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Influence of Cluster Thinning on Return Bloom, Nut
Quality, and Concentrations of Potassium, Nitrogen,
and Non-structural Carbohydrates
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ABSTRACT. Alternate bearing pecan trees [Carya illinoinensis (Wangenh.) C. Koch] were hand-thinned annually to 1,
=2, or =3 fruit/cluster or not thinned when the ovule was about one-half expanded. Return bloom was monitored on
(1) vegetative shoots, (2) bearing shoots without a second growth flush in the terminal position on 1-year-old branches,
(3) bearing shoots without a second growth flush in the lateral position on 1-year-old branches, and (4) bearing shoots
with a second growth flush that were primarily in the terminal position. Yield and nut quality were determined in
addition to nonstructural carbohydrate, organically bound nitrogen (N), and potassium (K) concentrations in the
roots and shoots during January. Fruit thinning improved return bloom but had little effect on weight/nut, kernel
percent, or kernel grade. Fruit thinning had either a modest or no effect on nonstructural carbohydrates, organically
bound N, and K concentrations. Vegetative shoots and bearing terminal shoots produced a similar number of flowers/
1-year-old branch and percentage of flowering current-season shoots. Bearing lateral shoots produced fewer flowers
than vegetative shoots most years and fewer flowering current-season shoots during one year. Shoots with a second
growth flush produced more flowers/1-year-old branch and a larger percentage of flowering current-season shoots
than did vegetative shoots 2 of 3 years. These data indicate fruit thinning of overloaded trees improved return bloom,
but the lack of interactions between thinning treatment and shoot type suggests that the number of fruit/cluster was
less important than total crop load in determining nut quality and return bloom. Thus removal of entire fruit clusters
appears as effective as thinning fruit within a cluster to maintain adequate nut quality and promote return bloom.
Nonstructural carbohydrates, organically bound N, and K were not limiting factors in bearing consistency because
they were not depressed in unthinned trees. Nonstructural carbohydrates, organically bound N, and K concentrations
were not closely linked to alternate bearing because return bloom was enhanced by thinning, but thinning did not

affect their concentrations.

Alternate bearing is the most significant horticultural prob-
lem facing pecan producers. Several reviews have been
published on the subject (Barnett and Mielke, 1981; Monselise
and Goldschmidt, 1982; Smith, 2005; Sparks, 1974, 1975,
1979, 1986, 2000, 2003a; Wood, 1991; Wood et al., 2004).
Initial research (Smith and Waugh, 1938) and later work
suggested that stored carbohydrate concentrations during the
winter markedly affected subsequent flowering (Malstrom,
1974; Wood, 1989, 1991; Worley, 1979a, 1979b). Other work
suggested that inhibition of return bloom by developing fruit
was incited by phytohormones or other growth regulators
(Amling and Amling, 1983; Smith et al., 1986; Wood, 2003;
Wood and McMeans, 1981; Wood et al., 2003). Hypotheses for
alternate bearing have undergone modification as more data
became available. The current theory supports a two-level
control with inhibitors and promoters determining induction
during the previous growing season and the dormant season
carbohydrate pool influencing pistillate flower development
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(Smith et al., 1986; Sparks, 2000, 2003a; Wood, 2003; Wood
and McMeans, 1981; Wood et al., 2003, 2004).

Nitrogen application has generally increased pecan yield
(Brooks and Livingston, 1962; Hunter, 1964; Hunter and
Hammar, 1947, 1961; Skinner, 1922; Smith and Hamilton,
1937; Smith et al., 1985; Sparks, 1968; Taylor, 1930; Worley,
1974, 1990); however, Sparks (2003b) has pointed out that
alternate bearing tendency was frequently increased. A recent
N management strategy is an early spring N application
followed by a late summer or fall N application during years
with large crops (Goff et al., 2001; Wood, 2001a). The
hypothesis guiding this strategy is that the N demand by large
crops creates a critical N shortage during the late summer and
fall as the crop matures. This N shortage that develops in the fall
when crops are large may contribute to alternate bearing.

There are conflicting reports regarding the benefit of fall
N application. Acufia-Maldonado et al. (2003) reported the
greatest N absorption between budbreak and the end of shoot
expansion, with little absorption between the end of leaf
expansion and leaf fall. Kraimer et al. (2004) later reported
that N applied during the kernel filling stage was strongly
absorbed. The newly absorbed N replenished endogenous N
reserves and might moderate pecan alternate bearing.

