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INTRODUCTION 

Seeds for planting purposes often must be transported long dis
tances from place of production to place of use, and at times it becomes 
desirable to hold the seed from one season to the next. Although 
there are many records of the longevity of various types of seeds, 
there has not been available sufficient information as to the factors 
influencing longevity on which to base definite recommendation of 
conditions for shipment and storage of seeds. The fact that large 
quantities of the seed of Che,vings fescue (Festuca l'ubra var. com
mutata Gaud.) received in tIns country from Ne,v Zealand have been 
of no planting value because of low gernlination led to an interest in 
the longevity and best storage conditions for this seed in a general 
studv of the fundamental factors affecting longevity of seeds. 

The amount of seed of poor quality received during some seasons 
and the variation in the qunlity of seed of different years are shown in 
table 1. Importations of 1932 and 1934 had a larger quantity of seed 
of low germination than those of 1933 and 1935. 

It seemed desirable to determine the storage factors that influence 
the longevity of fescue seed. N. R. Foy. seed analyst of the Plant 
Research Station of New Zealand, had previously initiated a study of 
the best conditions for the shipment of the seed. overseas, in which the 
Division of Seed Investigations, Bureau of Plant Industry, cooperated 
by making moisture and germination tests of the seed upon receipt 
in this country. The seed received from Foy in his shipping experi
ments was stored under different conditions, and germination tests 
were made at intervil.ls to determine the loss of viability. More tests 

I Submitted lor publlcation July 8, 1938. 
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3 LONGEVITY OF CHEWINGS FESC"CE SEED 

were undertaken on recently harvested seed to determine more 
definitely the effect of moisture content of seed and of temperature of 
storage on the via.bility of fescue seed. For this purpose, seed was 
raised at the Arlington Experiment Farm, Arlington, Va., and in 
addition commercial seed raised in Oregon was obtained through the 
courtesy of H. A. Schoth, of the Division of Fora.ge Crops and Dis
eases, Bureau of Plant Industry; 

HISTORICAL REVIEW 

A great deal has been published 011 the longevity of crop seeds, but 
III most cases the conditions of storage were not controlled. Hein
rich 2 made a stu-iy of the factors influencing the keeping of seads and 
gives moisture and temperature as the prime factors in the storage of 
seeds. He states that the ability of seed to withstand higher tem
peratures is dependent on the water content. Rye stored at 30° C. 
with a moisture content of 5 percent germinated 94 percent at the 
end of .69 weeks; with 15 percent moisture it germinated less than 3 
percent after 32 weeks; and with 22 percent moisture it showed no 
germination at the end of 2 weeks. 

Simpson 3 has shown a definite Telation between the moisture con
tent of cottonseed during storage and the ra.pidity of deterioration. 
Upland cottonseed stored with from 8.75 to 13.78 percent moisture 
lost viability quickly when the moisture in the seed remained above 
10 percent. 

Foy ~ in 1925 called attention to the yu,riatioll in the quality of the 
seed of New Zealand Chewings fescue from season to season and also 
to some of the problems involved in the exporting of this seed. In a 
later publication, Foy 5 stated that seed v,'ith a moisture content of 
] 3 percent stored at 40° C. in the laboratory lost over 20 percent in 
gennination in 7 days. In the same period the germination capacity 
of seed with a moisture content of 20 percent had fallen almost 30 
percent. He contends that the hold temperu.tures of ships probably 
exceed 40°. In this publicu,tion he gives a detailed account of ship
ping experiments cu,Tried on in cooperu.tion with the Official Seed 
Testing Station, Cambridge, England, and with the Division of Seed 
Investigations, I1ureau of Plant Industry. 

In cooperu.tion ,dth the Cambridge station, Foy found that dried 
sec' ~ "hipped in n lined bng lost YeTy little in compn.rison with dried 
seo';d shipped in an unlined bng. In a.nother e:\.-perimental shipment 
he showed tha.t seed dried tf' 6 percent did not lose during transit, 
and dried to 9 percent the IJSS wn.s sen.reely significant. Seed from 
the same bulk but undried, having n moisture content of 15 percent, 
lost pru.eticn.lly the same whether shipped in cool storu.ge or hold stor
a.ge. The seed for this experimentnl shipment was cut at three 
stages of maturity: Barely ripe, ripe, nnd overripe. "Then seed 
having a moisture content of] 4 pe,'cent was shipped either in ordinary 
hold or in cool stol'l1ge there was a deleterious efl'ect of larly cutting. 
1fllnurin.1 treatment of plots did not aJl'ect results. 

2 HEISRICIf, MARTIN. DEll EI!>FLI'SS DEI< 1.I·YTFlWCIITIGHEIT, DER ",XUME l'!>ll DES SH'ER8Tons DICit 
I.UFT AUF LAGERNIlI!H SAATGt:T. l~!l.ldw. \·,'rll • Stll. 81; [28I1J-3i6, ilIlls. WI:! • 

• SIMPSON, D. M. ltELATION OF MOI8Tl'Il~: C'ONTF.!>T ANIl METIIOU or STORAGE TO llETEII10RnlON OF 
STORED COTTONSEEll, Jour. Agr. H(·s~!lrl'h 50: 44!Hr.r., ilIus. 19:15. 

~ Fo'r, NJo:L.90N R. CJIEWJ~GS Jo"}·;!i(,l"IZ. UlSTOltY, t<.E£J)·J·Itonl"(,11O~! AS'D SEED-EXPORT PItOULEY.S. New 
Zeal. Jour. Agr. a!: 3!j{j-3iO, fIIus. 19~.'l • 

• Foy, N. H. llETERIOItAT/O!> PltOlIl.I:MS I" !>F;\\' ZEAI.ANI) rm;\\'I!>r;s n:~Ct'E, Xc\\' ZcaL Jour, ."-gr. 40; 
10-24. 1034. 
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In cooperation with the Division of Seed Investigations, Foy showed 
that seed shipped in cool stomge lost no more during transit'than the 
controls in New Zealand, but under ordinary hold storage the seed 
lost 18 percent more during transit than the New Zealand control. 
A later experiment to ascertain the effect of cool storage showed only 
slight differences between cool storage and hold-stowed lots, which he 
attributed to the superior quality of-that particular crop. An experi
ment to compare the behavior of stook and stack-threshed seed and 
t.he eff~c.t of drying and shipping in sealed containers showed very 
httle dIfferences between the stook and stack-threshed seed, and in 
every case the dried lots carried better than the undried lots. 

METHODS 

In the writers' experiments an attempt was made to control the 
storage temperature of all the seed, except that placed at room tem
perature, and to control the moisture of the seed by storing it in sealed 
'Containers. In order to have samples with different moisture contents, 
from one large original bulk, the moisture content of individual 
samples was raised by placing a piece of absorbent cotton with a 
weighed amount of water in the sealed jar with the seed but not in 
direct contact with the seed; the moisture content was lowered on a 
sample of seed by allowing the seed to dry out in a heated room. 

If the moisture content was raised, the moisture determination 6 

was not made until a sufficient length of time had intervened for the 
seed to absorb the added water. Otberwise the moisture determina
tion was made at the time the seed was placed in sealed jars for storage. 

The sealed jars containing the seed were placed in thermostatically 
controlled chambers at temperatures of -10°, 2°, 10°, 20°, and 30° C. 
In some cases the seed was stored at room temperature in the con
tainer in which it was received. 

All germination tests were made by placing 100 seeds on moistened 
paper toweling in Petri dishes at an alternating temperature of 15° 
to 25° C. All tests were made in quadruplicate and were continued 
for 21 days,7 

EXPERIMENTS 

SEED SHIPPED OVERSEAS UNDER COOL STOnAG~; 

A shipment of three I-bushel sacks of seed from New Zealand was 
received February 10, 1933. One lined sack (sample 751444) and 
one ordinary sack (sample 751445) were shipped in cool storage, and 
one ordinary sack (sample 751446) in the hold of the ship. The 
effect of conditions dming shipment has been reported by Foy.8 
On February 11, 1933, seed from each bulk was stored in sealed jars 
in the laboratory and in thermostatically controlled chambers at 
temperatures of -10°, 2°, 10°, 20°, and 300 C. A moisture test of 
the seed was made at this date. Another portion of the three bulks 
was allowed to dry out in the laboratory until April 19, 1933, when 
moisture tests were made and the seed. was placed in storage in a 
cloth bag in the laboratory and in sealed jars at the five temperatures 
listed above. The percentage of germination and moisture content 

• The moisture content or the seed WIlS determined by D, A, Colcmnu, Orain DiI'ision, Bureau of Agri, 
cultured Economics. 

1 KEJ.RNS, VIVIAN, and TOOI.E, E. H. ~.lIdPI\RATllRE AND OTHER l1ACTOIIl; AnECTING GERMINATION OF 
FESCUE SEED. U. S. Dept. Agr. Tech. Bull. 638. ([n P(;)Ss.) 

• FOY, N. R. See footnote 5. 
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on arrival and the moisture content of the portion of seed allowed to 
dry out in the laboratory are given in table 2, and the results of the 
subsequent germination tests in table 3. 

T ....BLE 2.-Hislory of 	3 samples of seed of Chewing8 fescue from ]I.·ew Zealand 
before storage at various temperatures 

I Moisture 
! content, 	 Germina· Moisture afterSampJeNo. Condition of storage rluring transit tion on 

IIconte.nt!>n drying in 
I 	 arrival arrlY8.1 laboratory

2 monthsI 	 -- t ,! 
P"cent Percent Pt.rct:nt..751444 (C1) _________ Cool storage; line.d sack.----------.. --- .. ---..1 81 15.3 8.6Cool storage; unlined sack___ .. __ . ___________ 81 9.8751445 (C2~---------	 15.2751446 (03 _________ Hold storage; unlined sack ______ ----.- .• ------1 64 13.5 9.0 

Although the seed shipped under cool storage conditions had a 
much higher germination upon arrival in this country, this advantage 
was lost after 4 months' storage with the original moisture content. 
After 4 months the three samples stomd at 10° C. showed approxi
mately the same germination value. When stored at higher tem
peratures (20° and 30°) the sample shipped under hold storage had 
a higher ge~ation. Only when the seed was kept at cool tem
peratures (2° and -10°) did the seed shipped in cool storage show a 
higher percentage of germi11ation than that in the hold during transit, 
and after 8 months this difference had disappeared. The reason 
that the seed shipped in the hold retained its vitality longer during 
subsequent storage is, no doubt, that it contained approximatelv 
2 percent less moisture than that shipped in cool storage. This view 
is confirmed by the results of the tests with the seed that was dried 
out 4 to 6 percent before storage. When the seed was dried before 
being placed in storage, the seed that had been shipped in cool stor
age retained its viability longer than that which had been sent in 
the hold. 

