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TUE E??ECT O SEED STORAGE CONDITIONS ON STAND 
ESTABLISHMENT, .L?ORAGE AND SEED PRODUCTION IN 
CRIMSON CLOVJ (Trifolium inoarnatuxn L) and 

PERENNIà.L RIEGRASS (Loliun pereíme L) 

INTRO DUC TI ON 

It is a well known ract that generally good seeds 

produce better staids and increased crop yields when 

proper cultural practices are followed. Good seeds are 

usually nature, have high germ naìlity and produce 

vigorous seedling. High vigor could be coiserved by 

optimum stora:e condition. 

Storage of seed to preserve its quality has been 

a matter of great interest since the beginning of agri- 
cultural history. Preservation of seed viability be- 

tween harvestin and seeding iS a necessary step in 

agriculture. urtherÁnore, seeds are often transported 

long distances from placo of production to place of use 

and it is frequently necessary to store the seeds from 

one season to the next, or longer. Soins countries are 

partly or entirely dependent for their supplies of 

certain seeds upon production from other parts of the 

world. It is, therefore, desirable to retain viability 
during shipment so that the seeds reach the consuming 

countries in good condition. 

A considerable emount of researc has been con- 

ducted on optimum storage conditions for seeds of some 
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crops, but very little lias been done with seeds of 

forage crops. The importance of forage seeds is in- 

creasing rapidly as grassland farming increases. Hence, 

the grassland seeds are vital to the economy of the 

nation and the world. 

The generally accepted measurement for quality of 

seed is the germination test conducted in the labora- 

tory. The influence of seed storage conditions on pro- 

duction of forage anci seed has not been clearly defined. 

The purpose of this research was to observe how storage 

conditions influenced quality of seed as measured by 

stand establishment in the field, plant growth and de- 

velopment, and production of forage and seed. In 

addition, an attempt was nade to correlate germination 

in the laboratory with emergence under field conditions 

and determine if a valid estimate of emergence in the 

field could be made from tue results of germination 

tests in the laboratory. 
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LIflRATUR IÙV .[E 

There are several enviroimental, cltral, and 

iuteria1 acLor which atreot iield e1erGenoe, stand 

estab1isbaeit, growth oC forage, and seed production. 

A. External factors 

Among t1e environmental factor8, 8oil and air 
temperature, rnoistre and light are most important. 

1. Temperature: The effects of tenperture on 

the ¿rowth and development oC brasses have been 

extensively ix1vestiLated by :achell (sl, p. 22-2h), 

Peterson et al. (61, p. 31-14) and sullivan et al. 
(72, p. 708-717). Sprague (69, p. 28j-29L) 

studied seedling emergence o eight pasture species 

under several conditions of controlled environ- 

nient. He round that the species varied widely in 

their ability to emerge at diifereiìt te..aperatures. 

At the hiÌiest temperature level employed, 1000 

for four hours daily, he noted reduced emergence 

compared to that at lower temperatures in all 
species. Laude 5, p. 112), in his studies of six 

species of perennial grasses, including Lolium 

perenne, found that this grass was the most 



sensitive to high aoil teiiperathre. A roduct1or in 

percentage o emergence was associated with a delay 

in emergence of seedlings srvivirig the heat treat- 
nient. Gist and Mott (26, p. 36) reported that in- 

creasing temperatures rrorn 600 to 900 c1 rediced 

seedling ¿iowth oi alCalfa, timothy and red clover. 
Chippend&le (lL., p. 7-53) noted that timothy 

germinated poorly at low (_lO0 C.) temperatures 

while orohardrass did well at this temperature. 
Timothy germinated quickly, but seedlin?s were 

small axd grew slowly. Black (6, p. 209) found 

that hypocotyl extension per mit of cotyledonary 

reserves increased fro.i 7° to 1L10 C. to 210 C., 

which was optimum. Bouyoos (10, p. 9-120), ilide 

(3)-i-, p. 31-35), and Smith (68, p. 110) studied soil 
temperatures in relation to air teaperatures and 
reported that soil temperature at l/t. to 1/2 inch 

depth may reach iaximuns of 300 to LO° above 

air temperature. Heidseth et al. (32, p. 29L) re- 

ported that there are three cardinal growth tempera- 

tures for each species and variety of plant. These 

are the minimum growth temperature below which 

growth does not take place, the maximum growth 

temperature above which browth ceases, and the op- 
timum growth temperature at whioh growth is most 



vigorous. 

Although there are species dirferences in 

general, growth rate of grass declines at constant 

temperatures higher than 60 . to The 

detrimental effect of high teniperature may be due 

to depletion of carbohydrates within the plant. 

Lethal temperatures for most of the grass species 

are in the range of from 1200 . to ]J4O° 

2. Light: The supply of light energy could bo a 

factor limiting the rato of photosynthesis and in- 

directly the growth of plants. Gist and ¡iott (27, 

p. 3) found that red clover seedlings produced 

more top growth than alfalfa at lL.,OO foot candle 

hours of light per day. At 2L.0O foot candle hour8 

of light per j, alfalfa top growth exceeded red 

clover the first lO to .O da,s after ergence, but 

red clover W&8 better frodi ¿.4 to 6 days. Cenera1ly, 

growth response of alfalfa, red clover and birds- 

Loot trefoil were linear for varying light inten- 

sities. 

Knight (L43, p. 56-553) investigated photo- 

period response and found that best seed production 

of dallisgrass resulted when day lengths of 11. and 

16 hours were uso in combination with high night 



teniperatures. Night te:iperatures below S° 

inhibited seed formation. Dallisgrass railed to 

produce seed heads when grown under a photoperiod 

of 8 or 9 hours. Lovvorri (LIB, . 7) reported 

that under short days dallisgrass produced more 

top growth at 80° x. to 900 . than at 600 ¿. to 
7Ø0 

Generally liht does not limit starìd estab- 

lishxnent in the field in adapted areas suitable 

to crops. Intensity variation may sometimes limit 

plant growth under unusual conditions or in un- 

adapted areas. 

3 Moi sture : oi s t ire i s the uo st iTaportant fac- 

tor Lfluencing distribution of plant8 within areas 

of similar temperatures. Placement of seed in a 

dry soil is generally reported by many workers (2, 

p. 82-8L.; 18, p. ll9-12L; 3.9, p. 106-109; 19, 

p. 2L.-529) to delay emergence and reduce total 
emergence. Gist and Mott (26, p. 35-36) reported 

that decreasing soil moisture resulted in reduced 

seedling growth. Davies (16, p. ll-2L), working 

with ryegrass, found that relative drouht, es- 

pecially when aocpanied by high temperatures, and 
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high raiLia11 when accompanied by 1on periods of 

low teniperature, res1t L low ¿eriainatioi aiid 

1ùh seed1in ¡aorta1itr. ¡ tenperature, aecoxa- 

paied by bt 1ight rainaU, eause slow germi- 

nation which need not iecossari1y resu1t in poor 

estublishment, provided more favorable conditions 

Lollow. Tysdal (76, p. 526-29) fouud that high 

soil moisturo resulted in ooisiderably iioresed 
forage yield of alfaLfa ad did not inhibit seed 

production, bust lowest seed yields and highe8t 

araonts of shriveled seeds were produced by thick 
stands of frequently irrigated, lodj,ed plants. 
Hollowell (3g, p. 232-2L5) reported that atmos- 

phone humidity did not aect seed setting oi 

red clover. More seeds, more heaCs per plant, 
and greater vegetative rowth were produced on 

soil of medium moisture content than soil either 
high or low in moisture. 

irom the above review, it is obvious that soil 

moisture, when either excessive or deficient, is a 

limitLi factor in stand establishment and pro- 
duction for nost grasses and legumes. 
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Li.. 
Soil: The kind or soil, its fertiliti and pli, 

have a great bearinß on the establishment or stand 

and production or forae and seed. Soil serves as 

a medium in which plants live, as a source or 

plant nutrients and as a source or water. As early 

as 1927 Davies (17, p. 6-3) noted that heavier 

soils tend to give poorer stands o forage species 

than 1ihter soils, and fertilizers may improve 

seedling visor under many circumstances. 

