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Introduction.

The great volume of investigations with seeds during the
course of a century have beern with respect to germination.
Numerous and various studies have been carried on in an en-
deavor to determine the effect of a great range of conditions
and materials upon germination. Until recently little has
been done to follow up these forces and stimuli through the
complete period of growth of the resulting plants.

Throuzh a complete study of physiological pre-determination
questions of general and specific environmental conditionms,
ripening, harvesting, storage, physiological influence of par-
ent, various artificial treatments, and amount =nd condition of
initial food suvply, ~re being determined and observed with res-
pect to their individual and relative effects upon growth and
production.

In the case of annuals, the effects of the amount of reserve
food material available for use by the developing embryo last
throughout the physiological growth period of the plant gnd are
readily visible in the several stages of development.

The object of this paper is to present the subjsct of the
initial plant food in the seed, and its effect upon plant growth

and crop nroduction, and to impress the fact of resulting
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differences as conveyed by the data. Other conditions, other
inflﬁenceé ugph'the orowth of the plant, are neither overlooked
- nor disregarded, although only the question of initial reserve
of available plant food is dealt with here.

It is hoped that the importance of this one factor, its
fcwer to create appreciable misleading differences in culture
work aside from influences of environment or treatment, its
value in studying plant growth, and 1ts possible value econ- .
omically will be duly considered.

It is a pleasure here to acknowledge grateful thanks to
Dr. J. W. Shive for valuable suggestions, criticism, and aid
in vlanning and executing the work, and to the various members
of the départmental staff for helpful and timely aid during

the prdgress of the investigation.



History of the study.

Plant growth may by divided, as suggested by Brenchley,
into two definite periods: (a) the first period, the period
during which the plant is regaining that part of its initial
weight lost through respiration, and in this period growth is
apparently very slow. (b) the second period, succeeding the
first period, during which growth is relatively rapid, con-
tinuing throughout the growth period till desiccation sets in.

"The food consumed by seed-producing crops in théir ini~
tial zrowth (56) du;ing germination and prior to their inde-
pendent existence originates in the reserve food stored in the
endosperm'of the seed or in the cotyledons of the embryo plant
within the seed. This reserve food is liberated br enzymatic
reaction in the process of germination. When the roots have
become established in the soil and the chlorophyll-bearing foli-
age has commenced development gbove the ground, the seedling is
enabled to obtain necessary plant food material independent of
reserve food within the seed, Under any conditions, the seed-
lings may continue to draw upon the store of reserve food until
the supply has become e:hausted and merely the non-available seed

residue remains.”
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During a period of approximately 300 years there has been
in 5ractise. acecording to Yokoi (126), seed separation by the
specific gravity method. Within the past 100 years many in-
vestigations have been carried on attemptingfto prove or dis-
prove this method as a general agricultural practise. Although
several investizators of considerable note have produced data
which tend to disprove the theory of the method, the practise in
- agriculture still continues and more recent research displays
favorable results.

According to Clark (12) a quite definite correlation ex-
ists between tpe specific.gravity of a seed and its germination.
Seeds of‘lcw specific gravify do not germinate at all, while
those inka range higher germinate scanfily and in many cases
produce comparatively weak nlants. Seeds of highest specific
gravity, and those of intermediate specific gravity in the case
of oil-bearing seeds, show the highest percentage of germina-~
tion. OUbservations appear to indicate that thnere is a corre-
lation between the svecific gravity of the seed and its vi-
ability; that seeds of a specific gravity reoresentin= the
greatest storage of reserve material are longest lived, and
that seeds of low reserve storage material sconest lose their
vitality. To some extent a correlation appears to exist be-

tween the specific gravity, or the storage'of reserve inaterial,
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of the seed and the vizor of the resulting plant. However,
specific zravity is by mo mears of unfailing reliability in
determining the quality of seeds.

Tollny, (122}, states that previous investigators re-
portine favorably upon seed selection by the specific gravity
method have entirely disregarded the absolute weight of the
seed and have thereby been led into error.

During the past thirty years there nas veen 2z great
volume of investigational work dbne with small grains with
respect to wvields due to difference in weisht of seed. A
very concise and conclusive swmary of tnié work has been com=-
viled by Kiesselbach and Helme (56), in which they ~ive assem-
bled tables and general conclusions. ;

"In general the results indicate: (a) When space-planted
to permit maxirmmum development, a higher individual plant vield
is obtained from large than from small seeds. As an average
for all investisations, this difference amounts to 17 per cent.
This is not to be regarded as an inheritable guality, but rather
as an immediate advantase due to = more vigorous initial growth
resulting from a greater reserve food supply in the seed.ﬁ'

"(b) Wﬁen planted in equal numbers at é rate optimum for
large seed, a lower yield is ébtained from the small tﬁan from
the large seed. As an average'for all investigations this dif-

ference amounts to 12 per cent.. This comparison resclves itself
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in a measure into a rate-of-planting test. The optimum number
of plants, per unit area, from large seeds is too thin for
maximum results from small seeds.”

"(c) When nlanted in erual weights, at a rate optimum for
the large seed, all three grades--large, small, and unselected-=-
vield equally. As an a#erage for all investigations, large and
small seed yielded alike, and the unselected seed yielded 1 per
cent more than ﬁhe large. This also seems to be a mattér of rate
plantinz. The shortaze in yield of plants from small seeds is
overcome by planting a greater number of seeds."

"(d) Waen lizht and heavy seeds (or large and small) ob-
tained from a fanning mill are planted in equal volumes as with
a drill set at a uniform rate, slightly smaller yields are apt
to result from the small seed. As an average for all investi-
zations, this difference amounts to 4 vper cent. The difference
in favor of large or heavy seed as compared with the original
unselected seed is very slizht, and probably so small as to have
little practical significance,---—."

"(e) Whnen large and small seeds are alternated in the row
at the normal plantine rate and grown thus in competition, plants
from the small seeds are re.uced in relative yield as a result of
the competifion. As an average for the two tests bearinr on this

point, the comnetition in favor of the large seeds amounts to
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13 per cent. This suggests a natural elimination (within a mass
variety)of poorly adapted tvpes, which produce unduly small or
1ight-weight seeds."

Cummings (14) found notable differences in numbers and size
of marketable radishes produced from seeds selected and screened
into different grades.

In short, definite and distinct differences have been found
with respect to the effect of seed weisght upomn crop production,
vet no conclusive decision can be made with respect to the use
of this phenomenon in <eneral agriculture.

In order to secure further data on the effect of seed
weisht upon plant zrowth a series of experiments were planned

and the following report vresents the work thus far carried out.



Determinative methods.

Description of these determinative methods awe consistent
with resvect to the use of these methods in the series of ex-

veriments as describea in tnis paper.

