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VIABILITY OF STORED SNAP BEAN SEED
AS AFFECTED BY
THRESHING AND PROGESSING INJURY

By Eben H. Toole and Vivian K. Toole
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VIABILITY OF STORED SNAP BEAN SEED AS AF-
FECLTED BY THRESHING AND PROCESSING
INJURY

By Leex I TooLe® principel phpsivlogist, and Viviaxy K. Toore,” plant physicl-
ngisi, Crops Rescureq Divigion, Agricalfural Researell Sorvice

In order to test the influence of various factors on the loss of viabil-
ity of snap bean seeds in storage, a study was made in 1948-52 of seeds
of several varieties. with varions degrees of threshing and processing
mjury, stored under various commercial conditions. The seed lots
used had been evaluated in 1948 and 1949, directly after harvesting
and processing, in a study * of mechanical injury of snap bean seeds
in relation to seed germination and seedling defects. Preliminary
reports on the storage study have appeared in carlier publications.s
Bean harvesting and processing muclllj.nery, and storage problems in
regard to bean seed viability, have not changed since the initiation
of thisstudy. Theinformation provided herein is hasic and applicable
to current problems.

TFour seed companies cooperated, providing storage facilities and
arge bulk Jot of commercially processed seeds and assisting other-
wixsp,?

MATERIAL AND GENERAL METHODS

The seeds used came from 13 of the 50 individual bulk Tots of bean
seed of the 1S crop and the & bulk Jots of the 1949 crop that had been
texted tor threshing and processing damage® The 1948 lols were of
the varieties Black Valentine, Bountiful, Brittlewax, Plentiful, and
Tendergreen: the 1949 lots were of the newer varieties Logan and
Toperop.  (are was faken to select lots of the 1948 erop in which
percentages of njured seeds and also severity of injuries ranged from
low to high.

' Hetired Jauaary 1959,

*Uechnieal nsgistance was received from B. J. Lay amd Elizabeth I4. Tiridge,
fornnervly of the (‘rops Hesearch Division, Agricultural Researel Serviee.

*MaoLe, B, ., TooLe Viviax K., Loav, B and {eowner, JANICE T, ISJURY
TO SEED HEANS NURING THREE:FT" AN erocEssiNe, U.S. Dept. Agr. Cir. 874, 10
pp. illus. 19451

'FooLe, B. H.  EELATION 0F SEED PROCESSING AND OF CONDFITONS DURING STORAGE
TO SRR GERMINATION.  Internntl. Soeed PTesting Assoce. Proe, 3 214225 ilias.
10540,

Toore, K. I, ond Toolk, Viviay K. BELATION OF STORAGE CONDITIUNS 10 GER-
MINATION AND T ABNOGRMAL SERIINGE 0F afaN.  Internatl. Seed Testing Assoc.
Proe 385325320, ilins. 1004,

The comnanies were Associntod Seod Growers, Ine, New Ilaven, Conn,: Cor-
neli Beed (o, Ine. 8b Tewis, Mo Northrop, King & Co., Minneapolis, Minn. ;
and F.OIL Woedrofl & Sons, Tne, Jilford, Conn. Al eantributed sopd and use
of open warehouses, #nd the first- and last-named also provided use of air-con-
ditioned storage rooms.
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2 TECHNICAL BULLFTIN 1213, U.8. DEPT. OF AGRICULTURE

The three general localities in which the seeds used originated, and
the code letters applied to seed lots from the individual areas, are as
follows: Sacramento, Gulif. (C} ; Twin Falls, Idaho (A, D, E,and F);
and Basin, Wyo. (B).

