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and t e s t  plantat ions have been es tabl ished a t  severa l  
i t i e s  i n  t he  Lake S t a t e s  (10, 11)' and a t  t h e  Kane E 
mental Fores t  i n  Elk County, Pa. 

i n  di 
rom 20 
t-growr 
- -  

local -  
kper i -  

F i f t y  d i f f e r en t  seed col lect ions  were represer 
the  Kane planta t ion,  Most of them were small groL 
mother t r e e s  or  stands i n  l imi ted l o c a l i t i e s ,  but 22 were 
s ing le  t r ee s  f o r  which parent-tree charac te r i s t i cs  could be 
studied. I n  general t h e  mother t r e e s  o r  groups of t r e e s  

. .- 

ranged i n  age from 30 t o  250 o r  more years, .me t e r  
(d.b.h.) from 8 t o  30 inches, and i n  height f :  t o  1 G 2  
fee t .  Some were open-grown, some were fores.  1. I n  
qual i ty ,  a s  judged by bole form, they ranged I rant poor t o  
excellent .  

A s  a r e s u l t  of t he  tree-race study, the  seed sources 
were grouped i n t o  12 cl imatic seed-source regions (&I. 
Eight of these  a r e  i n  t h e  Lake S t a t e s  and one each i n  Maine, 
Massachusetts, New York, and Pemsylvania. 

I n  t h e  course of t h i s  tree-race experiment a t  t he  
Kane planta t ion,  s tud ies  were made of th ree  associated ques- 
t ions  i n  t h e  use of red pfne seed and seedlings 

1. The re la t ionsh ip  between seed source and r 

2. The re la t ionship  between seed weight ana s eeaung  
development. , 

3. The re la t ionsh ip  between seedl ing weigh. 
growth. 

' S E E D  S O U R C E  & ' S E E D  W E ' I  

The r e s u l t s  of  laboratory and nursery 
seed from the 50 red pi= seed sources are give 
These data were compiled by the  Lake S t a t e s  FI 
ment Sta t ion.  

seed WE 

t and 

GHT 

t e s t s  
n i n t a  
ores t  E 

o r  t h e  

a l y s i s  of these  data  shows tha ept  f o r  seed 
weight the re  i s  apparently no cor re la t ion  between seed char- 
a c t e r i s t i c s  o r  nursery behavior : xnd the  

height 



source is l o c e z t 4  in, Wren seed -eight i s  not an iaPalU.ble 
grz9de t o  region of seed orfLgb, Be& e e l L t i f i ~ a k l ~ , e ~ 9  eti-U 
aeceasary ko es tab lhh  _I_.I fhe ~p-ulyckof -seedsf or-fores_tjlan$+- 
9 n g e  - 

I 

'SEED WE'I GET & - S E E ~ ~ L . ~  N G  u r ; . v s . l L O P M E N  

There ~ c h  eddenae iron paat studies of crop 
used Iflcultutre t k t  large seeds: produce ~S&#W 

anq mure ~ i @ r u u e  dlanta than d ~ a r a b l e  sma l l  ~ e e d s ,  Tree- 
seed studiss  show similar trends. In particularg s t u a e s  
the seeds of the oske, wUch are re la t ive ly  large and I 

not comlSoated bjr heav exker-1 coverbgs, have sh  
p o ~ i t i ~ s  c o r r e l a t i ~ ~ l ~  between the sise and welght 
and the s94e a d  uetght of tihe resulting prageny. 

of 
are 
cnm 

One of the  earliest studies was aanduoted by.Hestrc 
in the nursery of the E o s m  Agri,sal.tural College during tl 
spring of 1914 (z)). Be found t h a t  greater acorn weight rr 
su3.ted in grea%er t o t a l  seedling weight the fallowing 
spring, Shaot length was dependent on &earn weight t o  a 
greater &ant thsn mt length, Heavter aqorns produeed 
heavf er root system 9a particularo Korstlaq (3) studied 
white, red9 chestnut, and bla* o& seedlfngs fm hr, 
medium, and small acornsl He f o d  that diffesenues 
seedling growth duriag t he  f i r s t  seaeon, aa well as to  
germination aad s m % v d ,  mere in f 3f  the hrge 
heavier acorm a EeComb (g found swl fits with 1-$l 
chestnut oak s e e a s  b Hew Jereey. 