Another lot of seed, shipped from New Zealand March 22, 1933, 
arrived in New York on May 6. The seedsman receh-ing the COlll

mercial shipment forwarded seed from each bulk to Washington in 
large airtight cans holding approximately 1 gallon, :May 10. The 
bulk of each sample was divided and placed in storage in sealed 
jars at 30° and 2° C. Moisture tests were made upon receipt of 
the samples. The results are given in table 4. As pointed out by 
Foy, all of this seed arrived in excellent condition regardless of the 
shipping condition. However, 2 months after arrival, tests of the 
seed stored at 30° indicated the beginning of a decline in germination. 
The thermostat control of the 30° storage chamber failed after tbis 
date, so no further test was made on the seed at this storage con
dition. Tests made on the seed stored at 2° showed a high. germina
tion 19 months after storage and only a slight decline after 34 months 
of storage. In order to test further the effect of storage at 30° C., 
a portion of each sample of the seed stored at 2° was transferred to 
30° in October 1933. A test was made of this seed and the check 
samples at 2° in February 1934, when the eight samples transferred 
to 30° showed from 0- to 12-percent germination and the check samples 
showed from 87- to 92-percent germination. 



-------- --------

O:l 

TABLE S.-Germination of seed of Chewings fescue, with high and low moisture content, stored at various temperatures after arrival from 
New Zealand 

~ 
HIGH MOISTURE I a 

§
Germination at temperature of- .... 

a 

D:'~~~[i~~t I~:f.:e I _10° C. I 2° C. I 10° C. I 20° C. I 30° C. I Laboratory 


test arriv .. ll 
 I I 
~ 

samPlei samPlei Sample samPlei samPlei Sampie samPlei samPlei samPlei samPlei samPlei Sample I!'lamPlel Sample ISampleIsamPlel samPlel Sample 
751444 751445 751446 751444 751445 751446 751444 751445 '151446 751444 751445 751446 751444 751445 751446 751444 751445 751446 ~ 

t=1 
----__1___1___1___1___1___1___1 ___1___1___1___ 1---1---1---1---1---1---1---1---'--  t-3.... 

,'lontll& Puc<nt Percent PtrCl'ni Ptr(!tnt Percenl Percenl Percenl Percelll Perc."t Pacellt Percent Percent Percent Percent Percent Percmt Percmt Percent l2: 
June 13, 1933.... 4 75 69 61 71 70 62 64 64 59 36 32 44 0 3 20 0 1 7 

July 18, 1933.... 5 73 75 55 67 i1 63 52 64 56 18 23 44 0 0 12 0 0 4 Cl> 

Oct. 17, 1933.... • 8 71 67 65 60 66 57 36 42 47 1 5 26 -> 

Feb. 6, 1934..... 12 68 70 61 51 60 51 27 31 38 0 0 19 ~o 

June 8, 1934•••.• 16 53 65 59 37 54 42 14 21 33 0 0 8 ••••••.. -------- -------- ---- ._-- -------- --------
Dec. 6, 1934••••. 22 49 64 48 31 43 44 3 8 25 -- ------ -------- 3 ...•••.. .-.----- ~------- --.----- ----.--- -.------
Mar. 13.1936••• 3~ 41 57 53 9 28 30 0 2 13 ............................................... ----.--- .---.--- ---- ... _-- ~ 

1 
~ 

LOW MOISTURE I 

Eil 
-------- .. _----.- 3 • 

'"dJune 13. 1933 ..•• 4 •••••••. 60 62 53 62 67 54 lil 64 44 61 58 37 59 59 4 

July 18. 1933 .••• 5 .••...•. -------- ----.--- 66 67 54 63 70 57 59 71 44 5Ii 57 48 5:1 55 r> 


__ W_H .._~Oct. 17.1933..•. 8 •••.•••. 61 63 56 52 62 45 48 55 34 -.. - .. ~ ...... .. -~----- 36 a7 21 
Feb. 6. 1934 ••... 12 ------ .. - ....._---- -_ ... ----- 59 66 46 51 5Y 38 38 44 28 -- .. ----- ------ .. - ------- .. 28 2'.J 18 o 

bj__ w _____

June 8, 1934 •••.• 16 62 65 47 47 48 34 35 3U 21 -------- -_ ... _---- 22 18 12 
Dec. 6. 1934•••.• 22 56 57 41 42 411 25 24 33 17 -- .. -.. --- -------- -_ ..... _--- 9 13 7-------- -------- -------- ;..Mar. 13. 1936 ••• 37 4U 47 33 23 30 18 16 14 7 •••.•.•••••"" ........ 2 2 0
----- .. -.. -------- ------- ~ .... 

I Seed with moL.ture content on arrival6S shown in table 2. column 4; put In storage immediately IIft~r srrh·sl. a 
• Seed stored after drying in laboratory for 2 months; moisturo content shown in table 2. column 5. 

~ 
C1 
td 
t=1 
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TABLE 4.-Germination of seed of 1933 crop of Chewings fescue received in i\lay 
1933 as a commercial shipment from New Zealand 

-Moisture con-I Germination oC seedtent 

Foy's dis· 
Sample tlnguish. After storageMethod oC storage during shipment

No. ing for 2On ar·mark Mar. On months al rival, 13, arrival __-,-__May 19361933 
20 C. 300 c. 

--------------_._----- ----------- 
3956868 WO-A Percent Percent perc~~' IPtTC~~t PercentR:~~teg~J1~_.~~~~~_e~:___~e_~_~~:~~~~~. 13.8 83 _____ do ______________________________ . __ _
395686b WO-B 13.6 95, 94 89 
395687a OM-A Domestic chamber, 27 0 to 300 F ________ . 13.6 --i2:S:j- 92 91 86. ____do _________________________________ _
395687b OM-B 14 93 92 80 
395688a EG-A Vegetable cbamber, 300 to 300 F ________ _ 13.6 --i2:9U- 93 92 89 
395688b EG-B 12.9 94 94 88 
395689a AT-A 12.5 92 91 87--i2:iiii
395689b AT-B 12.7 91 93 81I: ~~~WOa~~~~~!~~-~===== == ==== =: == === ==::: ~: 

Oermination oC seed arter storage Cor-
FOY'S dis


Sample tinguish
I :Method oC storage during shipment INo. ing 4 9 16 10 34 
wark Imonths months l!lonths months monU,s 

at 20 C. at 20 C. at 20 C. at 20 C_ at 20 I'. 

-------1-------------- 1-----------_.

3956868 WO-A ReCrigerating chamber, temperature Percent Percent Percent Percent Perr:wtabout 180 F___________________________ 93 92 90 90 85 _____ do_ _______________ ________ ___ ___ ___ _ 94395686b WO-B 91 89 91 92 
305687a OM-A Domestic chamber, 27 0 to 300 F _________ 88 87 _____ do_ _____ __ ____ __ __ ___ ___ ___ _____ ____ 94
395687b OM-B ~~ ~ ~ ~i 87 
395688a EG-A Vegetable chamber, 300 to 360 F _________ 91 90 91 91 87 _____ do ________________________________ ._ 93395688b EG-B 91 92 9.) 9:J 
395689a AT-A Ordinary hold_________________ _________ _ 92 91 90 87 82 _____do _________________________________ . 90
395689b -AT-B Btl 87 84 8:1 

SEED DRIED BEFORE SHIPMENT OVERSEAS 

Several samples of seed from New Zealand were received in the 
laboratory February 25, 1932. Part of the seed had been dried 
before shipment and part was not dried. The seed was stored in 
the laboratory in the tin containers in which it was receiyed. From 
a study of table 5 it is seen that the average of the three samples of 
seed dried before shipment showed practically the same pe11"centage 
of germination after 18 months, storage in the laboratory as the 
nondried seed showed on arrival in this country. 

TABLE 5.-Genninat-ion of seed of Chewings fescue received from N/!tV Zealand 
Feb. 25, 1.932 

Germin~tion oC seed 
Mois· 
ture 1Feh .26,con-Ssmpie lY:J2 Sept. Oct. I Mar.
tent Apr. ]3, l\[lly2.'i, July;, Aug. I,(day 15, 20, 10,on ar- 1932 , 19:J2 , 1932 , 1933 ,

acter 19:J2 , 1932 , 193:! I
rival arrivul) 

--- ------------ -_.- ------
Dried: Percent Percenl Percent Percent Percent Percellt Perce lit Percenl Perunt748780 (1sl- _____________ 8.8 72 78 81 77 67 71 67 5:1 

748781 (28l-------------. ;.8 .13 .59 51 49 ~d il7 37 2:1
748782 (3s ______________ 7.8 67 77 59 56 52 'kS 45 39 

Nondrled:748783 (lacl _____________ 14.11 28 3 2 0
748784 (28cl ____________ • 27/ ; 2 2 2 I13. \l 14 15 7
748785 (38cl- ____________ 48 41 28 2.1 24 1212.9 55 59 

1 After storage in tin contlliners in the laboratory Crom lime oC srrim!. 
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Another lot of seed was forwarded from New Zealand in October 
] 932 and received November 17. The seed was stored in the con
tainers in which it was received, the hold-storage seed in cloth bags 
and the dried seed in metal cans. The results of germination tests 
made on these samples at different dates are given in table 6. The 
dried seed showed a germination, after being stored in the laboratory 
for 2 years 2 months, about equal to the germination of the nondried 
seed on arrival. Also, the dried seed showed a vitality after 3 years 
5 months' storage equal to the nondried after 7 months' storage. 

