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PECAN SCAB MANAGEMENT IN HUMID
REGIONS
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ABSTRACT

In areas of frequent rainfall, i.e., highly humid
environments, management of pecan scab may be centered
around four basic premises. First, to develop quality pecan

kemels during the production year, pecan leaves must be

maintained in healthy, disease-free conditions to
manufacture the nutrients needed by the growing nuts.
Second, to develop carbohydrate reserves and set a crop of
pecans the following year, pecan leaves must be maintained
0n their trees until at least 1 November. Third, to obtain
maximum crop production, green nuts must be maintained
disease-free. Fourth, applications of fungicides must be
made in relation to frequent rainfall to effectively protect
foliage and green nuts from the development of scab.

Scab caused by Cladosporium caryigenum (Ell. et Lang.)
Cottwald (=Fusicladium effusum) (Gottwald 1982) is the
most important disease of pecans (Carya illinoensis (Wang.)
C. Koch) in humid areas such as the southeastern United
States (Gottwald and Bertrand 1983, Latham 1982). To
effectively manage pecan scab, researchers and growers
must have a clear understanding of how C. caryigenum
develops in pecan tissues, how it is influenced by
environmental factors, and how effective are the control
methods.

ETIOLOGY OF SCAB ON LEAVES

Cladosporium caryigenum overwinters in lesions, i.e.,
stromata on shucks, leaf petioles, and twigs infected the
previous season (Demaree 1924, Gottwald and Bertrand
1982). In the spring, the conidiogenous stroma produce
conidia that function as primary inoculum (Gottwald and
Bertrand 1982, Latham 1982). As temperatures and wind
increase in the morning, humidity decreases below the usual
nighrtime condition of l007o RH, and conidiophores
responding to drying conditions release their conidia.
Populations of condia disseminated into the atmosphere
increase to a peak at 1200 hr, according to aeobiology data
(Gottwald and Bertrand 1982, Latham 1982). Wnen a

conidium falls onto a juvenile leaf moistened by free water,
the conidium germinates and pecan tissues may become
infected within 2-3 hr (Gottwald 1985, Latham and Rushing
Infection ofthe leafis by direct penetration. The pathogen
colonizes leaf tissues subcuticularly and after 7 to 9 days
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incubation, breaks through the plant's cutivle to resume
conidiation (Demaree 1928, Latham 1988). Continued
discharge ofconidia, and frequent rains may lead to
successive infection periods that cause newly emerging
leaves to become partially to totally covered by coalescing
lesions of C. caryigenum (Gottwald and Bertrand 1988,
Latham 1982). Scab on the foliage is especially important
early in the season before nut set, since it serves as the
inoculum base to infect the developing nutlets (Gottwald
and Bertrand 1988). As pathogenesis continues, and the
lesions mature, internal leaf cells collapse, leaflets become
non-functional, and abscise from their rachis (Latham 1982,
Latham and Rushing 1988). As a result, during unusually
rainy years, trees may become defoliatated by mid-to late
summer tLatham I982)

Pecan leaves are susceptible to infection when they are
young and actively growing (Gottwald 1985, Latham 1982,
Latham and Rushing 1988, Payne et al. 1979). The
susceptibility period of leaflets to C. caryigenurn, lasts for
approximately 7-21 days after bud break (Gottwald 1985).
New compound leaf emergence along the elongating shoot
and maturity of leaflets along the leaf rachis prolongs the
time and number of susceptible leaves available for scab
development (Latham 1 91 9, Latham I 9 82). Therefore,
during tree foliation, the over-all period of susceptibility to
C. caryigenum may extend to 90 or more days (Latham
1979).

Thus, our first major concern relative to managing pecan
scab:

l. To develop quality pecan kernels, during the production
year, pecan leaves must be maintained in a healthy
condition with an appropriate disease control program.

According to Worley (1979), pecan trees stressed by
defoliation sustained reduced kernel percentages as the
defoliation date became later from I August through l5
September. Nuts produced from trees defoliated during late
summer were small and of poor quality (Gottwald and
Bertrand 1988, Worley 1979). As a result of total
defoliation in 1969, no yield ofpecan nuts occurred during
1970 and 1971 (Worley 1979). Additional research by
Worley (1979) showed thar defoliarion in the fall depleted
carbohydrate reserves and reduced or prevented nut growth
if defoliation occurred prior to I November.
Thus, our next major concern relative to managing pecan
scab:

2. To develop carbohydrates for a crop ofpecans the
following year, pecan leaves must be maintained on trees
until 1 November.
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ETIOLOGY OF SCAB ON NUTS

Pecan nut-shucks are only moderately susceptibie fbr the

first 2-3 weeks afier nut set (Gottwald and Bertrand 1983).

