
Received
cost of 
charges.
advertis
1Current

328
J. AMER. SOC. HORT. SCI. 117(2):328-331. 1992.

Pollen Tube Growth in Carya and Temporal
Influence of Pollen Deposition on Fertilization
Success in Pecan
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Abstract. In vivo pollen tube growth of pecan [Carya illinoinensis (Wangenh.) K. Koch] was estimated to be ≈ ≈ 150
µm·hour-1 from 3 to 8 hours postpollination. Pollen tubes averaged 47, 194, 405, and 946 µm after 2, 3, 4, and 8
hours postpollination, respectively. Pollen tube growth was strongly influenced by temperature, and in vitro studies
demonstrated pollen germination and tube growth were optimal at 27C for ‘Cape Fear’ pecan. In in vivo studies,
tubes of cross-pollen did not grow significantly faster than tubes of self-pollen. Pollen tubes of water hickory [C.
aquatica (Michx. f.) Nutt.] grew significantly faster than those of C. illinoinensis. Bitternut [C. cordiformis (Wangenh.)
K. Koch] and mockernut hickory (C. tomentosa Nutt.) pollen tubes grew significantly slower on pecan stigmas than
did pecan pollen. Pollen arriving first on the stigma has a decided advantage for fertilization success of pecan. The
fertilization success rate of pecan pollen arriving 24 hours after first pollen arrival was <3%.
Fertilization success among pollen grains can be influenced
by pollen tube growth rate, timing of pollen deposition onto the
stigma, and incompatibility systems. Successful pollen tubes of
Geranium sp. that reached unfertilized ovules grew significantly
faster than pollen from an unselected population of pollen tubes
(Hessing, 1989; Mulcahy et al., 1983). Differences in the ar-
rival time of pollen influences fertilization success. If initial
pollination occurs and fertilization is achieved in 1 h, then pol-
len arriving on the stigma 1 h later has little if any chance for
fertilization (Mulcahy and Mulcahy, 1987). Likewise, the first
pollen type to arrive on receptive seed cones of Douglas fir
[Pseudotsuga menziesii (Mirb.) Franco] generally is more suc-
cessful than late-arriving pollen (Webber and Yeh, 1987).

Incompatibility exists in many species, causing pollen tube
arrest or disorientation of foreign or self-pollen at the stigma
(Burson and Young, 1983; Mosseler, 1989), style (Kho and
Baer, 1968; Lansari and Iezzoni, 1990), or near the micropyle
(Burson and Young, 1983; Williams et al., 1986). Pollen-stylar
interactions may favor pollen grains with genotypes that give
rise to more vigorous seedlings (Ottaviano et al., 1980), selec-
tive abortion among developing embryos may discriminate against
some genotypes (Degani et al., 1986), and interovary compe-
tition may exist in some species (Solomon, 1988).

Pecan pollen can be germinated in vitro, provided it is re-
hydrated before placement on a suitable medium (Yates and
Sparks, 1989). Early in vivo pollen germination is visible within
3 h, with extensive tube growth apparent between 8 to 12 h
(Wetzstein and Sparks, 1989). However, in vivo growth rate
has not been quantified and little is known about pollen-stigma
interactions among pecan clones and Carya sp. Further, the
relationship between timing of pollen arrival and fertilization
success in pecan has not been evaluated. Nut weight and volume
in pecan are influenced by the pollen parent (Romberg and Smith,
1946; Sparks and Madden, 1985; Wolstenholme, 1969). There-
fore, information about pollen-stigma interactions and compe-
tition among pollen arriving at different times would enhance
our understanding of pecan pollination dynamics. Experiments
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were designed to quantify pollen tube growth and answer the
following questions: 1) what is the in vivo growth rate of pollen
tubes and how is growth rate influenced by temperature; 2) are
there differences in tube growth among pollen sources; and 3)
how do temporal differences in time of pollen arrival on the
stigma influence fertilization success?