Seed weisnts ard seed weight agrades. Seeds of a population

sample were weighed accurately to the tenth of a millizram.
Seed veizht grades were manped on the nopulation curve, the
sections chosen being at definite intervals on the curve, al-
though in some cases the entire samnle was used. The neavi=-
est and li~htest grades of seeds were selected from the re-

srective limits of the vopulation curve.

Germiration. Gérminétion of seeds planted in soil was re-
corded at the time_the seedling protruded through the soil
surface. G&ermination for the sclution cultures was done as‘
follows: Seeds in their seed wei-ht grade groups were soak-
ed several hours in water, and then placed in a moist chamber
to snrout. After smrouting they were placed in théir arade
groups on a serninating net as described by Shive (98), and
when the primary leaves were in evidence were transferred to

the culture containers.
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Cultures. The oreenhouse flats usedbcontained a well mixed,
rich, sandy loam soil five inches deep. The greemhouse ground
beds were six feet sauvare, with a well mixed, rich, sandy loam
s0il ten inches deen and underlaid with sandy gravel. Field
nlantings were made in a gravely loam soil on the resular ex-
perimental plot area. Solution cultures cénsisted of weighed
and measured bottles placed on a rotating table. Tne solutions
used with respect to the buckwheat planfs were Saive's (99)
solution R4Cp during the growfh period up fo tne blooming staze,
and solution RzCg (99) from the blooming staze to maturity.
Solutions were changed at three and one half day intervals

throughout the growth period.

Labeline plants., Each plant was labeled with respect to its
weizht of seed, and similar notes made on a planting location

chart.

Air-dry weizhts. Plants of which air-dry weichts were deter-
mined were placed in paper bazs and allowed to dry under glass
in air of ordinary humidity, during a period of not less than
70 days. The plants were then weirhed to the teﬁth of a gram

or a torsion balance.
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Dry weichts. Plants were dried in an oven during 48 hours at

a temperature of 101 derrees Centigrade, and after cooling in
a moisture-free atmosphere vwere weizhed to the tenth of a

milli~ram.

Green weights. The containers were weighed, their necks file-
marked, and they were them weigned .hen filled to the file mark
with the solution used at a temperature of 21 degrees C. The
rlant navins been placed in erovth position in the culture, the
complete culture was weished. At the end of each growth inter-
val of three and one haif days, each vlant was removed from its
container, the o0ld solution removed, and the new solution, st a
temnerature o 21 degrees C., added, the containers being care-
fully filled to the mark by means of a burette. Then the plants,
their roots having quite thoroughly drained off the old solution,
were replaced, and each entire culture carefully weizned on a
ﬁorsion balance. 3By deducting the weight of the apparatus from
the total weight, the zreern weight of the plant was derived.
There are several factors detracting from the accuracy of tnis

method.

Legaf areas. Leaf area of each plant vas determined by taking

impressions of the leaves upor blue print vmaper and then measur-
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ing the area of the impressions by means of a plarimeter. The
impressions taken at the time of harvest were in accordance with
the usual blue print method. Impressions taken of leaves of
nlants still in culture .were performed as follows: A small
square of blue print paper, notched to allowifor the netiols,
and large enough to 50ver the entirs leaf surface, ﬁas clamned
by means of light wire clips on the under side of each leaf,
with a.sheet of celluloid as reinforcement and protection for
the leaf. After sufficient exposure the papers were treated
according to the usuwal blue print method. Ordinary care in
this oneration leaves the plant alive and free of any aopar-

ent injury to continue its growth durin:s the usual period.
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Relation of seed weight to the
rate of growth and size of

crimson clover plantse.

Seeds of a commercial strain of crimson clover were select-
ed and weighed accurately to the tenth of a milligram and were
then planted in well mixed, screened comnost soil & inches deep
ir flats 15 inches wide and 18 inches long. Three grades of seed
with resnect to weight were planted, five,kseeds of each grade in
each of tnree flats. Thne weivihts of the individual seeds in each
grade were 2.0 mgm., 3.5 mem., and 5.0 ma.

The seeds were planted February 1, 1921, and germination
counts were made rebruary 4. These counts were continued daily
tntil february 7. Of the 15 seeds og‘each grade planted, 8 of the
2.0-mgme. grade, 14 of the 3.0-mgm. gracde, and 13 of the 5.0-m7m.
gr::de germinated. Observations made twice daily showed that the
heavier seeds merminated earlier than did those of lightef weisht.
Similar observations were made from'February 9 to february 12 on
the formation of the first {foliage leaves, which in crimsor clover
consist of si-gle leaflets. The observations showed that the first
appearance of the leaflets followed the same order as did the

sarmination of the seeds, the plants from the heavier seeds nrcduc-



ing the leaflets earlier tnan those from the lishter-weicht seecs.
This is clearlv saown by the data in tabdle 1.

from table 1 it will be observed that the first foliace
leaves of the plants from tne heaviest seed nad nearly all veen
formed before any appeared on the plants from the lishtest seed.
The plants from the medium-weight seed developed the first foliace
leaves errlier than did those from the 1li-htest seed and somewhat
later than those from the heaviest seed. It is thus apparert
that durin- the =ernination of the seeds and durins the early de-
velomment of the plants, all the advantarze was in favor of the
neavier seocds.

The relative growth rates of the plants under observation
were determined by means of three sets of measurements: (a) the
len~th of the vetioles, (b) the len~th and width of the terminal
leaflets (the products of taese two values :"ivinz rise to the so-
called "leaf product” of lcLean (70) who showed that the daily rate
of increase, thrcush 7ro.th, of the totsl leaf product is very‘
nearly nronorticnal to the corresponding rate of increase in sctual
lezf =rea) and (2) the average dry weights of the plarts harvested
at rezular intervals durine the growth period. The zrowth rates of
these nlarts were very slow durin~ the fifst 4 weeks after plarting,
snd durinc tais time no actual mezsurements were made. The Zifth

reek, hovever, marked a very r=2pid increase in the ~rowth rstes.
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Table 1

Number of €irst foliacre leaflets formed by crimson clover
plants grown from seeds of different weignts

Number of plants with first
leaflets formed

Dates of observation

2+0-mym. 3.5 mpgm. 5.0 mgm.

seeds seeds seeds
Pebruary Sececccese 0 1 9
February lo."..'.. 1 ) 8 10
February lleececcses 4 11 11