Nonstructural carbohydrates and organically bound N must
be transported from a source or storage site (net exporter) to a
sink (net importer) via the phloem. Adequate K favors phloem
loading by improving ATP synthesis, a high-energy source
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required for phloem loading (Haeder, 1977; Mengel, 1980).
Potassium also increases flux rates without diluting phloem sap
content of organic solutes (Mengel, 1980; Mengel and Haeder,
1977), thus transport rates are faster when adequate K is
available. Thus, it appears that K may affect both phloem
loading and phloem transport (Haeder, 1977; Vreugdenhil,
1985).

In pecan, K accumulated quickly during the final 30 d before
the fruit ripened, when the cotyledons were rapidly developing
(Diver and Smith, 1984). Most of the kernel weight was
accumulated during this period. Kernel oil content was strongly
correlated with leaf K concentration (Hunter and Hammar,
1956). Developing fruit substantially depressed leaf K concen-
tration during the latter part of the growing season (Diver and
Smith, 1984; Krezdorn, 1955; Sparks, 1977), suggesting that K
may become limiting when crop loads are large. Adequate K
supplies appear critical to the transport and delivery of sugars
and N compounds and are more likely to be limiting during
years with large crops.

One method to combat alternate bearing and improve nut
quality during large crop years is mechanical fruit thinning
(Smith and Gallott, 1990). Reid et al. (1993) demonstrated that
fruit thinning while the fruit were between one-half and full
ovule expansion in the liquid endosperm developmental stage
reduced alternate bearing. Crop load thresholds based on the
percentage of fruiting shoots and fruit size have been estab-
lished for various cultivars (Smith et al., 1993). However,
information is lacking on the effect of cluster size on alternate
bearing and nut quality. Uncertainty remains regarding the need
to account for cluster size in crop load threshold recommenda-
tions for mechanically thinning pecan trees.

One objective in this study was to determine the effect of
thinning trees to different cluster sizes on return bloom and nut
quality. Another objective was to determine the relationship of
trees thinned to different cluster sizes on dormant-season
nonstructural carbohydrates, organically bound N, and K
concentrations. Also characterized was the fruiting potential
of different shoot types based on their previous year’s fruiting,
position on the branch, and the presence or absence of a second
growth flush.

Materials and Methods

Twelve 13-year-old ‘Pawnee’ trees growing in a Teller
sandy loam (fine-loamy, mixed, active, thermic, Udic Argius-
tolls) in a commercially managed orchard near Charlie, Texas,
were selected on the basis of uniformity of size, vigor, crop load
(85% to 90% bearing shoots), and location within the orchard.
Trees were spaced 12.2 X 12.2 m apart with 19.7 + 2.1-cm-
diameter trunks measured 1.4 m above the ground.

The entire orchard floor was maintained vegetation-free
throughout the growing season with glyphosphate. Trees
received supplemental irrigation from microsprinklers during
April through October. Urea was surface-applied in 2001 in a
split application at rates of 112 kg-ha! N in March, 112 kg-ha™!
N in June, and 84 kg-ha™' N in October. Water samples taken
during 2001 revealed that the groundwater used for irrigation
was contaminated with 34 mg-L~' NOs-N. In subsequent years,
trees received only the N from contaminated irrigation water.
This resulted in the application of 141 kg-ha™' N in 2002 and
191 kg-ha™' N in 2003. Zinc was applied five times between
budbreak and July each year at 2.4 kg-ha™! Zn from 36% ZnSO,.
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Pest management followed extension recommendations for a
commercial orchard (von Broembsen and Mulder, 2005).

Entire trees were hand thinned annually to 1, =2, or =3
fruit/cluster or not thinned when the ovule was about one-half
expanded in early August. The thinning treatments of 2 or 3
fruit/cluster had some clusters on the tree that were naturally
smaller than our thinning target; hence the designation of =2
or =3 fruit/cluster. Trees retained the same thinning treatment
throughout the study. In 2001 when the study was initiated, the
trees had about the same crop load at the time of thinning. Thus,
the crop load was reduced in proportion to the thinning
treatment. However, in subsequent years the initial crop load
varied among thinning treatment; therefore, thinning the entire
trees to the specified cluster sizes was not necessarily related
to total tree crop load.

