JOURNAL AMERICAN POMOLOGICAL SOCIETY

(Davis,T. D. and Haissig B. E., Eds). Plenum
Press, N.Y.

16. GurrA,, A. Altman, R. Stern and B. Wolowitz.
1986a. The role of myo-inositol and cy-
tokinins in the survival of rooted peach cut-
tings. Acta Hort. 179: 853.

17. Haissig, B. E. and T. D. Davis. 1994. A his-
torical evaluation of adventitious rooting re-
search to 1993, pp. 275-331. In: Biology of
Adventitious Root Formation, (Davis, T. D.
and Haissig, B.E., Eds). Plenum Press, N.Y.

18. Hansen, J. and A. Ernstsen. 1982. Seasonal
changes in adventitious root formation in
hypocotyl cuttings of Pinus sylvestris L. In-
fluence of photoperiod during stock plant
growth and of indolebutyric acid treatment of
cuttings. Physiol. Plant. 54: 99-106.

19. Hartmann, H. T. and D. E. Kester. 1983. Plant
Propagation: Principles and Practices. Pren-
tice-Hall, Englewood Cliffs, N.Y. 4th ed.
ISSBN 0-13-681007-1.

20. Hilding, A. 1974. Inverkan av dagslangd och
temperatur vid forokning av hostbegonia (Be-

. gonia hiemalis) med bladstecklinger. Lant-
brukshogskolans Med. A 209, 1-15.

21. KimY .K. and C. K. Suh. 1989. Studies on the

propagation of Prunus persica, Sieb. et Zucc.

O % %
XA X XD

*

seedlings using soft-wood cuttings. Abstract
Korean Soc. Hort. Sci. 28: 132-133.

22. Marini, R. P. 1983. Rooting of semihardwood
peach cuttings affected by shoot position and
thickness. HortScience 18(5): 718-719.

23. Moe, R. 1977. Effect of light, temperature and
CO, on the growth of Campanula isophylla
stock plants and on the subsequent growth
and development of their cuttings. Scientia
Hort. 6: 129-141.

24. Moe, R. and A. S. Andersen. 1988. Stock
plant environment and subsequent adventi-
tious rooting. In: Adventitious Root Forma-
tion in Cuttings, (Davis, T. D., Haissig, B. E.
and Sankhla, N. Eds), Discorides Press, Ore-
gon 214-234,

25. Romani A., A. Baldi, M. Tattini and F. P.
Vincieri. 1994. Extraction, purification pro-
cedures and HPLC-RI analysis of carbohy-
drates in olive (Olea europaea L.) plants.
Chromatographia 39: 35-39.

26. Veierskov B. 1988. Relations between carbo-
nydrates and adventitious root formation. In:
Adventitious Root Formation in Cuttings.
(Davis, T. D., Haissig, B. E. and Sankhla, N.
Eds), Discorides Press, Oregon 70-78.

O %%

9.
X4 0’0 %

Journal American Pomological Society 54(4):188-193 2000

Pecan Scion Cultivar Effects on
Freeze Susceptibility of the Rootstock

S. SANDERLIN

Abstract

Unusual freezes occurred in 3 of 5 years following planting of a pecan orchard. Observations on the
damage caused by these freeze events are reported. In one freeze event, scions of cultivar ‘Pawnee’ were
less susceptible to being killed by moderately low temperatures than were nine other cultivars or un-
grafted ‘Elliott’ seedlings. The ‘Pawnee’ scion appeared to impart some resistance to freeze damage to

its rootstock.

Introduction

Cold injury to pecan trees has been re-
ported from freezes during the fall, winter,
and spring (3, 7, 11, 12, 15, 16). Differ-
ences in cultivar response to early fall
freezes has been in the form of tree death
or injury to the limbs and the trunk (3, 12,
15, 16). Even though fall freeze damage
occurs frequently (14), few published re-
ports document the damage. Reports of
damage caused by severe winter freezes

are more frequent (2, 7, 9, 14, 17). Reports
of damage to pecan trees induced by early
fall freezes have been made from Okla-
homa, Alabama, and New Mexico (3, 12,
16). Some of the more freeze susceptible
cultivars reported include ‘Mahan, ‘De-
sirable, ‘Wichita, ‘Kiowa, ‘Mohawk,
‘Houma, and ‘Melrose.

