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1839 NHotes on Terminul Growth length and dlaméter and
weight of frult on 1838 Terminal Wood of the York Apple

e W s W W oy

No. tinchesiinoches:33nd :32nd O0uncesiRurber:Ounces gInches
. of iLengthiLengthiinchestincheas of : of taverageiAverage
Limb: of : of i1dia,ofidia.ofsAprrle pApplestweight gscorbined
11935 : 1938 1 1839 ¢ 1928 : on $] on iper ap.:l1928.39
:Terx1na?erm1n:Tarm1n:Termina1938 : 1938 son 1928:Terrminal
) tk

er,G tTer, G,3G, length

1 14 4 a 9 a 5 13
a 4 7 3 4 7 a 4 8
3 12 18 4 8 9 2 5 14
4 7 8 4 8 5 1 5 8
5 10 5 4 6 4 1 4 8
8 9 B 4 8 8 1 8 ?
7 11 6 4 8 8 1 8 9
8 11 15 5 8 4 1 4 13
9 5 7 4 5 4 1 4 8
10 9 10 4 8 8 1 8 10
1 10 13 4 8 8 3 3 13
13 9 14 5 7 7 3 4 13
13 9 6 4 6 4 1 4 8
14 10 4 4 5 5 1 5 7
15 6 8 3 8 7 a 4 7
16 9 6 4 5 ? 3 4 8
17 5 10 3 5 8 3 3 8
18 15 19 8 9 18 4 4 17
19 8 5 4 3 3 1 3 7
20 12 1 8 8 18 5 3 16
21 9 3 4 5 8 2 4 8
23 4 9 4 & 10 3 5 7
23 11 4 5 5 8 3 4 8
24 13 7 B 8 8 1 8 10
25 7 7 4 8 ? 1 7 7
26 5 6 3 8 8 3 4 8
27 8 4 5 6 13 3 8 8
38 10 13 5 8 11 2 8 12
a9 7 7 3 8 3 1 3 ?
30 8 8 4 6 4 1 4 7
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No. $inchesginches: 33nd 1 33nd $OuncesiNumberiOuncss tInches
of ilengthilengthsincheasincheay of 3 of javeragesaverage
»Limbg of 3+ of gsdia,ofidla.oftApple gApplestweizht scombined
1929 : 1928 ¢ 198G : 1988 : on ¢ on :per Ap.:1978.7%9
xTerw. t Term.z?erm. tTorm, 3 1838 : 1938 :ton 1928iTerminal

:Growths GrowthGrowthiGrowthiTer.G.;Ter,.G 31Ter, C.3 Grc Longth
21 11 1. 5 8 11 3 8 13
32 11 4 8 e 8 1 8 8
33 14 A B 8 8 1 8 9
34 11 11 5 8 13 2 8 11
as 10 9 8 6 7 1 7 10
38 13 3Q 4 10 8 3 B 18
a7 11 18 ] 10 15 4 5 13
as . 13 17 4 10 3 ? 5 15
38 8 16 6 8 i85 3 5 15
- 40 5] 10 4 ¥ 8 1l 8 8
41 13 6 8 8 8 3 3 9
43 15 14 8 10 13 3 8 18
43 13 13 8 8 11 3 8 13
44 11 11 4 e 4 1 4 11
45 6 13 4 8 13 3 4 10
46 10 7 4 8 11 3 2 9
47 6 8 3 5 15 3 5 ?
48 ;] 9 4 8 11 3 6 8
48 10 13 4 8 8 3 3 123
50 8 13 4 8 5 2 3 11
51 n 18 6 8 8 3 3 14
53 8 30 6 8 17 8 8 14
53 8 14 8 8 8 2 3 11
54 8 5 4 5 ? 2 4 8
55 13 13 5 7 18 4 4 13
56 13 15 6 7 13 2 6 14
57 15 17 5 10 as 6 5 18
88 8 13 4 7 8 2 8 10
50 14 8 3 3 8 1 8 11
80 8 ? 1l 3 7 2 4 8

.
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No. :inchestinches: 33nd §: 33nd § Ouncest: Number: Ounces :Inches
of :lengthilengthi:inches;s inches: of : of 1 averageiaverage
Limb: of : of idia.of; dia.of: Apple ; Apples; weight joombined
:+ 1639 : 1928 ¢ 1938 : 18638 on @ R 3 per Ap.:l1928-39
tTerm., 3Term. :Term. g*Term., ¢ 1888 3 1928 ; on 1228;Term, G.
:

h jOrowth;Growth;Growth; Growths Ter.G ; Ter,§ ; Ter. G : Length

61 5 4 3 3 8 1 8 8
63 11 11 2 8 5 1 5 11
63 5 6 1 3 13 3 8 6
64 7 10 3 3 13 a3 . 8 9
85 11 8 3 4 4 1 4 10
68 8 3 3 3 8 3 4 4
67 13 8 3 3 8 3 8 11
68 8 4 3 5 8 2 4 8
69 10 2 3 8 7 3 4 8
70 8 3 3 4 8 1 8 4
71 10 3 3 B 20 3 10 7
73 13 4 3 8 5 1 8 9
73 13 8 3 B 7 1 7 11
74 13 7 3 4 3 1 3 10
75 11 5 3 4 8 ) § 8 8
76 ] 7 a3 5 8 1 6 8
77 13 4 3 3 30 4 5 10
78 12 9 3 4 8 1 8 11
79 7 2 1 8 8 1 8 8
80 13 17 4 8 18 4 4 15
8l 9 14 4 8 a0 5 4 12
83 10 1l 4 6 18 5 3 11
83 4 2 4 4 5 1 5 3
84 14 1 7 10 16 3 8 17
85 16 17 8 2 16 3 5 17
88 5 ") 8 6 ? 4 2 7
87 7 4 4 10 7 4 3 6
88 10 8 3 4 3 1 3 )
89 123 8 4 10 10 3 5 10
90 10 14 4 8 33 8 5 13



1939

¥o :14inches: inchesi 32nd: 32nd; Ouncea: Number: Ouncesi Inches
of :length: lengthi inches: inchess of of iaveragesaverage
Limbg of 3 of tdia,.ofr1dla.of gAprle @ Applesiweight poombined
] s 1938: 1938 3 1928; 1228 ¢ on on  $per Ap 31192829
tTerm. ¢ Terr, Torm., (Term. 3 1988 3 1928 r1on 1928;Term.G.

$GrowthiGrowth 3GrowthiGrwoth :Ter.G t Ter,G 3Ter.G jLensth

$1 10 20 4 11 20 7 3 15
93 8 8 3 4 8 3 3 7
03 9 14 3 4 8 3 3 13
94 7 10 3 8 1 1 1 8
95 11 19 3 8 3 1 3 16
o8 4 4 2 3 6 3 3 4
710 8 4 8 11 3 4 8
88 13 11 4 8 ) 3 5 13
88 10 17 3 8 3 7 5 14
100 10 8 3 4 9 1 9 9
100 13 19 6 8 20 4 5 16
102 14 14 8 10 8 3 4 14
103 14 16 4 8 4 2 3 15
104 18 17 4 8 4 3 2 16
105 13 10 4 B 8 1 8 11
106 13 13 5 5 12 1 13 13
107 7 6 3 4 3 1 3 8
108 8 2 1 3 8 1 8 4
109 13 16 5 8 1 4 4 18
110 1 20 8 11 29 9 3 18
11 1 19 4 9 34 8 4 15
113 13 18 8 10 17 4 4 18
113 18 24 8 16 A2 8 4 21
114 8 8 4 6 8 3 3 8
115 11 14 4 8 21 6 4 13
116 9 4 4 6 12 2 8 ?
117 123 9 5 8 10 3 3 11
118 10 8 4 6 7 1 ? 9
119 7 5 4 6 8 1 8 8
120 10 5 4 5 12 3 6 8
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1839

No. tinches;inches: 33nd 3 33nd {OuncesiNumber:Bunces ;Inches
of tlength:len%thz inchessinches: of 1 of ipaverageiAverage
_ Limb: tdla.oftdala.of tApple 1Applesgweight ;0bmbined

: 1929 ¢ 1928 ¢ 1938: 1938;f on i eon iPer Ap.:11938.39
:Tem. c!‘erw.h ‘I‘erm. t Term. :T199a t 1628 son maexiem.ﬂ.

Ter.G g3Te

1321 10 8

4 6 4 1 4 9
122 9 9 4 8 8 2 4 8
123 18 14 5 8 5 1 5 16
134 13 8 5 7 10 2 5 11
125 7 10 4 8 8 2 3 8
1268 8 8 4 5 5 1 5 7
137 13 13 4 8 8 1 8 13
138 ? 7 4 8 8 1 8 7
139 13 18 5 8 18 3 5 15
130 7 9 4 6 13 3 6 8
131 8 8 4 5 8 1 8 8
132 11 13 5 8 8 1 8 13
133 5 5 4 6 7 1 7 5
134 10 17n e 10 10 -3 3 14
138 11 8 4 5 9 1 9 9
136 13 14 4 8 14 3 8 14
137 11 18 s 4 9 6 2 14
138 8 6 4 4 B 1 5 ?
139 11 10 5 8 16 3 5 11
140 5 3 3 3 7 1 7 4
141 13 18 5 7 6 - 1 8 18
143 14 13 4 6 8 3 4 13
143 10 13 4 7 8 3 3 13
144 9 9 6 4 4 1 4 9
145 3 8 3 5 10 3 5 5
146 10 10 4 8 8 1 8 10
147 10 13 3 6 8 1 8 11
148 8 5 3 5 13 a 8 7
149 e 33 4 8 17 4 4 16
150 6 15 4 8 17 4 4 11
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1839

No. :inches:inghes: 33nd : 33nd :Ounces;NumberiOunces :Inbhes
of ilengthilength: inchessinohes: of : of :AveragerAverage

Limb; of : o ‘dia.et:dia.ot:Applas:Arrlas weight :Combined

:t 1939: 1928 ; 1939 : 1838 ¢ on : on :Per AD.:1838-39
¢ Term,:Term, :Term. tTerm, ¢ 1638 : 1928 :on 19238:Term.(

3Growth:Growths Growth: Growth:Ter, GiTer.G 3Ter.G. sLength

151 10 13 4 7 18 4 4 13
153 13 31 3 9 9 3 5 17
153 13 1 3 8 13 a 7 13
154 12 1% 4 9 8 a 4 18
155 1s 21 5 10 16 4 4 20
156 3 5 3 4 4 1 4 4
157 2 4 8 4 13 1 13 3
158 9 6 4 5 7 1 7 8
159 9 15 4 8 34 7 3 12
160 11 17 5 5 17 4 4 14
181 11 30 5 8 8 3 3 18
163 13 13 4 8 1 a 4 13
163 14 17 4 10 7 3 2 18
164 16 18 6 8 16 3 5 16
165 8 18 4 8 13 3 8 13
168 e 11 4 7 8 3 4 10
167 4 13 3 5 8 3 4 8
168 10 15 4 8 9 3 8 13
189 13 15 4 8 8 3 4 14
170 14 18 5 7 12 3 4 18
171 9 14 7 8 13 3 4 13
173 9 30 3 8 13 3 4 15
173 13 34 5 10 24 5 5 19
174 10 9 4 8 9 3 5 10
175 8 10 4 8 8 1 8 9
178 10 1 5 7 7 1 7 11
177 11 18 8 8 23 5 5 14
178 11 14 4 7 18 3 5 13
179 9 13 4 6 13 3 4 11
180 7 10 4 6 10 3 8

