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1929 lotes on Terminal Growth length ~nd d1am•ter and 
we1gbt of f:ru1t on isaa Tel'1'!'t1na1 Wood of the York AP'r'l• _____ ..... __ 

io. t1ncheeainohes:33nd :32nd aOunoeatlumber10unoea 1Inohae 
__ of 1Len,tb1Le:Jth11noheac 1nohee: of : of ta.verage1Average 

Limb: o : o td1a.oftd1a.ot1Ap~le eAppleaiweight taornb1ned 
1::i9a·9 : 1938 t 1939 t 1928 t on a on tPer &'P•t19~8-39 
:Ten. 1naTermin1Termtn1Term1na1938 r 1938 ton 19a8t'l'erroinal 
1Slr2•S!Uil9!lh;i£2wth,;Gt2wt)'j;Ier,g,1ter,G 11fer: Cl.JG• J:<t!li\ll 

l 1a 14 4 a 9 a 5 13 
2 4 1 3 4 ? a 4 6 
3 12 16 4 8 9 a 5 14 
4 7 e 4 8 5 l 5 8 
5 10 5 4 6 4 l 4 8 
6 9 5 4 8 6 1 6 1 
7 11 6 4 6 6 1 8 9 s 11 15 5 6 4 l 4 13 
9 5 7 4 5 4 1 4 e 

10 9 10 4 6 8 l 6 10 
11 10 13 4 e 6 8 3 1a 
12 9 14 5 7 7 .·:a 4 13 
13 9 6 4 6 4 1 4 8 
14 10 4 4 5 r; 1 5 '1 
15 6 8 3 6 7 a 4 ,, 
16 9 6 4 5 7 a 4 8 
17 5 10 3 5 6 a 3 8 
18 15 19 8 9 ls 4 4 17 
19 8 5 4 3 3 l 3 '1 
20 12 19 5 8 16 5 3 18 
a1 9 3 4 5 8 2 4 8 
32 4 9 4 6 10 a 5 1 
23 11 4 5 5 e 3 4 9 
g4 12 ,,, 5 6 6 1 e 10 
as '1 - 1 4 6 '1 1 ·.'1 ' 26 5 6 3 6 8 3 4 8 
27 8 4 5 6 12 s 8 8 
38 10 13 5 8 11 2 s 12 
as ' 7 3 6 3 1 3 ? 
30 8 8 4 6 4 l 4 ., 



Ho. :1nohea:inohes1 33nd t 33nd 10unoes;lumber10un0As :Inohee 
of 1lengthilengtht inoheaa 1noheaa of t of taTe:rageiaver·age 

·-Limb& of t of t<l1a..ot:d1a..oftAPple 1Applestwei~;ht :oo'Mbined 
: 1981 : 1928 1 l9S9 1 1938 1 on r · on :per Ap. tl9"B-~ 
t!erM. t Term.:Terrn. tTerPl. 1 l9aa t 1928 :on 1928iTe?"M1nal 
1Gi:owth1 1g;r0Jl~ii2!lh1Growthg'f1r,.Q=1Xer:G 1T1r •. G, ;Gro:Lfngtl; 

11 11 12 . 5 s 11 a s 13 3a 11 4 s e e 1 s e 
33 l-4 4 5 8 8 1 8 9 
34 11 i1 e s 1a z e i1 
~8 10 9 s 6 ' 1 ' 10 36 1a ao 4 10 s a 5 1e 
37 11 15 5 10 15 4 6 13 as ta 17 4 io a 7 s 15 
39 5 lf; 6 8 15 3 5 15 
40 5 10 4 f 8 1 8 8 
41 12 s 5 6 9 3 3 9 
4a 15 14 e io 12 a a 15 
43 13 ia a a i1 2 e 13 
44 11 11 4 8 4 l 4 11 
45 G 13 4 6 13 3 4 10 
46 io 1 • e 11 a a 9 
47 6 8 I 5 l& 3 5 7 
4S 6 e 4 a 11 a a a 
49 10 13 4 8 9 3 3 13 
50 s 13 4 a rs a 3 11 
51 11 ia a e e 3 3 14 
52 s ao s e 17 e s 14 
53 e 14 s s s a 3 11 
54 6 5 4 5 ? 2 4 6 
55 12 13 5 ? 15 4 4 13 
56 13 15 6 7 13 g 6 14 
57 is 11 5 10 as s s 1s 
58 a ia 4 7 s a a io 
se 14 a a 3 e i e i1 
eo a ' l a 7 a 4 a 



1929 

No. :1nohess1nohee; 32nd: 33nd t Ounonat Hnmbert Ounoes :Inehee 
of t lengtht le:ftti1 1nohesa inohea: or • of : avera.ge:a.verage • Limb: of 1 o zdia.of: d1a.oft Apple a Appl ea a weight aoombined 

t 1939 l 1928 = 1939 s 1938 ' on : on t per AP.:19~8 ... as 
:Term. :Term. :Term. : •Tenn. t 1928 : l93l t on 19?.S:Term. G. 
;Oro!.!h1Growt,h5Growth; Growth; Ter.Q ; Ter1& 1 Ter. G : Length 

61 5 4 a a 8 1 8 5 
62 11 11 a 5 5 1 5 11 
63 5 6 1 a 12 2 6 a 
64 1 10 a 3 13 a 6 9 
~)5 11 e a 4 4 1 4 10 
66 6 a s 3 8 a 4 4 
81 13 8 a 3 e l a 11 
88 8 • 3 5 8 a 4 6 
69 10 2 3 5 7 3 4 8 
70 a s 3 4 8 l a 4 
71 10 3 a 5 20 a 10 ' ?a 13 4 2 e 5 l 5 9 
73 13 8 a 5 1 1 7 11 
?4 13 1 3 4 3 l 3 10 
75 11 5 3 4 8 1 8 e 
?6 9 1 2 s 6 1 6 s 
77 13 1 2 3 20 4 5 10 
78 12 9 2 4 8 l 8 11 
79 7 a l s 8 1 e 5 
80 ia 17 4 e 1a 4 4 15 
81 9 14 4 e ao 5 4 12 
82 10 11 4 s 18 5 3 11 
83 4 a 4 4 5 l 5 3 
84 14 19 7 10 16 8 8 l? 
85 16 l? 8 9 16 3 5 1'1 
86 5 9 6 6 7 4 2 ' 87 ' 4 4 10 1 4 2 G 
88 10 8 3 4 3 1 3 9 
89 12 8 4 10 10 a 5 10 
90 10 14 4 a 23 5 5 13 



1929 

lo .: 1noheso inoheai 3~hldt 32ndi Ouno~sc Numberi Ounc~as Inches 
of :length: lengthtinohes: 1nches1 of i of. 1average1average 
Limb a of i of td1a.o!td1a.ot aApple 1 Appl~ssweight toombined 

I l939t 1939 l l9fl9: l9S8 I on t on :per AP a19as .. a9 
:Term. s Terrr.. tTerm. rTerm. I l92A I 1929 ion 19~81Term.G. 
;QrowtJuQraJ!n 1Gr2w~q1Qr,woth ffer 1 g 1 '!'er,G 1Ter.G gL~ngtb 

91 10 20 4 ll ao '1 3 15 
93 6 8 3 4 6 s 3 ? 
93 9 14 3 4 a 3 3 12 
94 ' 10 3 6 l 1 1 e 
95 11 19 3 8 a l a 16 
96 4 4 3 3 6 a 3 4 
~1 ·•. 10 8 4 a 11 3 4 8 
98 13 11 4 5 9 2 5 13 
99 10 17 3 8 a ' ij 14 

100 10 8 3 4 9 l 9 9 
100 13 19 6 8 20 4 5 16 
102 14 14 6 10 8 a 4 14 
103 14 16 4 s 4 a a 15 
104 15 11 4 a 4 2 a 16 
105 12 10 4 5 8 1 8 11 
106 13 12 5 5 12 l 12 13 
107 ? 6 3 ' 3 l 3 6 
108 6 a 1 3 8 l A 4 
109 13 16 5 a 1 4 4 15 
110 11 ao 6 11 29 9 3 16 
111 11 19 4 9 24 6 4 15 
113 13 18 5 10 l? 4 4 16 
113 18 34 8 16 fl?, s 4 21 
114 e a 4 5 e 3 3 8 
115 11 14 4 a 21 6 4 13 
116 9 4 4 6 12 ~ 8 ? 
117 l::t 9 5 8 10 3 3 11 
119 10 8 4 a 7 l 1 9 
119 ,, 5 4 a 8 1 8 6 
120 10 5 4 5 13 a 8 a 
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1929 

lo. : 1nohee: 1nohest 32nd 1 32nd :OunoA•nNumbe:r10unoes 1 Inches 
ot 1 lenfthtlenltht inahest inoheea of r of 1a.vera.geiAvera.ge 

__ L1mbt o t o td1a..otrd1a. .. oftApple 1Applesrwe1gbt: :O•mbined 
t 1939 t 19aS t. l939t 19281 on 1 on iPer Ap.11928·39 
tTe:rm. cTem. :Term. i Term. f 1928 t 1938 ion l92EhTerm.G. 
1Rro.1S~&itsnh1Grow)h:iJr9wHuTer.9 1Ter.G 1J9r1 g 1,LerH&Sb , 

121 10 8 4 e 4 1 • 9 
122 9 9 4 6 e a 4 9 
123 1e l4 5 8 5 1 !5 lS 
134 13 8 5 7 10 a 5 11 
125 7 10 4 6 6 a 3 9 
1313 8 8 4 5 5 1 6 ' 137 la ia • 8 8 l 8 ia 
1ae 7 1 4 8 e l a 1 
139 13 18 5 9 16 3 5 15 
130 7 9 .. a 12 a 6 8 
131 8 8 4 5 6 l 6 8 
133 11 13 .5 8 6 l 6 la 
133 IS 5 4 8 7 l 1 5 
134 10 17n e 10 10 ..,3 3 14 
135 11 6 4 5 9 l 9 9 
136 13 14 4 8 14 3 s 14 
137 11 18 4 .. 9 s 3 14 
138 8 6 4: 4 5 l 5 ' 139 11 10 5 a 16 3 5 11 
140 5 3 3 3 7 1 ' 4 
141 12 18 5 '1 6 l 6 15 
142 14 13 4 6 8 a 4 l3 
143 10 13 4 7 5 a 3 ia 
144 9 9 6 4 4 l 4 ' 145 3 6 3 5 10 a 5 5 
146 10 10 4 6 6 1 8 10 
147 10 13 3 6 a l 8 11 
148 a 5 3 5 lS a 6 ,, 
149 9 aa 4 8 17 4 4 16 
150 8 1£5 4 s 17 4 4 11 



1929 

Ho. :inohes:inohes: 38nd t 38nd t0Unoea:Humber10unoea :tnbhcse 
of :length:length:inohestinohea: of t of :AveragerA•erag• 
Limb: of : of td1a..oftdia..of::Apples:Apples:n1ght :Combined 

1 1929: ieae :: 1929 : 1938 : on : on :Per .tp •. :1sae . ...ae 
: Term.:Terl!I. :Term. :Term. t 1928 t 1929 :on 1938rTerm.O 
1G:rowtn;Growth1Grow!,h:Oro'!fthf Ter. ChTer. G : Ter.G. ;Len1S) 

151 10 13 4 ' 16 4 4 18 
1sa 12 a1 3 e e a 5 l? 
153 ia 11 3 s 13 a 1 ia 
154 1a 19 4 a s a 4 1e 
155 is 21 s io ie 4 4 ao 
158 3 5 3 4 4 1 4 4 
157 a • a 4 ia l ia 3 
158 9 8 4 5 1 1 ' 8 
159 9 15 4 8 34 .,, 3 18 
180 11 1 '1 5, 5 17 4 4 14 
161 i1 ao 5 e e 3 a 1e 
162 13 12 4 8 11 3 4 13 
163 14 17 4 10 '1 3 a 16 
164 16 16 6 8 16 3 5 16 1ss e is 4 s ia a s 13 ise s 11 4 1 e a 4 io 
167 4 ia 3 5 e a 4 e ise io le 4 s ·9 a 5 13 iss 13 15 4 e a a 4 14 
170 14 15 5 7 11 3 4 15 
171 9 14 ' 8 12 3 4 13 
i12 9 ao 3 e ia 3 4 1s 
173 12 24 5 10 24 5 5 19 
17 4 10 9 4 6 9 B 5 10 
175 e 10 4 a s l s e 
176 10 11 5 1 7 l 1 11 
l?? 11 16 6 8 23 5 5 14 
178 11 14 4 7 16 3 5 13 
179 9 13 4 6 12 3 4 11 
180 7 10 4 6 10 2 5 9 
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1929 

lo. :1nohea:inohees 32nd: 33nd :Ounoea:lumber:Ounoes :Inches 
of :lengtb:length:1nobee:1nohea: ot : of :Averaee1Average 
Limbs of t of sdia.of;dia.of:Apple :Applesi•e1ght c0ornb1ned 

: 1929 : 1928 a 1929: 1928 ~ on : en :per Ap.:lsaa...ae 
:Term. :Term. :Term. :Term. : 1928 r 1928 son l928:Term,Q 
;Gtg1tb1Gro1th1Growth;Gr9wth;Ter.G rTer. G:Ter. 0 tLengl' 

ie1 is e 5 1 1 a 4 11 
iaa 11 16 4 9 1 l 7 14 
183 "I 8 4 7 5 l 6 I 
1A4 8 9 4 7 7 a 4 9 
185 11 8 4 8 7 2 4 10 
1se 10 14 4 s 9 a s 1a 
ie1 9 10 4 e 5 1 s 10 
188 9 13 4 8 27 6 5 11 
189 a 1 4 5 1e 4 4 a 1so e s 4 s s a 5 e 
191 9 9 4 6 11 2 6 • 
1sa 13 io s s s 1 e 11 
193 ia 9 4 1 ' a 4 ll 
194 12 17 4 8 16 4 4 15 
195 io ao 4 e 16 5 a 15 ise a io 3 5 e a 4 s 
197 1 a 3 4 7 a 4 e 
198 10 11 4 s 18 3 5 11 
199 14 16 4 s 20 5 4 18 
200 9 15 4 s e a a 1a 
201 1 e 4 s 1 a 4 ' 
202 11 15 4 6 9 3 3 13 
203 e 14 4 1 s a 4 11 
304 5 8 3 4 11 3 4 ' 
305 13 15 4 8 16 5 3 14 
206 12 10 4 7 16 4 4 11 
207 15 17 5 10 23 7 3 16 aos 13 13 4 e is 3 s 1a 
209 s 1a 4 1 is s 4 10 
a10 13 ii 5 s a a 4 1a 



1939 

lo. ;inohesainoheat 3Bnd 1 3?-nd :ounoeaznumberJ ounoee :inohea 
of tlengthalenrhi1nohes:~noheet ot 1 of t averages average 
Limb: of i o ad1a.ofid1a..of:.Avple uf.pplesi weight :oombtned 