B. Internal factors 

1. Seed size and weight: Among the internal fac-. 

tora affectiii establishment of seedlings and sub- 

sequent production of forage and seed are, ¿ene- 

tic characteristics, seed size and weight, seed 

viability and vigor, maturity of seed, past his- 
tory and age of seed. 

Effect or seed size on establishment has been 

studied by ;aany workers. Kidci and .est (14, 

p. 138) stated that the ba1aice o.i evidence favors 

tne conclusion that larger seeds give rise to iore 

vigorous plants and better yields. Davies (17, 

p. L7), referring to the most commonly used 

British grasses, commented that under normal 

field conditions, the size of endosperm is an 



L'nportant £aotor in determinin the potential 

abi1it of a species to eatabli8h itseli. Milton 

(52, p. 17Li-l31) fo&nd that strains of perennial 

ryegrasa and timothy with heavj seeds became better 

established than light seeded strains, oven though 

the same weight of seed as planted giving rxre 

seed per acre or the light seed. Plmr (62, 
p. 23-31) noted Li 18 forage species, that 

heavier seeded grasses emerged faster and better 

than li;ht seoded grasses when planted deep. In 

1927, Davies (17, p. L1.6-119) reported correlation 

coefficients ranging from 0.696 to 0.795, between 

low seed weight and per cent stand establislunent 

for a number of forage species uxder investigation. 

Erickson (22, p. 969-971) found a direct 

association. of germination and seedling vigor 

with seed size, though effect oil seedling vigor 

decreased with the age of the seed1in. Hunt 

(37, p. 86-95), working on a number of grasses, 

including perennial ryegrass, showed a correla- 

tion of 0.798 between seed weight and number of 

established seedlings per 100 seeds planted. A 

correlation of 0.90 between seed weight and seed- 

ling vigor was obtained by Hawk and Welch (31, 
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p. 511-815). Peace (60, p. 36-38) obtaIned sig- 

nificant correlations, both phenotypic and geno- 

typic, between seed weiìt and seedling vigor with 

20 strains of siooth bromegrass. 

irorn the above review, it is clear that :ost 

workers aree that larger seeds prcduce seed1ths 

that emerge .aster, and grow at faster rates. 

however, there are differences in average seed- 

1in vior between species and ong strains ifl 

tl:ie species. 

2. Seed viability: Most investigators acree that 

the most important factors affecting viability of 

seeds in storage are moisture and temperature. 

Excellent reviews on this subject may be found in 

Blackman (5, p. 31-36), Crooker (15, p. 235-27L.), 

Duvel (21, p. 9-39), Barton (3, p. 379-L4D3) and 

Toole (75, p. 3-3). 

The effects of temperature and moisture on 

seed viability counteract each other when one is 
low and the other is high. Their effects multiply 

when both are high. Chirìg et al. (13, p. 631-683) 

reported that crimson clover containing 6 per cent 

moisture remained viable after three years storage 

in hermetically sealed cans at 30 C., 220 C. and 
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38° C. Perennial ryecras containing 8 per cant 

moi8ture preserved well at 30 C. and 220 C. oy 

(2L, p. ll-lL), Kearns and Toole (LO, p. 2h.) and 

Gane (25, p. 90.'.91) studied the inf].uence of 

storaCe temperatures and relative humidity upon 

te viability of chevins fescue seed. Their 

respe3tive experiments demonstrated that seed 

maintained at a given mnoisture level the greatest 

lo.s of viability was associated wLth high tenpora- 

tures. Barton (Li., p. 217-220) found in tomato seed 

that though germination after six rears Li storare 

was still high, vior had fallen off markedly and 

the percentage o seedlinGs capable of emerging 

from the soil was very low. A similar result was 

noted by Simpson (67, p. 146), wbo reported that 

weakened but still germlnable seeds are difficult 

to detect by laboratory methods. Cotton seed 

stored at higi temperatutwith high moisture for 

two and one-half years, failed to emerge from the 

soil in the field and the germination per cent ob- 

tamed in the field were considerably below that 

obtained in the laboratory. 

'rom the above review of seed viability and 

seedling vior, it can be concluded that excessive 
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moisture in the seed speeds raetabolic changes that 
result in loss of viability. High temperatures 

further increase the rate of change. Exposure to 

hi teniperatur and high noistre reduces the 

potential life span of seed, even berore the per- 

centage OL gezination is reduced. .eakening of 

seed may result from unfavorable conditions of 

storage and/or long periods of storage. 

3. Seed maturity: seed maturity plays an Lupor- 

tant role in seed weight, seed geruiination, seed- 

ling vigor, and stand establishment. Grabe (29, 

p. 253-26) conducted a study of bromegrass on the 

effect of stage of maturity on seed size, viability, 
and seedling vigor. Maximum dry weight of seed and 

fall germination potential were reached by 17 to 18 

days after antheels. It was found that ability to 

erminate and seedling vigor ere directly propor- 

tional to seed weight, which reflects the aiount of 

food reserves in the seed. McAlister (Lj.9, p. ¿4.142- 

L3) reported that seeds harvested at the pre-milk 
stage and milk stage were inferior in most instances 
both in viability and longevity, compared with seeds 
harvested when at the dough stage or mature. 
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Inmiature seeds did not energe aid did riot retain 

'ermiiìabi1ity in storare. Herman (33, . 876-88g), 

wo:king with crested wheatgraa (Agropyron cris- 

tatum), found that seed weight, emergence f rom 

different seeding depths, and height or seedlings 

all increased as seed was harvost3cl closer to 

maturity. Viable seeds were obtained by harvestJ.ng 

earlier than hard dou1i stage, bui such seeds did 

not prodnee vigorous seedlings. 

Thus, from the above review, it is clear that 

vigor and gexixtion percentage or the seed in- 

crease with miaturity. 

Li. Genetic factors: It has been observed that not 

onlj seed size but also genetic factors are related 

to seedling vigor (30, p. 19) . McDoland et al. 

