees among those treated with materials other
than zinc (Table 2) and may account for some of the healthy trees
that were treated with zinc during the early summer.

As the summer advanced and as results from the introduction of zmc
became more definite, trials with most other materials were discontin-
ued. Those with zinc were continued using only trees which were
severely rosetted. Thenceforth all trees selected as checks and allowed
to remain untreated manifested no improvement. Introducing the zinc
salts either dry or in solution into the tree trunk was with the single
exception noted in Table 2, followed by the production of entirely
healthy growth throughout the remainder of the summer. This was
true regardless of date of treatment and of severity with which the tree
was affected at the time of treatment. In Fig. 6, A and B, is indicated
the typical fall appearance of two trees both severely rosetted and se-
lected as comparable on July 1 when one was treated with zinc chloride
applied in the trunk. The other was maintained as a check.

The first observed effect of these treatments on the tree was the dis-
coloration of veins and veinlets in some of the lower healthy leaves
(Fig. 5). This was noted as early as 12 hours after the treatment and
was usually limited to leaves located near the point of application of the
material. Leaves so affected appeared to continue their functioning
unimpaired. In some few leaves which may have received a larger
amount of the material the discoloration spread into the intervenotts
area. Injury of this extent was followed by abscission of the leaflet or
leaf. Such discolorations of the veins in some healthy leaves were
observed only following treatment with the two zinc compounds and
would seem to be specific for zinc. Somewhat similar effects were
produced by other materials but were sufficiently different as not to be
confused.

The improvement in severely rosetted trees, following the introduc-
tion of zinc into the trunk has been uniformly striking (Fig. 6) . The
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Fig. 10.—Showing effects of solutions of zinc chloride and of iron sulphate on
leaflets dipped into them. Arrows indicate treated leaflets. A.—Burkett leaf,
leaflet dipped into .05-percent Zn Cl2. B.—Success leaf, leaflets dipped twice into
.01-percent Zn Cl2. C.—Burkett leaf, leaflet dipped into .5-percent commercial iron
i sulphate. D.—Kincaid leaf, leaflet dipped into .1-percent Zn CI2.
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While improvement uniformly followed the introduction of the two
zinc salts into the tree trunk it did not bring about the recovery of
severeh affected leaves or of old, mildly affected leaves. The former
dropped from the tree and the latter remained almost unchanged. The
greatest response has occurred in newly developing leaves and shoots.
The effectiveness of the treatment is seemingly dependent upon the pres-
ence of zinc during the formation of tissues.

The dipping of the young, affected leaves and leaflets in dilute solu-
tions of the zinc salts was uniformly and consistently followed by
improvement of the parts dipped (Figs. 10 and 11). The effect of
the treatment was generally evident in about 3 days and became full}
apparent in 6 to 10 days. The best results have come from the use of
0.05-percent zinc chloride and 0.5-percent zinc sulphate. Stronger solu-
tions generally caused more burning although some burning was ob-
served with all strengths. Weaker solutions seemed to give a less defi-
nite response which has suggested a quantitative relation

In a few cases, particularly where the dipping was repeated, the
treated parts approached a "normal" condition. In most cases the re-
sult was not a complete recovery but was one of definite improvement.
The response to the dipping was localized, only those parts which were
actually made wet by the solutions responded (Fig. 11, D and E)

The improvement following the clipping of individual leaflets or
parts of leaflets was particularly significant, for treated parts could be
compared directly to adjacent untreated leaflets or parts thereof. The
response from dipping* whole leaves, while very suggestive, can hardly
be considered conclusive. An occasional healthy, untreated leaf could
be found on rather severely affected branches. Treating old, fully
formed leaves was without effect.

The spraying of affected trees and foliage with the various solutions
gave results only where solutions of the zinc salts were used. Here
again unfolding leaves and those only slightly older at the time e*f
applying the spray were the only ones to show improvement. Old,
affected leaves were not improved and leaves arising subsequent to the
spraying showed no effects of the application. Because of the diffi-
culty in the spraying treatments of obtaining satisfactory checks, this
method of attack was not used extensively. The limited results ob-
tained from it were in agreement with those obtained from applying the
materials in other ways.