' 1939 l 1938 i 1939 l 1938 1 on l on l per Ap.:19as ... as 
: Term. 1Term. a Term. tferm. t 1938 : 1938 J on l928tTerm. G 
1 Qrq1Sh ;,i£21:lh; Cf£91ib g hi!$h; Ter, g ; Ter s if T,r. G 1t len&t! , 

211 9 14 4 8 34 a 3 lS 
212 14 13 4 7 13 3 4 14 
213 15 18 6 10 21 5 4 18 
214 13 15 5 9 24 6 4 14 
215 13 17 s 10 30 8 4 15 a1e 14 15 4 9 21 5 4 15 
217 17 ao 6 10 24 5 5 19 
218 12 ao 6 10 as 9 3 16 
219 16 21 7 ia 24 5 B aa 
2?,Q 6 6 3 4 4 l 4 e aa1 a 118 4 7 15 4 4 13 
222 10 15 4 s 8 1 8 8 
223 9 10 5 G 10 a 5 10 
~~4 8 10 • 8 11 3 4 9 
225 8 9 4 8 9 a 5 9 
.,,-:~s 11 lS 4 8 13 3 4 1a 
32? 8 14 4 8 10 4 3 ll 
aae 11 18 4 9 lS 6 3 15 
~29 12 16 4 8 12 3 4 14 
a;30 7 11 3 6 19 5 4 9 
231 11 ll 4 6 9 2 5 11 
23~ 8 6 4 8 6 l 6 1 
2~3 6 s 4 6 8 a 4 e 
27.4 7 9 4 6 s l 6 e 
235 a 8 3 5 e 3 3 ' 236 e 5 4 5 7 l 7 ' 23? 9 "f 5 s 5 l 5 e 
238 8 11 4 6 11 1 11 10 
239 9 13 4 7 9 2 5 11 
~40 9 10 4 6 a a 4 10 
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1929 

lo. s inches; inohest 3Bnd : 32nd : ounoesummber1 ounc~a t 1nohea 
of tlength:lengtht 1nohee&6noheat ct : ot ta:re:ragesaverage 

-- L1robt of I of :d1a..of'td1a..oftnpple H1,pples1we1ght 1 oomb1ned. 
t 1929 1 19S.e : 1e• & 1928 ·I on : on t Per Ap. t 1939•29 
:Term. aTerm. ;Term. ':Term. t 1918 t 1938 con 1938;Term.Q 
1G;ow)h;Org1tl}10r2W1ihtGt,Q!$hJTfr,.G.;fer1G JTer. i tlengtb" 

341 10 14 5 8 17 4 4 11 
a4a ? 13 4 6 a a 3 io 
243 10 17 8 8 14 4 4 14 
344 s e 4 a 7 a 4 e 
245 10 io 4 ' a a 3 10 
246 8 10 6 6 7 2 4 9 
247 8 10 4 6 1 1 7 9 
248 9 11 4 6 1 l 7 10 
249 5 a 4 a ia a s 4 
ano 9 13 4 e s a 5 11 
251 6 11 4 6 11 3 4 9 
asa s a 4 s 11 3 4 ' 
253 5 & 4 t5 8 7 8 6 
a54 e i1 4 a 1 1 1 io 
255 3 a 4 4 4 i 4 a 
ass a !5 4 4 6 1 s '1 as1 5 4 3 5 s a 3 a 
a5e e 7 4 s 13 a 7 e 
259 a ll 4 a e 1 e 9 aso io a 4 s a 1 s e 
361 10 10 5 7 6 2 3 10 
282 10 10 4 7 14 3 5 10 
263 6 6 4 4 9 3 3 6 
as4 7 s 4 · 4 s a 5 a ase e 7 4 a ia a s 1 
86F. io 13 4 s io a 5 12 as1 7 a 4 1 s 1 a e 
288 9 12 4 6 9 I 5 11 
269 9 10 4 8 13 3 4 10 
210 9 9 4 s 9 a 5 e 

-s-



1939 

lo. :inohes:inohea: 32nd: 32nd zounoea:number:ounoea :inches 
ot tlength:.langthtinohestinoheai of a of 1average1avera.ge 
Limb& of t of tdia.otadia..ofca,.,rl• taprles:weight iaoMbined. 
· 1 l9a9 t 1938 1 192-9 t 1938 t on :. on :·per Ap., 19?0 .. ~ 

1 'l'erm. : Term. 1 Term. t Term t ltae J 1928 t ofl'.;;1928: Term.G 
&{irgwth1Gro~~.1,0rowth1Gro~thfler .. C t'l'er.G \Ter.q. :leneSt!" . 

271 13 11 5 8 15 4 . 4 12 
273 14 6 6 6 9 1 9 10 
213 ia e s s e i a 11 
274 13 5 5 ! 10 1 10 9 
a15 i 1 a 4 s ., i 1 9 
276 8 11 4 8 19 3 4 10 
377 11 13 4 8 l~ 4 5 12 a?s s 1 4 1 ia 1 ia & 
219 e 4 5 s 4 i 4 e 
aso e s 4 a e a s ' 
~s1 9 e 4 a ia i 12 e 
2ea io ia 4 1 s 3 3 11 
283 i 1 i 1 s a 13 3 4 e 2e4 e e 4 s e l s e 
as 5 1 12 4 a 9 a s io 
ass s ia 3 5 1 a 4 t 
201 s a 5 ? e l s 9 
ass 4 ia 3 5 12 a s a 
aes 5 e a s a l a ' ago a 10 e io 14 a s 13 
ae1 5 ia 3 a 15 4 4 1 
2sa 1 a ' 5 s 1 s a 
293 11 13 4 6 12 2 8 13 
a94 11 ao s s as a 5 lA 
295 6 7 4 5 6 l 6 7 ass e io 4 e a 2 4 e 
397 11 8 4 5 10 2 5 9 
298 6 6 4 5 5 1 5 6 
299 10 8 4 5 5 l 5 9 
300 9 9 4 s s a 5 9 
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1930 Notes on Terminal Grorih Lt.tngth and Diam"ter a.nd the 

1'eight and nnmber of. frnits on 1939 Term!.nal Grewth uroo1 of 
tha York Apple 
............. 

Bo. 11.nohes: 1nohea: 33nd I 32nd :ounoee:number:ounofte :1nohee 
of :lengtb:lengthsinches:inchesa of : of :average H!C'l'e!'ttge 
Lil'lb: of : of :dia.of:dic .• of:a.prilestaPples1wght.pr.1eoaiblatd 

: 1930 : 1939 : 19~0 : 1929 : on : on :a.pr,le :1929--30 
: Terl'\'t, J Term.: Te!'rn. : Term.: 19~9 • 1929 :on 19~9 :Tef'l'tl.Q. • , : g:ro1tJuGr_2!!hg Gr91'lfth1 Growth: Tel'T". G:Terr'l.Gt Term. o.: le11s!h ,~ .• 

1 4 1 3 5 4 1 4 3 
2 7 10 a 5 a 2 5 9 
3 8 a 3 4 5 1 5 ' 4 a 4 3 5 5 l f5 5 
5 9 l.4 3 a 18 5 4 13 
6 5 7 3 5 8 3 3 0 
1 9 14 4 6 6 l s 13 
a 8 1 4 e e 3 3 8 
9 10 15 3 1 7 2 4 13 
10 9 14 4 ,, 9 3 3 1a 
11 11 14 4 8 17 6 3 13 
12 3 10 3 7 9 g 5 ,, 
13 4 7 3 5 3 l 3 s 
14 5 ' 3 5 5 1 5 e 
15 6 5 4 rs 4 l 4 8 
16 3 3 3 4 6 g 3 3 
17 s 6 4 6 4 1 4 6 
18 4 a 3 6 4 l 4 5 
19 9 15 4 e 18 6 3 1a 
20 4 8 3 6 4 l 4 8 
21 7 9 4 6 5 1 5 8 
~~ 4 10 3 5 4 l 4 ., 
a3 4 7 2 4 4 l 4 6 
34 5 5 3 5 3 l 3 5 
25 5 12 3 6 8 3 3 4 
26 4 9 3 5 15 l 5 7 
27 8 9 3 6 a 5 2 8 
28 6 a 3 6 8 a 4 7 
29 4 5 3 4 4 a a 5 
30 4 5 3 5 5 a 3 5 
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1930 

lo. ; inohetH 1naheat 33nd I 32nd ;ounoesinurnbertouno~s:;lnches 
of s le:1th: lengthc 1noheai 1nohea: of : ot iavera.get a:rerage 
Limbi c : of :d1a.oftd1a.of;apPlea:applesi~t.,er too~bined 

t 1930 : 1939 : 1930 t 1929 : on : on taprle rl9:'19-:*>0 
; Term. 2 Term.: Term.: t Term l 1929 t 1929 ion l9~9rTerrn.G 
l'IU!5Di 9'2wt}U&i£9!\~u im!SPfl'erm. Gfferm. G; Term, ,it langtb ..... 

31 A 10 3 G 3 l 3 9 
32 4 7 3 5 4 a a s 
33 5 3 3 5 2 l a 4 
34 5 5 3 5 ? a 4 5 
35 4 10 3 e e 3 ~ 7 
36 15 l 3 5 4 2 2 3 
37 e 7 3 4 s a :ii ' 38 6 8 3 5 4 ~ 2 1 
39 5 '1 3 4 3 l 3 a 
40 5 7 3 5 4 a 2 8 
41 i 1 3 5 5 l 5 5 
42 10 10 4 6 ,, 1 7 10 
4,3 6 5 3 5 5 1 5 a 
44 9 25 5 10 14 5 3 17 
45 4 l 3 5 !5 ;', 3 3 
46 9 7 4 6 4 a a 8 
41 5 6 3 s 5 a 3 6 
48 4 9 3 5 3 l 3 ' 49 6 5 3 5 4 l 4 6 
50 6 13 3 5 6 l s 10 
51 4 9 3 IS 5 l 5 '1 
52 6 16 3 8 7 3 4 11 
53 4 a 3 5 5 3 ?, s 
54 5 1 3 6 3 l 3 6 
5Fi 3 3 3 4 s a 3 3 
56 10 9 4 1 10 a 5 10 
57 9 6 3 5 8 1 8 e 
:,a 9 12 4 9 10 2 5 11 
59 7 7 3 6 13 ?, 7 1 
60 9 9 4 6 11 2 6 9 

-12-



1~30 

lo. : 1nohea: 1nchae: 32nd : 33nd : ounces: r..umberum.ncea u inches 
of a len,th1 length: incheei incheez of : of Z£.Vfro-age; ~verat:,e 
LiY"bl o ; of :dh1 .• oftd!a.ofr1;.pples:Ap~las:wt.per ~co~l:;inea 

; 1930 I 19?.9 I 1929 I 1939 t on I on as.pyile :19~9-30 
t Term : Term I Term t Terl'l.I 1929 l leas :on le~s1Term.a 
1Q1owta1QJl2wth1Q~gyth1Grow\Q1Term.g1Terrn.q;Terrn.G 1l~nr.th 

61 6 8 3 6 8 l e 7 
62 6 3 4 5 1 1 7 6 

83 9 6 4 7 11 1 11 8 
64 a 3 4 7 5 l 5 6 
65 8 7 3 6 1 1 ? 8 
66 6 7 3 6 "I 1 ,, ? 
67 3 4 3 4 5 l 5 4 
68 9 4 3 e 6 l 6 a 
69 5 4 3 4 ? l 7 !5 
70 7 12 3 6 8 1 8 10 
71 9 3 4 5 10 l 10 s 
72 4 6 3 5 10 a 15 5 
73 1 4 3 6 8 1 a 6 
74 8 3 4 6 9 2 5 6 
75 3 1 a 5 5 l 5 3 
76 4 5 3 4 10 2 5 5 
77 6 4 3 s "I 1 6 5 
78 6 13 a 5 11 a 6 10 
79 4 3 3 4 7 1 7 4 
80 9 3 3 5 9 1 9 6 
81 1 4 4 ,, 13 a 6 8 
82 8 a 4 5 a 1 8 5 
83 10 8 4 e a l 8 e 
84 6 "I 3 6 8 l 8 7 
85 5 1 3 5 14 a 7 s 
86 a 3 3 4 7 l 7 5 
87 3 a 3 5 6 1 8 3 
88 5 2 3 5 4 1 4 4 
99 3 l 3 4 4 l 4 a 
90 3 1 3 4 4 1 4 2 

-13-



1930 

Jo. 1inohoa:1nohesa 32nd.:a 3Snd sounoes1number;ounoesartnohee 
ot :leng";htlengtht1nch~si1nohesi of : of 1average:a.vera.ge 
L1r.iba of i of 1di.:t.ofadia.flti·ap::.les1applos:wt.per. :ooMbin~d 

~1. 
sa 
93 
94 
95 
95 
81 
98 
99 

100 

: 1930 1 193{i 1 Hl~9 i 192«(; 1 on : on tarple ; l 9'19-30 
t Ten1 : TM·i·t :Te:rP1. r Ter~.: l9tJ~ t l9SQ ton 19~\$.hTerm. Q • 

. 1Gro1"th1Growth 1Gro~t>JG~cl',tnarer•.,h G; Ter1"1~.GaTeTfli: G : l~ns.,l\ 

4 a 3 5 s 1 8 3 
3 3 3 4 10 l 10 :; 

.7 8 3 6 e 1 9 8 
9 10 4 ,, ' l ' 10 
5 4 3 4 4 l 4 ! 
4 4 3 5 6 l 6 4 
4 a 4 1 4 1 4 3 
9 ia 3 1 9 l 9 11 
a 11 4 8 9 l 9 10 
4 10 3 5 6 2 3 "I 



1931 Notes on Llngth ti.nd Di,unater ot Terminnl Growth (1930 f1.nd 

1931 Growth) and yield en 1930 gro'ff'th of York APf!le Trees • 

.. .... .. .... --..... 
no. :!nohea1inohee1l6th il6th tGtmo~stnumberiounoea c1nohes 

--of 1lengthilen.qth1,.nohesi1nchestfru1t 1fruits1&.vera.r:e ra.vera.gc 
Limb; of a ox ac1.1v..of: d.b .... of: on t on t ••1t. per 1 oombini-.d 

I 1931 I 1930 I 1930 I l931J 1930 I 1930 ;apple on11930-Sl 
:Ter~. 1 Term. t'.1'"1'11"1.niTf!!''1'!:!.n1Terein:Termin1 1930 tTtn•m!.n-:ll 

, t G£RJt}'l; GrQ!UUSf£91UU iFS?fih1Crgfth1Gro1rth,1 Tei. grp; O:rowJt)! .. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
18 
17 
lS 
19 
20 
21 
2? 
23 
24 
25 
26 
27 
28 
:a9 
31 

3 
2 
a 
1 
3 

10 
9 

11 
7 

lo 
2 
8 
3 
3 
4 
9 
5 
l 

14 
1 
5 
4 
5 
6 
4 
7 
8 
6 
9 
3 

4 
10 

7 
3 
8 

14 
13 
12 

7 
a 
4 
7 
5 e 
9 
9 
6 a a 

10 
9 
7 

11 
16 
9 
9 

12 
1 
6 

10 

4 
5 
4 
3 
4 
8 ., ., 
• 5 
3 
5 
3 
5 
4 
6 
4 
3 
6 
8 
5 
5 
6 
8 
5 
4 
6 
4 
4 
3 

