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THE FB0BLE3f AHD ASSOMPTIOHS MADS 

Contlimixig oonplalnts aftd* bjr •oyb^an gptumrt «nd «e«d«Mn alibi 

avftr a period of years point to the failure of eome eertified soybean 

•eed to oaintain their Tiability from the date of final certification 

until planting time. Reaeareh in other states shoved that soybeans 

vith moisture percentages esraeeding lU per cent viU decxaase In viabil 

ity under farm handling and storage conditions when air tanperature rises 

in late spring and early sasRsr wmths. Experiments disclosed that the 

factors having the greatest influence on the longevity of soybean seed 

include the foUovingt 1) seed moisture; 2) length of storage; and 

3) tasperature. Most of the previous reseairoh has dealt specifically 

vith one or another of the three factors listed while the other two 

were controlled under laboratory-type or pseudo-farm eonditioxis* 

Similar research has not been done to determine safe moistium per^ 

oentage levels for farm handling and storage under Tennessee conditions* 

Z* THE PROBLEM 

Statement of the problem* The purposes of the study were as 

followst 1) to ascertain whether or not soybean seed having molstuzm 

levels above the standard lU per cent were being cez>tified; and 2) to 

ditemino the influenes of storage under oonditions of seasonal teaq^ra-

ture fluctuations on the viability of certified soybean seed having 



2 

]Bol«ttir« level* of 1U*5 per cent or above at time of final eertifiea* 

tion* 

2ag>ortanee of the etntfar* Soybeans are groen throughout Tennessee 

ae a iMy {Krop, but oonnereial production for beans is largely concentrated 

in the norttaiiestem counties of the state* The acreage harvested for 

beans inorsased 10»<XX) aeres in 1P2U to a record high of 250^000 

acres in 1P5^*^ ^PsderaloState Cooperative Crop Reporting Service 

estimated that 276,000 acres of soybeans were harvested for beans from 

the 1953 Tennessee eirap, which is a 15 per cent increase above the ten-

2 
year average. The 1958 crop of soybeans harvested for beans was re 

ported to have a farm value of $12,323,000 and to rank fifth among 
3 

Tennessee erope. 

Though soybeans harvested for beans rank fifth in eeonomie 

isportanee of all agricultural crops in Tennessee, soybeans vary in 

yanking from second to third in inportance in the ten irastern counties 

idiich produced about ninety per cent of Tennessee's 1958 production as 

shown in Figure 1.^ 

^8* T« Kaieh, et al*, Agrtcultnr^ Trends in Tennessse, Third 
Edition (Tennsisee Departmei^ of Agriculture, Nashville, tenMssee, 
1958), p. So. 

^S. T. Harsh, et al*, Tennessee Soybeyi County Eatiraatee* 1958 
Crop, Federal-State Crop Re^rting Service, Release So. 19^ (iJnited States 
Beptirtoent of Agriculture, Mashville, Tennessee, 1959)* pp« 1*2. 

^Ibld., pp. 1-2. 

^Isawh, et al*, Tennessee Soybean County Estimates. 1958 Crop, 
jloc* Pit. 



U
L
I
I
V
M

R
s
a
f
 
s
m
 

i
t
i
i
i
n
i
i
 

M
I
T
t
^
 

■M
m

 

40
,0

00
 t

o
 5

0,
00

0 
A

cr
es

 
10

,0
00

 t
o

 1
9,

99
9 

A
cr

es
 

2J
 

6,
00

0 
to

 9
,9

99
 A

cr
es

> 
c 
«
•

20
,0

00
 t

o
 3

9,
99

9 
A

cr
es

 

F
IG

U
R

E
 

1 

TH
E 

TE
N 

CO
UN

TI
ES

 I
N

 1
95

8,
 T

HA
T 

PR
OD

UC
ED

 9
0 

PE
R 

CE
NT

 O
F 

TH
E 

27
6,

00
0 

AC
RE

S 
O

F 
SO

YB
EA

N
S 

H
AR

VE
ST

ED
 

FO
R

 B
EA

N
S 

IN
 

TE
N

N
ES

SE
E 



k 

Xhirlng the psrlod of X9hO to X9$9t tiis oereage of Teimeaeoo 

farn land planted for eartlflod soybean seed produetion baa Increased 

fxtMR appxtncliBately 1^500 to sll^tly isore than 3fU00 acres* This 

rapid increase in acreage devoted to certified seed production Indi* 

oates the growing iiq>ortance of the soybean seed crop to the growers 

involved and to the seed trade as a whole. 

Seven of the ten major soybean produeing counties aentiooed 

earlier were among the tea leading counties producing ninety~four jMr 

cent of Tennessee'6 total 3»U00 acres of scqrbeaas harvested as certified 

seed in 19$9 as illustrated in Figure 2. 

Concezaing the problms of decreased viability- of certified soybean 

seed fowod by growers in the state, the Tennessee Seed Certifieatiffla 

Se<piireasnta and Standards as early as lyU? stated that the ms3r1.wBn 

aolstxu'e percentage permiseible for certified soybean seed shall be lii 

per cent* Seed not meeting this requirement were and are subject to 

rejection. fJntil -the present time the Seed Certification Committee of 

the Teonessee Crop laprovanent Associaticui has not recoomeiuisd enforce* 

meat of the moisture requirement for a awmber of reasons, including the 

foUowingt 1) the lack of research to esteblish the spplication of the 

per cent standard to Tennessee farm handling and storage conditions} 

2) the fozmer relatively minor la^rtance of soybeans as a crop in its 

beginning stages of development in Tennessee} and 3) the lack of infor 

mation concendng the moisture levels of seed being certified for cooi-

parison with Its viability at or near planting time (varying in Tennessee 

from about -the last week in April to the second week in i^uly). 
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m THB ASSmfiEWHB 

gtfttwwnt of lUBmimptlona For purpooos of th« atud^i e«rt«la 

aamuy>tlQn8 vore amdo as foUomt 

1) Drlod aaaqplos io cloth baga wore aaod to alaulate tqptimai 

faont atorago eondltiona* 

2) Ihsdrlad taaplaa {Xk»^ par eant «olattti« and aboro) in 

polyatharlmo baga ware uaad to eiamlata axtranaly undaalrabla 

fara atoraga eonditlona. 