(so, p. 22-2t) studied plant to plant variation in 

bromegrass end found significant differences in 

yield, spreading habit, and plant heiglxt, both 

amon; families and between inbred and open polli- 
nated progenies. Kneeboìie and Cremer (L2, p., L73- 

!i.76), working- with several range grasses, Lawrence 

(!6, p. 2l-2l9) with inteinediate wìeatgrass, and 

Peace (61, p. 36-38) reported similar results. 
Jewe1l and Keim (60, p. L.22-L33) round that northern 
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strains of brornegrass, though excellent in quality, 
ofteii produced weak seedling growth in the kall 
(seedThs in the field), while southern strains 
from Nebraska and Kaisas were verj ßood in seed- 

1Lig vigor. Black (7, p. 3-10) noted that the 

relative growth rates of three strains of broio- 

grass were identical, though these strains dii- 
fered in seedling weiit at any cile tizne, due to 

initial seed weiLht differences. There is a wide 

difference wnon; grass species in root and shoot 

development in early stages of growth. Pluer 
(62, p. 2L1-32) reported that broiaegrass vas one 

of the best in root growth duri the first 26 

days in the greenhouse, while crested wheatgrase 
was outstanding in root development in the field 
and the first few months after seeding. 

In snary, one may conclude that genetic lac- 
tors are known to influence seedling vigor. How- 

ever, culturiû practices, e.g. seeding time, en- 
virorìmental influences, and seeding method, may 

alter the plant perfoxnanoe and yield. 

C. Cultural practices 

Cultral practices, suci as seeding depth, time of 
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seeding, aced treatment, companion crops, irrigation, 
pollination, fertilizer, plant popüation and control 

of vees, diseases and insects, have a marked iril'luence 

on stand establishment and production ot £orae and 

seed. 

Love and lianeon (L.7, p. 373-3C2) were smon the 

first to study the effect of different depths of seeding 

on stands. They found that crested wfleatgrass and brome- 

grass could emare from depths up to 3 inches, but best 
emergence occurred at l/L. to 1/2 inch for the ..orraer, 

and i/1 to i inch with the latter. Muxphy and Amy 

(53, p. 19-26), Ahlren (i, p. l37-iL4), and Robertson 

(6L, p. 5-11) reported that crass and lenie seeds, 

unless sown very shallow, did not produce a hii per- 
centage of emerged soedlins. Approxinately 1/2 inch 

was a satisfactory depthfor seeding perennial rye- 
brass and other species included in the experiment, 

althou'h seeding on the surface can produce good stands 
under ideal conditions. Moore (53, p. 37L-375) found 

that emergence of seedlings fron extra larde or ex- 
tremely small crimson clover seeds was redced to a 

greater extent by deeper 8eeding than fron a medi 

depth. 3eedlius that emerged £roì deeper seeding not 
only were slower in energenco, but were nuch weaker 
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than those that emered £ri the optinitun depth. 

Thatcher !; (Th. p. 9-LO) did an exteisive 

study or dlrreront rnethod o sowia; neadows and 

£ouid that deep seeding is reconìieuded for early 

SOWjL and shallow for late sowing. Elaser (9, p. 119-. 

121) reported that, in a mixture, species best adapted 

to c.rrert environments become aegressive and diìnant 
while the plants less adapted are suppressed. In 

general, an increase in stand density produoes an in- 

crease in total forage yield, but seed headB are pro- 

duced fewer in close spacing as round by Ñiight and 

Hollowell p. 71.-76). llawk and Welch (31, p. Ll1- 

117), working with bromegrass, found a varietal dif- 

ference in seedling vigor. Certain inter-relationshì..pa 

between variety, depth or sOWing, and seed size in 

forae establishraent have been reported by i1ac (7, 

p. 3-13). 

deeds are recognized to be or considerable eeonoxnic 

importance in crop production. evorl investigations 

(11, p. 6b; 12, p. 193; 2t3, p. 16-16L) have denori- 

strated that weed infestation may bring reduction in 

yield by competition with crops for iaoisture, nutrients, 
and light. Competition begins early and oiten persists 
over a major part of the growing season. 
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?orage species are attaekecì by large nwtibers of 

pathogens. The importance of disease varies according 

to the grass species and the environment in which it 
is grow. ì3ird (9, p. -5) reported that rust can 

have a marked eíTect on both yield and vigor of Indi- 

vidual plants and strains of timothy. Sampson et al. 
(66, p. 2f3-263) found that several leaf apottin and 

defoliative diseases weaken clovers and other plants. 
ÎAanagement methods and environment have an im- 

portant eifeet on tii devolo2ment of iany fo1i di- 
seases. Sonietiiaes susceptibility to insects restricts 
the production of forage and seed. Rhodesgrass scale 
is a limiting factor in southeastern Texas as reported 

by Rioherd et al. (63, p. l-s). 

D. Correlation of laboratoz7_ germination cith field 
emergono e 

Generally, seed1in vigor and seed ge nation 
tests conducted in the laboratory reflect seed quality. 

In the laboratory, there are optimum conditions close 
to the ideal environment. However, when seeds are 
planted in the field, the environment Is seldom opti- 
mum. Many seeds that could germinate under optinrn 
conditions are not vigorous enough to urvivo in un- 

favorable environient. verson (14., p. 34-16) and 
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Mu.nn (57, p. 285-286) reported that seods generally 

germthate .r1igher in the laboratory than in. tite field, 

bt the laboratory test gives ari idea what we can 

expect in the field. Samples that are good in. the 

laboratory nst likely will be good in the field. 

Roglor (65, p. 217-229) obtained a correlation of 

0.9 between fteld and greenhouse emergence ratings 

for a ninber of crested wheatgrass seed lots at six 

depths. 
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IATiIUALS AND M2I1ODS 

Thc seeds of pereinial r'yegrass (Lo1iuiii pereiì.ie L) 

and crimson clover (Trifolium incarnatum L) with 6, 8, 

12, 16 and 20 per cent moisture content stored or L.8 

months at 30 C,, 220 C., 350 C. and at variable ware- 

house tenlperature in hermetically sealed canß, were used 

for this experiruent. Seeds with 12 per cent moistre 
stored at 22° C. and 38° C. with 16 ad 20 per cent 

moisture stored at 220 C., 380 C. and vaiiab1e warehouse 

were not ino1dod in this exorinent because they we'e 

non-viable. A iore detailed description of these seeds 

was published by Chine et al. (13, p. 68O..68I). Gcr'ai- 

nation percentages of both kinds of secds were checked in 
the 1aboratorT before seeding in the field. 

The soil for the neid exporiment was Amity silty 
c).ay loom. Anrnoniwn phosphate (16-20-O) £Íertilizer was 

added at the rate of 200 pounds per acre during prepara- 
tion of the seedbed. The experimental design was a raa- 
domizod block with replications. Each plot contained 
five rows 10 feet long and 3 feet apart. Seeding was 

done during the 'irst week in October 199. To hundred 

seeds were sown in each row. Crimson clover seed was 

inoculated with "Nitragin" (a conercia1 ou1tue of 

rhizobia) to proioto nodulation. 
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Emergence counts of crimson clover wore .ade 10-12 

days after p1aiting. Tho average percentajc of emer- 

gence was taken on the three conter xws of each plot and 

the results era usod to co'rolate ield o erenc With 

laboratory germinations. No counts were made in ryegrass 
because of difficulty in distinguishin, between seedlings 

of volunteer annual ryegrass and perennial ryegrass. 