For the Ifghter seeds of the  p i  
have indicated that seed weight is a 

nes, 1 
n imp< 

3uropeen studies 
2rtant factor fn 

the early period of eeedllng-development. It remained fc 
Hitchell  (7 a), Gast (21, and ?¶itchell and Rosendahl (9 I 
show that nreserva dry weight of seed," rather t h a s  R g ~ e t  
weight of bath seed and seed coat,* was a more exact meass 
t o  use fn d e t a l a d  studies of tree seed and growth of sel 
Engs Mtche l l  (8)  says that #Seed weight, wUch exerts 
important control on the  ear ly cumulative dry weight of p: 
seedlings, is a very important fac tor  tha t  must be tal 
into conaideratLon if  accurate comparisons a r e  t o  be made 
the results of different  experiments with seeds of par: 



s i ze  and source,.. Reserve dry weight, whfch is  the dry 
weight of the seed l e s s  the dry weight of the  seed coat and 
with which seedling yfeld i s  d i rec t ly  and highly correlated, 
i s  the more precise measure of the material available for 
the development of the  embryoen 

.. Gast (2) studied Scots pine (pinus s i l v e s t r i s )  i r  
Sweden and a t  the Harvard Forest and ~ b t a i n e d  resul ts  compa- 
sable t o  those E t c h e l l  got regarding the influence of seed 
weight on seedling development. 

Mitchell and ~osendadjtL (2) reported on nursery-growr 
seedlings of white and red pine developed undnn d;fferent 
in tens i t ies  of so lar  radiation. I n  t h i s  stud t r o l  of 
the  seed-size factor  was found t o  lead t o  super sc is ior  
of resu l t s  i n  coinparison t o  s d n g s  i n  ahfie s eede 
varied as  much a s  6.0 mg. above and below the mean. Wher 
the la rges t  and smallest seeds differed by about I 2  mg. t h i s  
difference alone was l lsuff ic ient  t o  account for  variations 
o f  30 percent i n  t h e  dry weights of the resul t ing seedlings. 
Deviations of this magnitude necessarily a f fec t  the pre- 
c is ion of experimental data, especially when the number of 
observations i s  limited." .. 

Bates (1) observed variations i n  the nursery behavior 
of red pine seed collections and suggested tha t  the purchase 
of cones by weight, ra ther  than by volume, would probably 
provide bet ter  seed f o r  large-scale nursery ope ra t ioq ,  

Seed Ueight 6 D r y  Weight Of 2 - 0  Seedlings 

For 36 of the 50 seed sources, data were available 
( table  1 )  an the  weight per thousand of clean seed and the  
dry weight of a sample of 2-0 nursery-grmn seedlings. A 
regression analysis (table 2 and f ig ,  1 )  of these 36 paired 
values showed t h a t  average seed weight and dry weight of 2-0 
seedlings were s ignif icant ly related. The keevier seed 
tends t o  produce -_L_(---- heavier seedu& than does the sm-r 

-. - - -- 
l igh ter  seed, 
--*------ 

Seed Weight & G r e e ?  W e i g h t  Of 2-1 Seedlings 

When the  Kane plantation was being established, a 
ser ies  of 150 measurements of the weight of 14-tree bundles 
of 2-1 red pine stock was made. The purpose of these meas- 



Table 1 . - - 5 4  
collaotlons wed in Kana t a t  obntation 

Seed oharaoteristios Nursery behavior 

Seed-source 
swim1 A-k re*m c l a n  cleaned  amt ti on drY 

c O ~ ~ ~ ~  weight seeds a t  &IU,- might 
per H per lb. 30 dap i ~ t i o n  A t  A t  of 2-0 

