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The random path procedure used by the Cal i fo rn ia  
Crop and Livestock Reporting Service (CCLRS) to 
estimate the set of f r u i t  and nut trees was de- 
veloped by Raymond Jessen [3].  B r i e f l y ,  a limb 
is chosen with p robab i l i t y  proport ional to i t s  
cross sectional area (CSA). This process is con- 
tinued unt i l  a terminal l imb, with a predeter- 
mined speci f ic  size CSA, is selected. Fru i t  
counts are made at each stage along the randomly 
selected l imb. An expansion representing a l l  
f r u i t  on the tree is then calculated. For ease 
in measuring, a spec ia l ly  ca l ibrated CSA tape 
measure is used. 

For more de ta i l ,  please refer  to Figure 4. 

A CSA trunk measurement is made but is not used 
in the f ina l  ca lcu la t ion for  the set. This 
measurement is used as an ind icat ion for  year of 
plant.  Generally, the older the tree, the larger 
the trunk measurement. I t  is also used as an 
ind icat ion that the same tree is sampled each 
year since only small increases in trunk diameter 
are expected. 

The f i r s t  measurement used in set ca lcu lat ion is 
the f i r s t  or primary s p l i t  of branches above the 
trunk. This measurement is cal led stage one. 
The primary branches and a l l  other sp l i t s  are 
numbered, using a consistent technique. CCLRS 
uses a tagged corner of the orchard as a re fer -  
ence point .  The limb point ing in the general 
d i rec t ion  of that reference corner is limb one. 
Remaining limbs are numbered consecutively in a 
clockwise d i rec t ion .  

The measurement process uses a standard area of 
the limb for  a CSA determination. The area is 
approximately one hand's width above the limb 
s p l i t  for  larger  l imbs, and two f ingers '  width 
on smaller limbs. I f  at that point there is an 
i r r e g u l a r i t y  in the l imb, v i s . ,  a pruning scar or 
a bulge, then the measurement is made above the 
i r r e g u l a r i t y .  Using Figure 2, "Random Path 
Schedule" as an example, limb one of the f i r s t  
stage has a CSA measurement of 21.1, limb two a 
CSA of 22.8, limb three a CSA of I0 .0,  and limb 
four a CSA of 22.4. As the CSA are entered, a 
cumulative to ta l  is calculated. Therefore, the 
" t o t a l "  CSA are 21.1, 43.9, 53.9, and 76.3. 
Actual CSA measurements are entered in the un- 
shaded boxes, while the cumulative total  CSA are 
entered in the shaded boxes. These measurements 
are in the column for  stage one (pr imary).  

Using these measurements, limb one has a prob- 
a b i l i t y  of 21.1 or 28 percent chance of selection, 

76.3 
limb two has a 22.8 or 30 percent chance of 

76.3 
se lect ion,  limb three has a I0.0 or 13 percent 

76_3 
chance of se lect ion,  and limb four has a 22.4 or 

76.3 

29 percent chance of select ion.  To aid the enum- 
erator  in select ing the proper l imb, a set of 
random CSA measurements are provided at the bottom 
of the random path schedule. (There are I0 d i f -  
ferent  sets of random path schedules, so that 
d i f f e ren t  random numbers are used for  every tree. 
These I0 sets are replaced each year.)  

To select one of the four l imbs, the enumerator 
proceeds to the random number table,  and selects 
the f i r s t  number less than or equal to 76.3 ( to ta l  
CSA measurement) in the f i r s t  column of random 
numbers that  has the same number of s i gn i f i can t  
d ig i t s  as the f ina l  cumulative CSA to ta l .  In th is  
case, proceed to column 2, i . e . ,  3 s i gn i f i can t  
d i g i t s .  The f i r s t  random number less than or 
equal to 76.3 is 23.3. The branch to be selected 
is that  branch which makes the cumulative CSA 
exceed or equal the selected random number, i . e . ,  
branch #2. 