3) Bad aaaplaa baan laft aa a chack group In open baaament 

atoraga* viability would have contlnoad to be relatively 

unaltered by length of ataraga (aaaaonal taoparature fluetua-

tlon) tintll the laat teat data of J'une 16» 1958* 

It) Third-floor atoraga of aanplea during the final ten daya of 

atoraga waa liqpeaad to ainolate aeaaonal teiqperature fluetua-

tiona In tranait, on aaed atora fLooraf and in fam storage 

for the period prior to actual planting. 

5) Had aaiaplaa of aaad eontaining laaa than llt*5 par oant 

noiature baan ineludad in final treatawnta and tastay 

viability would hava renainad relatively unchanged by 

length of atoraga and tei^per&ture fluotoation* 

a) With the additional aaauaption that noiature picked up 

by aaed in oloth baga would not have been aufficiant to 

take the noiature level above the apecifiad danger point 

of lU,5 par cent (beeauae of high relative taaaidity of 

atora^ air). 
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The foragolng asBYjeqptlons wwre kimIb ia an effort to ainulate 

farm storage and handling ecmditlgas as nearly as possible. 
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CHAPTER n 

WfWi OF THE XJTERAMI 

ProMrvation of Tiabillty in seed by control aaaaares haa baan 

of interost to people slneo anelent tinaw* Aaong T&rlQ\i8 technlquoa 

UBod ma through tho years uare implication of presexratlYe nateriaXa 

and control ofi 1) seed noiaturej 2) storage temperature|and 3) storage 

relative hrnddity* According to HJu sad )ioCsy> the ancient Indian mthed 

of storing beans ooated with castor oil or wood ashes was found to favor 

slightly the preservation of vigor and viability of soybeans kept at 

room teimperature.^ Houever, the literature reviewed herein will be 

primarily limited to that dealing specifically with seed moisture, 

length of Btorege and temperature* 

X. UTERATHRE CW VIABILITT OF STORED SOIBEAK SEED 

DHDm COmaLl.ED cokditioiis 

Rsastad and Oeddee of Mlaneaeta, using soybssns of various moisture 

eontent eealed in glass Jars and stored at room temperature noted an in-

ereaeed rate of loss in germination as the moisture content wae raised 

from 9»k to 19*1 per cent* Hone of the eamples with moietures in eaoMHUi 

^Ju, Deal and C, HeCey, ̂ igor and Viability in Soybeans," 
Soybean Digest, 9%2Z, dune, 19U9* 

https://COmaLl.ED
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of 13*8 per e«xt were viable after three and one-half aonthe storage*^ 

Robblns and Porter reported that aoTbeans with a nolsture content 

of 30 to 32 per e«at or leea was not redneed In viability by freezing 

for ten hoars at -20 degrees Fahrenheit.^ Therefore, ws would not eoqpeet 

low tesi|>eratare to reduce germination of soybeans under Tennessee storage 

eondltions. 

Brewer and Butt fosad initial seed viability of natural sad 

artificially dried lupine seed (Isguae) to be the property of greatest 

iaportanoe for determining safe storage hufliiditles under eonditlozis of 

tteir esperiments*^ Therefore, seed of highest initial viability showed 

'Uw least deearease in viability at relative humidity levels of 25 to 65 

per eent in an eight-week storage teet* 

fools and Toole condueted studios st Boltsville, Msrylaiid, using 

Borth Carolina grown eoed to measure the interrelationship of temperature 

and swiature of soybean seed in storage*^ Seed sssples haviztg moisture 

Paul B. Kamstad and W* F. Geddes, The ̂ spiratlon and Storage
Behavior of Soyfaeyas (Cniversity of mnnesota Agzlcultural B^riment 
Station, fechnicai Bulletin 156, St* Paul, Mlzmesota, 19U2}, p* 26. 

^ayne A. Bobbins and R. H* Porter, '*Gferminsbility of Sorghum and 
Soybean Seed Exposed to Low Taaperatxires," Journal of the American Society 
of AgrenoBCTi 38i912, October, 19U6. 

Et Brewer and J. L* Butt, "Bygroscopic Equilibrium and Viability 
of Hatural Dried Blue Lupine Seeds," Plwat Physiology, 25>267, February, 
1950. 

B* Toole and V. K« Toole, Relation of Temperature and Seed 
Itolsture to the Viability of Stowd Soybean Seed, Pnlted States Depart-
ment of Agrictature, Circulsr 753 (Washingtoni Government Printing 
Office, 19U6), p. 2. 
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PttVttWiftgM of l8«lj 13»9 and 9*h ware sealed in glass Jars and placed 

in storage ehmbers in February with ten^ratures aaintained at 

86> 50 axwi 36 degrees Fahrenheit.^ Seed of 16.1 per cent aolstnre 
lost Yiabillty extreaely rapidly the first nonth of storafs at 66 degratSi 

but Baintaiiaid good genslnatlon for five aonths at lower storage teafmra-

tares as cfaown in Table Seed of 13*9 per eent natural solstnre lost 

▼lability rapidly after three months of storage at the relatlTsly high 

tesperature of 66 degrees Fahrentoit, but aaintained good geroination 

for five months at lower storage temperatures as shown In Table II.® 

Seed of 9.U per eent aolsture meintaiaed good gerwlnaticn for fire 

moaths at all four temperature storage levels as sfaown in Table XJU,^ 
aosphrles end Ihirst found that the relative hxcaidity ef the 

ataosphsre governs the moistiire content of soybeans to a greater extent 

than air teiqperattnre.^^ 

J. F» Barrington attributes high moisture content of seed as 

being the greatest single eeuee of lose of gervination.^ The ei&ount 

^id. 

"^Ibid.. p. 
8 
Ibid. 