1 par  2 pars seedlin@ 

Percsnt P e r c d  Percent k 
L Laor  llichimn 

29 8.40 53,490 52 60 51 2 104 
54 8.67 52.3% 96 56 4E 97 

210 8.78 51,663 85 86 81 79 103 
213 9.31 48,722 94 80 73 72 IM 

2. Central Uiscamin 

bo 7.99 56,760 48 69 67 
69 18 

e2 
61 9.77 46419 35 20 

25 54 
1W 

& 9.l4 49:619 64 67 54 l l 6  
104 9.55 47,497 91 ea 82 

83 68 
122 

108 9.62 47,152 95 77 68 122 
157 8.W 53,996 97 8l 72 71 101 

3. Ilorthewtern Wincowin- Southern Umar Psnlnallk of WioNnn 
10 7.60 59,726 45 38 28 - 
12 8.01 56,619 72 47 43 29 W 89 
16 8.34 54,388 -- 75 65 63 90 
19 8.12 55,852 49 44 33 33 85 

222 9.24 49,901 91 80 n u e  
227 ll.20 40,5W 94 96 92 69 91 l l 6  
230 7.93 57,200 97 86 77 76 91 
268 7.86 57,710 66 -- -- - -- 
2% 9.78 46,368 89 -- - - - 
295 8.72 52,018 86 -- -- - -- 

4. nm York 

294 8.91 50,909 28 - - - - 
5. Il&hautsrs Winmsota 

35 7.89 57.480 32 18 16 U 66 
36 7.11 63,797 58 72 63 & 66 
38 8.15 55,646 72 34 30 30 78 

299 8.82 51.428 82 -- - - -- 

6. Brainsrd4awmn (Ilinassotl L Uisconni+ 

74 9-30 46.765 96 54 36 35 93 
75 9.94 45,625 71 78 76 74 91 

159 8.08 56,139 96 92 86 86 W 

:: 9.87 45,957 81 a4 76 74 128 
6.96 65,172 87 72 65 63 80 

3. R m d  of the lakes (tiorthem Yiaoonnin) 
47 8.83 51,360 74 U 39 36 73 
49 8.06 56,267 50 62 59 58 80 

165 7.71 58.833 92 90 81 80 96 

8. Penneylvbnia 

267 10.59 42.833 53 - - - - 
9. koeachwetts 

123 9.86 46,004 56 74 66 65 124 

10. mrtbrn b r n  ? a u k  of ~ c h i m  
21 7.51 60,31 % 51 44 40 - 84 

235 8.05 56 348 72 - - - 
237 7.40 61:297 71 - - - - 
240 6-91 50 9'3 98 - - - - 
246 8.29 54:716 97 - - - - 

uL?sE 
293 7.63 58,571 87 -- - - - 

IZ. Norbhwtarn ~ ~ ~ N I U O ~ L  

121 7.10 63,887 73 59 54 52 92 
344 5.38 84.312 91 80 73 57 
178 6.94 65,360 92 71 69 69 100 

77 72 179 7.04 64,432 63 82 70 85 
m 8.13 55,793 39 54 52 ea 

65 57 l84 9.45 U.000 62 57 85 
65 72 188 6-42 70,654 98 78 -- 70 - 62 

284 7.05 64,340 54 - - 
324 7.75 58.529 81 - - - - 



R E G R E S S I O N  O F  A V E R A G E  D R Y  W E I G H T  O F  2 - 0  S E E D L I N G S  

ON A V E R A G E  W E I G H T  P E R  T H O U S A N D  C L E A N E D  S E E D S  

(BASED ON $ 8  C A S E S )  
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Figure 1 . - - A  s i g n i f i c a n t  r e l a t i o n s h i p  was found between 
seed  weight and the  dry weight vf 2 -0  s e e d l i n g s .  

urements was t o  determine the  var iab i l i ty  of the red pine 
seedlln from 50 di f ferent  seed sources before planting 
(fig.  2 r  Later the i n i t i a l  green weights could be compared 
with data on survival and seedung development. 

So i l  and moss were washed off the roots of the seed- 
l i n g  bundles, and the bundles were swished i n  the  a i r  f ive  
or  six times t o  remove excess water. The bundles were 
weighed on a beam balance, which was sheltered from the wind 
by a tent .  Weights were read t o  the nearest 1/10 g m ,  
After weighing, the seedlings were planted, Plantation ar- 
rangement and planting methods a re  described by Rough (4) i n  
h is  report on the tree-race study. 