TABLE 6.-Germination of seed of 1932 crop of Chewings fescue forwarded from 
New Zealand 1:n October 1932 and received November 17, 1932 

--,--,-----,---------------_._-------------
Germination of seed 

FaY's ~Iois- Z~r~~dl---;----,------;----;-----;---,--
Sam dis ~~~~ ger,? i- Nov.tin- Transit storple tent natIOn ~2, June 2, Sept. 8, Jan. 12, May 2, J~~3~5, A1~3:4,guish age 1932 1933 193:l 1934 1934No. ing on ar- bef~re (soon (after 7 (after 10 (after 14 (after 18 (~((er ~ (after 53

mark rival! ~~~t a((N' months) months) months) months) , ears years
arrivn!) months) months) 

-- ------- :;'';1 Iperccnt 

l:= Percent Percent =Percwl Percent Percent 

750945 BW f 9.5 42 20 15 6 5 2 0'I750948 AZ ~ 97 58 26 14 10 7 2 1 
750951 All Hold~l()rag.__ 12.3! 98 77 4~ 23 17 10 7 1 
750954 ND 97 40 11 7 6 3 1 0 
750957 YB 96 71 60 32 32 23 9 0 
750917 BW foried to Ii If 11 87 81 75 68 66 47 25750950 AZ percent and i 90 93 81 74 73 57 30 
750953 All stored in 7.3 .. _._ I 96 93 93 91 82 74 48 
750956 ND metal cans. : ,85 75 67 65 60 43 19 
750959 YB : . 94 95 89 91 85 68 48 
750960 TD f'll 94 40 11 5 6 3 . I I 
750963 TH 57 :14 13 8 8 3 1I' on
750966 EK. Roldstornge__ 12.:J i 98 58 22 11 5 6 4 0 
750969 00 I ' 94 :l3 12 6 5 2 I 0 
750972 ST i 97 73 54 39 28 19 15 3 
750962 TD fDried to 0 If '{ 87 74 64 58 47 38 16750965 TH 1 percent nnd '94 89 87 81 79 60 32 
750968 EK stor~d in 7.:l __ •. 1 89 86 77 7.5 fiB 54 21 
750971 00 metnl C8n~. 72 57 51 49 40 I 34 13 
750974 S'l' iii 94 91 90 Sf> ~2 69 40 

1 Composite of 10 samples or ench group. 

Samples from a commercial shipment from New Zealand were 
received January 27, 1933, through a seedsman in the United States, 
Foy had dried some of the seed and put it in two paper-lined bags. 
In one bag he enclosed a control sample of dried seed in a tin con
tainer. The commercial concern drew four samnles from the main 
shipment and sent them to this labora.tory in till can": and in paper 
bags, and also a sample in a tin can from each linei.i bag of dried 
seed. The samples were stored in the laboratory in the containers 
in which they were received. Moisture tests were made immediately 
on the samples sent in closed ,"ontainers. The results of the germina
tion tests are given in table 7. The seed that was dried before ship
ment showed It loss of 32 to 49 percent after being stored 22 months, 
while the billk of the shipment not dried showed It loss of 51 to 63 
percent. 
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TABLE 7.-Germination of seed of Chewings fescue from New Zealand received 
through a seedsman in the United States., January 1988 

11 Germination of seed Loss in 
Sam· Mois· germi·
pIe Shipment condition ture I _ nation 
1\0. content Feb. 3, ,June" Oct. 20, Feb. 23, June 29, Dec. 6, after22 

1933 1933 1933 1934 1934 J934 lIlonths 

--:!.-------I---------------
395100 Dried £eed in paper·lined Percent Percent Percent Percent Percent Percent Percent: Percent 

bag•...••...•_••••••__ ••.. 9.5 79 69 58 53 43 31l -19 
395101 ControIsampIe of dried seed 

in tin can ____ .~ _"_~"_"._M i.9 i9 6S 58 47 43 34 4~ 
3952'.l9 Dried seed in specHly lined 

bag•._....•...• _•••••• _._ 9.0 73 71 58 46 49 41 32 
395102 Commercial shipment '. __ •. 14.4 58 35 20 15 10 7 51 
395103 ••..•do.'...••.•.•••••_••.• _•. H.7 61 IS 3 2 2 1 60 
395104 ••...do-'•.••••_••...._.••••. _ ._--_._., 66 52 21 12 14 5 61 
395105 ._•.• do.'••••••••_••••....•••• ········1 63 50 22 I~ 10 5 58 
219218 Official sample from COIll' 

mercinl shipments listed I i 
above•. _•.•••••.•.•..•_.•. -_ ......, 67 ! 54 ~2 17 10 63 

, Samples of 2 lots senl to laboratory from Chicago in tin cans. 
I Samples of 2 lots sent to laboratory from Chicago in paper hags. 

DOMESTIC SEED 

HIGH AND LOW 1IlOIs'rURE CONTENTS, 1934 

An experiment "lith domestic seed of Chewings fescue was planned 
to determine the effect of moisture content and of temperature on 
longevity. The seed was collected in June 1934 from plantings at 
the Arlington Experiment l!'arm, Arlington, Va.; sample No. la from 
the 1932 planting and No.9 from the 1933 planting. The moisture 
content at the time of harvest was approximately 10 percent. The 
seed was stored on July 23, 1934, in a cloth bag at room temperature, 
and in sealed jars in the five controlled temperature chambers. On 
September 7 the bulk at eacb temperature was divided, and the 
moisture of one part was raised to appro:\."imately 14 percent. Check 
moisture tests were made on all samples January 29, 1936. Tbe 
results of the germination and moisture tests are given in table 8. 

At 30° C., seed having the high moisture content lost 25 to 40 per
cent in germination after 4 months' storage, and after 5 months it had 
fallen to 6 and 22 percent, whereas the seed with the low moisture 
sbowed no loss. The low-moisture seed stored at 30° germinated 
24 and 49 percent after 16 months' storage, which is better than the 
germination of the high-moisture seed after 5 months' storage. Seed 
stored with the low moisture content at 30° retained its vitality much 
longer than seed having the high moisture content stored at 20°, 
but lost its vitality more rapidly than seed having the high moisture 
content stored at 10°. The low-moisture seed stored at 20° showed 
Ii germination above 90 percent after storage for 2 years 2 months, 
as compared with the germination of 58 and 77 percent of the high
moisture seed stored at 10°. Seed baving a moisture content of 12.5 
percent retained a high vitality if kept at 2°, and seed having a 
moisture content of approximately 10 percent and below could be 
stored at temperatures as high as 20°. 

10Gun:;:>-!t!'--2 
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TABLE S.-GerminaUon of seed of Chcwings fesclle grown at Arlington, Fa., with 1lI0£stllre contents of approximately 10 and 14 percent, stored ..... 
oat various temperat1lres 

~ 
Germination with B moisture content 1 (lC- t;>:j 

o 
P:l 

Approximat.ely 10 percent Approximately 14 percentSample anu uate oC gormilllltioll 'rime in ~ 
tcst storage 

I,abora' 30° r .. 20° G 10° 0 .• 2° C., _10° C .• :10° C.• 20° 0 .• 10° 0 .• 2° C., _10° C., ~ 
tory sealed sealed" sealed scaled sellied sealeu sealed sealed sealeu sealed 

doth bag stomge storage storage stomge storage storage storage storage storage storage ~ 
~----. ----._---- ----- ----- ----- ---  p::

No.la: .\lo7lIh.. Percont Percent Percont P"C<lIt PrrC~lIt PeTct!'tlt I Percent Percent Percent Percent Percent t;>:j
July 24. 19:14.•.•.•••.•• I 117 --------,---'ii7....··'I-·\I~"···'- '\--iiii'-"" '\--ii7-- .,.. '\"!i4 -.,",.. tjAug.24.1\1:14. ••• ~ •.•.• ~,,~ 117 
Hopt. 27.193·,-- •••.•.•.•... !IIi ~ 
Oct. 2.'l.1034•.••••....••• ~ ... ~ !16 M Uii !I,; 116 116 

e 

·'sr""" --~r""'-'I" ~r···'·'I--iiii·'--····No,'. 23, 1934.,.,...•••.....••• .'i I 97 ~ 96 94 96 !l7 0> 
Dec. 21, 1934., •.. , .....•...•.• 6 ~ I -1 

Jan. 24, 1935.••. 7 !16 '9:;""'" ~ o
'-liii""'" "\"95""'" '1"97---' -.. g ~~ 1--95-·-·"··\--ii6'·-'·-··I'-07",·,"-Feb. 28, 1935•.•.•..••" .. ,.'" 8 I 95 ~ U8 


Apr. 23, 1935•...• , .••••••••.•• 10 m 94 74 
 sMay 23, 1935.",............. . 11 !16 96 

Il1ne 24, 1935..••••••..•••.••.• 12 '9·1 M 97 95 95 94 ~r nr"'··'I-'iiii···"'··\··Q,i"',···· 

July 25, 1935................ .. 13 81 ~ 
Aug. 30, 1935.•.•.••...••••••. 14 93 n 94 
Sept. ~!, 1935..•••.....•.••••.. 15 M 3 
Oct. 24, 1935.•• , ............." 16 \13 M o til 

I-d
.~TOV. 30, 1935.•••••.•..•••••••. 17 G 97 () 


Dec. 21, 1935•..••. IS ..,,',"~. W ~ 

Jail. 29.1936•••.•....•..•.•.•. 19 89 (7.0) ~~~ -'9ii'(iii~2i51--iiii',iii~37iI--iii,. (9: Siij I" 9nli~9S) '1"':':'(14:77)('0',i3~52W7ii',i2~iiii51-'oii',12:705 !--01" ,12:47) o"eb. 29, 1936•.••..••.•.•.••.• 20 113 ~ 86 I-::JMllr. 30,1936•.•.•..•..••••.... 21 92 7 76 

Mlly:17,1936...••••••.•.•..•.• 2:1 3 7.1 ;..

