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The Oxygen Requirements for Root Growth of Three Avocado Varieties'
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Abstract. The roots of Scott, Duke, and Topa Topa avocado varieties did not grow when
the oxygen diffusion rate (O.D.R.) was less than approximately 20 ug cm? min™” as
measured with 0.23 mm radius platinum electrode. This value was independent of
temperature. The O.D.R. required to cause maximum rate of root growth increased at
higher temperatures. All 3 varieties responded similarly to oxygen conditions. Plants
subjected to low soil oxygen died. Death was more rapid when the temperature was
high.

INTRODUCTION

The avocado root rot formerly known as "decline" was reported by Huberty and Pillsbury
(8) in 1943 to be associated with soils that had low permeability or stratified horizons
which impeded drainage. Subsequent research on the problems emphasized the
continued connection with soils that drain slowly (18), and recent soil surveys have
correlated damage from avocado root rot with soils that have characteristics allowing
the accumulation of excess water in the root zone (2, 3, 6).

Since one of the effects of high water content in the soil is the reduction of oxygen
availability for the root, there has been interest in examining the effects of reduced
aeration on avocados. Curtis (4), for example, found that avocado seedlings were more
susceptible to low O, damage than citrus when plants were grown under solution
culture. However, data taken under solution culture techniques cannot be used directly
to determine when O is insufficient for root growth in the soil. The purpose of the
research reported in this paper was to study the effect of O, diffusion rates in soil on the
growth of 3 avocado varieties and to establish critical values of the O, diffusion rate for
root and top growth.

METHODS

Avocado seedlings and rooted cuttings were used. The plants were established in 6 cm
peat pots before placing in the experimental plexiglass growth containers, illustrated in
Fig. 1. The containers were 10 cm in diameter and 42 cm deep.

These containers were designed to allow the application of various soil O, conditions
without variation in the soil packing or water content. Yolo silt loam was treated with
Krilium to provide a well aggregated condition and then packed in the cylinder to a bulk
density of approximately 1.25 g/cc. The upper 8 cm of soil was retained by a nylon
screen, C, (Fig. 1) to leave a continuous air space, D, through which gas of a desired O,
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concentration was passed. The peat pots were placed in the soil and the plants allowed
to become established in the experimental containers. The container surface was then
sealed with a waxed masonite cover, B. The area around the tree stem was sealed by
placing a layer of sand and pouring latex emulsion into the sand. The emulsion solidified
to form the seal, A.

Fig, 1. Container used to
modify the rhizosphere
oxygen conditions. (A)
latex-sand  seal, (B)
waxed masonite lid, (C)
nylon screen, (D) space
for gas flow around the
soil, (E) opening for
salt bridge, and (F)
portholes for insertion
of the electrodes.

After the surface was sealed, O, treatments consisting of flowing <1, 2, 5, 10, and 21%
O, through the air space, D, were started. The gas mixtures were achieved by mixing
nitrogen gas with air as was described by Letey et al (11). The <1% O, treatments
consisted of flowing nitrogen gas only, but it is unlikely that all of the O, was eliminated
from the soil system. Each treatment was replicated 4 times.

The O, concentration in the air stream influenced the O, status in the soil. The actual O,
condition in the root zone was characterized by O, diffusion rates (O.D.R.) which were
measured with the platinum electrode. This technique, first described by Lemon and
Erickson (10), measures the rate at which O, diffuses to a wire electrode. The O
concentration, water content, particle packing, and diffusion coefficient of O, in solution
all influence the O.D.R. value and similarly the O, supply to a root. The openings, F, on
the side of the container were used to insert electrodes to measure O.D.R. 3 times



during the experiment. These holes were covered with black plastic tape to prevent O,
entry. The opening, E, was used to insert the porous cup of the salt bridge which is
required to complete the circuit to measure O.D.R.

The depth of root penetration was marked on the container wall at the time treatments
were started and periodically thereafter. Plastic sheeting was placed around the
container to keep light from the roots except when observations were being made. The
plants were watered by the weighed pot technique.

Three experiments were conducted. In the first, rooted cuttings of the Scott variety were
under O, treatment from September 18 to November 19. Rooted cuttings of the Duke
variety were used in the second experiment from December 8 to February 28. Scott and
Duke cuttings and Topa Topa variety seedlings were used in the final experiment for
varietal comparison. Treatments were applied from May 5 to July 9. Because of
insufficient number of containers, the 10% O, treatment was omitted on the Scott and
Duke varieties in the last experiment.
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tion of depth for the various tion of depth for the various
0, treatments under which Scott O, treatments under which Duke
cuttings were grown. The bars cuttings were grown. The bars
indicate depth of root growth at indicate depth of root growth at
the time treatment was initiated, the time treatment was initiated,
and the arrows indicate the and the arrows indicate the
depth at the conclusion of the depth at the conclusion of the
experiment. (A) Treatments ran experiment. (A) Treatment ran
from May 5 to July 9. (B) Treat- from May 5 to July 9. (B) Treat-
ments ran from September 18 to ment tan from December 8 to

November 19. February 28.