'jMd. 
E. Hnphries and W. M. Hurst« 'Moisture Change in Sens Agri«> 

cultural Products Due to Ataospberie Conditions," Agricultural Engineer'.
lag. I6t9, January-Deeeidber, 1935* 

11J. F. Harrington, Dryi^, Storing, and Packaging Seeds to Ma^toin
Gep»ina1d.on and Vigor, Prooeedi^s of iilwrt Course for ledsnenT^eed Teoh^ 
nology Laisoratozy, State College, Mississippi, 1959), P* 89* 

https://Gep�ina1d.on
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TABLE I 

QERHINATION OF SOYBEANS COMTAININQ X8.1 FER CENT MOISTURE STORED 
FEBRUABI 1, lS3h, AT DOTBREHT TEHPERATUBES* 

Date of 
KexvinatioQ 86® 68® 50® 36® 

Ifarch 13, 153li Ik 93 97 

May 3, 193U 0 96 91 9k 

yane 6, 193k 0 9k 96 9k 

July 10, 193U 0 85 96 

S< H* Toole and T. K» TooXo, Relation of Tenperature and 
Saed Moiature to tl» Viability of Stored Sioybean jSee5« Gtaited States
jDepartn^nt^f li^riculture» Ci^uXar'^^5 (Vaehingtont Government Print-
lr« Office, 19U6), p. U. 

J S' i'i i, f 

ti". 

98 
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fMssjt n 

(SBMmTXOH OF SOZBEAMS ComiHINQ 13.9 FSR CENT MOISTORS STORED 
FBBRUAM 1, 193U, AT DUFEBENT TEHFERATURE8* 

utna ox 

Raxttlnation 86® 68® 50° 36® 

March 13> 193ii 98 99 97 .N. 

Majr 3, 193h 87 99 96 97 

#ane 6, 1^3U UO 97 91 96 

ihay 10, I93I4 0 98 9% 9k 

^rom E* K. Toole ard V» K. Toole^ Relation of Tengeratye and 
Seed Molatnre to the Viability of Stoyd Soybeaio iSaed^ Palted fetatee' 
Departiaent of Agriciatnre, Cinjular 753 (Waahingtont Oovenwent 
Prlntii^g Office, I9J46}, p. 
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TABLE m 

Gj^HZKATXOH OF SOZBSANS OONTAIMUIQ 9.U PER CENT miSTORE STORED 
PEBRUAET 1, 193Ji, AT DIFFERENT TEMPERATORES* 

Date of Storage tenffwraturea 

gersinatioa 86® 68° 90® 36" 

March 13, 193U im — — wm wee 

»gr 3, I93h 97 96 96 98 

<lnne 6, 193l» 98 95 9U 98 

July 10, 193U 96 97 93 9k 

Froa E« R* TooXe and V* K* Toole, Relation ot Teaperature
Seed Moiatnre to the Viability of Sto^d Soy^an See?, ttalted States 
Departaent of Agriculture|ClKsSar 7^3 (Waihlngtoni Ooyemment 
Printing Office* l?i^6)* p. k* 
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of iBoistuxv in BMds affaots many proceasaa which Harrington aunnarised 

as foUowat 

Saad Mciatnra abore U5-60^->G«rBination ooeora 
Seed Moisture abora 16>20^«B8atlng amgr ooeur 
Saad Moisture above 12-lU^-lfoIds grow on and in seed 
Saad Moisture below 8* »Llttle or no Insect activity 
Seed Moisture below It- ^-Sealed storage is safa>^ 

Harrington also supported the finding of Husphrias and Hurst 

that the ]K>lsture content of a given seed depends on the relative 

Inmldityf teaperature having little affect on it. If the relative 

humidity of the air arotind the saad risas^ the saad moisture will rise 

as shown in fabla 27.^ In Table Wf, it can be observed that crop seeds 

high in oil have a lower moisture content in equilibrium with the same 

per e«it relative humidity than crop seeds high in starch and low in oil. 

only axeeptlon being soybeans ehich absorbed moisture at more rapid 
*11 

rate at 90 p«r cent relative humidity than at lower levels. 

XI. IXtERATUHE ON 7IABILITT OF STOItSO SOIBEJUi SEED 

NNDSa DMGONTEQLLED CONOnXONS 

Oatheutt who studied the longevity of aoybean eeed in Illinois* 

reported that umtor uaeontroUed air taiqparatures seed aolature generally 

etabillBad between ten te fourteen per eent regardleae of the moisture at 

^Ibld.. p. 90. 

^Ibld.. p. 91. 
^J. F, Harrington, Drslng. Storing, and Packaging Seeds to 

Maintain ̂ rminatlon and Vigor. iTociee<bjags of Short Course for 
Seedsmen (Seed Tecfa^logy Laboratory* State College, MisEiseippl, 
1959), p. 91. 
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TABLE I? 

ABSORBED IfOISTURE COBTEHT OF FIELD SmO IB l^UXLIBRm WITH 
AIR OF ?ARIOUS REUTITE HUHIDITIES AT BOOM TEMPERATURE 

(APFROZIHATELr 77 DEQRESS FAHREMHEIT, MOISTURE 
CQBIEMT GIVSH 0» A WET BASIS IM PER CEMT)* 

Field crop Relative honidity. per cent 
'a " io loo 

Barley 6,0 8.14 10.0 12.1 ll*.!* 19.5 26.8 

Shelled corn, 
ID 6,24 6.24 10.5 12.9 II4.8 19.1 23.8 

Shelled com, 
UD 6.6 6.14 10.I4 12.9 II4.7 18.9 2l4.6 

llaxMfd It.U 5.6 6.3 7.9 10.0 15.2 2I.I4 

Oats $*1 8.0 9.6 11.8 13.8 18.5 2U.1 

Peanuts 2.6 14.2 5.6 7.2 9.8 13.0 SMS ' 