3 
3 
3 
1 
3 
4 
3 
4 
3 
3 
3 
3 a 
3 
4 
4 
3 
1 
4 
4 
4 
5 
4 
3 
4 
3 
3 
3 
3 
3 
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6 
ia 

? 
a 
3 

35 
18 
19 
ia 
10 

4 
6 
4 
7 
4 

12 
4 
4 

14 
8 
5 
4 

11 
10 

6 
4 

l~ 
8 
8 
8 

2 
4 
3 
1 
l 
9 ,., 

11 
4 
5 
l 
a a 
3 
3 
3 
a 
~ 
3 
a 
l 
l 
~ 
3 
~ 
a 
4 
3 
1 
a 

3 
3 
2.25 a 
3 
~.'75 a.s 
l."15 
3 a 
4 
3 
?. 
2.25 
1.35 
4 
2 
a 
4.75 
4 
5 
4 
5.5 
3.~5 
3 
?. 
3 
a. 75 
6 
3 

4 
6 
5 
g 
6 

12 
11 
1=1 
1 
9 
3 a 
4 
6 
7 
9 
6 
4 

11 
9 
7 
B 
8 

11 ,, 
8 
9 

' e 
7 



1931 

no. :length;1noheeal6th tl6th 1ounoesanumber1ounoee i1nohes 
of ; 1nohea:length: inohe&r 1nohes1 fruit :truiteiaveratt•tavera.ge 
Limb: 1931: of :<tia.oft di.:1.of: on : Oli :wt.per 100Mbine11 

:Term. 1 1930 1 1930 l 1931 'll930 1 1930 rap·le t1930-:3l 
1

• ;gzowth&:£erm.,{l!,Te-rrn. Gi':er;,,..Q: Ter,M.GJ I~:rrn1nt l93Q TG1 1~ei;. G .• 
·3a 10 l~ e 4 a~ a ?.75 11 
33 ? s 5 3 s 4 a a 
34 7 io a 3 21 la a.~s 9 
35 a 4 s 3 a 1 3 3 
36 3 8 5 3 9 3 3 6 
31 10 11 1 4 12 4 3 11 
3B 9 14 8 4 23 8 3 12 
39 12 14 10 5 35 12 3 13 
40 12 15 a 4 17 e a 14 
41 4 ' 4 3 e a a e 
42 4 5 4 3 4 1 4 5 
43 4 a 4 a io 3 3.as 3 
44 1 4 3 1 4 1 4 3 
45 a 3 3 a a 1 3 3 
46 2 3 4 3 4 1 4 3 
41 i 3 a a 4 1 4 a 
4A 3 4 4 a s a a 4 
40 a 4 3 a 4 1 4 a 
so e a s z s l a e 
51 s e s 3 s a 4 e 
52 3 7 4 3 6 a 3 s s; a s 4 3 4 l 4 4 
54 5 2 4 a 4 l 4 4 
55 l 4 3 a s l 5 3 
56 l 6 3 l 4 1 4 4 
57 14 13 8 5 13 3 4 14 
58 6 10 5 3 10 4 2.5 8 
59 7 9 6 3 8 2 3 8 
60 6 10 5 4 12 4 3 8 
61 9 10 6 4 10 3 3.25 10 
62 4 9 5 3 9 3 3 7 
63 ? a 5 3 11 4 a.75 e 
84 ia is a 4. 11 3 3.75 14 es 9 io 8 3 12 5 a.s 10 
66 s 8 5 3 9 4 ?, • 315 7 
67 9 4 6 3 11 3 3.75 7 
sa s 7 5 a 9 a 4.5 a 
69 10 11 7 4 13 3 4 11 
10 9 1 5 4 ia 5 a.s s 



1931 

10. a inohes: tnohea; 16th l 16th ' ounoeo.inumberiotinoes i inohes 
of c lengttulength11nohea11nohest f'ru1• 1truitota.verage1a.ve:rage 
Limb: 19311 1930 Id ta. of: dia. .. of': on • on twt.per ;combine~ 

: Term. tTerm. I 1930 ~ l93lc 1930 I 1930 i a:pnle t1930-~1 
;Qr21tht~rp1'1htTe~m.G1T~T~.G1 Te:t:nL. 91,TflfJ!';.~ G; l!PO TO; Term 1 G , ._ 

71 10 8 6 4 8 3 2. 7!1 9 
73 a 8 4 3 ? 3 2.35 '1 
73 G 5 3 2 5 a 2.5 6 
74 4 12 4 2 12 4 3 s 
75 7 10 6 3 10 3 3.35 i 
76 6 10 6 3 5 1 5 s 
77 3 7 4 3 5 3 1.15 5 
?8 5 e 4 3 6 a 3 ? 
79 3 5 4 3 4 1 4 4 
80 8 13 6 3 20 7 :3 10 
81 e 11 7 3 7 4 1.75 lb'"' ea 4 15 8 a 22 9 7,. 5 10 
83 7 12 8 3 17 10 l.75 10 
84 G 7 5 3 9 5 1.75 ? 
85 3 9 4 3 10 2 5 6 
86 3 4 4 3 6 1 6 4 
97 a 3 4 3 4 l 4 3 
88 l 6 4 a 4 i 4 4 
89 7 6 4 a 7 l 7 "1 
90 6 5 3 2 6 1 6 s 
91 l 6 5 2 6 l 6 3 
92 11 9 7 4 l?. 4 3 10 
93 l 10 5 a 5 a 2.5 8 
94 13 8 s 5 11 3 3.75 11 
95 7 7 5 3 11 4 a.15 7 
96 7 8 6 3 16 2 3 B 
97 6 9 7 4 8 3 :i.7S 9 
98 5 16 6 3 16 9 2 11 
99 3 10 4 3 12 5 2.5 ,, 

100 6 6 4 3 6 2 :3 6 
101 8 ? 5 4 7 3 1.25 e 
102 a 5 4 3 4 1 4 4 
103 6 e 5 4 6 a 3 s 
104 9 9 6 4 7 3 ~.a!; 9 
106 7 17 7 3 12 3 4 ia 
106 10 12 6 3 13 4 3 11 
107 1 11 5 3 9 a 4.5 e 
108 9 14 ,,, 4 20 7 3 12 
109 7 18 7 3 33 I 3 13 
110 l 13 5 2 10 5 7 
111 5 13 5 a 10 a 5 9 
112 5 5 5 3 e 3 a.1r; 5 
113 5 6 4 3 8 3 2.15 e 
114 7 8 f5 3 14 5 a.1~ e 

-11 .... 



1931 

Bo? t1noheffa1nohes : 18th t lGthtiounoas:number:ouncea :1nohee 
Of elenethalene;th c1neheac1nahfle:truit : fru1ta:ttve:rage:average 
limb: l93l.: 1~30 id ia. ct: d ia.. of: on : on :wt.fer :oornb1nG4. 

tt!erm1rt!erm1r·. z 19~0: 1931: 1930 : 193(~ :~\.PP e ;1930•31 
,i G£21~ht Gro4tl}.J Ter~,.Q! TeM.: G;T.nrm. Gt Te:rM, O:l9i}O TC: Tetrn• gr 

115 "' 11 6 a ll 4 a.?B 9 0 

116 6 11 4 3 13 4 :s.a5 8 
117 5 10 4 a 10 4 a.s 8 
118 3 10 4 2 ll 4 2.75 7 
119 9 14 e 4 18 8 3 12 
120 4 6 4 a s 2 3 5 
121 7 6 8 3 11 4 a. 15 7 
1~2 '1 4 fJ 4 s 3 a.75 8 
183 5 4 4 3 6 2 3 5 
124 6 e 4 3 6 2 3 6 
135 4 5 4 3 6 2 3 5 
126 a 8 4 3 4 l 4 4 
121 '1 5 5 3 s a 3 6 
1?.B 7 1 4 3 e 3 a.1s 7 
129 5 ., 4 3 6 :?. 3 6 
130 9 e 5 4 10 4 2.5 9 
131 6 5 5 3 6 3 3 s 
132 5 6 4 3 12 4 3 $ 
133 e. 13 ,, 4 13 4 3,25 11 
134 6 7 5 3 s 3 a.?5 1 
135 3 1 4 3 a ... 

~ 3 5 
136 e 10 a 3 7 2 3.5 9 
137 ' 4 4 4 5 l 5 s 
138 4 e 4 3 4 1 4 5 
139 1 3 4 3 9 2 4.5 5 
140 a 6 5 3 13 5 2.5 8 
141 8 6 6 4 8 3 2.75 7 
142 13 1~ 8 5 19 5 3.5 13 
143 6 9 6 4 14 4 3.5 e 
144 5 ' 6 4 13 6 a.s 6 
145 5 5 4 3 9 3 3 5 
146 8 a 6 4 9 4 2.::35 s 
147 4 4 4 3 5 a a.s 4 
148 3 3 5 3 6 3 3 3 
149 6 4 4 3 5 2 2.5 5 
150 7 7 5 3 e 3 2.75 7 
151 4 5 4 3 5 a 2.5 5 
153 9 5 5 3 e 3 a.75 5 
153 4 6 4 3 6 a 3 5 
154 9 5 4 3 10 4 2.5 .., 
155 7 6 4 3 14 5 a.75 ? 
156 9 9 6 3 15 e a 9 
157 4 10 4 3 6 3 2 1 

-18-
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No. 1 inc.hes1 inohest 16th I 16ih :ounoes:nurnber:ouno~a ainohes 
of tlengthtlenc::tha 1nchesz 1nches1:f':r111t 
limb 1 1931; 1930 1:l11:'6. of a riilt. oft on 

t frn1 taa avll'lrccga; average 
: on : ""t• ":er : f!Ot'lb lne:1 

1 TerM in a Terre int 1930 I 1931: 1930 a l930ta.pple : 1.9:!0-31 
;1£ll21lh1{l;row1h1 terns.GI T~rn •• Ga Ten~. G T~::r.011930 T01Tarrr;, - ' 

G 

-- 158 6 4 4 3 lO 4 3. F5 5 
159 5 7 4 3 ? 3 a.a5 6 
160 4 5 4 3 6 a 3 5 
lSl B 1 5 3 14 6 ?, • ?,5 8 
183 a 7 4 3 ? a 3.5 !5 
163 7 e 4 3 12 i; a.s 6 
164 5 5 4 3 7 J ~.?,5 5 
1613 5 10 B 4 14 5 ~.75 e 
166 13 17 8 4 17 4 4.25 15 
ii:;? 4 1 4 3 8 3 a.?5 a 
168 5 6 4 3 7 3 a.as a 
169 a 4 4 a 6 a 3 3 
170 9 7 4 3 a 3 a.75 s 
171 11 17 8 4 19 a 3 14 
172 4 3 1\ 4 5 l 5 4 
173 3 5 5 3 6 a 3 4 
174 11 4 4 4 9 3 . 4. 5 e 
175 8 3 4 3 5 1 5 5 
176 3 5 4 3 6 l 6 4 
1?7 ? 6 4 ,.,, 9 a 4.5 '1 ' " 178 4 4 4 3 6 l 6 4 
179 3 4 4 3 s 1 a 4 
180 7 11 5 3 14 4 3.5 9 
181 4r ? 5 3 13 3 4 6 
lBa 3 4 4 ~ 7 1 7 4 
18:3 7 8 6 4 18 5 ~.l'.h s 
184 2 a 4 3 4 1 4 4 
1A5 5 5 4 3 9 2 4.5 5 
186 5 3 4 3 5 l 5 4 
1A7 3 4 4 3 4 1 4 4 
188 11 14 7 4 20 5 4 13 
129 9 20 e 3 17 4 4 .. 25 15 
190 1 3 4 3 4 1 4 5 
1$11 8 7 5 3 11 4 2.75 7 
192 6 a 5 3 6 a 3 4 
193 4 4 4 3 4 1 4 4 
194 4 s 5 3 10 4 B.5 6 
195 5 6 f5 4 10 3 3.25 8 
196 9 e 5 4 12 5 ~.5 7 
197 8 5 5 4 7 2 3 .. 5 ' 198 "1 5 5 4 8 3 3.75 8 
199 7 5 4 3 e 3 a.75 6 
aoo 9 3 5 3 10 3 3.25 6 

... 1s-



Terminal Growth and Yield Oorrelatione in the York A~ple 

Th1a problem pur~oeee not only to show the 

relationships, 1f any, that exist bet~een terminal growth 

and yield_. but c..lso to asoerta1n the !ltatiat1oal methods 

thct.t may be beet adaptable. 

Relat1onshipe between vegetative growth and 

fruiting have been the subjeot of muoh study, a.n1 any results 

giving information on this important phase ot nutrition 

ehould be of value. Valua.ble dtit~ may have been summarily 

d1soarded because at first eight no reeulte were apparent. 

The woi'ter in most branohea of aoienoe finds quite :trequent-
ly thlif.t in his :raw observations there ls evidence of a oer• 

tain 1;e?'H:~ncl'·, ~mt b~eause of the t'luctua.t ions, it may be 

diff ioult for him to draw oonolueione. Some etatiatioal 

method may therefor$ be necessary to reveal the a.mount of 

fluotuat1on or va.r1at1on present 1n order to show more 

olearly the net tendency. In this thesis the net tendenoy 

that is proposed to be sho'Nll finally is the relationship 

that may exist between the aforementioned factors. 



The etat1at1oal approaoh ot thia problem 

oomb1nes the teohnio of several authors, and it la the 

hope of the ....riter that oth~r workers may be spared aome 

time a.nd effort by folJo·,,ing this problen-. 

1fettr1a.l 

A random seleotion wa.e m~de of trees of the 

sfame age, and of only those bra.nohes "hioh bore fruit that 

year. Such eanrrl ing W-d.& employed in order that seleot ion 

a• represente>.t ive a.a possible be secured. Reoords were ma.de 

in the sa.me manner ea.oh year for three oonaeoutive yea.rs. 

Plate I show& the manner in wb.1oh the measures w•re taken. 

In 1929, the f'irst year of the project, the f'irst aet of 

notes was taken, "\fhioh comprised the length and diaMt?tter of 

AB, ths current (19~9) terminal growth, also the length and 

diameter of BC, the laet year•a (1928) terminal growth, and 

the weight in ounces, e:1,nd the number ot a-rrlea on BO. The 

following year (1930) another eet of obae.!"vatione was made, 

inoluding the length and diameter of DI (the 19~0 growth), 
also the length and dia.Meter of EF {the 1939 growth), and the 

ounoaa and the number ot arples on EF. In a like manner the 

1931 set of notes included. the length, and d1amater ot OH (1931 

growth), also the length and diameter o! HI (1930 gro'!Yth), 
along with the ouno•HJ yield and the number of a.prlea on HI. The 

length of terminal growth in eGoh case represents 1nohes, and 

the diameter one thtrty-seoond 1nohea exoept that diameter in 

the 1931 notes 1s in one sixteenth 1nohes. Observations were 

made about September lat of each year. The following tables 
give the observed data for eaoh year. 



.. 3 .. 