Materials and Methods
Field experiments were conducted mainly by bagging female

flower clusters of pecan before receptivity (Smith and Romberg,
1940). Pollen of a specific type was injected by syringe through
the pollination bags and onto receptive stigmas. Female flowers
were removed from the cluster after the prescribed length of
time had elapsed and fixed in a formalin-acetic acid (FAA)
solution (Berlyn and Miksche, 1976) for later microscopic ob-
servation. To observe in vivo pollen tube growth, stigmas were
cut from the subtending ovaries enclosed by the floral envelope,
softened in 8 N NaOH for 8 to 18 h at room temperature, washed
10 min in distilled water (3 ×), bisected, and squashed between
coverslip and microscope slide in 1% aniline blue prepared in
0.1 N phosphate buffer (Rho and Baer, 1968). Pollen tubes were
viewed with ultraviolet (UV) light from an Olympus BHT mi-
croscope (Lake Success, N.Y.) equipped with a mercury lamp
and BP-490 exciter filter with barrier filters L-420 and 0-515.
Appropriate fields containing the longest intact tubes were pho-
tographed. Pollen tube length was digitized from photographs
using a Sigma Scan digitizing tablet and software (Jandel Sci-
entific; Corte Madera, Calif.) calibrated to a stage micrometer.
In general, one to four tubes were measured from each photo-
graph. Pollen tubes of various lengths were observed, and, un-
less noted, the reported data are an average tube length from
the longest one-third of measured tubes. Pollinations conducted
in the field included three to six flower clusters per parental
combination. Most data for a parental combination were col-
lected from pollen tubes growing on two to eight female flow-
ers.

Pollen tube growth rate of pecan (Expt. 1). Under field con-
ditions in 1988, pistillate flowers of ‘Western Schley’, ‘Chey-
enne’, and ‘Cape Fear’ were pollinated with ‘Wichita’ pollen
that was used within 7 days of collection. Flowers were polli-
nated in the morning and harvested at 0, 0.5, 1, 2, 4, 8, and
24 h postpollination. Pollen tubes were detected and measured
as described above.
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Table 1. Relative success rate of type B pollen. All female flowers
either received both pollen types simultaneously (0 h), or type A
pollen followed by B pollen 4 h later, or type A pollen followed by
B pollen 24 h later. Data are corrected so relative success rate of B
pollen at time zero is 100.

zWestern refers to ‘Western Schley’.
yClone 61-6-28 is a U.S. Dept. of Agriculture cross between ‘Starking
Hardy Giant’ and ‘Mohawk’ with an aa genotype for Mdh-1. ‘Western
Schley’ and ‘Cape Fear’ have a bb genotype and ‘Pawnee’ has an aa
genotype for Mdh-1.
The influence of temperature on in vivo pollen tube growth
was evaluated under controlled conditions. Bagged and recep-
tive female flower clusters of ‘Western Schley’ were detached
and brought into the laboratory. Female flowers were removed
from the peduncle and individually placed into 1.5-ml micro-
fuge tubes with conical bottoms and containing 50 µl of water.
The tubes were placed in one of three aluminum blocks (10 ×
7.5 × 5 cm) that were drilled to accept these tubes. Holes in
the block were filled with water to increase conduction between
block and microfuge tube. Each block was placed on a large
thermal gradient aluminum plate (2.5 × 61 × 133 cm) where
a temperature gradient was maintained by warming one end by
hot plate and cooling the other with compressed freon, similar
to the system described by Hensley et al. (1982). Hot plate and
compressor were thermostatically controlled. Aluminum blocks
containing tubes and flowers were placed on the plate at tem-
peratures between 20 and 30C and remained in place for a l-h
equilibration period. For each block, the temperature directly
above the stigma was measured by placement of three 0.51-mm
(24-gauge) copper-constantan thermocouples into each of three
microfuge tubes. Temperatures were automatically recorded at
9-min intervals by an Omnidata polycorder (Logan, Utah). After
1 h, stigmas were lightly pollinated with ‘Cheyenne’ pollen.
Flowers were harvested 3 h postpollination, fixed, and tube
growth quantified as described above.