Rye 7.0 8.7 10.5 12.2 014.6 20.6 26.7 

Sorghos 6.14 8.6 10.5 12.0 15.2 18.8 21.9 

Soybeans 6.5 7.1* 9.3 13.1 16.8 

Wheat (soft 
red winter) 6.3 8.6 10.6 11.9 II4.6 19.7 25.6 

Wheat (hard 
red winter) 6.14 8.5 10.5 12.5 II4.6 19.7 25.0 

•pjrom J» ?♦ Harrington, Drying, Storing, and Packaging Seede 
to Maintfiin Gerniaation and Vigor, Pr^eedings of Short Course for 
SeedanenTSeed Teehnolo^ Laboratory, State College, Mississippi, 
1959), p. n* 
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tlM» iMgionlng of otorago.^^ 6o«d of tho 192$ crop haTing a 1$*! par 
cent nolatnre and a genolnatlon of 92 per eant ctored in an open 

four foot deep bin eaintained their viability of 89 per cent at the 

top and 68 per cent at the bottcan until after the foUoHlng eeed 

planting aeason. Seed of the earn lot atored in eacka, with abundant 

provisiona for natural circtilationa of air^ aaintalned their viability 

of 81i per cent until March 10, 1927, of the second planting aeason, 

while bin atored seed declined in viability to U5 per eent in tcqp of 

bin and 2$ per eent in botton of bin on this date* 

Robertson and lute reported seeds of Wisconsin Black soybeans 

stored in sacks in a dry unheated room in Colorado maintained their 

viability for the first five years, while gemination of wheat, oats 

and barley dropped cmly slightly the first ten years* Com maintained 

viability for five years and cane for seventeen years. This study 

showed that the arid climatic conditions of Colorado were favorable 

to maintenanoe of viability of soybean seed as well as other crop 

Mods used in their experiment. 

Carter and Holaan conducted research work at the Illinois 

station on soybean storage in farm type bins* They found that soybeans 

1^ 
C. H. Oathout, "The Vitality of Soybean Seed as Affected by 

the Storage Conditions and Mechanical Injury," Joiimal of the American 
Society of A|jtronoBar» 2Oi0UU, August, 1928. 

D* W* Robertson, et al», "Germination of Twenty Tear Old 
Wheat, Oats, Barley, Com, Rye, Sorghum and Soybaane," Journal of 
the American Society of Agronany, 35»795» September, 19U3* 
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etoz«d «t lU to 15 por ooat swleture through lato fall and winter loot 

very little quality, bat aerlcme ̂ teiloratlon began ndten the weather 

wersMid The aHtrloit crop can be atozed at nolsturee 13 to lit per 

eent from fall until the following late epring or early aioBner. OeradL-

nation test ehould be made on auch beans ̂ t before planting* Soybeans 

etored at moistures of 12 to 13 per eent are geneselly cafe for at 

leaet a year's storage with little lose in germination. In tests, 

the market grade did not go down until after the second year. Soybeans 

stored at moistureB below 12 per cent are safe from trouble due to 

moisture content at tism of storage* Beans may pick vqp schbs moisture, 

and some accumulation can be eatpeeted in the ui^r part of the bin 

during the winter* Germination was maintainsd until well into the 

meond year* Market beans at ten per eent moieture were held for nearly 

four years in farm type bins without a reduction in grade. 

Burlison, ?an Boren and Hackleman stored soybesns of 11*1 per 

cent moisture in a crib under Illinois farm eonditicms and found that 

peesible germination was maintained at all crib levels from October 

25, 1?J», to i7uly 8, 1P30.^ Highest moistiire content during the 

^^Oesn 0* Carter and Leo E* Holman, Storing Soybewis on the Farm 
(University of Illinois Agricultural Ertension Service,"'CirciilarTf?2, 
Urbana, minois, 1552), P* 5. 

^%bid* 

L. Burlison, et al«. Eleven Years of Soybean l^estlgations 
(University of Illinois Agricultural Ibi^ri^nt Station, Bulletin ii,62, 
Urbana, Illinoie, 15i»0), p. 15U. 
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period tne i3*2 per eemt at the one-foot level below the surface and 

lowest germination of 6U per cent was reported at tbe surface m Juljr 

8» 1930. Test of the $tm seed on August 1» 1931, showed that germina^ 

tion down to the two-foot level had droj^d to ̂ per cent and moisture 

increased to lii»2 per cent* Seed at three and four-foot levels still 

germinated around 90 per cent with moisture ranging frtat 11*0 to 12«5 

per cent* 

Hartwig reported thatt 

Seed stored in several different types of structures 
at the Delta Branch Experiment Station over the past 
several years have consistently maintained their germinatloa 
when these samples were harvested with care and put in storage 
with a moisture content of 13 per cent or less.20 

m. mmkffm on mechahicai. xworx jjsd time of flamtdk} 

AS BEUTED TO VXASZLXTT OF SOfBEAI SEED 

Tbe following review of literature relates to conditions of seed 

quality which nay contribute to the reduction in gemination of soylMan 

seed in storage* The influence of eeed quality was not measured in 

this study. 

Moore reported very little relationship between total germinatioa 

and the per cent of mechanically injured seed by laboratory test.^ 

^^®Edgar E* Hartwig, "Saving Top Quality Soybsan Seed" (Stonevillo, 
mcsissippit United States Begional Soybean Laboratory and Delta Branoh 
Eaqwrinent Station, 1958) (KinBOgn^piMid), p* 3* 

P. Moore, "Harvest with Care," Horth Carolina Agricultural 
Eaqperlnent Station publioation, Reeearch and Faming* 15*3» Summer, 1956. 
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Cmqparisoa of gormlnation in stariXo soil and in field teat abowed a 

dlreet relatlonablp betveett per cent energenee and degree of aeed eoat 

in^jiUT-.^® 

^o^ptarey reported relatively little daittage in gemination to Lee 

ao^jflaeana at 11*2 per cent moieture when nui through the cleaner twice. 

leMver« beginaing with the 1Mrd eleaning tiie beane were seriously 

daaaged.^^ 

Bartwig reported that whenever a high percentage of split soybeans 

resttlt from harvesting, there are many other beana that are injured 

which will not produce vigorous sprouts*^ The eojrbeans are more easily 

injured as the seed Boisture deereasee (See Table A seed noiature 

range of 10 to 13 per cent is a aafe range for haiuillng and storing good 

quality planting seed while operatii^ the combine cylinder at the alowest 

speed to do a good job of threshing. 

TIm of planting studies eondaeted at the Itlssiseippi Delta Braafih 

Ikperinent Station have ehown that Hay plantings of soybeans consistently 

give higher seed yields and produce higher geminating eeed than earlier 

^^Ibid.. p. 3. 