February 12..ccceees g 13 11
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Leaf measurements were bezun vhen the plants were 4 weeks old, and
were reveated at li-day intervals, at the same time several nlants
from each grade of seed bein~ harvested and their dry wei=hts ob-
taired. The dates of harvestins ard the averawve dry weisghts ner
plant ceorresnondin~ to the differert seed weirht srades are given
ir. table 2. |
\ The data in taole 2 siow that the averaze dry weight of the
plants from the neavier seeds is superior to taat of the plants
from seeds of lizhter weight urtil past the tenth week of »rowth.
At about this neriod in the ~rowth of these mnlants, tae small and
mediumn seed veizhat plants increase in size rmch more rapidly than
do those from the heaﬁv weirht seeds. Tnose from the 1li-~ht seed
veizht nearly equal in sirze those from the heavy seed weicht,
wiaile those from medium seed weicht surmass all others.

ieccordiny to the d ta in table Z, the le:f products of the
nlarts from the seeus of different weimats show a similar relatiom
to each other as do the averawe dry weizhts (s:iovm in table 2} of
the plarts with reswect to the rates of develomnent. Altaouch
showine & mﬁch sreater leaf nroduct at the end of the fourth week
of ~rewth, the plants Irom heanVy weicht seeds do not show the sawme

rate of incresse a

w

do those from medium sndé li~ht vel  ht see:s,
and after the tenth vweek of ~rowt. are surnassed by tiacse from

medium welioht seeds and almost enualled by those from 1°~ht weicht
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Table 2

Av-rage dry weights of crimson clover plants grown from seeds of
different weizhts and harvested at various intervals
during the crowth period.

averace dry weights per plant

Dates of harvesting

2 .0-mgm. 3+ 5=mem. 5.0-mgm.
seeds seeds seeds
om. gm. gne

March 15.eeeceeescss 0.2112 0.2569 0.4063
March 29ceeeescscene 1.019¢ 1.2822 1.9702
April 1.venrsnnnens  BaBETH 4.6500 5.6494
April Z0sssceccccnas 5.9606 8.7917 T=2278
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Table 3

Avera=e leaf nroducts of crimson clover wnlaats zrovr: from seeds
of different weignts

e e

Averaze leaf products

R e e e e e e e e e e e e e e o e

Days after plant- Seed weizht Seed weight seed weight
ing 2.0 mom. 3.5 mame. 5.0 mgm.
28 260 403 5e4
42 2,550 3,6E0 4,713
56 10,718 16,865 19,104
70 34,634 49,567 47,704

£4 49,516 72,711 60,003
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seeds.,

Because of the necessity of harvestinz the remaining plants
at the end of the twelfth week of their growth, it is ot now
possible to state whether the relations between the plants as ndw
conveﬁed by the data obtained will be maintained throughout the

later stazes of srowth to maturity.
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Relation of weirchts of seed to growth

of radish nlants.

a

The seeds were divided irto three weicht orades as follaws:
small, 5.2 to €.5 wmmm.; medium, .5 to 12.5 mem.; large, 12.5 to
20.5 mrm. Plantine vas made Sentember 20, 1421, in a ground bed
of well mixed suandy loam soil. To secure totsl dry wei~hts of
definite crowth irtervals, six harvests vere made ¢f ten nlunts
eaci Irun seeuds of ezch weloit srade, veninning Kovember 15, and
following at six~day intervals. The results are recorded in
table 4, each of the data riven representing an avera;e for ten
plarts.

Prom the data of table 4, it will be observed that, for each
narvest, the averame dry weight yields obtained from the seeds of
the wedium weisht srade are much higher thrcughout than are those
obtained from the li~ht seeds, while the aQerage dry weiznt yields
obtained'from the seeds of the heavy weicht zrade are nearly
double the corresponding yields from the light seeds, and much

superior to those from the seeds of medium weizht.



Table 4

Averare total dry weights of radish plants zrovn from seeds
of different weizhts

fronmass b el ———= eSS e —————

Total dry welights

—— e ———— === =3
Time from nlant- Small seeds Mledium seeds Large seeds
ing to harvest 5.2 to 8.5 mmm. 85 %Yo 12.5 mam. 12.5 to 20.5 mgm.
in days :
”,'15 . g‘rﬂs . gﬂs °

25 0.0416 0.0577 0.0681

31 0.0766 0.1101 0.1369

37 0.1010* 0.1168 0.1678

43 0.165¢€ 0.2013 0.3316

49 0.2325 0.3564 0.4562

55 0.2634 0.5960 0.5576

*average of nine vlants
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A study of plart srowth in relation to
the weicht of seed.

This experimeni includes studies with soybean and buck-
vheat. 3Seeds were accurately weighed to the tenth pf a milli-
gram and were then divided into grades the more easily to com-
pare the measurements obtained from the plants zrown from the
seeds of different weights. The results here briefly indicsted
are based entirely unon ouantitztive plant measurements cornsist-
ing of geramination counts, dry weizhts of tops, ard leaf sreas
vnich were ootained by takinz impressiors of the leavcs upon
blue print naner at resular intervals during the ~rowth period
and .easuring the areas of these imprints by means of the wlani-
meter. Tne main outstanding results of tils study may be brief-

lv indicated as follows:

Sorveans in soil culture. The seeds were divided into srades
as follows: small, €3.0 to 100.0 mwm.; small medium, 100.0 to
110.0 mgm.; large medium, 110.0 to 160.0 mom.; larze, 200.0 to
270.0 m>m. These seeds were planted in the zreenhouse ir a

ground bed of vell-mixed sandy loam soil, the vlar of plantinc
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beines so arranged as to afford practically ecual exposure to all
the wlants. The seeds were planted llay 1€, 1921, and observa-
tions and measurenents .ere continued during the swmmer. All
narvestswere made according to a defirite prearranged plan to
avoid nossible selecticn tendency.

Germinatior as recorded in table & was best with thevmed;um
grade seeds, the neavier and liznter seeds —-eriinating equally
well but much poorer than the medium grade see.s. The earliest
zeraination occurred with the lirhtest weicht seeds, followed
in order by the médium and heaviest seeds, the cotvledons ard
vrimary leaves rancinz in size {see plate 1l.) in the iirect order
of the wei~ht of the seeds.

following the ger=ination of the seeds all the advantaze in
the early develommnent of the »nlants was in favor of those rrovn
from the neavier seeds.

Durirz the early growth period, while the srowth rate is
slow, no plants vere harvested. Commencing Jume 8, harvests
vwere made at recular intervals of 12 days each until July 2€.
Dry weishts of tons ard leaf areuas were obtairel for the plénts
“harvested. Tﬁenty_plants were allowed to zrow to maturity, and
of these, the leaf areas were determined at each regular harvest
neriod. These twenrnty plants were harvested September 1. The
data obtainea ifrom ail the soybean nlants has been reco.~ded in

table €.



Plate 1.

Showing relative size of primary leaves of

g0y bean seedlings grown in soil culture from seeds of

different weights.