The green weights of the  14-tree bundles were com- 
pared with data on seed weight and dry weight of 2-0 seed- 
l ings fo r  the  36 seed sources for  which dab were available. 
Averages f o r  three bundles for  each of the 36 seed sources 
were uaed. 



lese 
.ght 
e n t  

Regression analyses revealed no significance i n  t h  
*isons, although t h e  re la t ionsh ip  of t h e  green wei 

t o  seed weight d id  approach s ignif icance a t  t h e  5-perc 
l e v e l  ( t ab l e  

Table 2. --Sumnrs of remession ai?alvsae for red DIM at& 

I 
Rep.ssion Standard T w m  or 
cwffioient error of b e f g d f l o w e  

(b) (4.) ( t  
Sb 

D r y  might of 2-0 ee 
on average weight pa 38 
c l r n  seed. 

m e n  mi#ht of Urt 
bundle of 2-1 stook 
aversgo weight per 1,W 3.7907 C .  LL-54 -,I-- Y - 76.57813 + (3.7907\X 
clean seed. 

A ~ r a g o  leadm length of 2-2 
stock on average green weight 0.010796 0.0009699 ll.131* T -  0.6029 
of U-tree burdle of 2-1 stook. 

Average 
af ter  pl 
grwn wt 
Of 2-1 8 

5 p a r s  

ree bundle 

nvarags cocas nugnt 
after planting on av 
grwn might of 14-t 

LU y a m  

r w  bundle 

* Sinniflaant ac zne A-parcmc A ~ V O L ,  chat i s ,  there as rwss cmn A orumm an rw s w r  awn L.W TI 

gnlficance st the 5-percc 

wo$d occi 
IY 

I 

chance. 

Lppmaches rri 

Of course t he  data were obtained from two 
s tudies ,  from d i f f e r en t  samples of stock, were measured w 
di f fe ren t  degrees of accuracy, and were r e l a t ed  only i n  t 
the  sa sd-source col lect ions  were used t o  produce 
stock. e f a c t  t ha t  va r ia t ions  i n  green weights were 
duced by averaging t h e  th ree  groups of see1 
seed source may have a f fec ted  t he  s ens i t i v i t ,  
t i c a l  analysis .  

ha t  
t h e  
re- 

me set 
Thc 

f o r  e 
le stat 

a c  h 
is- 

only t 
.ble t 
I - -  n L _  

a avaf 1 
betweel 
- 2  >-- 

hat ,  with t he  dat, table, 
[A ~ U S S J  o bridge t h e  gap ' I resu 
t h e  L a ~ e  a-cates (seed weight anu ury weight o l  

n seedlings) and i n  Pennsylvani, ten wei 
height growth) , 

sn say - ----- has na 
-LL - 2 - 
U V b B I E I  

nurs er  
and s e  



S.E E D k ' I , . N  G W E:I G H T  & G H'T 

Growth of t h e  seedlings i n  t he  Kane planta t ion was 
meaaured a t  the  end of t h e  f i r s t  growing season, t h e  f i f t h  
growing season, and the  t en th  growing season. Analysis of 
t h e  measurements shows t h a t  t h e  heavier 2-1 plant ing stosk 
consis tent ly  on t h e  best  growth. 

First Growing 'Season 

Measurements of 2,100 t r e e s  i n  t h e  p l a n t a ~ ~ o n  w a r e :  
made i n  t h e  f a l l  of 1937, a t  the  end of t h e  f i r s t  growin8 
season. Leader growth was chosen a s  a b e t t e r  measure of 
height growth than t o t a l  height of seedl ing i n  an  a t t e w t  t c  
eliminate such var iables  a s  depth of  f i e l d  
initial differences i n  length  of nursery-grown 

planti i  
tops. 

ng and 

Measurements were made from the  base of t h e  leader  t c  
t h e  t i p  of t h e  terminal  bud i n  1/10 f ee t ,  estimating t c  
1/100 foo t ,  The f igures  were averaged fo r  each 14.-tree row, 
then they were compared with green weights o U-tree 
bundles before planting,  

~f the  : 

I ,, C1 A regression analysis  was made, based u r r  b r l =  

paired measurements of greep weight and leader  growth. The 
re la t ionship  between green weight and leader  growth war 
marked. The coeff ic ient  of cor re la t ion  was high: nrn = 
0.6750 ( a  value of 0,208 i s  s ign i f ican t  a t  t h e  1-percent 
l e v e l ) ,  , Figure 3 shows how closely  t he  p lo t ted  points,  
showing averages by 10-gram weight e l a s  ses . compared wit1 
the  computed regression l ine 

After 5 Growing S e a s o n s .  