RESULTS

The average O.D.R. at different soil depths for the various O, treatments are presented
in Figs. 2, 3, and 4 for Scott and Duke varieties and Topa Topa seedlings respectively.
The depth of root growth at the time of treatment is marked with a bar and the depth at
conclusion of the experiment is marked with an arrow for the various O, treatments.
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Fig. 4. Average O.D.R, as a function of depth for the

various O, treatments under which Topa Topa
seedlings were grown. The bars indicate depth of
root growth at the time treatment was initiated,
and the arrows indicate the depth at the conclusion
of the experiment. Treatment ran from May 5 to
July 9,

Almost no root growth occurred when the roots reached a zone where the O.D.R. was
less than 0.20 ug cm? min™ in all the experiments. This is an O.D.R. which has been
found to be critical for root growth of snapdragons, sunflowers, cotton, and bluegrass
(12, 13, 14, 15).

It is noted in Figs. 2 and 3 that the O.D.R. for a given O, treatment in the experiment
running from May to July is higher than the previous experiments. This increase in
O.D.R. is interpreted as being the results of higher temperatures during the last
experiment. Both theory and previous results (12, 14) indicate that the G.D.R. increases
with increased soil temperature for a given gas phase O, concentration. The O.D.R.
which limits root growth is not influenced by temperature as can be noted from the data
presented in Figs. 2 and 3. This result was also found for sunflowers (14). Although
temperature does not influence the O.D.R. which will inhibit root growth, the O.D.R.
which will allow maximum rate of root growth is affected by temperature both for
avocados (Figs. 2, 3, 4) and sunflowers (14).

All plants growing under the <1% oxygen treatment wilted and died. All of the plants
grown under the 2% O, treatment had some wilt and several plants died. Plants died
more rapidly when temperatures increased. None of the plants growing under 5% O
treatment died, but a considerable amount of tip burn occurred on the leaves. Growth
was not as rapid as under the 10 and 21% treatments.

All 3 varieties responded similarly to soil O, conditions with respect both to root and top



growth.

The roots were examined and cultured by plant pathologists. No Phytopthora
cinnamomi was found to be present. All injury was attributed to the insufficient supply of
O..

DISCUSSION

The results found are in general agreement with those of Curtis (4). Avocado roots and
plants die if Oz is too low. Our results, however, give a basis for evaluating field
conditions. If the O.D.R. in a soil zone is less than approximately 0.20 ug cm™ min™, no
roots will grow in that zone and existing roots will eventually deteriorate if the low O.D.R.
is maintained.

In soil surveys in connection with avocado root rot (2, 3, 6), both soil conditions
conducive to the establishment of low O2 supply and P. cinnamomi were associated
with root rot. Since both low soil oxygen and Phytophthora have been demonstrated to
be harmful to avocados, it is not immediately apparent which is the dominating factor
contributing to root rot. Avocado root rot was not found to be prevalent in Ventura
County in California (1) where the soils are relatively free from infestation by P.
cinnamomi. This information supports the contention that low soil O, is not the primary
factor in avocado root rot. Very likely low soil O, can decrease tree growth and
production, but P. cinnamomi is necessary for severe tree damage.

Curtis and Zentmyer (5) conducted experiments in solution cultures which were
inoculated with P. cinnamomi and had various O, treatment applied. The root injury due
to the fungus was more rapid and severe under the highest O, treatment. From an O,
point of view, these results would indicate that Phytophthora damage should be greater
on a well drained than a poorly drained soil because the rate of O, supply would be
greater in the drained soil. This is not what has been observed in the field. Other factors
must therefore be involved. Some of these factors have been discussed by Zentmyer
(18).

The attraction of P. cinnamomi zoospores to avocado roots has been established (17).
It is believed that some chemical is diffusing from the root that attracts the zoospores.
The diffusion rate of a chemical is very dependent upon the soil moisture content. Data
of Klute and Letey (9) show that the chemical diffusivity decreases very sharply as the
water content is decreased from saturation. The diffusion of the chemical attractant may
be so low under moisture conditions less than saturation that the zoospores are less
attracted to the root. Furthermore, the rate of movement of the zoospores to the root
would also be reduced in a proportional amount. The decrease in diffusion of a chemical
attractant and rate of movement of zoospores could account for the reduced damage by
Phytophthora under well drained conditions. The effect of soil water, therefore, would be
different than its influence on O, supply.