23 
L« M. Huophrey, "Soybean Oerminationt The Effects of Cleaning," 

Soybean Digest, 8i22, August, JShB* 

^^'Hartwig, 0£. eit., p» 1« 
25 
Ibid, 

^ibid. 
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plaatt&gs.$7^ 

If. LIMITATIONS OF HiEflODS STUDIES 

The results of studies in the revisv of literature on the inter-

relationshlp of soybean seed -riahility, moisture and twaperature vhioh 

mere condueted under laboratory controlled conditions vould he most 

applicable to seed storage conditions where either or both the moisture 

or temperature nay he controlled. Information from these studies may 

also be applied in areas whsre either one or both the tenperature and 

relative humidity rwaain at consistent levels for a given period of 

time. Bowever, these data are useful only for general application to 

soybean seed in open air storage in Texmesaae, where wide fluctuations 

in relative humidity and tmaperature exist throughout the year. 

Studies of soybean seed viability under uncontrolled taaperaturo 

and iK>l8ture conditions have been conducted in other states where 

bmeperaturet hsmidity and storage methods are not representative of 

Tennessee. The farm storage studies were conducted with seed held 

throughout the e3q>erlnent in bin type storage in arses vhmv bin 

ing for certification is practiced. In Tennes8ee« eertifisd soy« 

bean seed ere rmnoved from bin type storage during the winter months 

to bs processed and bagged before saa^lss are drawn for certification. 

In suBDuurising previous invsstigationSf it is clsar that there 

is Insufficient research data available which is applicable to Tennessee 

27 
Ibid., p. 1# 
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olimtlQ «oaditions or moA handling Mthoda to Jnatii!^^ tha enforoagwnt 

of tha lit per oent waacimiwi aioisture aUomhle for Tenaaaaee certified 

eeed. 

i. 

-V. 

'■.'-• •-L'- . ■ 

r.' 

• -■ •j'' ■ 
.. '.'v •:. 
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METHODS OF PROCEmSlE 

t«na«88«« ••«d eertirioatioa Inspectore drew a repraaentatlwa 

•aas>I« from each lot of bagged seed of the 1957 crop for eeed analjrsia 

ae a i»rere<DiiBlte to final eertlflcatlon. A total of 80 lots of seed 

were represented* One-half of each official san^le was placed hj the 

Inspector in the standard cloth bag pxesentiy weed for certified seed 

saiq>le8* TMs portion of the saaple was then directed to one of the 

three approved private seed testing laboratories in fennessee for 

analysis* All three of these laboratories participated in making the 

first ecnplete saelysia eaeept for moisture* The ee^;>les were analysed 

by these laboratories for purity* other crop aMds* other varieties* 

ecmmon and noxious weed seeds* and germination. Beta obtained were 

sent to the Taoneasee Crop laqprovmeat Association. 

Ths other one-half of each original official saa^le was placed 

by the inspector in a moisture resistant polyethylene beg of 1*5 ssi* 

thicknesB and sent to the Tennessee Crop Boprovement Association head 

quarters in Sashville* These samples were held in cool open-air storage 

until moisture analysis was made by the "Steinlite" moisture teeter 

teehniqpe. fwenty-one of the test sa]iq}leB had moisture levels of 1U*5 

per cent and above and each was sub-divided into two equal parts for 

further study* 

' S.-' " tr'i. 

V 
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X. GUSSIFICATXON 07 TEST SIB-SAMFLSS 

Ttie flnt part of the twenty-oae test aub-eeaples, referz«d to 

as Group A in the remainder of the thesis^ was air-dried at room 

te^peratture to approximately 8 to 10 per cent moisture and placed in 

cloth bags for storage under open-air conditions* The second part» 

also consisting ef twenty-one sub-saiQ>le6, referred to as Group B in 

the remainder of the thesis» was placed immediately in moisture resistant 

polyethylene bags which ware thsn tightly closed azad sealed with rehber 

bands for open-air storage. 

n. SBflliXflGE OF Xim 

For purposes of use in the remainder of this thesis^ it will be 

convenient to define three terms at this points 

1) Heduced moisture content shall henceforth refer to the 

moistiure content contained in Group A sub-saaples as dried 

at ro<mi tmperature to approximately 8 to 10 per cent 

moisture* 

2} Natural moisture content ehall henceforth refer to the 

moistture content contained in the seed at the time of 

sampling. 

3) Qerminstion tolsnmes shall henoeforth refsr to ths psr-

centego in variation permitted between the geradnstion 

results of two eoimecutlve analysts of reprssentative 

saaplss ef ths sams seed* 
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m. sxfuimTioH op TBrntmam 

Ijaftljeie dAttc for the foregolxig procedure (stage l)» prior to 

final certlfleatlon, ran from February 25 through April 15# 1958. This 

ixrrestigation# then, concerned a total of tuenty-one Batched pairs of 

aaB^les broken into forty-two separate eub-saj^lae for study purposes* 

Stage 2# the first test after stonge* consisted of aoisture 

sad gwnination aiuQyses to detendjw effects of etorai^* These 

BOisture wad gexwination analyses were aade beteeen Kay 5 and ixtm 5# 

1958# after a BinlBuai of forty.«>x)ine days in storage* 

In stage 3# the forty-two sub-saaples were noved on June 5# 1958, 

from the first floor to the third floor of a fiwe-atory brick building 

idiere they were held in open-air storage until June 16. 

Stage U# the second and final teat stage after storage# consisted 

of aioiattire and gemination analyses to determine what further changes 

were taking place after a ainimum of eleven days third-floor open-air 

storage* The aoisture analyses were aade on June 16 and seed of each 

saaple placed in geminators on the earn date. 

XrfMtal tanperature and hnaidity data with coigMurative ̂ tota covering 
26 

the tiae of thie study are given in Table VI. 

The investigation was carried out in the Tennessee Crop XB^roveaent 

Association seed testing laboratory* Moisture and gemination analyses 

28 
edited States Department of Coaraerce, ¥eather Bureau# I<3oal 

Cliaatologlcal Data; Mashville* Tennesseet 1^56 (ftaitional Weather 
Records Center, Asheville, North Carolina# 1939)# PP* 1^* 
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vslng toehalqaM pr»»erib«d In the 9aited States Oepertnent of AgrienX» 

tare's Hanoel for Testing Agricultural and Vegetable Seeds« mre aade 

vith the aesistanoe of Tennessse Crop Lqproreisent Association personnel, 

iriio are experienced In seed analysis. 