A t  t he  end of t he  f i f t h  growing season, 
of 194.2, t o t a l  height of t he  seedlings was meac 
urement was taken from ground l e v e l  a t  t h e  base 
and was recorded t o  t he  nearest  1/10 foot. Fev 
were more than 5 f e e t  high; so the  records c 
made quickly and accurately,  

i n  t h e  
meas- 

e t r e e ,  
e treer 
h t  werf 

Again regression analysis  showed a s ig ru~lcanr ;  rela- 
t ionship.  Agreement between t he  p lo t ted  point2 
puked regression l i n e  was very close ( f i g ,  4). 

3 and t 



Figure 2. --Samples o f  the  1 4 - t r e e  bundles o f  2 - 1  p l a n t -  
i n g  s t o c k .  The bundles were weighed before  p lant ing .  
The bundle a t  the  l e f t  i s  r e p r e s e n t a t i v e  o f  l n i g e  
p l a n t i n g  s t o c k .  The middle bundle i s  medium s tock ,  
that  on the  r i g h t  smal l .  

After ,  r o  G r . o w i n g  S.eas.ons. 

In the fall of 1947 and the spring of 194.8 measure- 
ments were made of the growth during t h e  first 10 growing 
seasons. Total heights were measured. , 



An extensible measuring pole was used i n  t h i s  meas- 
urement, Measurements Bpere taken t o  the nearest 1/10 foot. 
The density of lower branches and the greater height of the 
t rees  made t h i s  measurement rather  d i f f i cu l t .  Some d i f f i -  
cul ty  was experienced i n  determining average ground l eve l  a t  
the base of the t rees ,  because of the build-up of l i t t e r  and 
i r regular i t ies  i n  the surface, An observer was needed t o  
c a l l  out the  point when the measuring rod reached the  level  
of the top of the  leader, But i n  no cases did errors of 
measurement exceed 3/10 foot f o r  an individual t ree.  

Similar s t a t i s t i c a l  analyses were made to  determine 
the relationship between i n i t i a l  green weight of the  seed- 
l ings and subsequent height growth. Because of the excel- 
l en t  survival, adequate samples could be taken f o r  t h i s  
analysis. The analysis of growth data a t  10 years showed 
that  the relettonehip found a f t e r  one and f ive growing 
seasons s t i l l  held t rue  (f ig .  4)--contrary t o  the  often- 
expressed belief t ha t  i n i t i a l  differences i n  s i ze  of weight: 
of planting stock disappear soon a f t e r  planting. 

: 

R E G R E S S I O N  O F  A V E R A G E  F I R S T - Y E A R  L E A D E R  G R O W T H  

O N  I N I T I A L  G R E E N  W E I G H T  O F  2 - 1  S E E D L I N G  S T O C K  

(BASED ON I S 0  CASES1 

REORESSION EOUATION 

Y - o . s o n o r  + { o . o c o 7 o s ] x  

COEFF I C l E N T  OF CORRELATION 

r 0 . 6 7 5 0  

Figure  3 . - - A  marked c o r r e l a t i o n  was found between l e a d -  
er growth and green  weight  o f  s e e d l i n g s .  



R E G R E S S I O N  O F  A V E R A G E  T O T A L  H E l G H l  A N D  1 0  Y E A R S  

O N  I N I T I A L  r " C C "  W E I G H T  O F  2 - 1  S E E D L I N G  S T C " "  u n c c n  

NUMBERS 

JLn 

D BY EACH) ATE CASES REPRESENTE' (BASED ON 1 5 0  CASES.  BES l D E  P O I N T S  I N D l C ,  

REGRESSION EOUATION:  Y r 7 . 7 5 9 9 2  + [ 0 . 0 1 5 9 ¶ ] ~  
+ ?. 

