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1. Il'!TR<DUCTION

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

pointed up several places in the procedures where increased sampling

efficiencies were desireable: (1) Samplelimb selection using the random

path methodmight be done independent of the fruit counting phase~ An.

independent limb selection phase could result in less training being

required for the "fruit counters", reduce the time per tree, and selecting

a more uniform set of sample limbs, i.e., a 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 which was highly correlated with actual fruit could

be expected to reduce the variability due to subsampling of the tree as

well as prOVidea measure of variation between trees, and "(3) The task of

accurately counting f'ruit in conventional objective yield surveys requires

a painstaking procedure by small sub-sections of the sample limbs. There

are also instances where somedegree of undercounting occurs and verification

of actual tree counts is costly, or is not detected until it is too late

to recount the f'ruit. 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 utU1zed as covariates in double sampling. This

would reduce the numberof trees on which fruit counts on sample limbs would

need to be counted by conventional objective yield sampling procedures. Thus,

it is not expected that the conventional objective yield counting work will

be eliminated, but merely reduced.
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Witi1.these three basic problems in mind, the Research and Development

Branch of SRSundertook some exploratory work with e;roundphotography in

1965. The work in 1965 and 1966 lead to the California and Virginia Research

Projects initiated in the summerof 1967. Somephotography was also

obtained for several additional kinds of fruits and nuts in Hichigan and

Oregon.

The photoe;raphy was utilized at several different times during the

season:

(1) 35 mmcolor and color stereo photography was obtaineq of sample

trees when no leaves were present.

(2) 3'5 mmcolor and color stereo photography was obtained after the

"June drop" had occurred. Counts of immature f'ruit were uiade on all

limbs on the same day as the photograpr..y was obtained.

(3) 35 mmcolor and color stereo photography was obtained several

days ahead of the cO!l'lll1ercialharvest. In addition, a fruit count was

obtained by picking all fruit on the tree.

The photography of the trees without leaves was designed to devise a

oeans of' using the photograph as a sampling frame for limb selection.

Considerable labor and ch~~ce for error could be eliminated if sample

limbs could be selected f.romphotos of limb structure • .Also in en operational

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 considering trees as primary units (or clusters of

limbS) of'unequal size and number. The limb selection procedure commonly
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in use, makes the limb selection independent for each tree .,Iithout reeard

to the number or size of branches on the other trees.

The :f'rui.t counts by limbs or "tree mappings" were obtairied to study

alternative ways of selecting sample limbs and to provide a basis for

measuring the effectiveness of'the photography.

2., PRELlrl{[~!ARY RESULTS OF 1967 WORK

The photot;l"apbyof fruit trees in late tTuneprovided information in

Virginia and California on:

(a) 9 Red Win Peach Trees in Virginia

(b) 16 Lodel Peach Trees in California

(c) 6 Golden Delicious Apple Trees in Virginia

(d) 2 stayman Apple Trees in Virginia

The Red Win variety is an ear4' maturing peach which was almost ripe

when the photography was taken. However, the Lode1 peaches and Golden

Delicious apples were green and quite immature when the photography was

taken in June.

USEOF P:iCY.:':'OORAPHY FORCotl1'rrnuFRUIT: The !'ruit counts for each tree

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

by enumerators "mapping" or taking a census of all the f'rui t on each tree,

(2) Counts of fruit on photography !'rom two sides of each tree were

obtained. The two positions !'.romwhich the photography was taken were

1800 apart. TwOto four slides were required to obtain the tree count

corresponding to each side of the tree. An aluminumtrame, about 16 x 16 feet,

was used to divide the tree into four parts so no !'.ruit would be counted
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twice from the same side. Individual f'ruit near the top or outer edges

of the tree could have been counted from both sides of the tree. The

cOWltsfrom the two ~ideB of the tree were added together to get the

"Photo Count" for each tree.

