Ferguson et al. Annual Report, California Olive Committee: Obj. I11

OBJECTIVES I11. Aand 111.B

Evaluation of Pruning and Training Methods for Mechanical Harvesting: 2009 Season

OBJECTIVE Il1A. Evaluation of Mechanical Topping and Hedging: 2008 and 2009
Seasons

INTRODUCTION of OBJECTIVE III.A

Preliminary work done in 2006 demonstrated fruit on the canopy facing the row middles
were mechanically harvested with the canopy contact harvester significantly more efficiently
than fruit on the canopy surface between the trees. This suggested that a typical orchard topped
and side hedged to a hedgerow configuration could be harvested more efficiently with a picking
head harvester. However, the effect of long term hedging and topping, at least 6 years, on yield
and fruit quality has not been demonstrated. Therefore, this trial tests the hypothesis that a
moderate annual mechanical pruning program does not decrease yield or fruit quality over a 6
year period. The results presented here are for the first two seasons.

PROCEDURES of OBJECTIVE III.A

Location: Block 17W: Rocky Hill Ranch, Exeter, CA

- planted 1998

- 13 rows, 83 trees per row, ‘Manzanillo’ olives with ‘Sevillano’ pollinators
- Spaced @ 12 X 26 feet, 139 trees per acre

12 June 2009
Six rows of 83 trees each were conventionally pruned

e Trees were skirted 3 feet from the ground
Six rows of 83 trees each were pruned for mechanical harvesting:
All large, horizontal limbs extending into the row middle were pruned off
Trees were skirted at 3 feet from the ground
Trees were topped at 12 feet
Trees were hedged on the east side 6 feet from the trunk

11-12 September 2009
All 12 tree rows were completely hand harvested
e vyield was weighed on a tared field bin scale
bin was reweighed at Musco receiving station
COC sample grade pulled from each hedging treatment bin
yield per acre, % cannable, % of sizes and adjusted price/ton analyzed
samples were not sent for processing as this trial was to evaluate mechanical pruning
effects on yield and fruit size
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RESULTS of OBJECTIVE Il11.A

As can be seen in Tables 3.1 & 3.2, and Fig. 3.1 below, the second year of moderate
mechanical topping and hedging in June 2009 significantly decreased yield, but did not
significantly affect the % cannable fruit or adjusted price per ton. However, due to poor fruit set
in 2009, the total tree yields were so low the data is unreliable. Trees that were mechanically
hedged and topped in 2009 produced 147.3 pounds per acre, significantly less than the 351.3
pounds per acre for hand pruned trees. In 2008, these same pruning treatments produced 2682.7
and 3079.1 pounds per acre, respectively, and were statistically not significantly different. The
two-year totals thus far are 2830 and 3423.2 cumulative pounds per acre for mechanically and
hand pruned trees, respectively. Therefore, over two years the mechanically pruned trees have
produced 593.2 pounds per acre less than hand pruned trees, or 296.2 pounds less annually.

At least 6-8 years of data are required, particularly in an alternate bearing species that
produces on one year old wood, to draw conclusions about the effects of a long term pruning
program on growth and annual yield. The abnormally low fruit set 2009 results also makes the
data less reliable. Therefore, no conclusions can be drawn from this data thus far.

As in 2008 the canning percentages and adjusted values per ton for mechanically pruned and
hand-pruned trees were, as expected, not significantly different.

Table 3.1. This T-test analysis demonstrates the significant difference in yield produced by the
mechanical topping and hedging, and its lack of effect on olive grade or quality.

T-Test Analysis of Effect of Mechanical Pruning on Olive Yield, Grade and Value

T-Tests
Method Variances DF t value Pr > [t] Significance
Yield 1) Saorisite  Uniqual 838 378 oo
s6Camable fu Saerisite  Uneal 935 1e1  omm NS
MBI VAN ) unie  umgeal 957 a1s oo NS

Means separation by Student’s t-test; P = 5%. Significance **, NS = 1%, non-significant, respectively. Variance
tests for equal and unequal variances give the same result.

