Project Number: 84-J2

Project Title: Measurement of Nut Detachment Forces Before and After Harvest
Project Leader: H. E. Studer fQU-T 2
Objectives of Research:

Some almond nuts remain on the trees after mechanical harvesting. Apart
from the resulting economic loss, these nuts can serve as overwintering sites
for the navel orange worm. Follow-up nut removal by means of tree shaking in
the winter or manual poling are often practiced. This project seeks to
determine why these nuts remain after shake harvest: are they simply bonded
very strongly to the tree, or is the problem related to tree response to
shaker vibration?

Procedure:

The project was carried out with the cooperation of Mr. Sam lewis, a
grower 1in Chico, CA., who made available his orchards and a self-propelled
pruning tower. Varieties studied were Nonpareil, Merced, Mission, Harvey and
Drake. A Hunter L-10 M hand held mechanical force gauge was used to measure
the tensile forces required to manually pull almonds from the branches. The
pruning tower allowed testing in the upper sections of the trees, although the
tops of the trees were generally too high to be accessible.

Detachment forces were measured the day before harvest on several trees
(generally 4). Approximately 400 pre-harvest measurements were made for each
tree. Post harvest measurements were made immediately after harvest for those
nuts which remained on these same trees. (A1l measurements for any given tree
were made within a period of two days). Since the number of nuts Tleft after
harvest was small for some varieties, additional trees were included in the
after harvest sampling in order to increase the number of post harvest detach-
ment force observations.

The data were collected by 2 people over a period of six weeks between
August 27 and October 6. The observations were recorded in one of 4 categories
which described the color and condition of the stem and hull. The categories
were identified as shown in Table 1.

Table 1. Distinguishing features of nut categories.

Nut category = Stem color + Hull color

GB G B
GG G G hull split
BB B B
BC B C——m——— -hull closed
G = Green
R_e_s_q_]_ts_ B = Brown

The data, without regard for stem-hull characteristics, is presented in
Figures 1-23, each of which consists of a histogram accompanied by a fre-
quency table. Figure 1 shows the data for Nonpareil trees sampled during
the first week, for which nut detachment force was measured both before and
after harvest. Figure 2 displays the data for Nonpareil during the first week
for which forces were measured on trees only after harvest. Figure 16 pre-
sents all of the Nonpareil data where both before and after measurements were
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made, and Figure 19 represents all Nonpareil data collected during the season.
A similar set of tables is provided for each of the other varieties. Figure
23 presents all of the detachment force data collected for all varieties.

At the top of the frequency table in each of Figures 1-23 is shown a value
of N, the number of observations represented by the plots; the mean value of
the detachment forces (in pounds); and the variance of these observations.
The frequency table lists the percent of total observations in given inter-
vals, usually 0.2 1bs. For example, in Figure 1, out of a total of 1585
measurements made before harvest, 495 or 31.2% were equal to or less than 0.2
1bs and 68.8% of the total observations were greater than 0.2 1bs. The maxi-
mum observed value among these 1585 observations was 4.1 1bs, shown at the
bottom of the frequency table. The histogram is a graphical representation of
the data in the accompanying frequency table.

A summary of numbers of observations, means and variances for each of the
tests is shown in Table 2, where each of the data sets is associated with one
of the Figures 1-23. The column headed "mean ratio" shows the ratio of the
after harvest mean detachment force to the before harvest mean detachment
force. The column headed B represents the percentage of the "after harvest"
observations that had detachment force values smaller than the mean detachment
force of the "before harvest" observations. Each value of B was calculated by
linear interpolation in the corresponding "after harvest" frequency table.
For example, consider the histogram for the data set "all Nonpareil, before
and after", shown in Figure 16. The "before harvest" mean is 0.45 1lbs. B is
calculated as follows:

_13.4 (0.45 - 0.40)
0.6 - 0.4

[os)
t

+ (13.0 + 18.5)

35%

Table 3 displays the mean detachment force values and the number of obser-
vations for each of the categories describing the stem-hull characteristics,
for each variety measured both before and after harvest. Table 4 provides
additional summaries of the two Mission data sets. Table 5 provides addi-
tional summaries for all data sets in which observations in the GG category
were virtually nonexistent.

Discussion:

The data summaries presented in Table 2 show that the mean post harvest
detachment force was, without exception, higher than the corresponding pre-
harvest mean force. The values of mean ratio range from 1.58 for Harvey to
4.83 for one of the Nonpareil data sets. A1l values are greater than 2 with
the exception of Harvey. Moreover, an inspection of Figures 1-23 shows that
the maximum values observed in the "before and after" data sets occurred, with
one exception, in the after harvest data sets.