8
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1529

Fo. :inches:inches:t 32nd : 33nd :0unces:Number:Qunces Inches

of :length:length:inches:inchesy of : of iAverageiAverage

Limb: of : of idia.ofjdia.of:Aprle :Aprlestweight :Combined
: 1839 3 1938 ¢ 1929: 1938 ¢ on : on iper Ap.:1938.39
tTerm, $Term, $Term, :Term, : 1938 ; 1938 jon 1928;Term,

jGrowth;Growthi Growths Growth;Ter.G ;Ter, G:Tor, G 1Length

181 13 8 8 7 7 3 4 11
183 11 18 4 ) 7 1 7 14
183 7 8 4 ? 5 1 5 e
184 8 e 4 7 7 3 4 8
185 11 8 4 6 7 2 4 10
1868 10 14 4 8 ) 3 5 13
187 9 10 4 8 -] 1 L] 10
188 9 13 4 8 a7 8 5 11
188 8 7 4 5 18 4 4 8
180 9 8 4 6 8 3 5 9
iel 8 ) 4 6 11 3 6 ?
193 13 10 5 8 b4 1 8 i3
183 13 9 4 7 7 3 4 1
194 13 17 4 8 16 4 4 15
185 10 30 4 8 16 5 3 15
198 8 10 3 5 8 3 4 9
197 7 8 3 4 7 2 4 8
188 10 11 4 8 18 3 5 11
199 14 16 4 8 20 5 4 1§
300 2 15 4 6 & 3 3 13
301 7 8 4 8 ? 3 4 7
202 11 15 4 6 2 3 3 13
303 8 14 4 7 8 3 4 11
304 5 8 3 4 11 3 4 7
305 13 15 4 8 16 5 3 14
308 13 10 4 7 lé 4 4 11
207 15 17 B 10 a3 7 3 18
208 13 13 4 8 18 3 5 13
208 8 13 4 K¢ 18 5 4 10
310 13 11 B e 8 3 4 13
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182¢

No. :inchessinochest 33nd 1 3”nd :ouncesinumber} ounces g inches
of tlengthilengthiinchessinchesy of : of 1 averageiavarage
Limbs of 1 o 1dda.0fsdda.0of 1Apple uprles: weight :combined
- : 19020 : 1938 ¢ 1999 3 1838 1 on : on ¢ per Ap $1935-28
tTerm. $Term, :Term, 1Term., & 1928 : 1038 : on 1928:Term. G

7 jGrowth; Growth; Growth:GrowthyTer,G :Ter, Gt Ter, G tlength

211 9 14 4 8 24 8 3 12
212 14 13 4 7 13 3 4 14
213 15 16 8 10 a1 8 4 16
314 13 15 5 9 34 8 4 14
315 13 17 8 10 30 8 4 15
316 14 15 4 9 21 5 4 16
317 17 30 8 10 24 5 5 18
318 13 20 6 10 29 9 3 18
319 18 a7 7 13 24 5 5 a2
220 6 8 3 4 4 1 4 8
221 8 18 4 7 18 4 4 13
222 10 5 4 8 8 1 8 8
233 9 10 5 6 10 3 5 10
224 8 10 4 8 11 3 4 9
2325 8 9 4 8 9 3 5 g
298 11 13 4 8 13 3 4 12
327 8 14 4 8 10 4 3 11
238 11 18 4 9 18 6 3 18
239 13 18 4 8 13 3 4 14
230 7 11 3 8 18 5 4 9
231 11 11 4 8 9 2 5 11
233 8 8 4 8 6 1 8 7
333 8 9 4 8 8 3 4 8
274 7 9 4 6 8 1 8 8
235 8 8 a 5 8 3 3 7
238 8 5 4 5 7 1 7 7
237 9 7 5 8 5 1 5 8
238 8 11 4 8 11 1. 1 10
239 9 13 4 7 8 2 5 11
240 9 10 4 6 8 2 4 10



1929

No. tinchess inchest 32nd 3 33nd :ouncesinumberiouncss ; inches
of :lengthilengthiinchesténchess of : of iaverageraverage
- Limbs of 1 of -dia.ofadia'axzapple 1applessiweight eaambined
t 1959 1 1938 ¢ 1929 § 18238 2 on : on tPer Ar.:19238.38
-Tarm. 1 Ternm, Tarm. zTarw. H 1938 1 1938 1on 1828;Term.B

‘ growthit t2y 1 3er.G.:Ter,@ 1Ter., G stlength

5 ) 17 4 4 13
243 7 13 4 6 8 3 3 10
343 10 17 8 8 14 4 4 14
344 8 8 4 6 7 3 4 8
345 10 10 4 7 8 3 3 10
248 8 10 8 8 7 3 4 9
247 8 10 4 8 7 1 7 9
248 9 1n 4 6 7 1 ? 10
249 5 3 4 8 13 a 6 4
250 9 13 4 8 9 a 5 1
as1 8 11 4 8 1 3 4 9
353 8 8 4 6 11 3 4 ?
253 5 8 4 5 8 7 8 8
354 9 11 4 8 7 1 7 10
355 3 3 4 4 4 1 4 3
356 8 5 4 4 8 1 6 7
357 5 4 3 5 5 3 3 5
A58 8 7 4 8 13 2 7 8
359 8 11 4 8 6 1 6 9
2360 10 8 4 8 8 1 6 8
361 10 10 8 7 8 2 3 10
2362 10 10 4 7 14 3 5 10
263 8 6 4 4 9 3 3 6
364 7 5 4. 4 9 3 5 8
265 8 7 4 6 13 3 8 7
266 10 13 4 8 10 2 5 12
367 7 8 4 7 9 1 9 8
368 9 12 4 6 9 3 5 11
269 9 10 4 6 13 3 4 10
370 9 9 4 8 9 3 5 9
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No, :inchesiinches: 332nd : 32nd touncesinumberiounces i inches
of tlengthilengthiinchestinches: of ¢ of taverageiaverage
Limbs of ¢ of idia.ofgdia.of:arrle taprlesiweight ;combined
" 5§ 1989 1 1928 : 1039 3 1938 ¢ on + on iper Ap.;1877-39
sTerm, t1Term. ¢ Term.: Term ; 1938 3 1928 seﬁ'lszazTerm.G
hiGrowthsGrowthiGrowths Ter,G sTer.G BT 1

371 13 11

8 8 15 4 .4 12
73 14 6 6 8 9 1 9 10
a7z 13 8 5 6 8 1 8 11
are 13 5 8 5 10 1 10 9
275 11 6 4 8 7 1 7 P
276 8 11 4 8 13 3 4 10
377 1 13 4 8 1e 4 5 13
278 5 7 4 7 13 1 123 8
279 8 4 5 6 4 1 4 8
380 8 6 4 8 9 a 5 ?
281 9 8 4 8 13 1 13 C
282 10 17 4 7 9 3 3 11
283 11 17 8 8 13 3 4 9
284 8 9 4 6 8 1 6 9
285 7 13 4 8 g 3 5 10
286 8 13 3 5 7 2 4 ?
287 9 8 5 7 6 1 8 8
288 4 13 3 5 12 2 6 8
269 5 8 3 .5 8 1 8 ?
390 8 18 8 10 14 3 5 13
291 5 12 3 6 15 4 4 9
253 7 8 4 5 5 1 5 8
203 11 13 4 6 13 2 6 13
294 11 30 5 9 28 6 5 18
395 6 7 4 5 8 1 8 7
296 8 10 4 8 8 a 4 9
297 11 8 4 5 10 2 5 9
298 8 8 4 5 5 1 8 8
299 10 8 4 5 5 1 5 8
300 g 9 4 8 9 2 5 )

=10~



1930 Notes on Terminal Growth Length and Diameter and the
Welght and awmber of fruits on 1988 Terminal Growth Yood of
the York Aprile

L A L L

No, iinochessinches: 33nd 1 33nd tounces:numberiounces : inches

of i:lengthilengthiinches:iinches: of : of :average reverage

Lirb: of : of :idis.ofidls.ofjaprlestaprlestiwght.pr.icombined
t 1930 ¢ 1922 : 1830 ¢ 1839 ¢ on : on aprle 192630
t Term,; Term.3Term., 1 Term.: 1929 : 1928 :0on 1928 :Ter.G.

;grogtggﬁrggghgGrgwth;Ggawth:Tarw.GzTerm.GgTerm. G.3lencth

1 4 1 3 5 4 1 4 3
2 7 10 2 5 3 2 5 9
3 8 8 3 4 5 1 5 7
4 8 4 3 5 5 1 8 8
5 ) 14 3 8 18 5 4 13
8 5 7 3 8 8 3 3 0
7 9 14 4 8 8 1 6 13
8 8 ] 4 8 8 3 3 8
9 10 15 3 7 ? 2 4 13
10 9 14 4 7 9 3 3 13
11 1 14 4 8 17 8 3 13
13 3 10 3 7 9 3 5 4
13 4 ? 3 5 3 1 3 8
14 5 7 2 5 5 1 5 8
15 8 5 4 5 4 1 4 8
16 3 3 3 4 6 2 3 3
17 8 8 4 6 4 1 4 8
18 4 6 3 6 4 1 4 5
19 9 15 4 8 18 8 3 13
20 4 8 3 6 4 1 4 8
a1 7 9 4 8 5 1 5 8
37 4 10 3 5 4 1 4 7
23 4 7 2 4 4 1 4 6
24 5 5 3 5 3 1 3 5
35 5 13 3 8 8 3 3 4
36 4 9 3 5 5 1 5 ?
27 8 9 3 8 8 5 2 8
28 6 8 3 8 8 2 4 7
29 4 5 3 4 4 2 2 5
30 4 5 3 5 5 3 3 5



1830

No. ginchaes: inches: 33nd : 32nd jouncesinumberjouncests:inches
of :1e ;th:length:mchesz inches: of : of iaveragetuverage
Limbe ¢ of :dia,of1dis.ofrapplessapplesiwnt.per tcorbined
$ 1930 : 1938 ¢ 1930 3 1889 ¢ on : on taprle :19°B.30
: Tem.z Tsm s’rorm.n Tem $ 1939 H 1928 ton 19°28:Term.G
: s LT } 5 h T T aG 'BTMx G!lﬁn&’th

1

b

b
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1330

Ko. 1inchesiinches: 32nd : 33nd rouncesinumbergicuncests inches

of i1lengthilength:inchezsincheer of ¢ of isverageruverage

Limb: ag s of dia.ofsdla.oftaprlesihApgles:wt.per tcombined
$ 1930 3 1928 1 1938 1 1888 ¢ on 3 on tapple 1182030
¢t Term § Term 3 Term § Term.i 1929 3§ 1929 ton 182831Term.G

i 1GrowthsGrowth; GrowthiGrowthy Term, GiTerrm,G: Term.G 3lenpth

61
63
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64
65
86
67
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1830

No. tinches:inchesi 32ndss 32nd souncesynumberiouncesytinches

of :lengthilengthtinchesginchas: of 1 of taveragesaverage

Lirb: of & of dia,efidia.ofsapslestaprlosiwt.per.ioombined
t 1930 5§ 1930 ¢ 1928 5 193¢ ¢ on 1 on tarple 192030
t Ters 3 Ters Term, ¢ Terwm.: 182¢ t 1830 ton 105Q:Terw. Q.
1GrowthiGrowthsGrowthiGrewthiTern. G Tern. G Terr, Gt lancth

21 4 3 3 5 8 1 8 3
93 3 3 3 4 10 1 10 3
23 -7 8 3 6 e 1 9 8
94 9 10 4 7 7 1 ? 10
85 5 4 3 4 4 1 4 5
86 4 4 3 5 8 1 6 4
g7 4 3 4 1 4 1 4 3
98 9 13 3 ? 2 1 9 11
29 8 11 4 8 3 1 2 10
100 4 10 3 5 6 2 3 ?