Of all the materials other than the two zinc salts applied in one way
or another to affected tissue, the commercial iron sulphate was the only
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iron salts and that later analyses of the commercial iron sulphate re-
vealed that it contained about 1 percent of zinc, has indicated that these
responses may have been related to the presence of zinc rather than to
the action of iron. This would be analagous to the observations reported
by Chandler, et al (12) and Alben, et al (3, 4).

ZINC AND IRON CONTENT OF PLANT TISSUES

The response of affected leaves and trees to treatments with zinc
showed need for information on the zinc content of healthy and diseased
tissues. Analyses for iron were also included in view of the results
with commercial iron sulphate.

For these analyses, materials were collected on August 31, 1932, from
the following trees (Burkett variety):

1. A healthy tree in the Yuma Valley.
2. A healthy tree in the South Gila Valley.
3. A tree in the South Gila Valley that had been severely rosetted during late

June was treated July 7 by introducing 6 gin. of zinc chloride into the trunk.
All new growth (including material collected for analyses) was healthy at
the time of collecting samples.

4 A rosetted tree (check for No. 3) in the South Gila Valley showing
chlorosis and malformations but no necrosis at time of sampling.

The tip 6 inches of five or six topmost shoots (the parts first affected
by rosette) were cut from each tree, using hand pruning shears. These,
with the leaves attached, were washed at once while in the orchard
through several changes of distilled water contained in an earthenware
vessel. They were then dried in the air until free of surface moisture.
Next they were placed on newspaper spread near the tree from which
collected. Care was used that no surface moisture was present which
might absorb materials present on or in the paper. Also the samples
were placed so that as small a portion as possible touched the paper.
After about an hour in the sun the samples were quite dry. Each was
then separated into leaflets, leaf petioles (and midrib), and shoots.
These were placed in separate bags and forwarded to the Department of
Agricultural Chemistry and Soils, University of Arizona, where they
were analyzed for zinc and iron. The analyses were made according^
the method of the Association of Official Agricultural Chemists, 1931.
The results are presented in Table 5.

The comparatively low zinc content of the topmost parts of an af-
fected tree in the South Gila Valley indicates that rosetted trees contain
less zinc than do healthy trees, and is further evidence that zinc is neces-
sary for healthy development of leaves and shoots. Similarly the low
zinc content found in a healthy tree growing in the South Gila Valley
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as compared to that found in a comparable healthy tree growing in the
Yuma Valley suggests a relation to the extent of occurrence of the dis-
ease in these two districts. Perhaps trees in the South Gila Valley gen-
erally contain less zinc and for that reason rosette more readily. The
zinc content found for tissues of the treated tree (3) when compared to
that for the check rosetted tree (/J or the nearby healthy tree (2) indi-
cates that with the change from the production of diseased to healthy
tissue there was a movement to the top of the tree of a small part of the
zinc applied to the trunk.

It is significant in contemplating the role of zinc to note that some
healthy tissues contain more zinc than others equally healthy in appear-
ance. Perhaps zinc is necessary up to a certain point, after which addi-
tional amounts are not needed.

A question could be raised to the effect that the low zinc content of
the rosetted tissue is result rather than cause. That is, the chlorosis
and malformation of the leaves may have affected stomatal functioning,
reducing transpiration and consequently the amount of water and min-
erals carried to the upper parts of the tree, thus accounting for the low
zinc content However, the total iron content was greatest in tissues
of the rosetted tree and least in those of healthy trees. Whether any
significance should be attached to this inverse iron content is not known.

The data for zinc and iron contents of plant tissues are interpreted
as being of value only in that they suggest certain relationships and lend
support to other data. They do not indicate the amount of zinc or iron
available for utilization by the plant. The' need to evaluate such a por-
tion has been indicated by Rogers and Shive (48) who say, ". . . quan-
titative measurements . . . indicate that plants chlorotic from lack of
available iron contain as much, or more, total iron per unit weight of
tissue than do normal green plants of the same species." Of interest in
considering availability of zinc is the fact that acids injected into trunks
of affected trees (Table 4), or applied to affected leaves (Tyable 3),
have produced no response. Furthermore, studies made microscopically
on free-hand sections of leaf stems and shoots have not shown consistent
differences in reaction (pH) between healthy and diseased tissue. With
such small total amounts present, the separating out of a soluble zinc
fraction would be difficult.