Table 3.2. This table demonstrated the effect of two sequential years of topping and hedging on
yields per acre, fruit quality and value.

Effect of Topping and Hedging on Yield and Olive Grade and Value: 2008 and 2009

Pruning treatment cumulative 2008 * 2009* Cumulative yield
Yield (Ib) 2682.7 1473 a

Hedge + top % Cannable fruit 95.9 96.1 NS 2830.00
Adjusted value per ton ($) 1131.50 1174.3 NS
Yield (Ib 3071.0 351.3b

Hand pruned % Cannable fruit 97.4 94.2 NS 3423.20
Adjusted value per ton ($) 1151.40 1157.5 NS

NS NS

* Means separation within columns by Duncan’s multiple range test; P = 5%. Where letters are different within
columns, means are significantly different; level of significance by ANOVA*, NS = significant at 1% and non-
significant, respectively
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Effect of Mechanical Topping and Hedging on Yield: 2009
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Fig. 3.1. This graph demonstrates that mechanical topping and hedging in 2009 significantly
decreased yield.

Fig. 3.2. Mechanically topped and hedged treatment in Rocky Hill Ranch, Exeter, Tulare
County, CA on 6 June 2009. The Manzanillo tree on the left was hedged 6 feet from the trunk,
topped 12 feet from the ground, and skirted 3 feet from the ground. A hand-pruned tree is on the
right. This is the second of six planned years of mechanical pruning. Thus far, there are no
significant differences in cumulative yield. However, the yields have averaged less than one ton
per acre due to poor fruit set in 2008 and 2009.

CONCLUSION of OBJECTIVE IILLA
Unlike the 2008 season, mechanical topping at 12 feet and hedging 6 feet from the trunk on

one side of the tree in June 2009 significantly decreased yield. Fruit quality and value were
unaffected by mechanical pruning both years. However, the cumulative and average yields for
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2008 and 2009 are so low, less than a ton per acre average over the two years that this data can
be considered unreliable. This work will be continued for another 4-6 years to determine the
effects of mechanical pruning on normal yields. Then, we hope to demonstrate that the
decreased cost of a more efficient harvest will compensate for the yield losses produced by
mechanical topping hedging.

I11.B. Evaluation of Pruning and Training Methods on Tree Yield and Fruit Quality

B. Establishing and Training Manzanillo Table Olives for Mechanical Harvest: 2009
Season

W.H. Krueger, Louise Ferguson, Stan Cutter, Dorothy LaCaroix, Charles Garcia, and
Antonio Isern

Table olives in California are hand harvested. The cost of hand harvest can be as much as 50
percent of the gross. From 1997 to 2000, the California Olive Committee (COC), the table olive
marketing order, sponsored the development of a mechanical harvester for table olives.
Prototype canopy shaker machines were developed. Although these machines looked promising,
they had two major drawbacks: 1) Efficiency of harvest - when the picking head came into close
proximity of the fruit, it was removed. However, leading and trailing canopy edges and inside
fruit proved to be problematic because it was difficult to get the head close to fruit located in
these positions. Fruit removal was often disappointing. 2) Fruit damage - The fruit can be
damaged in the removal process. While this damage may appear similar to what may occur with
hand harvest, the bruises are generally deeper and more severe. One of the major table olive
processors quit accepting mechanically harvested fruit due to concerns related to fruit damage.
This temporarily stopped progress toward mechanical harvest with this machinery. A continued
and increasing need for mechanical harvest has rekindled interest. The COC resumed funding
for mechanical harvest research in 2006 and is continuing to support this research. The focus of
the research has been on improvement of the previously developed machinery to increase
removal and reduce damage, the development of loosening agents to facilitate mechanical
harvest and other types of mechanical harvesters such as trunk shakers.