In glanoing at the notes it is seen that 1n 

1929• whioh ~s a heavy orop year for the York variety, 
a total of 300 branohea were measured, there being a 

plentiful aupply of br<' ... nohes, which bore fruit on their 

last year's terminal. Howeve:r, in 1930 this. -.snot the 

oaae. Most of the York trees ~ere in the •oft year•, and 

what little fruit they bore, was fotmd mostly on the older 

wood.. The writer llt'as unable to f 1nd more tttan 100 branohee 

euitable for measuring. In 1931,. 300 branohee were Measured. 

frogedu;e 

The Correlation T~ble. 

After asaernb11ng the ra.w data or orohard notes, 

relat 1onsh1pe bet,.een two factors may be ''\forked out. 

Ir, for examnle, the length of terminal growth 

and the ounoea of yield a~e the two variable factors oon-

sidered, it ls desired to know 1f a longer ter.~1nal growth 

is a.esoo1ated with a l2rger yield.. Thia :relationship ~a.y 

be OO'f"!'PUted atatiatioally resulting 1n a figure bet\'feen 

-1 fl.nd +1 called the ooeff1o1ent o'! correlation and. repre-

aented by •r•. With data of the type found in the problem, 

''here a large nu!!!ber of oases (n11!"lber ot branohee) :ts ,,:~ed, 

the beat method of computing •r• 1& by a. :f'requenoy or oor-

relation table. The method used here is that of Odell (lA). 
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Oha.rt Ro. l shows a oorrelat1on table worked 

out for ter~inal growth and ounop,s yield. It will be 

noted tha.t at the top of the table there is a row ot oon ... 

aeoutive figures starting at 1 in the left h~nd colnmn 

of the table and going to 25 on the right hand eide of the 

ti\.ble. The f iguree in the oolum.na under these oonseoutive 

numbers a.re 0~1lJ.ed the X va.luee and represent terminal 

growth measures. Similarly the oolurnna of oonaeout1ve 

numbers at the extreme l'"ft aid& of the table atart ing at 

1 in the lower oorner and e,oing to ~4 in the urper oo"'!"ner 

a.re called the Y1 s a.nd the f ie,ures in the roifs to the :t' ir:;ht 

of these oonseout 1ve nrnnbers are the Y va.lues and represent 

yield. 

To assemble the :raw data. into a frequenoy table 

of this kind, the firbt step . ..,as that of. putting do•,m the 

vertical and horizontal oonseoutive numbers. Then turning 

to the data. cm1 lJaing the figures recorded under the terminttl 

growth and yield headings, a tally rr.a.:rk is nwde on the fre-

quenoy ta,ble in the square where the oorrea-rond:\ng yield 11ne 

interseota this terminal growth oolumn, for e'1ta~rlet 

y 
6 
5 I/I 
4 
3 I a I II 
l 

1 a 3 4 5 

X Terminal Growth 

Raw Data. 
Teminal Growth 

5 
3 
5 
a 
3 
4 
5 

eto. 

Yield 

5 
a 
5 a 
2 
3 
5 

eto. 



All the !1gures were ar!"Rnged in this manner, 

after ~hioh a oonnt 1"~& made of the number of tally marks 

in ea.oh square and a number rlaoP.d in each sqnd~e to denote 

the number of !"arks there in. The mark& were f tr.st f"laie 

lightly with a. penoil and lhter era.ae1. as they were counted 

and the numbers inserted in their nl1:1.oes. The rows and 

aolumns are then totaled H.nd the totals marked •t• or fre-

quenoies. In the aha.rt the totals or freque~1cies in the 

row at the bottom of the table are the X frequencies and 

the first f'reriuenoy 7 ahowa that there W"ere 1 bra.nohea having. 

a terminal growth l inoh in length; the seoond frequency 7 

shows that there were 1 branohes having a te~~1nal growth a 
1nohes long, eto. The frequenoiea a.t the right of the table 

<:t.re the Y frequencies and the top figure 3 shon that three 

br.anohes had a yield of 24 O'tJnCHrn. The next 0 shows that 

there ·~,ere no pra.mhea with a yield of ?.3 ounaes, eto. 

These .frequency columns are than totaled, and, 

if the data has been oorreotly tranoferred to the correlation . 
table, the Sll!l'I of the X frequ~no 1es should equal the sum of 

the Y frequenoies, and this figure should equal the total 

number of branches measured,. This is a pe.rtial ch.;;ok on the 

oorreotnese in tranaferring the data to the table an1 on the 

totaling of the lines and colu~ns. 



CHAR! I 

' 
D.l.'l'.l fOR 1929 and 1930 COJOIWED '1'0 Dl'l'ERMID '!D RILATIONSRlP BETFEEI LAS'f TEA.RS 

1.'ERMINAL GROW'l'R .Un> CORREN'l' YIELD ON LAST TI; ARS TERMINAL GROW'ftl 

Length of 1918 'hrminal Growth) Yield (in 1989) on 1928 terminal Growth) 
Length ot 1989 fenainal Growtll.) combtne4• Yield Un 19ZO) on 1929 terminal Growth) OOl!lbine4 

OODitn:D 'l'EIUA'.INA.L GROW'rH LDG'l'B X 

i a s • s & ? a 9 10 11 12 13 14 15 16 17 ia lt 20 21 22 23 24 21 f Mean.a ot x•a 

14 1 1 l 3 + 11 + 51 86? + 28 + 476 16.IS 
21 0 16 0 0 0 0 0 
II 0 15 0 0 0 0 0 
11 l l 14 14 196 + 7 98 14.00 
20 l l 2 lS 16 3H .,. 22 + 286 18.00 
19 0 11 0 0 0 0 0 
18 1 1 1 s 11 sz 161 • 21 + 211 14.00 
17 I 1 1 1 6 10 60 600 + 48 + 480 16.60 
16 1 1 a 1 1 l 7 t 6S 567 + 44 ~ 596 13.lt 
15 1 l 1 Z 8 14 198 • 18 • lft4r lS.00 
14 1 l 1 1 • ' 18 196 • 28 • 196 14.00 
11 l l l I 6 18 108 + l& • 90 12.00 
11 2 l l l l l l l l 10 5 IO &ISO -t 28 • 140 9.-80 
11 2 1 i l 2 a t • sa 144 • aa ... 104 t.at 
to a a 2 a i i 11 a as tt - l - a 1.11 
t a 1 2 1 2 2 a 1 16 a u " .,. 48 • 96 10.00 
e-+---·---=-~·~~Ts+-:s=-+-~-=--~s=--~1--~a ______ ~1--:1~P---...:..-------------.---+-----••~'=-----1-----"-------••~+--1.6..._•~--.•--------~•~··•~•---
' ...... ----~....-ii!o-a!!!-~""'!!ot-----~~~......-1~~P--1__,.._._ ___________________ ~ ........ ----:•;;;...----------=----~---------------------~~ ........ --, 2 3 i 1 i 1 11 - r - If 11 o o t .oa 
e a 1 2 2 ' s ao 2 .t0 ao - a1 - · u a.to 
4 4 2 1 I I l 11 S 69 80'1 • 82 + 96 &.11 
I I l 1 8 4r :152 128 + 2 • 8 'I. 26 
a 1 l 1 6 a& - ' + ao s.oo 
1 2 6 12 72 + 12 • ?I 11.00 

....,....._.."""'ll""T':""""l:"l=--:o:-::'Tll"ft"l~:-t:"ro-=-:--=--r~.._..'r'll:"-.l"""""ir-'"'f'-...--r~~.-~-:--,:-..~--+-----.'ll:T'------~+--iNW--....,Trllt"'-_. ___ T~:'Z'Tr----------------

............ 
;:-. .... 

• 

., ., .............. ... .... 
• ' + .. • ... 
a:>t0...,-0 N,... sa ,... OI 

+ + I I .. I 

CorreoUon 

Correction 

+ 

+ 

.... .., !: I 
' ... + .. 
"":SI!: .... 

........ ..POOOOr4 

====°'12 .... ~ 
.. ... ... .. f ~ .... ... 't 

!i~i=~~~m 

~ It) "' .... • ..................... 

0 ~ !51 i 
.. ' + 

0 0 0 0 ... 

0 0 0 0 8 • .... .... 

x (ex) • S(ju) • +H5: .,, l.'17& 
200 

2 
(ex) : S.11S06 

2.4SS6 

elx • s2x - ( cx)2 : 21.896 - S.1606 • 20. '14'4 

f/
2
7 •sl7 - {07)2 a 22.21 - &.4.SM: lt.'l?H 

Correlation Ooettioient (r) a !!it - ox.07 • 1848 - 2.769 
• -mf • + ·''" 
I 

Prob&ltl• Brror ot r (Ir) • .1746 

------

- 1'16 
+!Ii 

·'fra.e Kean : Aeauaed Mean •. correction 

Kean ot x • '. • 1.776 • e.7'15 

Mean of Y = '· + 1.56 : a.&6 

' 
.. 4.16'6 

B ot Mz : • '14ru 't4r.l4al 

I of 11';r a .174& • 4reff 7 
14.1421 

· ""x •V /... 10.74'4 : 4r.5M6 

~ 7 s{l"i • 19.776' : 4.44'1 

... • ..; •. 218 

.,. = .na -

+ 
r = + .566' - .oaa• r la l '1.5 x 1 ta 
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The trequenoy table having been ooYrrleted, the 

oomput:a.tions were then atart<"d, which led up to eeour1ng 

the veilue for •r•. The method used here emrloys wha.t is 

known a.a the •assumed mean•. Thia 1'6- guess ma.de aa to the 

~iddle rotnt of the values 1n each of the •t• oolumns. The 

closer this guess to the actual mid point o:r mean, the 

smaller the figures in the computation following. In oha.rt 

I the mean or mid point or the X ve1ue was c.i.esumed. to be 

at 7, and the mean of the Y value also at 7. This ~as then 

ooneidered the zero or stH:rt!ng ro.int, and for oonvenienoe, 

11nea ~ere dra."111 th~ough the table just above and juat below 

the 1 ine 1 in •hioh the assumed mEum o! the Y value 1 iee. 

Also lines were dra.1,11n just to the left and juet to the right 

of the vertical column 7 in whioh the assumed mean of X lies. 

The column headed •dy• a.nd the row he~ded •<ix• show the 

diffeTenoe or deviations from the aseumed mean as the zero 

point. Since the class num.be:r.a. or oonsecn1tive numbers a.t 

the margin of the table,, increase by l oonaeout1vely 1, a. 

3, eta. the deviation from the assumed mean also 1noreaeed 

by 1. With the Y values, the deviation above the assumed 

mean are positive (+), whl&• those below are negative (-). 

Simil6.'~ly in the ct• -ow, the \i.~v1ot1ona on the rieht of the 

assumed mean are positive, while those on the left are negative. 
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The next step was the multiplioat1on of each f 

value by its oorresponcUng d value to get the fd vn.luea b·oth 

ot X and Y. Then the f~ Taluea were eaeh multiplied by 

their oorresvonrting d va.luee to get fd.?. values. Part of 

the figures of the fdy oolumne and of the fdJt rows were 

positive and part were negative. Thia column and the row 

were each totaled algebraioally. 

Since there were a number of frequenoies in 

ea.oh olaaa it is neoessary that these frequenoy values 

be oolleoted together. Hence the SX oolumn 1a used. and 

each fift.tre in this oolumn la the aum of the X values of 

the measure& in the same row. ror example the f irat figure 

under SX ia + 28. Thia figure is eeoured in the following 

way1 There are 3 frequencies in this row. One lies in 

the X column 14, one under 15, and the third under 20. The 

one under 14 is multiplied by the dX Vh.lue of + 7;. the one 

under 15 ie multiplied by dx value + 85 and the one under 

20 1e rnul t 1pl 1ed by the dx va.lue + 13. Thus wet ha.vet 

l x +7 = +?; l x +8 = •8 ;. 1 x +13 • •13, +7 +8 •13 • •28. 

The next two entires 1n the SX oolumn are ob-

viously zero. The fourth f i{:>111re la •7 and is eeoured by 

multiplying 1 by 1ts dX value •7. l!aoh other entry in the SI 

column ia ool!rputed in a like manner, but when we oome to 

Row 13• "'hiob has an SI value of +r28, it is seen that some 

of the frequenoies lie on the negative aide of the assumed 

mean, and the oomput~tion beoomea: 
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l x +13 •• 13; 1 x .a = • 9j 1 x +5 • + 5; l x +4= +4J 

1 x +3 a + ii 1 x .a • • 2J l x 0 • OJ l x -a • -2; a x -3• -8 

•13 +9 +5 •4 +3 •2 a ~36 

Algebra~o su! : id-
Henoe it will be seen that the au.ms must be nu.::tde algebraically. 

The ent.:.tiea in the 8 xy column are had by mttlt!-

plying the Sx values by. their oorre~ronding dy values a.e 

+ 28 x 
.... 7 x 
- l lC 
- 33 x 
• ax 

+17 • 
+14 • 
+ 3 -
- 3 • 
- 4 • 

+ 476 ... 98 - 3 ... 96 - 8 

eto. down to cle~ss 10., which 1s 
eto. do mi to ola.ss 4., whioh 1e 

eto. 

Similarly the entries on the s y Row are found 

by multiplying each trequenoy number by 1te oorresponding 

dy value and summing the results algebraioitlly as follows: 

3 K •2 : -8 ' 
2 Jt -3 • -s ; 4 x -3 = -13 ; -12 -e • -18 

l x •l a - l. 4 x +1• +4;-S-1• - I 

* 1 x -a • -SJ l x -2 • -a, 2 x -1 • -a; 3 x o • o; ~ x ~a· -4 a x +3 =..SJ .... 5 -a -s • -e; ~• +6 • +\OJ +10 -9 • •l etc. 
Thie -,aa oont!nued for each Sy value through all 

a5 classes. The Sxy entries are had by multi~lying each Sy 
entry by its oo.rresnon11ng dx VZ'.lue a.s -18 x -6 • +109; 

-3 x -5 • +15, etc. 
The columns tdy. 1d.2y and Sxy, and the rows fdx, 

fd2x and B xy were ea.oh 'otaled algebraically. The oolumns 

S x y and the row S xy should be equal if the oornputationa 



have been correct. Thia ia a oheok on the aoouraoy of the 

S x vc:1.lues. In oa.loula ting r. onlythe totals or the columns 

and rows are uaed. 
The next step was that o! a.pr.lying a correction 

to the error due to the guess in assuming a. mean. Thia 

oorreotion is represented by the letter •o• and ta found, 

aa shown just beneath the f:reqnenoy table, by dividing the 

aum of the fd oolumns by the total n1~mbe:r of oasee R. 

Before Cl.otually f in1Ung the value of •r• it 1a 

first neoessa:ry to oomf'ute the standard deviation. Odell 

(lB) defines this as the square root of the rnean of the 

squares of the deviation& from the mean of the distribution. 