The values of B, also listed in Table 2, show that while the mean post
harvest detachment forces may be large, a substantial number of nuts remain on
the tree after shaking which have, individually, relatively low detachment
force values. For example, the data set "Nonpareil, all data" is charac-
terized by a value of B = 30%, and this value of B is represented by the cross
hatched area under the curve in Figure 16.
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The "before harvest" and "after harvest" nut populations also have varian-
ces (S2) which are very different as evident in Table 2. As expected, the
after harvest nut populations are more spread out. Both populations, however,
are highly skewed to the right and very definitely non-normal.

The data in Table 3 shows that, with a single exception, the mean detach-
ment force values associated with each of the nut categories identified in
Table 1 are greater for those measured after harvest than for those measured
before harvest. It appears that the action of the harvester is selective, and
irrespective of nut type, nut detachment is sensitive to nut bonding force.
Table 3 also shows that the largest mean detachment force values for the cate-
gories listed were generally those exhibited by the BC nut category (brown
stem with non-split hull). Table 5 shows that the BC category represented a
large percentage of the after-harvest nut population for data sets Nonpareil
week 1 and week 3, and also for Merced.

A separate summary of the two Mission data set is shown in Table 4. The
nut category GG was rarely represented 1in the tests except in the
"Mission-week 5" data set. The trees in the "Mission-week 6" data set were
drier, and most of the nuts were represented by the BB category, with very low
nut detachment forces. Very few of the Mission-week 5 observations fell in
the BB category. Rather, the observations were primarily represented by GB,
with a substantial fraction in GG. The nuts in the GG category have split
hulls but drying of the stems and hulls is incomplete. It should also be
noted that the mean detachment forces for these "green" GG and GB nuts are
comparable to those representing the BC category, this observation applying to
both the before and after harvest nut populations.

Conclusions:

This study of almond nut detachment forces has clearly shown that nut
removal from the tree at harvest was influenced by the magnitude of the force
bonding the nuts to their stems. Nut bonding forces varied over a wide but
similar range for all varieties tested, and the mean forces were surprisingly
similar where nut conditions were common. The nuts which remained on the
trees after harvest were invariably characterized by a higher average bonding
force than those of the pre-harvest population. However, a substantial frac-
tion of those nuts remaining on the trees after shaking exhibited bonding for-
ces which were very small. This fact resulted in a substantially higher
variance for the "after harvest" measurements. Consequently the values of
mean ratio are actually misleading, and tend to underestimate the difficulty
of the problem of removing the nuts by shaking.

The results suggest that incomplete nut detachment is due in part to
shaker design and operation, but nonuniform tree response to the vibration is
also a factor. Moreover, while improvements in nut detachment efficiency may
be possible, the existence of nuts with very high bonding forces suggests that
the mummy nut problem will not likely be resolved by changes in current shaker
design and operation alone.



Table 2. Summary of 1984 almond nut detachment force data.
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(Force measured in pounds).
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Table 3. Number of observations per tree and mean nut detachment force, X, for
each nut category for each variety. (includes only "before and
after" data).

Before Harvest After Harvest
Data set Tree | GB GG BB BC GB GG BB BC
Nonpareil-week 1 1 95 45 | 242 6 0 0 11 16
2 98 1| 294 3 2 1 7 5
3 108 7 | 285 2 0 0 2 1
4 23 01| 372 2 0 0 21 9
X 0.7 1.3 0.4 1.7 -~ --}11.31%3.1
Nonpareil-week 2 1 12 0 | 355 3 1 0t 144 8
2 1 0 { 389 6 0 0| 113 3
3 2 0 | 373 12 0 1t 118 8
4 0 0 | 203 0 0 0 32 5
5 3 0 | 396 i 0 0 12 1L
X 0.3 -- 10,4} 2.0 -- - + 0.9} 2.3
Nonpareil-week 3 1 5 4 | 386 1 2 3 31 1
2 | 4 0 | 372 24 1 0 52 12
3 1 0 | 385 14 0 0 6 84
4 1 0 | 390 9 0 0 4 5
X 0.3 -- {10.3] 1.2 - -- 11,11 2.4
Merced-week 3 1 233 0 | 162 5 6 0 26 16
2 321 0 74 4 5 0 8 4
3 288 0 (101 9 26 2 59 39
4 359 0 40 1 14 0 28 8
X 0.4 -- {1 0.5] 0.8 1.1 -- 1.4 § 2.3
Mission-week 5 1 199 180 2 17 53 | 104 6 1
2 314 80 7 3 63 61 12 7
3 333 38 10 44 8 12 2 4
X 1.1 1.8 0.4} 1.3 2.1 1 2.3 11.3 1} 2.1
Mission-week 6 1 51 0 | 349 1 0 0 0 0
2 35 0 | 373 0 6 38 45 4
X 0.3 -- 10.2] 0.2 1.9 1 0.5 {0.6 { 0.4
Harvey-week 5 1 3 0 | 400 2 0 0 10 2
X 0.4 -- {0.5] 0.8 -- -- 10.81] 1.8
Drake-week 6 1 18 0 | 392 3 5 0 9 1
2 12 0 | 408 1 14 3 45 2
3 19 0 | 400 0 3 0 25 2
4 19 0 | 390 6 0 11 7
X .4 - 41 1.1 | 1.6 -~ 1.3 1.4
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Table 4. Summary of nut detachment force observations for each nut category for
Mission variety measured in two different orchards at Chico, CA.