A count of f r u i t  is needed at each stage. These 
f r u i t  are cal led intermediate f r u i t .  The count is 
made as fo l lows:  ( I )  trunk count is a l l  f r u i t  
from the ground to the point of measurement of a l l  
the limbs (primary) in stage one; (2) stage one 
f r u i t  count is the count of f r u i t  from the 
measurement of the selected stage one (branch #2) 
limb up to the measurement point of a l l  limbs at 
the second stage; (3) stage 2 f r u i t  count is the 
count of f r u i t  from the measurement of the 
selected stage 2 limb (branch #I) up to the 
measurement of a l l  limbs at the th i rd  stage; etc. 
( re fer  to Figure 3). 

Figure I" l l l u s t r a t i o n  of stages and limb num- 
bering of a f r u i t  or nut tree. 
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Figure 3" l l l u s t r a t i o n s  of areas for intermediate 
& terminal f r u i t  counts for  each stage. 
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The intermediate f r u i t  count must be tabulated at 
each stage, as the random select ion process pro- 
ceeds out the tree. In Figure 3, the trunk f r u i t  
count is 6 and stage one f r u i t  is 5. 

Since limb two was the selected stage 1 branch, 
continue out that  limb to the next s p l i t  of limbs, 
i . e . ,  stage two ( re fer  to Figure I ) .  The same 
process is applied as at stage one. Limb one is 
the l imb, at the second stage, that points most 
c losely  to the reference point in the orchard. 
The rest of the limbs at that stage are numbered 
in a clockwise manner from limb one. CSA measure- 
ments, once again, are made approximately one 
hand's width from the s p l i t  unless an i r regu la r -  
i t y  is found. 

Suppose limb one has a CSA measurement of 9.0, 
and limb two has a CSA measurement of 13.1. The 
cumulative CSA measurements are then 9.0 and 22.1 
( re fer  to Figure I ) .  A random number less than 
or equal to 22.1 must be selected. Since the 
tota l  cumulative CSA measurement is 22.1, i . e . ,  
three s i gn i f i can t  d i g i t s ,  proceed to the f i r s t  
column of random numbers with three s i gn i f i can t  
d i g i t s .  Star t  from the las t  random number used 
since we are once again in the same column as 
used for  stage one. The f i r s t  random number less 
than or equal to 22.1, excluding 00.0, is 07.4. 

The f i r s t  CSA tota l  which makes the cumulative 
CSA tota l  equal or exceed 07.4, is branch one. 
The stage two f r u i t  count is six ( re fe r  to Figure 
3). 

The random limb process is continued unt i l  there 
are no limb sp l i t s  with CSA measurements of at 
least  0.3 for  Cling peaches, or when eight stages 
(branch sp l i t s )  have been selected. 

In our example, there are f ive  stages. The las t  
branch selected was branch one of the f i f t h  
stage. This is a terminal branch since there are 
not at least  two branch sp l i t s  with the speci f ied 
minimum CSA measurements. Al l  terminal f r u i t  
must then be counted from the point of measure- 
ment at the f i f t h  stage out of the rest of the 
tree. 

Any branch encountered in th is  ent i re  measurement 
process that is less than the minimum CSA measure- 
ment is disregarded as a branch. However, a l l  
f r u i t  on these limbs must be counted and included 
in the intermediate f r u i t  to ta ls .  

The general expansion formula for  the set is" 
Total 

cum. CSA Fru i t  
Trunk) ( stage one)  ( c o u n t )  + 
f r u i t  + Selected x stage 
count branch CSA one 

stage one 

Total Total 
( cum" CSA I ( cum" CSA ) ( F r u i t )  

sta9e one x sta9 e two x count +...+ 
Se I ected Se I ected s tage 

branch CSA branch CSA two 
stage one stage two 

(Continued on next page) 
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Total Total cum. CSA 

( cum. CSA ) S e l e c t e d  ,/terminal stage) stage on e x. . .x |selected branch 
CSA terminal branch CSA 

stage one stage 

Terminal) 
f r u i t  
count 

set per tree 

For our example the expanded set would be: 