To refine the evaluation of temperature on pollen germination
and tube growth, an in vitro system was developed using a solid
medium. Pollen was hydrated for 3 h on microscope slides above
a saturated potassium sulfate solution (Yates and Sparks, 1989).
A 2% agarose gel was prepared to a pH of 5.5 and included
0.01% boric acid, 0.03% calcium nitrate, 0.02% magnesium
sulfate, 0.01% potassium nitrate, and 15% sucrose. Agarose
gels have the advantage of a relatively high melting point in
comparison with other solidifying agents. The agarose solution
was heated just until boiling, cast into 50-mm-diameter petri
dishes, and cooled to ambient temperature. Hydrated pollen was
then lightly dusted on the surface. Petri dishes were placed on
the thermal gradient plate described above at temperatures from
≈ 15 to 35C. Medium temperatures were measured by thermo-
couples with junctions contacting the media. Percent germina-
tion and pollen tube growth for ‘Cape Fear’ pollen were evaluated
by light microscopy. Germination counts were made, and tube
lengths were measured directly from photographs as described
above.

Pollen was evaluated twice and a least squares polynomial
regression was used to generate a cubic relationship between
temperature and germination or pollen tube length. Expected
values from the cubic equation were combined to estimate op-
timum temperature for germination and pollen tube growth for
‘Cape Fear’ pollen.

Pollen-stigma interactions (Expt. 2). The nine possible com-
binations of controlled crosses were made between ‘Cape Fear’,
‘Western Schley’, and ‘Cheyenne’. Flowers were harvested and
fixed 4 or 5.5 h postpollination. Pollen from each cultivar was
collected on the same day and used in pollinations within 7 days
of collection. Tube growth was evaluated as described above.
Experiments were conducted once in 1988 and twice in 1990.

In 1989, pollen was collected from water hickory, bitternut
hickory, nutmeg hickory [C. myristiciformis (Michx. f.) Nutt.],
mockernut hickory, and large-leafed walnut (Juglans micro-
carpa Berl.) and used in controlled pollinations. ‘Wichita’ pol-
len was used for comparison. Various pecan clones served as
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the female parent, and each of the six pollen types was used
individually as the male parent. Flowers were harvested at 4 or
5.5 h postpollination. Tube growth after interspecific pollina-
tions is reported as percent growth of ‘Wichita’ pollen tubes
made on the same tree at the same time as hickory and walnut
pollen.

Temporal differences in pollen arrival and fertilization suc-
cess (Expt. 3). Female flowers of ‘Western Schley’ and ‘Cape
Fear’ were bagged and two pollen sources selected based on
availability of flowers and pollen. Pecan is polymorphic for
isozymes of malate dehydrogenase, and one locus (Mdh-1) is
controlled by four alleles (Marquard, 1987, 1989). The rate of
fertilization success of two pollen types arriving at different
times was evaluated from mature fruit using a simply inherited
isozyme marker. All parents included in the study were homo-
zygous for Mdh-1. The two pollen types (arbitrarily designated
as A and B) used per female parent were complementary in
genotype so that the successful male parent could be unequiv-
ocally determined from mature fruit tissue. Cotyledon tissue has
the same isozyme banding pattern as is eventually expressed in
leaf tissue of the same propagule (Marquard and Skorpenske,
1989).

Three pollination treatments were evaluated: 1) a 1:1 mixture
(w/w) of the two pollen types (A and B) applied to receptive
stigmas; 2) type A pollen applied alone followed 4 h later by
type B pollen; 3) type A pollen applied alone followed 24 h
later by type B pollen. Mature fruit were harvested in the fall,
and the successful pollen parent (type A or B) of each fruit was
determined by genotyping for Mdh-1 by starch gel electropho-
resis. For example, the Mdh-1 genotype of ‘Western Schley’
and ‘Pawnee’ are bb and aa, respectively. All progeny produced
from ‘Western Schley’ pollinated with ‘Pawnee’ pollen will have
an ab genotype, whereas self-pollinated ‘Western Schley’ will
have a bb genotype. This experiment was repeated with four
parental combinations (Table 1). Data are corrected so that the
second pollen used (type B) is assigned a relative fertilization
success value of 100 when pollen types are mixed 1:1 and used
simultaneously for pollination. Conditions to run the starch gels
and elucidate malate dehydrogenase have been reported (Mar-
quard, 1987; Marquard and Skorpenske, 1989).
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Fig. 1. Influence of temperature on in vitro growth rate of pollen
tubes and relative germination rate of ‘Cape Fear’ pecan pollen.
Equations to describe temperatures’ (X) influence on pollen tube
growth (Y1) and germination rate (Y2) are Y1(µm) = 11854 -
1825X + 90.78X2 - 1.409X3 and Y2(%) = 592.7 - 103.3X +
5.6735X2 - 0.09348X3.