-] 4o



1931 Notes on LBngth and Diameter of Terminal Growth (1930 and
1931 Growth) and yield en lﬁac‘growth of York Aprle Trees,

- A e e W ek em W

no. jinchespinchestléth :16th cunoesinumbersounces §inches
-of tlengthilength;iinchestinchesifruit tfrultsgeverape saverspe
Limby of 31 of tdlec.oftciz.gf: on ¢ on pwt.per ¢omhinad
t 1931 1 1930 3 1830 ¢ 1831: 1830 1 1830 japrle ontlo3d0=-3l
zTe*m. : !arm.;Tarwtnz?avwinaTevm*nsggrnins 1830 zéarminal

1 3 4 4 3 8 3 3 4
3 2 10 8 3 13 4 3 €
3 3 7 4 3 ? 3 2.25 5
4 1 3 3 1 3 1 2 2
5 3 8 4 3 3 1 3 6
6 10 14 8 4 35 9 2,75 12
7 9 13 7 3 18 7 3.5 11
8 11 12 7 4 18 11 1.75 12
g 7 7 4 3 12 4 3 7
10 10 8 5 3 10 5 2 C
11 3 4 3 3 4 1 4 3
12 8 7 5 3 8 3 3 8
12 3 5 3 3 4 3 2 4
14 3 8 5 3 7 3 2,35 &
15 4 9 4 4 4 3 1.35 "
16 9 8 8 4 13 3 4 g
17 5 8 4 3 4 2 2 8
18 1 8 3 1 4 3 3 4
15 14 8 8 4 14 3 4,75 11
20 7 10 8 4 8 3 4 9
31 5 9 5 4 5 1 5 7
22 4 7 5 g 4 1 4 &
23 5 11 6 4 11 3 5.5 8
24 6 18 6 3 10 3 3.25 11
35 4 9 5 4 6 2 3 "
28 7 8 4 a 4 2 k) 8
a7 6 12 & 3 12 4 3 9
28 6 7 4 3 8 3 2.75 7
29 9 8 4 3 8 1 6 8
31 3 10 3 3 6 2 3 7

1B~



1931

no. $length:inches;l8th $16th jouncesinumberiounces tinches

of ;:inchestlength:inchessinohes:frult ifruitsraveragetaverace

Linmb: 1831: o tdis.oftdic.oft on : on :wt.per tcombined
sTerm, ¢t 1830 : 1930 1 1931 ¥1930 : 1930 tar-le 11930-31

o iGrowthiTerm,GiTerm,GiTer .0 Torm,GyTermins 1930 TGiTer, G,

32 10 12 8 4 32 8 .78 1
33 7 5 B 3 8 4 3 5
34 7 10 8 3 21 13 2.38 9
35 3 4 5 3 3 1 3 3
36 3 8 3 3 9 3 3 8
37 10 11 ? 4 13 4 3 11
38 9 14 8 4 33 g8 3 13
39 13 14 10 5 38 12 3 13
40 13 15 8 4 17 ° 8 3 14
41 4 7 4 3 8 3 3 8
42 4 8 4 3 4 1 4 5
43 4 a 4 3 10 3 3.35 3
44 1 4 3 1 4 1 4 3
45 3 3 3 ) 3 1 3 3
46 a 3 4 3 4 1 4 3
47 1 3 3 3 4 1 4 3
48 3 4 4 2 8 3 3 4
49 3 4 3 a 4 1 4 3
50 8 8 8 3 6 1 8 8
51 6 9 6 3 8 2 4 8
53 3 7 4 3 8 a 3 5
53 a 5 4 3 4 1 4 4
54 5 2 4 2 4 1 4 4
55 1 4 3 3 5 1 5 3
56 1 6 3 1 4 1 4 4
57 14 13 8 5 12 3 4 14
58 6 10 5 3 10 4 3.5 8
58 7 9 6 3 8 a 3 8
80 8 10 5 4 13 4 3 8
81 9 10 8 4 10 3 3,35 10
62 4 g 5 3 8 3 3 7
83 7 8 5 3 11 4 3.75 8
B84 13 16 8 4 11 3 3.78 14
65 9 10 8 3 12 5 2.5 10
66 8 8 5 3 8 4 2,38 7
67 9 4 8 3 11 3 3.75 7
68 8 7 8 3 9 2 4.8 8
69 10 11 7 4 13 3 4 1
70 9 7 5 4 13 5 3.5 8

«18=



1932

¥o. 3inchestinches: 18th ; 1l6th i ounces}numberjounces ;inchaes
of ilength:len;thtinchessinchest frult tfrultsraveragesaveraps
Limb: 19313 1930 tdis.ofidic.oft on 1 on twh,per jcombined
. s1Term, 3Term, ¢ 1830 ¢ 19311 1830 ¢ 19830 japrle 11930-71
jGrowthsGrowths Tarm, Gy Term, Gy Term.GpTerr,G21830 TC3Term.G

71 10 8 8 4 8 3 2,75 )
73 8 8 4 3 7 a 2.35 2
73 6 8 3 2 5 2 2,5 8
74 4 13 4 2 13 4 3 8
75 ? 10 5 3 10 3 3.85 $
78 6 10 ] 3 5 1 5 8
77 3 7 4 3 5 3 1.75 5
78 5 8 4 3 6 3 3 7
79 3 8 4 3 4 1 4 4
80 8 12 6 3 20 4 3 10
81 8 11 7 3 7 4 1.7% 1y
83 4 15 8 3 23 8 2.5 10
83 7 13 8 3 17 0 1.75 10
B4 8 7 B 3 9 5 1.75 7
85 3 ] 4 3 10 2 5 8
86 3 4 4 3 8 1 8 4
87 P 3 4 3 4 1 4 3
a8 1 8 4 3 4 3} 4 4
a9 ? 6 4 2 ? 1 7 7
90 8 5 3 2 8 1 8 8
91 1 8 5 2 8 1 8 3
93 11 9 7 4 12 4 3 10
83 1 10 5 3 5 2 2.5 8
94 13 8 8 5 11 3 3.75 11
95 4 7 5 3 11 4 2,75 ?
=T 7 8 8 3 18 2 3 8
g7 & 9 7 4 8 3 2,75 )
98 5 16 6 3 16 8 2 11
1) 3 10 4 3 13 5 2.5 7
100 8 6 4 3 8 | 3 e
101 8 7 5 4 7 3 2.25 8
102 3 5 4 3 4 1 4 4
103 8 8 5 4 8 3 3 8
104 8 8 8 4 7 3 2,85 )
108 7 17 7 3 12 3 4 13
108 10 13 8 3 13 4 3 11
107 1 11 5 3 ) 3 4,5 8
108 9 14 7 4 30 7 3 12
109 7 18 7 3 33 8 3 13
110 1 13 5 2 10 -4 5 7
111 5 13 5 3 10 3 5 )
113 5 5 5 3 8 3 2.75 5
113 5 6 4 3 8 3 2,75 8
114 7 8 5 3 14 5 2,7% 8

)
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1931

No. 3inchesginohes: 16th t 1l6th :ounces:numberiounc<s iincheas

of 1lengthilenzthiinchestinchestfrlt tfrultataveripejaverage

limb; 18313 1930 i1iic.o0?3dic.0%r on 1 on twt, ar icordbined
§TermingTerming 1930 ¢ 18313 1830 : 19%0;arrle 2191031

;Q;gznggrmwgagzg;m GyTerm.GyTorrm, G Ter,Gsl930 TCiTerm, G
© 158 6 4 4 3 10 4 3.5 5
159 5 7 4 3 3 3.35 8
160 4 5 4 3 S 2 3 5
181 8 7 5 3 14 8 2.25 8
153 3 7 4 3 7 3 3.5 5
163 7 8 4 3 13 B 3.5 8
154 5 5 4 3 ? 3 2,35 ]
185 5 10 8 4 14 5 2.78 8
a6 13 17 8 4 17 4 4,35 15
157 4 7 4 3 8 3 3.78 8
158 5 8 4 3 7 3 2.35 8
169 3 4 4 2 8 3 3 3
170 9 7 4 3 8 3 3.75 8
171 11 17 8 4 19 8 3 14
173 4 3 4 4 5 1 5 4
173 3 5 5 3 6 3 3 4
174 11 4 4 4 2 3 - 4.5 8
175 6 3 4 3 5 1 5 5
178 3 5 4 3 6 1 8 4
177 ? 6 4 3 9 3 4.5 ?
178 4 4 4 3 & 1 6 4
179 3 4 4 3 8 1 8 4
130 7 1 5 3 14 4 3.8 9
181 4 7 ) 3 12 3 4 8
183 3 4 4 3 7 1 7 4
123 7 8 6 4 18 5 3.258 8
184 3 8 4 3 4 1 4 4
185 ) 8 4 3 > a 4,5 5
186 5 3 4 3 5 1 5 4
187 3 4 4 3 2 1 4 4
188 11 14 7 4 a0 5] 4 13
129 2 30 6 3 17 4 4.35 15
180 ? 3 4 3 4 1 4 5
19l 8 4 8 3 11 4 2.75 7
153 8 3 5 3 6 a 3 4
183 4 4 4 K 4 1 4 4
194 4 8 5 3 10 4 2,5 6
186 5 e 5 4 10 3 3.35 8
168 2 B 5 4 13 5 3.5 7
187 8 5 5 4 7 2 3.5 7
108 7 8 5 4 8 3 2.75 8
lgg 7 2] 4 3 8 3 A.75 8
200 L2 3 5 3 10 3 3.35 8
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Terminal Growth and Yield Correlations in the York Arrle

Purpose

This problem purroses not only to show the
relationships, if any, that exist between terminal growth
and yleld, but &also to aseertain the statistloal methoda

that may be beat adaptable,

Relationships between wegetative growth and
fruiting have been the subject of muoh study, andi any results
giving information on this important phase of nutrition
should be of vulue., Valuable data may have been summarily
discarded because at first sight no results were arparent,
The worker in most branches of sclence finds quite frequent-
ly that in his raw cobservations there is evidence of a cer-
tain tencency, dut because of the fluctuatlons, it may bve
41ff1oult for him to draw conolusions. Some statietical
method may therefore be necessary to reveal the amount of
fiunetuation or variation present in order to show more
clearly the net tendency. In this thesis the net téndenoy
that 1s proposed to be shown finally 1s the relationship

that may exist between the aforementioned faotors.



P
The statistical approach of this problem
combines the technic of several muthors, and it 1s the
hope of the =writer that other workers may bp spared aome
time and effort by followving this probler,
Material
A random seleotlion was mude of trees of the

same age, and of only those branches -hich bore fruit that
year., Such sampling was employed in order that seleotion
a8 representrtive as possible be secured. Records were made
in the same manner each year for three consecutive vears,
Plate I shows the manner in whioh the measurss wére taken,
In 1829, the first year of the project, the first set of
notes was taken, which comprised the length and diameter of
AB, the current (1939) terminal growth, also the length and
diameter of BC, the last year's (1928) terminal growth, and
the weight in ounces, wnd the number of arrles on BC, The
following year (1930) another set of obaservations was made,
including the length and diameter of DE (the 1330 growth),
also the length and diameter of EF (the 1939 growth), and the
ounces and the number of arples on EF, In a like manner the
1931 set of notes included the length and diameter of GH (1831
growth), also the length and diameter of HI (1930 growth),
along with the ouncss vield and the number of aprlaes on HI, The
length of terminal growth in each case represents inches, and
the diameter ons thirty-second inches except that diamater in
the 1931 notes 1is in one sixteenth inches, Observaiions were
made about Beptember lat of each year., The following tables

give the observed data for each year,.



In glanoing at the notes it 1s seen that in
1939, which wes a heavy corop year for the York variety,
a total of 300 branches were measured, there being a
rlentiful eupprly of branches, which bore fruit on their
last year's terminal, However, in 1830 this. was not the
case, Most of the York trees were in the "off vear", and
what 1ittle fruit they bore, was found mostly on the older
wood. The writer was unable to find more than 100 branches

euitable for measuring. In 1831, 300 branches were measured,

Progedure

The Correlation Tuble.

After assembling the raw data or orchard notes,
relationships betwsen two faaotors may be worked out,

If, for examnle, the length of terminal growth
and the ounces of vield are the two varlable factors cone
sidered, 1t 1s desired to know if a longer terrinal growth
is associated with & larger yield. This relationship may
be gormputed statistiocally resulting in a figure between
-1 and +1 called the coefficient of correlation and repre-
sented by *r", With data of the tvpe found in the problem,
where a large nurber of cases (number of branches) is n:ed,
the besgt method of computing "r® is by a freaguenoy or cor-

relation table. The method used here is that of Odell (1A).