Before Harvest After Harvest
Week Tree N GG GB BB BC N GG GB BB BC
No. No.
5 1 398 180 199 2 17 164 104 53 6 1
2 404 80 314 7 3 143 61 63 12 7
3 425 38 333 10 44 26 12 8 2 4
Total 1227 298 846 19 64 333 177 124 20 12
% of total 68.9 24.3 1.5 5.2 53.2 37.0 6.0 3.6
Mean force, pounds 1.1 1.8 0.4 1.3 2.3 2.2 1.3 2.1
Overall mean force, 1.3 2.2
pounds
6 1 401 0 51 349 1 0 0 0 0 0
2 408 0 35 373 0 93 38 6 4
Total 809 0 86 722 1 93 38 6 45 4
% of total 0 10.6 89.2 0.1 40.9 6.5 48.4 4.3
Mean force, pounds -- 0.3 0.2 0.2 0.5 1.9 0.6 0.4
Overall mean force, 0.2 0.6
pounds




Table 5. Percentage of nuts represented by various nut categories.l/

Before Harvest

After Harvest

Nut Category Nut Category
Data Set Ng2/ GB BB BC Na2/ GB BB BC
Nonpareil-week 1 1530 % 21.2 80.0 0.9 74 % 2.7 55.4 41.9
X3/ | 0.7 0.4 | 1.7 X | 0.9 1.3 3.1
Nonpareil-week 2 1756 % 1.0 97.7 1.3 445 % 0.2 94.1 5.6
X 0.3 0.4 2.0 X 0.4 0.9 2.3
Nonpareil-week 3 1592 % 0.7 {96.3 | 3.0 (198 % 1.5 | 47.0 |[51.5
X 0.3 0.3 1.2 X 0.5 1.1 2.4
Merced-week 3 1597 % 75.2 23.6 1.2 239 % 21.3 50.6 28.0
X 0.4 0.5 0.8 X 1.2 1.4 2.3
Mission-week 6 809 * 10.6 89.0 0.1 55 % 10.9 81.8 7.3
X 0.3 0.2 0.2 X 1.9 0.6 0.4
Harvey-week 5 405 % 0.7 98.8 0.5 12 % 0.0 83.4 16.6
X 0.4 0.5 0.8 X -- 0.8 1.8
Drake-week 6 1668 % 4.1 95. 3 0.6 12a % | 17.7 72.6 9.7
X 0.4 0.4 1:1 X 1.6 1,3 1.4
1/This table s based on only "before and after" data sets; it does not include

Mission-week6; and all GG observations in these data sets was first subtracted out.

2/NG = No. observations "before"; N3 = No. observations "after".

3/X = mean nut detachment force in the given category.



Week 1, 4 Trees
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Figure 1 . Frequency table and histogram for nut detachment forcee in lbs. measured
before and after harvest for Nonpareil almonde on 08/27/84.
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Week 1 8 trees All Typaee

Nompareil Aft. Aftar
Numbaer 245
Maan 1, 4838
Variarce 4. 448
Lbe. Nuem 2 Cum Num X Cum
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Figure 2 . Frequency table and histogram for nut detachment forcee in lbe. measured

only after harveet for Nonpareil almonde on 08/29/84.