Weeding was done three times during the growing 

period by hand hoein in Decenber l99, "ebruary and 

April 1960. In addition, a spray treatment of dinitro 

amine at 3 pounds per acre was ap1ied in Lecenber 199 

to control broacileaved weeds. 

Plant height of both ryegrass and crimson clover was 
measured in centimeters in the last week of february 1960. 

The counting of tillers was diffiu1t in the field be- 

cause of inability to distinuish between individual 

plants of either crimson clover or perennial ryegrass. 

Consequentlj, the plants in one of the border rows in 

each plot of crimson clover were du tue second week of 

May 1960. Total number of surviving p].ant, number of 

tillers per plant, length of roots and tillers, and num- 

ber of heads per plant were recorded in the laboratory. 

Víith ryegrass, even in the laboratory, ib was difficult 

to separate individual plants. 

Dry weight and moisture content of forage from 
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the materi1 described above in both crimson clover and 

perennial ryerass were determined by taking a weighed 

green saiple 0i approximately 100 grais f rn each plot 
- o and dryin in a orce air oven at 8 C. or 2L1 hours. 

To study the effect of seed storage condition on 

forage production, total forage yield was taken before 
blooming. In crimson clover, the last row was dug and 

roots were re'ioved before weighing to determine the 
total £orage yield. The ryerass as cut 2 inches 
above the ,rourid with hand siekies and then wohed. 
t the time of digging and harvestin., care was taken 

to prevent loss of moisture by keeping the forage in 
plastic òas and weihing inrniediate1 after harvest. 

4.or more information regarding the effect of 
8torage condition on the quality of forage, the prc- 

tei.n content of tue forage from all the treatments was 

determined by macro-Kjeldahl inethcd in the plant nu- 
trition laboratory of th6 Horticulture Department. The 

following procedure was used. 
A 0O gran saap1e of fresh forage of both ryegrass 

and crimson clover was dried at 600 C., then ground and 
the material passed through a screen of 2O-L0 mesh. Du- 

plicate samples of 1 grani of each treatmut were ana1yzec., 
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The protein content was ct1odated by nwltiplying ni- 
troen pereeitae by 6.25. 

Seeds of crimson clover and ryegrass were harvested 

by hand iii the month o Ji1y 1960 'wìe.ri they were z11y 

mature and just before shattering, Only the second, 

third and £ourth rows of each plot were harvested for 
yield of seed and tireshed by machine. The pereihlial 

ryegrass threshed easily and almost all seeds were re- 

covered, but threshing of crimson clover was far from 
satisfactory. ?ux'ther cleaning was accomplished with 

a hand clipper and a seed blower. 

In the case of crimson clover, only two repli- 

cations were harvested because the other two repli- 

cacions were accidentally mowed. All four replications 

of rjegrass were harvested. The seed yields were re- 

corded iii grams per plot. 
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EX PER IMENTAL RESULTS 

Urirnson Clover 

Correlation of ßermination between laboratory and field 

The energence of seedliws in the field was lower 

than the peroentae gennination in respective laboratory 
tests. The speed o.L eniergence of ryegrass was slower 

than crimson clover. In crimson clover, tue seed1ins 
started to eiuerge five dass a.ter seeding, bt in rye- 

&rass, emergence o. seedlixi was rirst noted nine days 

aiter seediii. The reBults o laoratory germinatior and 

field emergence £o various seed loes stored under dif- 
Lereat conditions for three and four years are showim in 
Table i for 1953 and in Table 2 Cor 1959. 

There was a high correlation between laboratory 
germinations and field emergence, as shown by the cor- 
relation coeCCicients r : O.9L.O* in l95and O.961** in 
1959. Both of them are significantly correlated at 5 

and i per cent level. 

#E2hese data have been taken from the experiment of 1958 conducted by Ching and Overmiller. The seed was sown in the field after 36 months storage under different on. 
*Ì : 12 
**N a 13 
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Table 1. Comparison of percentage laboratory germi- 
nation with field emergence of crimson 
clover stored for 36 months under different 
storage condItIons In 195u. 

ß *6-3° C. Lab 92 U6 9L1. 9Li. 

ie1d 61 6L. 63 69 

C 6-22° C. Lab 8Lt. 38 92 92 
ie1d 60 72 9 

D 6-38° 0. Lab 36 90 86 82 
uield 69 58 63 

E 6-V. Lab 91 88 9i 86 
?ie1d 72 68 6L1. 72 

8-3° C. Lab 88 88 8L1. 80 
1e1d 77 63 70 61 

G 8-22° C. Le.b 8h. 88 78 32 
ie1d 66 55 6ii. 514. 

H 8-38° C. Lab 76 61. 32 70 
iie1d 55 36 L2 38 

I 8-V. Lab 90 90 92 82 
ie1d 66 71 6h. 72 

J 12-3° C. Lab 90 92 88 66 
z?iold 6h. 55 70 56 

K 12-V. Lab 70 82 614. 70 
.r?teld 32 30 36 32 

L 16-3° C. Lab 92 90 82 96 
.t'1leld Lj.7 62 14.8 66 

M 20-3° 0. Lab 16 26 142 14.0 

xie1d 11 12 

*.?irst number = percentage noizture Iii seed, the second 
Is the storage temperature. 

V variable warehouse conditions. 
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Table la. Correlation between percentage laboratory 
germination with iitld emergence o crimson 
clover stored for 36 months under different 
storage conditions in 1955. 

Sample Treatment 
Germination 
Laboratory 

proentage 

B 630 c.* 91.1" 65J 

C 6-22° C. 89 61 

D 6-38° C. 86 61 

6-v. 90 69 

6-3° C. 85 67 

G 8-22° C. 83 59 

u 8-38° C. 78 L12 

I 8-v. 88 68 

J 12-3° C. 89 61 

K 12-V. 71 35 

L 16-3° C. 90 55 

M 20-3° C. 31 7 

r = 0.9L.O D.i'. : 10 
*'irst number percentage moisture in seed, the second 
is the storae tenperature. 

V : variablo warehouse conditions. 
.1/ 1ean of four replications. 
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Table 2. Comparison of percentage laboratorr gerìni- 

nation with .'ie] eiiergonce of crimson 
clover scored for L3 months at difrereit 
storage conditionE In 199. 

- 
LeilIcatIofls 

3. 1 ' 

Sample T'eatmnt Gordition % % 

A *Qontrol Lab ôL 83 8L.. 83 
?ield S9 !8 58 

B **63° C. Lab 79 7)4. 64. 87 
?ield L 61 14.9 ¿40 

C 6-22° C. Lab 79 7i. 80 69 
i?ield 14.6 9 7 52 

D 6-3 C. L'.b 7LI. 78 ßi 76 
?ie1 S8 53 60 

E 6-V. Lab 88 91 83 82 
'io1d 59 62 65 5L. 