Return bloom was monitored for each thinning treatment
on four shoot types: (1) vegetative shoots, (2) bearing shoots
without a second growth flush in the terminal position on 1-
year-old branches, (3) bearing shoots without a second growth
flush in the lateral position on 1-year-old branches, and (4)
bearing shoots with a second growth flush primarily in the
terminal position. Thirty shoots per tree of each type were
tagged at shuck split to monitor return bloom. Shoots of each
type were selected at random throughout the canopy. The
following spring the number of dead 1-year-old branches, new
shoots/1-year-old branch, pistillate flowers produced/1-year-
old branch, cluster size, and the percentage of current-season
shoots flowering on each type of 1-year-old tagged branch were
determined.

Total yield per tree was measured annually. Forty nut
samples were collected at random from each tree, and nut
weight, kernel percentage, and kernel grade were determined.
Kernel grade was based on a scale from 1 to 4, with 1 = well-
filled, bright yellow kernel; 2 = bright yellow kernel but lacking
plumpness of a number 1 kernel; 3 = an amber kernel that may
or may not be well filled; and 4 = reject.

In January, while trees were dormant, root and shoot samples
were collected. Roots were separated into samples of <1 cm and
=1 cm in diameter and then washed in tap water to remove
adhering soil. The four shoot types, described earlier, were
collected from the canopy periphery. Shoots with a secondary
growth flush were divided into the primary shoot and the second
growth flush. Roots and shoots were stored at 0 °C until they
were freeze-dried to a constant weight. Samples were then
ground in a Wiley mill to pass through a 20-mesh screen, and
then stored in an airtight glass jar at 0 °C until analyzed.
Organically bound N was analyzed by the macro-Kjeldahl
method (Horowitz, 1980), and K was analyzed using atomic
absorption spectroscopy. Nonstructural carbohydrates (starch,
reducing and nonreducing sugars) were determined using
Nelson’s modification of Somogyi’s method (Hodge and
Hofteiter, 1962), which has been used to analyze nonstructural
carbohydrates in pecan tissue (Smith et al., 1986; Wood, 1984,
1989).

Fruit cluster thinning treatment was replicated three times
using single-tree replicates. The experimental design was
completely randomized with each tree serving as a replication
for the variables yield, nut size, kernel yield and grade, and
carbohydrate, N, and K concentrations. When the influence of
shoot type was considered on return bloom, the data were
analyzed as a split plot with shoot type nested within thinning
treatment, and the 30 shoots of each type served as subsamples.
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Main effects and interactions were tested using analysis of
variance followed by Duncan’s multiple range test where
appropriate.

Results

Yield data, averaged by treatment, indicated that the 2002
crop on unthinned trees was 20% larger than the 2001 crop and
11% larger than the 2003 crop (Table 1). This suggests that
alternate bearing was beginning in this orchard, but alternation
was mild compared with older orchards. However, variation in
yield was substantially greater on individual trees than the yield
averages suggested. Yield of unthinned trees ranged from 63%
greater to 41% less in 2002 compared with 2001 (Fig. 1). The
2002 crop on unthinned trees ranged from 42% greater to 78%
less than the 2003 crop. Thus, individual trees clearly displayed
severe alternate bearing (Fig. 1), although the average yields
(Table 1) suggested that alternate bearing was not extreme
because individual trees had different patterns among years.

There were no differences in death of tagged shoots among
thinning treatments and shoot types (data not shown). Over
98% of the shoots survived and produced new growth the
following spring.

Thinning treatments did not affect nut weight, or the
response was inconsistent (Table 2). Kernel percentage in
2004 was greater when clusters were thinned to 1 fruit/cluster
than when clusters were not thinned. Kernel percentage was
unaffected by treatment the other 2 years. Fruit thinning did not
affect kernel grade.

The number of current-season shoots produced per 1-year-
old branch was unaffected by thinning treatment (data not
shown). Cluster size the next year was also unaffected by
thinning treatment (data not shown). However, in 2002 and
2004, fruit thinning increased the number of pistillate flowers/

Table 1. Influence of fruit thinning treatment on pecan yield.