As its name 1mpl iee it is the most &tf:\nda:·d O!' absolute 

measure of dev 1P. t ion. 
Sta.noord deviation is simply the absolute measure 

of the devfa.t1on of the in1.iv1dual ca.see fr.om the arithmetic 

mean of all oa~es and is represented by the Greek letter e' 

as the definition states ~r;;-;:;;;-

<1 •~ 

In ohart I it ia noted that this formula. applies, except 

that oorreot1on for the assumed mean is also ar-plied so that 

(f • 1/ s fda - o2 
VI 
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Standard deviations '11!'9re worked out !or both x 

and y values. These a.:r.e not ooMpa:rable 'll!J'ith each other s1noe 

the x v~lues are in inohes length of terminal growth. while 

the Y values are in ounoes of yield, Oorreot1on of x ls 

mult1~11ed by correction of Y to get oxoy • 2.?S9 

All the necessary figures a:re a.t hcmd to oo'Mpute 

the fo!'!'lula for the coeff 1o1ent of oorre1at1on r: 

r • J". ... 01t0'1 _ and by eubat1tnt1ng the values 
. x 81 

from +,he oorrelation table 1t 1a round that r • .5564. Ae 

ment toned previously the value of r must lie somewh«n•e between 

-1 and +l. A correlation oceff1o1Ant of +1 aho~a a perfect 

positive oorrelation between the two faotora oonsidered and 

a ooeffioient of ... 1 showe a rerfeot negative correlation. 

The nearer the value ~pproa.ohes 1, most obviously the oloaer 

the ris1:1001t:'l.tion or relationship between the ta.otors oonsider-

ed. 
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De Probap le Erro1 

!o determiae the degree of rel 1ab111 ty tbs t may be attach• 

ed to the oal_oulated r. it is aeoeeee.3" to seoure '"llOther cal• 

onlatioa oalled the "probable error". Baboock rind Olausen (5) 

define this as •ea arbitrar,r term ueed to denote the amount that 

muet be added to or substraoted :from th~ observed value to obtala 

two limiting .figures of which 1 t ma7 be mid that there ts u 

even obanae that the true value lies within or without these lim-

its. 'l'heae limiting figures include a.bout 501' of the observed. 

values of the d1 stribut ion. !he remai:aing ~ 11• aomewhere 

outside these limiting figures, ·and there are eYea ohaacea that 

the true value of r l iea out side or lneide. The greater th• 

41:f:f erenee between the value of r and the va l.Ue of lt a pro bab 1• 

error, the greateJ> the eba•oee that the true value of r 11ee 

within tb e 11 rnJ. ta deecr1 bed by the prob able erroJ>. Ia Cha.rt I 
the :fol'l'DUla a.a given by ,Qdell (l•o) :tor calcnl'>tiJg the pJ>obable 

error of r 1• 
2 a,. •• 6'146 l•r 

lf 
and b7 aubstl tut mg By le .0324 an.d r : .1664 : .0324, wbtoh 

means that the chances are even that the trne value of r l 1es 

somewhere between .5664 • .0324 and .5664 • .0324, ar between 

.5988 and .5340. In order to be reasone.'bl7 sure that r denotes 

a true correlation between 



the factor involved, the r vnlue should. be at least 4 

times it& probable error. So~e workers oonsi~er 3 t1Mes 

E as denoting oor:r.ela.tion and othe!'e think that the nmlt1ple 

should be 5. If r 1A 3 times its Z then-

3 x ! .0324 • ! .0973 and .5864 • .0973 : .6638 
• 6884 ..;, • 09?2 • • 4892 

Hence the limiting tiguree are expanded, and 95.?~ of the 

diatr1but1on lies within the limits of .6636 and .4693. 

The remaining 4.3cj lies somewhere without these lirn1ts. 

The ohanoas then beoome 95.7 + 4,3 a 32 to 1 that the true 

value of r lies within these 11m1ta. 

If r ia 4 times its I then 99,3~ of the diatrl• 

bution lies between the limits described by the probable 

error and the remaining .?1' lie outside the 11Mits. Henoe 
the aha.noes are 99.3 f .1 or 143 io l that r liea between 

these limits. Thus it will be seen that, a.a the va.lue of 

r inorea.eea in p:rnport ion to its probable erro11'.", the 111'11t• 

ing figures 1norease and the chances become greater that the 

true value of r will. lUt 1~1thin the expanded limits. 

In.the problem nnd.er oons11eration. r or .5864 

1a 17.5 times I or .oaa4. When r ta 10 times 1 1 the ~ha.noes 

a.re over one l'!!illion to one, ·•hich 1a praotioally certa1n*Y• 

Thus 17,5 time& I means that 1t 1e praotioally oertain that 

the true value of r lies within the limits described by the 

probable error, and. that the correlation 1s a true relation 



-13-

and is noi due to ohano8 o~ experi~~ntal error. Also since 

r is positive, the relation is positive showing the terminal 

growth and yield to increase or deore~se together. 

Garrett (2) states that •The relation existing 

bet•o;een the pa.ired. values of t-.,o sets of l'M:Jasures X and Y 

may he described in a general ~Y as 'linear' or •non-linear•. 

When the meana o! the i1rra.-,11 of suoo '8S ive columns or rca 

in a oorrelation table follo..,.at~aight lines (exactly or 

appro"!'.im<ttely) the regression 1a oallad 'linear•, and the 

' relation bet~een the two sets of measures is a •atr~ight line 

relationship•. On the other hand Holzinger (3) states 

""hen the means of the ~rrc-hys Jo not lie fairly olosely on 

a straight line, the regression is re~rded ae non-linear, 

a.n4 the correlation ooef1.1oient 1'111 give an understatement 

of the ~egree of Rssooiation present for theae ourvilinea~ 

trend.a and is therefore 1na~pl1oable•. In the latter oase 

a ourve of some kind is necessary to p!"operly descr ibs the 

drift or trend. If r ia used to measure the relation where 

ourv111nea.rity eJCists the value for r may be very low., and 

yet the relation be high. An extreme oaae of this is given 

in the figure below in wh1oh all the observations lie on a 

halt oirole, and the trend is perteot ourv111nearity. The 



value of r, however, ta zero beoauae the straight line 
representing the •r• relation ~fill be perfectly horizontal 

and Sxy will equa.l zero. 

Prof. Karl Pearson has devised a measure for 
the correlation ot non-linear frequency table. He oalled 

th1s deaimal •oorreia~ion ratio•. The correlation ratio 
may also be used for linear relations, since here the rr:..tio 

and ooeffioient will be equal. In general the correlation 

ratio (71-eta) will be greater than r. The greater the 

ourv 11 inea.r t endenoy the w 1der the gap bet ~een l\ e::-1.nd. r. 

~ ia all!'lays positive and lies somewhere b•t~een zero and 1. 

A positive or negative expression of 71 is 1n11eated by the 

direction ta.ken by the curve. 
The oorrelat1on ratio 11 must be oalcmlated for 

both the x or terminal growth factor and for y the yield 

faotor. Tbe correlation ratio for the means ot the rows 



1s expreaaed as !JXY, and that for the means of the columns 

e:1.s l}YX• There a.re aever~l methods for oalcnlat ing these 

ratios, the one used for the problem tn Ohart I, being 

found 1n Milla ( 4.A). The ·to:rnmlae a.re a.s follo~;sa 

"J\XY•~ 

tlYX •~ 

The oalaulat1on of. tµty is found in Table A. 

The first oolnmn headset Y oontaina the y or yield claaees 

found at the lett of Ohart I. The oolumn headed mx oon1a1na 

the means of the x•a or terr:1nal growth classes found a.t 

the extreme right ot Oba.rt I. The means of x•a are oomputed 

in the following m~nner. The first entry ia 16.33 wh1oh te 

the sum of ea.oh oorresrond.ing f:requenoy multiplied by ite 

X olass number ancl divided by the number of frequeno1ea. 

That ta, l x ao • ao, 1 x 15 • 15; 1 x 14 • 14 

'-0 + 15 • 14 = 49J 49.;. 3 a lS.33 

alao l x 14 • 141 14 + l • 14 the fourth entry, eto. eaoh 

ent:ry is oaloulr.ted in like manner. 

The 13th entry is 9.80 'fhich is found by-

l x ao = ~o; l x 1s • ia; 1 x ia • la; l x 11 = i1 1 1 x io = 10 
l x s • 95 1 x 1 = 7; l x s • 5; a x 4 : a 

ao + is + ia + 11 + io + 9 + 7 • 5 + s = sa 
sa + 10 • a.so 
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10 
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e 
7 
H 
5 
4 
3 
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TABLE A 

cormEtAT!f'lN Rf '!'TO 1tXl 
Mel:'-n D6V \f-, 1; 1 rm 
Terf'l 1.t1h l fro~ Mtkn 
G·owth o~ {' 11 x. lj 

u! 
(S,77Ei} 

d~ d l f d1 d 
16. =iJ 7 • 55r~ 51.079 3 111.~~4 

0 0 0 0 0 
0 0 0 0 0 

14.00 5,'"'1'5 27, =~01 l ~7.301 
v~.oo 9.~~5 85.101 ~ 170.'!lO~ 

0 0 0 () 0 
14.00 s.~~5 "7 •. ?d)l ~ 81, H<)~ 
lfl.nO 1.sas ~1.~=~1 5 ~P>6.155 
13,?,9 4.$15 ~0.3P5 7 14~.595 
i~.oo 4. ?" ~ l7.fH51 3 r;~. 5"i3 
14.00 5. ~?.5 ?.7 .;~01 4 lOP,~04 
l?.. 00 ;'\. ~? 5 10.401 3 31,::?03 
9,80 1.0~5 l.051 10 10. 510 
9,P? l.lll"l i.a43 9 11.lA? 
A.91 1.fw t; ,,47fl 11 '.~8. ?.fi~ 

10.00 l. ,, .. , It', l. Cli()l 16 ?.4.0lt~ 

R.~4 • r:,~5 ,?Pr ~~ B,'.':94 
A.:1.0 • 4?'5 • '"''°'o ~3 n.1~a 
7.00 1. 775 "".151 17 fi0. !56? 
5,91.) 111.8~5 7.9~1 20 159,6~0 
5,61 3.165 10. 017 a~ ~~o.~;n 
1.~5 1. !)~5 ~.3~6 p lR,600 
:~.oo 5.775 ~:~ .~51 l :~~.351 
l~.oo 4.?~5 17. f:USl ?, ~~ f) 1 ~ 

l '7~?, • • 01 

p P!X • {;;;;;i 
&- !!IX . ~ ? : ~.?313 

1JXY : 9 ~1'; = ~ 1 93:1;~ : , 6444 
CJ'" 4. 5S·i<W 

Critsrion of LineH!'ity • Zeth (~) 

i ll'l(Y • l\~ • r~ = .n444(~?.l- .5664(?) • .0945 

Stnn·,n.:rd er~or (.9cf) • ~ {f" V (l-1f.2f' -(1 ... r?)~ t- l 

f)J' • ~ {:9945 (l-.R444 ~»~ ... (l-.5684'~~)) 2 * l 
~00 

() ~ : .0~04 

, .Y : 4. f1 t b~a s FY '§ 
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After the Y values and mx valuea have been 

arrayed against each other, we wish to find the deviation 

of efl.ah m-x: v2~lue from the mean of a.11 X's (8.775). The 

figure 9,175 is found from Chart I by Assumed mean of 

x z oorrection of x. 
Ae.sttmed mean of X 
Oorreotion of X 

Xea.n of x• 8 

The dev1~~t lone in oolumn cl represl"lnt the 

differences between 8.775 and each mx entry or 

16.33 - 8,775 • 7,555 
14. - 8.775 • 5.335 
eto. 

The d values a.re each aqua.re:i to get the entries 

in oolumn d.2• 

The oolumn marked t oontaina the frequeno1ee 

found in the f.reriuenoy oolumn of Chart l. 

Obviously the f value multiplied by its oorrae-
ponding c1.B v~'lue gives the fd.3 value fO'lllld in the right 

hand oolumn, lt will be aeen thsn that flu ·~ 

substituting the values in Table A we find d mx • a.9343. 

Then lfl'Y • ~•1 j'f.. and aubst ! tut ing value a in Ta.bl e J. ~-re ! ind 
~ ... 

-qxy : .8444, whiah compared wlth the ~ value .5664 of Chart 

I. is seen to be greater than •• The apJ!iead or difference 
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between the Vf1.l ues of 11 anc:f_ ~ .icimote the departure 

from linearity as ahOlm by the forl'mlla for oriterion 

of linearity of •Y or 5 'flXY 111ven by Mills (4B) 

S ~~Y • ~a • ra substituting in Table A 1llf'9 find 

$ "Q'ltJ • '..!' 09'-8 

How large must this dit'f.erenoe be to indicate 

that the relation is nnn•l 1nea:r, a:tld tha. t r does not 

adequately express the ~ea.sure of oorreler .. t, ion? 

In or1er to eata.blish s1gnif1canoe the error 
must be oalcttlated, an1 aooord1ng to Blakema.n•e formula 

from Mills (4-B) -
Standard error of I (O' ~) • a ff-V<1-n3 )2 - (l-r3)2 + 1 
Subst1tut1ng in Tt~ble A 1t 1s seen that-

d ~ : .0204 and that I nxy is 4.8 times • 

It 1e generally oonoed.ed that 2 or rrore times .-

denotes significance,. anrt F.d.noe th1e problem showe 4.6 

t1Mee, 1n11c0t1ons are that the relhtion is ourv1linea.r 

end that r ,.111 not serve for this arr1:1.y of fttotors. 

Having found that the relctionehip of tc:rrrinal 

g~owth on yield 1a non-linear, it ia desired to determine 

whether l\Y x or the relationship of yield on terfl"inal 

growth is linear or non-linear. 



Table B 8hOl'F8 these oa.leula. t 1ons wh 1ch <-1.re 

made in the aame manner as those in Table A except that 

the value arrayed against each other are reversed. The 

oolumn headed X oontains the ola.se numbers of the X or 

terMinal growth ~o~ toun~ at the top o! Chart I. The 

oolumn hen.ded my oonta!ns the means ot the y• a found s.t 

the bottom of' the frequenoy table of Chart t. These means 

of y 1 e are oalo11la. ted s if"' ilarly to the means of x' s thus 

for the first entry 4.43, the oolumn in "'Thioh 4.43 is 

found oontaina 7 frsqueno1es, 1.e. 4 in cla.ee 4 and 3 in 

ala.as 8. Henoe- 4 x 4 • l6J 
16 ... 15 • 31; 

3 x 5 • 15 
31 +7 • 4. 43 

?or the seoond entry s. 57 -

a x 4 • e , 1 x s • a J 4 x a • 3a e + s + 33 : 48; 46 :.. 7 • e. 57 
eto. • 

The mean of all t•a • aeenmed mean of Y ! oorreot1G!l 

of Y • 7 + l. 58 : 8. 58 

The caloulationa from there on are similar to 

thoae 1n Table A, and will not be explained further than to 

point out that~ny:x: is 3 times f/$ and henoe the relation la 

non-1 inea:r. 



