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1, INTRODUCTION

Earlier objective yield work on cherries, apples, and peaches have

pointed up several places in the procedures where increased sampling
efficiencies were desireable: (1) Sample 1imb selection using fhe random - i
path method might ﬁe done independent of the fruit counting phase. Anﬁ . 1
independent limb selection phase could result in less training beipg ‘
required for the "frﬁit counfers", reduce the time per tree, and selecting
a more uniform set of'sample limbs, 1.e., a2 more efficient sampling of'
the trees, (2) The large variability within and between trees. in orchards
requires large sample sizes to attain acceptable levels of accuracy. A
photo "count” of fruit whiéh was highly correlated with actual fruit could
be expected to reduce the variability due to subsampling of the tree as
well as provide a measure of variation between trees, and (3) The task of
accurately counting fruit in conventional objective yield surveys fequires'
a paipstaking procedure by small sub-sections of the sarmple limbs. lThere
| are also instaﬁces where some degreehof undercounting occurs and verification
of actual tree counts ie costly, or is not detected until it is too late
to recount the fruit, It is hoped that the use of photography will provide -
quality control over field counts. However, the procedure has not been
fully developed, The primary objective is to use photography to provide
fruit counts which can be utilized as covariates in double sampling. This
~would reduce the number of trees on which fruit counts on sample limbs woulé
need to be counted by conventional objective yield sampling procedures. Thus,
it is not expected that the conventional objective yield counting work w111

be eliminated, but merely reduced,



Witn these three basic problems in mind, the Research and Development
Branch of SRS undertook'some exploratory work with ground photography in
1965, The work in 1965 and 1966 lead to the California and Virginia Research
 Projects initiated in the summer of 1967. Some photégraphy wés also
obtained for sevefal additional kinds of fruitﬁ and nuts in Mﬁchigah'and |
Oregon. | . '

The photogrdphy was utilized at severel different times during the
season: |

(1) 35 mmvcolor and color stereo photography was obtained of sample
treeé when'no leaves were present,

'(25 35 mm color and color stereo photography was obtaihed after the
"June drop" had océurred. Counts of immature fruit were made on all
limbs 6n the same day as the photograpry was obtained.

(3) 35 mm color and color stereo photography was obtained several
days shead of the commercial harvest. 1In eddition, a fruit count was
obtained by picking all fruit on the tree,

The photography of the trees without leaves was deéigned to devise a
neans of using the phctograph as a sampling frame for 1limb selectioﬁ.
Considerable lasbor and chénce for error could be eliminated if sample
limbs could be selected from photos of 1limb structure. Also in sn operationsal
survey, the possibility for considerable increases in efficiencies of limb
selection exists, The limb selection could be optimimized over all trees
in the sample by considéring trees as primery units (o; clusters of

limbs) of unequal size and number, The limb selection procedure commonly



in use, makes the limb selection independent for each tree without regard
to the number or size of branches on the other trees. |

The fruit counts by limbs or "tree mappings" were obtained to study
alternative ways of selecting sample limhs aﬂd‘to.provide a basis for

measuring the effectiveness of the photogrephy.

. 2;_ PRELIMIMARY RWSULTS OF 1967 WORK
| The photography of fruit trees in late June provided informatipn in
Virginia and California on:

(a) 9 Red Win PEacﬁ Trees in Virginia

(b) 16 Lodel Peach Trees in California

" (¢) 6 Golden Délicibus Apple Trees in Virginia

(d) 2 Stayman Apple Trees in Virginia

The Red Win variety is an early maturing peach which was almost ripe
when the photography was tsken, However, the lLodel peaches and Golden '
Delicious apples were green apd quite immature when the photography was

taken in June.

>

USE OF FOTOGRAPHY FOR COUMNTING FRUIT: The fruit counts for each tree

were obtained in two ways: (1) The total fruit on each tree was secured

by enumerators "mapbing" or taking a census of all the fruit on each treé,

(2) Counts of fruit on photography from two sides of each tree were

obtained, The two positions from which the photography was taken were

180° apart. Two to four slides were required to obtain the tree count
correspondihg to each side of the tree. An aluminum frame, about 16 x 16 feet,

was used to divide the tree into four parts so no fruit would be counted




'. twice from the same side, Individual fruit near the top or outer edges

of the tree could have been counted from both sides of the tree, The
counts from the two sides of the tree were added together to get the
"Photo Count" for each tree. |