Table 4. Mean pollen tube length of nine pollen-stigma combinations
using ‘Western’, ‘Cape Fear’, and ‘Cheyenne’ from three indepen-
dent experiments (flowers were harvested an average of 4.5 h post-
pollination).

Pollen tube length (µm)

Pollen
parent Cane Fear

Female parent

Western Cheyenne
Cape Fear 573 566 492
Western 486 583 663
Cheyenne 381 605 447
Results and Discussion

In vivo pollen tube growth rate. Pollen did not have sufficient
time to rehydrate and germinate extensively in vivo after 1 h on
receptive stigmas. Most pollen grains washed off the stigma if
harvested within 1 h postpollination when fixed in FAA. Lim-
ited tube growth was observed at 2 h postpollination, although
the average tube length did not yet exceed the diameter of pecan
pollen [54 µm (Stone, 1963)] (Table 2). Tubes were too long
to accurately measure microscopically at 24 h postpollination.
Average tube length of ‘Wichita’ pollen on three cultivars after
2, 3, 4, and 8 h postpollination was 47, 194, 404, and 945 µm,
respectively. Pollen tube growth rate averaged ≈ 150 µm·h -1

between 3 and 8 h postpollination. No differences were detected
among the responses of ‘Wichita’ pollen on three distinct female
cultivars. Binucleate pollen generally has a lag phase in early
tube growth. Pollen tube growth of the binucleate Petunia was
0.3 mm·h-1, whereas the trinucleate pollen of Silene dioica (L.)
Clairv. grew nearly 0.75 mm·h-1 without a lag phase (Mulcahy
and Mulcahy, 1983). Carya pollen is binucleate (Sedgley and
Griffin, 1989), and the distance from the stigma to the embryo
sac is several millimeters. If we conservatively estimate pollen
tube growth of pecan to be 150 µm·h -1, pollen tubes may reach
the micropyle in less than 24 h. Pollen tubes must grow through
several millimeters of stigmatic tissue, and growth rate through
the subtending tissue may be different from what was observed
in stigmatic tissue. Moreover, pistillate flowers may not be ready
for fertilization at the time of pollination (Woodroof and Wood-
roof, 1926).

Temperature dramatically influenced early in vivo pollen tube
growth rate of ‘Cheyenne’ pollen on ‘Western’ stigmas 3 h
postpollination (Table 3). Under the temperatures tested, a mod-
erate temperature (26C) was better than relatively high (30C)
or low (22C) temperatures. Pollen tubes were more than three
times longer at 26C than at 22C. The optimum temperature for
germination and tube growth from in vitro germination of ‘Cape
Fear’ pollen on a solid medium was 27C (Fig. 1). In contrast,
walnut pollen germinated best at somewhat higher temperatures
[Juglans regia L. at 28C and J. nigra L. at 32C (Luza et al.,
Table 2. Maximum tube growth of ‘Wichita’ pollen on pistillate flow-
ers of ‘Western’, ‘Cheyenne’, and ‘Cape Fear’ harvested at various
times. Tube lengths represent the average of the longest three tubes
for each combination and time that were measured.

Table 3. In vivo pollen tube growth of ‘Cheyenne’ pollen on ‘West-
ern’ stigmas after 3 h various temperatures. Mean tube length rep-
resents the longest four tubes.

Avg ambient Mean pollen tube
temp (°C) growth (µm) ± SDz

22.3 150 ± 48
25.5 536 ± 66
29.9 367 ± 17
zAll means are significantly different from each other based on t test
(P = 0.01).
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Pecan, nutmeg, and bitternut hickory are members of the
Apocarya section, whereas mockernut hickory is a member of

1987)]. However, different optima may exist among pecan cul-
tivars.