6+ {76 s) + 76.si 22.11 + 

7 4  +r76.31 t22. I 

6 + 17 + 49 + 31 + 137 + 1,544 = 1,784 

Certain refinements were introduced in an e f f o r t  
to improve the current random path procedures. 
One refinement includes using various sections 
of the limb to take the CSA measurement in order 
to obtain the best section of the limb that 
represents the bearing surface from which the 
next s p l i t  of limbs extend. As mentioned pre- 
v iously ,  the current procedure is approximately 
one hand's width above the limb s p l i t .  I f  there 
is an i r r e g u l a r i t y  then the measurement is made 
above the i r r e g u l a r i t y .  One a l te rnat ive  to the 
present system was to measure the CSA one hand's 
width above the limb s p l i t  disregarding any i r -  
regu la r i t i es .  The second a l te rnat ive  was to 
make al l  branch measurements one hand's width 
below the next s p l i t  of l imbs; in e f fec t  the 
measurements were taken where the branch was 
s l i g h t l y  smaller. 

Another refinement was to vary the size of the 
terminal branch. For this pro ject  0.5 and 0.8 
CSA were used besides the current minimum CSA of 
0.3. The pro ject  was conducted on 3 d i f f e ren t  
var ie t ies  of Cling peach trees; Loadels, Peaks, 
and Guame. 

The object ives of the pro ject  are to test I) the 
best section of the limb to take CSA measure- 
ments, 2) the optimum terminal branch measure- 
ments and, 3) the e f fec t  of var ie ty  on an 
estimate of  the set. 

PROCEDURE: 
For this pro ject  nine (9) Cling peach trees were 
str ipped of t he i r  f r u i t  and measurements were 
made at the three (3) selected portions of the 
limb. Tables I ,  2, and 3 show the summarized 
resul ts for  the average estimated sets for  the 
9 trees for  the three methods of measuring the 
CSA with a .3, .5, and .8 terminal branch. 

TABLE I :  Al l  measurements one hand's width above 
the previous s p l i t  disregarding abnormali t ies. 

Actual .3 
Tree Set Terminal Difference 

1 1,363 1,505 +142 
2 1,621 2,162 +541 
3 956 1,062 +106 
4 905 995 + 90 
5 1,036 1,222 +186 
6 1,824 2,465 +641 
7 1,818 2,014 +196 
8 1,51 7 2,076 +559 
9 1,474 1,895 +421 

Average 1,391 1,711 +320 

.5 .8 
Tree Terminal Difference Terminal Difference 

1 1,328 - 35 1,179 -184 
2 1,736 +115 1,554 - 67 
3 894 - 62 840 -I 16 
4 861 - 44 829 - 76 
5 939 - 97 911 -125 
6 1,944 +120 1,641 -183 
7 1,761 - 5 7 1,529 -289 
8 1,672 +155 1,450 - 77 
9 1,554 + 80 1,340 -134 

Average 1,410 + 19 1,252 -139 

TABLE 2 : Current procedure for  measuring. 
Actual .3 

Tree 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Average 

Set Terminal Difference 
1,363 1,537 + 174 
1,621 2,063 + 442 

956 1,032 + 76 
905 995 + 90 

1,036 1,183 + 147 
1,824 2,341 + 517 
1,818 1,825 + 7 
1,517 2,687 +I ,170 
1,474 1,897 + 423 
1,391 1,729 + 338 

.5 .8 
Tree Terminal Difference Terminal Difference 

1 1,293 - 70 1,153 -210 
2 1,705 + 84 1,537 - 84 
3 841 -115 790 -166 
4 858 - 47 826 - 79 
5 911 -125 883 -153 
6 1,886 + 62 1,607 -217 
7 1,654 -164 1,392 -426 
8 2,170 +653 1,883 +366 
9 1,524 + 50 1,296 -178 

Average 1,427 + 36 1,264 -127 

TABLE 3: 
the next s p l i t .  