Chart No. 1 shows a correlation table worked
out for terminal growth and ounces yield., It will be
noted that at the top of the table there 1s a row of con=
secutive figures starting at 1 in the left hand colwumn
of ths table and going to 35 on the rizht hand side of the
table., The figures in the columns under these consecutive
numbers are culled the X values and represant terminal
growth measures. S8imilarly the columns of conaecutive
numbers at the extrame l-ft side of the table starting at
1 in the lower corner and going to 24 in the urper covner
are called the Y's and the figures in the rows to the right
of these consecutive numbers are the Y values and represent
yield. |

To assemble the raw data into a freaquency table
of this kind, the first step was that of putting down the
vertical and horizontal consecutive numbers. Then turning
to the data and wusing the figures recorded under the terminal
growth and yield headings, a tally mark is mide on the fre-
quengy table in the square where the corresrvonding vield line

intersects this terminal prowth column, for examnrlet

Raw Data,

YG Terminal Growth Yielgd
" 5 5
4 3 3
3 7 5 8
2 / /1 3 2
1l 3 2
1 3| 3] 4] B 4 3
5 5

X Terminal Growth ete, eto,



~5~

All the figures were arranged in this manner,
after which a connt was made of the number of tally marks
in sach sgnare and a nuwmber rlaced in each squre to denote
the number of marks therein. The marke were first made
lightly with a pencil =nd later erased as they were counted
and the numbers inserted in their rlmzces. The rows and
columns are then totaled and the totals marked *f® or fre-
quencies, In the chart the totals or fregquencies in the
row at the hottom of the table are the X frequencies and
the first frenuency 7 shows that there were 7 branches having
a terminal growth 1 inch in length; the eecond frequency 7
shows that there were 7 branches having a terminal growth 2
inches long, etc. The frequencies at the right of the table
are the Y frequencies and the top figure 3 shows that threae
branches had a vield of 34 ounces, The next O showas that
there were no bramches with a yleld of 23 ounces, eto.

Thesé fiequency columns are then totaled, and,
if the data has been correctly trancferred to the correlation
table, the sum of the X frequencles should equal the sum.of
the ¥ freauencies, and this figure shouvld equal the total
number of branches measursd, This is a partial check on the
corraéctness in transferring the data to the table and on the

totaling of the linee and columns.



CHART I

\
DATA FOR 1929 and 1930 COMBIFED TO DETERMINE THE RELATIONSHIP BET:TEN LAST YEARS

TERMINAL GROWTH AND CURRENT YIRLD ON LAST YFARS TERMIFAL GROWTH

Length of 1986 Terminal Growth) Yield {in 1929) on 1928 Terminal Growth) |
Length of 1929 Terminal Growth) comdined~ arrayed against Yield (in 1930) on 1929 Terminal Growth) combined

COMBINED TERMIMAL GROWTH LENGTH X

1 2 3 4 5 6 7 8 9 1011 121314151617 18 19 20 21 22 23 24 25 £ 4y ray fady Sx  oxy Means of x's
11 1 3+ 17 + 581 867 + 28 + 476 16,83
0 16 0 0 0 0 0
] 15 0 0 0 0 0
1 1 14 14 196 + 7 98 14,00
1 1 2 18 26 3558 + 22 + 286 18,00
0 12 0 0 0 0 0
111 3 11 83 363 + 21 + 23 14,00
2 « 11 1 6 10 50 500 «+ 48 + 480 16.60
11 2 11 1 4 9 63 567 + 44 ¢ 396 13.29
1 1 1 3 8 24 192 + 18 + 144 13.00
1 1 1 1 4 4 28 196 + 28 +» 196 14,00
1 1 1 -] 6 18 108+ 15 « 9 12,00
2 1 1 111 1 1 1 10 5 50 250 + 26 <+ 140 9.80
211 1 1 2 2 9 4 36 l44 ¢ 26 + 104 9,89
2 2 2 1 21 13 11 -] 33 9 - 1 - 3 . 6.9
9 2 Tl 3 21 2 2 21 16 2 2 B4 + 48 4+ 96 10,00
8 ‘52 3136 1 3 1 & 1 R% 1 29 29 ¢ 36 +« 36 B.24
4 i1 2 1] 8 8 3 8 1 1 1 1 2 Tha0
6 1 2 3 1 2|¢2 31 1 1 7= 1 - 17 17 0 0 TR
6 18 122 2/2/4 31 20 e 40 80 - 21 - 42 5,95
4 4 2 l1 3 4 3 .1 1 23 -] 69 207 - 32 + 96 8,61
3 , 2 1 11 8 4 32 128+ 2 - 8 7. 86
2 1 1 5 6 26 - 4 + 20 3,00
1] ‘ } - 1 ' 2 6 12 7 + 12 - 72 15.00
VI I IS 7B 1219 7 IS 70 T 5 ¢ T T T 00 0 01 260 I A T 1 N + 2648
| A - 176
: +
B~ B o B a 8 Qe o N O 0 MO0 0 O ,
o~ o~ ~ ~ § ‘True Mean = Assumed Mean - correction
POIR WAl HmaANYE B DO gaE N w0 & Mean of X = 7o + 1,776 = 8,775
) +
Mean of Y= 7o + 1.66 = 8,56
0 ™ [ g L] 4
a g 3 : 3 o a 3 » 3 3 3 2 3 < 3 4 2 % © oo o 3 gg § Probable Error (g) of Mean = .67&_5 _—_Q’“
! + v +i1le Vr
4,8546 o * 218
n @ o *~ © Q@ w 0 e ® o oo o o E of Mx = 6745 s -
gEE AN |82l Hg%3ggase 3| & 14.1421 o
-
Eof My = 6745 . 4047 =z .m12
» " ; 14.1421
1 '+ U 2R B 25 TR 20 B IR B S - - D U ST
0 O ¢ O - ~ N B oo N ' o N w
TIERTT R ITAGE BRREER2 N oo o B
+ + 1+ A+ + 4 4+ ¢+ 4+ 1ot ¥ e
L
» 3387 78R2RIY 8222888888 coo o §
WO OO N - N DD W © ® <«
»4 L B | -t ~it -t
2 .
Correction x (ex) zﬂ%ﬁﬂ-ﬂz 4 1.778  (ex) = 3.1506 ox.cy = 2.769
200
2
Correction y {oy) = S{fdy) = 4812~z + 1.56 (oy)© = 2.4336
A sl ,_
Sz’nﬁ‘fdzx! w 4779 . 23.895 a*zx- z - (02}2223.895-5.1506-2007‘“ .'byx .v&.zoﬂm:‘.ﬁuﬁ
2 2
3!-3“:' =42 220 07 3% _ (oy)® = 22,21 - 2.45% = 39,7764 0¥ =\ooy = 19.7764 = 4.447

Correlation Coefficlent (r) = SXy = 0Xe0y = 2848 =~ 2.769 = + 5664
: ¥ )

X x Y 4.,5546 x 4.447

robs . - 12 5 6745 1, - (.5664)% 2 L6745 1. =32080896 = .0324 R
Frovedle Xeror of x (Br) = 6748 1f=n == ‘r‘i-f'o. T TaTensse r =+ o5664 = L0324 r 18 17.5 x its
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The frequenoy table having been cormrleted, the
computsations were then atarted, which led up to securing
the value for *r*, The method used here emrloys what is
known as the %assumed mean", This ish guess made us to the
middle roint of the values in each of the *f* golumns, The
cleser this guess to the aciual mid point or mean, the
smaller the figures in the computation following. In chart
I the mean or mid point of the X value was assumed to be
at 7, and the mean of the Y value alsc at 7. This was then
considered the zero or starting roint, and for convenience,
lines were drawn through the table just above and just below
the line 7 in which the assumed mean of the Y value lies,
Also lines were drawn just to the left and just to the right
of the vertical column 7 in which the assumed mean of X liee,
The column headed *dy" and the row headed "“dx" show the
Aifference or deviations from the assumed mean as the gero
point. S8Since the class numbers, or consecutive numbers at
the margin of the table, increase by 1 consecutively 1, 3,
3, eto. the deviation from the assumed mean also inoreased
by 1., With the Y values, the deviation above the assumed
mean are positive (+), whil® those below are negative (-).
Simila+ly in the d» ~ow, the deviétions on the right of the

assumed mean are positive, while those on the left are negative.
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The next step was the multiplication of each f
valuae by its corresponding 4 value to get the £d4 values both
of X and Y. Then the f@ values were each multiplied by
their corresronding d values to get £4? values. Part of
the figures of the fdy columns and of the fdx rows were
rositive and part were negative. This column and the row
weare each totaled algebraically.

Singe there were a number of frequencies in
each oalass it is neocagssary that these frequency values
be colleoted together. Hence the 8X column 1e used, and
each ficure in this column is the sum of the X values of
the mesasures in the same row. For example the first figure
under 8X is + 28. This figure is secured in the following
way: There are 3 frequencies in this row. One lies in
the X column 14, one under 18, &and the third under 20, The
one under 14 1s multiplied by the dx value of + 73 the one
under 15 is rmultirlied by dx vzlue + 8; and the one under
20 s multinlied by the dx velue + 12, Thus wé haves
1 2 #7 T 47; 1 x +8 = 48 ;. 1 x «13 = 413, +7 +8 413 = 428,

The next two entires in the SX column are ob-
viously gero. The fourth figure is +7 and is seoured by
multiplying 1 by its dx value 47, Eaoh other entry in the 8X
column is computed in a like manner, but when we come to
Row 13, ~hioh has an 8X value of +28, it is seen that some
of the frequencies lle on the negative side of the assumed

mean, and the computation becomes;



=B

1 x 413 2413; 1x 48 34 9; 1 x +5 &5 5; 1 x +43 343
lx+3=4+43; 1x 42 =+3; 1x0=%0; 1x =2® <3 23 x -3 8
#l3 +9 45 +4 43 +3 = +36
Algebr;?o gug :'§§§~
Hence 1t will be seen that the sume must be mude algebraically.
The entfies in the 8 xy column are had by multi=-

rlying the 8x values by. their ocorresronding dy values as

+ 28 X 417 = + 478 ‘

# 7% +l4 - + 98 etc., down to class 10, which is
- 1%x 3« «~ 3 etc, down %0 class 4, which {1s
-33 X -3 = + 98

» 3x =42 ~ 8 eto.

Similarly the entries on the S8 y Row are found
by multiplying sach frequenoy number by its corresponding
dy value and summing the results algebralcully as followss

3x 32«8 4x -3 32«13 ; ~12 -8 = <18
2 X @3 m«f ;] 1X «l <1, 4% 413 2djaBelnw = ¥

++

E® by 1 X -3 mel} 3X -l ®aB; 3X020; 2 x «3n =4
3 28] =5 =3 -3 2 ~0; 44 46 w 4+ 10; +10 -8 = 41 eto.

€ -
2 X +
Thies =us continued for each 8y value through all
25 classéa. The Bxy entries are had by multirlying each Sy
entry by 1ts corresrvoniing dx velue as =18 X -8 = 41083
-3 ¥ -5 = 415, etec,
The columns fdy, !dgy and 8xy, and the rows fdx,
£d%x and 8 Xy were each totaled algabfaioally. The columns

8 x v and the row 8 xy should be equal if the corputations
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have been correct. Thias is a check on the accuracy of the
8 x values. In calculating‘r-onlythe totala of the columns
and rows are used. _

The next step was that of aprlying a correction
to the error due to the guess in assuming a mean. This
correction is represented by the letter %o® and is found,
as shown jJust beneath the frequenoy table, by dividing the
aum of the f£4 columns by the total n-mber of cases N.