Each bulk lot of seed was divided into bushel lots, of which one was
stored in an open warehouse at the place of origin and others were
shipped in December of the crop year for storage at one or more of three
other locations. Al together, the storage locations represented a wide
range of climate. Tiwo southern storage locations were used, both in
Texas—>Mercedes, in the lower Rio Grande Valley near the winter-
vegetable-producing arvea, and San Antonio, where temperature and
humidity conditions are slightly less severe. Milford, Conn., was used
as representing northeastern coastal localities. At each of these three
locations, seed lots were stored i an open warehouse and also in a room
wlhere some confrol was maintained over air temperature and humidity.
(Such a room is referred to hereafier as o controlled storage.)  Dushel
lots coded A were stored at their place of origin and at Mereedes, San
Antonio, and Milford. Lots coded 13, E, and F were stored at their
places of origin and at Mercedes and San Antonio. Lots coded C and
D were stored at their places of origin and at Mercedes.

The storage period of the 1948 seed totaled +3 months: that of the
1049 seed, 33 monihs.

Temperature and relative humidity were recorded at the Texas
storage places by means of hygrothermographs. Thase instruments
were checked oceasionally by Jocal wenther officers, but it is realized
that the values obtained are only approximate, Means of temperature
and relative humidity prevailing at places of storage ave presented in
table 1.

All ulk lots were sampled by the cooperating seed companies in the
localities of ovigin before bushel lots were shipped. The shipped lots
were sampled when received at the places of storage early in January.

Tanne L—T"em preature and humidity conditions ¢t places of storage

Mean temperalore Mean relative hamidity
Kind and location ! | : ' !
of storage Novem-] Mawx— | s Novem- [ AMay— |
trer— Octa- [ Average! hor- Octo- . Average
. Aprit her | ! Aprit | her
| I :
Cunirolled storage: SF. P FE. 0 ° P Percenl | Pereent | Prrcend
Mureedos, Tex, ... 63 - (63 | G5 . Gl 34 1 &
San Antonia, Tex_. .4 Gy G2 62 - 32 381 35
Open warehouse: ! : . !
Pasin, Wyo_____._. it Gl 13 (5 a7 il
Meoreodes, Texoo o .. T K5 n [ ;Y G2
Milford, Conn__. ... 30 1! 52 . 7l T4 T2
Sacramento, Calif.. a1 ¢ Bl - [HI 75 I 57, G
San Anionjo, Tex. . 6l 0o 70 A7 1 5 57
Twin Falls, Idaho. 63 49 [FLEI 13 57

a5

i Data for Mercedes and San Antonin storages were derived from hygrothermo-

graph records,
U8, Weather Bureau.

Those for the other storages were decived {rom records of the
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Thereafter, all bushel lots were sampled at 3-month intervals. Bach
time, each lot was stirred by hand and a 1-quart sample was drawn
irom it and placed in a moisture can. The samples were shipped by
express to the Plant Industry Station, Beltsville, Md., where their
seed moisture content was determined and they were subjected to
germination tests.

After preliminary checking with oven tests, all moisture determina-
tions were made with a Steinlite moisture meter,

At each testing period, each sample was tested for viability by two
methods. A standard upright-rolled-towel test was made on 8 repli-
cates of 50 seeds each at a 20° and 30° C. daily alternation of tempera-
tures, and « greenhouse test was made on 4 replicates of 100 seeds each
n flats containing a sterilized mixture of muck and sand. The soil
mixture was suitably wetted before the seeds were planted, and water
was added to it as needed about the third day after planting. (ermi-
nation counts were made after 8 days in the rolled-towel test and atter
14 days in the greenhouse fest,

A seed was considered to have germinated only if it produced a
seedling capable of developing into a plant having field value. Be-
canse seed lots producing high proportions of seedlings showing no
defects were to serve as controls for measuring loss of viability in
storage due to harvesting and processing damage, the field-value
seedlmgs were classified into two groups. These were {1) seedlings
showing no defects and (2) seedlings showing slight to moderate
defects,

RESULTS

After the seed lots were stored, about 2 months elapsed before they
reached moisture equilibrium with the storage environment. The
mean molsture content of each seed lot for ench Jocation and each Idnd
of storage is shown in table 2. Each of the tabulaied values repre-
sents 11 or 15 determinations made at 3-month intervals. Alihough
seed moisture content tended to varv slightly according to bean vz riety,
a general pattern of mean seed moisture content aceording to air
humidity is evident for each location and kind of storage.