17. 8ll£CTX0!f OF STATISTICAL TECHHIQOES 

Correlation regression for statistical analyses as outlined by 

OeorgB W* Snsdeeor was used for eraluatlng tlwse data.^ The 1 per cent 

level of confidence was selected for \ise in the study. 

29 
United States Departaent of Agriculture, Hanual for Testing 

^Utricultural and Vegetable Seeds, A®ricultural Handbook Ko, 30 (Vaiim* 
Ingtoni GovenasBnt Printing Office), pp* 1U6-1S8. 

30
George W. Snedeoor, Stetlstical fetho^. Fourth Edition (Aawet 

The leva State College Press, I9li6), pp. 103-160. 



CHAFfBt XT 

SSFESBfENTAL RESULTS 

tbm aoisturs eenteat of offlQial eortifiod sojrboan tmples 

coUoctod daring tho porlod Fobrunxy 25, 1958, tbrough April 16, 1958, 

are sawaarisod in Tablo fll* As aboim in this table, 39 or 5k per 

cent of tfaa Mventy^teo aaaples contained lU per cent aoieture or leaa. 

Of the reaaining thirty-three aanplea, kS per cent of the total number 

ttDceeded the lit per eeat oartifioatlon aoiature standard allowable. On 

▼ieual inspection there does not appear to be any correlation between 

high aeed moisture and low germination per cent at the tins of aanpling 

as shown in TAble 7n* Seed saiQ>le8 in the low moisture range of 11*0 

to 12*9 per cent were found to germinate between 90 and 95 per east, 

idille taaples in the high aoistiire range of 17.0 to 17*6 per cent were 

fo\md to germinate between 90 and 92 per cent. 

Sight of the eighty certification saaples failed to meet the 

minisum gezwdnaticm standard of 80 per cent. A list of the reascais 

why the supples were of such low germination would apparently include i 

1) moietu:re levels in excess of the standard allowable) 2) meohanioal 

injury due to improper ears at harvesting time) 3) injury due to jjn-

proper handling before saqpling, a^ k) exposure to high tmqperature 

during previous storage inmsdiately after harvesting. 

The Group A sub-samples msintained geminations of 80 per cent 

and above on the first analysis after a minlwtuB of forty-nina days in 

storage with the exseption of one sub-sample. The single exception 
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TAiLE TH 

THE REUTIONSHIP OF MOISTURE AHD QERMINATIOH PERCEUTAGES Of 
72 CERTIFHra SEES SAMPI^S MEETIHG MIKmiM GERMDIATIQM 

Rj^UXEEM^MTS OF 60 PER CEliT* 

Por eont of 
Ifumbor of total Per cent amloturo Per oent gendnatloii 
mmdIm •asflaloa ranao raneo 

9 12 11.0-12.9 90-96 

30 kz 13.0-m.0 80-96 

12 17 ll4.l-llv.it di)-96 

7 10 lit.5-llt.9 8I4—95 

7 10 15.0-15.9 82-95 

It 5 16.0-16.9 82-92 

3 k 17.0-17.6 90-92 

•sight of the original 80 ta^ploa oollaetod did not MMt tho 
BdLidjnai eertiflcatlon gormination standard of 80 por eont* 



 

30 

^ -1, 

A -'•> f 

dMllnsd to ?5 pdz* ooirt aftor rogiaterlng nattiral aolsturo content of 

16.U per cent ae ehoim In colvouie X and l4> Table VIIX. Xn oonpariaoa* 

five of Group B anb-empXea which had retained ii»lsture pereeatages of 

lii.dp Xi(*3* X5*5> X5*9 and X6*8 deeXined in gerodnation percentages to 

63» 7h» 60,^and 76, reepeetiveXr, as ehown in oolunma 7 and 8 of 

Table ?X1I« Stnd^ of the data ihees that theee fire Group B Bub<*eaiqf>le8 

declined below 00 per cwat gersination. flmy^ rsji^reaent ̂ per oent of 

the 0retq> B Bub^aa^es and rataiaed noietures of 1U*3 per cent luui 

abora at the tliae of the first analysis aftsr storage was iapesed. 

On the last analysis datSji dune 16^ l9$Bf following a ainiania 

of sixty-two days in storage for all 8ub-Baii¥>le8, all of the Group A 

Bub-saqpXss (zi^zesenting very favorable storage) naintained gendnatitm 

pei*e«itage8 above 00 per cent with the exeeption of three of the snb-

i. This is shorn in eolunn 6 of Tabls ?III. These three an^ 

having gemination percentages of 76, 7k and 76 had original 

aoisture percentages of l6«3t 16»1» and 17»6) respectively. On the last 

analysia date of duns X6, only six or ai^roximately^per cent of the 

Group B 8ub-S8aq;>les (representing imfavorsble farm storage) naintained 

gemination pereenti^ses above the olniaun ̂ Mirtification requirenant of 

00 per cent (See coltnan 10 of Table VIIX). The six Grocy) B eub-sa^plee 

aaintaining gemination of 00 per cent and above included all of the 

sanples with natural aoisture content of lit.5 to lli.9 per cent except 

for one stibHiaflpls of li^*? per cent. This latter sub-saag^le declined 

to a low gemination of $$ per cent. Xn cellaring the sub-saaple 

above with the six sub-samples naintalning 00 per cent gemination. 
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IfOXSTGRS AMD QERMINATIOlf PMCEMTAGES OF SSXJSCTSD SAMPLES OF SOTRRAM CERTIFIED IK 1958 PBIGR TO
AMD FOLLOWISQ STORAGE FOR SPSCIFISD TIME PERIODS IfllDER DIFIERKKT STORAGE CONDITIOIIS