June 27,1936••••,.,••••••..... 24 9l 4 --ii:;""""'1 . 94 "·"--I·'9ii-'·"'·'I··9ii--"'''' --93-- ,..... \" iii"""" ,..,~""'_'I 68July 30, 1936 .••.••••••...••• , .• 2.1 ~_._--~- 4 9:' .,., ••"',., 6.1 113 
Ang. 24. 1936 ..•••.••••••., ••.• 2fi 80 I _,. "",•.• , 61 ~ 
Sept. 24, 1936 .••••...••••..••.. 2i no o 93 58 o 

No.9: C 
July 25.1934••••.•..•..•..•••.. 9a -iii;.'" '--1"93" -,-, -'1" 'iio--···· "1"96" ..,. "ii7"""" .,~ ~ Aug. 24, 1934.." .••••••.•.•••• 95 

Sept. 29, 1934•••, •••..••••••••. 3 !16 

Oct. 23, 1934 .•.••....•.••.••••• 4 96 95 
 ·'gr"" r~r-"" ." ..~f"'" .," gr ..,.." -'~'..,., ..,--g(" .,'-, ..~r"" ,.,==~~.======= ============ ~ Nov. 23, 1934.•, .....•, •••.•.,. 5 96 96 
Dec. 21, 1934..•••.•.....•••••. 6 97 
Jan. 24. 1935.., .•••••,',., .•,. --jiii'···"··I====::=::::: ====:=~:=::= :::::::::::: g "87-"·"·· :=::::::=::: :::::::::::: :::::::::::: 
Feb. 28,1935.".""",•••,,., ~ his",·"i ~~ 98 96 95 97 ° 77 97 97 97 



Apr. 23.11135•••••••••••••••••• 10 94 \l6 ....""'--'1'" ........'1"'-"'" "'1'" ······-··1
May ZI. 1930••••••_._._ ••••• _. 00 \l6 40 
June 23.1935•••••••_••.•. _.••_ 87 95 ··9ii······_· "00'-""" --9.········ :::::::::::: t~ .. 9r···· .-. ·1··OO····-···I··ii8"···-.•. 
July 25.1935...•._._...•••••••• _••••••.•• 75 ••.••••••••••.•.•••••••.•••• _.............................._ 12 96 •••••••_.••• _•..••_••••• 

•• 14 46 ...._ __....... .............................................................................. 
Sept. 24.1935••.• _••.•••.•••• _. 15 ..••..•.•. 30 ............ _....._. __ ......... __......_.._____ •• __• __..... I .. __................................ 
Oct. 24.1935•. _._._ •••••••• _••• 

Aug. 30. 1935.•••••.•_ _••.. __ 
13g ,-'97-"'"94 96 .. __ 

33 _.". __ • __ • _." __...__ ••• __• ___ ._ ••. __ ••••• __ • __._...... __ 1 •______..__ • 94 ...._______• 
Nov. 30. 1935_•••__• __ .•_•••••• 24 95 __ .••____.. _._._ ... _.............__ •••••• _._... 1 ....................................i~ I' ..~~"., ..Dec. 21.1935•••• ____ .•__ ._ ••• _ 18 _•• __•••.. 14 ............ ___ ••• ____••...••• ___ •••••.••••.•....•,......... 0 00 ........................ 
Jnn. 29. 1936._ •..•• _•. oO. ___ ._ hl\ 97 (6.91) 11 (9. 2'~) 95 (\0.18) 97 (10. 17) 116 (10.08) 117 (10.21) ......____ •• 0 (13.22) 91 (Iii. 01) 97 (13. (}I) 96 (12. 69) 
.Feh. 29.1936 •• _._._ ...... _._ 3 ..-. _... , -- -,_...........,....--.--...,--...... --..............,--.--.......,........ --.. 
Mar. 30. 19:16•••••••••• ___ ..... 21 1 ••••••••• _. __ •••..••__• ............ ............ 114 __.....__ ..........___•• t-t 
May 27.1\),36•.•. _••• __ •. _••• _. (l o 
June27.1936__ .••.•.. <>_ ••• __ 1 2l 
.July 27.1936 •• _•• _••.• __ •. _.• _ ~I 00 () --~r..···r~~:::::::I:=:=:::::: ::~~:::::::: :::::::::::: :::::::::::: ig "~""""I::~~:::::::: 
Au~.24,11136-- •.• ____ • __ .• ~~ --93 () .. _._._ ••••• 71) 

Sept. 24,1936_ •••••••••• _._. 27 OJ 115 i7 
 ! 

t< 
1 Numbers iu parentheses denote check ot moistur~ percentage.- , o 
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VARIOUS MOISTURE CONTENTS, 1935 

A sample (No. 23b) of seed was collected June 20, 1935, from plant
ings at Arlington. The seed was allowed to dry out in the straw 
until July 11, 1935, before threshing. The purpose of the experi
ment was to determine in more detail the effect of moisture content 
and of temperature on the longevity of fescue seed. The seed was 
stored at room temperature until December 18, 1935. At this date 
the seed germinated 96 percent and contained approximately 8 percent 
of moisture. The moisture content of some of the seed was raised to 
apprm..-imately 10, 12, and 14 percent. The seed was stored in sealed 
jars at _10 0 ,20

, 10 0 ,200
, and 30 0 C., and the seed with a moisture 

content of approximately 8 percent was also stored in a cloth bag in 
the laboratory and in an unheated building at the Arlington Farm. 
The results of the 300 and 20 0 storage are given in table 9. On March 
11, 1937, after nearly 2 years from time of harvest, the seed of each of 
the four moisture contents stored at -100 

, 20 
, and 10 0 and the seed 

with a moisture content of approximately 8 percent stored in a cloth 
bag in the laboratory and at the Arlington Farm showed no loss in 
germination. There was a decline in germination energy with seed 
having approximately 14 percent of moisture stored at 100 

, but the 
results show no loss ill germination ca.pacity. The rate of fall in 
germination was directly associated with the percentage of moisture 
contained in the seed and the temperatures at which the seed was 
held. A moisture content of 12 percent and above was very deb·i
mental to the life of the seed unless it was stored at a low temperature 
(2 0 or _10 0 

). A temperature of 20 0 wns on the border line for the 
storage. of seed with a moisture content above 12 percent. Seed 
having a moisture content of 10 percent showed serious loss after 
1 year's storage at 300 These results are in agreement with the• 

finding OIl samples Nos. 1a and 9. 
In ·the loss of vitality of fescue Reed, there was first :1 Jecrease in 

germination energy, then the progressive increase of abnormal ger
mination made evident by watery or glassy sprouts, the development 
of coleoptiles without plumules, and the development of coleoptiles 
only, and last the persistence of only a few vigorous seed. Vitality 
of seed having a moisture content of 13 percent. and above and stored 
at 300 C. fell too rapidly for abnormal growth to persist; but seed hav
ing a lower moisture content and stored at 30 0 or having a moisture 
content of J.2 to 13 percent and stored at 20 0 died more slowly, so that 
stages in abnormal germination could be detected. Types of abnor
mal seedlings are shown in plate 1. 

At the latter moisture contents and temperatures the cbanges that 
ultimately lead to death of the seed took place more slo\vly than with 
seed held at 300 C. with a high moisture content. Because of this, 
many stages in loss of vitality leading to various types of abnormal
iLies were found. Some seeds were affected only in the vigor of their 
germination but produced normal plants. In other seeds one or more 
tissues had lost their power of development, c!1using the types of 
abnormal growth mentioned above which were not capable of contin
uing growth 11nd forming plants. As may be seen in table 10, the 
amount of abnormal ger'millation as well as the normal germination 
(table 9) varied greatly in tests made at weekly interv!11s and by the 



Technical Bulletin 670, U. S. Department of Agriculture PLATE 1 

Types of normni and ni)llol'mai gCl'lIlinatioll of fescue seed. A, Five normal 
seedlings (at left) and two abnormal seedlings; 13, additional types of abnor
lIlal germination encountered as the seed ioscl:l viability. 
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same methods on seed that loses its vigor slowly (for example, seed 
stored at 30° C. with a moisture content of 10 percent). It is difficult 
to interpret the true value of this type of sample. This difficulty leads 

.to variation in results among analysts. 

TABLE 9.-Germination of seed of Chewings fescue (sam .•• le 23b) , grown at Arli.ngton, 
Va., and stored with different moisture contents at 30° and 20° C. 

Germination o[ seed--

Period of storage Stored at 30° C. 
before germination 

tests (weeks) 
Moisture Moisture Moisture Moisture 
14 per· 12 per· 10 per- 8 per
cent cent cent cent 

Percent
5___ . ______________ ._ 73 

9. ________ •_____ •___ . 20 

10_._.___ •____••.•..• 9 

11.._.. __ ._•.•••._.• _ 3 


IL:==:==:=======:=: ~ 
14_________ ._._._.___ I 

15. __ • __________ ._._...__ • ___ .. 
16______ • __ . ___ ... __ .... __ • __ •• 
17. ______ .. _..._..._•._. ____ ... 
18___ ._••• ___ ....___ . ______ .•• 
19__ . __ • ___ • __ .........._...... 

~::::::?::::::: .. :=: :::::::::: 
22__ ...____ ............. _..____ 

23. _________ ._ ..... __ ... _. ____ • 

~::::::::::::::::::: ::::::::::
26 __ • ________ ...... _. __ .. __ • __ • 
Zl ______________ ... __ .. ______.. 
28.. ___________ ...... --.- •• --. 
29_________......... ..........30___________ ... _. __... _______ . 
31. ______ ..____ ... ___ .._....__ • 
32_ ......____ ...... __ '.,....... 


~::::::::::::::::::: ::.:::::=: 
35.. _._ .... __ .. _....... _.._.• ___ 


~:::::=:::::::::=::: :::::::::: 
38...... _..........._ .... _..... 

39._~ .. ~ .. __ ~._ ....... ~. ~ ... , ..... _~ 

40_...... __ .. ___ •. • .......... 

41. ___ .. __ ..___ .. . __ ... , __ •. 
42. ____ ._...... _.__ 
43_ ... _.. _. __ ........ __ ._...... 


Percent 	 Percent Percent
94 97 97 

92 97 97 


~L::::::::::::::::: :::::::::: :::::::::: ~~ ~::::::::: 
46_ ..____ • ___ • ____ ._..... ,_ ... _ 75 I 92 

47___ ._._._._ .... __ • _._._ ......_._...... 74 I 9t 

48 .... _____ ................._.... _.._.... 73 f 92 

49 _______ • ___ ........ _•• _.._...._......._ 08 ! 94 

00_______ • _____........ ____ • ___ .......... (ii i 94 

51. _____ • __ • ____ ....... ---.- ........... -- (;9 'I 95 

52____ ._ .. _____.... _ .... __ ._ ... __ ..... _. 55 94 

53.. _•• __• ___ ._ ........ - ••-.... 551 94 


~:::::::::::::::::. :::::::::. :..::::::: ~r "'-"'94
56___________ ... _. __ •• ______ . _ ........_ 42 95 

57_ .......__ •. _.. _...._........ 51 I tJfl 

58_._. _____ ._ .......... _.. _......... __ . 39 I 89 

59____ • __ ............ -- ....... "'-'-'--' 321 94

60._. ________ - ..• ___ _ .......... ......... 28 91 


Slored at 20° C. 

Moisture Moisture Moisture Moisture 
J4 per· 12 per- 10 per- 8 per
cent cent cent cent 

Percent Percent Percent Percent
97 97 95 96 

96 . ____............_. __ ._._._•.. 