Seed weights:-

1.'
20-
3.'
4."
5-"
60-
70-

0.1040 gms.
0.0906
0.1040
0.0907
0.1040
0.1034
0.2240

80-

.=
100.
110-
120.
13.=
140'

0.2240 gms.
0.1039
0.2280
0.0933
0.1026
0.1031
0.0935

150-
16..
17.-
180-
19.-
20.-
210-

0.1031 gms.
0.1020
0.2325
0.1020
0.2330
0,1022
0.2350
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Table 5

Germination of soybean seeds of different weirhts. Total
number of seeds planted in each grade, €l.

Days after Germination counts
plarting Small seeds Medium seeds Larce seeds
83.0 to ¥9.0 99.0 to 1286.0 .128.0 to 270.0
mome meme mgme
6 8 2 1
4 33 13 6
8 58 40 20
9 69 64 41
10 I 76 72

11 74 79 . 74
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Table 6

Average dry weights of tops and average leaf areas of soybean
nlants grovm Irom seeds of different weizhts und
harvested at intervals durineg the zrowth period.

bDry weizhts in gms., leaf areas in sg. cm.

Secd weiont
110-160 mgm.

Seed weignt
100-110 mga.

Seed weizht
83-100 mzm.

Days from Seed weight
nlanting 200-270 - m.
to har-
vest.
2MS S0«CiMe
20 0.3022 b54.1
pe T T 45'7
32 0.6268 121.0
------ l.’.’4~ 09
44 1.3791 324.8
------ 285.0
56 3.6591 89€.8
------ 740.0
68 12.0343 2344 .3
------- 1365.6
104
27.2 2968.5

43.4

g'.'ns. Sq.Cm.

0.2094  40.7
R 44 -9
0.5378 111.2
------ 106 .5

1.0081 285.0
261.4

- - - —

2.5276 673.0

68€.2

6.2494 12€0.4

1380.2

4156.5

TMSe S7eCe
0.1619 31.3
oo 52 4

0.4713 97.9
96.3

0.8275 235.5
262.9

TmS. SQ.Cm.

0.1516 29.1
30.0

0.4277 90.1
84.8

0.7728 213.3
224 .4

2.6809 €06.0 2.1353 637.4

- s o -

708.1

590.4

5.1066 1112.3 7.1960 1592.0

1539.0

45,2 4050.4

------ 1042.4

30.1 2649.6

*--- Average veriodic leaf areas and averaze final dry weight
of tops as determined for plants allowed to grow to

maturity.



Accordinz to the data as recorded in taole ¢, there are
several points sucmested which are worthy of note. During the
early crowth period the advantaze lies with the plants grown
from the heaviest seeds and appears to follow in direct corre-
lation with the weicht of seed planted. This relative advsn-
taze continues up to and slightly beyond the 44th day after
planting, as shown by the averaze dry weights of tops and aver-
age leaf areas of plants harvested at re;ular intervals durin:-
the growth period. J3egimming with the harvest st the 56th day
after planting, there is comsiderable varlation in the growth
rate relation, which nay nossioly be due in part to chanreable
conditions of environment. The averagze dry weishts of tops
and averaze leaf areas of tne plants which were aliowed to grow
to maturity and were harvested on the 104th day after plantin-
vould irdicate that the ~lants from the lizhtest seeds had nracti-
cally overtaken in rowth thé plants from the heaviest seeds, and
that the two medium ~rades had far surpassed both the lichtest and
heusviest. This condition should be expected, since by observation
the nlants =rovn from the heaviest seeds tend to cease rapid growth
much eérlier and to mature somewhat earlier than plants grown from

lizhter see:is.

Buckwheat in soil culture. The plan of this series was similar to
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that of the soybean and the plants were grown under similar condi-
tions with resmect to soil and surroundin~s. The seeds were se-
parated into four wei~nt grades as follows: small! 20 to 23 mim.;
small mecdiuwm, 26 to 27 mgm.; large medivm, 31 to 32 moa.; large

36 to 38 mom.

sermination vas best with tne medium grades, the heaviest and
li~htest seeds rerminating about eoually well but poorer tﬂan the
see.s of the medium irades. The earliest rermination oecurred
vith the li-htest seeds followed in order by the medium and neaviest
seeds, the seeds of tne two med:um grades nolding well together
throurhout the process. The wermination data for this series is
recorded ir taole 7. The ~ermination data for both soybean and buck-
wheat show that the order of germination with respect to the éeeds
of the different weight grades is the exact reverse of thzt for
crimson clover as recorded in a previous study, wherein it was shown
that the heaviest seeds germinated first,. foliowed in order by the
med um and the licat seeds in direct correlation with the weisht of
the seecs.

Seeds were nlanted ilay 20, 1921, and observaticns and measure-
ments made throuznout the wlant ~rowth periocd. Harvests on a sini-
lar nlan to trose made with soybean were made in tnis series berin=-
ning June €, and at following intervals of 10 days each :ntil
July 1&¢. Tne tuwenty plants were allowed to srow to msturity, weve

measured for leaf wrea at each harvest period, and werc harvested



Table 7

Germination of buckwheat seeds of different weights. Total rnumber
of seecds planted in each grade, 49.

.Days after Germination counts
planting
Jinall seeds Small medium Large medium  Large
seeds seads seeds
20.1-22.6 26.3-27.3 31.0-32.1  36.0-38.5
mem. meme. . mame lss 8
4 22 16 16 8
5 24 36 34 29
6 42 46 46* 43
7 a4.** 47 48 43

* One defective
** Mwo defective



July 30. Data showing averaze dry weight of tops and average
-leaf area of plants harvested is recorded in table (.

fne data as recorded in table & seem to indicate merely
that the plants from the heaviest seeds, as shown by the re-
sults obtained at the periodic harvests, maintain a siignt
advantaze in growth over nlants grown from lighter seed weights
throuc-hout tnat portion of tne growth period. This advantage
appears to be greatly increased toward maturity, as is shovn by
the results obtained from the plants which were allowed to con-
tinue their period of growth. These results are not ir exact
conformity vith the e«pected resuits, which would coincide more
closely with results obtained in the soybean series of this

exveriment.
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Table 8

Average dry weizhts of tops and average leaf areas of buckwheat

nlants growvn from seeds of differert weights and
harvested at irtervals during the srovta
period.

bry weizhts in <ms., leaf areas in sq. Ca.

tays from  Seed weiint Seed vweight Seed weisht Seed weight

plantirs 36-38 mia. 31-32 mgm. 26=28 mzm. 20=-23 mme.

to harvest.