Before zotually finding the value of *rv* it is
first necessary to compute the standard deviation. O0dell
(1B) defines this as the square root of the mean of the
squarss of the deviations from the mesun of the distribution.
As its name imrlies it 1s the most standard or absolute
measure of deviation,

Standard deviation is simply the absolute measure
of the deviation of the individual cases from the arithmetic

mean of all ocases and is represented by the Greek letier ¢

as the definition states
¢ a‘[é ia'«*

In chart I it is noted that this formula applies, except

that correction for the aassumed mean 1is also arplied so that

60"/8 £33 ~ 02
) A
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Standard deviations were worked out for both x
and y values, These ara not comparable with ezch other since
the x values are in inoches length of terrinal growth, while
the Y valuee are in ounces of yield, Corrsction of x is

multinlied by correction of Y to get oxoy = 3,769

All the necassary figures are at hand to compute

the formula for tﬁe coefficient of correlation »r:

Xy = oxoy |

r = and by substituting the values

i X
from the correlation table it is found that r = ,5564. As
ment foned previously the value of r must lle somewhere between
-1 and +1. A correlation coefficient of +1 shows a perfeot
rositive correlation hetween the twoe faoctors considered and
a coefficient of «1 shows & rerfect negative corrslation.
The nearer the value aprroaches 1, most obviously the closer

the assoclation or relationship between the faoctors considerw

ed.



(11)
Zhe Probable Errop

To determiie the degree of reliahility that may be sttach-
ed to the calculated r, 1t 1@ neceesary to secure mother cal-
oulstion called the "probasble error”, Babeook snd Clausen (B)
define this as "sm arbitrary term used t» denote the amount that
mst be added to or ambstracted from the observed value to obtain
two limiting figures of which 1t may be mid that there is an
even chance that the true value lies within or without these lime
its. These 1imiting figures include about 50% of the observed
values of the distridut ion. The remaining 50% 1ie somewhere
outside these limiting figures, and there are oven chamses that
the true value of r lies outside or inside. vThe greater the
difference between the value of r and the valme of its probable
error, the greater the chanoes that the true value of r lles
within the 1irits descrided by the probable error, Im Chart &
the formula as given by Odell (1-¢) for calwl:sting the probsble

error of » i

2
E, = +6745 1-r
N
and by substitut g E? is ,0324 and » = .B664 © 0324, which

means that the chances are even that the true value of r lies
somewh ere between ,B664 - ,0324 and ,B5664 « ,0324, ar Dbetween
«6988 snd B340, Im order to be reasonably sure that r denotes

a trme correlation between
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the factor involved, the r value should be at least 4

times its probable error. 8Sore workers oonsider 3 times

E as denoting correlation and others think that the multiple
ghould be 5, If r is 3 times its E then-

3x % ,0324 » % ,0073 and .B5664 + 0873  ,.6638
06664 - -09?3 » 04693

Hence the limiting figures are expanded, and 85.74 of the
distribution lies within the limits of .8636 and ,4683,
The remaihing 4.3% lies somewhere without these limitas.
The chances then become 85,7 s 4,3 = 332 to 1 that the true
value of r lies within these limits,

1f v is 4 times its E then $9,3% of the distrie
bution lies between the limita described by the probsble
error and the remaining .7% lie outaside the limits. Henoe
the chances are 99.3 # .7 or 143 to 1 that r liss between
these limitas., Thus it will be seen that, as the value of
r increases in proportion to its probable error, the limite
ing figures incorease and the chances beoome greater that the
true value of r will lie within the expanded limits,

In the problem under oonsideration, r or .5664
is 17.5 times E or .0334, When r is 10 times E, the chances
are over ong million to éne, which 1s practically certainty,
Thus 17,5 times E means that it i practically certain that
the true value of r lies within the limits desoribed by the

probable error, and that the correlation is a true relation



13

and is not due to ohance or experimental error. Also singce
* is positive, the relation is pesitive showing the terminal

growth and yield to increase or deorezse together,

Garrett (2) states thut "The relation existing
between the palred values of two sé%s of measures X and Y
may be descoribed in a general way as 'linear'! or ‘non-lineare,
When the means of the arrays of suco-asive columns or rows
in a-oorralatinnvtable follow straight lines (exzctly or
approximeately) the regression is called *linear?, and the
relation between the two sets of measures is a 'straight 1ine
relationship®. On the other hand Holzinger {3) states
*when the means of the arrays dc'not 1ie fairly closely on
& atralight line, the regrsssion is regarded as non-linear,
and the correl:ation coefficient will give an understatemens
of the degree of associztion present for these curvilinear
trends and is therefore lnanplicable®, In the latter case
a ourve of soma kind is naecessary to properly describs the
drift or trend. If r is used to measure the relation where
curvilinearity exists the value for r may be very low, and
yet the relation be high, An extreme case of this is given
" in the figure below in which all the observations lie on &

half circle, and the trend 1s perfeot curvilinearity. The
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value of r, however, 1s zero because the straight line
representing the "r* relation will be perfectly horizontal
and 8xy will equal zero.

Prof. Karl Pearson has devised a measure for
the correlation of none-linear frequenoy table. He called
this decimal "gorrelation ratio®., The correlation ratie
may also be used for linear relations, singe here the ratio
and coefficlent will be squal. In general the correlation
rat io tn»eta) will be greater than r, The greater the
survilinear tendenoy the wider the gap between 1 und r,

ﬁ ie always rositive and lles somewhere between sero and 1,
A-pasitive or negative expression of 7| 1s indicated by the
direction taken hy the curve,

The correlation ratio 1 must be calcoulated for
both the X or terminal growth factor and for y the yield

fagtor. The correlation ratio for the means of the rows
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is expressed as fuy, and that for the means of the columns
s Nyx, There are several methods for calcvleting these
ratios, the one used for the problem in Chart I, beling

found in Mills (4A), The formulae are as follows:

R
Ry X = 9%&;.

The calculation of nxy is found in Table A.
The first column headsad Y gontains the y or yield classes
found at the left of Chart I. The column headed mx contains
- the meana of the X's or terrinal growth ~lasses found at
the extreme right of Chart I. The meuns of X's are computed
in the following manner, The filrst entry ie 16.33 which is
the sum of each corresponding frequency multiplied by its
X olass nurmber and divided by the number of frequencies,
That 48, 1 x 80 =2 30} 1 x 156 = 155 1 x 14 » 14

20 # 15 4 14 £ 49; 49 5 3 2 16.33
also 1 x 14 = 143 14 4 1 = 14 the fourth entry, eto. each
entry is calouloted in like manner.
The 13th entry is 8.80 which is found by~
1x30220; 1 x16 =163 1 x 13 = 13; 1 x 11 =11; 1 x 10 =10
l1x9=29; 1x727,1x5a=5 3x4<=28

30 + 16 + 13 + 11 +10+98 +7 + 5+ 8 =098
28 + 1) » 9.80



TABLE A
CONRELATION RATIO NXY

Yield ‘Meun Deviatinn
Termin:l frorm Hesn
G-owth 0? 11y §'&
R,776
S T34 A a7 Tar
24 16,33 7865 57.078 3 171.734
ke 0 o 0 0 0
2 O 4] 0 0 0
2 14,00 6,775 a7.3N 1 A7301
20 17,00 9225 85,101 . 170.202
18 0 0 9] 0 1Y)
1R 14,00 5,705 37,50 x 81.703
17 18.80 7.888 514831 4] 286,185
18 13,78 4,815 B0.385 ? 142,685
18 12,00 44775 17.881 2 nA L BR3
14 14,00 B8 B7.201 4 107,204
12 B.80 1.078 1,081 10 10,610
1 a,R/7 1,118 l1.243 2 11,187
10 6,M 1.8086 L AT7R 11 “R, P8R
0 10,00 Y1.778 1050 18 24,017
e R.74 o 535 PRz sit 2 f,234
7 2,30 <478 08 it 5,198
5 7.00 1775 1,181 17 53 ¢ BET
5 8,85 2.875 7.281 20 158,820
4 5.61 3.168 10,017 az 230,237
3 7.2% 1.628 N ARG & 18 GOR
2 2,00 BJTTH 23,351 1 3‘3%1
1 13.00 4,775 17.8861 2 ;
R, 0343
= 444
Grifarinn of Ltne&*ity =  Zet: L?)

Sy o n” = r” = 6440 ,s664(") 2 L0n45
Staninrd rrror (85 = 2 )l— ﬁ A7) ~(1-r7)? p2

88 un ;//,_Q% ges‘[(?h.mm“’

200
6% = 0704

A\t = 4.8 tirmes 9’§

)7 o (1-.56847%))2 51



After the Y values and mx values have heen
arrayed ageinet each other, we wish te find the deviation
of esch mx value from the mean of all X's (8,778). The
figure 8,775 is found from Chart I by Assumed mean of
x 2 gorrection of x.

Asswmed mean of X & 7
R

The deviations in golumn d rapresent the

differsences between 8,775 and each mx entry or
16,33 - 8,775 w 7,853
14, =~ 8.775 =» 5,335
etc.

The 4 values are euch squarei to get the entries
in column d°,

The column marked £ contains the frequencies
found in the frequency column of Chart 1,

Obviously the f value multiplied by its corrss-
ponding d® vilue gives the £4® valus found in the right

hand column, It will be seen then that & mx ‘V é ééﬁ

subatituting the values in Table A we find ¢ mx « 3,9343.
¢ mx , )
Then 7x; n and subatituting values in Table A we £i
'qu HW ng va & e nd

nxXy = .8444, whioch compared with the r value ,5884 of Chart

I, is seen to be greater than ». The apread or difference



between the values of T and ¥ denote the departure
from linearity as shown by the formula for oriterion
of linearity of nxy or 8 nxy siven by Mills (4B)
B nyxy = %2 = r? substituting in Table A we find
% nxy = 0048

How large must this difference be to indiicate
that the relation is nonelinear, and that ¥ does not
adequately express the measure of correlation?

In order to esteblish significance the error
must be caleoulated, and according to Blakeman's formula
from Mills (4-B) =~

Standard error of 8 (0 65) = a\/—{WJ.-ng)a - (1-r3)2 41
Substituting in Table A it is seen that-

6% = .0204 and that § nxy is 4.8 times ¢
It ie generally conceded that 2 or rore times @
denoten slignificance, and since this problem shows 4.8
times, indicutions are that the relation is curvilinear
and that » will not serve for this arrzy of fuctors.
Having found that the relctionship of torrinal
growth on yleld 1s non-lineur, it is desired tc determine
whether By % or the relationshir of yield on terrinal

growth is linecr or non-linear,
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Table B shows these calenlations which are
made in the same manner as those in Table A except that
the vzlue arrayed against each other are réversed. The
column headed X ceontains the class numbers of the X eor
terminal growth row found at the top of Chart I. The
column headed my contains the means of the y's found at
the bottom of the frequency table of Chart I. These means
of y's are caloulated sirilarly to the means of x's thus
for the first entry 4.43, the column in which 4,43 is
found contains 7 frequencies, i.,e. 4 in clase 4 and 3 in

class B, Hence- 4 x 4 = 16} 3 x 5 » 15
18 + 15 = 313 31 47 = 4,43

For the second entry 8.57-
2x4 »8 % 1 x 6 = 8 } g 3 X8 = 323
8 +6 +3 48 w» 7 = 8.57
ate,
The mean of all Y's & seeumed mean of Y ¥ correction
of Y 7 »1,56 = 8,58
The ccloulations from there om are similsr to
those in Table A, and will not be explained further than to
point out thut ¥ nyx is 3 times ¢ and hence the relation 1s

non-l1inaar,



TABLE B

CORRELATION RATIO mnyx

Tar~inal Me.n
Growth Yield

my
14,00
0

0

0

0
18.25
8,00
17.00
C13.25
#2480
13.86
15.10
12,33
338
11.14
C 7.68
7450
£ {; “3

B.76

7.08

+158
718
7,09
64567
1,43

Deviat ion
from Hesna
of 8ll
(2,56
4
8.44
Q
0O
QO
9]
D68
« B6
B.44
4,89
e 24
5.30
6.54
x,.77
.82
2. 58
88
1.08
1.91
1.80
R §
1.38
1,47
1.99
4.13

& my .)ﬁ%;égf

n yxe

?