ORIGIKAL SAMPLES*
Tests conducted
prior to storage
on April 16

April 16 - June |
Stoznge period^

GROUP A SUB-SAMPLES
•Ifuno 5 - Jnne 16
StoraCT perlo<y

April 16 - June 5
Storage period^

GROUP B SUB^SAMPLES*
June 5 - J^une 16
Storage period*

Moisture
per cent

IS

Germination
per wnt

HE

Moisture
per cent

HE

Germination
per cent

Moisture
per cent

HI

Gemination
per cent

iiJolature
per cent

HE

Germination
per cent

Jtolsture
per cent

Germination
per cent

HE W m m JM.
14.5
llt.6
lli.7
lit.7
lii.7
li4.9
II4.9
15.0
15.0
15.2
15.3
15.3
15.7
15.8
16.1
16.3
I6.U
I6.U
17.2
17.2
17.6

90
85
9$
91
8U
92
91
91
86
9$
82
8U
88
88
90
82
92
92
92
90
90

9.2
10.0
8*6

11*0
8.6
7.9
8.7
8.6
10 .li
8.8
9.6
10,8
10.2

11.5
9*2
8.I4
9.8
8.0

10.7
10.U
10*7

87
95
91
96
dU
86
90
86
87
9U
8U
88

91
8h
88
81

91
75
80

87
8U

6.8
8.2
9.1
8.0
8.8
8.2
8.3
8.9
8.0
8.9
8.9
8.2
8.2

7.9
8.0
8.2
8.2
8.3
8.0
8.2
7.9

88

93
98
92
83
92
87
92
8U
97
8U
81
89
89
91
76
90
7h
83
86
76

13.1i
13.7
m.o
13.U
114.6
111.6
lii.O
lli.9
11.8
15.0
lli.3
IU.3
lli.O
114.7
15.U
15.5
15.9
15.9
16.7
16.3
16.8

m
91
96
63
90
93
eu
86
93
7k
80
91
83
69
60
93
51
82
62
76

13.0
12.U
13.U
12.0

Hi.l
13.3
13.5
li4.3
9*h
m.5
13.3
13.it
12,8
lU.O
lit.8
lit.O
llt.9
15.3
16.0
15.U
15.7

85
80

92
87
55
8U
82
79
76
76
71
61
75
65
69
it8
68
23
Hi
25
7

*Origlnal eo^lete easaples taken at time ef eertificatitm* Includes Group A azid Group B sub-sasgiles
togetber*

Portion of original saaqples air-drlod to 8 to 10 per oent moisture and stored in cloth bags in open air,
0Portion of original smplos placed in polyathyleno bags at sampling time and stored with Group A sub-eapplee.
Conditions simulated normal vlntor and sprlzig bagged storage and hanriUng Tennessee.

Conditions aimulated normal late spring and earljr summer bagged storage end hanriHn»g in Tennessee.
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tlw fix 8ub->uq>lM di»olln«d in content within the rimgo of 

12 to 13*^ per eeaty while the eanple with the $$ per Mat germination 

retained a moietiire of lU»l per cent. All of the natural moisture eaaqples 

with retained moistures of ll4*0 and above on Joass 16 had declined below 

do per cent germination, as shown in oolumn 10, Table VIIX* 

A eam>ariBon was made of the germination of Qrov^ A «ad Group B 

soybean Bub-saaqalee* Results are summarised in Figure 3* The Group A 

sub-saaples maintaizMid their viability above miniiBin germination standard 

of 60 per cent with the exoeption of three sub*seaples* These three sub* 

samples, having gemination percentages of 76, 7U and 76, originally con 

tained moistures of 16*3, l6.i^ and 17*6, respectively, as shown in Figure 

3. 

Only six Group B subHSSjqples maintained minimum germination re* 

<iaireaente. These elx sub-esmples had original moisture contents raztging 

fr<m lU«5 to lii.9 per cent. At the eans time, however, one sttb^eaa^le 

within thie original w>isUure range (1U*5 to 1U*9 per cent) deellzied in 

viability from 8U to 5^ per centi 

The other fouzrtean sub^easples in Group B, which declined below 

80 per oent gezvtinatlon, lost viability extremely rapidly as their 

original moistztre content increased from 15*0 to 17*ii per cent* 

When the means of the original moisture percentages and final 

germination pereentages of Group B sub-san^les were compared, it wae 

learned that the correlation (r *0.88) wae highly significant, as 

shown in Table IX. 
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FIGURE 3 

COMPARISON OF GERMINATION PERCENTAGES OF GROUP A AND GROUP B 
SUB-SAMPLES AFTER FINAL STORAGE PERIOD JUNE 16, 

1958, BASED ON NATURAL MOISTURE CONTENT 
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tAMM U 

imsvm ASD CEBMIHATIOH KEAIS AMD PERSENTAQES OF(mOUP B 
SOB-SAMPLES, PRIOR TO AND FOLLQWINO STORAGE 

AHD HANDLIHG TRSATKEETS 

Testa oondaeted prior to Tests conducted after 

storaae on April 16 storaise on JFone 16 
Sanple Moisture Gemlnatloa Moisture Germination 
nsmber per cent per cent per cent per cent 

(1) (2J (3) (U) (5J 

U070 li;,5 90 13.0 85 
505I4 ll;.6 85 12.U 80 
3036 II4.7 9$ 13.u 92 
6018 lli.7 91 12.0 87 
I4O69 H4.7 Bk lU.l 55 
5083 li*.9 92 13.3 8I4 
$036 lli.9 91 13.5 82 
6027 15.0 91 IU.3 79 
5052 15.0 86 9.U 76 
30ii0 15.2 95 ll*.5 76 
50U5 15.3 62 13.3 71 
50I49 15.3 8U 13.1* 61 
5051 15.7 88 12.8 75 
6013 15.8 88 lh.0 65 
503U 16.1 90 lli.8 69 
50U8 16.3 82 lU.O U8 
5035 16.u 92 li4.9 68 
6006 16.u 92 15.3 23 
6011 17.2 92 16.0 lit 
6017 17.2 90 15.U 25 
6012 17.6 90 15.7 7 

Mean 15,6 13.8 63 *» 

** Sigaifieant at the level of oonfideiaee for both the 
correlation between (2) axad {$), and (U) and (5)* 
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analy8«8 of the neans of the first ■oistBre pereeategee 

the final germinatioa peroeatages of the Group B eahoeaaplee dis-

eloeed that the oorrelatlon again iras highly significant (r * ->0.67)• 

Cooiparison of the iseans of the original aoisture percentages 

of the Group A 8uh*eai^lss with the final gemination percentages 

•honed yuit the correlation (r » -O.^U) eat sot significant at the 

lerel of oonilden^ selected for the stadjr* It was, howoTeri slgalfiojRat 

at a lower level of significance* 

^ , T •ijf 

, % .4 \ , • i.-' / . 
'p, ■ .'1 . * 
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SfflMffiT AHD CONCLUSIONS 

Saamary. Appz*03ciinately U6 par oont of the 1957 Tennoseoe 

sojrboan aeed erop was eortlflad with noiaturo oontant in axeoas of 

tba allomiblo Uk par eent aoletura atandard. If an additional *5 

par eaot TOiatura waa paraittad to c<Mqpanaate for poaaible errors in 

aaaipling and noiature analysis, there would still ̂ nra baan 29 par 

cent of the soybean seed being certified at lk*$ per cant noiature 

or aore. 