1e

28

38

48

58

70

“gMS. S$Q.Cile O9MS. SO.Cle MSe SQe.CMe £MSe S.CMe

0.1741 43.9 0.1666 43.4 0.1179 29.8 0.0960 23.9

----- 46.5  Femmmmm 34,1 PFemmm- 28,6 Fem--m  26.2

1.0541 216.5 0.8932 194.4 0.6659 179.3 0.8702 188.2
------ 281.1  m=me== 139,2 =m=-== 143.,9 ===--- 12¢,1

2.5091 517.1 2.8937 551.3 2.0720 409.0 2.231¢ 469.0
------ 97,9  =—mmm= 401.8 mmmmm= 4G7.9 =-m---  424.2

8.5548 1381.5 4.3861 746.1 4.2561 710.2 5.6767 921.3
------ 1208,0  =mmm== 732.9 =m=me=  830,4 ==-=== 870.6

16.1747 2224.4 15.7965 20€7.1 13.2250 2162.0 8.3318 1028.9

C1.0714 2699.9 14.3111 1449.2 19.6920 1563.7 18.7042 1823.5

*---Average veriodic leaf areas and average final dry weirht
of tops as determined for plants allowed to grov to
maturity.
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A study of plant growth in the field
and its relation to the weicht
of the seed.

This experiment includes studies of the soybean and the |
lima bean. Seeds were weizhed accurately to the tenth of a
milligram and divideé into weisht grades. The weight of each
seed, ut planting, was chartea to avoid later confusion of data.
Plantings were made in hills 4 feet apart each way, 2 seeds of
varying weiznts about 10 inches anart in each hill. Germination
counts were made at the breaking of the cotyledons through the
soil surface. Cultivation was performed by ordinary field
‘methods. Plants were harvested when closely approaching matur-
ity, allowed to air dry, and weivhts obtained by use of a tor-
sion balance. Data used bnly from hills having two living

nlants at the time of harvest.

Lima bean in tue field. Seeds of the so=-called 3urpee's rford-

ook Bush lima were reirhed and divided into the following
weight-grades: 0.7 to 0.8 gms.; 0.8 gmse.; 0.6 to 1.0 gms.; 1.1
to 1.2 gms.; 1.2 to 1.3 ems.; 1.3 to 1.4 oms.

Althoush the data for rate of sermination nas not been here
recorded, in a zeneral way the lizht weiszht seeds germinated
more quickly than the medium and the heavy weicht seeds.

The data saowing air-ury weishts of tovs, of beans, and the

3
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totals, are recorded as averages in table 9.

From the data given in table ¢, it is evident that plant
vroduction conforms directly to weight of seed planted, with
the one excention of the plants from the lishtest seeds here
used. The number of vnlants for tais average was rmuch smaller
than for the others, béing only 7, but aside from tnis there
is no avparert cause or explanation for so great a variation.

The data also convej the ides that the ratio of the av-
eraze air-dry wei:ht of tops to the averare total air-dry
weirht closely anproximuates 56.5 ner cent. This suggests an

e<istiny constant bet.een size of nlant and beans produced.

Scybean in the field.e The seeds were divided into the follow-
in> weight~-grades: small, 10€ to 150 mam.; small medium, 152

to 200 mqm;; large medium, 206 to 249 mzm.; large, 250 to_300‘mg .
Variety here used was the so-called ilanchu.

In this series also, the lightest seeds tended to =zerain-
ate slivatly auicker than the heavy seeds. Notes taken on Qate
o maturity sunzest that possibly the plants from the medium
weizrnt seeds will mature slightly earlier than either tnose
from the heavy or the lisht seeus. The data recorded in table
10 show the averaze air-dry weight of tons in —rams, apd the

ratio of these averages bascd on the averase for tue plarts
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Table 9

Averages of air-dry weights of tops, of beans, and of total
air-dry weights of lima bean plants grown from
seeds of different weights under
field conditions.

Seed weight Average air-dry weights
grades in grams.

Tops Beans Total*

gms. SIS o gmsS e
1.3 to 1.4 oms. 86 76 154*
1.2 to 1.3 ;zms. gl 61 143*
1.1 to 1.2 gms. 78 58 137>
0.8 to 1.0 oms, 77 67 137*
0.7 to 0.8 gms. 96 , 76 .o 172

* These are averages of total air-dry weizhts,
not averages of the sum of the averages of
the partial weights.
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Table 10

Average air-dry weights, with comparative ratios, of tops of
soybean plants grovn from seeds of different
weights under field-conditions.

Seed weight grades Average air-dry Ratios
weiszhts
gms . per cent
250 to 300 mgm. 81 108
206 to 24Y mgm. 117 156
152 to 200 mgm. 103 138

-

108 to 150 m m. 75 100
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from the lightest seed weizht zrade as 100 mer cent.

The data in teble 10 indicate that thé plants grovn: from
the heaviest seeds made c¢nly sligntly greager growth‘than those
from the lightest seeds, while the gre?test grovth was made by
the plants from the large medium seeds, followed closely by
those from the small medium seeds. The greatest percentage ad-
vantaze of the hishest producing nlants, those zrorn from the
large medium seeds, is 56 per cent, while the smallest advan-

tage is 13.5 ner cent.
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A study of plant growth in the
field and its relation to
the weight of the seed.

20lden bantam corn.

Seeds were veighed accurately to the tenth of a milligram
and divided into seed weight grades as follows: small, 150 to
200 mgme; small medium,.ZOO to 250 mgm.; large medium, 250 to
300 mgm.; large, 300 to 350 mgm. These seeds, of the so-called
Golden Bantam variety of corn, were planted in the field
May 16, 1922, in hills of 4 feet apart, 3 seeds in each hill,
seeds e‘inches apart in triangle formation. The seeds were sel-
ected to vary the seed weirht in each hill. Cultivation was
verformed in the usual way of fleld culture.

Germination counts, as made, are recorded in table 11,
showing the total number of nlants germinated at definite ner-
iods after planting.

The data in table 11 show a higher proportion of the seeds
of medium weizht germinated eafly in the germination period, as
compared to the seeis of licht and heavy weight.

On Augsust 3, all marketable ears were harvested and husks
removed. lleasurements were made on each ear to determine
length, greatest diameter, and ¢reen weicht. The husks were

allowed to air dry.



Table 11

Total number of seeds of Golden Bantam corn grovn from seeds
of different weights, germinated at definite per-
iods after planting. :

Fermiration counts

Seed weight _
150 to 200 mgm. 2 5 10 10 12 12 12 14

Seed weizht o
200 to 250 mgm. 6 8 13 15 16 17 17 17

Seed weight :
250 to 300 mgm. 19 24 29 31 32 32 33 © 33

Seed weight
200 to 350 mgm. 2 4 7 7 7 7 7 8

Days after
planting 9 10 11 12 13 14 15 16




- Complete harvest was made August 10, and the plants were
nlaced in large manila bags and allowed to air-éry for a per-
iod of 5 weeks. Air-dry weight determinations were then made
on a torsion bzlance, and the averages with their comparative
ratios for each seed weicht grade, as well as the correspond-
ing data for green wei-hts of ears are recorded in table 12.
Data .is included only for those hills having at least two
plants at the time of harvest.