Y E A R S  

REGRESSION L O U A T I O N :  Y 1 . 3 6 7 0  + ~u.uuarrn 

Figu 
g  
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 re 4. --The c o r r e l a t i o n  between rowth and t h  
r e e n  weight  of t h e  2 - 1  p l a n t i  ock c o n t i n u e  
f t e r  10 growing s e a s o n s .  Note t h e  d i f f e r e n c e  i 
he s l o p e  of t h e  r e g r e s s i o n  l i n e s .  The gap i n  g r o a t  
letween t h e  l a r g e r  p l a n t i n g  s t o c k  and t h e  s m a l l e r  i 
xpec ted  t o  widen a s  t h e  l a r g e r  t r e e s  a t t a i n  dom- 
nance. 

Agreement between plotted points and the regress 
Ljne was good but there was somewhat more sca t te r  a t  the 
year peri!od, although green weight and t o t a l  heights w 
s t i l l  s ignif icant ly related, Even more Fmportant was 
apparent difference i n  degree of slope between the regr 
sion l ines  fo r  the 5-year period and the 10-year period. 
s t a t i s t i c a l  t e s t  for  the  value of l 1 t l 1  proved tha t  this d 
ference i n  slope, or  i n  the coefficient of regression, wa 
r e a l  difference. Computed n t l l  was 2.746, based on 295 
grees of freedom, compared to  a tabular value of 2,592. 

d o n s  a t  5 and 10 years thus showed signif icant  d 
es a t  the 1-percent level.  
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C O N C G U S r I  O N S  

Correlations were found between seed source and 
weight of red pine seed, i n  data made available by the  Lake 
States  Forest Experiment Station. However, because of the  
variations in seed weight within seed-source regions, seed 
weight cannot be used a s  a guide for  identifying seed source. 
Correlations were a l so  found between seed weight and dry 
weight of 2-0 seedlings. 

I n  the t e s t  plantation a t  Kane m e r i m e n t a l  For1 
northwestern Pennsylvania, significant relationships were .. 
found between green weight of 2-1 seedlings and subsequent 
height g~owth i n  the plantation, 

But attempts t o  r e l a t e  growth a t  the Kane plantation 
back t o  the seed sources i n  the Lake States  were unsuccess- 
f u l ,  No correlation could be found between the dry weights 
of 2-0 seedlings reported by the Lake States  Station and the  
green weights of bundles of 2-1 seedlings (grown from the 
same seed collections) tha t  were planted i n  the Kane planta- 
t ion.  

I n  the  Kane plantation study, comparisons of initial 
green weight of red pine seedlings and t h e i r  subsequent 
height growth indicated tha t  red pine t rees  tha t  have an 
early advantage of greater weighb, and thus a re  larger  i n  
over-all s i ze  of shoot and roots, tend t o  grow a t  a greater 
r a t e  during the second 5 years a f t e r  plantation esta  

r ment than during the  f i r s t  5 years. 

i 
Conversely, the growth r a t e  of t rees  i n  the  medium 

and small weight classes tends t o  f a l l  off.  This widens the  
gap jn  s ize  between the upper and lower height classes a t  10 
year$ as  compared t o  5 years. 

Should t h i s  trend continue i n  the future,  
a 1  dominant crop t rees  i n  the plantation w i l l  doubtless be I mostly those tha t  were among the heavier seedlings a 

E 
of planting. With each successive growing season 
larger  t rees  may be expected t o  make the greatest  gain 

With greater t o t a l  height one may a lso  ex 
greater tendency t o  crown expansion and an expressi,,. 
dominance over the smaller t rees .  Up t o  the time of the 10- 
year measurement there had been l i t t l e  competition fo r  grow- 
i ng  space; closure of the lower branches was jus t  begimhw. 
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1 Increasing competition f o r  space above and below ground w i l l  
accelera te  this process of favoring t h e  l a rge r  and more 
vigorous t r ee s  over t he  smaller  and less-rapidly-growing 
t r ee s .  
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