The f'ruit counts for the trees listed in a, b, and (c + d) above are

shownon three graphs attached. The relationships are good with the

sample correlations coefficients being .852, .S55 and .984 for a, b, and

(c + d) respectively. The ratio of the fruit counted on the photos to the

total numberon the tree appears to be fairly constant for a given size

tree. The average ratios were .326 for green Lodel peaches, .491 for gree~

Golden Delicious apples, and. .555 for mature Red Winpeaches. Ripe fruit

is easier to see on the photography than green fruit, and apples are

easier to see than peaches. The attempt to count the fruit on individual

sample limbs from photos to comparewith the enumerator's coUnt was not

satisfactory because of the presence of the leaves and the overlapping

of individual limbs on the photo. To overcomethese difficulties, the use

of stereo photography of the bare tree is required so the "path" of

individual limbs will be knownmore exactly. For this purpose each sliqe

will be divided into sub-areas corresponding to individual limbs. The

f'ruit .counts by sub-areas will be related to the actual counts b:y- enumerators

for the "principal" sample limbs, which occupy the area designated on the

slide.

In each case the slides were projected on a white background and counted

by cells (small square subsections of the slide). The most satisfactory
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.technique fO'Wld for accurately counting fruit from the slides is:

(1) Project the slide on a white piece o:fpaper at a distance o:f
about 10 feet using a 500 watt projector with a remote control device

~ :for :focusing.
(2) One interpreter 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 a circle for

any add.itional fruit seen and an "x" i:fthe second interpreter does not
concur with a previous dot. The circles and "X's~ are then reconciled by
the two interpreters.
The use o:ftwo projectors and interpreters working at the same time is
the most efficient arrangement. Since they can check or recount each other's
work and o~ need to project each slide once.

Based on the experience to date in interpretating photo3raphs the average
time required to make f'ruit CO'Wltsby a semi-skilled interpreter from a
single 35 mm color slide projected on a white background (or scre~) are
approximately as shown in Table 1 below.

Table 1: Average Times per Slide

: Distance from TreeFrui t Minutes
Trunk to Lens

Peaches (immature) 7 15 f't •

Peaches (ripe) • 5 18 f't.
0

Apples (immature) 7 22.5 ft.
• ·0Apples (ripe) · 22.5 ft.• 7 ·• ·

Cherries (ripe) • 15 20 fi.
0

•lo{e1nuts(immature) · 14 25 ft.
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T:le total. number of slides required per tree will vary from four to eight
depending on the size of tree and the distance :!'romthe tree trunk to the
lens. For most situations good quality 35 mm slides are satisfactory for
counting f'ruit. The 35 mm stereo pairs may be helpfUl in certain diff'icult.
counting situations and ~1ere it is not possible to eliminate limbs of
adjacent trees from the background of the sample tree. Of course, each
member of the stereo pair can be viewed as a single slide by usi."1e;only one
lens of the projector. The second member of the pair can e1so be projected
so the fruit can be viewed from a slightly di~erent position.

EFFICIENCY OF ALTERNATIVE HETH<DS OF 03.JECTn'E FRUIT COUNTING (EQFAL COSTS):

The fruit on each tree was mapped by terminal. limbs and COl.Ultsrecorded
for each limb. 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 - Equal Probability of Selection et each
stage, and (2) PPS - Probability Proportional to Size at eech stage. These
results are shown in Table 2.

The procedure used in defining terminal limbs for Red 1vin Peaches and'
Golden Delicious Apples resulted in considerable variation in the size of
the individual limbs; consequently, it was appropriate to consider whether
PPS sampling might be superior to EPS selection of limbs. For PPS sampling
of limbs to be superior to EPS, the number of' fruit must also be corre1eted
(positively) with the measure of size used, i.e., cross-sectional' erea.
(Table 3)
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~ In California'the single stage of selection was more efficient when
Ere was used. This was due to the smaller correlation between number of
~lit and measure of size. Also, the procedure used to define terminal
limbs may have resulted 1..'1 more uniform limbs being selected. However,
in selecting limbs by stages, PPS is superior to EPS for all situations
examined. This phase of work has not been completed and we plan to explore
alternative ways of subdividing the tree into terminal limbs :fromthe photos
or the bare tree. The single stage selection of terminal limbs either,by
PPS or EPS is slightly more efficient than the random path method using
limbs selected by PPS.