Fruit cluster

thinning treatment Yield + sp (kg/tree)

(fruit/cluster) 2001 2002 2003 Cumulative
Unthinned 15.0+45 179+8.1 161+29 49.1+93
=3 13.8+13.8 29.5+3.2 109+6.1 543=+11.5
=2 92+45 219+49 11.7+£35 427+124
1 64+0.7 150+£14 11.6+1.1 329+1.8
|+ Tree 1 ==~ Tree2 =4 Tree 3 |
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Fig. 1. Yield of ‘Pawnee’ pecan trees in the unthinned treatment.
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1-year-old branch (Table 3). In 2003, only trees thinned to 1
fruit/cluster produced more flowers/1-year-old branch than the
unthinned trees or the other thinning treatments.

In 2002, a significant interaction existed between fruit
thinning treatment and shoot type affecting the percentage of
flowering current-season shoots (Table 4). Bearing terminal
shoots on unthinned trees or those thinned to =3 fruit/cluster
produced 42% and 26% fewer flowering current-season shoots,
respectively, than shoots that had been vegetative. However,
when trees were thinned to =2 or 1 fruit/cluster, the bearing
terminal shoots produced 11% and 15% more flowering
current-season flowering shoots, respectively, than did shoots
that had been vegetative. Bearing lateral shoots compared with
vegetative shoots produced 64%, 26%, and 2% less and 4%
more flowering current-season shoots on unthinned trees and
those thinned to =3, =2, and 1 fruit/cluster, respectively. This
suggests that reducing the number of fruit per cluster could
result in a greater return bloom than reducing the number of
flower clusters. However, there were no interactions between
cluster thinning treatment and shoot type affecting the flower-
ing current-season shoots in 2003 and 2004 (interaction

Table 2. Influence of pecan fruit cluster thinning on nut weight, kernel
percentage, and kernel grade.

Fruit cluster thinning

treatment (fruit/cluster) 2002 2003 2004
Wt (g/nut)

Unthinned 8.6 a* 8.5a 8.5a
=3 740 9.0a 79a
=2 8.1 ab 8.7 a 8.2a

1 8.2 ab 8.6a 8.1la

Kernel content (%)
Unthinned 5844 a 5723 a 5426 b
=3 56.60 a 56.88 a 55.06 ab
=2 56.51a 5712 a 55.47 ab
1 58.86 a 57.58 a 57.09 a
Kernel grade”

Unthinned 1.2 a 1.0a 1.3a
=3 14 a 1.0a 1.2 a
=2 I.1a 1.0a 13a

1 1.1a 1.1a 1.2 a

“Means in columns within variables followed by the same letter are not
significantly different by Duncan’s multiple range test, 5% level.
YKernel grades: 1 = well-filled, bright yellow kernel; 2 = bright yellow
kernel, but lacking plumpness of a number 1 kernel; 3 = an amber
kernel that may or may not be well filled; 4 = reject.

Table 3. Influence of pecan fruit cluster thinning on subsequent year’s
total flowers produced from 1-year-old branches and the percentage
of current-season shoots flowering.

Pistillate

Current-season

Fruit cluster flowers/1-yr-old shoots
thinning treatment branch (no.) flowering (%)
(fruit/cluster) 2002 2003 2004 2003 2004
Unthinned 33b 36b 48b 40 ab 39b
=3 83a 19b 75a 23 b 57 ab
=2 7.6a 38b 74a 42 a 56 ab
1 8.1la 57a 75a 57a 6l a

*Means within columns followed by the same letter are not
significantly different by Duncan’s multiple range test, 5% level.
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Table 4. Influence of pecan fruit cluster thinning and shoot type on the
percentage of flowering current-season shoots in 2002.

Fruit cluster

thinning Current-season
treatment shoots
(fruit/cluster) Previous yr shoot type flowering (%)
Unthinned Vegetative 50
Fruiting, terminal position 29
Fruiting, lateral position 18
Fruiting with a second 31
growth flush
=3 Vegetative 74
Fruiting, terminal position 55
Fruiting, lateral position 55
Fruiting with a second 67
growth flush
=2 Vegetative 66
Fruiting, terminal position 73
Fruiting, lateral position 65
Fruiting with a second 55
growth flush
1 Vegetative 66
Fruiting, terminal position 76
Fruiting, lateral position 69
Fruiting with a second 64
growth flush
LSDg o5 shoot type for the same thinning treatment 12
LSDg o5 thinning treatment for the same or
different shoot type 15

P> F =0.51 and 0.57 for 2003 and 2004, respectively). The
lack of an interaction during the other 2 years between thinning
treatment and shoot type suggests that cluster thinning and
cluster removal would be equally effective thinning methods.