Cultivar susceptibility to cold tempera-
tures varies with specific weather condi-
tions, tree size, crop load, nutritional sta-
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tus, and other stress factors (2, 9, 12, 15,
16, 17). Generally, cultivars that originate
in the northern area of the native pecan
range are more cold tolerant than cultivars
originating in the southern region. How-
ever, ‘Stuart,’ which originated in southern
Mississippi, has a high tolerance to cold (5,
8,12, 13).

Rootstock source is reported to affect
cultivar susceptibility to freeze damage of
pecan trees. Cultivars grafted onto
‘Apache’ seedling rootstock were dam-
aged less by cold than the same cultivars
grafted onto ‘Riverside’ seedling root-
stock (6). Damage caused by a spring
freeze to 1-year old grafted trees was in-
fluenced by rootstock and scion; and was
directly correlated with stage of bud
growth at the time of the below freezing
temperatures (4). Similar effects of a
spring freeze were reported on 4-year old
seedlings (10). In both grafted and un-
grafted cultivar seedlings, freeze damage
was most severe on trees in advanced
stages of bud growth (4, 10).

Trunk tissue type may have a greater
influence on susceptibility of young trees
to freeze damage than even cultivar type
(14). Trees grafted 30 or more cm above
ground level were more resistant to
freeze damage than trees grafted at the
soil line (14). On young deciduous trees
the trunk tissue near the ground line is the
most susceptible to freeze damage from
early fall freezes (1). Thus the presence
of juvenile tissue near the ground line can
provide some freeze protection because
it is less susceptible to damage than ma-
ture tissue (14).

Information about the effects of fall or
winter freezes on pecan has come from ob-
servations made after natural freezes and
not from planned experiments. Thus the in-
formation is incomplete on the effects of
freezes. Whenever freeze damage to pecans
does occur it is useful to document the re-
sults to increase the understanding of the ef-
fects of abnormal freezes on tree health.

This report addresses the effects of.
freezes on a replicated pecan planting of
recently grafted scions.

189

Materials and Methods

A 16-acre orchard of grafted pecan trees
was planted in Mar. 1989. The orchard was
located at the Louisiana State University
Agricultural Center Pecan Research-Ex-
tension Station near Shreveport, LA. The
experimental design consisted of 23
blocks with 10 cultivars planted in a ran-
domized complete-block design. There
were two trees of each cultivar per block
(N = 46). The trees were spaced 11.9 X
11.9 m in the orchard. Cultivars used in the
planting are listed in Table 1. The trees
were produced by a commercial nursery.
All trees were on ‘Elliott’ rootstock and
were whip-grafted.

Prior to planting, a drip irrigation sys-
tem was installed to aid in orchard estab-
lishment. The system consisted of one
emitter per tree with flow rate of 5.7
liter/emitter/hour.

The land consisted of a homogenous
Moreland clay soil that had been laser-
planed with a slope of 0.3 feet per 100 feet
to provide water drainage. Alfalfa had
been grown on the land for two years prior
to planting the trees to improve soil fertil-
ity and water percolation.

Results and Discussion

Effect of 1989 freeze.

Survival of the trees during the first year
of growth was good. At the end of Nov.
1989, only 18 trees had died (4%). The
coldest 10-day period ever recorded by the
National Weather Service at Shreveport,
LA occurred during the first Dec. after
transplanting. From 16-25 Dec. the aver-
age minimum was —8.6° C, and the aver-
age maximum was 1.1° C. Record lows
were set for five days during this time pe-
riod with the coldest temperature of —15°
Con 23 Dec. other lows were —8° and -10°
C. The following Mar 101 trees were dead
and an additional 72 had dead limbs or in-
jured cambium. By the end of May 1990,
there were 231 dead trees (50%). There
were no cultivar differences, but there was
an obvious gradient in number of dead
trees from the northeast to the southwest
side of the orchard. This pattern of tree
death followed a trend that had been prac-
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Table 1. Effect of an early fall freeze in 1993 on the mortality of two-year
old pecan trees near Shreveport, LA.Z

Num. trees alive
Oct. 1993

Num. trees dead

Percent Num. trees with

Cultivar Apr. 1994 killedY scion only killed
Cherokee 30 13 43b 2
Curtis 32 19 5gb 4
Desirable 28 18 640 2
Kiowa 39 21 54b 2
Moreland 37 25 68> 1
Pointe Coupee 26 17 65 2
Pawnee 38 03 082 1
Sumner 39 26 670 3
Success 37 16 43b 3
Schley 29 15 52b 2
Elliott Seedling 124 68 55b -

2Early fall freeze dates were: 30-31 Oct. and 01 Nov. 1993. Average first frost date is 15 Nov.