ZINC CONTENT OF IRRIGATION WATERS

Irrigation waters from several districts in Arizona have been analyzed
for zinc. Those from pump systems were collected at the well. Those
from gravity systems were taken from one of the main canals supplying
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water to pecan groves. The samples were forwarded to the Department
of Agricultural Chemistry and Soils, University of Arizona, where they
were analyzed, using the method of Mason and Buswell (31) pp. 82-85,
except that the zinc content was estimated turbidimetrically rather than
weighing as the sulphate. The results of these analyses are shown in
Table 6. Of the six locations from which irrigation waters were sam-
pled, only one, that from the Yuma Valley, was found to contain a
measurable amount of zinc. This was Colorado River water. Of all
districts observed in the Southwest, only those irrigated by waters of
the Colorado are essentially free of rosette. These districts are the
Imperial and Bard valleys of California and the North Gik Valley of
Arizona where no rosette has been observed, and the Yuma Valley of
Arizona wrhere only occasional trees are affected, and those generally
on newer soils.

TABLE 6— ZIXC CONTEXT OF SOME IRRIGATION WATERS IX
RELATION TO PECAN ROSETTE.

Source and
location

Bretz well, South Gila Valley

Bradley well, South Gila Valley

Hogan well, South Gila Valley

Stanley well, Rillito Valley

Irrigation Canal, Safford Valley

Irrigation Canal, Yuma Valley

Condition of trees

Severe rosette

Severe rosette

Severe rosette

Severe rosette

Rosette common

Essentially free of rosette

P pm of zinc
in irrigation

water

0

0

0

0

0

.14

These data and observations have invited the question: May not the
small amount of zinc carried in the irrigation water be a factor in the
relative freedom from rosette enjoyed by districts irrigated from the
Colorado River? This water irrigates the Yuma Mesa. Here, the soil
is deep and of a character to provide excellent drainage with perhaps
some loss of water below the root zone. Of two locations noted on it
(10 and 11, Table 1) one is very slightly affected by rosette, the other
severely. Both are of trees some 8 years old. From the time of plant-
ing, the former has been irrigated more abundantly than the latter and
thereby supplied with more zinc. Perhaps this is the reason that it is
more healthy. Analagous situations are common in the Salt River
and Safford valleys. Trees at the head of irrigation runs or along
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canals where water is abundant are usually unaffected, whereas those
less accessible to water may be severely rosetted.

In properly evaluating any effect of zinc carried by irrigation water,
a knowledge of seasonal fluctuations in amount of zinc carried as well
as of zinc content and zinc-fixing powers of the soils is necessary.

ROOT STUDIES

Early in the present studies, it was desired to know if rosette was
confined to the above-ground parts of the tree. Later, when treatments
with zinc indicated that these parts might be satisfactorily cured, the
question of the condition of the roots became increasingly important. The
difficulty of making such investigations is twofold; for thorough study,
the tree must often be sacrificed; secondly, much labor and time are
necessary.

One severely rosetted 7-year-old tree growing in the Rillito Valley
was carefully excavated to preserve the larger roots intact (Fig. 12).
Smaller roots were carefully removed by following their course from
the point of severance to tipmost extremity. All roots were brought at
once to the laboratory where they were washed and inspected. No ex-
ternal evidences of an abnormal or unhealthy condition were apparent.
There was no dying back of the root tips and examination with the
microscope of free-hand cross sections did not reveal any anatomical
structures that could be regarded as unusual or abnormal.