In 2003, the percentage of current-season shoots with
pistillate flowers was similar among unthinned trees and
those thinned to =2 and 1 fruit/cluster (Table 3). Those that
had been thinned to =3 fruit/cluster had a smaller return bloom
than trees thinned to =2 or 1 fruit/cluster. The crop load in 2002
was similar for the thinned trees, ranging from 63% to 69%
fruiting shoots; thus cluster thinning in 2003 influenced total
crop load more than initial flowering. This indicates that the
largest cluster size that could be maintained to achieve
maximum return bloom was =2 fruit/cluster. In 2004, only
unthinned trees and those thinned to 1 fruit/cluster differed in
the percentage of current-season shoots fruiting. The percent-
age shoots that supported flowers in 2003 varied substantially
among treatments; therefore, cluster thinning treatments were
not related to total crop load.

Shoots with a second growth flush produced more shoots the
following year than the other shoot types (Table 5). Over the
3 years, shoots with a second growth flush averaged 71% more
new shoots annually than the other shoot types, substantially
increasing the bearing surface compared with the other shoot
types. Differences were inconsistent among the other three
shoot types in new shoot production.

The total number of pistillate flowers produced the following
year by shoots that had a second growth flush was greater than
the other three shoot types during 2 of 3 years (Table 5). Shoots
with a second growth flush averaged 63% more pistillate
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flowers than the other shoot types, only slightly less than the
percentage increase in new shoots. Vegetative shoots produced
more flowers the next year than bearing lateral shoots during
2 of 3 years. Bearing terminal shoots produced as many
pistillate flowers the following year as shoots that had been
vegetative and more than bearing lateral shoots.

The percentage of current-season shoots that flowered was
also affected by the type of previous season’s shoot from which
they arose (Table 5). A greater percentage of current-season
shoots flowered if they developed from previously vegetative
shoots than from fruiting shoots with a second growth flush in
2004, but not 2003. Differences were inconsistent in the
percentage of current-season flowering shoots arising from
the other shoot types.

Cluster size the following year was larger if the previous
year’s bearing shoot had made a second growth flush than if the
bearing shoot had not (Table 5). Vegetative shoots produced
similar sized cluster to bearing shoots with a second growth
flush in 2 of 3 years and larger than bearing shoots without a
second growth flush.

Fruit cluster thinning treatments minimally affected non-
structural carbohydrates in the roots during January (Table 6).
Total nonstructural carbohydrate and nonreducing sugar con-
centrations in the roots during January were unaffected by
thinning treatment throughout the study. Reducing sugar was
lower in roots <1 cm diameter when clusters were thinned to
one fruit than when not thinned during the first year of the study.
Otherwise, reducing sugar concentration was unaffected by
thinning treatment. The only time starch concentrations were
different among treatments was the third year of the study in
roots <l cm diameter, when concentrations were higher than
the other treatments when clusters were thinned to one fruit.

Thinning treatments did not affect nonstructural carbohy-
drate concentrations in the shoots during January (data not
shown). There were no interactions between thinning treatment
and shoot type affecting January nonstructural carbohydrates in
the shoots.

Nonstructural carbohydrate concentrations in January dif-
fered among shoot types (Table 7). Total nonstructural carbo-
hydrates in vegetative shoots and bearing terminal shoots were
similar in 2 of 3 years. Reducing sugar concentrations were
similar each year, and nonreducing sugar and starch concen-
trations were similar in 2 of 3 years in vegetative shoots and
bearing terminal shoots. Nonstructural carbohydrate concen-
tration in bearing lateral shoots was only analyzed during the
third year of the study. The total nonstructural carbohydrate
concentration and starch concentration in bearing lateral shoots
were similar to vegetative and bearing terminal shoots. Reduc-
ing and nonreducing sugar concentrations varied inversely
among the bearing lateral shoots compared with the vegetative
and bearing terminal shoots. In shoots with a second growth
flush, the second flush had substantially lower total nonstruc-
tural carbohydrates than the primary flush during 2 of 3 years.
Reducing sugar, nonreducing sugar, and starch concentrations
were lower in the second growth flush than the first growth flush
during 2002. In 2003, only reducing sugar concentration was
significantly different between the first and second growth
flushes.