Week 2, 5 Trees

58 Nonpareil Bafore Afiar
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Figure 3 . Frequency table and histogram for nut detachment forces in lbs. measured
before and after harvest for Nonpareil almonde on 08/04/84.
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Week 2; 1 tree A1l Types
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Figure 4 . Frequency table and histogram for nut detachment foroces in lbe. measured

only after harveet for Nonpareil almonde on 08/05/84.
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Week 3, 4 Trees

% SBr Nonpareil Bafore Aftar
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Figure S . Frequancy table and histogram for nut detachment forces in lbe. mecsured
before and after harvest for Nonpareil almonde on 08/10/84.
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Week 3 2 trees All Typee
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Figure 8 . Frequenocy table and histogram for nut detachment forces in lbe. measured
only after harveet for Nonpareil almonds on 08/11/84.
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Week 3, 4 Trees

58 Merced Bafora Aftars
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Figure 7 . Frequency table and histogram for nut detachment forces in lbs. measured
before and after harvest for Merced almonde on 08/12/84.
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Week 3; 1 tree All Typee
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Numbar 38
Maar 1.5188
Variance 4, 7082
Lbe. Num X Cum Num X Cum
-
42 .2 1 8.3 ©8.7
4 3 18 8.7
-8 3 12 78.7
.8 S 18.8 68
1 1 3.9 88.7
1.2 2 8.8 Sa2
= 1.4 S 168.8 33.4
1.8 1 3.3 32
1' e 2 8- ﬂ 23. 4
2 2 8.8 18.7
2.8 1 3.3 13.4
2.8 i 3.3 18
28+ 3.2 1 3.3 8.7
3.4 1 3.3 3.4
™1 r 8.2 1 3.3 o
Maximum 8.1
10
2 ] m m m L 1 L L n s 1
7] 1 2 3 4 S 8 7 8 g 12
Lbe.

Figure 8 . Frequency table and histogram for nut detachment forcee in lbs. measured
only after harveet for Merced almonde on 09/13/84,
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Week S5, 3 Trees
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Figure 8 . Frequency table and histogram for nut detachment forces in lbs. mecasured

before and after harveet for Mieeion almonde on 08/25/84.
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Week 5 4 trees
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P 8 2.6 88.4
-8 18 4.2 @2.1%
.8 i7 5.5 @68.8
1 i35 4.8 61.8
1.2 18 4.8 78.7
1.4 80 12.5 84.2
1.8 18 8.2 57.8
1.6 18 5.2 8S2.7
2 8 2.8 8g
2.2 10 6.2 43.8
2. 4 24 7.8 385.8
2.6 17 5.5 30.9
2.8 e 2.8 27.3
8 8 2.8 24.4
3.2 i 8.2 16.1
8.4 i1 3.8 15.5
8.8 g8 2.8 12.8
3.8 s 1.8 i18.8
4 8 .8 8.8
4,2 ¢ 1.8 7.8
4. 4 8 .9 8.8
4.8 2 .8 8.8
4.8 4 1.3 8

S 2 .8 4.3
-8 4 1.3 3
8-7 7 2.8 .7
7-8 2 .8 2
Maximum 7.8

Figure 18. Frequency table and histogram for nut detachment forces in lbe. measured
only after harveet for Miesion almonds on 089/26/84.

_LL_



Week 6, 2 Trees

sap Mission Bafora Aftar
' omae Numbar 811 g7
et Maan . 24289 .6
Variance . 3294 . 6285
iy
1
ol ! Lbe. Num ¥ Cum Num % Cum

!l - .2 547 67.4 32.8 28 28.8 71.2

i .4 197 24.2 8.3 268 28.8 44.4
.8 4 5 3.2 18 18.5 24.8

b .8 15 1.8 1.4 7 7.2 17.8

i 1 7 .8 .5 4 4.1 13.4
1.2 1 .1 .4 4 4.1 8.3
1.4 2 .2 .2 2 2 7.3
1.8 @8 @8 .2 1 1 8.2
1.8 1 .1 B 1 1 5.2
2 8B B8 2 1 1 4.2
2.4 2 B8 B 3 3 1.1
8.8 © 28 @ 1 1 2

Maximum 1.7 B.7

1 | pali 1 1 1
7 8 g 12

Lbe.

Figure 11. Frequency table and histogram for nut detachment forces in lbs. measured
before and after harveet for Miseion almonde on 10/02/84.
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Sa

42

32

20

1

Week 6 2 trees All Typee

_ Mission After Aftar
Numbaer 118
Maar « 8148
Variarnoce 1.5468
g Lbe. Num X Cum Num X Cum
o2 8 7.2 82.8
-d 22 28 72.8
.8 23 22.7 80
«8 185 13.8 38.4
1 11 182 20. 4
1.2 i2 8 17.3
~ 1.4 4 8.8 13.7
i.8 4 3.8 18
1.6 2 1.8 6.2
2.2 1 .8 7.8
e 2.4 1 .8 6.4
2.8 2 1.8 4.8
s 8.2 2 1.8 2.8
4 1 .8 1.8
4.2 i1 .8 .
4.8 i1 .8 "]
1 Masci mum 4.8
= -
mﬂﬂ T s i 1 [ 4