TABLE B 

OORRl.tA.T!f'IN R/.T!O 111~ 

Tet'""'1nal Me'°n D6Vh•t ton 
GrO"fth Tiel\l (!'OP\ Mfthl1S 

of. atl ~ts 
(~.56 

d? f d~ x my (\ f 
H5 14.00 5.44 ~9. 594 1 aH. 594 
~H 0 0 0 0 0 
~~ 0 0 0 0 0 
?,? 0 0 0 0 0 
~1 0 0 0 0 0 
?,Q lA.~5 9.A9 93,A9fi 4 375.~4 
l.9 8.00 .56 • :~14 1 .~14 
lA 11.00 8.44 71.?:\.t 1 71.~~4 
17 13.?.5 4,89 ~l.996 I 87,984 
16 ~.so .a4 .058 5 ,290 
15 13.SS !5.30 ~8.090 1 196.630 
14 15.10 6.54 4~.77a 10 4~7.7~0 
1?: 12.33 ~.11 14.213 9 1~7.91? 
l? 9.38 .a~ • 87;), 13 A.136 
11 11.14 a. 5S s.soo 1 46. 59'a 
10 7.68 .as .114. 19 l-t. ?Of~ 

9 ?. 50 i.oa 1.124 l~ 13,49P 
8 f '~, • ;; -~> l.91 ~.~48 ~o 7?,.9€0 
1 6.16 i.~o 3.a40 ~l ~8.040 s 7.06 1. fiO ~.~50 17 ~8.~t:;O 
5 r.,15 ~.41 5.0.0~ l~ 75.004 
4 7,10 1.~A l.904 11 :10.944 
~ ?' .oo l.4? ~.161 1. 1 ~~.771 
".'3 B. 57 1.99 3.980 7 ?.7.7"0 
1 4.43 4.13 17.05? ? ~~·~~9 i . • ' ., 

t> my -/!~ • (1l1~f' I ~t.?? !I 3.0393 
00 

Heno~ ourv~11near 



81noe thi correlation ra.t1oe show that the 

relation ia non-linear, and that a curve rather than a 

straight line g1vea the beet deaor1pt1on of' the relation• 

the next oaloulation will necessarily be that ot f ind1ng 

the particular ourvea which beat fit the observations. 

Pearl's (6-.A) logariihmio method of lea.at squares was 

chosen aa thia method &~rives at a third degree parabola 

with somewhat less caloulat ion th.,n 1e involved 1n the 

ordinary method of least aqua.res. 

The same x and 1 values are arrayed against 

ea.oh other as in Tables A and B. fable I shows the 

arrangement of the data for the ourve X on Y or terminal 

growth on yield. The remaining oolumne are headed xy, x2 , 

and y (log x). The oolumn xy contain• figures found by 

multi'ply1ng eaoh x 1uilue by !ta oo:r.reapond.1ng y 1 thus 

l x 13 • 13J 3 JC 3 s 6; eto. The oolumn headed x2 oontaina 

the squares of ea.oh of the x values. In the oolumn y (log x) 

each y value ia multiplied by the loga.rf=thm of ita oo:rres-

pond1ng x thus. 

13 x 0 • OJ 3 x .30103 : .903lj '1.25 x .47712 a 3.4591,etc. 

Ea.oh of these oolumns is then totaled and the totals lieted 

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 

Logn.r-ithl"io oi1rve f 1tted to 1929 u.nd 1930 oombined data on :-

Length of 19?.8 ttitrminn.l growth ) 
• • 1929 " • ) oo~bined 

ar:r.a.yed ag;.: inst: yield (in 19tl9) on 19~8 te.,.minal gro,'lth) 
• ( " 1930) • 1939 • • )combined 

when yield remain& oonstant n.nd its oorresporni.inr; terfl" inal 
growth is calculated 

Yield Term. 
x Growth 

x2 y xy y(log x) 
·1 13. 1~.00 1 0 

2 3. s.oo 4 .9031 
3 7.25 ~1. 75 9 3. 4591 

(Length of 19~8 T.G.~ 
( " • 1929 • oornbtned 

4 5.61 aa.44 16 ~.377£1 arrayed a.gri inst: -
5 5.95 29.75 as 4.1589 
() 7. 42.00 36 5.4471 (yield (1n 19~9) on 19aB TG} 
7 8.30 58. lo 49 '7 .0143 ( . ( " 1930) " 19':'9 ") 
8 8.24 65. 92 64 7.4415 
9 10. 90. 81 9.5434 

10 6.91 69.10 100 6.9100 
11 9.89 108.79 l?.l 10.2993 I : 21 
12 9.80 117.80 144 10. 5760 sx • ?.36 
13 12. 156.00 169 13.3673 SY• :'>,26.17 
14 14. 196.00 196 16. 0458 SXT • 2984.21 
15 13. 195.00 325 15.3892 sx • 3536 
16 13.as a12.s4 258 16.0028 S(y log x~• 232.3021 
17 is.so as2.ao 289 ao. 4255 
18 14. 25~.oo 3!'.4 17. 5738 Brog x)= 19.8098010 

no ca.ties 0 0 0 S x lot, ~)= ~f:iS.598'.11459 
20 18. 360.00 400 23.4185 S log x) : 21.3075031 
~1 14. 294.00 441 18. 5111 

no cases 0 0 0 
0 0 0 

24 16,32 ~91.92 57§ aa.53ea 
236 228.17 2984.21 3526 23::l.303l 



TABLE a 
Caloula t ions of a, b and o v2.b1es necesaa:ry for corrn"'llt ing 
Logar"rthmio ourve values. 

aa. /. bix ,,_ oa lOg x : a y (ll 
&.Sx ~ bSx~ + oi (x log~)=• ~Y · (a 

aG(logx) J. bi(x·log:x) + oi (log x) : .t (ylogx) (3 

21& 4 336b ~ 19.809801 
236a + 3526b +36h.59635 

49.80980la + 266.59835b J 21.307503 ------
~36 (?1a ..,. 236b 

31 L'.236a ~ 3526b 
49~ + 55698b 
~~ ""74 46b 

0 • 226 .17 
c • 2984.21 
Q '!If 232.30~1 

0 = ~26.l?] 
0 .2984.22' 
o • 53,~? ·:,.la 

- a~ sse.41 
',3, 

lq.809801 lJ11a • 338b ~ 19.R0980l o • 
21 L.19.809AOla. _,. 2G6.59835b+~l.307503 o : 

4 

22s.1v ti> 
232.3oa:g (3) 

923.4524b - 447.9940 = 397.9614 
923.4524b = 845.9554 

b = ..... 916 
21~+ 215.178 - lGl.2718 • 236.17 
21~. 171.2656 

a. = + 8.156 

= 4480.3837 
• 4878 41 

5) 



TABLE 3 
Cr.loHlatin;t they vo.1uflla for en.oh x ..,,.asN fr(''"" the erpu-ition 

y • n ~ b~ ~ o(log x) 
y - a +bx + o (log x) • ~.15B • .9l~x - ~.141 log x 

7 
A 
9 

10 
11 
l~ 
13 
14 
15 
lf'.. 
17 
1 r. 
19 
~o 
?.l 
~~ 

!13 
24 

a a. use 
~.15~ 
B.l5f; 
S.158 
? .15f) 
e.1ss 
p, .1!56 
e.1so 
P.156 
6.156 
8.156 
B.156 
8.l5H 
8.100 
a.15B 
e.15f~ 
8.156 
A.l~ 
a.156 
R.15A 
8.156 
s.1sn 
8.156 
R.156 

.,. bx + (.;...)o(lov) 

.,. .916 - 0 
~ 1.93~ - ~.451 
~ a.748 - 3.884 
~ 3.664 - 4.?.0l 
+ 4.5AO - 5.SBO 
• 5.496 - 6.~~5 
~ s.41a - e.PAO 
~ 7.3?,S - 7.J~ 
+ 8.~44 - 7.16A 
~ S.160 - 8.141 
+ 10.0?6 - 8.478 * 10.99~ - B.7A6 
... 11.900 - 9.009 
~ 1~.8~4 - 9.~31 
+ 13.?40 - 9.5?5 
~ 14.656 - 9.A03 
• 15.~7~ - 10.01? 
• 10.488 - 10.~19 
... 1'7.404 - 10.410 
~ 10.3~0 - lo.SP~ 
~ 1~.~~6 - 10.764 
"" ~o. 1 ~ - '· o. 9?,9 
~ ~l.06A - 11.086 
+.. ~1.9A4 - 11,?~f\ 

TABLE 4 
ec~1onlr1t1on o! 'rnlt1'96 
for ths ,te1.t(i. 

na. + b Sx • 
h S,c. + h s~2 :::: 

s y 
s ~y 

~36 (?.la 
~1 £~:3t~a 

.,. a~s b 
+ '.:\5~6b 

b 
~la. .,. 119. 516 

:ii a 
a 

• ~~6.1? 
: ~9P4.?1 

• ":T 
• H.07:::i = 7. 537 
• 7.0~0 
• 6.919 
: 7.048 
:%?.~17 
• 7.688 
• 8.13~ = e.ssa 
• 9.176 
• 9.154 
:: 10.38~ = 10.£195 
- 11.849 
• l?..~~l = 13.009 
• 1~.711 
• 14.~"'5 

- 15.150 
• 15.~~4 = is.s~.s 
• 17.~?~ 
• lR.l3B 
• 18.~04 

Y • a. I- bx 
y = 5.079 "" • 50f; x 

t\. 
5.079 
5.079 
5.079 

• bx = y 
.,. • 506 •5. 585 
+.B. 01a :11.151 
.,. l?:.144•17.??3 



TABLE 5 

Tables 5-9 inclusive are an-1.ouli:.1 t ions "or the cu:rvea showing 
the relht1onsh1n of y on x, in which the x or Terminal Growth 
V15,lues are oonet1.1.nt, and their y or yleld values a:re c., loulate'd 

{Length of 19~8 Te:rrninal Growth ) 
( • " 19~9 • " ) oomb ined 

arrayed f.1.ga inst 
(Y1e1,\ (in 1S1"9) on l9aB TerMimil Gro!Nth) 
( • (in 19~0) • 19~9 • • ) oombined 

Terminal Yield 
Growth x2 x y XY Y(log x) 

l 4.43 4.43 l 0 
2 s. 57 13.14 4 1.9778 
3 ?.09 21.27 9 3.3838 
4 7.18 28.72 16 4.3228 I: 21 
5 6.15 30.75 25 4.2987 Sx • 235 
6 7.06 42.36 36 5.4937 Sy = 208.18 
? 6.76 47.32 49 5.7129 sx3 = 2739.?.3 
8 6.65 53.20 64 8.0055 Sx ; 3495 
9 7. ISO 67.50 81 7.1568 S(y logx)- 216.8813 

10 7.68 76.80 100 7.6800 
11 11.14 122. 54 131 11.5011 
12 9.38 113.58 144 10.1227 S!log X)• 19.7840846 
13 12.33 160.29 169 13. 7349 S xl0gx~2364.9518043 
14 15.10 211.. 40 198 17 .3066 S log x ~ 21.2237048 
15 13.86 ao?.90 225 16.3006 
16 a.so 140.80 256 10. 5963 
17 13.25 226.25 389 lS.3035 
18 17.00 308.00 334 21.3396 
19 s.oo 152.00 361 10.?.300 
20 lA. '-15 385.00 400 23. 7438 - 0 0 0 

0 0 - 0 
0 0 - 0 
0 0 - 0 

25 14.QQ 350,QO 625 uz. §712 

325 208.18 2739.23 5525 alS.8813 



TAB!.t 6 
T on X 

Oa1.on1a+,1.f'.}ns of ri.. h hn1 o n~oeBe&.Y"! f'nr or;o"'~'n'" tne 
curve v:1lt•e& 

na. "- b~., .J. o 3 logx : 
~ Sx • b l:.l,t~· J. o d (xlog ~· 

Sy 
S XJ 

S yl.og ~ A S (lnrx)lo b 1$ (xlogx),r.od (log x)'"• 

~la 
aJSa 

19.7840646& 

~~5 [?.la. 
?;1 !a~Se. 

.,,, ~35 b +. 19.78408460 = ~08.18 
+ 3495 b ~ ae4.951S043o • ~73~.?3 
+ 2B4.9518043b+ ~1.~a~?048o • ~16.PP13 

"' ~35 b 
I. 3495 b 

,,. 19. 78408480 : 
+ ~64.95180430 • 

'g~5a, .,. 5~~'-5 b • 464?..a~53 o • 4A,9?.~.3 
--"~-~~ ... 5si-\. __ ._ • .....,.1.,..3e!ioii~io@ig-.!ip ........ _ ..... t~t>lioo!fiafil""ioii'3""i!;~iP~~f 7!"!iF.i-9.___=_ 5'1 I f2a3. ~a! 

I~,1 ob ~ 914.~3~51! c • 8,soi.aa 
.,. ~35 b + ln.1a40;.i;400 • '?.iv·".le] 
• 364.951A043b .-.~1.n~3704So= ~16.P~l:j] 

.,. 4649. ?.55?.75b 
8 

~··11. ?3a5~ l'\t!.. l ?Ob ,,. ~114. 73~5~o 
u~.1?0 /111.?3~H51b • '-'i4.~~!i5So 

: R ,,BOl. r;3 
• 4:~5.860S5 

' 
0 = .344 

g14.73~5 b ~ 18.675~ = 435.88Dnfl 
?14,73::;5b = 417,1~53h 

b = .,. • 458 
21a • 107,18 + 8,9057 • ~oa.19 

~l a = 94.al13 
IL • 4.486 

a. : f. 4. 486 
b • + .456 
o a + .344 

5 



T.ABLE 7 
Y on X 

Caloulhtions of. Y value for each X c1aas frorn the equation 
Y • a. + bx .+ o (log x) 

y = a .,,,, bx ~ 0 (log x) - 4.486 .,. .456x ~.344 log x -
Jt a. .,. bx ft- o(log x) = y 
1 4.486 + .456 • 0 - 4.942 -
2 4.486 + .912 .,. .104 • 5.502 
3 4.486 + 1.368 1' .164 - a.oa.e -4 4.486 .,. 1.824 .,. .~07 • 8.517 
5 4.486 + a,?.80 .,. .240 = 7.006 
6 .4. 486 + 2.736 + .268 = 7.490 
1 4.486 t 3.19~ 1' .391 - 7.969 -
8 4.486 + 3.648 ... ,311 • 8.445 
9 4.486 + 4.104 + • 328 • 8.918 
10 4.4R6 + 4.580 + .344 :;: 9.390 
11 4.486 t 5.016 + .358 = 9.861 
l?. 4.486 ... 5.472 ., .371 =. 10.329 
13 4.486 1' s.9aa ... .383 = 10.797 
14 4.486 + 6.3fll ... .394 - 11.261 -
15 4.486 1" 6.840 + .405 • 11.731 
16 4.486 + 7.296 + .414 - 12.196 -17 4.486 + 7. 7 5?, + • 4~3 = l::l.681 
18 4.486 ..... 8.208 + • 432 = vs.12s 
19 4.486 .,. 8.664 t .4.40 • 13. 590 
ao 4.486 + 9.120 

""' 
.448 - 14.0!54 -21 4.486 .,. 9.576 .. • 45i:. - 14.417 -22 4.496 ., 10.032 + • 46?. • 14.980 

23 4.486 1' 10. 488 1' .468 - 15.442 -24 4.486 + 10.944 ... .475 - 15.905 ... 
25 4.486 "" 11.400 .. .Mn = 16.367 



TABT.,E 8 
Y on X 

COT"lputationa for fitting a st:rc.ie;ht line to the data. 