>

d
A3, 594

O

QO

QO

0
83,806
714
71,234
21,986
- 088
28,080
42,773
14,313
872
6.6866
774
1.124
3.6’§8
3.240
2.250
ﬁ.“QR

1'(,.'{
;nlﬁl
3.9860
17.057

%GQ

3,038% = 6834
4,44

Cayx = q -’ ® 68347 - .E6647 =

&8 =23

&8 = 21257 V(1-.6834(2) )2 (1o, era(?))? 42
36

. 0421

&&=

e
ROONARHHLOODO

o
N0~

+ 1463
- Yaa")? - (™) 42

£4”
A3, 504

Q

0

Q

9]
A7R, T84
214
?71.734
87.083
« 280
196.820
47 TR0
137,917
£.736
48, 593
1, 708
13,485

AR.040
38,250
75, 504

- 20,844

23,771
77,770
19,390

L LN

&nyx is 3 times <\

Hence curvelineay



-
ting a Curve To Ths Data

8ince th& correlation ratlos show that the
relation is non-linear, and that a curve rather than a
straight line sives the best desoription of the relation,
the next calculation will necessarily be that of finding
the particular ocurves which best fit the ohservations.
Pearl's (6-A) logartthmic method of least squares was
chosen as this method arrives at a third degree parabola
with somewhat less calculation thin 1s involved in the
ordinary method of least aquares,

The same x and y values are arrayed against
each other as in Tablee A and B, Table I shows the
arrangement of the data for the ocurve X on Y or terminal
growth on yleld. The remaining columns are headed xy, xa,
and ¥y (log x). The column xy containe figuree found by
multirlying each X value by 2¢s corresponding y, thus
1 x13 @13 3x3 =6, 6tc, The oolumn headed x° contains
the squares of each of the x values., In the column y (log x)
sach y value is multiplied by the logartthm of its corres-
ronding x thus,

13 x 0= 0; 3 x ,30103 = .9031; 7.25 x 47718 = 3.4591,etc.
Eaoh of these columne is then totaled and the totals listed
to the right. It will be noted that some of the entries in

the y column are marked zero. However, these are not true



TABLE 1
Logarithmic cnrve fitted to 1929 and 1930 combined data on :-

Lenyth of 1928 terminal growth ;
" ¥ 1979 .. " corbined

arrayed ag:inet: yileld iin 1929; on 1838 tevminal growth;
L * 1830 " 1829 . omb ined

whenyield remains constant and its corresponding terminal
growth is calculated

Yield Term.

X Growth 3
y 34 x y(log x)
1 13, 13.00 1l 0
2 3. 6.00 4 .2031 (Length of 1928 T.G.;
3 7.35 31.78 9 3,459 (" 1939 w comb ined
4 5.61 232.44 16 3,3776 arrayed againsti-
5 5.85 29.75 a8 4.1589
8 7. 43.00 36 5.4471 (yleld (in 1829) on 1938 TG)
7 8.30 58,10 48 7.0143 (v ( » 1930) * 1920 )
8 8.24 4A5,92 64 7.4418
9 10, 90, 81 9.5424
10 .81 68.10 100 6.92100
11 8.8¢2 108.7¢ 121 10,2093 ¥= 31
13 9.80 117.80 144 10.5760 8X = 238
13 12, 156.00 169 12,3873 8Y = 236.17
14 14. 196.00 186 16.0458 SXY = 20R4.21
15 13, 185.00 3235 15,3883 SX = 3536
18 13.2¢ 313.64 356 18,0028 s{y log x)= 332,3031
17 16.80 882,30 289 20.42865
18 14, 252,00 324 17.5738 B log x)~ 19.8098010
no cases 0 0 - 0 x log § Y= 266,5983159
20 18. 360.00 400 23,4185 1og x)?= 231.3075031
31 14, 394.00 441 18,5111
no cases Q 0 - 4]

- 0 0 - 0
24 16,33 391,92 576 32, 5388

3236 236.17 3984.31 3526 333,3021




TABLE 3

Calculations of a, b and o vzlues necessary for comruting

- Logartthmic curve values.

na 4+ bSx + cB 16g x « 8y (1
afx_ 4+ bex” + o8 (x log §)= 8 xy 53
aﬁ(lagx) + b8(xlogx) + o8 (log x)° = 8 (ylogx)
3la + 336b +# 19.809801 ¢ = 226.17 1;
338a + 3536b 4+265.50835 ¢ » 3984.21 2
49,809801a + 366.59835b 4 31.307503 ¢ = 333.3031 (3)
236 [3la + 2336b + 19,809801 ¢ = 238.17 glg
31 /336a + 3536b +266.59835 0 =2984.2 2
4956 + 55696b +4675.1130 c = 53%,37%,13
@ + 74048b £5598 - 83,668, 41
18, 3° T 4 933, 4034 ¢ = 9397, 29 €3]
19.800801 [31a + 336b + 19.R089801 ¢ = 236.17 (1)
21 [19.809801a < 346,5083%5b431.307503 ¢ = 232,303Y (3)

416.008871a  #4675.1130b +392.4383%c = 4480,3837
4160058318 559 b +447,457580_ = 4878,344)
éﬁﬁ%ff%giﬁf7i§§?6§§§§§“‘:“*‘3§7%§%14 (5)
933.4524 [18,350b + 933.4524 ¢ = 9392,29] {4;
18,350 [023,4534b + 55.039360 = 397. 961@

5

c -"8.141
023.4524b - 447.9940 =~ 397.09614
933,4524b = 845.9554
b = #.918

3la+ 2158.1768 - 1681.3718 = 236.17
210 » 171,.3656
- + 80156



TABLE 3

Caloulating the ¥ vaulues for ench x class fror the equation
¥ =0 4 bx + oflog x)
y -a #bx 4¢ (log x) = 8,156 4 ,916x « 2,141 log x

x & 4 bx ¢+ {=le(logr) sy

1 8,156 4 L9106 = 0 = 4,073
2 £.,18° ¢ 1.833 - 2.481 = 7.537
3 8.158 ¢ 2.748 - 3,084 = 7,030
4 B,186 ¢+ 3.664 - 4,701 » 5,319
& R85 4 65,488 - 6,335 =.7.,317
8 8.156 + 7.378 - 7,382 = 8.133
9 gnlgﬁ + 8.%44 s ?0?63 = 9069%
lg 81156 - 9.1&30 - 8&141 » 9:1.75
12 R.lﬁﬁ + 10,862 - 8,788 = 1 383
13 82,158 4 11.908 - 9.089 = 10 @95
15 8.188 4 13.740 - 8,575 = 1 32&
1 A.18% 4 14,65 - 9,808 = 13.009
17 8,158 « 15.5732 - 10.017 = 12,711
19 8.156 * 170404 - U}.“HO = 15.150
20 2.188 4 18,320 - 10,502 = 15,004
21 8,158 4 19,736 -« 10,764 = 16.878
mfg 8.155:‘ b 2().152 - 1.{:3:@29 - 1763?9
23 8,156 » 21,0688 - 11,088 = 18,138
24 8,15 + 31l.984 - 11,736 = 18,804

TABLE 4

Calenlntion of valuas necessary for vlotting & sstreight line
for the dute.

na 4+ bSBSx_ = By Elg
«SXx + b 8x? = 8 xy 2
236 [21a 4+ 236 b = 226,17 51;
3] [gzsa + 357Bbh = 20R4,21 &
+ = 53376,1ﬁ
s = ,
=
b = %08
2la + 118.B168 = 236,17 y = a & bx
21 a = 106,864 ¥ 2 5,079 A& LB08 X
B - 51079

X u 4 bx = ¥y

1 5,079 «+ ,B508 =5,585
13 5.078 #8,072 =11,181
24 5,079 4 123.144=17,223



TABLE 5

Tables 5-8 inclusive are calovlations for the curves showing
the relutionshir of ¥ on x, in which the x or Terminal Growth
vialues are constant, and thelir y or vield valuves are c.loulated
Length of 1928 Terminal Growth ;
" "o1929 w . corbined
.arrayed against
(Yield gin 1979) on 1988 Terminal Growth)

( » in 1930) ® 1gpe ¥ * ) combined
Terminal Yield
Growth
X Y XY ) G Y(log x)
1l 4,43 4.43 1l 0
3 68.57 13.14 4 1.8778
3 7.00 31.237 9 3.3828 .
4 7.18 28.73 18 - 4.3238 N = 21
5 6,15 30.75 a5 . 4.3987 Bx = 8356
6 7.08 43.38 36 5.4837 S8y = 308.18
7 6.76 47.33 49 5.7139 ng = 3738.,73
8 6.65 53,30 84 8.0055 Sx¢ = 3495
8 7.50 67.50 Bl 7.1588 8(y logx)=- 218,RR13
10 7.868 76.80 100 7.6800
11 11.14 1232.54 121 11.6011
18 9.38 112.56 144 10.1227 8(log x)= 19.7840646
13 12.33 180.39 189 13.7349 8 XIng;;364.9518043
14 156,10 311,40 196 17.3066 8(log x)a 31.2237048
15 13.86 207.90 335 16.30086
18 8.80 140.80 a56 10.58863
17 13.35 235,25 289 16,3038
18 17.00 308.00 334 21.3396
19 8.00 183.00 361 10.”2300
20 18.35 365.00 400 23,7438
- ] 0 - 0
- 0 0 - 0
- 0 0 - o
- 0 0 - 0
35 14.00 350,00 635 15,5713

325 308,18 2739.23 5835 216.8813 ‘



TARLE §

Y onX )
Calonlations of a, b antl ¢ nacegeary far gomenring the Yorurtthmig
curve valnes

na + bix, J. S lopx - 8y
& 8x & bbx S (xlog x= g xy
AS (Qopx)r b (xlogx)+0b {(log x)"= & ylog x

QQ

v on x Logarythrmic curve filtted

qa 4+ 238 b+ 189.78406460 = 708,18
3% 4+ 3498 b~ 364.9518043c = 2739,73
10.7840646a + AR4.9518043b+ 21.7337048c = 216,P213
nas  [21a 4 73F b & 19.7840648c = 208.18
21 [938a L 2495 b + B64,95180436 = 2738,72;
{d48a & BETTB b 4 4648,2553 o = 48,072,3
4 o4 7 by =

{dA B £7, 8% .8

19.7740c48 [la 4 235016+ 10.7640%46c =  207,18)
21 [0.7640646 &  + 364.9518043b +21,723704R¢3 113.?%1@

+~ 4649.?55"75%) +’55%1 40’%336

214,73252 [18,170b + 914.732520 T 8,B01.53

17,170 B14.7325% & ©4,297580 a 435.86065
1{;;{‘? 1’3% W 4+ R3A/ ?1‘31‘5&"&150 n 7’863 O%nqlqg
18] #22’é*z.aﬁ 4D 4 9RA.473,498800 3 7,0
9. % : .\?4\(} = 3
o = 344
914,7325 b + 18,8753 = 4325,86065
214,7325b 2 417,1653%
b - .456 '
21 a = $4,8143
A= 4,486
& = 4 4,486
bw » ,456
¢ R 4 L2344



TABLE 7

Y on X
Calonlations of Y value for each X class from the equat ion
Y =a+bx 4c¢ (log x)

Y= a % bx + o (log x) = 4,488 + .456x #.344 log x

X a + bx # c{log x) = vy

1l 4,488 + 456 4+ 0 = 4,243
2 4,486 + 912 + .104 = 5.5023
3 4,486 +* 1.368 «+ .164 s 6.018
4 4.486 + 1.824 ¢ « 307 = 8.517
5 4,486 4+ 3,280 4+ .340 =  7.008
6 4.486 + 2,738 + .368 = 7.420
7 4,486 + 3.192 <+ <8391 = 7.969
8 4,488 + 3.648 + 311 - R,445
9 4,486 + 4,104 + 338 = 8.918
10 4.4R6 + 4,560 + 344 = 9.320
11 4.486 + 5,016 + 358 = 9.861
12 4,486 + 8.473 « « 371 =. 10,329
12 4.486 + 5.938 = 383 = 10.797
14 4.486 + 6.321 + 394 = 1l.2381
15 4.4886 T 6.840 + « 405 = 11,731
18 4.486 + 7.396 4 .414 = 12,1986
17 4.488 +* 7.7852 & + 4723 = 13.631
18 4.488 4 8.308 «+ . 432 = 13.126
30 4 486 + 9.120 + <448 - 14.054
31 4,486 + S.676 ¢ « 45" = 14.417
33 4.486 -+ 10.488 « « 468 = 15.443
34 4,486 + 10.844 =« «475 = 15.905
25 4.486 -+ 11,400 4 . 481 = 16.367