These limited observations cannot be considered conclusive. If they
are indicative of the true condition, the practical problem of overcoming
rosette is simplified to correcting the condition in the above-ground parts
of the tree. Haas (22), in studying the growth of citrus cuttings grow-
ing in cultures deficient in manganese, has found that leaves may absciss
prematurely and the shoots die back but the roots remain healthy in
appearance. He states that, "This may be because the roots have the
first opportunity to absorb manganese and do not surrender any con-
siderable part of it to the leaves during a manganese deficiency period."
If pecan rosette is a disease resulting from zinc deficiency a condition
of healthy roots on an affected tree may bear a similar relation to the
availability of zinc. In considering the essential character of zinc or
of manganese the question might also be asked: May not these materials
play a more specific or essential role in the formation and functioning
of stems and leaves than of roots ? It may be significant that the zinc
content of many food plants as reported by Bertrand and Benzon (8)
showed a direct relation to the greenness of the leaf. Our analyses
(Table 5) indicate the same for the pecan.
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chemically pure. The importance of this has been emphasized by Som-
mer and Lipman (52). Furthermore, it is not impossible that contami-
nations have occurred in technique. However, the fact that Alhen, et
al (4) working in Louisiana have found that spraying foliage and dip-
ping rosetted terminals with zinc-carrying solutions has brought about
a "prompt and favorable response of trees to such treatments," would
tend to substantiate such an interpretation and would indicate that pecan
rosette as it occurs in the Southern pecan districts may be of the same
origin as that of the Southwest.

Supporting evidence of the effectiveness of zinc in treating pecan
rosette may also be seen in the results obtained by Chandler, et al (12)
from applications of zinc sulphate to the soil in treating little leaf or
rosette of walnut, pear, and other trees. Later Dr. Chandler also!
reported,* "We have had the most striking results with putting zinc sul-
phate in holes in the trunks of the trees." A recent report by John-
ston (27) of a part of the same studies indicates that certain types of
mottle leaf of citrus also are susceptible to treatment with zinc sulphate
when applied in the soil, placed in holes bored into the tree, or sprayed
on affected leaves.

Accepting* that the various data show pecan rosette to be susceptible
to treatment with zinc, the method of its action is not yet clear. In
considering the role of zinc in the nutrition of pecan trees and its rela-
tion to rosette the following points are outstanding:

1. Zinc, by whatever method applied, has been effective in correcting rosette
only when made available to young and actively growing parts.

2. In dipping affected leaves, very dilute solutions of zinc salts have seemed to
be less effective than stronger solutions tip to the point of burning. A sec-
ond dipping has seemed to result in additional improvement.

3. Improvement following the dipping of leaves has been confined to the area
actually made wet by the solution.

4. The upper parts of a healthy tree in a district where rosette is common may
contain less zinc than those of a comparable tree in a district where rosette
is not common.

5. Diseased leaves and shoots may contain less zinc than healthy ones.
6. The only districts of the Southwest known to be free or essentially so of

rosette are those irrigated with water that contains a small amount of zinc.

This summary of data is interpreted as indicating that pecan rosette
is a zinc-deficiency disease and that zinc is in some way, not now under-
stood, essential for the healthy growth of the pecan. Other possibilities
exist; for example, an effect of zinc on availability of other ions. Also,
as Chandler, et al (12) suggest, "by breaking up or precipitating some
injurious and unknown chemical either in the soil or after absorption
by the tree . . ." The beneficial results from direct application of

* Correspondence, September 2, 1932.
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zinc salts to the above-ground parts of the tree would seem to preclude
any such action occurring in the soil or that the action is one of a modi-
fication of the soil flora, a possibility also suggested by these workers.
Such results seem also to remove a similar possibility considered by
Haas (23) of "a disinfectant action" of the zinc in the culture solution.
A further necessary step in testing such an interpretation of the data is
the growing of trees in a zinc-free culture.

Zinc apparently does not influence the amount of growth made by the
pecan except in so far as it provides for health. This is in agreement
with the observation by Haas (23) before noted, that zinc appeared to
improve the quality but not the quantity of growth in citrus. Perhaps,
as the present analyses indicate, only a small amount of zinc is required
to maintain proper functioning, after which additional amounts serve
no definite need.

APPLICATIONS

To pecan grozving.—The recognition that pecan rosette may be sus-
ceptible to treatment with zinc suggests a definite cause of the disease
and also a means of bringing about the healthy growth of trees now af-
fected. It also suggests measures whereby certain areas at present con-
demned for the growing of pecans because of rosette may be reclaimed
for that purpose.