YMean separation by Duncan’s new multiple range test, 1% level.

ticed during planting. The healthiest trees
with the best root systems were planted
first in a selective manner beginning with
the lowest block numbers on the north side
and progressing to the higher block num-
bers on the south side of the orchard. As
block number increased the quality of the
trees decreased. There was a linear rela-
tionship of trees remaining alive in May

1990 with block location in the planting
(Fig.1). As tree vigor decreased, the per-
centage of trees killed increased. This ob-
servation supports previous reports that
weak and stressed trees are more suscepti-
ble to freeze damage than are vigorous
trees (15).

Most damaged trees regrew from the
root system. Thirty trees that did not re-

o
N

Number of trees killed
1

1 2 3 4 56 7 8 910111213 14 1516 17 18 19 20 21 22 23
Block number

Figure 1. Relationship between tree vigor at planting in Mar. 1989 and trees killed by a severe
freeze the following Dec. Tree vigor at planting decreased as.block number increased
(Trees killed = 5.94 + 90.36 X Block) R square = 0.55, P = 0.0001).
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Table 2. Relationship of graft height to tree death caused by an early fall

freeze in 1993.

Graft height above ground (cm)

Cultivar Status? Num of Trees Mini Maximum Mean S.D.Y
Cherokee Alive 10 29.5 160.8 68.6 40.4
Cherokee Dead 10 31.8 98.0 57.4 20.5
Curtis Alive 08 50.3 104.2 75.2 18.7
Curtis Dead 10 54.5 146.5 89.2 29.0
Desirable Alive 07 48.8 113.7 79.0 22.5
Desirable Dead 10 36.4 131.4 100.8 28.8
Kiowa Alive 10 26.7 176.5 74.2 47.0
Kiowa Dead 12 17.6 170.2 83.6 40.2
Moreland Alive 10 26.5 177.5 101.3 49.8
Moreland Dead 10 60.9 158.6 99.1 36.5
P. Coupee Alive 06 30.6 1779 66.3 33.0
P. Coupee Dead 09 44.4 103.7 64.8 19.4
Pawnee Alive 16 22.8 186.2 68.8 40.7
Pawnee Dead 03 415 68.6 51.6 14.9
Summer Alive 10 a47.7 114.5 82.8 23.0
Summer Dead 14 50.8 158.2 96.0 33.0
Success Alive 10 48.9 192.6 96.8 43.0
Success Dead 10 25.2 136.6 85.1 85.0
Schley Alive 10 31.7 160.6 78.2 40.3
Schley Dead 10 24.5 143.7 82.3 38.6

ZGrafts were made in Apr. 1993. Early fall freezes occurred on 30-31 Oct. and 01 Nov. 1993. Tree status was recorded in Apr. 1994,

¥S.D. = Standard Deviation.

generate were replaced with greenhouse
grown ‘Elliott’ seedlings in Apr. 1991.

Effect of 1991 freeze.

A premature freeze occurred in early
Nov. 1991. Prior to this, temperatures had
been unusually warm. Trees still had vig-
orous green foliage and showed no signs of
dormancy. The average first frost date is 15
Nov. normally after a cooling period in
Oct. On 3 Nov. the low was -2.8° C, and
on the 4th and 5th it was —4.0° and -5.0°
C, respectively. This freeze killed almost
all of the trees to ground level.

Effect of 1993 freeze.

In 1992, the trees regrew from the roots,
and in Apr. 1993 the seedlings were graft-
ed. The same experimental design was fol-
lowed with the same cultivars as in the
original orchard establishment. Trees were
grafted with the 4-flap method using
scions collected at the LSU Pecan Re-

search-Extension Station in Jan. The ma-
jority of the grafts were successful and the
orchard was growing well when a third un-
usual freeze period occurred. An early
freeze occurred on the nights of 30 Oct., 31
Oct., and 1 Nov. 1993. Temperatures were
not as low as in the previous two killing
freezes. The low was —2.8° C on 1 Nov.,
with 12 hours at or below freezing on 31
Oct., and 7 hours on 1 Nov. Approximate-
ly half of the trees were killed to ground
level. The scion only was killed on a few
others. The data collected on tree survival
the next spring indicated that one cultivar,
‘Pawnee, was essentially undamaged by
this freeze which killed about half of the
trees of each of the other nine cultivars.