TABLE 8
Y on X

| Computations for fitting & strolight line to the data
¥ on X Straight line fitting,

H
7]

]
d

na b xz
ASx + b &x

335 [B1a + 235b = 208,14
21 [B35 + 3495 b =3739.23]

¥y 2 a 4 bx
Yy = 4.6158 # .4734x
21a + 111,249 < 208.18
2la = £6.931
a = 4,8158
X a + bx - y

1 4,68158 & ,477%4 = 5.,0893
13 4,6158 «6.1%42 = 10.7700
35 4,8158 411.835 = 16.4508



30w

gero's, but merely a lack of cacea, Obviously it would
be unfair to give these & zeroc value in the calonlatlons,
ao that they were left out of the sums of the columns in
which they were found and R or the number of Cases bheocame
21 instead of 24, The values, of 8{log x), S(xlegx), and
8(1og x)? then became changed as followsi~

In Pearlls (6-B) Tables of sums of logar%thms
of consecutlve numbers the sums of oonsecutive X vaulues
from 1 to 18 were used, To thase were added the log.
values of 30, 21 and 24, as shown foilowiné:
Sums &t 18m
S{logx)=l16.8063410; 8(xlogx)=178. 6863359 S(logx)2=15.9415788

1og.ao = 1.30103 ; (2010g20)236.03030 10g20)3= 1.6926791
log.2l = 132272} (3log71)-37.76862 3 (log?l)’ 22 1.7483658
$
;

10g.34 = 3410g24 gg%%ggggﬁ log34)? ﬁ_&%
8(logx) 09 Total . 50834593 Total .3 ,
Thus 1t will be sesn that the sume were taken |
from the tables as far as the x items wént consecnt ively
before encountering & zero. Separate logarythmioc values
were then calonlated for 20, 2?1 and 324 and these were added
to the sums taken from the table at 18. This mude a total
sum of the values which were actually represented in the data
and totally disregaried the zero items, in fitting & third
degree logarithmic curve to the observations, the normal
equation for the curve 18 y= 3% + bx + o log x. It therafore
remsins to find the values for a, b, and o. Fquations (1),

(3) and (3) in tsble 3 are solved as ordinary sirultansous
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equations the method being sho'm in detail. The values
are found to be ae +8.156; b= 4+ ,818; o= «8,141, and
since yw & + bx + 0 log X, substitution 1s made os shown
in table 3. A caloulated Y value is obtained for aach of
the consecutive x figurees from 1 to 24. These Y values are
rlotted with the x values on ¢ross segtion paper to give
the curve shown in Chart 3.

It is interesting to corpare the curve of onle
culated values with the observed values x and ¥y in Table 1,
Henoe a plot is made on the sume sheet with the gurve,
showing the corresponding x and y values liated in Table 1.
Inasmuch as there are fluotuations between the observed
values, this rlotted graph will be a zigsag line consisting
of peaks wnd valleys. | )

As a comparison 1t 1s interesting to note whether
a caloulated straight line will oloasly fit the curve and
actual observations. There is also a partial check on the
accuracy of the calculations, In fitting a straight 1ine,
the equation is y= & 4 bx and the equations are ahown in
Table &, for finding & and b, The fitting of a straight
line involves muoh less calculzting as there are only two
unknowny & and b, and only two equationa. It was found that
a= +5,079 and b= 4,508 and since y= a + bx the y values for
the first x (or 1), the middle x (or 12) and the last x{or 24)

are found, The caloulated Y valus when x= 1 gives one snd
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of the straight line, and the calculated Y value when

x= 24 giveas the other end of the straight line. A plot

of this line on Chart 3 is shown as the dotted (or broken)
lines, whioh divides the values in the ourve and the values
in the zig=zag of observed values, in two. In comparing

the observed values with the straight line and curve it

will be seen that the rlotted line of observed vsluaes has
many peaks and valleys, representing fluctuvations from the
straight line, The straight line rerresents the mid values
between the fluotuations on elther side of the straight line,
and these fluctuvations are ironed out into the straight line,
This may be eomewhat ccmpéred with a much kinked string,
which, when pulled at both enis, follows a straight line.

As shown before, howaver, this straight line
does not udeguately desoribe the situxtion, and it ie readily
sean that the curve more nearly follows the trend of the
observed values, It »ill be noted that the base line or
co=ordinate is used for the x values in every case. By x
values 18 meant the values in the x column of Table 1, which
in this case is yleld, However when the curve for x ony
is calculated the situction will be reversed. The entries
in the x column of Table 5 will be the terminal growth olasses

and those in the y column #1111l be the means of yield.
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Similarly, in plotting the curve, the base line
or cowordinate will be the terminal growth or x clacses,
and the ordinate or vertical 1ine #1311 represent ths calouw
lated yield or y values. |

In obesrving the relative position of the plotted
obesrvation, the straight line and the curve in Chart 2, it
is readily seen that each goes in the same di:ection‘and
that the straight line irons out the fluctnations but does
not follow the means of the arrays as closely as the ocurve,
Therefore in order to show up the true curvilmean relation-
ship between terminal growth and yield the ourve is necessary.

There was considerable fluctuation in the observed
data which undoubtedly produced an unfavorable effect on the
results, The writer is of the opinion that had the raw data
been more Seleerive the correlations would have been higher,
Roberts {8) mentions that - - - «~"Quite a number of fruits
may be borne on terﬁinal spurs but it 1s seldom that any
large rercentuge of lateral buds set fruits.® His observae
tiaﬁs were made with the Weslthy variety of apnie. The York
aprle, hdwaver, has & tendenoy for the frvits to hang in a
ropy fashion toward the ende of the branches, and the ylelds
recorded herein, being nothing r~ore than the lateral and.
terrinal fruits on the one year old terminal wood, ware
quite heavy on some of the longer growth. It is possible,
though, that some of the fluotuations may have been caused

by dropping of the lateral bloom.
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A calouleting mi.chine and Barlow's Table of
Squares, Square Roots and Cubs Roots as well as a set of
Comron Logartthms of nurbers were found to he of much

value in the ocaloulations in this problem,
"us ) ; t

As mentlonad before the project includes 3
years notes, starting with 1829 and ending with 1931,
The notes for each indiviiual voar were correlated as
shown in f&blae 11, 12 and 13, It #il1 be noted that in
19738 all correlations were significant except length and
diameter of current seasons terminal growth with the
average weight per apple on last year's terminal growth,
All correlitions were positive except those involving
average weight per anple. It might be mentioned here that
average weight per arrle ia simply & measurs of size of
apnrle, and that reference from here on will be made to azaé
of arple rather than average welight, BSince correlation
involving size of apple are negative, 1t may be said that
as length and diameter of the terminal growth becomes greater
the size of arple becomes smaller, This is probably dune to
the faot that as the length of terminal growth becomes greater
there is an increase in the number of arples on the terminal
growth, and with ingreased nurber of arrles the size becomes

smaller.
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In 1230 all ocorrelations were significant
except those involving size of arrle, and one in whioch
length of 1928 terminal growth was correlatad with diameter
of 1930 ternminal growth. All were positive except one in
which length of 1829 terminal growth was correlated with
size of annrle. H’ |

In 1931, all correlations were significant
aexcent those involving size of arrle, which were negative
and insignificant.

Since 1928 and 1931 were the "on ygars' and
1930 the "off year®, it is possible that size of aprle
wag affected by the small numbsr of aprles per tree in
1830.

Correlationa of terminal rowth with average
weight per arrle in the "on year® were found to be negative,
and although these correlations did not show mathematical
significance, there was blologleal significance. Thie means
that with inorease in length of terrinal growth there 1é
some decrease in size of apple. It wes noted in making
the observations in the orchard that the shorter terminal
growths had a srmaller proportion of lateral apprles than
did the léhger growth. 8ome of the shorter growthshad only
terminal aprles and no lateral fruit, It was noted alse
that terminal arples were generally larger than lateral

fruits, and that the larger lateral fruite were nearer the



Factors Involved

Length of 1928 terminal growth with
1929 yield on 1928 terminal growth

Longtk of 1929 terminal growth with
1929 yield on 1928 terminal growth

Diameter of 1928 termminal growth
with 1929 yield on 1928 Term. Gro.

Diameter of 1929 terminal growth
with 1929 yield on 1928 Ter, Gro.

Length of (1928-29 Ave) terminal
Gros with 1929 yield on 1928 T.G,

Length of 1928 terminal growth with
" average wt, per apple on 1928 T.G,

Length of 1929 terminal growth with

‘ave, wt, per apple on 1928 ter, gro.

Digmeter of 1928 terminal growth
with ave, wt, per spple on 1928 TG.

Diameter of 1929 terminal grovwth
with ave, wt. per apple on 1928 TG,

Length of (1928«29 ave} ter. growth
with av, wt. per apple on 1928 ?.G.

Length of 1928 Terminal growth with
. Length of 1929 Terminal growth

TABLE 11---CORRELATION OF DATA FOR THF YEAR 1929-—-YORE DPFRIAL VARIETY OF APFLE

Diameter of 1928 terminal growth with/Diameter 1929

Diameter of 1929 terminal growth

Length of 1928 terminal growth with
diameter of 1929 terminal growth

Length: - of 1928 terminal growth with/Length

diameter of 1928 terminal growth

Length of 1928 terminal growth with
Diame ter of 1928 terminal growth

Length of 1929 terminal growth with
dlameter of 1929 terminal growth

Factors Involved

Length of 1929 Terminal growth with Yiela

1930 yleld on 1929 terminal growth
hongth of 1930 terminal growth with
1930 ¥leld or 1989 terminal growih

Blamater of 1929 temminal growih with Blameter;

1930 yield ob 1929 termival growth
‘Diameter of 1930 term, growth with
1920 yield on 1929 terminal growth
lesgth of (1929-30 ave) T.G o with
1930 yield or 1329 termirsl growth
Length of 1929 termirnal growth with
av-. wts por apple on 1929 T.G..
Length of 1930 terminal growth with
ave, wt., per apple on 1929 7. G.
Diameter of 1929 terminal growth
ave, wt, per apple on 1929 ter. G
Diameter of 1930 Ter. Growth with
ave; wi, per apple on 1929 Ter. G
Length of {1929-30 ave} Ter. Gro.
Ave, wt. per apple on 1929 T. G,
Length of 1929 termiral growth with
Length of 1930 terminal growth
Diameter of 1929 ter. growth with
Diamcter of 1930 terminal growth
Length of 1929 terminal growth with
diamcter of 1930 terminal growth
Length of 1930 terminal growth with
Diameter of 1929 terminal growth
length of 1929 terminal growth with
fiambter 07 1929 tefmihal growth’ >
Length of 1930 terminal growth with
diameter of 1930 terminal growth