Significantly higher germination percentages were obiained in the
greenhouse tests than in the roiled-towel tesis. However, the diifer-
ences belween the results oblained Dy the two methods average only
about 2 percent. Accordingly, germinaiion percentages obtained in
the greenhouse tests have been averaged with those obtained in the
rolted-towel tests,

All bulk Jots except 2, it appears, were adequately mixed hefore they
were divided ; for 15 of the 17 bulk lots, the result of the first postship-
ment germination test of each Iot shipped for stornge corresponded
closely with that of the original test. For lot B of variety Lender-
green, the germination value obtained by testing ihe first sample sent
from place of origin exceeded by 10 percent or more that obtained hy
testing any of the first samples taken at other places of slorage or any
subsequent sample taken at the place of origin. Therefore. the arigi-
nal sample did not represent the bushel Jot stored at place of origin or
at any other storage place. TForlot B of variety Bountiful, the gerni-
nation of samples sent from place of origin during the period of stor-




TapLe 2

2. —Mean moisture content of each seed lot for storage period, by location and kind of storage

Mean moisture content- (with standard deviation)t of seed stored as indicated

Crop year and | Lot Loeality of sead Ware- Mercedes, Teox. San Antonio, Tex. Milford, Conn.
bean variety origin house
at place
of origin | Warchouse | Controlled | Warchouse | Controlled |- Warehouse | Controlled
storange storage storage
4
1948 Percent Percent Percent Percent Percent Percent Percent
Black Valen- A Twin Falls, Idaho_ .| 8. 740. 44| 13.34+0. 70| 11 740. 72 11. 1::0. 85 7. 94£0, 52{ 15, 441 771 10. 5:4-0. 67
tinc... . i B Basin, Wyo._..._.__ A ‘)—_{; 34 H T4+ 87 1L O .79 1L 31 197 8 04 . 5dlo oo
C | Saeramento, Calif o __j11 74 1.36; 15, 44 SO P 1 R D S | N (Rt ISR O
B | Busin, Wyo_.oou_o. 0.7+ .53 1L 0103 12,24 .68 1L 741201 7. 94 . 36[ccm oo focnaanain
Bountiful .. ... KC Saeramento, Califo - {11, 54118 14 54 .00 12 74 L O] con i |em e e e e e s e e
D | Twin Falls, Idaho._.] 8. 04 . 65| 14 1 .77 12, 4% . 07 oo e oo mmmmmmmen o [ mea
Ao (< ( T, 0, 44+ 41 1404 .46 12,34 .65 11. 64 .86 8 74 .38 15 241, 44} 11. 44 . 62
Brittlewax. . . _{¢B | Basin, Wyo__.____.- 0.8k .51 14 Tk .36 1234 .07 1L 7L 130 864 37| iaiaaa o
ll) Twin 1‘ alls, Tdaho._ .1 & 04 .48} 14 It .81 12 14 B8l e et e ccmcm e fr e e
Plentiful.. ... AL (4 (TR, 87+ .47 15 5% .66] 11. 44 .73 11,041, 16/ 7.8+ . 37 15.04+1.49( 10. 5% . 60
F. S (& [y T 8 G4 .30 12,6+ .40} 11,5 41} 11. 14 .82] 83+ .25/ 13. 74 .87 10. 6% . 66
Tendergreen. . KB | Basin, Wyo. .. 9,24 .38 1205k .35 11. 3+ 48[ 10. 84 . 85 8 4k . 30|t
D 'I‘wm T‘ dlls, Tdahol__f 85k 41 12 8- 34} 1164 L Ao oo et e e e
Mean oo o en e (2) 13. 8 12,0 11.3 8.2 14. 8 10. 7
1949
Logan {E Pwin Talls, Tdaho. .| 8. 740.20) 13. 7+0. 52) 12 10.63( 1L 6124 8 540 41 oo
HORAI - e [ A T SR 13,54 .69 1244 .78/ 1L 5L 26| 8 7 . 84|. ool oo |emmaoolosio
Tanerols I ..do e 024 16 12,84 L0 T T LBG) T Tk L 60 900 L 20 . e menneaie
L S | L O R Y S 1274 .55 1L 74 .62 124 . 86] 9 14 L 20|-oveocioo it ciins
Mean. ..o i . b Jo ... 180 13,2 12,0 11,3 8.8 et ccefimacmm—eas