There is, however, another explanation on the effect of soil water on Phytophthora
damage which is associated with the O, supply. Data of Stolzy et al. (16) and Grineva
(7) indicate that roots subjected to low O, excrete compounds such as sugars, amino
acids, and organic acids. Release of the zoospore attractant may thus be increased
under low O, supply conditions of saturated soil.



The data presented in this paper show the effect of O.D.R. on avocado root growth
independently of water and in the absence of P. cinnamomi. This information will be
helpful in separating out the causative factors in avocado root rot.

10.

11.

12.

13.

14.

REFERENCES

BURNS, R. M., R. W. KOVER, C. C. DELPHEY, K. D. GOWANS, and G. A.
ZENTMEYER. 1964. Ventura County survey finds little avocado root rot. Calif. Agric.
18(2):11.

, M. P. MILLER, R. B. HARDING, K. D. GOWANS, and G. A.

ZENTMEYER. 1963. Poor drainage and excess soil moisture encourage spread of

avocado root rot. Calif. Agric. 17(8): 13.
, J. H. MINER, C. D. GUSTAFSON, G. A. ZENTMYER, and W. A.

THORN. 1960. Correlation of soil series and avocado root rot damage in the

Fallbrook area. Calif. Avocado Soc. Yearbook. 44:110-113.

CURTIS, DENZEL S. 1949. Effect of oxygen supply in nutrient solution on avocado
and citrus seedlings. Soil Sci. 67:253-260.

and GEORGE A. ZENTMYER. 1949. Effect of oxygen supply on

Phytophthora root rot of avocado in nutrient solution. Amer. J. Bot. 36:471-474.

GOODALL, G. E., D. M. HANSEN, and R. M. BURNS. 1962. Santa Barbara County
avocado root rot soil survey. Calif. Avocado Soc. Yearbook. 46:63-71.

GRINEVA, G. M. 1962. Excretion by plant roots during brief periods of
anaerobiosis. Soviet Plant Physiol. 8:549-552.

HUBERTY, MARTIN R. and ARTHUR F. PILLSBURY. 1943. Solid, liquid, gaseous
phase relationships of soils on which avocado trees have declined. Proc. Amer.
Soc. Hort. Sci. 42:39-45.

KLUTE, A. and J. LETEY. 1958. The dependence of ionic diffusion on the moisture
content of nonadsorbing porous media. Soil Sci. Soc. Amer. Proc. 22:213-215.

LEMON, E. R. and A. E. ERICKSON. 1952. The measurement of oxygen diffusion in
the soil with a platinum electrode. Soil Sci. Soc. Amer. Proc. 16:160-163.

LETEY, J., O. R. LUNT, L. H. STOLZY, and T. E. SZUSZKIEWICZ. 1961. Plant
growth, water use and nutritional response to rhizosphere differentials of oxygen
concentration. Soil Sci. Soc. Amer. Proc. 25:183-186.

, L. H. STOLZY, G. B. BLANK, and O. R. LUNT. 1961. Effect of
temperature on the oxygen-diffusion rates and subsequent shoot growth, root
growth, and mineral content of two plant species. Soil Sci. 92:314-321.

, O. R. LUNT, and V. B. YOUNGNER. 1964. Growth and
nutrient uptake of Newport bluegrass as affected by soil-oxygen. Plant and Soil.
20:143-148.

, N. VALORAS, and T. E. SZUSZKIEWICZ. 1962. Influence
of oxygen dlffu5|on rate on sunflower growth at various soil and air temperatures.
Agron. J. 54:316-319.




15.

16.

17.

18.

STOLZY, L. H., J. LETEY, T. E. SZUSZKIEWICZ, O. R. LUNT. 1961. Root growth
and diffusion rates as functions of oxygen concentration. Soil Sci. Soc. Amer. Proc.
25:463-467.

, O. H. TAYLOR, W. M. DUGGER Jr., and J. D. MERSEREAU. 1964.
Physiological changes in and ozone susceptibility of the tomato plant after short
periods of inadequate diffusion to the roots. Soil Sci. Soc. Amer. Proc. 28:305-308.

ZENTMYER, GEORGE A. 1961. Chemotaxis of zoospores for root exudates.
Science 133:1595-1596.

1953. Diseases of the avocado, in U.S.D.A. Yearbook of Agriculture.
875-881.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