Organically bound N and K concentrations during dormancy
in roots <1 cm diameter or =1 cm diameter were unaffected by
cluster thinning treatment (data not shown). However, there
were differences in organically bound N and K concentrations
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Table 5. Influence of previous year’s shoot type on development of new shoots, total flowers produced from 1-year-old branches, current-season

shoots flowering and flower cluster size of pecan.

Current-season shoots/1-yr-old

Previous year’s branch (no.)

Pistillate flowers/1-yr-old

Flower cluster size
(no./cluster)

Current-season shoots

branch (no.) flowering (%)

shoot type 2002 2003 2004 2002 2003 2004 2003 2004 2002 2003 2004
Vegetative 2.1¢* 2.1b 2.0c¢c 58b 42ab  63bc 44 a 57 a 44b 46a 57a
Fruiting, terminal

position 24b 22b 2.6b 55b 35b 7.1b 43 a 60 a 40c 38b 470
Fruiting, lateral

position 2.2 be 1.7¢ 2.1c 44c 24c 52¢ 37 a 55a 39¢ 37b 45b
Fruiting with a

secondary growth flush 4.1 a 31a 38a 10.7a 49a 84a 39a 41b 49a 43a 57a
“Means within columns followed by the same letter are not significantly different by Duncan’s multiple range test, 5% level.
Table 6. Influence of pecan fruit cluster thinning on nonstructural carbohydrates in large and small roots.

Nonstructural carbohydrates (% dry wt)
Fruit cluster thinning Roots < 1 cm diam Roots = 1 cm diam
treatment (fruit/cluster) 2002 2003 2004 2002 2003 2004
Reducing sugar
Unthinned 7.72 a* 10.50 a 6.68 a 2.63 a 9.96 a 643 a
=3 7.14 ab 9.78 a 8.52a 441 a 10.08 a 548 a
=2 5.82 ab 10.70 a 729 a 536a 9.60 a 494 a
1 4.96 b 1043 a 721 a 373 a 9.50 a 6.50 a
Nonreducing sugar
Unthinned 13.78 a 10.44 a 16.64 a 322a 1340 a 15.19a
=3 1322 a 11.52a 18.95a 538a 15.09 a 13.76 a
=2 1242 a 1127 a 17.66 a 4.89 a 14.87 a 1429 a
1 1247 a 1240 a 17.94 a 446 a 1575 a 13.63 a
Starch
Unthinned 2.57a 0.66 0.44 b 7.07 a 140 a 227a
=3 2.19a 0.07 a 048 b 734 a 0.66 a 1.62 a
=2 3.02a 0.46 a 0.48b 8.63a 0.57 a 2.11a
1 193 a 044 a 1.29a 7.63 a 1.04 a 2.13a
Total nonstructural carbohydrates

Unthinned 2426 a 21.59 a 23.76 a 1291 a 24.76 a 23.89 a
=3 22.56 a 2137 a 27.95a 17.13 a 2583 a 20.85a
=2 21.26 a 2243 a 2543 a 18.90 a 25.04 a 2133 a
1 19.36 a 2327 a 2643 a 15.46 a 26.29 a 2224 a

“Means within column and response variable followed by the same letter are not significantly different at the 5% level by Duncan’s multiple range test.

in the shoot types tested (Table 8). Organically bound N
concentrations were similar in vegetative shoots and bearing
terminal shoots in 2002. In 2003 and 2004, vegetative shoots
had a lower concentration of organically bound N than did
bearing terminal shoots. Nitrogen concentration in bearing
lateral shoots was similar to that in bearing terminal shoots
and greater than that in vegetative shoots in 2004. Shoots with a
second growth flush had a higher N concentration in the second
growth flush than the first flush during all 3 years.

Potassium concentrations were higher in bearing terminal
shoots than in vegetative shoots 2 of 3 years (Table 8). In 2004,
K concentration in bearing lateral shoots was higher than in
vegetative shoots or bearing terminal shoots. Shoots with a
second growth flush had the highest K concentration in the
second flush in 2 of 3 years.

Discussion

Pecan trees in this study demonstrated classic alternate
bearing (Fig. 1). Fruit thinned by reducing cluster size
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improved subsequent pistillate flower production (Table 3).
In both 2002 and 2004, a similar number of flowers/1-year-old
branch were produced when clusters were thinned to three fruit
or less. The largest cluster size to achieve maximum return
bloom on current-season shoots was =3 in 2004 and =2 in
2003.