Table 2: Variances for Alternate Hethods of
'Sampling Trees Based on Current Procedure for Derinir~ Terminal Limbs

HetLod of : Red Win Lode1 Golden Deliciu.~s
Sampling : Peaches Peaches Apples

··: ··No Trees · 9 • 16 6· ·· •· •Random Path-Selection · :·in ~evera1 Stages :
:

BPS • 121,058 207,532 1,851,884·: · ·· ·PPS : 68,458 89,142 353,267
· ·· ·Single stage-Random • : :·Selection of Terminals :· •· ·EPS : 112,075 76,538 · 738,233···PPS · 63,281 110,827 : 349,989•
: ··

I.
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Table 3: Correlation Between J'Iumberof Fruit and

Cross-Sectional Area of Terminal Limbs

sample limbs from photography of bare trees to be used for conventional

objective fruit surveys '\-1asinvestigated. The use of 35 mrn stereo slides

was f01Ullito be most suitable for this purpose. However, the stereo slides

are also viewed as !lon-stereo single frames by turning off one lens of the

projector. In the tree mapping procedure being considered, the stereo

slides are projected alternately as pairs and as singles.

'Ba.chprimary limo (8 major limb "T~iich 'hranches off' the mliin trunk) is

vleYTcd~or plurpo~es of identifying all terminal limbs ~sing a stereo h~~d

vie1"er. Each primary is viewed from the side of the tree which shows the

l~ most clearly, or using slides from both sides of the tree if necessar-J.

Af'ter t:,e n'..1J1l\?erof terminals for each primary has been determined, the

slide is then projected on to a Wllite paper screen a nd the limbs labeled.
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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 show sketches

'.' of terminal limbs of a tree !'rom two positions.

3. LIST OFEQUIPMENrUSED

Cameras:
Miranda Automex Camera
Kodak Stereo Camera F 3.5 lens

Film:
Kodachrome II

Projectors:
Kodak Carousel 800 (with remote control f'ocusing)
Compoco500 Stereo

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

Screen:
Lenticular
Good Quality 3' x 3' sheet s of wi te Bond Paper
Transparent Plastic Screen on Stand for Rear Viewing

4•. LIST OF PRINCIPALPARTICIPANTS

Richard P. Small, California, Principle Investigator

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

l'lilliam vTigton, Washington, D.C., Photo Interpretation and Analysis

EdWaI'dCamara, Washington, D.C., Rlotograpby and Photo Interpretation

5. REFERENCES

Research Report on Virginia Apple Objective Count surveys by Tyler R.
sturdevant, SRS, Oct. 1967

Research Report on Tart Cherry Objective Yield Surveys by Richard P.
Small, SRS, June 1964 ..



GRAPH I V,RGINIA. PEA"CHES: NUM5E~ OF FRUIT ON TREE
VERsus FRUIT CO'JNT ED IN .PHOTOGRt..?HS.

JUNE 2/,/967 (TREESTAKEN FROM A SINGLE BLOC.I<
OF RED V/IN PEA.CHE5",
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GRAPH .IT C:\U~JR\!!A PE;~C.HES: NU:'~~:::p,J::- FRUIT 01"; l:~=:=:..
VERS!JS FRUIT COUNTED "'-.1 PHOT00RAPHS.

JUNE-20J /967 (TRE:E6 T~:<=N~ROt.A A SINGL.E BLCJ"::<'
OF LOS,E.L PE/ ..•~HECS )



GRt\PH]I VIRGl;'llA ApPLES: NUMBER OF FRUIT ON TREE

VERSUS:F~UIT COUNTED IN PHOTO(;,RA-PHS.
JUNE 27/1967
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Fl·GURE:(- Ln•.rBS OF ApPLE TREE MAPPED FF~OM

PHOTOGRAPH OF 6Ar~E TREE. APRIL 19)\967
(LIMBS NO-, IDENTIFIED ONTH'S FIGURE

ARE MAPPED O~J F\GURE.:CI: ),
-0

-

,.

't 10.
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FIGUHE ][--LIMBS OF ApPLE TREE MAPPED FROM'

PHOTOGBAPHOF BARE. TREE.. APRIL \9) 1967
.{LIMe5 NO"T1DENTIF1EDONTH\S FIGURE

t . ARE MAPPED ON FIGURE J:J,

"!
t~ --"<'~.:-..::J
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