93 ._••. '._.' ••....••...•..•_••••._.•.....................•..._ 

. _____ ._•...•._.... .......•.• . ...•...• __ ...•.• __ ._._....•..______ _ 


-···---82···--···97- ··--···97··--ii2· ::::::.:: :::::::::: :::::::::: 
89 ______ •.. __ •.• ___ .. 
ii ._._. __ . ____ . ____ ... 
78 . _____ ..._ . __ .. _____ 
75 ._... _... __ ... __ ... 
70 . __ ............ __ . 

63 ... __ ..... _......... 


~~ .----........... 

55 

48 	 Y3 .,_". __ • 

~~ --... -_: .. :~~J.-_-.:::_::: ...._
31 __ 
23 _.,_._._ .... _.•."_' 
25 ... -.-....... 
16 .......... ___Il 
1I 
Jl 	 94 !l5 

~"-'''oot::::::::: 
6 89 i---.-..... 

~ ~~ 1---..·--· 
2 88 

2 8i 
2 89 

0 80 

1 77 

0 &3 ._._. ___ •• 

01 	 98 

92 	 9.5~~~~~~~~~~~:~~~~::-·I~:~·:::::I:~-~:~:::= i~ I U it f 88 	 97 


--~----~----~---~----~-----

93 •_____•.... __ • __ . __.•.______ .• 
93 .. ___ ._ ....... ______ • _____• __ • 
95 __ .. __ ..__ ..___ ._._ 
93 __ ..... __ ..... . 
92 •• _.. _.........__• 
88 ... _. __ .....____ .. 

~~ ::-::::: :::::::::: 
88 .... ____ ._. _______ 
90 .... ______ .._ 

g~ .--.......::::::::: :::::::::=

8t '"'_'''_''_''''''' ._. ______ _ 
82 .._.. _._., ..... _..... _________ 

85 
 "1' 	....------... 
80 : ••• :.::.:...... - .. :.::•.••: .................... -_.-_
81 _ . _' 
73' 
77 '--""lio - ---- --.11 ...... .. ... 

~l :::::::::: ,:::::::::: :::::::::: 
75 . _ .•• -_._. _____ ... -- .. -- 

~. -'- ~ :::::::::: ==:::::::: 
65 95 

64 94 

62 93 

58 
 93 

.57 94 

50 IH 
 ---'--'96' -

95 
~~ 	 9Ii 94 

46 
 91 	 Hi 
41 
 93 I 	 93 

45 96 

42 	 ~~ 1 96

38 
 91 96 

:l9 89 96 
ao 00 95 

37 89 97 


~g 	 91 97

:13 90 96 

23 91 96 

27 . 92 94 

26 I 85 I 9n 

20 I 	 91 . 9;; 


90 96 


........ 


95 
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TABLE 1O.-occurrence of abnormal germination of seed of Chewings fescue (sample 
2Sb) with different moisture contents, stored at Soo and 20° C. 

Abnormal germination oC seed-

Stored at 30° C. Stored at 20° C.I
Period of storage (weeks) 

Moisture Moisture Moisture Moisture Moisture Moisture 
14 percent 12 percent 10 percent 8 percent 1-1 percent 12 percent 

--------------1------------------------
Percent Percent Percent PfTce'nt Percent Percent5__________________________________________ 5 1 ._._. ______ .., ...___ 1 .___..___ _ 


9____________________ . ________ .... _____ ._.. 3 1 ._. ___ ._ ..... _______ 1 ._. ____ . __ 

10___________________________ ._._. ___ •___ •• 2 ._ .• _•••• _ ..... _•••••.•••••••.•.••••••_•.•••••_._. 


U::::::::::::::::::::::::::::::::::::::::: ..._....~. '-" '---3' . -- ..--. i' :::::::::: ..... '--i' -- .....--
14______________________. __ . _____ •______ ...•• _..___ .• 3 •__ • __ •.. ' •••• __ •.•• 1 

15_._._____ .•__ •.•. __ ._._.... _. ___ •• _•.•...••• _•••_.. 4 ••• _. __ .•••••_...... 1 

16.•_____________ .•••••• _•.• _................._._ •..• ' 4 •• ______•..• ________ 0 

17____________ •• _••••• _______ .... _•••• __._ .•.•••• _... ; •• __ ••...•_._._ .•._ 1 

18__________ ••••• __ •. _____ •••• __ •••••• _.••••••,...... 6 ._•• _.._._ ._ ••••.. _. 2 

19_...••__•• ___ • __ ••. __ ._. __._•••••••. __._. .......... 8 ........ __ ........._ 2 

20.._. ___ .. __ . __ •• ______ •__ ._ •• _.............. __ ..... 10 ............ ______._ 1 

21.._.___ • ___ •_____ . __ ...... ____ .... _............ ___ . 8 .•.. _.•....... ____ .. 1 

22.__ ._. _______ .•••• _...... ___ ._. ____ ........ ___ •• ___ 11 . ________ . _._._____ 1 

23_._. ______............._.•_••••••••••••.• _•. _•••__. 10 1 ••_....... 2 

24_•• _._•••_•••••••••__ ••__ •••••• _••• _••• __ •••••_. __• 12 2 ....... _.. 1 

25._._•••_._........_.___..__...................._... 12 .......... •••••••••• 1 

26._•... _._.___ ._. __....._.._____ ••••••.• _.••• _•••_.. 10 ••• __ ,, __ • ___. ____ •• 4 

'};T_.__ • ________ ._._•• _.__________ ._ ........ •••••••• _. 13 .•• ____ •••.•_____ ._. 2 

28.___ ••__________ •••• __ •• ___ . ___ .• _•.•••••.•.••_.... 10 ..•_.• ____ . ___•.•_.. :I 

29 •• _. ______• __ ._••__ • __ ._. __ ••• _••.•• __•••. _., ___ ••. 12 .•• _._ •• _....______ • 2 

30._.____________ ._._ •• _•. ___________ •__ ••.. ___ ••• _.. 10 .•. ___ •• __ •_______ •• 5 

31. •• __________._ •. ____ ..• __ .. __ ._ ..• __ ._•. _•. ___ .• _. 9 .•••• __ • _____•._____ 4 

32.______. ___ ._••.••. _•..•_••____••... _.•... _........ 8 4 

33._•• _. __. __ .._•• _......._. __ •• ___ •..•••• ___ • .••••• 6 . _______ .••• _.... 3 

34••__ • _____ ._•• _........ _._. ______ ••••••• ._.' •__ ••• 3 3 i 

35.____ •. ____ •____ ..••_._._________ ... _•...••.•••_... 5 3 
 5

36.___ • ____ •_______ .,.,. __ ••• _____ •• __ .•• _....•• _•• __ 2 4 
 i

37______ •________ ....._••__ ._... __ •••. _._ •. __ . __ .____ 6 4 
 9 
 ···--···-i38••_. ___ ._.____ ••••••_•• _•••••• _••••••••..••• __ ._._ 4 6 6 

39.__•____ •• _____ . __ ..•_•.•. _•. __ .•_.._.... .......... 3 6 ; 

40______ •• __•• ___ ••.•••.•••.••••_•• _•••.•• __ ••• _. __ •• 2 3 10 1 

41.._ ....._._.. .•.. .•••..•.•••••..•.•••. 1 Co 7 . __._._--\ 

42•••.••••••••••... _......................._...... 0 12 6 

43.__ ••••• _•• _................... .._. ....... .. 1 10 10 1

44_____ .••______ .... __ .... ___ .•.. ___ •.• 0 10 
 11 --...._.. \
45.__ .•. ___ ._ ... _.. ___ ..•.•.•_....... _.................. ____ 14 9 

46.... _. ___ ..........._.. • •••• _•• ,,_.,. 15 11 2 

47._•••••• _•• _•.•.. "_,, _.•.••.• __ ... 16 14 2 

48••••••••• ___••••• .••. _.•••..•••.•__ 15 1 9 


'" .. '-'_'\49.__ ... __ • ___ •• __ •. ._ .•.••••• _. 19 1 11

50__ ____ _______ ._ . ___ ~ __ •••• _____ 22
~ ~ 1 14 1

51 ___ ._________ ____ 17 
 1 11 2 

52••.• _. ____..... .. ••. .. ....... 23 1 14 3 

.0;:1.. ..• _.•. _•.. _. ._ •••••.• __ 29 o 1:1 3 

54••..•. _.. _._._. . . ... _ ._.•••__ .. 22 6 

55__ ...••.••_...... . ........_.... 2i 1 12 
 ""-'2 
56.__ .•. _..... _ ..•._........ 34 1 17 1 

57____ ~_ ....... _ ._ . _~ __ ~_. __ . 27 1 lfj 1 

58.•_.......... 28 4 11 2 

5{L__ ,. ... ~_____ 47 :I 14 3 

60_._ ... __ ._•. _ .• _....._ ...••.._...... 43 1 11 2 

61._•.••• __ . .... ......... 21 1 12 2 

62•• _ ....._.. _••••••• _ .•..•••••• .56 1 10 1 


1 15 2
~::::::~::::::.......:. .. --......:::::::::) 1~ 3 10 4 


----~----~----
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BEHA\rIOR OF COLD-STORAGE SEED AT HIGH TEl[PERATURES 

In order to determine the effect of storage at low temperature on 
subsequent behavior at a higher temperature, seed (sample 23b) 
with moisture contents of appro)..imately 8 and 14 percent was stored 
on December 18, 1935, at 2° C. for periods of 1, 2, Dud 4, and 6 months, 
after which it was transferred from the 2° chamber to the 20° and 30° 
chambers. The results are given in table 11. In a comparison of the 
two moisture contents the seed. having approximatelY 8 percent mois
ture showe.d]]o loss in germination in 64- weeks from'the original stor
age date when transfprred from 2° to either 30° or 20° or when stored 
constantly at 30° or 20°. However, the seed. having a moisture con
tent of 14 percent showed a loss of germination when transferred to 
30° or 20° C., but the ra te of the fo 11 in germination was much greater 
at 30° than at 20°, The fall in germination at 30° was equally rapid 
regardless of whether or not the seed had been previously held in cool 
storage. The rote of the decline in germination, dated from the time 
of transfer from 2°, was approximately equal in all samples. This 
confirms the results obtained on the storage at various conditions 
after arrival of seed from New Zealand (toble 3), part of which was 
shipped under cool-storage conditions. There is an indication that 
seed. transferred from cool storage to 20° loses more rapidly after 
transfer to the warm temperature than the seed stored a.t 20° from 
the beginning, although this ha.s not been definitely determined. 
The germination at 30° fell too rapidly to detect a difference in the 
rate of fall. 