Pollen-stigma interactions. Intraspecific pollen tube growth
of pecan was not statistically different among three test cultivars
(Table 4). On average, ‘Cape Fear’, ‘Western’, and ‘Cheyenne’
pollen tubes had elongated 480, 585, and 534 µm, respectively,
at 4.5 h postpollination. Differences in ambient temperatures
influenced by microenvironment (sun or shaded, bagged floral
clusters) may account for some of the observed variability in
pollen tube growth. Self-pollen was not discriminated against
based on early pollen tube growth (Table 4). However, selfing
increases fruit abortion in pecan, suggesting some postzygotic
discrimination (Sparks and Madden, 1985). Similarly, Degani
et al. (1986) demonstrated that some genotypes in avocado are
selectively eliminated during fruit maturation.

Significant differences in short-term pollen tube growth were
observed after interspecific pollination (Table 5). Pollen of water
hickory grew better than ‘Wichita’ pollen on pecan stigmas.
Water hickory is believed to be closely related to pecan based
on the combination of pollen size and stomatal area (Stone,
1963). Natural and artificial hybridization between pecan and
water hickory can occur (Stauder et al., 1984), and putative
hybrids exist among various Carya species (Thompson and
Young, 1985). Pollen from bitternut and mockernut hickory on
pecan stigmas tended to grow more slowly than conspecific
pollen (Table 5).
J. Amer. Soc. Hort. Sci. 117(2):328-331. 1992.



Table 5. Relative tube growth of Carya and Juglans pollen on stigmas
of C. illinoinensis. Data are presented as the percent tube growth of
a conspecific cross of C. illinoinensis.

zMean separation by Duncan’s multiple range test, P = 0.05.
the Carya section (Grauke and Pratt, 1986). Pollen from mock-
ernut hickory grew the slowest of the hickory pollens that were
evaluated. Pollen tubes of Juglans microcarpa elongated only
35% the length of conspecific pollen. This result suggests some
relationship may exist between phylogenetic relatedness and pollen
tube growth rate. Similar methods were used to assess phylo-
geny in Salix (Mosseler, 1989). However, pollen from other
hickory or walnut species may have inherently different pollen
tube growth rates.

Interspecific hybrids have been reported between pecan and
various hickory species (Thompson and Young, 1985). Of the
four hickory pollen parents tested, C. myristiciformis has not
yet been verified to hybridize with pecan. Based on relative
pollen tube growth, hybridization between these two species
should be possible (Table 5). The natural range of C. myristi-
ciformis is relatively small and likely reduces the opportunity
for natural hybridization with pecan.

Temporal differences in pollen arrival and fertilization suc-
cess. Timing of pollen arrival influenced fertilization success.
On average, pollen that arrived 4 or 24 h after initial pollen
impaction had a respective 35% and 3% likelihood for fertiliza-
tion success (Table 1). Reduced fertilization success of late-
arriving pollen may be caused by degeneration of the stigmatic
surface of pecan 24 to 48 h after initial pollen impaction (Wetz-
stein and Sparks, 1989). However, if pistillate flowers are not
ready for fertilization at the time of pollination, as suggested
by Woodroof and Woodroof (1926), the degeneration in the
stigma may contribute more significantly to the exclusion of the
second-arriving pollen. Success of supplemental pollination (SP)
as a cultural treatment, therefore, depends on a properly timed
release of pollen. If SP were considered as a cultural practice
to overcome high rates of self-pollination, supplemental pollen
must arrive early in the period of receptivity or when native,
self-pollen is at a low frequency in the orchard. SP treatments
when self-pollen predominates in the orchard may be largely
unsuccessful due to dilution by native pollen in the orchards.

Wind-pollinated species are copious pollen producers. Fifteen
liters of tightly packed pecan catkins that are properly collected
can yield 50 to 75 g of pollen (personal observation); 20 g of
pollen can be readily collected from a few small trees, and this
quantity has been the recommended pollen dose per hectare of
orchard [50 g/acre (McClure, 1986)].

Summary

Pollen tube growth after interspecific pollination may be re-
lated to phylogenetic relatedness. Pollen from the closely related
water hickory grew faster than conspecific pecan pollen, whereas
the distantly related mockernut hickory grew the slowest. Dif-
ferences in timing of pollen arrival significantly influenced fer-
tilization success.
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