According to the data in table 12, the average air-dry
weight of stalk and ausk increases with the increase in weight
of seed from which the “lént was grosr. The average green
weight of ears bears a similar respective relation. The ad-
vantage of stalk and husk grown from the heaviest seeds over
those grovm from t1e lizhtest seeds amounts to 20 mer cent.
The similér advantage with respect to green weight of market-
able ears amounts to 28 per cent.

The data in table 13 show the average length of ears, the
average sreatest diameter of ears, and the nercentage of plants
bearinc ears with resnect to thé corn plants grovm. Accordiﬁg-
to this data tas ear measurements vary slizhtly, but in no def-
inite direction. The percentacze of plants bearing ears varies
from 53 per cent with respect to the plants grown from the

lichtest seeds to 100 per cent with resvect to the seeds grown
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Table 12

Averagzes and relative ratios of air-dry weights of stalk
and husk and of oreen weights of marketable ears of
Golden Bantam corn zrovn from seeds of dif-
ferent weizhts.

Seed weight Average air-dry Ratio Average Ratio
grade weight of A weignt
' stalk and husk. of ears
grams. per cent. grams. per cent.
300 to 350 mgm. 115.3 120 133.8 128
250 to 200 mgm. 110.8 115 130.9 125.5 -
200 to 250 mom. 109.7 114 128.5 123

150 to 200 men. 96.2 100 . 104.3 100
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Table 13

Averaze length of ears, average greatest diameter of ears,

and the percentage of plants besring ears with

respect to Golden Bantam corn plants

grovm from seeds of different

weights.
Jeed Averace length  Average great-  Per cent of
weight of ears est diameter plants
grade of ears bearing
ears
Cie Cme per cent.
300 to 350 mom. 16.80 3.72 100
250 to 300 mon. 16,38 3.67 g0
200 to 250 nmymm. 17«10 373 65
150 to 200 mrm. 17402 568 5&
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from the heaviest seeds, the percentages for the plants from
the medium seed weil~ht grades falling between, in the direct

order with resnect to the seed weicht relation.
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The relation of seed weizht to the
growth of buckwheat in

culture solution.

This experiment deals with the relation of seed weicht to
germination, subsequent growth qf thelnlants, and Cron pro-
duction. It is the purpose here to réport_briefly the results
of the éroﬁth of bﬁckwheat plants, (Fbgopyru& esculentum
foensch.) in culture solutions under experimental conditionms,
with resnect to the environmental complex, which were approxi-
mately the same for all tne.plants.

It has long been recognized, of course, that the early
growth and the subsecuent development of plants may be greatly
influenced by the amount and ~uality sf the food muterials
stored in the seed. However, the general principles under-
lying ard coverning this relation are not at all well under-
stood.

It is not the purpose here to consider uriformity in thne

weizht of seeds in relation to the degree of variability of tne

- Paper No.l11l6 of the Journal Series, New Jersey Agricultural
Experiment Station, Department of Plant Paysiolowy.

In 30il Science, Vol. 15; 1927.°
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plants grovn from them but merely to study, from the standpoint
of several guantitative plant measurenents, the growth rates of
the nlants as tnese are influenced by the weizht of the seeds
from which they nr-e grown. It 1s interesting to note, however,
that the results obtained do indicate very definitely that
plarts ~rowr from seeds selected for ﬁniformity in weizht show
markedly less variability than do similar plants grown from

seads not so carefully selected.

ilethods of procedure,

Seeds of a commercial strain of Japanese buclwh:zt were
weighed accurately to the tenth of a milligrem. Of these, fivé
weicht grades of seeds were selected as follows: (1) 40.5 mom.,
(2) 35.5 mom., (3) 32.5 mem., (4) 29.5 mom., and (5) 25 .5 mom.
No seed was used which varied more than 0.4 mzm. from the weight
grade value. Tne seeds selected for each particular grade were
merainated in srade groups or a germinating net as described by
Shive (98 ) and from the relatively large number of seeds gernin-~
ated in each oroup, five seedlings selected for uniformity of
‘size and vigor vwere chosen for the exveriment.

When the cotyledons had fully opened, the seedlings vere

transferred to the culture vessels which consisted of bottles
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havinq'a capacity of approximately 1050 cc. The neck of each
bottle, which was about 4 cm. in diameter, inside measurement,
was file-marked. Each bottle was fitted with a naraffined cork
stopper and marked with the number of the plant assigned to it
and with the seed-weisht grade from which the seedling was sel-
ected. Each bottle with the cork stopper was carefully weighed
empty and azain when filled to the file=-mark with solution at a
temnerature of 21 degrees C4 all such weights being taken care-
fully to the tenth of a gram on a torsion balance. |

For the early physiolozical growth.period, extending from
germination to the flowering stare, Shive's three-salt solution
RyCp was used. Tnis solution was found well adapted for the
erowth of buckwheat (99) and contained the three salts KHpPQy,
Ca (NO 3)2, and MgSU,; in concentrations of 0.0144 m., 0,0052 m.,
and 0.0200 m., respectively. To eacn liter of solution used
was addgd 0.5 mgme of iron in the form of a {reshly prepared
solution of ferréus sulphate.

-After the seedlings were transferred to the culture solu-
tions, the cultures were placed on a rotating table in order to
insure to all the plants similar envirbnmentai conditicns. At
the end of each 3 1/2 day interval tarousghout tne growta period,
th2 cultures were removed from thé rotating tabvles, tne'old s0l-
ution discarded, and the bottles again filled to the file-mark

with new solution at 21 decrees C. Tne cultures were then weich-



ed and returned to the rbtating table. This process was repeat-
ed at the end of éach 3 1/2 day interval. |

At the end of» the seventh growth interval, when the .plants
were in full bloom, Shive's threé-salt solution RzCy was substi-
tuted for that used during the early growth staze. This chanaze
is necessary, accordinge to Saive and Martiﬁ.(loq. in order to
produce optimum ~rowth of buckwheat plants in tiese three-salt
solutions duiring the period from the flowering staie to maturity.

The vplants were harvested after they‘had been in culture
forty-two days and the dry weizht of tons and roots and the leaf
arca of eact vnlant were obtained separately. The leaf areas were
secured by blue-printin~ the fresh leaves and subsequently deter-
minins the areas of taese leaf-prints for each pnlant by means of
the pnlanimeter.