The fruit counts for the trees listed.in_a, b, and (c + d) above are
shown.on three graphs attached, The relationships are good with the
sampie‘correlations coeffiéients being .852, .855 aﬂd .93 for a, b, and
(¢ + 4d) respectively.‘ The ratio of the fruit counted on the photos to the
total number on the tree appears to be fairly constant for a given size
tree. The average ratios were ,326 for green Lodel peaches, 491 for green
Golden Delicious applés, and, ,555 for mature Red Win peaches, Ripe fruit |
is easier to see on the photogrephy than green fruit, and apples are
easier to see than peaches, The attempt to count the fruit on individual
sample limbs from photos to compare with the enumerator's count was not
sétisfactqry because of the presence of the leaves and the overlappingv ,
of individual limbs on the photo, To overcome these difficuities, the use.
of stereo photography of the bare tree is required so the "path" of ,
1n&ividua1 1imbs will be known more exactly. For this purpose each slide
will be divided into sub-areas corresponding to individﬁai limbs, The
fruit counts by sub-areas will be'related to the actual counts by enumerators
for the "frincipal" samﬁle limbs, which occupy the area designated on the
slide, |

In each case the slides were projected on a whité background and cbunted

by cells (small square subsections of the slide), The most satisfactory




technique found for accurately counting fruit from the slides is:
(1) Project the slide on a white piece of paper at a distance of
about 10 feet using a 500 watt projector with a reméte'control device
for focusing.
| (2) One ihterpreter counts the fruit by placing a small dot on the paper
corresponding to each fruit, |
| (3) A second interpreter counts the same slide and places & circle for
any additional fruit seen and an "X" if the second interpreter does not
éoncur with a previous dot, The circles and "X's" are then reconciled by
the two interpreters. .
The use of two projectors and interpreters working at the same time is
the most efficient arrangemént. Since they can check or recount each other's
work and only need to pfoject each slide once,
Based on the experience to date in interpretating photozraphs the average
timé required to make fruit counts by a semi-skilled interpreter from a
single 35 mm color slide projected on a white background (or screga) are

approximately as shown in Table 1 below,

Table 1: Average Times per Slide

Fruit z Minutes z Distance from Tree
. ¢+ Trunk to Lens
Peaches (immature) 7 15 ft.
Peaches (ripe) : 5 : 18 ft.
Apples (immature) ST P 2.5 1t
Apples (ripe) : l7 i 22,5 ft,
Cherries (ripe) ; 15 § 20 ft.
Welnuts (imeture) . 1% 25 ft.




Z
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Tae total number of slides required per iree wili vary froﬁ four to éight
depending on the size of tree and the distance from the tree trunk to the
lens. For most.situations good quality 35 mm slides are satisfectory for
countiﬁg fruit, Thé 35 mm stereo pairs may be heipful in certain difficult -
counting situstions and where it is not possible td eliminate limbs of
edjacent trees from the background of the sample trée. of course, éach'
mémber of the stereo pair can be viewed as a single‘slide by using only one
lgns of the projector, The second member of the pair can also be pfojected

so the fruif ¢an be viewed from a slightly different position,

EFFICIENCY OF ALTERNATIVE METHODS OF ORJECTIVE FRUIT COUNTING (EQUAL COSTS):

The fruit on each tree was ﬁapped by terminal limbs and counts recorded

for each 1imb, These tree mappings made it possible to compare.several‘
different methods of sampling the trees. Only two procedures of sampling
limbs were considered: (1) EPS - Zqual Probability of Selection at each
stage, and (2) PPS - Probability Proportional to Size at each stage, These
results are shown in Table 2, .

The procedure used ih defining terminal limbs for Red Win Peaches and’
Colden Delicious Apples resulted in considerable variationvin the size of
the individual limbs; consequently, it was appropriate to consider whether
PPS sampling might be superior to EPS selectién_bf limbs., For PPS sampling
of limbs to be suberiof to EPS, the number of fruit must also be correleted
(positively) with the measufe of size used, i.e,, cross-sectional- erea,

(Teble 3)