Tree 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Average 

Al l  measurements one hand's width below 

Actual .3 
Set Terminal Difference 
1,363 2,335 +972 
1,621 2,140 +519 

956 1,006 + 50 
905 888 - 17 

1,036 1,150 +114 
1,824 2,266 +442 
1,818 2,061 +243 
1,51 7 1,924 +407 
1,474 2,334 +860 
1,391 1,789 +398 
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.5 .8 
Tree Terminal Dif ference Terminal Dif ference 

1 2,228 +865 2,074 +711 
2 1,816 +195 1,677 + 56 
3 854 -102 810 -146 
4 775 -130 707 -198 
5 904 -132 851 -185 
6 1,815 - 9 1,493 -331 
7 1,746 - 72 1,460 -358 
8 1,572 + 55 1,331 -186 
9 2,068 +594 1,775 +301 

Average 1,531 +140 1,354 - 37 

Table 4 indicates that  the re l a t i ve  di f ferences 
by terminal branch measurements show greater 
var ia t ions  than the di f ferences by the point  at 
which the measurements are made. The smallest 
re la t i ve  d i f ference would ind icate the ideal 
terminal measurement and point  of measurements. 

TABLE 4. Average d i f ference from the actual set 
fo r  the 3 methods with .3, .5, and .8 
Terminal CSA. 

Terminal CSA Current Procedures 
+3 

.5 
• 8 -139 

Al l  Measurements Al l  Measurements 
One Hand's Width One Hand's Width 

Above Previous Sp l i t  Below the Next Sp l i t  
+320 +398 
+ 19 + 97 
-127 - 37 

Figure 4- Histogram of Sets 
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Nonparametric s t a t i s t i c a l  tests were used to tes t  
the e f fec ts  of  the various measurement methods 
and terminal branch CSA's since normal data was 
not obtained ( re fe r  to Figure 4). For ease in 
tes t ing ,  one way nonparametric analysis of 
variance was used to tes t  the di f ferences in 
measurement methods, terminal branch CSA and 
var ie ty  estimates at an er ror  (a) of .05/3=.0167. 

For tes t ing the d i f ferences of more than 2 
groups, the Kruskal-Wal l is test  was used. The 
basic model is assumed to be Xi j  = IJ + aj + e i j ,  
where i = 1 . . . . .  n j ,  j = I ,  2, 3, IJ is the over- 
a l l  mean aj is treatment j e f fec t  and 3 

' Z a j=O.  
j= l  

The errors are assumed to be independent and 
i d e n t i c a l l y  d i s t r i bu ted .  

3 
The data consists of  N=Y. n =4857 observations 

j= l  j 
with nj observations from the j - t h  treatment, 

j = l ,  2, 3. 
Treatments 

1 2 3 
XII XI2 XI3 
X21 X22 X23 

. ° . 

Xnl I Xn22 Xn33 

We want to tes t  the hypothesis H o- al= a2 = a3 vs. 

H A • a's are not a l l  equal. Al l  the sets were 

ranked j o i n t l y  from least  to greatest .  Let r i j  

be the rank of the Xi j  element. 

nj 3 
Then Rj = Z r i j  R = ~ and R..= ZR.j 

i= l  , "J n. j ,  j= l  
3 

Average ranks were used in case of equal sets. 
The H s t a t i s t i c  is 

12 3 2 
H= N(N+I) j = Z l n j ( R ' j - R " )  which has an asymatic 

2 
X d i s t r i b u t i o n  based on 3-I=2 degrees of freedom. 

l 

H is replaced by H where average ranks are used, 
therefore 

H' = H where g is the number of  
g 
Z T  I - (  j / [N3-N] ) 

j= l  

t ied  groups and T . = ( t 3 - t . ) ,  with t .  the size of  
J J J J 

t ied group j .  

I f  an overal l  d i f ference in treatments is found 
then a d i s t r i b u t i o n - f r e e  mul t ip le  comparisons test  
fo r  a large sample approximation with unequal 
sample sizes is to decide 

Tables 5, 6, and 7 show a summary of the number of 
sets and their average ranking by treatment for 
measurement methods, terminal branch CSA and 
variety. 