An gttempt was here :ade to obtain the total zreen weizht
(tops and roots) of each plant ét the end of the various growth
intervals throuzhout the entire srowth veriod. At the end of
the orowth intervals, each nlant was removed from its culture
bottle torether with the cork stovper in waich it was mounted,
placed in an emnty container, and allowed to drain  thoroushly.
The old solution was then discarded and the culture bottle fill-
ed to the [“le-mark with new solution at 21 degrees C.; the last

few cubic centimeters of solution being added irom a burette for

the sake of <reater accuracy. The nlants were them replaced and
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each culture accurately weiched to the nearest tenth of a éram
on a torsion balance. By deducting the veizht of the filled
bottle and cork stopper from the total weight, tne apnroximate
ogreen wei~sht of tne plant as well as the increase in weixht from
interval to interval was derived. The method is faulty in some
resvects, in that it does not take into account the weirht of
the solution adherine to the roots after draining; but since the
error thus introduced is arnroximately the same for all the
plants, tne relations indicated bv the ~rreen weisht data thus ob-

tained should not be apnreciable different from the true relations.

Experimental data

Greep weichts. In table 14 are ziven the total green
veichts of the,plaﬁts as.these vere here dérived. Tae first
green weights were taken on tne tenth day after the plants were
placed in the culture solution and at the end of each succeed-
ine 3 1/2 day srowth interval thereafter. The weishts of the
five plants and the averases of these a-~e shown for each seed-
wéiqht rrade.

from the data of table 14 it +ill be observed that the
g~een veisht averages for the plants grovn from the smallest

seeds (22.5 mm. ~rade) are the lowest tarouchout, wnile taose

from the next to the larsest seeds (35.5 mwa. ~rade) are the
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Table 14

Green weight of plants obtained at intervals throughout the
growth period

Gr w

Days in

culture 1lU.C

Seed
welght
40.5
mgme

Averaze

Seed
weight
35.5
mame

Averave

Seed
weight
32.5
mgie

Average

Seed
weight
29.5

meme

Average

Seed
weight
2365
mgme

Average

9.76

24.0
13.0
16.6
12.5

9.8
10.6

12.5

12.0
13.1
11.6
14.5
13.1

12.86

12.7
12.1
10.7
10.4
1409

12.16

27.5

15.5
19.8
14.3
12.1
11.6

14.5

16.0
15.6
15.1
17.0
15.3

15.8

14.2
14.6
14 .4
11.9
16 .9

14 .4

16.1
13.8
11.9
14.3
14.¢€

14.2

12.3
12.8
14.1
11.4
15.5

13.3

21.0

gms
16.0
20.9
15.2
12.6
13.4

15.4

17.0
15.8
16.4
17.5
14.9

16.3

14.7
16.0
14.2
13.7
16.9

15.2

18.1
15.0
13.7
15.8
15.8

15.7

14.3
13.3
16.3
12.4
16.5

14.76

24 .5
oms
16.5
24 .4
16.5
14.5
13.6

17.1

17.4
15.6
17.6
20.7
16.6

17.8

15.9
18.6
15.7
14.7
18.4

16.66

18.8
17.8
14.7
17.8
16.8

17.2

15.4
14 .88
17.1
14.0
1€.8

16.04

28.0

oms
20,0
24.9
17.5
14.6
15.6

18.5

19.6
16.8
18.1
21.7
17.6

18.76

16.4
19.3
17.2
15.9
19.7

17.7

20.3
18.2
15 .3
18.3
16.3

17.7

16.8
15.6
17.1
14.9
21.5

17.2
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highest throughout; the order of superiority of the plants grown
from seeds of different weizht corresponds to the order of seed
weizht, frcm the lowest to the next to the hishest here used.

The plants crown irom the abnormally larce seeds (40.5 :om. grade)
were slizhtly inferior in average green weight throughout to those
grown from the larse medium seeds (35.5 megm. grade).

The aver:ze green weizht data for the plants grown from the
grades of seeds which produced the aighest and the lowest yields
are nlotted to form the gravhs of ficure 1. The gravhs revnresent-
ing the averase green weizht data corresponding to the remaining
three seed-weicht grades are here omitted since they occupy po-
sitions intermediate betveen the two graphs shovm in figure 1,
and do not intersect them at any point.

It is clearly apparent from the sraphs of figure 1 that
the advantac~e, with respect to areen weichts, in favor of the
wlants ~rovm from the heavier seeds over those from the lishter
seelis, is not only maintained throushout the entire growth period
but is also graduall;, thouzh not very greatly, asummented as the
plants becone older. The averaze green weignts of the plants
grown from the heaﬁier seeds were at the first and last :;rowth
intervals'represented on the craphs 13.5 per cent and 17.1 per
cent heavier, reépectively, than were the correspondin: weirnhts

of the plants cro'rn from the li-htest seeds emplioyed.
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Figure 1. Graphs of average green weights of plants
grown in solution cultures from seeds which produced
the highest and lowest yields.,
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Dry weizhts and leaf areas. The absolute dry weizht yields
and the leaf areas of thne mature nlants toretiaer with the aver-
ares of these nplant measnremen£s corresvondinz to each seed-weizht
grade are presented in table 15. The averase dry weizht yields
of tons and tie average learf aress are shown diavramatically in
comparison in figure 2, but all the values are herc expressed
in terms of those corresnonding to the lowest seed-weight gorade
(22.5 mzm.) taken as 1.00.

As is clearly brought out by the diagram of figure 2, the
order of superiority of the plants grown rom the seeds of dif-
ferent weichts, with respect to averaze dry wei~hts of tops,
averaze total dry weisnts, and averare leaf areas, correspords
to the order of serd weizhts from the lowest to the next to the
hivhest, this relation being, therefore, in absolute ggreement
with that of the sreen weisht values. Ko such relation, how-
ever, exists betveen seed wei~hts ard dry weights of roots, al-
thoi~h the seed-weisht xrade cerresponding to the highest aver-
aze ield of tons, total yield, and leaf area corresponds also
to the hichest dry weisht of roots. The average weinsht of tops,
total dry weizat, and leaf area obtained with the seeds ffom
the ni~hest vielding weigzht grade (25.5 msm.) are 20.5 per cent,
1¢9.5 ner cent, and 19.4 ner cent "isher, resvectively, than are
the corresmwondin~ rield values obtained with the seeds frcm the

lowest veizht grade (2...5 mm.).
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Table 15

Dry weights gnd Ieaf areas.