If a tree canopy could be developed in which all of the fruit was accessible to the picking
head, a much improved harvest efficiency with reduced force and, therefore, reduced fruit
damage should be attainable. The ideal tree and orchard configuration would appear to be a
close spaced hedgerow system which would present a flat narrow fruiting wall to the harvester
with no leading, trailing edge or inside fruit. A fruiting canopy approximately 6 feet in width
and approximately 12 to 15 feet high would be appear to be ideal for maximum machine
efficiency. With a narrow tree canopy and tree height such as this, narrower row spacing will be
necessary to achieve maximum yields. This type of tree architecture should also be more
adaptable to other types of mechanical harvesters including existing trunk type shakers and other
types of machinery which could be developed.
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OBJECTIVES of OBJECTIVE 111.B
1) Develop a narrow canopy hedgerow to facilitate mechanical harvest;

2) Evaluate and demonstrate the feasibility of a high density hedgerow developed specifically
for mechanical harvest; and

3) Compare different training methods for developing a narrow canopy hedgerow.

PROCEDURES of OBJECTIVE I11.B

In the spring of 2000, Manzanillo variety table olives were planted on 2 acres at the Nickel’s
Estate in Arbuckle with a north-south row orientation and a tree spacing of 12 feet in the row and
18 feet between rows (202 trees per acre) (Fig. 3.3). The selected training treatments included
“conventional” and three narrow canopy hedgerow treatments. The conventional training
consists of thinning out fruit wood and opening up the center of the tree. The trees will
eventually have 3 to 5 primary scaffolds. With the narrow canopy hedgerow treatments,
permanent limbs are being trained parallel to the row in a narrow plane (approximately 1 foot
wide) with flexible temporary fruiting wood extending approximately 3 feet out into the row on
either side. Large stiff limbs extending into the tree row are positioned into the permanent limb
plane or are removed. The narrow canopy hedgerow treatments are: 1) Free Standing - where
pruning alone is used to conform the trees to the system; 2) trellised woven - where potentially
permanent limbs are woven between three wires spaced at 4, 7 and 10 feet; and 3) trellised tied -
where potentially permanent limbs are tied to the wires. In 2007, the tied treatment was not
pruned because cropping potential appeared light. In 2008 and 2009 this treatment was pruned,
but not tied. The pruning consisted of thinning the tree canopy. This treatment will gradually be
brought back to the narrow canopy system through a combination of pruning and tying. The
treatments are arranged in a randomized complete block design and consist of blocks of three
rows of either seven or eight trees. There are four replications of each treatment. The center row
of each three row plot has been harvested by hand, yield weighed and 10 to 12 Ib. samples
submitted to Musco Family Olives for commercial grading. The sample results were used to
assign a value to the production.

Originally 6 trees of the Sevillano variety were strategically placed in the planting to provide
for cross pollination for the partially self incompatible Manzanillo. Due to disappointing growth
of these trees, cross pollination was inadequate. Even though there was a good bloom, the fruit
set for 2003 (third year) was disappointing and did not warrant harvest. During the summer of
2003, the center row of the planting was top worked to Sevillano to provide for adequate cross
pollination. During bloom in the spring of 2004 and 2005, the block was artificially cross-
pollinated using Sevillano pollen. The grafted pollinators developed well and artificial
pollinization was discontinued in 2006. In the spring of 2007, about two weeks after full bloom,
all of the plots were chemically thinned with Napthalene Acetic Acid (NAA). In 2008 bloom
appeared lighter and less uniform than in 2007 so no chemical thinning was done. In 2009,
although the bloom looked good, fruit set was relatively light and variable so no thinning was
done.
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Fig. 3.3. Nine year old olive hedgerow training trial at Nickels Soils Laboratory planted in 2002.
Trees are spaced at 12X18 with 202 trees to the acre. The four training treatments are
conventional training, a free standing espalier, a woven trellised espalier and a tied trellised

espalier. Thus far there are no significant differences in yield or fruit quality among the training
treatments.