Gottwald and Bertrand (1988) reponed that as soon as the

nuts entered a rapid expansion or growth stage.

susceptibility to scab increased. Accordingly' rates of scab

increase appeared to accelerate in response to the increased

susceptibility of the tissues (Gottwald and Bertrand 1988).

They (Gottwald and Bertrand 1983 and 1988) concluded

that during mid-to late-season, nut-shuck tissues lgain
decreased in susceptibility as nuts ceased to expand and

started to flll. The effects of C. caryigentinl inf'ection on nut

quality were reported as the result of inf'ection that occurred

prior to mid-June, coincident with the timc of shcll

(endocarp) differentiation (Gottwald and Bertrand 1983).

According to Shuhart (1932), who reviewed the morphology

and anatomy of the fruit of Cana illinoesis Koch, the shuck

is that porlion of the fruit which dehisces from the nut at

maturity and separates into fbur sections. Each section

contains an outer ring of vascular bundles which provide for

the flow of nutrients from the peduncle to near the distal end

ofthe fruit. Subsequently, the course ofthc bundles crosscs

to the inner side of the shuck, and the direction of nutrient

llow is reversed to procecd to the nut base then pass through

a septum into the ovary. Calcote et al (1984) traccd the

vascular system of the shuck with acid fuchsin dye

translocated through live tissucs. This technique was used

to study the elfect of feeding and tunneling by hickory

shuckworm larvae on the vasculiir bundles. Darnagc of
shucks at the basc of thc fruit caused the nuts and kernels ttr

weigh less than insect-free green nuts. They tbund a large

portion of the vascular bundles leading into thc ovary on the

inside of green shucks had been severed near the basc of the

nut. These nuts were usually "pops"; i.e., shells devoid of
edible kernels that resultcd fiom tissues infcsted with lan'ae.

In a similar manner. the pathological ef'tects ol'C.
can'igenun may damage vascular bundlcs and cut off the

flow of nutrients to the developing ovary.

Preliminary investigations in our laboratory (Carnpbell and

Latham 1993) have discovered n'ryceliurn of C. canig,etrtttrr

occurred between sub-epidermal cells of Schley pecan

shucks 24 days aficr inoculations. At 36 days, epidermiil

cells had collapsed and mycelia had penetrated 6-8 cells or

more deep and toward the vascular system. We are

continuing these host-parasite investi-gations to evaluate

how scab aff'ects the shuck tissue systents to rcduce or stop

nut maturatlon.

Thus, our next maior concern relative to managing pecan

sc ab:

3. To obtain maximum crop production, shucks of growing
nuts must be maintained frce of disease with appropriate

disease controls.
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EFFECT OF MOISTURE

Moisture in the torm of rain, fog, or dew is required tbr

successful infection of pccan tissues (Demaree 1924'

Gottwald and Bcrtrand 1982, Latham 1982). The

environmental factor driving the whole problem of scab on

pecans ls wiiter.

Conidia (of C. caryigenum) + pecan tissue (susceptible) +

HrO 

-, 
SCAB

In Oklahoma, Barnes (1914) delnonstriited that three sprays

of benomyl per season at 8-week intervals were sufficient to

control scab on thc cultivar Western during the dry 1972

growing scason. During the rnore humid 1973 growing

season. sprays at 4- and 6-week intervals provided

commercial control of scab. Subsequently, Wells et al

(1916) conducted scab control evaluations in the more

humid growing area of central Georgia using the cultivars

Schlcy and Stuart. During the severe scab year 1975, they

fbund that benomyl at 0. 1 lb and f'entin hydroxide at 0. I lb
applied in l0 sprays gave commercial control cln both

cultivars. However, when the trees were sorayed only three

times during the season, control of scab was not

significantly different from unsprayed trees even though the

tungicide rate was increased 507c.

During 1971 and 1975, Latham (1982 a,b) studied scab

development in unsprayed pecan orchards ncar Auburn fbr a

l5-week period fiom April to mid-July. Rainfall, humidity"

tcmperature. wind speed, and leaf wetness were monitored.

Conidia trapped witl.r Kramer-Collins spore samplers during

the l5-week periods of 1914 and 1975 totaled 23,406 and

63,3,19, respectively; raintall recorded during these same

periods was 20.4 cm and 44.3 cm. respectively. The se

c<rmparisons of conidia and rainfall totals showed 210.1Vc

more conidia and217.2Vc rnore raint-all in 1975 than 1974.