There was an interaction between thinning treatment and
shoot type in 2002 affecting the percentage of flowering current
season (Table 4). However, there were no interactions between
cluster thinning treatment and shoot type affecting the flower-
ing current-season shoots in 2003 and 2004. In addition, there
were no interactions between thinning treatment and shoot type
affecting total pistillate flowers/1-year-old branch. These data
suggest that fruit thinning can be equally effective if entire
clusters are removed or if fruit within a cluster are removed. For
instance, if cluster thinning were particularly beneficial, there
would be an improvement in total pistillate flower production
and in the percentage of flowering current-season shoots from
previous year’s bearing shoots relative to those shoots that were
vegetative. This would be detected as an interaction between
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Table 7. Nonstructural carbohydrate concentrations in selected shoot types of pecan during dormancy.

Nonstructural carbohydrates (% dry wt)

Total nonstructural

Year Shoot type/position Reducing sugar Nonreducing sugar Starch carbohydrates
2002 Vegetative 4.66 ab 11.80 a 091 a 17.44 ab
Fruiting, terminal position 4.11b 12.24 a 049b 16.84 b
Fruiting, first growth flush section 5.68 a 12.57 a 1.0l a 19.26 a
Fruiting, second growth section 1.05 ¢ 7.29b 0.39b 872 ¢
2003 Vegetative 3.63 ab 11.06 a 1.20 a 1589 a
Fruiting, terminal position 3.82 ab 9.57b 091 a 1430 b
Fruiting, first growth flush section 387a 6.54 c 0.28 b 10.69 ¢
Fruiting, second growth section 295b 548 ¢ 0.27b 8.70d
2004 Vegetative 392c¢ 973 a 043¢ 14.08 a
Fruiting, terminal position 432¢ 9.31a 045c 14.08 a
Fruiting, first growth flush section 5.63b 426 ¢ 097 b 10.87 b
Fruiting, second growth section 5.63b 447 c 120 a 11.30b
Fruiting, lateral position 7.08 a 725D 041c 14.73 a

“Means within the same year and column followed by the same letter are not significantly different at the 5% level by Duncan’s multiple range test.

Table 8. Organically bound N and K in selected shoot types of pecan
during dormancy.

Elemental concn

(% dry wi)
Year Shoot type/position N K
2002 Vegetative 098 a 0.36 b
Fruiting, terminal position 1.03 a 041a
Fruiting, first growth flush section 090b 029 ¢
Fruiting, second growth section 0.99 a 041a
2003 Vegetative 0.87 be 0.38 ¢
Fruiting, terminal position 1.04 a 0.47 a
Fruiting, first growth flush section 0.83 ¢ 0.33d
Fruiting, second growth section 0.89b 0420
2004 Vegetative 0.88 ¢ 045c¢c
Fruiting, terminal position l.11a 0.46 ¢
Fruiting, first growth flush section 0.83d 0.60 a
Fruiting, second growth section 0940 041c
Fruiting, lateral position 1.07 a 0.51b

“Means within the same year and column followed by the same letter
are not significantly different at the 5% level by Duncan’s multiple
range test.

thinning treatment and shoot type. However, total flower
production each year and flowering current-season shoots in
2003 and 2004 was only associated with the main effect of the
thinning treatment and not the interaction of thinning by shoot
type. This suggests that improved flowering of all shoot types
resulted from a reduction in the total crop load rather than
smaller fruit clusters.

Incorporating cluster size targets into crop load recommen-
dations to improve nut quality (Table 2) was not supported by
these data, and improvement in return bloom was only
supported once in 3 years over two variables. Rohla et al.
(2005) reported weak or nonsignificant relationships for dif-
ferent shoot types between cluster size and kernel percentage.
These results and those reported earlier (Rohla et al., 2005)
indicate that pecan fruit load goals based on the percentage of
bearing shoots (Smith et al., 1993) are adequate.