8-3° C. La 35 6L. 85 89 
ie1c 56 60 60 L.6 

(k 3-22° C. Lab 1 i2 79 
iio1d 59 57 52 57 

H 8-36° C. Lab 23 28 19 25 
ie1d 211.. 21 23 20 

I 8-v. Lab 86 87 90 
Fe1d 52 611. 53 53 

J 12-3° C. Lab 92 89 86 90 
Field SS ¿4.7 60 57 

K 12-V. Lab 23 32 27 30 
ije1d 10 25 22 17 

L 16-3° C. Lab 87 83 89 83 
ie1d 48 62 51 56 

M 20-3° 0. Lab 
¿4. 3 3 6 

zie1d 2 IL U. 2 
*À?reshly harvested 
**First nt.unber : perceftago moisture in seed, the second is the storage temperature. 
V = variable warehouse conditions. 
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Table 2a. Correlation between percentae laboratory 
germination with field eiiergence or crimson 
clover stored Lor L8 months at different 
storage conditions in 1959. 

Germinatio.i percentage 
Sample Treatment Laborator* ield* 

A Control 83 53 

B 6_30 C.* 80 L9 

C 6-22° a. 75 53 

D 6-38° C. 77 5L. 

E 6-v. 85 60 

8-3° C. 85 55 

G 8-22° C. 81 56 

H 3-38° C. 2L. 21 

I 3-v. 86 53 

J 12-3° 0. 89 52 

K l2-. 27 18 

L l6-3 0. 35 SIi. 

M 20-3° C. 
II. 3 

r : 0.981 D..'. : 11 
**irst rnmber : percentage moisture in seed, the second 

is the storage te:nperature. 
V : variable warehouse conditions. 
*Mean or four replications. 



Effect of seed storage conditions on field emergence 

There was a significant variation in total emer- 

gence amon, the treatiients. Sample li (3-3ô° a.), 

K (12-V.) and M (20-3° C.) gave very poor germination 

in the laboratory, as well as poor emergence in the 

field. These three samples were significantly different 

from the other ten samples. 

Comparatively, sample U (8-38° C.) and K (12-V.) 

were better than sample M (20-3° 0.). 
significant difference between control 

ten treatments when compared by L.S.D. 

results are summarized iii Table 3 and 

variance is iIown in Table L. 

There was io 

and tiie other 

i'ie1d emergence 

the aia1ysis of 



Tabla 3. SumnaI7 or the experinta1 r.aulte of the effect of seed storage conditions on stand estab1iBhnnt and forage production 
iii orion clover (Trtfo1iui izarnatwu) in 199. 

Sample Treatint 

No. of SdliflgB 

erged 12-1g 
diys after acuing 

200 eeda 

No. of p1ant 
eurvived per 
200 seeds 

Forage 
ñesh it. Preh 
per plant 

Yield in Graiiw 
wt. per Dry wt. pez' 

200 seeds 200 eeeda 
Plant ht. 
Irt o. 

No. of 
tillerB 
per plant 

No. of f1oer 
heads per 
plant 

Root length 
j 

A Control + U2 6]. 20,8 12g]. 198.2 li7.1 3.0 + 8 u.8 

B 6-3° C # 98 71 21.3 l36 2h6. o.k 3.0 9 13.6* 

a 6-22° C 108 67 2S.6 16.i6 21g7.7 I8.3 3.0 8 

D 6-38° c 108 68 19.6 139 220.7 2.7 3.0 8 12.6 

E 6-V 120 70 18.]. 1286 200.7 h9. 3.0 7 12.1 

F 8.-3° C 112 17. 976 161.2 1i6.2 3.0 9 13.0 

G 8.22° O 112 82 20.6 1736 28l.* 50.7 3.0 9 13.8** 

H 8-38° C 1o* 12 12.2** 97** 17,5** 31.9** 1.O** 3** 

I 8-v 112 % 22.I 12!4 203.7 L7,c 3.0 7 12.9 

J 12-3° C 110 13 18.8 1386 218.2 I8.8 3.0 6 10.9 

X 1.2-V 38** ]J j i* 2 8 0** 3 8.* 2 0** ** 10 3* 

L 16-3° 108 6 19.3 122I 19h.2 0.O 3.0 8 12.2 

M 20-3° 0 6** 2 1.7** 31** .0w* 37** 

L.6.D. .0 6,16 698.t0 76.70 6.60 0.60 2.03 

L.S.D. .01 19.2Ç_ 8.21g. 93L.0 102.60 8.81i 9.80 2.72 1.98 

* Significant at S per csnt level - Nati enough planta 
* Significant at i per cent level f Fisih s.ed harvsited in 1959 

V- Variable warehouse teiiiperature 0 The tiret no. d.eignate8 th seed xLoi8ture 

content, the esoond ia the atorage tenperature 



Table Li.. Analysis o variance for the energonce count, total forage 
yield, l'orage yield per plant, total dry weight of £orae 
of crimson clover. 

Source of Emergence Total forage yield 'orage yield Total dry weight 
variation D.?. count per 200 seeds per plant per 200 seeda 

Treatment 12 5302.!6* l3387?3.52-* 3LL.1.1.9** 

heplication 3 563.7L1** 72l793.52* 199.78** l307l.2* 

irror 36 191.701 233333.16 2632.39 

Total 

**Sig,nifieant at 1 per cent level. 
*Significai-it at per cent level. 

o 
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ffect of seed storage conditions on forage yield 

There was a significant variation among the 

treatments ii fresh weight and dry weight or .Lorage 

production per plant. Sample H, K and M gave lower 

yields of fresh material as well as of dry forage 

than the control The forage yield per plant was 

lowest in sanpie H, K and M. Sample G (5-22° 0.) 

ave a higher yield of dry material than the control 

and it was sinificant1y different from the control. 

The effect of seed storage conditions on seed- 

ling emeronce survival and plant development of 

crimson clover is suuarized in Table 3 and the 

analysis of variance for total forage production, 

forage yield per plant, and total dry weight is shown 

in Table L1.. 

feet of seed storage conditions on plant growth and 
veloDment 

There was a significant difference in plant 
height among the treatments. Sample H (8-38° C.), K 

(12-V.) and :a (20-3° C.) were statistically different 

from the control and fron other treatments. These 

three samples were comparatively shorter in heiht than 

the others. The analysIs of variance for plant height 
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and number of tillers per plant is iven in Table 5 

and 6 respective1. In sample i there were not 

suicient j1ants to make observations regarding nurn- 

ber oL tillers per plant. Sample G (6-22° C.), E ('- 

38° C.) and £( (12-V.) were sicniricantly diiforent 

from the control when compared by L.S.D. (Table 3). 

Sample G had more tillers thaxi the control and other 

treatments, but sanpicE H and K had fcwor tillers than 

the control and other treatments. The analysis of 

variance for niber of flower heads per plant is given 

in Table 6. The results obtained show that there were 

significant differences between treatments, and samples 

H and K were significantly lower in number of heads 

per plant than the others. 

There were higily significant differences among 

the treatments in root length. Sample B (6-3° (.), 

(6-22° u.), u (a-22° C.), H (6-38° 0.) and i (12-V.) 

were significantly different than the control. Samples 

H and C produced shorter roots than the other treat- 

merits. There was greater variation among the treat- 

inents in root length than in plant height, number of 

tillers, or flower heads per plant. The analysis of 

variance for root length is given in Table 6. 
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Table 5. Analysis of variance ror the height of piant 
in cm. of crimson clover. 

Source of 
variation D? MS 

Treat 12 19).i.07 9.2L45** 

Rep 3 29.79 1.149 

Error 36 20.99 

Total 

*Signifioant at 1 per cent level. 