1 Bach mean for a 1948 lot represents results of 15 tests at intervals of 3 months; each mean for a 1949 lot represents results of 11

steh tests.

2 For-seed stored in California, Tdaho, and Wyoming, respeetively, moisture content averaged 11.6, 8.7, and 9.5 pereent
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age exceeded from the beginning those of samples sent from other
storages, Including San Antonio controlled storage. It appears that
in this instance the bushel lot held at place of origin was not identical
with those sent to Mercedes and San Antonio.

The seed lots stored at place of origin and those stored under con-
trolled conditions at Milford and San Antonio did not fall in germi-
nation within the 33 or 45 months of the full storage period. (Data
for original germination at place of origin are lacking for the F lats
of Logan and Toperop.) The periods without decrease of germina-
tion in other storage places are shown in table 3. Basic germination
values used in determining these periods were derived by averaging
the germination values of all the samples of lots alike in variety and
ovigiy {for example, the A lots of Black Valentine) that were fested
after storage in the place or places where the germination did not de-
crease within the storage perjod. The number of seeds vepresented
by & basic germination percentage, according to number of storage
places in which the germination did not decrease, is as follows: Three
storages, 38400 seeds; two storages, 25,600 seeds; one storage, 12,800
seeds. The least difference from the basic value that was significant
at the 1-percent level was taken as the standard of significant decresse.

In the warehouse at Mevcedes, seed lots of the five older varieties
decreased in grermination to some extent within 9 months or less and
those of Logan and one of Toperop did so within 15 months or less.
The seeds of Toperop tended to keep longer than those of Logan under
controlled conditions at Mercedes and in the warehouse at San An-
tonio. Seeds of Toperop, on the whole, did not keep quite so long as
those of Black Valentine, Bountitul, and Tendergreen in the con-
trolled storage at Mercedes, hut they resembled” them closely in
response when held in the warehouse at Sau Anfonio. Of the oldar
avieties. Brittlewax and Plentiful decreased in germination sooner
than the others,

Original and busie percentages of scedlings showing no defects and
the perinds of storage without significant change from the basic per-
centnges are given in table 4. Original percentuge of perfect
seedlings differed markedly between lofs within a variety. The ot
producing the greatest original percentage of perfect seedlings among
lots of any one variety was Jikewise the lot highest in original vermina-
tion (fables 3 und 4). Where germination fell, in general it fell less
rapidly for lots that had high original percentages of perfoct seed-
Imgs than for others. Percentage of perfect seedlings decreased
within the storage period. even for seed lots for which pereentage of
field-value secdlings remained unchanged. The time when such a de-
crease first became evident for seed Jots of this category preceded the
end of the experiment by about 12 to 21 months for the 1948 lots and
by alont 15 months for the 1049 lots.

Tt was not always possible to determine by observation wlicther
a deecrense in percentage of perfect seedlings did or did not result
from slight mechanieal injuries to seed =uch as had not manifested
themselves in earlier tests. Some of the defects that appeared in
seedlings produced from stored seed eonld not be positively identified
as caused by mechanical injury to seed but were similar in appearance
to defects known to have been so caused.