Vegetative shoots and bearing terminal shoots produced a
similar number of flowers and percentage of flowering current-

J. AMER. Soc. Hort. Sci. 132(2):158-165. 2007.

season shoots the following year (Table 5). Bearing lateral
shoots produced fewer flowers than vegetative shoots 2 of 3
years and fewer fruiting current-season shoots during one year.
Shoots with a second growth flush produced more flowers and
fruiting current-season shoots than vegetative shoots 2 of 3
years. These data demonstrate that the position (terminal or
lateral) of a bearing shoot on a branch affects its ability to
produce flowers and fruiting shoots the following year. Wood
(1995) reported that a larger percentage of current-season
terminal shoots than lateral shoots flowered following fruit
thinning. Also, return bloom of lateral shoots was reduced
earlier in the growing season than terminal shoots by retaining
fruit. Thus, the position of the shoot on a branch affects its
ability to produce flowering shoots the following year and the
current-season shoots that are produced are more likely to
flower if they are in the terminal position. Shoots with a second
growth flush were the most productive shoot type, supporting
management recommendations that promote vigorous trees to
achieve consistent production.

Abundant stored carbohydrates in the roots during the winter
typically have been considered a key factor to reduce alternate
bearing (Malstrom, 1974; Smith and Waugh, 1938; Wood,
1989, 1991; Worley, 1979a, 1979b). However, we found no
relationship between nonstructural carbohydrates in the roots
during January (Table 6) with the thinning treatments, although
the thinning treatments improved return bloom (Table 3). There
was also no relationship between thinning treatment and non-
structural carbohydrates in the shoots (data not shown).
Scientists have also speculated that the amount of stored N
might be closely associated with alternate bearing (Goff et al.,
2001; Kraimer et al., 2004; Wood, 2001a), although studies on
pecan have shown little response or a negative response to fall
applied N (Acufia-Maldonado et al., 2003; Smith et al., 2004).
Because K plays a critical role in carbohydrate and N transport,
we also monitored root concentrations to determine if K was
associated with crop thinning. There was no effect of thinning
treatment either on organically bound N or on K stored in the
root system during January. Trees in this study were alternate
bearing (Fig. 1) and responded to fruit thinning (Tables 3 and
4), suggesting that factors other than nonstructural carbohy-
drates, organically bound N, and K contributed to their irregular
bearing.
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These data suggest that a growth regulator(s) associated with
developing fruit is a key component regulating pistillate flower
induction and consequently bearing consistency. High concen-
trations of nonstructural carbohydrates did not ensure bearing
consistency or regulate flowering per se. Carbohydrate avail-
ability can become critical when crops are so excessive that
tree survival is questionable (Wood, 2001b). However, in such
situations, pistillate flower induction is unlikely, so growth
regulator(s) from developing fruit prevented flower induction
before nonstructural carbohydrates impacted development.

Premature defoliation can virtually eliminate pistillate
flowers the following spring (Hinrichs, 1962; Worley, 1979a).
This was attributed to depletion of nonstructural carbohydrates
(Worley, 1979b). However, when trees were defoliated in
August or early September, the trees refoliated, restoring
nonstructural carbohydrate concentrations to that of the control
by November, but subsequent-year flowering was eliminated.
Wood et al. (2003) reported that the pecan alternate bearing
index was not related to fruit ripening date or nut volume. There
was a negative relationship between postripening foliation
period and the alternate bearing index. These results suggest
little role for nonstructural carbohydrates regulating alternate
bearing. However, they pointed out the cultivars with late fruit
ripening maintained healthier foliage with a greater photo-
assimilation rate that might allow greater accumulation of
assimilate reserves. Two alternative hypotheses that are com-
patible with results in this study and previous studies are
proposed to explain how premature defoliation or senescent
foliage might affect subsequent flowering. First, leaf loss could
induce a short-term carbohydrate shortage that might cause
induced (reproductive) meristems to revert to a vegetative state.
Second, growth regulator(s) produced by the leaves are
required to maintain stability of the reproductive meristem.
Removal of the growth regulator source by defoliation or
premature senescence causes reversion of the induced meristem
to the vegetative state.

Nitrogen was not limiting in this study, yet trees displayed
classic alternate bearing. Pecan trees store large quantities of
N that can be mobilized on the basis of demand (Acuna-
Maldonado et al., 2003). Fruit typically remove a relative small
amount of the tree’s N. Pecan trees that are adequately supplied
with N are unlikely to respond to fall-applied N, especially
when it is common to require two or more years to reduce yield
by withholding N (Smith, 2002; Worley, 1974, 1990).
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