Table 6. Analysis of varia:uce for number of tillers per 
plant, number of heads per plant, plant root 
length for crimson clover. 

MS 
iTumber of Number of Plant ro 

Source of tillera ads length 
variation D? per plant per plant ________ 

Treatments 1]. l.S89** 12.6L1.** 12.18** 

Replication 3 l.816** 7.21* 2.26 

Error 33 0.176 1.99 1.06 

Total L17 

*Slgnificant at 5 per cent level. 
*kSignifioant at 1 per cent level. 
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reet od.' seod storaLe conditions on seed production 

The results obtained indicated that t1re were 

significant diiTereuces between treatments. Sample H 

(8-38° C.), K (12-v.) and M (20-3° 0.) produced 1ovrer 

total seed yields than other treatments. But the yield 

of sample i( per plant was not significantly dirferent 

from t.e control, whereas sample M produced a highest 

yield per plant and it differs significantly from 

other treatments. The efi'ect of seed storage on seed 

production is summarized in Table 7 and analysis of 

variance ior total seed production and seed per 

is shown in Table 9. 
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Table 7. The effect of seed storage conditions on 
seed production of crimson clover (T. in- 
e arma t um) 

Total seed yield 
per plot i gms* Seed yield per 

Sample Treatment per 600 seeds _plant in gma 

A Control 272 1.88 

B 6-3° L26 i.BS 

6-22° C. 360 2.19 

D 6-38° 0. 371 1.66 

E 6-V. 332 1.36 

i 8-3° 0. 270 l.!6 

G 8-22° C. )451 

ii 8-38° C. 52** 

I 8-V. 375 1.86 

J 12-3° C. 311 1.51 

K 12-V. 6Lj.** 1.71 

L 16-3° C. 338 1.93 

M 20-3° C. 31** 

L.S.D. .05 l90.L. 1.15 

L...D. .01 26/.0 1.62 

*Only 2 replications harvested 
**Significant at 5 per cent level 

***Significant at ]. per cent level 
/ii1.rst number : percentage moisture In seed, Locond is 
the storage temperature. 

V : variable warehouse temperature. 
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Ef:ect of seed storaçLe conditions on protein content in 
rorage 

A highly significant difference between. treatments 

was foìnd in the protein content of crimson clover 

o 
forage. Sample C (6-22 C.) had a significantly higher 

protein content than the control and other treatments, 

whereas sample G (8_220 C.) had lowest content of pro- 

tein which differed significantly from the control. 

Samples L? (3-3° C.), H (8-38° C.), L (16-3° C.) 

were not different from the control, but all others 

were significantly different from the control. The 

experimental results are ¿iven in Table 8, and the 

analysis of variance in Table 9. 
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Table 8. Effect of seed storage conditions on pro- 
tein content of crimson clover (T. incaritm) 

sample Treatment Prote in content 
A Control 16.2 

B 6-3° C." l7.3* 

C 6-22° C. 13.9* 

D 6-33° a. 17.6* 

E 6-v. 16.7** 

Ii 8-3° C. l6.. 

G 8-22° C. 

11 8-38° C. 16.2 

I 8-v. 

J 12-3° C. 17.7* 

K 12-V. 

L 16-3° C. l6.L 

M 20-3° 0. 1.1 

L.S.D. .0 O.3 

.S.D. .01 

*Significant at per cent level 
**Significaiit at i per cent level 
/kirst number percentage moisture in seed, second is 

the storage temperature. 
V : variable wrehouso temperature. 
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Table 9. Analysis Or variance for seed yield per 
600 seeds, seed yield per plant and pro- 
tein content of forage of crimson clover. 

MS________ 
Seed yield 

Source of per Seed yield xorage protein 
vatiation 600 seeds per plant content 

Treatnient 12 14712.95** 1.96** l.610 

Replication i L5l.37 1.980* 0.119 

Jrror 12 76L7.30 .231 0.026 

Total 25 

*ignificant at 5 per cent level 
-Significant at i per cent level 

Perennial Ryegrass 

Effect of seed storae conditions on forage production 

In Sait]e J-I (8-38° C.) and J (20-3° C.) there were 

no plants to make observations. The results show a 

sigiificant difference aruong the treatments. Sample ì 

(12-v.), a (6-22° C.) and D (6-38° C.) were sì:nifi- 

cantly different from the control and produced lower 

yields of forage. Among these three sunpies, sample K 

gave lowest yield. T1ie experimental results of forage 

production from various samples is suniriarized in Table 

lo, and analysis of variaice for fresh and dry forage 

yields is given in Table 11. 
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Table 10. Etfect of seed storage conditions on £orae 
produ.ction of perennial ryegrass. 

orae yield per 200 
Plant ht. seeds in trams 

Sample Treatments in cm. A?resh Dry 

A Contro]. 8.8 2009 i3.o 

13 6-3° ..i/ c. 2L.09 62l.0 

C 6-22° C. 7.3* 13** 366.7** 

D 6-38° C. 7.L.** l000** 272.** 

E 6-v. 7.6* 1787 L30.7 

3-3° . 9.0 1969 526.0 

6-22° C. 7.8* 1656 L40.0 

li 
3_350 

. -- -- -- 

I 8-V. 8.!1. 2161 566.0 

J 12_30 C. 8.1 1970 513.2 

K 12-V. 6.2* 76** 

L 16-3° 0. 7.9* 19L5 21.0 

M 20-3e -- -- -- 

L.S.D. .05 L.62.3 99.9 

L..J.A). .01 623.7 l3L.6 

*Significant at 5 per cent level 
**Significant at 1 per cent level 

No plants 
/iirst n.mber : percentage moisture in seed, second is 
the storage temperature. 

V : variable warehouse temperature. 



Table 11. Analysis of variance for rresiì. f oraje, 
dry forage yield per 200 seeds ana plant 
height of perennial ryerass. 

MS 
Source of irozh forac IDry f orac planE 
variai.ion D? yield yield height 

Treatment 10 l6092L.l2** llL.702.86** 2.2** 

Feplioation 3 11102@6.38** L5l8.68** l,374 

i.rror 30 lO22O.11 L1.792.19 0.29 

Total L.3 

**Significant at i per cent level 
*Significant at per cent level 

The effect of storage condition of seed on total dry 

weight of forage is similar to t1e fresh weight except 

sample B, which produced more dry weight than the con- 

trol. Samples C (6-22° C.), D (6-38° C.) aid K (12-V.) 

gave lower dry weights than the Other treatments, where- 

as sample B (6-3° C.) produced significantly higher 
total dry weight than al]. the other treatments. Seed 

stored at higher temperatures yielded less fresh and 

dr:; forage than the control. 
The height of plants of various treatients was 

signiLicant different (Ta].es 10 and 11). Saxn.ples C 

(622° C.), D (6-33° C.), E (6-V.), G (3-22° C.), K 

(12-v.), and L (16-3° C.) were significantly lower in 
height than the control and other treatments (Table 10). 



This shows that when seed is s bored at high tempera- 

tures at and above 220 0. and with high seed moisture 
o 

content, even at low temperatures, e.g. 3 C., the 

plant height is reduced. 

ffect of seed storage conditions on seed production 

The treatment s were si;nif icantly different aìong 

themselves. Sample D (6-38° C.) and K (12-V.) save 

lower yields than t1e control and other treatments. 