DRYlXG SEED TO CHECK FALL IX GER~/lX.",-TIOX 

Some of the seed wns removed from senled stornge with controlled 
moisture at vnrious stnges in its loss of vinbility Dnd dried out at 
room temperature, to test the effect of quid\: drying on seed that was 
rapidly falling in germinntion cnpncity. Seed stored continuously at 
30° C. and seed held ill cool storage 1 and 2 months before placing in 
storage at 30° wns transferred to paper bugs Ilt room temperature, 
where it was allowed to dry out. The results of tests of three samples 
(table 12) show that the seed fell rnpidly in germinntioll when held at 
a high tempernture with a high moisture ('ontent l but when the seed 
was dried out at room temperature it ll1ilinblined for almost 3 months 
the percentage of germination it sbowed nt time of transfer. Tests 
were discontinued for a period owing to the' slllall nmount of seed, but 
when testing wns resumed there hud been some loss during the summer 
months, followed by a uniform g('I'minnlioJl for unother 3 months. 
The rapid decliI1(' in germination of seed huving n high moisture con tent 
can be checked if the seed is dried out. 



TABLE ll.-Germination of seed of Chewingsfl!scue (:33b) grown at ArUngto7l, Va., haill:ng moisture contents of approximatelll8 and 14 percent, 
0:>"""" stored at high tcmperatlil'/; for various periods after cold .~torage for van:oll.~ periods 

-----~~--~~-------------
'-' 

(lerminstion of seed storml at 2° ('. for perim! shown ali<I then transferred Germinatioll of secd stored at 2° C'. for period shown 1111<1 thell transferref\ M 
~r ~~ o 

~ 
~ 

:.rolsluro eontant IIpproxllIlllltll)' 1·1 :llu;s1.ure content approximately 8 Moisl.ure content approximately 1-1 Moisture content Bpproxinmtely 1:1 .... 
percellt percellt percent percent o;..Timea£ter translt'r 1(1 hi~h I 

temperature when germi· .•. --- t:" .,.. .....nation WIIS Ie:;tod (weeks) ::=.:1: g.:!! r-.:!l .,.' ~.;1J I~.~ "'. L1.:!: ~.~ ~.:!! -Q).!!!.I"" . ~.~ ~.~ "'t.:!! ::;.* ~.~ ~.~ q.~ ~.~~.~ ~'5 ~'5 O:i'!"~ 0::i 2 ::§ e ~E ::l!3 -13 13 ,- 8 t.~8 ~8 ~!3 ~s ~a ::l!3 ::l!3 ~!3 1-- e ,~ 8 t.~8 ~!3 '.~8 r:1 
~.... ;.:~ :n_ ~i~ "'~ .l:l-~ ..::~ 2~ 2" 2~ -., 1l-~ if~ if'> .c~ .c~ ;a~ 2.> 2~ 

:::;10 :::;10 "::10 -10 "::10 ~d ~c ~c ~d -SCi :::;10 ~c :::;10 ~d .,10~" ~" 
081:) ~'" 10 8", 10 8",c~~ cBIP ~~C%) 10"", 28", g8", 10 8", 10 8", 10 8", 10 8", ~~Q =8Q c8U) 28", §~~ E2~E 2~E ..,o~~ o~~ o~~ o~~ o~~ o~~ o~~ o~~ o~~ o~~ o~~!3~~ a~~gS?:; "':::-"'::: ....E~3 ai/::: E !3 a~3 6~3 ~3 a~a !3~a !3~a a~a 13 8.3 S!.3 a~a 10 o.~ a~3 !3~a E!B a~B--~ "'~ 

0 O. <0 0 ~ o. ... 0 -< o • .... 0 .... 0' .... ~ 
~.------.,.- --- "' "' ---

., 
- .---- --- -- --- --- --- --- .--------- ---

o 
~IPr/. Pc/. pC/'1 Pc/. Pc/. PCI'I Pcl. PC/. I Pet. I Pet. Prt. Pel. I Pel. Pct. Pel. Pct. I Pc/. I Pcl. I Pet. I Prt. 

• ~0.", •.• _w. M 1l.1 110 IIi 118 IIi liS \18 91l 9S 97 06 116 97 117 08 97 o 
I 11.1 ._." 110 1/7 117 95 117 117 
'2 9:! 94 92 90 • 118 9S !l7 
:I . 8, 85 87 • 97 ~ ....814 82 82 79 97 "'05'1'""iiil' 117 
5. i3 i1 71 66 58 97 97 0.1 96 "P
6... 58 52 45 42 97 
7.. 4.) a5 28 23 94 t:I"'----0;8•. 24 22 21 97 t:j 
II... ~o 14 14 9f> 114 94 'd 
10 o 10 6 :I a 94 97 !':l 

:~ ]"'U7 I 
05 

II. :l a .1 2 2 I 94 
12.. 2 :! I 0 03 o 
13. o 0 0 0 \17 92 94 ~gl14. I II 0 0 93 93 ....iio· ;;.. 
10 0 9.1 87 o 
Ii !I:! 85 .... 
15.. II 0 0 () 113 

::::: 
!S 112 84 o
19. O~ 88 86 c:
20 02 !:I t:"
2L. I II:! S:1 .., 
22... '., •.• 88, .. _._.,_ .... 8:1 r:1 

110 iO ~ 
87 i5 c:j 
88 
81 ..... • ...... 15 73 

.._.. :1 .. _ :::::::1-: ::::/....20. 78 

82 76 117 68 70i.:::.·.L.::::. ::::-:1::::::: 85 7:1 68 69 72 



211.• 07 I ••.•.• 1 M n 66 64 7i 

30, .•• ",. 81 n M 61 115 


-~-- .. I,-·--.~I .~"'. 

31.... "'.•. " .... n ~ M M 66 

32......... ,, __ . MI n 71 60 57 58 

33....... . n @ M 49 63 

34... • ..•.• 66 66 ro 47 58 

35.... •.. .... • n 58 M 47 60 

M............... .. 66 60 ro 49 53 


····114 '137............... M M ~ 43 51 

38......, ........... . M m ~ 41 

311................... . M m ~ 3.~ 


40......... . M M U 35 

41................... .. 66 m 58 e M 33
• b 
42............... , •.. M m M a M 32 2l 


<;) 


44.................. . ~ 66 54 a ~ 31 

4:1.................. ~ M ro « 31 33 


t::l 
45.......... '" •••. ~ , ... .. u ~ ~ 31 ~ --~ .. ····oi· ..,46.................... .. M M U ~ 


{7...................... . m 66 66 •41 ~ ID ~: I. J...~5. I<j 

48.............. ' ..... . ~ m m ... e ~ 18 

49...................... . M .. -- .... 66 .. ft U ~ 
~ 

60..................... . M ~ M ~ M ~ ~ 

51.................... . M M 66 - ~ . - ~ 17
• a52........................ . M ~ m ~ D 17 

5.1............... ' ... .. M ~ M .. u 


281 15
54...................... . 66 ~ 24 12 ~ 
••..94 
 •5.'i.............. "" ....... . ~ M ~ 22 10 

:>6...... . M M ~ 20 ., ~ 
57........ . 66 M ~ ~ 2l 
58........ .. H M ~ 18 <;) 

(JJ59............... ""••••••... M ru ~ 21 

01 ~ 


61......................... . ...................... .. M -- - ~. -.. ~ - ~
60............... , ......... ·1· .... ··1· ..· ··1·· .. .. f>:! 

~ ~ ~ t::l6:.',,"" .........."" .... "" ..........................1.... .. M ~ (JJ


63.............. " .................... __ ."" ...•.. ,.... . ~ ... .~- - ~ ~ .. ~ .. ~ -~ ~- ~ 

64........................... ' ................ " •. ~ ~ 
 ~-----'--'--- 

(JJ 
t::l 

8 


I-' 
"'-l 
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TABLE 12.-Germination of 8eed of Chewingsfescue (sample 28b) grown at ArUngton, 
Va., removed from 8ealed 8torage with controlled moi8ture of approximately 1I,. 
percent at variou8 8tage8 in its loss of viability, 1986 

Seed stored at Seed stored at 2· C. 1 month, Seed stored at 2· C. 2 months, 
30· O. then at 30· then at 30· 

Dat~ of germination Transferred to room Transferred to room t.est Trans· 

Check t~~~~ Oheck Check 
Feb. 26 Feb. 26 111:)"" 1\[ur. :Mar. I ~Iar. I ~[ar.

18 10 ; 17 I 31 

Percent Percent ~ -;:::: Percent Percen! Percent percent! Percent I;::; 
~i~:t~~~~~~~~I~~~~ :==::i~: .::::::: i~ ~~:~~~~r~~~~~~ ~~~~~~:: :::::~~r·':/-::::.If~~~~~~ 
Mar. L___________ a ------9- flS -----74- :::::=:: ==:::::: -----94· :::::::',.
Mar.IO ___________ . 2 9 45 68 ________ ._ ••• ___ 87 
Mar. 17____________ 0 8 24 70 43 82 
Mar. 24. __________ . I 7 14 7f) 41 20 7l ··..~(::::~i:l·:::::::: 
Mar. 31. __________________ . 10 10 70 40 26 52 	 89 81 . _______ 

84 in 57 
81tg~: k:=:=::===:: :::::::: Ig 3 ~~ 1~ ~g ~~ 	 92 61

Apr. 21___________ ._ ....____ 9 0 70 39 21 14 S8 81 53Apr. 29_____________ "._____ 6 0 65 42 23 6 85 83 56
May5___________ ._ .. _____ . 8 0 69 :19 23 .1 90 78 59
MayI2_________ .. _ .,_.___ 10 0 70 48 23 1 	 90 85 55
MayI9_________ . __ ... _____ 11 72 47 27 0 87 85 55May 26 ____________ .... ____ 10 72 40 29 0 86 81 53
1une2_________ .. ___ --'-"-- 9 ________ 1 fl8 41 28 0 	 90 83 64 

6; 60 2l~~t'/5::::::::::::: :::::::: ~ -.------- ~g :g g=::::::.',. 	 66 21Dec. 2 ___________________.. _ 2 33 14 6 ____ . __ _ 	 65 ___ . ____1 23 

CONDITION:! APPROXIMATING COMMERCIAL STORAGE 

In order to follow changes in viability and moisture content of seed 
stored more nearly as in commercial practice, Chewings fescue seed 
was obtained from the 1935 crop grown in Oregon. One peck was sent 
to each of the following places in September 1935: Hermiston and 
Corvallis, Oreg., Geneva, N. Y., and Arlington, Va.9 The seed was 
stored in cloth bags in unheated buildings except at Corvallis, Oreg., 
where it was stored in a partially heated building until Septomber 
1936, when it was transferred to an unheated building. 