Table 1 indicates the number of trees
that were alive in Oct. 1993 prior to the
early freeze, and the trees killed by the
freeze as recorded in Apr. 1994. The trees
had been grafted in Apr. 1993 onto ‘Elliott’
seedlings in their second year of growth on
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roots that were mostly in their sixth year of
growth. There were 30 to 40 trees grafted
of each cultivar out of a possible 46. In
Apr. 1994, 43 to 67% of each of nine of the
cultivars were dead at ground level. How-
ever, the ‘Pawnee’ cultivar had only 8%
killed, and differed significantly from all
other cultivars (Table 1). The ungrafted
seedlings that were of the same age and
size as the grafted trees had a similar per-
centage killed (55%) as the nine cultivars.
All cultivars had 1 to 4 trees in which only
the scion died (Table 1).

The relationship of height of juvenile
trunk tissue to freeze damage was exam-
ined by measuring the graft position of a
representative number of live and dead
trees for each cultivar (Table 2). Only 16
of these trees had graft heights of 30 cm or
less. Six of these were dead (38%), while
93 of 180 (52%) trees with grafts above 30
cm were dead. The majority of the grafts
were 0.5 to 1.0 m above ground (Table 2),
well above the 30 cm distance needed to
obtain the benefits of juvenile trunk tissue
for freeze protection (14). There was no in-
dication of an effect of juvenile tissue pro-
viding freeze protection.

A previous report indicated that
‘Pawnee’ exhibited resistance to early fall
freezes (3). The resistance was probably
inherited from the ‘Starking Hardy Giant’
parent which originated in north central
Missouri. Seedlings of ‘Starking Hardy
Giant’ have shown resistance to spring
freeze damage (10, 13). ‘Pawnee’ and ‘El-
liott’ cultivars were similar in freeze dam-
age susceptibility in the previous report
(3); however, in the case reported here,
trees grafted to ‘Pawnee’ were much more
resistant to damage than ungrafted ‘Elliott’
seedlings (Table 1). This apparently is a
previously unreported observation for
pecans. The scion increased the freeze re-
sistance of the juvenile tissue rootstock.

In young trees the most vulnerable tissue
to cold damage in fall is at or near the
ground line. Presumably because this tis-
sue still contains a high level of moisture
(1), and the coldest air will usually be at the
ground line. The ‘Pawnee’ scions which
had an average graft height of 69 cm (Table
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2) apparently affected the freeze suscepti-
bility of the trunk tissue at ground level.
Cultivars that exhibit tolerance to early
freezes are apparently more advanced in
the dormancy process than freeze suscepti-
ble cultivars. In the present study, ‘Pawnee’
trees were still in full leaf with healthy
green foliage just like the other cultivars,
when the freeze occurred in Oct. Nonethe-
less, the dormancy process with ‘Pawnee’
must have already started, and that process
was affecting the rootstock. Just as root-
stock can effect cultivar susceptibility to
freeze damage (6), scion type appears to af-
fect rootstock susceptibility.

Literature Cited

1. Anonymous. 1959. Damage and recovery in
deciduous orchard trees from major freezes.
USDA ARS 22-49 18 pp.

2. Cochran, G. C. 1930. Winter injury of pecans.
Nat. Pecan Assoc. Bul. 29:78-80.

3. Goff, W.D. and T. W. Tyson. 1991. Fall freeze
damage to 30 genotypes of young pecan trees.
Fruit Var. J. 45:176-179.

4. Grauke, L. J. and J. W. Pratt. 1992. Pecan bud
growth and freeze damage are influenced by
rootstock. J. Amer. Soc. Hort. Sci. 117:404-
406.

5. KenKnight, G. E. 1970. Pecan varieties “hap-
pen” in Jackson County, Mississippi. Pecan
Quarterly 4(3):6-7.

6. Madden, G. 1978. Effect of winter injury.
Pecan Quarterly 12(1):17.

7. Payne, J. A. and D. Sparks. 1978. Winter in-
jury of pecan varieties in the nursery. Pecan
South 5(3):118-119.

8. Rajashakar, C. B. and W. Reid. 1989. Deep
supercooling in stem and bud tissues of
pecan. HortScience 24:348-350.

9. Smith, M. W. and B. C. Cotten. 1985. Rela-
tionship of leaf elemental concentrations and
yield to cold damage of ‘Western’ pecan.
HortScience 20:420-422.