The solution of the practical problem of maintaining trees free of
rosette apparently lies in making zinc available to the upper parts of
the tree. The best way of doing this is not yet known.

Placing a soluble zinc salt in the tree trunk seems to be an effective
and certain treatment for trees of the size and growth condition of those
treated during the past summer and described in the present paper. The
results of such treatments have lasted throughout one season, beyond
this the permanency is unknown. Bennett (7) has reported that iron
similarly applied to trees displaying symptoms of iron deficiency is
effective for about 3 years.

The use of zinc solutions for spraying or dipping foliage would seem
to be limited to treating nursery or small orchard trees unless it is in
pecan districts where spraying for fungus disease and insect control is
a common orchard practice. There, the including of some form of zinc
in the spray materials might be an important step in controlling rosette.
Injecting solutions into the tree trunk has no practical advantage.

Applying the material directly to the tree elimiriiates any difficulty
from zinc fixation in the soil, a factor which we have not yet investi-
gated. A knowledge of it will be necessary before the importance of
zinc in the irrigation water can be properly evaluated. In their experi-
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ments with little leaf of various trees and mottle leaf of citrus, Chandler
(correspondence of September 2, 1932) and Johnston (27) report that
soil treatments were most effective when several pounds of zinc sulphate
were placed close to each tree. This would seem to preclude any likeli-
hood that the application of zinc through irrigation water would bring
results unless continued for a prolonged period. However, it seems
significant that the only districts of the Southwest known to be free or
essentially so of pecan rosette are those irrigated with waters of the
Colorado River which have been found to contain small amounts of sol-
uble zinc. Experiments on the control of rosette through the addition
of zinc sulphate to irrigation waters and by applying it directly to the
soil have been initiated.

The effectiveness of zinc applied to the tree trunk was greatly in-
fluenced by the growth condition of the tree. It is anticipated that such
treatments or the application of zinc to the soil will be most effective
when timed to make zinc available during the period of most rapid
growth. The success with which older, larger, and less vigorously
growing trees may be treated is still a question. Pruning of the upper
parts to stimulate growth may be necessary.

To future problems.—Observations of certain conditions associated
with the occurrence of pecan rosette would seem to emphasize a need for
information of the distribution and movement of zinc in the tree. Why,
for example, may one limb or one side of a tree be severely affected and
the balance healthy? Why should the topmost parts of trees be affected
and the lower growth be healthy ? Why should branches arising low on
the trunk tend to be healthy even though their topmost parts may be
higher than those of severely affected branches arising- higher on the
trunk? Why are trees of some varieties more susceptible than those of
other varieties? What causes a shoot to die back and why are new shoots
arising just below the dead portion frequently healthy ? This latter could
not be because of withdrawal of zinc from the affected shoot for the
result is the same when it is removed.

Equally difficult of understanding in the light of our present infor-
mation but suggesting the importance of a knowledge of factors influ-
encing the availability of zinc in the soil, is the frequently erratic occur-
rence of the disease. One tree may be affected and adjacent trees be
apparently healthy. Trees healthy for many years may become affected
and, conversely, trees diseased for many years may become normal with
or without change in cultural practices.
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SUMMARY

1. The occurrence of pecan rosette was not correlated with the total
soluble-salt content or reaction (pH) of the soil.

2. Severely rosetted trees produced healthy growth following the
placing of soluble zinc salts in holes bored into the trunk. Injecting
solutions of the zinc salts into the trunk gave like results.

3. Dipping young, diseased leaves in solutions of zinc salts was fol-
lowed by improvement of parts dipped. Spraying produced a similar
response.

4. Diseased leaves and shoots contained less zinc than healthy ones.

5. The topmost parts of a healthy tree in an area where rosette is
common contained less zinc than those from a comparable tree in an
area essentially free of rosette.

6. Irrigation waters of some districts where rosette is not common
contained zinc. Of districts studied where rosette is serious, the irriga-
tion water contained no zinc.

7. Roots of a diseased tree were apparently unaffected.

8. The effectiveness of zinc in treating rosette seemed to be influenced
by the growth condition of the tree.
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