There were no plants in samples ì 
(20_30 C.) and M 

o 
(20-3 C.). Seed stored at high teneratures, e.g. 

330 C., and at warehouse temperatures with high 

moisture content (12 por cent) produced less seed 

than the control, both being affected by either high 

moisture content or high temperature in storage. The 

effects o. seed storage ou seed production are sum- 

niarized in Table 12 and aialysis of variance in T.b1e 

13. 
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Table 12. iect or seed storage conditions on seed 
production of perenni al ry egras s 

Seed yie1der plot 
Sample Trettaients in zins 

A Control 639.7 

13 6-3° C. 

C 6-22° C. 7O.7 

D 6-32° . 

E 6-V.. 

8-3° .. 639. 

G 8-22° 0. 590.0 

H 8-38° C. -- 

I 8-v. 6l.0 

J 12-3° C. 61.O 

K 12-'i. 39,** 

L 16-3° C. 61.i2.7 

M 20-3° 0. -- 

L.S.D. .0 123.1 

L,S.D. .01 165.0 

**SiCnificant at i per cent level 
*'irst number = percentage moisture content in seed, 

second is the storage tenperature. 
V variable warehouse temperature. 
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Table 13. Analysis of variance for seed yeld of 
perennial ryegrass per plot. 

orce of 
variation MS 

Rep 3 LlO92.27 

Treat 10 l3179.37 18.SB** 

.rror 30 727l.7 

Total L.3 

*Siri.tficant at per cent level 
** Significant at i per cent level 

Effect of seed storage conditions on proteifl content of 
£orae 

Tue treatments aro significantly different aiong 

themselves. Sanpies 13 (6-3° C.), C (6-22° 0.), G (8.. 

22° C.) and I (ô-V.) had lower protein content than 

the control, and san1es (b-3° C.) and K (12-v.) had 

higher protein content than the control. np1e had 

the lowest protein content. The result does not show 

any definite trend. The protein content of forage from 

various treatments is aivexl in Table l and tixe analy- 

sis of variance in Table 1. 



Table Li.. zffect oi aeod 8torae codition8 on 
protein contont of fora6e of perennial 
ryerass. 

Sariple Treatnents Protein content 

A Control 7.6 

B 6-3° C./ 6.L7** 

C 6-22° C. 6.3L* 

D 6-38° C. 7.31L 

6-v. 7.6 

8-3° C. 8.09* 

G 8-22° C. 7.09481 

H 8-38° C. -- 

I 8-v. 7.l!* 

J 12-3° C. 7.9L1 

K 12-V. 9.6** 

L 16-3° . 7.37 

M 20-3° . -- 

L.S.D. .0 0.33 

L.S.D. .01 0.Lj. 

*Significant at 5 por cent level 
**Significant at 1 per cent level 
/i'irst number : percentai,e noiß ture content in seed, 
second is the storage temperature. 

V : variable warehouse temperature. 



Table 1. Analysis of variaico for protein content 
in forage of perennial rye grass 

source of 
variation i1S 

Treat 10 l.33! 

Rep 1 0.070 2.36 

Error 10 0.0296 

Total 21 

**Significant at i per cent level 
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ihcre are a iiumber of linilting factors in tuo es- 

tablishraent oS forage crop seeä1in:s as discussed by 

.11].ard (78, p. !431-)4J47). ssentia1s to proper ernii- 

nation of live seeds are sufficient air and iwisture 
and favorable teìperature. Other limiting £aciors are 

soil pH, kind of soil, depth of seeding, availability 
of oxygen, crusted soil surface, seed size, ae of 

seed, vitality of seed, permeability of seed coat, 
absence or presence of soil micro-organisms, and 

genetic factors. .?ailuro oi seedlings after rmi- 

nation could be due to lack of sufficient plant nut- 

rients, poor cainage, droujh, competìtion from weeds, 

insects and diseases. 

Tne results for botti l9d and ].99 showed that the 
percentage emergexioe of seedlings in the field was less 
than the corresponding laboratory germinations. This 

agrees with the findings of early workers (Munn 3S, 

p. 5; 6, p. 87), hitecomb (79, p. 60-62) aid Stahl 
(73, p. L2-,6). All samples of crimson clover in- 
eluded in the experiment showed a marked decline of 
emergence in the field. Samples H (8-38° C.), K 

o (12-V.) and 1 (2-3 C.) had very poor germination in 
the field. Only 3 per cent of the seed which had been 
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stored with high moisture (2O) was able to emerge 

from the soil. 
In the laboratory the gexination test is con- 

ducted under optimum conditions, thus it reflects the 

ability of the seed to grow under ideal conditions. 
The field test shows the number of seedlings that may 

be roduced from a given number of seed under less 
optimum conditions. 

Reduced emergeuce of seed in the field may be 

caused by the factors mentioned above. If field con- 

ditions are as favorable as in the laoratory, the 

laborator; germination cnd field emergence may be ex- 

pected to be essentially alike. Tue seed lots used 

in this experiment all originated at the sanie source, 
seeded in an adapted area and given identical culture 
and management. No disease or insect pest was there. 
Environmental, cultural and genetic factors, there- 
fore, may not be accounted for in the differences in 
eìaergenc e among the treatments. 

ìere, vitality may be considered the important 
factor causin reduction of emergence in the field. 
Certain lota of seeds which show indication of weakened 

vitality In the laboratory test give very poor results 
in the field or may fail entirely. aeed stored for a 
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lon, timo or stored at high temperature and moisture 

suffers redueioxi in vigor, even before the percentage 

of gexination is reduced. Geìera1ly, weakenin of 

seed results from uxuavorable storae conditions and 

long duration of storage. Seed stored under unfavorable 

conditions loses vigor and ability to emerge after 

seeding. Similar results hìave been reported by Barton 

(Li., p. 217-220) and Simpson (67, p. )46). 

In this experiment, a high correlation between 

laboratory test and field emergence was found, both in 

1958 (r O.9L0) and in 199 (r : 0.9cl). Larger seeds, 

such as peas and corn, which have more reserve material 

are better able to cope with uxWavorable conditions in 

the field, such as being covered too deeply, drying out, 

or other conditions not conducive to emergence. The 

percentage emergence of larger seeds is closer to the 

percentage germination in the la boratory . Conversel: , 

the field emergence of all seeded grasses and gus 

is generally iauch below the laboratory germination. In 

this experiment, a close relationship between laboratory 

germination sud field energence has been found in 

perennial ryegrass and crimson clover. The laboratory 

test points to what one can expect in the field. 

Samples that are Good in the laboratory are most likely 



to be good in the field. By determining the correction 

factor for different kinds o- seeds or a regression 

eqation on the re1ts of laboratory gerniinations, one 

may predict the emergence of seed in the field. The 

laboratory test, c.long with a correction factor or e- 

gression eqtion, is a ood criterion of the nnber 
of seeds to sow per acre to secare a stand or a iven 

number of plants per acre u.nder adapted conditions. 
By 1mowLi laboratory geriiination and a correction 
factor or roression equation, waste o seed in sowing 

can be avoided. The laboratory test Is the only test 
by which the quality of seed can be predicted at present. 