RESULTS of OBJECTIVE 111.B

Yields in 2009 were extremely variable ranging from 0.87 to 7.32 tons per acre for individual
plots. There were no statistically significant differences between any of the treatments for yield,
value per ton or value per acre (Table 3.3). The average yield for all treatments was 3.68 tons

per acre. Cumulative yields for all 6 years of production are similar for all treatments with no
statistically significant differences.

Table. 3.3. Nickel’s Hedgerow olive harvest, 2004-09.

2004 2005 2006 2007 2008 2009 Cum. Yield
Treatmeant (4thyr.) | (Sthyr.) | (6thyr.) | (7thyr.) | (8thyr.) (9th yr.) (2004-09)
Tons/A | Tons/A | Tons/A | Tons/A | Tons/A | Tons/A S/Ton $/Acre| Tons/A
Conventional 4.09 1.75 2.81 6.39 5.96 3.35 1193 3991 24 .35
Free Standing 366 151 2.26 6.4 504 437 1189 5192 23.24
Trellised, Woven 4.21 1.68 2.28 6.07 5.88 2.29 1192 2731 2241
Trellised, Tied 3.58 3.45 1.76 7.51 4.52 4.42 1179 5178 25.24
NS* NS NS NS NS NS NS NS NS

*NS (Not Significant at the 5% level using Ficher's Test)
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DISCUSSION of OBJECTIVE 111.B

As has been the case in other years, variability from plot to plot resulted in no significant
differences between treatments despite some rather large numerical differences between
treatments. The overall production, though the lowest of the last 3 years, would have to be
considered good for this year compared to very low statewide production. Cumulative yields for
all treatments are very similar through the first 9 years. Over the years we have often observed
that the highest or lowest yielding treatments will trade places the following year due, mostly
likely, to the alternate bearing nature of the olive. These results indicate that these trees can be
maintained in the narrow canopy configuration with no loss in production or value compared to
conventional trees.

A comprehensive project aimed at developing mechanical harvest for table olives is currently
underway. This project is being headed by Dr. Louise Ferguson, UCCE Olive Specialist, and
includes collaboration with a University of Florida researcher, UC Davis Department of
Agricultural Engineering and Plant Sciences, UCCE Farm Advisors, California State University
researchers at Chico, farmers and equipment manufacturers and mechanical harvesters and is
supported by the COC. Research is being conducted in the southern producing region (San
Joaquin Valley) and the northern producing region (Sacramento Valley). The planting at Nickels
is playing a central role in this effort. In 2009 we evaluated two trunk shakers and one canopy
shaker at the Nickels planting. Our trials were advertised to our clientele and were open to the
public. About 40 interested people came to observe the harvest. This year we made significant
progress on reducing trunk damage from the trunk shakers. Removal efficiency still needs to be
improved. We were also able to test a Wheel Rake harvester which is being developed in
collaboration with CSU Chico specifically for narrow canopy hedgerow systems. A complete
report and more information on this effort can be fount at http://groups.ucanr.org/olive_harvest/

Even though this planting was planted and developed with a canopy shaker type of harvester
in mind, this was the first year we have been able test this type of machine on these trees. This
experience along with our experience with the other harvesters has shown the need for more
specific pruning practices to improve harvest efficacy of the machines. In the coming years we
will be testing pruning practices designed to improve harvest efficiency and collecting data on
the effect of these practices on yields and value.

The results from this trial have been extended through grower meetings, newsletters, and an
International Horticultural Society meeting. There are currently an estimated 500 acres of table
olives following this system planted or scheduled to be planted in 2010 in Glenn and Tehama
Counties. It is expected that this acreage will increase dramatically if mechanical harvest
becomes practical. This would result in the revitalization of the California table olive industry.
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