Lb.-

Figure 12. Frequenoy table and histogram for nut detachment forces in lbe. measured
only after harveet for Mieeion almonde on 10/03/84,
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Week 5, 1 Tree
% 5@ Harvey Baforae
Number 4025
Mean . 4972
Variance . 8975
AQ Bafora Lbe. Num X Cum
71 b=
.2 78 17.2 82.8
i .4 188 40.8 41.8
I| .8 85 23.4 18.3
i .8 s1 7.8 1B8.7
a‘ 1 11 2.7 7.9
1.2 18 3.8 4
38 ?‘!‘. 1.4 8 1.8 2
.‘ 1.8 5 1.2 .8
l 1.8 2 .4 .3
: 2 2 2 .3
: \ 2.2 1 .2 @
l Maximum 2.1
2o H |
o
t
|
1 |}
\‘ After
1
z 1 N 1 1 I 1 1 I 1 ¥ |

Lbs.

Nu

BN O

Aftear

18
. 7833
. 2781

X Cum

18.6
16.6
11,1
11.1

83. 4
88.7
55. a
44. 5

22.2
S.5 18.7
] 18.7
5.5 11.2
S.5 5.8
5.5 @

1.8

Figure 13. Frequenoy table and histogram for all nut detachment forces in lbe. measured

for Harvey almonde during 1984,
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Week B, 4 Trees

=1%) r D —a k e Before Aftar
Numbar 1875 158
Maan . 428 1. 349
Variance . 1421 1. 3597
Az k- Lbe. Num X Cum Num X Cum
.2 6818 368.4 B63.6 i1 8.2 83.8
4 S14 38.68 32.8 25 15.7 78
.8 268 15.5 17.4 17 18.8 87.3
. 8 141 8.4 8 18 11.8 55.4
1 58 3.4 5.5 13 8.1 47.2
1.2 33 1.8 3.8 i3 8.1 39
1.4 21 1.2 2.3 8 S 34
1.8 12 .7 1.8 g8 5 29
1.8 i .S 1 8 S 23.8
2 5 .2 -7 8B 3.7 28.2
2.2 4 .2 - | 2 1.2 16.8
2. 4 2 2 s 4 2.5 16.4
2.8 2 + 3 -3 8 3.7 12.8
2.8 a -3 4 2.5 18.1
3 3 o1 .2 1 -8 8.5
3.2 2 B2 .2 1 .8 8.8
3.4 a a .2 2 1.2 7.8
3.6 a "} -2 3 1.8 5.7
3.8 "] 2 2 2 1.2 4.4
4 2 .2 1 .8 3.8
4,2 2 a .2 1 . - ] 3.2
4.4 1 a -1 2 1.2 1.8
4.8 1 a "] a 1.8
5.2 2 2 a 1 .8 1.8
i y q . 8 a 2 : 1 .8 .n7
8.2 a2 a 1 .6
7 8 g 18 Maximum 4.5 8.1

Lbs.

Figure 14. Frequency table and histogram for nut detachment forces in lbe. measured
before and after harveet for Drake almonde on 10/04/84.
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Sa

42

(1]
8
| |
p
o
T T

Week 6 2 trees All Typas

. Drake After

Numbar
Mear
Variance

Lbhe. Num X Cum

oO:N OsN @
N

7

7

i LLITH I W | f

2 1 2 3 4 5 B8 7 8 8 18 a9 :
8

4

a

fappprrpppoup

7-8
8-8
Lbe. 8-10

Mascimum

Aftar

873

i.8212
7. 2023

X Cum

8.8
18.8
8.1
8.4
4.8
7.3
8.4
7.1
4.8
4.3
3.4
2.4
2.8
1.7
i.8
2.2
2.2
1
.2
8
2.2
i.8
.2
1.2
«3
i.8
1.2
1
-8
-]

11.8

Figure 15. Frequenoy table and histogram for nut detachment forces in lbe. measured

only after harvest for Drake almonde on 10/08/84.