Soybean seed wito noiature vp to 17*6 par cant after being 

iiald in fara storage in Tannaaaee frcm harvest through the following 

eold winter nonths naintained gemination frcaa 62 to 96 par cant. 

Selected 8ub»aaiqplea of this seed eontimad to naintain good viability 

until the following dune. They had received the following treatnentt 

1} were ranoved from farm storage during ttas winter months) 2) were 

air>dried to 8 to 10 per cent noisture) and 3) were held in open>air 

storage for the entire treatatent period (April 16 •• <ilnns 16, 1958)* 

The results obtained have practical application. For instanea. If 

it became naeessary to harvest high m>i8ture 80jd>ean seed due to un" 

favorable weather conditions in the late fall, the seed could be 

stored ae harveatad and drying could be conpleted in the winter iK>ntha. 

This practice would permit unintarrupted harvesting operation, thereby 

utlliaing labor and machinery nora efficiently. 
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7h« effects of seasonal teag;>erature fluctuation on tte <riability 

ef soybean seed containing 11*#5 per cent aolsture or aboTOf idien stcnred 

under reduced and natural aolsture content as conducted In this study^ 

are di^ndeat upon certain assunptlons* Assuo^tlons vere aade in an 

effort to reproduce conditions as nearly similar to farm storage and 

handling conditions as possible* The assumptions were as followsi 

1) Alr»drled samples In cloth bags (Group A sub-saagples in the 

study) were used to simulate optimum farm storage conditions. 

2) UndrLed samples (lii.^ per cent moisture and above) In 

polyethylene bags (Group B sab-saoples In the study) were 

used to simulate extremely luodeslrable farm storage oon-

dltlMis. 

3) Bad samples been left as a cheek group In open baa«Mnt 

storsge, viability would have oontlnued to be relatively 

unaltered by length of storage (seasonal temperature 

fluctuation) \uitll the laat test date of June 16, 1958* 

k) Third-floor storage of ssaples during the final ten days of 

storsge sinolated sessonal temperature fluotiiatlons in 

transit, on seed store flooie, end in farm storage for the 

period prior to aotusl planting* 

5) Bad ssaplas of seed containing less than XU«5 P«r esat 

aolsture been Included In final treatnenta and tests, 

viability would have renalned relatively unchanged by 

length of storage and tsoperature fluctuation* 
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a) With thu additional aamnqption that noiatnra piektd np 

by aaad in cloth baga (baoaaae of high relatiTo faoaidity 

of etorago air) vouXd not hare boon aufficient to taka 

the noiatnre level above the epeoified danger point of 

lii«5 per oont. 

ill of the Qronp B onb^aanploa with original noiature peroentagoa 

of lU*!? to 16«1 maintained germination within recognised federal toleranee 

on the aeoond test date of May 5 to «hine 195d, exeept one eub^sample 

with m original noiature of lk*7 per cent* In coi^artson, all of the 

ai3r-drled Group A aub-aaqplea of the sane seed maintained germination 

within teatlng tolerance* 

When Qrmip B aub-saaplee with natural moisture were tested for 

the third time on June 15, 1553, only four of the twenty-one sub-eamplea 

maintained germination within toleraiMte* These four eub-eaeq^les main 

taining viability within toleranee ineluded all of the eub-easplea 

with original moietures in fJae pereentage range of ll4*5 to lb*?, exeept 

one Bttb-emaple with an original moisture pereentage of 1U*7 which declined 

to 55 per e«it in germination* Four aub-eai^pleB in the next highest 

original moisture range of lb*? to 15*0 maintained germinatione within 

one to three per eent of testing tolerance* The germination peroentagoa 

of the remaining twelve eub-saaq^les declined very rapidly as the original 

•eed moisture increased froR 15*0 to 17*6 per eent. In compurison, all 

of the air dried Group A eub-saaples of the same seed, ranging in 

original moisture percentages from lb*5 to l6.b maintained genaination 

within testing tolerance. 
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ConcltuBlong* la. tIaw of tlM auisoaptlons Xlmlto iiqpoMd 

and rese«3reh findings prsseated in this study, togethar with th« results 

of other research cited in literature reviewed, the foUoviag general 

oonolusioas are giveni 

1) Soybean seed with original eoisture of 15 per cent and above 

would not appear to aaintain sufficient viability to warrant 

oertlficatioa. 

2) Based on previous research, tl^re would appear to be little 

problea in aaintaining viability of bagged soybean seed in 

fenxMssee with noisture content of Hx per cent or less at 

tins of certification through the first planting season under 

(urdinsry storage and handling conditions* 

3) seed with original noiature percentages ranging 

frcn lU*5 to 15*0 would ̂ pear to be of quostionable or 

even undependable viability. 

k} Soybean aeed rejected for eertificatlon due to aoisture In 

exeoss of Hi.O per cent during the winter nonths, if then 

dried to 10 per eent noiature inaediately following analysis, 

night be reooneidered for certification since viability nay 

be sxj^eted to be naintained through the first planting MMWon* 

5) Xn light of other conclusions and Iweausa of variations in 

Initial viability and {diysical condition of soybean seed 

of individual growers. It would seen appropriate for the 

fennesaee Seed Certification Coradttae to reconsaend eaforoe> 

aant of the present Ih per cent nawimwi moisture standard 
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allowablo before prescribing certification for such ■oybeea 

feed. 
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