TABLE 5: Measurement Method Summary 
Treatment 
n umber ( j ) n j 

Al l  measurements one 
hand's width above 
previous s p l i t  w/o 1 1623 5817 
regard to i r r e g u l a r i t i e s  

(_Continued on next page) 

334 



TABLE 5" Measurement Method Summary (continued) 

Current Procedures 

Al l  measurements one 
hand's width below the 
next s p l i t  of limbs 

Treatment 
num.ber (.j) n_~_j R.j 

2 1629 5852 

3 1605 5781 

TABLE 6" Terminal Branch CSA Summary 

.3 Terminal Branch CSA 1 1619 6401 

.5 Terminal Branch CSA 2 1619 5709 

.8 Terminal Branch CSA 3 1619 5341 

TABLE 7: Variety Summary 

Loadel Variety 1 1677 6179 

Peak Variety 2 1293 4699 

Guame Variety 3 1887 6263 

The calculat ions for  the H' s t a t i s t i c s  are as 
fol 1 ows" 

Measurement Method 
I .  H o" ml=m2=m3 vs. H A • not a l l  m's are equal. 

12 (4857) ( 4 8 5 8 ) [ I  623(5817-5817) 2+I 629(5852-5817) 2+I 605(5781-5817) 2] 

H'= I-.00001 

= 2 . 0 7  

H' ~X 2 (2) ~ 9.210 => No d i f fe rence  in the measurement methods. 

Simi la r ly  H' is calculated for  terminal branch 
CSA and var ie ty .  

2. H' (terminal branch CSA) = 1124 => s ign i f i can t  
di f ferences. 

3. H' (var ie ty)  = 477 => s ign i f i can t  di f ferences. 

Since only terminal branch CSA and var ie ty  had 
s ign i f i can t  d i f ferences,  mul t ip le  comparisons 
were made on the or ig ina l  sets. For terminal 
branch CSA H o" .3=.5 H A • .3p.5 

The test" 

16401-57091_>2.65 %/( '4857)(4858b l + 1 
I ' 2 - - 1 6 1 9  1619 ) 

692>130.6=> 

Reject H => .3 is d i f f e ren t  from .5 terminal o 
branch CSA. 

S imi la r ly  .3 is d i f f e ren t  from .8 and .5 is d i f -  
ferent  from .8. 

For var ie ty  the mul t ip le  comparisons showed that 
the Loadel and Peak estimates of set were d i f -  
ferent  as was Peak and Guame but there were no 
s ign i f i can t  dif ferences between Loadel and Guame. 

A nonparametic two-way analysis of variance is 
applied to the various factors so that fu r ther  
explorat ion of the data can be made. 

For the two-way layout the data is assumed to 
consist of n k observations, with one observation 
from each of k treatments in each of n blocks. 
For s imp l i c i t y ,  the median of each cel l  was used 
as that observation. 

The model is assumed to be Xi j  = p+~i+Bj+eij  ' 

i=1,2,3,  j=1,2,3 where ~ is the unknown overal l  
mean, ~i is the block i e f fec t ,  Bj is treatment j 

3 3 
e f fec t  ~ i=O and ~ j=O.  The errors are inde- 

i=l j= l  
pendent and i den t i ca l l y  d is t r ibu ted .  
To test  H o" BI=B2=~3, wi thin each block, rank the 

3 observations from least to greatest.  Let r i j  
3 

R. j=Rj and denote the rank of X i j .  Set Rj = Zr 
i=l i j ,  n 

R..=K+I . 
2 

3 2 
Compute" S- 12n ~ (R. j -R . . )  

k(k+l) j= l  

At the ~ level of s igni f icance re jec t  H o i f  

S>s(~,3,3) where s(~,3,3) sa t i s f ies  the equation 
D 

Po{S>__s (~,3,3) }=~. 

Once again i f  a di f ference is found then mul t ip le 
comparisons w i l l  be used to determine speci f ic  
di f ferences taking into account the other factors 
present. 