A moisture determination and a germination test were made 
monthly on the four I-peck lots. The results are given in table 13. 
From the results of March 1937, it would appear that all four samples 
were still of high germination value, but the samples stored at Geneva 
and at Arlington had lost considerably in germination energy. The 
7-day readings for the October 1935 test and the January 1937 test, 
shown in table 14, may be taken as an index of the chan~e of germina
tion energy, since the rate at which the seed germinates IS a measure of 
its vigor or germination energy. 

The sample stored at Geneva had maintained a higher moisture 
content than the sample stored at Arlington, but the temperature was 
higher at Arlington. 

I Acknowledgment is made to H. K. Dean, of the U. S. Umatilla Field Station, Hermiston, Oreg., Mrs. 
Grace Oole Fleischman, Oregon Agricultural College, Oorvallls, Oreg.; snd M. T. Munn, Division of Seed 
Investigations, New York State Agricultural Experiment Statlon,Geneva, N. Y., for providing storage and 
forwarding samples monthly. 
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TABLE 13.-Germlnation and moist1tre content oJ 1935 crop of Oregon-grown seed of 

Chewings fescue stored in different States 

Sample 758466 stored Sample 708463 stored Sample 758464 storedllsamPle 75846.5 ,tored 
at Gene\"a, N, Y. at Henniston, Oreg. at Con'allis, Oreg, at Arlington, Ya. 

Date of test 

Moisture Germi· :-'Ioisture Germi· 'Moisture I Germi· I,,[oistllre Germi· 
content nation content nation content nation content nation ,

------I---------j----j------
Percent Percent Percent percen \ Percent perceng~ I... .p.'.'.c.e.'.'t.•.. .1.".'.'.'.'.'!..Septemberl935•._._••.•••••••.. _.••_•.. _ 8.96 9t3 11.05, 


October 1935......... ]0.80 97 8.f>6 95, 11.22 951 11.59 i 90 

No\"ember 1935._.... 12.40 95 S.75 96' 9.22 99~ I' 1111·.~S6 I °9~

De:·emberl935.... , 14.17 97 9.56 g6 8.99" u 

!anuary1936•••.•• __ 15.22 96 9.89 95 9.36 95 12.30 I 97 
February 1936....... 15.00 92 9.25 95 S.98 95 11. 37 96 
March 1936...••••••_ .4.29 97 13.64 96 00"",,,, 11. 21 07 
April 1936...__ ....__ 14,48 94 11.40 95 8.46 98 \ 11.22 97 
May 1936...__....... 13.65 93 9.61 94 11. 78 97 10.';3 96 
June 1936___ •••___ ••. 11.14 94 9.49 96 11.89 941 10.34 97 
July 1936________ .... ]0.51 80 7.18 88 11. 60 89 i 10.78 95 
.o\ugust 1936.. ....... 9.43 91 6.63 91 10.70 94 1 8.79 , 95 
September 1936..____ 11.27 ~+ 1·····~/.·;8·· ....·..9·3.. ' .... 1··1.·6·3·· 92 1101.·~_5041· 9October 1936... ...... 12.19 "" i 

94
966U 

NO'I'ember IP36.... __ 13.24 90 7.73 94 I 12.34 92 10.80 I 96 
DecemberlP36.-..... 12.69 92 1l.2S 96 12.51 93 9.83 93 
!anuaryl937._... _.. 13.30 91 12.63 9-1 15.53 92 11.27 94 
February 1937____ .•.. H.42 94 13.15 Y5 I. 15.88 94 ]0. fJ3 93 
:March 1937____. ___ .•1 13.75 91 n05 9.,: 17.31 94 10.25, 92

1 -.-----
TABLE H.-Germination in 7 days (1'ndicating germination energy) of Chewings 

fescue seed stored under conditions approximating commercial practice 

I Germination 

Sample I .Pl"e" of stnrnge 
:\0. , January 

1935 1937
October I 
Percent Percent 

758463 Hermiston, Oreg..... .. 84 
758461 Corvallis, Oreg._ .................. . 63 
7584f>5 Arlington, Va............. .. .. __ ..... , .. . 73~g I

I 
26 

758466 Geneva,:\. Y ... ___ ........ _.. ____ .......... . 91 23 

In order to have a laboratory check on the bulk storage, smaller 
quantities of the seed from Oregon were stored in a cloth bag and in a 
sealed jar at the controlled temperatures of 30°, 20°, and 2° C. and in 
the laboratory. The sample stored in a cloth bag in the laboratory 
had dried out to approxinlately 9-percent moisture and still showed a 
high germination in November 1936, but the germination of the seed 
stored in a sealed jar where the moisture was held practically constant 
at approximately 12 percent felll'apidlyuntil it showed only 7-percent 
germination after 14 months of stor'age. At 30° C. the seed in a 
sealed jar held at the original moisture showed no germination after 
5 months' storage, and after 14 months at 20° the germination had 
fallen 14 percent. Only at 2° did the seed stored in a sealed jar show 
practicaUy no loss in germination. The seed stored in a cloth bag 
showed a loss of 31 percent at 30° and of 71 percent at 20° after 14 
months. The greater loss at 20° was probably due to the higher 
humidity in this chamber, A check on the humidity of these two 
chambers over a period of a week during May 1936 showed for the 
20° chamber a relative humidity of from 62 to 73 percent and for the 
30° chamber a relative humidity of from 41 to 61 percent. The 



III 

TABLE I5.-Germination and moisture content of 1935 crop of Oregon-grown sceri of Chewing.~ fescue (sample 758465), after storage under l\j 

Date oC test 

Septemher 1935_. ___ ••. . . . 
Novemher ]935..••• _... , ......... .. 
December ]935••. 
January 1936 __February 1936_ 
March ]936_••.. 
April ]936. ___ .. 
May ]936.__ .... 
JuneI936•• _....•. 

:\~~~3r93ti:~::....... 

September 1936................
- ... --... 

ovarious conditions 

Rcsults under Indicated conditions oC storage ~ 
Q 

LlllJOrntory ao· c. 20· C. 	 2° c. !2l ..... 
Q 

In cloth hug Jn scaled Jar In cloth bag 1n scaled jar In cloth bag In sCllled jllr In cloth bng I In scaled Jnr ~ 

1~o::'1 Gem11-1 ~~:~-I GenUI-I1>lt~;;-1 Ger!UI-1 ?v{,;>::'1 GermI· I1>!.;>::" ,Gef!Ui-1 ?f,;>::'1 GermI· I?f.;>;~-I GermI-I ?f.;>:=- IGennl
content nation content nation coutent natIOn content nation content natIOn content nation cont<lnt nation content nation ~ 

tri,---.---.---.---.---.---.---.---.---.---.---.---.---.---.---.--- ~ .... 
Percent Ipercen! IPercen! Ipercw! IPercen! IPercell! IPercen! IPerun! IPcrcen! IPercen! IPercen! IPrrctll! IPercr.nt IPerc",t IPercent IPercent !2l11.26 	 97 


97 


96 

... ::'1__::::': ::.. 
.. .. ,

October 1936..•.. ___ .. _._._ .•_•.. _._ .. ___ •__ ..• 
NoyemberI036................._...... 11.2:December ]936__ ••••_•• _..........._.... ..... 


.~aeb:~1'ir~%~7: :::::::::::::::::::::::::' .:::: 

03. --..
05 

0> 
-1 
o:c::·~~r:::]~~~::~n-;~TT·-·~r TiE ~~~}~. ~Hm~ ::::::!: :~;n~~ ~::::~: ~~~f~f~~ ::~::~~~ 

o ..•.. _ ...____._. _•. _____ 90 ._•••••• ____•• __ •.••••.• _. ____ ._· ....03-R8 	 o _...... 91 92 97 98 ~ 
R4 91 90 .•• _.... 92 ._._._____•• _••• 
iO 96 89 ___ ••••• 92 ._ ••.•..•••••... _•.•• _••••• _._. 'Ii

:.:. :: ~::'. :::: .::: :::::::: :: :::::::::.:::1':::::::1::::::::1:_:::::' ..-...... t:1 
_., ___ ._ ._______ ___ __ ._.. 

93 ]2.00 7 8.11 66 12.71 ..... 12.82 25 12.22 
. ..........._... _,. __ •• __ •.•...• 22 


I:::::::: .::::::: 1 - ••• -- ......_~~_ :::::::::: . '-ji~(rl·. ':~':I-'i2~43' '.: 
..----- --. .. -.-.------------..----.-~-	 --~-.~--

46 "'--" 	•••••• -- ... -•.• "'--.• "--' .•• 49 .•• ---..
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moisture content of the seed stored in a cloth bag was not checked 
frequently, therefore it is difficult to compare these result" with those 
from scaled storage. The loss n t 30° was greater than would be 
expected from previous results, but it is probable thut during part 
of the time the moisture of the seed was greater than 8.11 percent as 
indicated by the one test made. The results fire ginn in table 15. 

This experiment indicates that the artificial method of storage in 
sealed containers does not ('ause a more rnpid detel'iorn.tioll of the seed 
tha) ,:,,'ould be expected of seed under ordinary conditions at the same 
tempern.ture and having the same moisture content. Sealed jars 
afford the onl~T pmcticnblc means of mnintaining- a const,nnt moisture 
content. The moiRture content of the s('('d apP(,IlI'S to be the c]'iticl11 
fuctor in the long'('vit.\, of Chewings fescue 8(,(,(/. 

STOItAGE OF FESTUCA ItUBItA STItAJNS 

Re('d of ('('rtll.ill mixed ('OIllmel'C'illl "trH.illS of Festu('(l. l'ubl'(I 10 WIIS also 
teRtcd. This s('ed wns luu:Y<'sted at the same time Kos. lit and 9 
Ohewings [('scue \\'('1'0 IIH,rn'strd. GNmination t('sts were made 
monthly, and a ch('rI~ 011 the moisture content was made in JnllufLrv 
193G. 'The J'('suIts (tnble 16) Rho\\' that this seed responded to thVe 
different stornge ('onditiolls in the Siun(' way 1I.R Chewings fescue. 



T ABI,E 16.-Gcrmr:notion of seed of Fc.~t.lIca. rllbra. .~lra':n.~ with moilSlure contcnt of approxr:lllai.c!1I10 and 14 percent stored at various temperatures ~ 
~ ~-~_.__. .,...,..... 