17,7

13. 1
ig.2
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All Normpareils;

S0 - Before & After Bafora After
Numbar 4937 722
Maan . 4483 1. 2843
Varianoa .1B892 2. 3398
AQ Lbe. Num X Cum Num X Cum
.2 1808 36.8 63.4 94 13 87
.4 14682 28.5 83.8 134 16.3 66.5
.8 758 15.1 18.7 87 13.4 55
.8 871 7.5 11.1 71 9.8 4S5.2
1 204 4.1 7 42 5.8 398.4
1.2 138 2.7 4.3 54 7.4 31.0
1.4 68 1.3 2.8 88 4.1 27.7
1.8 5S4 1 1.8 34 4.7 29
1.8 17 .3 1.4 25 3.4 10.8
2 18 .3 1.1 22 3 18. 5
2.2 15 .3 .8 12 1.8 14.8
2.4 12 .2 .8 12 1.8 13.2
.2.8 5 .1 .S 12 1.8 11.S
228 8 .1 .3 8 1.1 18.4
3 1 B .3 4 .5 9.8
3.2 4 @ .2 s .8 9.2
3.4 B8 @ .2 5 .8 0.5
3.8 2 @ .2 8 1.2 7.2
3.8 3 @ .1 8 1.2 8
4 1 B .1 7 .8 5
42 1 B .1 8 1.1 9.8
4.4 B8 B .1 1 .1 8.8
4.8 @8 B8 .1 1 .: a8
4.8 B B .1 i .1 a.s
" §n 2 5 8 a .1 T . 13 8.4
5-8 8 2 .1 18 1.3 2
8 8 18 g~ 2 @ .1 4 .5 1.4
7-8 1 @ 2 3 .4 1
e-18 8 @ 2 7 .8 @
Lbe. Mas<t mum 8 12.2

Figure 18. Frequenoy table and histogram for all nut detachment forocee in lbe. measured both
before and after harvest for Nonpareil almonde during 1884,
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All Mission:

50 Before & After Bafore Aftar
Numbar 20845 4402
Maar - 8654 1. 815
Variarnce « 8837 1.8187
A0 Lbe. Num X Cum Num £ Cum
. 854 31.8 B68.1 3@ 8.8 83.2
.4 361 17.8 S58.4 S8 8.8 84.8
.8 188 8 41.3 S8 8.8 75.7
.8 121 5.8 35.4 21 4.7 78.89
. Bafore 1 82 4.4 31 19 4.3 B88.8
B 1.2 118 5.8 25.3 31 7 58.8
38R 1.4 183 5 2.3 35 7.8 51.8
= 1.8 88 4.3 15.8 82 7.2 44.4
'- 1.8 85 3.1 12.8 18 4 48.3
2 42 2 18. 7 14 3.1 87.1
: 2.2 49 2.3 8.3 18 3.8 33.4
e 2.4 31 1.5 8.8 35 7.8 25.5
20 : 2.8 88 1.7 S 17 3.8 21.8
R 2.8 18 .8 4.1 12 2.7 18.8
3 18 .7 3.3 18 2.2 18.8
3.2 18 .4 2.8 8 1.8 14.8
3.4 18 .4 2.3 13 2.9 11.8
3.8 11 .5 1.8 8 2 8.8
3.8 8 .2 1.5 3 .8 8.1
4 5 .2 1.3 8 1.3 7.8
4.2 4 .1 1.1 8 1.3 8.4
4.4 4 .1 .8 4 .9 5.5
4.8 2 B .8 5 1.1 4.4
4.8 1 B T 2 .4 3.8
o i 5 3 .1 .8 3 .8 ?.g
5-8 8 .2 .3 8 2 .
8 8 18 gy 3 .1 .1 4 .9 .3
7-8 1 - 1 g ' ° 3
8-8 1 " 1 .2 8
Lbe. Masimum 8.2 8.2

Figure 17. Frequency table and hietogram for all nut detachment forcee in lbe. measured both
before and after harveet for Miseion almonde during 1984,
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All Varieties:

sa Before & After Bafora
Number 12882
Mean - 5228
Variance - 3181
sgk Lbe. Num X Cum
.2 3787 34.7 B65.3
4 3035 28.4 38.86
Bafore .8 1594 14.3 22.4
z .8 785 7.3 15.1
1 415 3.8 1i1.2
= 1.2 342 3.2 8
3ar:: 1.4 217 2 s.8
i 1.8 177 1.8 4.3
e 1.8 88 «9 8.3
2 B4 .8 2.7
{ 22 71 .8 2.1
: & 2.4 44 .4 1.7
28F ¢ 2.8 44 .4 1.2
3 2.8 27 .2 1
. 3 28 « 3 .8
: 3.2 14 .1 .7
k 3.4 11 o | .8
3.8 13 o 2 3
3.8 8 2 -4
4 8 "] -3
4.2 S 2 -3
4.4 S B .2
4, 3 a2 -2
4.8 1 .} -2
4 1 1 1 E 3 @ -2
7 8 =] 18 g~ - a 1
7-8 2 2 "]
8-8 1 2 2
Lbe. 8-18 2 " ]
Maximum 8.2