The effect of seed storage conditions on forae 
and seed :;rodction in both crimson clover and perennial 
ryerass showed a significant difference amon the 

treatments. Samples H (8-38° 0.), K (12-V.) and 
(20_30 

) j the case of crimson clover gave sini- 
ficantly lower yields of forage as well as of seed. 
Ryerass samples H (8-38° C.) and :4 (20-3° C.) did not 
produce aní planes In the field. Samples C (6-22° C.), 
D (6-38° C.) and K (12-V.) gave significantly lower 

yields than other treatments. This indicates that 
perennial ryerass seed is more sensitive to infavorable 
storage conditions than crimson clover seed because 



samples C (6-22° C.) and D (6-38° C.) in crimson 

clover were not sinL1.cantly different from other 

treatments. The fresh and dry f orace yields of 

crimson clover were also siificaxitly lower in 

samples II (3-38° C.), (12-V.) and 
(20-3° c.) 

than other treaients. Sample G (6-22° C.) of crimson 

clover dId not differ sinifioantly from the control 
in fresh forage yield, bit gave signifioant] higher 
dry yield. 

The forage and seod yield per plant were also 
statistica11j lower in samples H (8-38° C.), K (12-V.) 

and (20-3° C.) of crimson clover. Only in sample M 

(20-3° C.) was the seed yield per plant higher than 

other treatments. Probably this was due to less corn- 

petition among the plants, because there were very few 

plants in the plots. The reduction in forage and seed 

yield waa the result of thin stands as well as poor 

plant development. The seeds stored at high tempera- 

ti.re with high moisture gave siificant1y lower total 
production, as well as low production per plant. 
Storage conditions not only affect the stand of the 
plant in the field, but reduce the growth and develop- 
ment of an individual plant. The height of the plant, 
number of tillers per plant and nmber of flower heads 



per plant were less in plants produced by seed stored 

under uniavorable conditions. There was nuch varia- 
tion in the root lenjth of crimson clover. Sanp1es 

C (6_200 C.), H (3.-38° C.) and K (12-V.) had sorter 
roots than all other treatments and were significantly 
different from the control. These variations did not 

appear to be correlated with storage conditions. Less 

root variation niiht have been obtainod by taking into 
consideration the total root length or comparative 

total root weicht. 

£rom the rosilts of this experiment, it can be 

concluded that seed storage conditions do affect height 
of plant, number of tillers, number of flower heads, 

root length, forage yield, and seed producticn of 

crimson clover. "or perennial ryograss also, it can 

be said that unfavorable seed storage conditions, e.g. 
high moisture contenb and high te;iperatures, affect the 
heiht of the plant, forage yield, and seed production. 
The total weight or sample B (6-3° 0.) of rye;;rass was 

not significantly different than the control but total 
dry weight was significantly higher than the control. 
It night be implied from this result that seed could be 

stored under favorable conditions for a long time and 

still retain the reproductive value, 



In future studies, improved techniques such as 

space plantins, thinning out the stand to oq4a1 num- 

bers of plants for equal interplarth competition in the 

Lield, or starting the plants in the greenhouse in 

bands and transplanting the seedlings in the field at 

equal spacing or density may be used to overcome some 

of the variability encountered in the experiment and 

increase precision. IC he effect of stand varia- 

biliy can be eliminated, results will be rnore accurate. 

Protein content is one of the criteria for 

judging the quality of forage. Variation in protein 

content in forage is generally attributed to oliatic 

conditions, soil fertility, seasonal factors and stage 

of maturity and plant competiton (71, p. 2-L6; 20, p. 

S63-6; 23, p. 371-37L.; 36, p. 56g-568; 38, p. 68). 

The results of this experiment do not show any 

trond in protein content of forage as related to 

storage condition. 1thouih the protein values in 
various treatments are significantly difforent anong 

theìaselves, no definite conclusion of effect of 

storae condition of the seed on protein content of 

forage can be thawn. Glimati3 and fertility factors 

need to be studied singly and in known combinations 

as to their effect on conposition of forage. This has 



53 

not yet proved possible under field conditions. 

S11ivan (70, p. 93L-936) found in more than 100 

plants of pratesis a range or nitroen content 

frodi 2.56 to 3.72 per cent, with dii'fereces being 

hih1y sìniricant. Wieland et al. (77, p. 219-276) 

£ound in a study or 28 plants 0i Poa pratensis, a 

variation iii crude proteiu content o the dry matter 

fron .2 to 13.6 per cent. Variation of from 9.1 to 

17.5 per cent crude protein was observed araonc 35 

plants of Lolium perelu2e. 

The method of ana1yzin protein content used in 
this experiment is not sensitive enowj2 for accurate 

results. A bester method probably should be e1oyed 
in this kind of study. 



SUMMARY eN1) GOJICLUSIJNS 

A study was coxidueted in 1959 to observe the 

effect of storaCe condition oi seeds of erinison clover 

(TrifolUìn inoariiatu.m) and pereiuiial ryerass (Loliwn 

on stand e$tablishment and production of 

forage and seed. Also, protein content of forage was 

determined by the macro-ijaldahl method to study 

effect of storage condition on quality of forage. 

The seed used iA this experiment had been stored at 

30 0., 220 380 C., and warehouse temperature with 

6, 8, 12, 16 and 20 per cent moisture content, in 

hermetically sealed cans for L.8 nionths. Gernination 

percent of the seed was checked in the laboratory be- 

fore seeding in the field. 1'our replications of coii- 

pletely randomized plots were planted in October 199. 

inergence counts of criirxson clover seedlin, were 

made 10 to 12 dabs after seedin. Pereunial r e,rass 

seedliw,s were not counted. Other observations on 

crinson clover were 1ìeiit of plaut, nrnber of tillers 
per plant, number of flower heads per plant, root 
length of dug plants. In perennial rjegrass, only 

plant height was measured. i?or determining forage 

yield one row por plot for each of crimson clover and 

perennial ryegrass was liurvested. Three rows of 



crimson clover and perennial ryegrass per plot was 

harvested i'or seed yields in June. 

The re suit s of the experiment show: 

1. That per cont of field emergence is lower 

than laboratory germination. 

2. There Is a close relationship between labora- 

tory germination and field emergence as shown 

by correlation coefficients r 0.9LD in 19S8 

and r : 0.961 in 199. 

3. The sced with high moisture stored at high 

tenperature gave poor gerrainat ion in the 

field as well as in the laboratory. 

).. Perennial ryegrass was found to be more sensi- 

tive to high temperature than crimson clover. 

s. The fresh forage yield, dry forage yield and 

seed yield in both crimson clover and ryegrass 

was lower in samples li (8-38° C.), ± (12-V.) 

and M (20-3° a.) than the control. Seed with 

high moisture content stored at high tempera- 

ture and warehouse condition produced less 

forage and seed yield than the control. 

6. Storage condition affected riot only total 

forage and seed prothction, but also txìe 

¿rowtli and development of the individual 



plant. Seed with high moiture stored at 

high temperature produced shorter plants, 

fewer tillers, and fewer flower heads. 

There was niuch variation in root length 

between the treatments. 

7. Variations among the treatments in protein 

content were significant, but were appare- 

tly not related to storage conditions of 

seed. 
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