The peak number of conidia at the end of May 1975 was

associated with an average of 300 lesions per compound

leaf. which was a conscrvative crtunt on leaves that were

almost completcly covered with lesions. Disease incidence

became so high that trccs dcfoliated from mid-July through
August during the scab epidemic of 1975. Lesions

produced on nuts were also recorded fiom 60 nutlets from 1

June through l2 July. Coalcscence of lesions during the

sccond week of July 1975 made accuratc counts dill'icult.
Nutlets shriveled, dried, rind f'ell from trees until only 7 of
the 60 nuts monitored for disease devclopment rvere fbund

on July 25.

Additionally, to directly study the effccts of rainfall, Latham

(1982a.b) used scab-fiee Schlcy pecan lrees growing in
indil'idual plastic bags as "trap crop" or test trees. Six trces

were inoculatcd with a calculatcd dilution ctf C. cun'ig,cttttttt

and six wcre left uninoculated. 'Ihe bagged trccs were

suspended fiom lirnbs under scabby lbliage and at heights

ranging fiom 6 to l8 ft. After exposure for 1 u'eek, the test



trees were returned to the greenhouse and l2 new

replacement trees were installed. Inoculated and

uninoculated trees failed to develop scab on leaves during
three periods when no rain f'ell, i.e. during the periods 29

May through 9 June, 9 June through 16, and July 7 throu-eh

14. All inoculated and uninoculated trees exposed fbr
periods beginning 16, 23 and 30 June, a time when there
was rain, developed scab. The amount of rain did not
appear t0 be critical for inf'ection and lesion development.
The important criterion was hours of leaf wetness following
rainfall. Scab developed on the test trees 7-9 days after a
rainy day when leaves remained wet l2 to l6 hours.

Therefore, another major concern relative to managing
pecan scab:

4. Fungicide applications must be made in relation tcr

frequent rainfall to effectively protect fbliage and nuts

from infections by C. can'ig;enum.

CONTROL

In the humid Southeastern States, pecan nuts may become

black from thc cclalescence of scab lesions on trees not
protected with season-long fungicide applications; nuts fall
prematurely, and a total loss of the crop occurs (Demarcc

1924, Latham 1982). The basic, standard fungicide fbr
control of pecan diseases has been fentin hydroxide
(triphenyltin hydroxide, TPTH, Super Tin). Other
fungicides used irregularly or in special situations are

benomyl, dodine, and propiconazole. The Alabama
Cooperative Extension Service scab control
recommendations (Sikora and Gotf 1994) advise a first
spray application at budbreak. This is fbllowed by three
applications at 14-day intervals for: prepollination,
pollination, and first cover. Subsequently, applications of
fungicides are made at21-day intervals untii the end of
August. During frequent rainy weather or in orchards
containing cultivars that are quite scab-susceptible, the
schedule may need to be closed-up to l0-14 day intervals.
The full, recommcnded rates of TPTH should always be

used throughout the spray period to prevent scab from
becoming established. Also, thorough coverage of all of the
tree by the fungicide spray is essential to keep both fbliage
and developing nuts healthy.

ADDITIONAL CONSIDERATIONS

Recommendations for establishing a new pecan orchard that
were listed fbr the First National Pecan Workshop (Latham
and GofT l99l) are still effcctive and should be reviewed
beiore planting. Also, when selecting pecan cultivars, some
consideration should be given to scab resistant selections.
Although strains of C. car ,-igenunt may develop and attack a

previously resistant cultivar, most cultivars retain a degree
ofresistance that is ofpractical value to growers. For
instance, at the Gulf Coast Substation, Ala. Agric. Exp. Stn.,

during the 1993 season, 23 pecan cultivars were maintained
on the recommended scab control program with excellent
results except fbr the highly scab-susceptible cultivars
Cherokee and Cheyenne.

Maintain orchard sanitation. i.e., remove limbs, shucks, and

other debris that rnay provide an inoculum base fbr lungi to
grow and propagate diseases.

Keep the areas between tree rows known as "middles"
mowed to reduce humidity, promote air ilow through the
orchard, and to enhance drying of foliage and fiuit.

Infbrrnation regarding the growth habit of a particular
cultivar may also f-acilitate scab management. The Schley
cultivar normally has one rnajor and one or two
subsequently less vigorous growth flushes per year
(Gottwald and Bertrand 1988). As mentioned earlier, C.

can'igentnt only colonizes juvenile tissues, on which it
produces conidia; however, as the leaves mature, they
become resistant to inf'ection. By comparison, Cottwald and
Bertrand ( 1988), fbund thc Wichita cultivar, tended to havc
numerous flushes of foliage throughout the season. These
flushes of foliage provided a nearly continous supply of
susceptible tissue fbr inf'ection, colonization, conidiation,
and resulted in a steady increase of scab. Of course,
associated with this would be increased difficulty rn

controlling the diseasc.
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