After
1583
1. 4787
2. 1872

X Cum

8.2 68.8
14.4 786.3
11.5 B84.7
8.8 55.8
B.1 49.7
7.7 42
5.8 38.1
8 38
3.7 28.3
3.2 23.1
2.3 28.8
3.5 17.2
2.5 14.7
1.7 13
.8 12
1.1 18.9
1.5 8.4
1.4 7.8
.8 7.1
b § 8
1 5
-4 8.8
<4 3.5
.2 3.2
1.3 1.8
-7 1.1
& s @ 7
-5 2
12.2

Figure 18. Frequency table and histogram for all nut detachment forcee in lbe. measured both

before and after harveet for All almonde during 1884.
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All Nomnpareil:

_92_

S@ - combined data Bafore Aftar
Numbaer 4837 10582
Maar « 4483 1. 3528
Variance - 1882 8. 1222
42# Lbe. Num X Cum Num X Cum
.2 1808 S6.8 B8. 4 118 11 88
. Baf -4 1482 20.5 83.8 188 18 73
: . .8 738 1S.1 18.7 143 13.8 50.4
A .8 871 7.5 11.1 118 18.4 48.9
I 1 284 4.1 7 83 8 42.8
3_5, 1.2 138 2.7 4.3 87 6.2 94.8
art 1.4 88 1.8 2.8 S8 5.5 28.1
: 2 1.8 5S4 1 1.8 47 4.4 24.8
D 1.6 17 .3 1.4 84 8.2 21.4
$ e 2 8 .3 1.1 83 3.3 18
I 2.2 15 .3 .e 22 2 15.8
5 B 2.4 12 .2 .8 28 1.8 14
28k : 2.8 S .1 .5 18 1.7 12.3
: 2 2.8 8 .1 .3 12 1.1 11.2
T ) 1 2 .8 e .7 18.4
E A 8.2 4 "] .2 12 .8 8.5
: 3.4 8 ] .2 e .7 8.7
: 8.8 2 ] .2 2 .8 7.8
; 5.8 3 2 =1 11 1 8.8
4 1 "] &1 7 .8 8.1
4.2 1 a «1 18 1.2 4.8
4.4 B 2 .1 5 .4 4.4
4.8 @ ] .1 2 .1 4.2
4.8 8 ] .1 8 .2 8.8
. . . 5 "] "] .1 1 @ 8.8
G- e "] i3 18 1.7 2.1
7 8 9 18 g7 g @a .1 8 .8 1.8
7-8 1 ] 2 3 .2 1
N "] 8 "] 3 .2 .7
Lbe. e-18 @ o a 7 .8 B
Masximum & 12.2

Figure 18. Frequency table and histogram for all nut detachment forces in lbe. megeured
for Nonpareil almonde during 1984,



All Merced:

S combined data
42t

s, Bafore
2af:

Lbe.

for Merced almonde during 1984.

Numbar
Maan

Variancea

Lbe.

«2
o4
.8
.e
1

1.2
1.4
1.5
1.8
2

2.2
2. 4
2.8
2.8
3.2
3.4
a.sB
4

4.2
4. 4
4.8
4.8
5.2
8.2
8.4
8.8
7- 4
7.8
8.2
1a

Maximum

Figure 20. Frequency table and histogram for all nut detachment forcee in lbs. measured

Num

AR 3-R-R-N-R-R- R R-R-R-R-N_-R-J Rl N 3

Befora
i8aa
. 42086
. 1841
X Cum Num
35.3 64.7 11
83.8 31.4 32
15.1 18.2 81
3.2 5.4 28
2.5 2.8 25
1 1.7 25
1 P 4 22
-2 -4 8
-4 12
o1 -2 7
2 .2 S
a | 8
2 .1 4
a2 o | 5
2 2 5
2 a 2
a 2 2
2 2 2
- a 3
a a 1
"} a 4
2 a 1
2 a 1
2 1
2 a 1
2 a 2
2 2 1
%] 2 2
a a 1
3.4

Aftar

274
1. 56845
2. 8578

X Cum
4 86
11.8 684.3
11.3 738
i2 81
7.2 53.7
8.1 44.8
8.1 85.4
8 27. 4
3.2 24.1
2.5 17.8
1.8 18.1
2.1 13.8
1.4 12.4
i.8 1.8
1.8 8.8
L] 7 8. 1
7 7.3
«7 8.8
1 5. 5
.3 5.1
1.4 3.7
«3 3.3
.3 3
3 2.2
- 7 1. 5
«3 1.1
-3 a
11.1
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All Mission:

X 58 combined data
4o}
: Bafore
3pp
2afi

o 1 ]

8 g 18

Lbe.

Figure 21. Frequency table and histogram for all nut detachment forces in lbs. measured

for Miesion almonds during 1984.