Y on X Straight line fitting. 

na .,. b Sx 
ASx: .,.. b sx2 

335 fa1a • 235 b 
a1 @3~ + 3495 b 

-.~~ 49. 

2la ~ 111.249 : 20A.18 
:'-3la = es.s:n 

a = 4.6158 

x a + bx 

l 4.5158 ~ .4734 
13 4.6159 i'-6. l S42 
25 4.8158 +ll.835 

- s y -: S xy 

• 20F. lfl 
::2739. 2:!] 

• 4a.92a;. 3 
- 57 3.83 = .,.8,60 • 63 = + .4734 

• y 

= 5.0893 = 10.7700 
: 16. 4508 

y = a '- bx: 
y = 4.6158 ~ .4734x 



zero• a, but merely a lack of o.a,·es. Obviously it ~,.ould 

be unfair to give these a. zero value in the oaloulc..tiona, 

ao that they were left out of the si.1ms of the aolrnr.ne in 

whiah they were found and R or the number of Oa.aea beoa.me 

21 instead of ~4. The values, of. S(log x), S(xlogx), and 

S(log x)3 then beoa.me ohan6ed as followst-

In Pearl's (S-B) Tablee of SU!!& of logar~thme 

of oonseoutive numbers the aum.s .of oonseoutive x values 

from l to 18 were used. To theee were added the log. 

values of ao, '-l and 24, as shown followingi 

Suma at 18. 

S(lop).15.8063410.J 8(X"-logx)a179.6863859J. S{logxi~•l5.941578S log.ao = 1.30103 s l2otogaol:as.oao30 J llog2o ?.= l.6926791 
log.~l : l.32~~a 1 2rlog~l .a7.76653 t. logal ~· 1.7488656 
log.a4 • l·isgaa ; a+1oga4 ·11-~aii" 1 1oga4 ·;· f ·BW'lf S{lop) l9.09S 1' I Total S ~ .03459; Total 2 .3 56 ~ 

Tbua it w11l be seen that the suma were ta.ken 

from the tables a.a far as the x items went conaeoutively 

before encountering a zero. Separate lo~nrythmio values 

were then oaloula.ted for ~o. ~l and 34 and these were added 

to the sum& tt:\.ken from the table at 18. Thia ma:te a. total 

sum of the values ...tiich 1.1'1'e:re aotuci.lly represented in the data 

and totally 1.isregar:~ed the zero items, in fitting a third 

degree loga.r~thm1c ourve to the observa.t ions, the nor,.,a.1 

equation for the oune. 1a "I•• +bx • o leg x. It therefol"e 

remains to find the values for a, b, and o. Equations (1), 

(3) and (3) in table a are solved as ordinary aitr.Ultaneoua 



equations the method being aho11111 in detail. The values 

are found. to be &• +e.156; b• + .918J o• -S.141, and. 

einoe Y• a. + bx + o log x, subst !tut ion is ma1e a.a aho"'1'.l 

1n table 3. A oaloulated Y value 1a obtained for eaoh of 

the ooneeoutive x figures from 1 to 34. These Y values are 

plotied with the x values on cross section paper to give 

the ourve shown in Ohart a. 
It 1" interesting to oompare the outte of oa.1-

oulated values with the obaerYed values x an~ y 1n Table 1, 

Hence a plot is made on 'the sM~'le sheet with the curve, 

showing the corresrond1ng x and 1 values liated in Table l. 

Inasmuch a.a there are !luotuatione between the observed 

values. this ~lotted graph will be a a1g8a.f line cona1et1ng 

of peaks and valleye. 

As a oom:pa~ison it ia interesting to note whether 

a calculated straight line ,,-111 olosely flt the ourve a.nd 

aotual obaervat1one. There is also a partial oheok on the 

aoouraoy of the calculations. In fitting a straight line, 

the equation is Y• a • bx and the equations are shown in 

Table ~. for finding a and b. The fitting of a atraieht 

line involves muoh leas caloula,ting ae there are only two 

u.nknown~ a and b, and only two equations. It was found that 

a.= +5.079 and b• +. 506 ~md sinoe y= a. + bx the y va.luea for 

the first x (or 1), the m1·1dle x (or 12) and the last x(or 24) 

are found. The caloulated Y value when x: 1 gives one end 



of the straight line, and the calculated Y value when 

x• 24 g1vee the other end of the straight line. A plot 

of this line on Chart a 1a shown ae the dotted (or broken) 

linea, whioh divides the values in the ourve and the values 

1n the z1g•za.g of observed values. in two. In oomp~ring 
the obeerved values with the straight line and curve it 

will be seen that the plotted line of observed 11hluea has 

many pea.ks and valleys, representine; f'luctua.tione f:rom the 

straight line. The straight line rerresen't:s the mid values 

between the fluctuations on either aide of the str~ight line, 

and these tluotuat1ona are ironed out into the straight line. 

Thia may be eomewhat compared with a muoh kinked atringt 

whioh, when pulled at both en1s, follows a. atra1ght line. 

As shown before. however, thi• at~aight line 

doee not adequately deeoribe the sitm~tion, a.nd it 1a readily 

aeen that the ourve more nearly follows the trend of the 

observed values. It w11.l be noted that the base line or 

co-ordinate is used for the x values in every case. By x 

Vl:i.luea 1s meant the values in the x oolumn of Ti: .. ble 1. which 

in th1a case 1a yield. However when the ourv-e for x on 1 

ie oaloula.ted the situation will be reversed. The entries 

in the x aolumn ot Table 5 will be the tern"inal growth ola.eeea 

and thoae in the y oolumn N111 be the ~eans of yleld. 



Similarly, in plotting the curve, the base line 

or co-ordinate ~111 be the terminal gr~wth or x ol&aeea, 

and the ordinate or vertical line ~111 represent the oalou-

lated yield or y values. 
In obaerv1ng the :relative pcs1t1on of ~the plotted 

obee:rvat1on, the straight line and. the curve 1n Oha.rt 2. it 

ia readily seen that each goes in the same direoticn and 

that the straight line irons out the fluotua.tions but does 

not follow the means of the a.rra.ys a.a olosely a.,a the ourve. 

Therefore 1n order to show up the true ourv11mean relation-

ship bet111een terminal growth and yield. the ourve is neoessa.l"J. 

There "a cona1de:ra.ble fluctuation in the obaerved 

data which undoubtedly produced a.n unfavorable effect on the 

results. The writer is of the opinion that had the raw data 
been ~ore Sele~tive the oorrela,t 1ona would have been higher. 

Roberta (8) mentions tha.t - - - -•Quite a number of fruits 

may be borne on tt?rm1na.l spurs but it is seldom th"it any 

large ~eroentnge of lateral buds set f:ru1ts.• His observa• 

tions .ere rnade w1th the Wee.lthy variety of apr'lle. The York 

apple. however, he~s a tendenoy for the fr,,its to hang 1n a 

ropy fashion to11mrd the enda of the bra.nones. and the yields 

recorded heroin. being nothing ?'>".Ore than the lateral and, 

ter~ina.l fl'"Uita on the one year old terminal wood. ware 

quit• heavy on some of the longer growth. !t is possible. 

though, that some of the fluctuations may have been oauaed 
by dropping of the lateral bloom. 



A oa.loulat ing m: ... ohine and Barlow• a Table of 

Squares, Square Roots and Cube Roots as well as a aet ot 

Ooml"'.on Logar·ithma of ntl?!ibers were found to be of muoh 

value in the oaloulationa in this problem. 

As mentioned before the p-rolect 1ncludeG 3 

years notes, starting with 19~9 and ending with 1931. 

The note a for ea.oh 1n(\1v i~iual Y''~a.r were oorrelb. ted a.a 

shown in Tables 11, 1~ and 13. It ~111 be noted that in 

19~9 all oorrelatione were aign1f 1oant exoept length and 

diameter of ourrant seasons terminal growth with the 

average weight par apple on la&t year•e terminal growth. 

All oorre1~~t1ons were positive except those involving 

average weight per apple. It might be mentioned here that 

average weight per ar-ple is simply a. measure of' aize of 

a.pnle, and that reference from here on will be made to a!ae 
ot apple rather than a.vera,ge weight. Sinoe oorrelat ion 

involving size ot apple are negative, 1t may be said that 

as length and diameter of the terminal growth beoomes greater 

the aize of a.riple beoomea rsmaller. Thie 1a probably due to 

the taot that as the length of terminal growth becomes greater 

there 1a an 1norease 1n the number of apples on the ter~1nal 

growth• and with increased nu~ber or applea the size beoornea 

emaller. 



In 1930 all correlations were eign1!1oant 

except those 1nvol v ing a 1ze of arr le, and one in •11h iob 

length of. 19~9 terminal growth was correlated with diam~ter 

of 1930 terMinal growth. All were positive except one 1n 

whioh length of 19~9 terminal growth was correlated ~1th 

In 1931, all oorreiat1ons we'!'e s1gnif1c;::;.nt 

exoe~t those involving a1ze of a.~ple, ~hioh were negat1Ye 

n.nd 1na 1gn U' 1 cant • 

Stnoe 1929 and 1931 were the •on years• and 

1930 the •off year•, it 1a possible that size of arrle 

wae affeoted by the small number of E1.pples per tree in 

1930. 

Correlatione of terminal t,rowth with avera.ge 

weight per arr-le in the •on year• were found to be neg·at1ve, 

and al though these oorrelz:t t ions did not show ma.theme. t 1oal 

a1gn1f 1cance, there was b1ologioal signif.1oanoe. Thie means 

that with 1narease 1n lBngth of te:rrrinal growth there is 

aorne d.sorease in size of apple. It wae noted in ~aYing 

the observations in the orohard that the shorter te~minal 

g~owthe had a smaller proportion ot lateral apples than 
~· 

did the longer growth. Some of the shorter growthshad only 

terminal a.p"l".'lee iind no lateral fruit, It wae noted also 

that terminal a:pples were r;enerally larger than la.tere.l 

fruits, and that the larger lntera.1 fruits were nearer the 



TABLE 11---00Rm:LA'l'ION OF DATA FOR TB? TEA.R 1929--TOU DQ'FRIAL VABIE!!' OJ' APPLS 

Factor• In•ol Ted 

Length of 1928 terminal growth with 
1929 7ield on 1928 terminal growth 

Lengtlt o t 1929 terminal growth wt th 
1929 71eld on 1928 terminal growth 

Diame\er ot 1928 terminal growth 
with 1929 7leld on 1928 Term. Gro. 

Diameter of 1929 terminal growth 
with lb9 7ield on 1928 fer. Cro. 

Length of (1928-29 ATe) terminal 
ero. •1th 1929 yield on 1928 T.G. 

LeD«th of 1928 terminal gr01Rb. with 
&Yerage wt. per apple on 1928 !.a. 
Length of 1929 terminal growth with 
&Yee wt. per apple on 1928 ter. gro. 

Diameter of 1928 terminal growth 
with &Ye. wt. per apple on 1928 f.G. 

Diameter ot 1929 terminal growth 
with an. wt. per apple on 1928 !G. 

Length of (1928-29 a••) ter. growth 
with &Ye wt. p~r apple on 1928 !.G. 

Length of 1928 '.Permtnal growth with 
Length of 1929 IJ.'erminal growth 

Factors 

Yield 
Length 

Yield 
Length 

~Yield 

Diameter 

Yiel4 
Diame\er 

Combined length 
Yield 

ATe. wt. per apple 
Length 

.A.Ye• wt. per apple 
Length 

D1811eter 
A..-. wt. per awle 

Diameter 
A••• wt. per apple 

ave. wt. per apple 
Combined length 

Length 1929 
Length 1928 

Dia.mater of 1928 termlrlal growth with/Diameter 1929 
Diameter ot 1929 terminal growth l>iameter 1928 

Length of 1928 terminal gr01rth with Length 
diameter of 1929 terminal growth Diameter 

Le~· · of 1921 terminal growth with/Length 
diamet•r of 1928 terminal growth Diameter 

LenctJt of 1928 termtnal growth wt th 
Diameter of 1928 termi.nal gr~wth 

Length et 1929 terminal growth with 
cue.meter •f 1929 terminal growth 

Length 
Diameter 

Diameter 
Length 

lfean and 

10.Zl.3S 
10.7733 

10.3135 
9.6067 

10.3133 
6.526? 

10.51.SS 
4.093$ 

10.42 
lO.SS53 

4.98 
10.'1735 

fee98 
t.6067 

i~&.,5267 
4.98 

4.0935 
4.98 

4.98 
lo.u 

9t6067 
10.rrss 

4.09$$ 
6.5267 

10.'17SS 
4.0933 

9.606'1 
6.5267 

10. '1'133 
4.5267 

4..0935 
9.606? 

Prcbable 
error 

.t .215e 
.t .1761 

J; .2158 
.,;t., .1147 

:. .2158 
.. .0'137 

~ .2158 
Ji. .0395 

~ .1349 
~ .2152 

;& .0112 
ot .178'1 

.;t .0112 

.t .1147 

.4 .073'1 
J; .0'112 

;t .Ost! 
.i; .ons 
.i .0'112 
;I; .1349 

~ .114? 
~ .l '187 

~ .OS9S 
ot. .O?S'I 

.t .l '78'1 
~ · .ons 
~ .114'1 
j; .0737 

.t. .178'1 
x .013'1 

J; .0393 
~ ell4? 

Sta.ndarcl 
d.eYiation 

6.5276 
4.8589 

5.52'16 
. 2 .9431 

5.52?6 
1.892'1 

5.52'16 
1.0090 

3.4520 
5.5248 

1.8293 
4.8589 

1.8293 
2.9437 

1.8927 
1.8293 

1.009 
1.8293 

l.8291 
S.4521 

2.943'1 
4e8589 

1.009 
1.8927 

4e8589 
1.009 

2.9437 
1.8927 

4.8589 
l.8927 

1.009 
a.t .. 37 ••••••••••••••••••••••••••••••• 

Correlation Probable 
Ooettic1en\(r) Error ot r 

• .5249 ~ .0282 

+ .zsaa t .0346 

•• 5246 t .0282 

+ .s125 .r .0346 

.,. .5091 : .oaee 

- .3013 r .0354. 

- .0590 : .osea 

- .21'16 ;r .os?l 

- .0567 :t .osee 

- .2mt .! .OH9 

•• 5263 t'. .0282 

+ .6688 ± .0235 

.,. .4538 ~ .oaoe 

+ .5511 ;; .• 0271 

4- e'159S ~ .0166 

.. •4464 :t .os12 

Sipitioance 
•fl' 
18.6 x • 

9.6 X B 

18.6 X I 

t.6 X B 

l'r.? X B 

8e6 X B 

t.& X B 

5.9 X I 

1.6 XI 

&.a x :1 

18.7 x 11 

28•5 X I 

14.'1 .I.. 