Tasre 3.—0riginal and basic germination of secd lots and the periods of storage (measured in S-month intervals)
before germination decreased, by location and kind of storage inwhich it decreased

Period of storage without significant decrease
Lenst of germination
difference
Original Basie from basic
Variety Lot germina- | germini- | germination Mercedes, Tex,
tion tion ! signifieant San Antonio, Milford,
at I-percent Tex., Comnn,,
level Warehouse | Controlled | warehouse | warehouse
storage
Percent Percent Percen Months Months Months Months
{ A 83 83 (3) 3.9 6 30 27 33
Black Valentine~ ..o .._.__.. i B 77 70 (2) 6.2 6 30 27 ool lecenss
G 95 95 (1) 3.0 6 P2 2 [N M
B 78 80 (2) 5.0 3 30 Y I P
Bountiful . .o ¢ 94 94 (1) 4.3 6 33 | e
D 89 87 (lg 4,7 3 p.Z: S P SN FU I
' A 93 92 (3 4.0 6 15 15 21
Brittlewax. oo B 75 78 (2) 3.7 3 3 [
D 85 84 (1) 4.5 0 12 | il
Plentifulo ..o L. Wmieaia A 91 01 (3) 2.5 3 18 9 39
A 92 03.(3) 2.5 6 33 27 36
Tendergréen. .o cvaceno- B 75 63 (2) 5.2 3 9 by N I,
D 83 80 (1) 6.5 6 B30 | sl
Logan .o e . { K 61 60 (2) 6.3 12 24 18 oo
| S 71 (4} G. 4 3 12 |3 I P,
L OPCrOP e e e ccm e e { B 76 7 (2) 6.3 15 27 P A I
N S 83 (4) 4.5 12 27 24 [T TITTCC

. ! Average of mean germination percentages for storages in which germination did not-deerease svithin the storage period. Numbers
in parentheses indicate these storages as follows: 1, place of origin; 2, place of origin and San Antonio controlled storage; 3, place of
origin and Milford and San. Antonio controlled storages; 4, San Antonio controlled storage.
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Tasre 4.—Qriginal and basic percentages of scedlings showing no defects produced in germination tests and the
periods of storage hefore decrease from the basic percentages occurred, by location and kind of storage

Period of storage without significant deerease in percentage of
Least dif- seedlings showing no defects

Original ' | Basic per-{ ference .

percentigel centage of § from basie
Variety of scedlings) secdlings | percentage Mercedes, Tex. | San Antonio, Tex.| Milford, Conn.
showing | showing no| significant| Wire-
no defeets | defects * | ab 1-per- | house at
cent level | place of | Wire- Con- Ware- Con- Ware- Con-
origin house | trolled | Pouse | trolled | house | trolled
storuge storage storage

Percent | Months | Months | Months | Months | Months | Months | Month 34
7 j 2 2

63 (3) . 29 30 4

Bluaek Valentine i 61 (3) 11. 37 30 j 27
85 (1) 143 27 3 24

: 506 47 (2) 3.73 ® i 18
Bouuatiful ) 85 (1) 9. 57 33 24

72 (1 0. 86 30 . 27
76 (3 5. 39 30 : 9
Brittlewnx 5 50 (3 .32 6
: 67 (1 193 4 12
Plentiful ; 72 (3) .81 3¢ 18
5 76 (3) 11, 63 : 24
30 (3) 12, 22 24
. 52 E.l) .20 _ 24
_ 3. 30 (3) 9,16 ] 1
Logan { 39 (2) 13 37 ' 15
g , 49 (3) 7.25 15
Toperop { , 53 (2) 17, 42 | 24 24

aads NvId dVNS qd¥0Ls 40 XIITISVIA

! The basic percentage for a given lot of seed was derived by averaging the pereentages of such scedlings obtained in the first 12
months’ tests of seed stored at places indieated in parentheses us follows: I, place of origin; 2, controlled storage at San Antonio; 3, place
of origin and controlled storage wt San Antonio.