Seed Dry weights in grems. ¢ Leaf area :
wveights:= : 8qe.Cme. 3
in mgmss ‘ - H s
, :__Roots Tcps 3 Total H H

40.5 .1061 1.6615  1.7676 223.1

.1677 2.0950 2.2627 312.2

©.0918 1.5545 1.6463 225.8

.0728 1.2300 1.3028 202.1

.1151 1.1257 1.2408 181.1

Av. .1107 1.5333 1.6440 228.9

35.5 1344 1.4615 1.5959 241.4

.1057 1.6035 1.7092 235.8

.1205 1.6004 1.7209 241.4

.1040 1.7793 1.8833 221.7

1547 1.5026 1.6573 254.9

Av. L1239 1.5895 1.7133 239.0

32.5 .0617 1.4425 1.5042 212.8

©.1250 1.4842 1.6092 226.9

1871 1.6840 1.8111 243 .6

1224 '1.3522 1.4746 221.2

.1066 1.7814 1.8880 245.0

Av. . .1036 1.5489 1.6574 229.9

29.5 1327 1.5057 1.6384 231.8

1164 1.6638 1.7802 236.9

1208 1.4952 1.6160 231.5

) .1294 1.4652 1.5946 227.0

.1175 1.2745 1.3920 170.7

Av. .1234 1.4809 1.6042 219.6

23.5  .0946 1.3567 1.4533 202.6

.0982 1.2040 1.3022 182.6

.1267 1.3590 1.4857 195.3

.0909 0.9260 1.0189 147.5

.1561 1.7540 1.9101 272.9

Av. 1133 1.3163 1.4336 200.2
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Figure 2. Diagram comparing average relative dry
weights with average relative leaf areas of plants

grown from seeds of different weights.
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irternsting ard im~ortint to note that the average
leaf areas are nearly nroportional to the average dry weight
yields of tows, as is anrnarent from the diagraﬁ of figure 2

and from the data of table 15. This is in entire azccord with
the work of McLean (70) and Hildebrandt (49,50); who found that
the leaf areas of soybean plants at the are of four weeks are
anproximately vronortional to the dry weight of stems and leaves.
Since, as is clear from the data of table 15, the total dry
weignts of the buckwheat plants here used are approximately pro-
nortioral to the dry weights of tops, this relation holds also
betieen total d-~y weizht yields (tops and roots) and leaf a-eas.
On the other hand, no such relation is apparent between dry
wei~vnts of roots and lesai areas. This follows, of course, since
there is no defirite correlation vetween the qrowth of tops and
roots of the buckwheat piants here em-loved.

It is to be emphasized, of course, that the data here pre-
sented are too meager and inadenuate to Jjustify arything more
thar sumgestion. Definite conclusions are not warranted and
the purpose o the pavper is acialeved with & ovrief considerstion
of some of the more Important noints which the data have con-

veyed.



Discussion.

The purvose of these studies was to ascertair the effect
of the weizht of the seed upon the growth of the plant. Dur-
ing the progress of the ‘investigations several points of in-
terest have developed.

Although the dry weight method of comparison was used as
a basis, as nas been the cusfom, the parallel measurements of
leaf area and their close approximate relative coincidence to
the relétive dry weivhts huve demonstrated their reliability
as criteria for determining relative growth size of plants.
The leaf area method being appliéable at any time during the
growth of the plant and at any desired time repetition inter-
val for an individual plant, possesses a distinct advantage
over the dry-weisht method.

Green weicht determinations, wher made at short growth
intervals, give'a close approximation to the rate of growth
of plants, but the numerous factors affecting acturacy are
difficult to control.

The quuntitative measurements as determined by the three
methods applied in these experiments, namely, the dry-weizht

method, the leaf-urea method, and the greemn-weight method, in-
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dicate certain gereral conclusions which may be applied to the
plants investisgated,- crimson clover, radish, soybean, buck-
vheat, lima bear, and corn.

In most cases, speed of rermination is greatest with the
lizht seceds, and decreases as the seeds increase in weight.
In the seedling staze a superiority in favor of the »nlants from
heavy secds is evidenced by longer hypoctyl, larger primary
leaves, and more sturdy appearance. IThis apparent superiority
is demonstrated quartitatively by a corresnondirg superiority in
dry weight and leaf area. This superiority is fregquently main-
tained throuchout the physiological growth period of the plant,
until maturity. In some cases the rate of increase in growth
with respect to the plants grown from the heaviest seed weights
is not so great as that of the plants from lighter seeds, and the
earlier superiority of growth is not maintaired. Seed production
appears to be in direct order with the weight of the seed from\
which the plant grew. With respect to the soil cultures the range
of variation in the different seed weight grades does not appear
to bear any relation to the wei-ht value of the grade, but among
the buckwheat plants grown in solution culture, the plants grown
from the medium weicht seeds show much less raflze in variation
than do the plants grown from, the heavy or lizht seeds, as is
demornstrated by the diagram in figure 3. Ir this particular

series it so happens that the seeds producing the greatest crop
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Figure 3. Diagram showing range of variation among

buckwheat plsnts of each seed weight grade when grown

in solutioen culture.
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also produce the most uniform plants.
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Summary

This series of experiments includes studies of crimson
clover, racish, soybean, buckwheat, lims bean and corn in soil
cultures, and of buckwheat in solution cultures. Plants were
grovn from seeds of different weight grades, under experimental
conditions which were anproximately alike for all the plants
with respect to each individual eaperiment.

In general the results indicate:

1. The seecCs of high medium weizht produced better
plants, from the standpoint of several quantitative mlant
measurenents (averages only considered), than did seeds of

lighter weight or abrnormally heavy seeds.

2. The order of superiority of the plants grown from
the heavier seeds over those grown from seeds of lighter weight
corresponds to the order of seed weight, e«cepting the abnore

mally heavy seeds.

3. Under conditions which were approximately the same
for all plants the superiority of those grown from heavier seeds
over those grown from lighter seeds, if this superiority was

maintained to maturity, decreased notably.

4., Leaf areas were approximately proportional to dry

weizhts of tops and to total dry—weiéhts, but no such relation
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was apparent between dry vweights of roots and leaf areas.
True leaf areas, as here determined, may be obtained at

any time during the physiological growth period of the plarnt,

from the seedling stagze to maturity, without affecting the

normal growth of the plant under observation.

5. Vith respect to the lima bean, the éverage air-dry
weignt of beans produced always closely approximates 44% of
the total air-dry weight of tops. Hence the average large
plant will invariably produce a correspondingly greater

crop weight.

6. The producing power of Golden 3antam corn, with re-
spect to number of ears and air-dry weisght of stalk and husk,

varies in the same order as the weight of the seed planted.

7. Germination, in zeneral, takes place more rapidly’
in light seeds than it does in heavy seeds,--with the exception

of the crimson clover seeds, 1n which case the reverse was true.

8. Seeds of a medium weight grade and those only slightly
heavier are superior in germinating power by approximately 8 %

over seeds of very heavy or very lignht weight.
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