(fermination with indir,lltcd moisture content' nnd storage conuit.ioos ;.3 
t:1 
Q 

l\foistllr~ approximntely 10 IIcrrrnt "loistnre approximately 14 percent I:Q 
Sample ~ ])nle 01 germination trst. ....No. 

I ~Rhorn tnry~ Healed slorn~r Sealed storage 
doth hag ~ 

30° ('. !!O0 ('. 10° ('. 2° C. _ 10° ('. 30° ('. 20° ('. 10° C. 2° C. -10° C. t::1 

Prrrrni Prrrrllt Prrrr1lf Prrrrni Prranl Prrcrlll Parmi Ptrrtnl Perunl Parent P"renl ~ J1IIy 2,t. W:14 .. !.lfi --'PS'" 'IIS" ljAuS!. 2·', l1J3-1 .. , !Hi liS 113 93 

~I'Jlt.2i, 19:J4 U7 ~
--97--- ., ··iir..·····'·-iiii--..·· Ort. 23. 1034,. 93 11.1 OS n7 U7 38 

:-'-0\'.23,1934 98 9.1 !l5 115 114 116 o 0> 

Dec. 21, 19340 ... . IIH o 9~..........~~.... J.~~ -1 


Jnn. 24. 193,'; ... " !lEi 9n o 89 ~o
..·94---- . .. iiii·-....I-·97· .. ···T-iis.... ·--· 
Feb. :.!S, .1935... . . '-'Iiii'" \~1 116 IIi !IS o tID 
Apr. 23. 1935..... 9:1 II, M 
Mny23,19:15 ••••. 87 n:! 36 ~ ..9:i·--··..·I··ii6·-----· '1' ·9S..•·..-· Jllne 23, 1935•••.. '--9ii' 81 11.1 97 96 03 2l 
July 2S. 1\135 .... " in 12 95 'fl 
Au\:. 30. lIIa5.... .. RII 60 954n...... Sept.. 24, W3L •. 49 1 tilOrt. 24. W3fl.. • !II 36 , ...... "...... o 
No\·.30, 1935. __ . :12 116 o 
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DISCUSSION 

Loss of viability of fescue seed is directly associated with a high 
moiRture content of the seed and a high temperature. It may be 
assumed that this general statement will hold for other kinds of seeds. 
Although the critical moisture and temperature conditions may vary 
somewhat for Jifferent kinds of seeds, it is believed that these results 
may serve as a general guide in determining suitable storage conditions 
for most kinds of seeds, until the detailed behavior of other' kinds are 
determined. 

The advantage of shipping seed under cool storage in oversea transit 
is lost a few months after entry into this country unless the seed is held 
in subsequent storage at a teinperature as low as 2° C. or unless the 
seed is dried to a moisture content not exceeding 10 percent. Ex
periments on domestic seed hu'\'ing a moisture content of approxi
mately 8 percent and 14 percent stored at 20° and 30°, and also at 
2° for 1 to 6 months and then transferred. to 20° and 30°, demonstrate 
this fact. The seed. having a moisture content of approximately 8 
percent showed. no loss after 14 months of storage continuously at 
20° or 30° or helel in cold. storuge for various periods before subsequent 
storage at the higher temperntures. The seed huving a moisture 
content of npproximately 14 percent lost just as rapidly when trnns
ferred from cool storage to a higher tempel'llture as when the seed. 
was held constantly at It high temperature, but the rate of the fall was 
much greuter when the seed was transfcl'I'ed to 30° than when trans
ferred to 20°. Seed samples with a moisture content of approximately 
14 percent stored at 2° for 1, 2,4, and 6 months showed a germination 
of 95,99,97, and 98 percent on the day they were transferred to 30°; 
but 5 weeks from the date of trunsfer these samples showed a germina
tion of 71, 71, 66, and 58 percent, respectively, a germination as low 
as or lower than the 73 percent shown at the end of 5 weeks by the 
seed held continuously at 30°. There is a slight indication that the 
seed held in cool storage and then transferred to 20° lost vitality in a 
shorter period, counting from the date of transfer, than the seed held 
constantly fit 20°. 

Cheeking the fall of germinution by drying out on arrival of the 
seed shipped uncleI' cool stornge found in the experiment on samples 
751444-751446 was supported by the experiments on sample 23b. 
The seed with a high moisture content stored at a high tempemture 
deteriorntrd mpidly, but if tlw seed wus takrn out and dried at room 
temperature it maintained a constant germination for approximately 
3 months. Subsequent storfige of samples shipped under cool stornge 
conditions alld of samples dried before shipment show('(1 that seed 
drird before shipmen t Hrrived in as good condition as seed shipped in 
cool Rtol'flge and thflt it bud a longer life after receipt in this country. 
For exumple, sumples 751444 nnd 751445 shipped ullder cool-stornge 
conditions showed on llrrival fl, germination of 81 percent, but after 
4 mon ths' storngc in the lubol'U tory with the originlll moisture con ten t 
the secd 'was d efid. Sam pIes in the series 750945-750974, dried to 
7.3 perGent before shipment, showed on arrivul a germination of from 
72 to 96 percent, and after 2 years 2 months' stornge in the laboratory 
with the originul moisture ('ontellt the seed still showed a get'minatioll 
of from 34 to 74 pCl'C'ent. Or, t.o compare within the snme shipment, 
samples 750945-750!)74, the sl'ed dried before shipment nnd kept dry 
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showed after 2 years 2 months' storage in the laboratory a germina
tion about equal to the nondried seed on arrival. 

The results of the test of domestic seed with moisture content vary
ing from approximately 8 to 14 percent stored in sealed jars at tem
peratures of -10°, 2°, 10°, 20°, and 30° O. show the direct association 
of the moisture content of the seed and the storage temperature on 
the life of fescue seed. Fescue seed lost its vitality very rapidly at 30C) 
if the moisture content was high. At this temperature the seed fell 
approximately 20 percent in germination in 5 weeks, 4 months, and 
12 months at moisture contents of 14, 12, and 10 percent, respectively; 
the seed was practically dead in 3 to 5 months when the moisture was 
14 percent and in 8 months at 12-percent moisture. 

Fescue seed stored at 30° with a moisture content of approximately 
10 percent retained its vitality much longer than seed having a 
moisture content of approximately 14 percent stored at 20°, but not as 
long as the seed having a moisture content of approximately 14 
percent stored at 10°. However, seed having a moisture content of 
approximately 10 percent stored at 20° showed a germination above 
90 percent after 2 years 2 months' storage, as compared with the 
germination of 58 and 77 percent for the seed having a moisture 
content of a.pproximately 14 percent stored at 10°. 

The moisture content of fescue seed stored at 30° should not exceed 
8 percent, stored at 20° should not exceed 10 percent, and stored at 
10° should not exceed 12 percent for long-time storage. Therefore, 
it is of no benefit to ship seed containing a high percentage of moisture 
under cool-storage conditions, because it will lose its vitality on arrival 
in this country as rapidly as the seed not shipped under cool storage, 
and the initial germination of such seed on arrival would only serve 
to mislead the trade. Seed that dies slowly goes through a period 
when a large percentage of sprouts develop abnormally during germi
nation. These abnormal sprouts are worthless, since they would 
never develop to maturity. Their true value is very difficult to 
interpret, and they are of the type that cause controversy concerning 
the lack of uniformity of germination results among unalysts. 

SUMMARY 

Ohewings fescue (Festuca l'ubra val'. commutata) seed shipped from 
New Zealand under different conditions and domestic seed of high 
viability were stored at different moisture contents and at a series of 
temperatures. The germination of the seed was determined at 
intervals. Domestic seed of commercial strains of Festuca l'ubra was 
tested in comparison with the seed of Chewings fescue. 

The advantage of shipping seed under cool storage conditions in 
oversea transit was lost a few months after arrival in the United States 
unless the seed was held in subsequent storage at a temperature as 
low as 2° C. or unless it wus dried out after arrival to a moisture con
tent not exceeding 10 percent. 

Seed dried before shipment overseas and kept dry showed after 18 
to 26 months' storage in the laboratory at room temperature a germina
tion eq ual to that shown Ly the nondl'led seed on arrival in this country. 

Domestic seed in sealed containers stored at 30° C. with approxi
mately 14-percent moisture lost 20- to 30-percent germination in 
4 to 5 weeks; with 12-percent moisture this loss occurred in 4 to 5 
months, and with 10-percent moisture in approximately 12 months. 
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'With 8-percent moisture there was no appreciable loss in 1 year find 
3 months. 

Seed stored at 20° C. with approximately 14-percent moisture lost 
approximately 20 percent in 8 to 10 months; with 12-percent moisture 
the loss was less than 10 percent in 1 year 3 months, and with 10
percent moistu..re there was no appreciable loss in 2 years. 

Seed stored at 10° C. with approximately 14-percent moistl.lre 
showed 15 to 30 percent loss in germination in 2 years; with approxi
mately 10-percent moisture the seed had shown no loss in the final 
germination in 2 years, but the rate of germination was slower. 

The moisture content of fescue seed stored at 30° C. should not 
exceed 8 percent; at 20° it should not exceed 10 percent; and at 10° 
it should not exceed 12 percent for long-time storage. If the moisture 
content of the seed exceeds 10 percent it should be stored at a tem
perature below 20°, but if the moisture content of the seed is below 
8 percent it may be stored safely at a temperature as high as 30°. 

Seed that dies slowly showed at certain stages in its fall of germina
tion a large percentage of sprouts which develop abnormally and are 
not capable of further development. 

Seed having a moisture content of approximately 8 percent held in 
cold storage from 1 to 6 months before transferring to 20° and 30° C. 
showed no significant loss in germination after 14 months. 

Seed having a moisture content of app:·oxima.tely 14 percent held ill 
cold storage from 1 to 6 months lost in germination when transferred 
to 20° and 30° C. The fall in germination was much faster when the 
seed was transferred to 30° than when transferred to 20°. Seed having 
a moisture content of approximately 14 percent and stored at 30° fell 
rapidly in germination regardless of whether the seed had been held 
at 30° from the beginning or had been previounly in cool storage. 
There is a slight indication that seed having a moisture content of 
approximately 14 percent and transferred from cool storage to 20° 
lost more rapidly than the seed stored at 20° from the beginning. 

The rapid decline in germination of seed having a high moistul'(, 
content was checked if the seed was dried out. 
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