2 No ehange,
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Minimum germination standards established under the ¥Federal
Seed Act S for vegetable seeds offered for sale in interstate commerce
are 70 percent for Logan and Toporop, 75 percent for the other
bean varieties used in this study. The rates at which seed lots
having basic germination percentages of more than 80 fell below the
minimum germination standards at Mercedes and in the warehouses
at Milford and San Antonio are shown in table 5.

TasLe 5.—Basic germination of 9 bean seed lots ' of 6 varieties and
the periods of storage (measured in S-month intervals) before ger-
mination fell below the minimum standard, by location and kind of
storage

i
- Period of storage without decrease
of germination helow the minimum

¢ i
1
o
i staundard ?
! Busie
Variety | Lot | germi- | Mercedes, Tex | San An-
nation tanio, Milford,
! ! j Tex., | Conn,
; : Ware- Con- ware- | ware-
i i house | trollet | housc house
: ; sloragn
! : i -
l Pereent | Months |, Months | Months : Months
_ . AL 53 0 39 30 36
Black Valentine_ .. ___._ i{c—-—-i 05 2 I (:qu % _______ 1 _________
. HO - ot 12 - 3¢ -
Bountiful - - oome oo {5 4 e
ountifu ; II\)”“- ‘S}:; ? ; jg i...___l__.'_!__.__.:](_}
Brittlewax-_____,___-__5{ mo o i =i L '

! AT 8 3! 27 L e
Plentiful o __._ ... . .00 Al a1 12 391 36
Tendergreen_ .. .. ... CAL HER 12, 420 335 42
TOPErOD o cee e e L 83 i

I O N 30 -

!t The lots excluded (rom this tabie nre those the basic germination pereentages
of which were 80 or logs.

2 For Black Valentine, Bountiful, Brittlewax, Plentilnl, and Tendergreen, 75
percent; for Toperop, 70 percent.

* Germioaiion did not fall below the minimum standard within the storage
period,

SUMMARY

Snap bean seed from 13 bulk lots of 5 varieties harvested in 1048
and cotnmercially processed were stored for 45 months in open ware-
houses in the localities of California, Idaho, and Wyoming where
the seed had originated and also in open warehouses and controlled
storages at 1 or more of 3 other Jocations—Mercedes and San Antonio,
Tex., and Milford, Conun. The varieties represented were Black
Valentine, Bountiful, Brittlewax, Plentiful, and Tendergreen. Seed
from two commercially processed bulk lots each of the newer varieties
Logan and Toperop, harvested in 1949, were stored for 33 months

SGRITED STATES AGRICCLTURAL MARKETING SERVICE, HULES AND REGULATIONS
UNDER THE FEDERAL BEED ACT. Service and Regulatory Announcements Ne. 150,
65 pp. Amended. 1956,
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in open warehouses at the place of origin and also in the warehouses
and controlled storages in Texas. Moisture and germination tests of
all the seed lots were made at the beginning of the storage period
and at 3-month intervals thereaiter. Lots producing high propor-
tions of secdlings showing no defects served as controis for messur-
ing loss of viubility in storage due to harvesting and processing
damage.

No seed lot showed a significant change of germination percentage
during the entire period of storage at the place of origin or in the
controlled storage at Milford or that at San Antonio.

All lots deteriorated rapidly in the open warchouse at Mercedes,
where temperature and humidity were high. Seeds remained viable
niuch longer in the Mercedes controlled storage, the San Antonio open
warehouse, and the DMilford open warehouse than in the open
warehouse at Mercedes.

Seeds of the varieties Brittlewax and Plentiful deteriorated more
quickly than any others.

The lot producing the greatest original percentage of perfect seed-
lings among lots of any one variety wus likewise the lot highest in
original germination. Where germination fell, in general it Tell less
rapidly Tor lots that had high original percentages of perfect
seedlings than for others of the same variety,

Percentage of perfect seedlings decreased within the stora ge period,
even for seed Jots for which percentage of field-value seedlings
remained unchanged.
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