Bafore
2045

- 8654

- 8837

X Cum
31.8 68.1
17.8 S@. 4
8 41.3
5.8 385.4
4.4 31
5.8 25.3
5 208. 3
4.3 15.8
3.1 12.8
2 18. 7
2.3 8.3
1.5 8.8
1.7 S
.g 4.1
«7 3.3
«4 2.8
-4 2.3
.5 1.8
.2 1.5
2 1.3
5 | 1.1
.1 .n
2 .8
2 -7
.1 .
2 o |
"} B
8.2

Number
Maan
Variancea
Lbe. Num
.2 854
-4 381
-8 188
.8 121
b § 28
1.2 118
1.4 i3
1.8 88
1.8 8s
2 42
2.2 48
2. 4 31
2.8 88
2.8 i8
3 i8
3.2 i@
3.4 i
3.8 11
3.8 8
4 5
4.2 4
4.4 4
4.8 2
4.8 1
5 3
5-8 8
8-7 3
7-8 1
B=8 1
Maximum

Num

Aftar

854
1. 8512
3. 8891

X Cum
4.8 85.2
7.9 87.3
8 78.3
8.2 72.1
5.2 868.8
6.5 88.2
[=] 51.2
B.4 44.8
4.2 48.86
2.9 38
4,2 33.8
7 28. 7
3.8 22.8
2.8 28.1
2.2 17.8
3 14.8
2.8 12
2.1 8.8
.8 8.8
1.1 7.8
1.5 6.2
.8 S. 4
-8 4.5
+8 8.2
1.8 1.7
1.2 .4
L ] 2 L ] 2
. 2
8.2
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All Drake:

5@ combined data
Numbar
Maar
Var-ianca
L Lbe. Num
i .2 818
.4 514
inﬁ»ﬂ .8 268
i .8 141
4 1 o]
& 1.2 39
30 H : 1.4 21
¢ 3 1.8 12
: 1.8 1@
: & 2 5
: 2.2 4
2 2 2. 4 ]
28¢ : 2.8 2
: 2 2.8 a
ol 3 2
H 3.2 -]
. 3 8. 4 2
E g s 3.8 o
e /\ 3 3.8 2
12 -
2
1
1
2
")
a
2
e
Lbe. 8-18 "]
Mot mum

SBafore
1875

- 428

- 1481

X Cum
86.4 83.8
380.8 92.8
18.5 17. 4
8.4 8
8.4 8.8
1.8 3.6
1.2 2.8
«7 1.8
S 1
.2 4
2 .
2 S
n .a
.1 .2
a 2
a -2
2 .2
-] 2
B 2
2 2
] . |
"] a
a a
@ a
2 2
-] a
2 2
[} B
2 2
4.8

naloNR85LABIREE

.2

Figure 22. Frequenoy table and histogram for all nut detachment forocee in lbs. measured

for Drake almonde during 1884.
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All varieties:

=0 combined data
sof
. Bafore
3m}it
20f :

J

8

Lbe.

10

Bafore
Numbaer 12882
Maar . 5228
Variance - 3181
Lbe. Num X Cum
2 3787 34.7 65.3
-4 3035 28.4 38.8
.8 1934 14.38 22.4
.8 7685 7.3 15.1
1 415 3.8 11.2
1.2 342 3.2 8
1.4 217 2 S.8
1.8 177 1.8 4.3
1.8 g8 -8 3.3
2 84 .8 2.7
2.2 71 .8 2.1
2.4 44 .4 1.7
2. 8 44 -4 1.2
2.8 27 «2 1
3 28 «3 -8
3.2 14 .1 «7
3.4 11 - | .8
3.8 13 .1 S
3.8 g 2 -4
4 8 g -3
4.2 -] 2 «3
4.4 5 2 -2
4.8 3 a 2
4.8 1 2 .2
-] 3 2 .2
5-8 8 2 1
8-7 3 a . |
7-8 2 2 a
8-g 1 .} 2
g-18 a2 7] 2
Maximum 8.2

Num

385

224

Aftar
2828

1.8215

X Cum

7.8
12.2
18. 4
8.2
5.8
7.8
7
S.8
a.g
3.3
2.9
3.5
2.8
1.8
1.3
1.8
1.7
1.2

Figure 23. Frequenoy table and histogram for all nut detachment forces in lbs. measured

for All almonde during 1884,

92. s
88.3
88.8
80.6
54. e
47.1
46. 1
34.2
az. 2
26.8
23.8
20. 4
17.7
15.8
14.5
12.8
ln. 9
8.8
8.6
7.8
8.4
S. 4
4.8
4.1
3.8
2.3
1.2
.8
o4

2
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