7

" . _In California the Singlé stage of selection was more efficient when
EPS was used, This was due to the smaller correlation.between nunber of
fruit and measure of size, Also, the procedure used to define terminal
limbs mgyvﬁave resulted in more uniform limbs being selected. However,

 in selecting limbs by stages, P?S is superior to EPS for all situations

examined, This phase of work has not been compieted and we plan to exﬁlﬁre
‘alternativeiways of subdividing the tree into terminal‘limbs from the photbs
of the bare tree, The single stage selection of terminal limbs either~b&
PPS or EPS is slightly more efficient than the random path method using

liobs selected by PPS,

Table 2: Variances for Alternate Methods of

‘Sampling Trees Based on Current Procedure for Defining Terminal Limbs

Metl.od of ; Ped Win ; Todel . Golden Delicious
Sampling ¢ Peaches : Peaches : Apples
WMo Trees : 9 . 16 - 6
Random Path-~Selection ; ; ;
in Several Stages H : :
PS : 121,058 : 207,532 : 1,851,88%
PPS : 68,458 : 89,142 353,267
Single Stage-Rendom ; ; ;
Selection of Terminals : H :
EPS : 112,075 : 76,538 : 738,233
PPS . 63,281 : 110,827 : 349,989




™

Table 3: Correlation Between Mumber of Fruit and

Cross-Sectional Apea of Terminal Limbs

Tumber :Ave. No.: Ave,

Kind of Frmit ¢ Correlation : INumber ¢ of :of Fruit:C,S.A.

: Coefficient : of :Terminal :Per Limb:Per Limb

:(Within Tree) : Trees : Limbs : :(Sq. In.)
- Peaches - Red Win : . 709 : 9 ¢ 125 : 27.9 : 1,58
Peaches - Lodel : 460 : 16 : 320 : 23,7 : 1.%
Apples - Gold. Del, .645 : 6 : 134 51,6 : 1.,h2
Apples - Stayman : © .318 : 2 ; 92 : 21,6 : 1.5%
Cherries - Montmorency .50k : 2 : 103 :2128.9 : 1,11

UUSE OF PHOTOGRAPHY FOR SEIECTING SAMPIE LIMB3S: A technique of selecting

sample limbs from photography of bare trees to be used for conventionalA
objective fruit surveys was investigated. The use of 35 mm stereo slides
was foourd to be most suitable for this purpose. | However, the stereo slides
are also viewed as non-stereo single frames by turning off one lens of the
projector, Iin the tree mepping procedure beinz considered, the stereo‘
slides gre .projected alférnately as paﬁs and as singles, |
Tach primary 1limb (a major limb wiich branches off the main trunk) is
viewed {or purpoces of identifying all terminal limbs using a stereo hand
viewer, Tech primary is viewed from the side of the tree which shows the
linm> most clearly, or using slides from both sides of the tree if necessary.
After the numcer of terminals for each primery has been determine_d, the

slide is then projected on to a wiite paper screen and the limbs labeled,



A photograph of the projected slide with the limbs of the tree labeled is

taken for use by the workers in the field, Figures 1 and 2 shbvi sketches

of terminal limbs of a tree from two positions,

3.

5.

LIST OF EQUIPMENT USED

Cameras:
Miranda Automex Camera
Kodak Stereo Camera F 3.5 lens

Film:
Kodachrome II

" Projectors:

Kodak Carcusel 800 (with remote control focusing)
Compoco 500 Stereo

Handviewer:
Realist Stereo Viewer Model 2062 (AC & Battery)

Screen:
Ienticular
Good Quality 3! x 3! sheets of white Bond Paper -
Transparent Plastic Screen on Stand for Rear Viewing

‘LIST OF PRINCIPAL PARTICIPANTS

Richard P, Small, California, Principle Investigator

Charles E, Rogers, Washington, D.C., Principle Investigator

William Wigton, Washington, D.C., Photo Interpretation and Analysis
Edward Camara, Washington, D.C,, Photography and Photo Interpretation
REFERENCES |

Research Report on Virginia Apple Objective Count Surveys by Tyler R.
Sturdevant, SRS, Oct, 1967

Research Report on Tart Cherry Cbjective YieldSurveys by R:.cha.rd P.
Small, SRS, June 1964
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FIGURE I— Limes OF APPLE TREZE MAPPED From

PHOTOGRAPH OF BARE TREE . APRIL 19,1967

- (LIMBS NOT IDENTIFIED ON THIS FIGURE
ARE MAPPED ON FIGUREIL) '
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~ FIGURE IE‘LIMBS OF AppLE TREE MAPPED FROM

| " PHOTOGRAPH OF BARE TREE. APRIL 19,1967
ALIMZS NOT IDENTIFIED ON THIS FIGURE

. " ARE MAPPED ON FIGURE I). '
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