20.s x • 

''· x a 

141.S XI 

TABLE 12-CORBELAl'ION OF DATA. FOR 'I'HE YF:AR 19ZO-YOU D!PERIAL VARIE'?Y OF APPLB 

~aotore Involved factors 

LeJtC'h Of 1919 ir.ataal «"'4f~ wtth 'ftel4. 
ltlO Jttlt ta ltlt '4tNlnal lftW~ ~ 
l.n«•. •f ltlO ftNt-1 PR"' wt~ t.~ 
lHO Jl•lt ti' 1111 \ftMtnl _. .. _ 71•14 
»l~\tf tt ltlt ''a.t..i crn\a •1'~ aJMn•r' 
ltl\\ J'lt\t .... lut -. .. taal ... -- 1't•lt 

· Dt.n.. •t 1 tlO \tl.'ll, "'""' •l~ Dtae\•l' 
19ZO yield on 1929 tl"r:nin,~l gro·,;,rt'h "tlela 
tecgth of ( 1929-30 ave) T.G • with Yield 
.1930 yield or 1329 termird growth !.ength 
Length of 1929 terminal growth with ave. wt. P"'l' £•pple 
av". wt. p~r c1pple on 1929 'r.G.. Length 
Length of 1930 terminal growth with Ave. wt. per apple 
ave. wt. per apple on 1929 T. G. Length 
Diameter o! 1929 terminal gro"1th .be. wt. per ftpple 
ave. wt. per apple on 1929 ter. G D·T ameter 
Diameter of 19~ 'Per. Growth with Ave. wt. per apple 
ave.• wt. per apple on 1929 'l'er. G Diameter 
Lel'.l&'th of (1929-30 ave) fer. Cro. Ave. wt. per apple 
Ave~ wt. per apple on 1929 T. G. Oombined length 
Le?'...gth ot 1929 terminal growth w! th Length 1930 
Length of 1930 terminal growth Length 1929 
D1a.~eter ot 1929 ter. growth with DiamP.ter 1929 
Il1&on<:1ter of 1930 tP.rminal ,,.rowth Diameter 1930 
~ of 1929 terainal growth w1 th Diameter 
4lameter ot 191() t;erainal sro•t!l Le.,.tJl 
Length •f 1930 terminal grewtil with Diameter 
J>iaaetier ot 1929 terminal growth Length 
Length ot 1929 t;erminal growth with Diameter 
O.tameter·or:tt!t ·terminal' ·griwth·' " 1 Length 
Length ot 19SO terminal growth with J>iam\er 
diameter of 1930 terminal growth Length 

~an and 

6.88 
6.91 
6.0I 
6.88 

t. :*>•41 
6.88 
3.22 
6.88 
6.88 
6.73 
4.9'7 
6.91 
4.9'1 

··6.04 
4.97 
5.48 
4.9'1 
3.22 
4.9'1 
6.TS 
6.04 
6.91 
5.48 
s.22 
a.22 
6.91 
6.48 

'·°' 5.48 
6.91 
s.22 
'·°' 

Probable· 
Error 
;l. .215 
~ .2'18' 
" .143 
~ .215. 
~-.OU.;,. .. 
z .ail 
~ .o. 
.t .115 
... 215 
~ .184 
.l .144 
~ .2'78 
~ .159 
.t .143 
a. .159 
,;1: .oas 
: .159 
.it .035 
~ .159 
;,t .184: 
~ .143 
.t .218 
a10 .oes 
.;to: .035 
'" .035 
.t .2'18 
.a. .oes 
19 .1.s 
~ .oes 
;t. .278 
.ii ... 
•• 143 

Sta.nda:-d 
Deviation 

s.1820 
4.1185 
2.1111 
1~1eao 
1•!266. 
1.1820 

.1a1a 
S.1820 
S•U!a&' 
2•'1&15 
2.1421 
4.1185 
2.164.S 
2.1256 
2.3643 
1.2286 
2.ZMS 

.5212 
2.3643 
2.7345 
2.1256 
4.1185 
1.2286 

.5212 

.5212 
•• 1185 
1.2286 
2.1256 
1.2286 
4.1185 

.5212 
2.1256 

Correlation Pl'9bable 
Coefficient {r) Brror of r 

+ .4116 ~ .o5M 

.,. ... ,.u 
"-*.•M94 

• .=oss 
... .4569 

- .1205 

+ .2169 

+ .osov 
+ .1021 

+ 90390 

"' • .u.u 
+ .4'154 

• .2S75 

+ .&ai 

.... MlO 

+ .569? 

± .oaot 
J. .041'1' 

t .0612 

! .o&M 

.t ·°'" 
~ .0686 

~ .0629 

;! .06&7 

J; .0673 

;t .0653 

~ .osu 
~ .o6S'I 
~ .0406 

..ir .ost? 

.i .0455 

Signittcance 
ot I' '·' x. 

'·' x • 
11.? X B 

a. x a 
8el X I 

1.8 x • •. , x. 
l.S XI 

1.6 x. 
•' X I 

7.7 x. 
9.1 X B 

S.7 X B 

l&.6 x. 
11.2 x. 
12.& x • 



'!'ABLE 13 CORRELATION OF DATA FOR THE YEAR 1931--Yomc n!PERUL VARIETY OF APPLE 

tors Involved Factor• Mean and Probable Standard Ooef'ticient Probable Error (E) Significance 
Error Deviations of Correlation C•1 ot (r) 

r 1930 terminal growth with Length 7.695 ... 3.5344 ... • '1003 z. .0243 - .169 2a.a x E 
ld on 1930 terminal growth Yield 9.16 z .239 5.0085 

r 1931 terminal growth with Length 5.875 ~ .138 2.a010 + • 5801 ~ .0316 18.4 X B 
ld on 1930 terminal growth Yield 9.16 z .239 5.0085 

ot 1930 terininal growth with Diameter 4.94 .:t .062 1.2947 + • 7340 & .022 33.4 X B 
ld on 1930 terminal growth Yield 9.16 :! .239 5.0085 

ot 1931 terminal growth with Diameter 3.125 % .034 .7066 + • 4111 ~ .0396 10.4 x J: 
ld on 1930 terminal growth Yield 9.16 a .239 5.0085 

f (1930-31 average)ter. gro. with Combined length 7.04 :t .131 2.7456 "' • 7540 it .0206 36.6 X E 
ld on 1930 terminal ·growth Yield 9.16 ~ .239 5.0085 

t 1930 terminal growth with Length 7.695 ~ .169 3.5344 .... 1538 ~ .0466 5.5 X E 
per apple on 1930 terminal growth A.v. wt. per apple 4.155 ~ ·.201 4.2080 

f 1931 terminal growth with Length 5.8'75 ;t .138 2.8878 ... • 1206 t. .0470 2.4 x l!l 
per apple oil 1930 terminal growth Av. wt. per apple 4.155 ~ .201 4.2080 

ot 1930 terminal growth with Diameter 4.94 ~ .062 1.2947 - •. 1577 m .0459 3.4 x li: 
per apple on 1930 terminal growth A.v. wt. per apple 4.155 .t .201 4.2080 

ot 1931 terminal growth with Diameter 3.125 ~ .034 .7066 - • 057 ;t .0476 1.2 X E 
per apple on 1930 terminal growth Av. wt. per apple 4,-155 z .201 4.2080 

f ( 193()oo31 ave) terminal growth with Combined Length 7.04 .t .131 2.7456 - • 1636 J: .0464 3e5 X E 
per apple on 1930 terminal growth Av. wt. per apple 4.155 .: .201 4.2060 

t 1930 terminal growth with Length 1931 5.875 .:t .138 2e8878 ... • 4420 .t .0384 11.5 XE 
t 1931 terminal. growth Length 1930 7.695 .t .169 3.5344 

of 1930 terminal growth· with Diameter 1930 4.94 .t .062 1.2947 + • 6204 ;t .0293 21.2 XE 
ot 1931 terminal ~rowth Diameter 1931 3.125 .. .034 .7066 

t 1930 terminal growth with Diameter 3.125 ~ .034 .7066 .. • 3056 .t .0432 7.1 XI 
of 1931 terminal growth Length 7.695 ~ .• 169 3.5344 

f 1931 terminal growth with Diameter 4.94 • • 062 1.2947 + • 6929 .;t .0248 27.9 XE 
ot 1930 terminal growth Length 5.875 ~ .138 2.8878 

r 1930 terminal growth with Diameter 4.94 ;t .062 1.2947 + • 7020 :I. ~0241 29.1 XE 
· of 1930 terminal growth Length 7.695 :j .169 3.5344 

t 1931 terminal growth with Diameter 3.125 .t .034 .7066 + • 6344 .t· .0285 22e3 X E 
· of 1931 terminal growth Length 5.875 .t .138 2.8876 

TA.l3LE 14--RESULTS OF COMBINED 1929 anti 1930 DA'l'A--YOBX IMPERIAL VARIETY OF APPi& 

Factor• Compared 

'year' a terminal growth length with X Combined LelJ61ih 
yield on previous year'a terminal growth Y Oombined Yield 

year's terminal growth length with X Combined Length 
yield on previous year's terminal growth Y Combined Yield 

1 year's terminal growth length with 

ave. wt. per ar~le on previous years 
terminal growth 

year'a terminal growth length with 

ave. wt. per apple on previous years 
terminal growth 

X Com. Ave. wt. 
per apple 

Y Length 

X Combe av.wt. 
per apple 

Y Combined Length 

Mean P~re 
,error 

a.775 _ ~ .21e 
e.560 ;i. .212 

7.805 Z; .147 
0.560 .t .212 

5.105 .t .099 

e.775 .t .21e 

5.105 ~ .099 

7.805 c .147 

Standard Correlation Probable 
Deviation Coefficient r error of r 

4e5546 + e5664 ,: e0324 
4.4470 

3.0818 "" .5080 ;t .015s 
4.4471 

2.0795 

4.5546 - .2023 ;t .0457 

2.0795 .... 0219 .t .0475 

3.0818 

Correla tio:r: Ori terion of /standard 
Signi:ti-
cance ot 

Ratio Linearity~ error t!l'S s 
Jp;yW.6444 
~.68~ 

..0'1 $' t llll!)Qr~..OIQ4;,;-w·~ 1462·· ... •.o;·~" ~, ~ .~ •. ~ •.•. ·. • . .. ' t . 

~652S .1674 .0511 3.3 x "' vx-.61 .114 .0439 2.6 x fJ' 

w:.4425 .1549 .0266 5.8 x fY 

"f3X:·2948 .0460 .0290 1.6 Jt fY 

JJX7•e3929 .1540 .047 3.3 x -8" 

wx..1968 .0383 .0166 2.3 x ~ 



terminal fruits. Since the longer terminal growth had 

more of the$e smaller later&l fr·nite, it eeema logioal 

that the average weight per apple should. be lesa than 

for the shorter growth, which ha•e the larger terminal 

fruits. This Play give a clue to some phase of thinning 

studies. 

In general the following oonolusions ma.y be 

drawn !rem the analyeie of the data. 

l• Length of terminal growth is a.ssooiated 11ith yield 

on one year terminal 1'0Cd, 

2· Diameter or ter~1nal growth ie aasoo1ated ~1th yield 

on one year termina.1 wood, 

3· Length of terminal growth 1s aaaooiated ""ith diameter 

of terminal porih. 

4- Length of •erm1nal g~owth in one year 1• asaoou~ted 

with length of terminal growth the following year. 

S. Diameter of terminal g:rolrth in one year is aaeoctated. 
I 

with diameter ot terl!!ina.l growth the following year. 

e- There ts biological s1gn1t1oanoe to the relationship 

bet?Teen length of terminal growth and size cf aprle 

and. between diameter of terminal growth and size ot 
apple in the •on year•. 

These faotora are inversely related, in that 

the greater the growth the srnuller the size ot ap~le. 



The ooeff1oienta of oorrelation are not mathe~.atioally 

aigni!ioant but a.re oons1dered b1olog1oally signifioa.nt 

beof.l.U&e they oont inne to hti.Ye the aama relationship for 

both •on years•. However in 1930 the •off year•. this 

inverse or negative relation did not bold. 
7- The average length ot the ou:rrent season• s a.n<t last 

season's terM1na1 growth ts aeaooiated with yield on 

one year terminal 1rood. 

When an •on year• (1929)and a.n •off: year• 
(19;;;0) have their .1ata. combined the resmlta given in 

table 14 a.re found. 

a- The length of the combined previ~ue seasons terminal 

growth 1s assooiated with the combined yield on one 

year te,~ inal "'°od. 

b• T.1e length of the oomb ined current eea.aons terr.i ina.l 

g7owth is assooi~ted with the combined yield on one 

year terminal wood. 

o- The relation between ,-rev ioue eea.sona oomb ined terf"l 1nal 

growth length and eize of a.rple rni~ht be consi 1iered 

e1grJ1fioant and 1a inverse or negative. 

d- Length ot ou.rrent seasons terminal growth hae a roait1ve 

association 1'1th size of apple. but the as::sooiation is 

1na1gnif1oant. 

In going still farther and exaM1n1ng the ourves 

for the oombined two yeare data it will be noted that 
tbe following reeulte a.re a.ppa.ren\: 



-as .. 
.. 

1 .. With a.n increase 1n length of the previous years 

terminetl t:rowth. there 1s a.n inorea.se in the current 

yield on th1e last year•s ter~inal growth. 

~- With an 1noreaee in ourrent yield on last years ter-

minal erowth 1 there 1s a.n inorea.ee in the length of 

this laat yea.rs terTnina.1 growth. 

3. Ae current aeason•a tel"!!linal growth increases there 

ta an inorea.ae 1n the ourrent yield on last aen.son•s 

terminal growth. 

4• As the current yield on lat;;t year• s tel"Mina.l growth 

tnoreasee there 1& an inorease in the length of the 

current yP-ar•e terminal growth. 

5 .... .As the length .ot the previoua aea.aon'a terminal crowth 

inorensea up to 4 inohea, there ia an inorease in size 

of apple on this -previous aea.eon•e terminal growth.it.a 

the length 1noreasea froM 4 inches to 25 inohes there 

1a a. deoreaae 1n size of a.pple. The general ten.:lenoy 

is towa.rd a deoreaee in size of <'0 'f·rle as terminal growth 

ino:rea.ses. 

6- With a.n increase in size ot B.pple the,..e is a deorea.ae 

in the length of the previous seaeon's terr"inal g!"owth. 

1 ... With inarease in length of ourrent season's terrnina.1 

growth up to 3 1nohea there is also an increase in size 

ot aprle on last years terminal growth. Ho,.rever Nitb 



_99 .... 

a further increase in terminal growth between 3 u.nd 17 

inches there ts a dea~ease 1n size of a~ple. 

a- With 1nerea0e in size of l!V""T'le there is also a.n in .... 

orease in length of ourrent aeason•a t~:rminal growth. 

These our•ee five a. graphio dasor i'Pt ion of the :re .... 

latlonah:tp bet'Yean the :f'aotore involved and need no 

further exnlana.tion. 

Oha !'tS 2-9 1nol us ive e;1Te theee 01rrvee, +'rom 

whioh the la.at enumerated conoluaions wen·e d:riwn. 
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