Factors Mean and Probable Standard Correlation Probabdle Significance
error deviation Coafficicnt|{r) Error of © of r
Yield 10,3133 & 2158 5.5276 + 5249 & .0282 18,6 X B
Length 10,7733 - 4+ L1782 4.8589
Yield 10,3133 £ 2158 5.5276 + 3322 Z 0346 9.6 X E
Length 9,6067 + 1147 . 2.,9437
" Yield 10.3133 i 2158 5.5276 + 5246 £ 0282 18,6 X E
Tiame ter 6.5267 & 0737 1,.8927
Tield 10.3133 & 21858 5.5276 + 43325 I 0346 9.6 X E
Diame ter 4.0933 < 0393 1.0090
Combined length 10.42 2 L1349 3.4520 * 45091 < 0288 177X E
Yield 10,3335 ¢ 2152 5,5248
Ave, wt, per apple 4,98 2 ome 1.8293 - 3013 X 0354 8.5 X B
Length 10.7733 + ,1787 4.8589
Ave, wt, per spple 4,98 < 072 1.8293 - 40590 < L0388 1S5 XE
Length 9.6067 & 1147 2,9437
Diameter | $645267 < L0737 18927 - 42175 L 037 5.9 X E
Av., wt. per apple 4,98 < 0n2 1.829%
Diame ter 4,0933 % L0393 1,009 ~ 40567 I 0388 15X E
Ave, wt, per apple 4,98 + ,0ng 1.8293 :
ave, wi, per apple  4.98 i .onz 1.8293 - 2309 < 0369 63X E
Combined length 10.42 * L1349 3.4521
Length 1929 . 946067 % 1147 2.9437 + 5263 L 0282 18,7 X B
Length 1928 . 10,7733 + ,1787 4.8589
4.0933 & L0393 1,009 + 46688 2 L0235 28,5 X B
Diame ter 1928 6.5267 L0737 1,8927
Length 10,7733 & L1787 4,8589 + +4538 < 0308 147X %
Diameter 4,0933 % ,0393 1.009
9.,6067 T L1147 2,9437 + ¢5511 < 02Mn 20.3X B
Diameter 6.5267 * L0737 1.8927
Length 10.7733 & L1787 4.8589 + 7593 z L0165 46, X E
Dismeter 645267 * L0737 1.8927
Diameter 44,0933 & ,0393 1.009 + 4464 T 0312 14,3X B
Length 9.,6067 1147 2.,9437
ERBERR AL QA PEREER RGPS RBER R RED
TABLE 12--CORRELATION OF DATA FOR THE YFAR 1930--YOSK IMPFRIAL VARIETY OF APPLE
Factors Mean and Probable Standa-d Correlation Probable Significance
o Error Deviation Coefficient {r) Error of r of r
6.88 t ,215 3.1820 + 44236 < 0554 7.6 X B
Lengta 6,91 2,278 4.1185 :
Length 6,04 £ ,143 2,126 + A945 t 0509 9.7XE
yield 6.88 4,215 . 8,1820 \
P BB 4,083, .. 1.2286- -4 58494 ¥ 087 11.7XE
Yield 6.88 3 215 3,1820
Dismeter 3422 + ,035 5212 + +3053 i 0612 5. XB
Yield 6.88 & 215 3,1820° + (4569 & 0534 8.6 XK
Length 6.73 3,184 2.7345
ave., wt. per apple 4.97 4 .144 2,142) - 1205 I 0664 1.8X E
Length 6.91 4 ,278 4,1185 :
Ave. wt, per apple 4,97 < ,159 2.,3643 + 42869 * 0686 4.,3X%
Length <6404 & ,143 2.1256 :
Ave. wt, per apple 4,97 £ ,159 2.3643 & 0807 < 0629 13X E
D’ ameter B5.48 & ,083 1.2286 '
Aves wt. per apple 4,97 z ,159 2.5643 + 1027 £ ,0687 1.6 X B
Diameter 3.22 $ 035 5212
Ave, wt, per apple 4.97 < ,159 2.3643 + 0390 £ ,0673 WS XB
Combined length 6.73 4 ,184 2.7345 :
Length 1930 6.04 £ ,143 2.1266 4 J4242 + ,0553 7.7XE
Length 1929 6.91 < ,278 4.1185
Diemcter 1929 5.48 & ,083 1.2286 + 4754 & 05822 9.1 X B
Diameter 1930 3,22 x ,035 5212 .
Diameter 3.22 & ,035 5212 - o2375 I ,0657 S.7XE
Length 8.9 278 4,1185 :
Diame ter 5.48 4 ,083 12286 + 6321 < ,0405 15,6 X E
Length 6.04 + ,143 2.1256
Diame ter 5448 + ,083 1.2286 + 6410 & 0397 162X B
Length 6491 4 ,278 4,1185
Diameter 3.22 & 4088 5212 * 5697 + L0455 125X B
Length 6,04 & ,143 2.1256



TABLE 13 CORRELATION OF DATA FOR THE YEAR 1931--YORK IMPERIAL VARIETY OF APPLE

tors Involved Factors Mean and Probable Standard Coefficient Probadble Error (E) Significance
. Error Deviations of Correlation (#) of (r)
f 1930 terminal growth with Length 74695 - ¢169 345344 ' 4 o 7003  ,0243 28,8 X E
1d on 1930 terminal growth Yield 9.16 X ,239 540085 :
f 1931 terminal growth with Length 54875 * ,138 2.8878 + o 5801 & ,0316 1844 X E
1d on 1930 terminal growth Yield 9.16 + ,239 5.,0085
of 1930 terminal growth with Diame ter 4,94 x 062 1.2947 + o 7340 & ,022 33.4 X B
1d on 1930 terminal growth Yield 9.16 2,239 5,0085
of 1931 terminal growth with Diameter 3.125 X ,034 7066 ¢ o 4111 * ,0396 1044 X E
14 on 1930 terminal growth Yield 9.16 2 ,239 5.0085
£ (1930-31 average)ter. gro, with Combined length 7.04 E IS &3 2,7456 + o 7540 Z ,0206 36,6 X B
1d on 1920 temminal growth Yield 9.16 < ,239 5.,0085
£ 1930 terminal growth with Length 7,695 (169 345344 = . 1538 < ,0466 3.3 X E
per apple on 1930 terminal growth  Ave wt. per apple 4.155 £ ,201 44,2080
f 1931 terminal growth with Length 5.875 + ,138 2.8878 - o 1206 & ,0470 24 X E
per apple oh 1930 terminal growth  Av. wt. per apple 4,155 + ,201 442080
of 1930 terminal growth with Diameter 4,94 x 062 1.2947 - o 1577 & ,0459 34 X E
per apple on 1930 terminal growth  Av. wte per apple 4,155 £ ,201 4,2080
of 1931 terminal growth with Diame ter 3.125 1+ .03 #7066 - o 057 £ ,0476 l2 X E
per apple on 1930 terminal growth  Av. wi. per apple 4,155 T 4201 442080
£ (1930=31 ave) terminal growth with Combined Length 7,04 4,131 2.7456 - o+ 1636 £ ,0464 3.5 X B
per apple on 1930 terminal growth  Av. wt. per apple 4,155 < 4201 4,2080
£ 1930 terminal growth with Length 1931 5.875 £ .138 2.8878 + o 4420 < ,0384 11,56 X E
£ 1931 terminal growth Length 1930 74695 + ,169 345344
of 1930 terminal growth with Diameter 1930 4,94 £ ,062 1.2947 + o 6204 £ ,0293 21.2 X E
of 1931 terminal growth Diameter 1931 3.125 & 034 «7066
£ 1930 terminal growth with Diameter 3.125 < 034 «7066 4 o 3056 4 ,0432 7.1 X E
of 1931 terminal growth Length 74695 £ ,169 345344
£ 1931 terminal growth with Diameter 4,94 + 062 1.2947 + o 6929 Z ,0248 27.9 X E
of 1930 terminal growth Length 5.875 £ ,138 2.8878
£ 1930 terminal growth with Diameter 4.94 L 062 1.2947 + o 7020 z 0241 29.1 X E
of 1930 terminal growth Length 74695 4 4,169 345344
f 1931 terminal growth with Diameter 34125 z 034 7066 + o 6344 & ,0285 22,3 XL E
of 1931 terminal growth Length 5.875 £ ,138 2.8878 -
TABLE 14--RESULTS OF COMBINED 1929 and 1930 DATA--YORK IMPERIAL VARIETY OF APPLE .
. Signif{-
Factors Compared Mean Probable Standard Correlation Probable Correlatior Criterion of/Standa.rd c:ng:e of
efror Deviation Coefficient r error of *r  Ratilo Linearity ¥ "error o¥
 year's terminal growth length with X Combined Length 86776 _ % ,218 4,5546 4 5664 < L0324 Xy e 6444
yield on previous year's terminal growth Y Combined Yield 84560 : 212 4.4470 NyX=. 6654
year's terminal growth length with X Combined Length 74805 & ,147 3.,0818 + «5080 £ 0353 mQ6523 1674 0511 3.3x &
yield on previous year's terminal growth Y Combined Yield 84560 $ ,212 4.4471 - . Nyxm.61 114 «0439 2.6 x O
 year's terminal growth length with X Come Ave. wt,
per apple 5,105 * ,099 2.,0795 =.4425 15649 +0266 5.8 x &
ave, wt, per apple on previous years _
terminal growth Y Length 8,775 £ ,218 4,5546 - 2023 1 ,0457 yx=.2948 «0460 +0290 1.6 x &
year's terminal growth length with X Combe avewte :
per apple 54,105 £ ,099 2,0795 + 0219 < 0475 Xy= 3929 «1540 047 33X O
ave, wi, per apple on previous years
terminal growth Y Combined Length 74805 £ ,147 3.0818 Byx=.1968 0383 +0166 23X &



terminal fruits. Since the longer terminal growth had

more of these smaller lateral fruite, it seems logloal

that the average welght per apple should he lesa than

for the shorter growth, which have the larger terminal

fruits, This may give a clue to some phase of thinning

studiesn,

In general the following conclusions may be

drawn from the analysls of the data.

1=

p. B

p, T

4'

B

Length of terminal growth is assoclcoted with yleld
on one year terminal wood,
Diameter of terrminal growth 18 assoclated with yleld
on one year terminal wood.
Length of terminal growth 1s asscoiated with“diametex
of terminal growth,
Length of terminal growth in one year is associuted
with length of terminal growth the following year.
Diamater of terminal growth in one vear 1s associated
witﬁ diameter of terrminal growth the following year,
There is bilologlcal eignificance to the relationship
betreen length of terminal growth and size of aprle
and between dlameter of terminal growth and size of
apple in the *on year®,

These factors are inversely related, in that

the greater the growth the smaller the size of aprle,



Y )

The coefficients of correlation are not mathematically

significant but are considered bilologically significant

beoczuse they continue to have the same relationship for

both %on years¥, Howevaer in 1230 the "off year®, this

inverse or negative relation did not hold,

T

8=

D

Qe

G

The average length of the current season's and last
season's terminal growth is assoclated with vield on
one year terminal wood.

When an ®on year® (1929)and an %off year®
(1930) have their late combined the results given in
table 14 ars found,
The length of the combined previnus seasons terminal
growth 1s assoclated with the combined vield on one
year terminal wood.
Tae iangth of the combined current seasons terrinal
growth is assoclated with the combined vield on one
year terminal wood.
The relation between -revious seasons combined tsrminal
growth length and size of arple riight be consiiered
significant and is inverse or negative,
Length of current seasons terminal growth has a roattive
sssociation with size of arrle, but the aszociation is
insignifiocant,

In going still farther and examining the curves
for the combined twe ysars data it will be noted that

the following results are apparent:



1l

P

3

B

T

=38 -

With an increase in length of the previocus years
terminal prowth, there is an increazse in the current
yield on this lest yearts terminal growth,

with an inorease in current yield on last years terw
minal growth, there is an inorease in the length of
this last years terminal growth,

As current season's terminal growth 1lncreases there

ie an increase in tne ocurrent vield on last seuson's
terminal growth,

As the current yield on last year's terminal growth
increases there is an inorease in the length of the
current vear'a terminal growth,

As the length of the praovious season's terminal growth
inoreases up to 4 inohes, there is an inoresse in size
of arrle on this nrevious season's terminal growth.4s
the length increases from 4 inches to 25 lnohes there
is & decrease in size of spple, The general tendsncy
is toward a deorease in size of zrrle as terminal growth
increases.

with an increase in size of zorle there is a decrease
in the length of the previous sesson's terrinal growth,
with increase in length of ourrent season's terminal
growth up to 3 inches there is also an increase in size

of arrle on last years terminal growth. Howaever with



B

= 4% .

& further increase in terminel growth between 3 and 17
inches there is a decrease in size of arple,
with increase in size of arrle thare is also an in-
orease in length of ocurrent season's tarminal growth.
These ourves plive a graphic desorirtion of the re-
lationship between the factors involved and need no
further exnlanation,

Charts 3-8 inclusive give thase onurves, from

which the last enumerated conclusions were dréwn,
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Publ ished by Longmans, Green & Co.
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b. p. p.3688=370 inc,

8- Roberts, R. H.
1920, Off year avple bearing, Wisconsin (Madison

Agr, Exp. 8ta. Bul. 317,
page 34



	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img076