10. Smith, M. W., B. S. Cheary, and B. L. Carroll.
1999. Growth characteristics of selected
pecan rootstocks prior to grafting. Fruit Var. J.
53:40-48.

11. Smith, M. W. and G. Couch. 1984. Early fall
or late spring freezes pose threat of injury to
pecan trees. Pecan South 8(5):11-14.

12. Smith, M. W,, J. A. Anderson, and B. S. Park-
er. 1993. Cultivar and crop load influence
cold damage of pecan. Fruit Var. J. 47:214-
218.

13. Sparks, D. 1992. Pecan Cultivars The Or-
chard’s Foundation. Pecan Production Inno-
vations, Watkinsville, GA. 446 pp.



PECAN ScioN CULTIVAR EFFECTS ON FREEZE SUSCEPTIBILITY

14. Sparks, D. and J. A. Payne. 1977. Freeze in-
jury susceptibility of non-juvenile trunks in
pecan. HortScience 12:497-498.

15 Sparks, D. and J. A. Payne. 1978. Winter in- 17
jury in pecans — A review. Pecan South
5(2):56-88.

16. Sullivan, D. T. and E. Herrera. 1981. A fol-

low-up of 1976 winter injury to Western
Schley and Wichita pecan trees. Pecan South
8(4):11-14.

. Wood, B. W. 1986. Cold injury susceptibili-
ty of pecan as influenced by cultivars, car-
bohydrates, and crop load. HortScience
21:285-286.

90 % o% <% <% %
0’00.00000’00’00’0

Journal American Pomological Society 54(4):193-198 2000

Host Plant Resistance to
Blackmargined Aphids on Pecan
TomMY E. THOMPSON,! L. J. GRAUKE,! AND G. STEVEN SIBBETT?

Abstract

The blackmargined aphid is a major insect pest of pecan. Host plant resistance to this insect was test-
ed in two NPACTS (National Pecan Advanced Clone Testing System) tests in California in 1998. Num-
ber of aphids per leaf were determined 16 times at weekly intervals. ‘Pawnee, which had been shown
to be resistant in Texas and Georgia, also demonstrated resistance in California. Aphid populations var-
ied greatly, with the Lagomarsino Test averaging 4.10 aphids per leaf for the season, and the Clark Test
averaging 8.52. Temporal variation in each test was great, with significant clone X date interactions.
Level of host plant resistance in clones was generally unpredictable, based upon parentage. In pecan
breeding programs, this makes testing of potential clone releases imperative, since predictability of per-

formance based on pedigree has limitations.

Host plant resistance to the blackmar-
gined aphid (Monellia caryella (Fitch)),
yellow aphid (Monelliopsis pecanis Bis-
sell), and the black pecan aphid (Melano-
callis caryaefoliae Davis) in ‘Pawnee’ (7)
and some other pecan clones (Carya illi-
noinensis (Wangenh.) K. Koch) has been
known for some time (3, 6, 9). Host plant
resistance to these insects is proving to be
valuable when used in conjunction with
other orchard management techniques,
such as maintenance of aphid predator
populations. As insecticide resistance
within these aphid species becomes more
apparent, host plant resistance will be-
come even more important (2).

Of these three aphid species, the black-
margined is a major pest, and accounts for
most of the damage attributable to the yel-
low aphid complex (yellow and blackmar-
gined aphids) in pecan (1, 10).

In the U.S. Department of Agriculture,
Agricultural Research Service (USDA-
ARS) Pecan Breeding Program, crosses
are made and clones are initially selected
at College Station, Texas. The best clones
from this initial selection process are fur-
ther tested in NPACTS (National Pecan
Advanced Clone Testing System). The
USDA-ARS conducts NPACTS tests in
cooperation with state agricultural experi-
ment stations, state extension services, and
private individuals. Much aphid resistance
data have been collected in NPACTS tests
designed to determine adaptability of new
breeding selections to different U.S. geo-
graphical areas. After NPACTS testing, su-
perior clones are released as new USDA
cultivars with Native American names.
Here we report results from two California
NPACTS test sites where clones were sys-

1Research Geneticist and Research Horticulturist, Pecan Genetics and Improvement Research, Agri-
cultural Research Service, U.S. Department of Agriculture, Route 2, Box 133, Somerville, TX 77879.
2Farm Advisor, University of California, Cooperative Extension, Visalia, CA 93291-4584.

193