To test" H o- Bx=~y H A • Bxf~y then re jec t  H o i f  

IRx-Ryl_>r(~,3,3) where r (~,3,3)  sa t i s f ies  the 

equation Po{IRx-Ryl<r(~,3,3),  x= l ,2 ,  y=3}=l-~. 

Tables 8, 9, and I0 show rankings of the various 
factor .  

TABLE 8: Ranks of Measurement Method vs. Terminal 
Branch CSA 

TERMINAL BRANCH CSA 

1 2 3 , , , 

MEASUREMENT ~ 3 2 1 
3 2 1 

METHOD 3 3 2 1 

TABLE 9- Ranks of Measurement Method vs. Variety 

MEASUREMENT METHOD 

1 2 3 . . . .  
1 3 2 1 

VARIETY 2 3 2 1 
3 2 3 1 

TABLE I0" Ranks of Terminal Branch CSA vs. Variety 

TERMINAL BRANCH CSA 

1 
VARIETY 2 

3 

1 2 3 
3 2 1 
3 2 1 
3 2 1 
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A sample calculat ion is applied to TABLE I0: 

Therefore R 1 =3+3+3=9 

R2=2+2+2=6 

R3=I+I+I=3 

and R.I =9/3=3 

R.2=6/3=2 

R.3=3/3=I 

R.. =3-- 21--=2 

To test" H o" BI=B2=B 3 H A • not al l  B's are equal 

S=12(3) [(3-2)2+(2-2)2+(I-2) 2] 
TTT~T 

=6 
S( .028,3,3)=6--> 

There is a significant difference of the terminal 
branch CSA accounting for variety. 

A similar test was performed where the block was 
terminal branch CSA and the treatment was variety. 
The test showed no significant difference in vari- 
ety taking into account the terminal branch CSA. 

For the multiple comparison tests the only sig- 
nif icant difference occurred between the .3 and 
.8 CSA. Otherwise no differences were found. 

There was also a significant difference in term- 
inal branch CSA taking into account the measure- 
ment method. The multiple comparisons test 
showed the only significant difference occurred 
between 0.3 and 0.8 terminal CSA but they were 
not different with the 0.5 CSA. There was no 
difference in measurement method taking into 
account the variety. 

CONCLUSIONS: 
Summarizing, we found that the measurement method 
had no effect by i t se l f  but the terminal branch 
CSA and variety did. Meanwhile, the terminal 
branch CSA showed differences taking into account 
the variety and also measurement method but vari- 
ety had no significant differences while taking 
into account terminal branch CSA and measurement 
method. 

For a one year project some conclusions and 
recommendations can be drawn from the data. 

I .  Since there is no significant difference in 
measurement method i t  is recommended that current 
procedure be maintained. This wi l l  enable enum- 
erators who have worked on the survey for many 
years to maintain that certain degree of con- 
sistency in measuring limbs. 
2. A change in terminal branch CSA to 0.5 is 
recommended. This change wil l  eventually enhance 
the quality of the data. Since significant d i f -  
ferences were found in all three terminal branch 
CSA, the 0.5 should be used because i t  showed the 
best absolute difference between estimated and 
actual set. This 0.5 CSA wil l  also help the 
enumerators because the Cling Peach Survey and 
Almond Survey are overlapping and the terminal 
CSA for almonds is also 0.5, therefore, no con- 
fusion when sampling a tree as to whether the 
terminal branch CSA is 0.3 or 0.5 

3. A s imi lar  project w i l l  be employed during the 
current harvest season to check on the v a l i d i t y  
of the current resul ts.  Cross checks can then be 
applied from one year to the next. 

And 4. A possible sample a l locat ion by var iety  
along with year of plant and zone be employed 
since differences in var iety estimates of sets 
were found. This is not as c r i t i c a l  as the other 
3 observations since the var iety e f fect  "washed 
out" when terminal branch CSA was taken into 
ef fect .  

A special note of thanks is extended to everyone 
who helped on this research project including 
Marvin Stowe for the use of his orchards and a l l  
members of the Tree Frui t  and Nut Section of the 
Cal i fornia Crop and Livestock Reporting Service. 
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