
South Dakota State University South Dakota State University 

Open PRAIRIE: Open Public Research Access Institutional Open PRAIRIE: Open Public Research Access Institutional 

Repository and Information Exchange Repository and Information Exchange 

Electronic Theses and Dissertations 

1983 

Effects of Seed Weight on Seedling Establishment, Forage Yield, Effects of Seed Weight on Seedling Establishment, Forage Yield, 

and Seed Production Characteristics of Switchgrass (Panicum and Seed Production Characteristics of Switchgrass (Panicum 

virgatum L.) virgatum L.) 

Paul O. Johnson 

Follow this and additional works at: https://openprairie.sdstate.edu/etd 

Recommended Citation Recommended Citation 
Johnson, Paul O., "Effects of Seed Weight on Seedling Establishment, Forage Yield, and Seed Production 
Characteristics of Switchgrass (Panicum virgatum L.)" (1983). Electronic Theses and Dissertations. 4377. 
https://openprairie.sdstate.edu/etd/4377 

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 

https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F4377&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/4377?utm_source=openprairie.sdstate.edu%2Fetd%2F4377&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu


EFFECTS OF SEED WEIGHT ON SEEDLING ESTABLISHMENT, FORAGE YIELD, 

AND SEED PRODUCTION CHARACTERISTICS JF SWiTCHGRASS 

BY 

PAUL 0 .. JOHNSON 

A thesis submitted 
in partial fulfll!men�. of requirements for th2 

degree Master of Scienc� 
f .. if!jO;"' in Agronomy 

Sauth Oc.kota State University 
1983 

SOUTH DAKOTA STATE UNIVERSITY LIBRARY 



EFFECTS OF SEED vJEIGHT ON SEEDLING ESTABLISHMENT� FORAGE YIELD, 

AND SEED PRODUCTION CHARACTERISTICS OF SWITCHGRASS 

( PANICUM VIRGATUM L.) 

This thesis is approved as a creditable and independent 

investigation by a candidate for the degree, !,1aster of Science, and is 

acceptable for meeting the thesis requirements for this degree. 

Acceptance of this thesis does not imply that the conclus·ions rea.ched by 

t �e candidate � re necess a ri !y the cone 1 us ion:; of t. he major dep;i ri'!Tit::=n t. 

Date L. Keeves 
Major Adviser 

Arvid A---.--=-B o�e ------------- ­
Thesis Adviser 

lr.a u ,�-·ifi: eT.: Horton / ' 

Head, Plant Science Department 



ACKNOviLEDGMENTS 

The author wishes to express appreciation to my thesis advisor, 

Dr. Arvid Boe, for his guidance and friendship during my graduate work. 

Sincere appreciation is extended to the late Dr. James G. Ross 

for encouragement to enter graduate school. 

Acknowledgment is also made to my graduate committee: Dr. Dale 

Reeves, major advisor; Dr. Maurice Horton, Department Head; Dr. Douglas 

Malo, supporting fields; and Dr. Clark Hanson, graduate s chool repre­

sentative. 

Deep gt .. a ti tude is extended to my parents for- their he 1 p and 

encouragement during my graduate work. 

POJ 



TABLE OF CONTENTS 

INTRODUCTION • • • • • •  . . 

REVIEW OF LITERATURE • . . . . 

. . 

. ' . . . 

Forage and C o n s e rvat i on Uti lizat i on 

. . . . . . . . . . 

. . " . . 

. . . . 

. . 

Seed Germi nat i o n  . . . . . . . . . . . . . . . . . . . 

Seed Wei ght and Seed l i ng Vi go r  

Chem i ca 1 Weed Cont ro � • • • • 

Seed and F orage Production 

MATERIALS AND METHODS 

. . 

" . . . . 

. . . . . 

Seed Size Eval uation • • • • .. • • • • • f) • 

Greenhouse Seedling Vigor Study 

Forage an d Seed Yield C omponent Study • •  

Field Establishment Studies 

RESULTS . . . . .. . .. 

Seed Size Evaluation 

Greenhouse Seedling Vigor St u dy • 

Forage and Seed Yield Comp o n e n t  Study 

Fie1d Establi s hment Stud i es 

. . . 

DISCUSSION • . . . . . . . . . . . . . . . . 

. . . . . . . . . 

. . 

SU��i·1ARY 

LITERATURE CITED . . . � . . . . . . . . . . . . . 

APPEf·tC IX • . . . 

Page 

1 

3 

3 

3 

4 

8 

8 

10 

10 

10 

11 

12 

14 

14 

14 

22 

32 

40 

44 

4.5 

49 



LIST OF TABLES 

Table 

1 .  Mean we·i ghts and coefficients of va ri abili ty for three 

Page 

10-seed samples from each weight class • • • • • 16 

2 .  Mean height for each parent seed weight class at four-day 
intervals in the greenhouse seedling vigor study • • • 19 

3. Analyses of va ri ance for leaf length, leaf width, and 
s eedling dry we i ght at 36 days after planting in the 
greenhouse seedling vigor study • • • • • 21 

4 • An a 1 y s e s of v a r i an c e f o r vi go r , 1 e a f i n e s s , bas a 1 a rea , 
1 o d g i n g , and he i g h t i n the spaced- p l ant n u r s e ry 2 6 

5 .  Analyses of variance for number of culms, progeny seed 
we i ght , weight of unthreshed seed per culm, ferti lity 
index, an d seed yie l d in the seed yield components study • 29 

6. Correlation coefficients for forage and seed c h arac t ers in 
the spaced plant nur s e ry • • • • • • • • • • • • • • • 30 

7 .  Path coefficient analys i s of number of culms, seed weight, 
fertility index, and wei�ht of unthreshed seed per culm 
upon seed yield • • • • • • • • • • • • • • • • • • • • • 31 

B. Summary of s tepv-1 i se multiple regression an alysi s of seed 
yield and seed yield componen ts • • • • • • • • • e 33 

9. Analyses of variance for emergence and height .:tt Brookings 
and S i s seton in the field establishment st ud i es • • • • • 34 

10� Emergence, height, and forage yield for the five parPnt 
seed weight classes and c hec ks in the field establishment 
studies • • • • • • • • • • • • • • • • • • • 35 

1 1 . Analyses of var i ance for forage yield at Brookings and 
Sisseton in the field establishment studies 39 



Table 

Al. 

LIST OF TABLES - APPENDIX 

Mean percent emergence at four-day intervals in the 
greenhouse seedling vi gor study • • • • • • • • • •  . . . 

A2. �1ean 1 eaf 1 ength , 1 eaf width, and seedl ing dry weight for 
each parent seed weight c l ass 36 days after pl a n t ing in the 

Page 

49 

greenhouse seedling vigor study • • • • • • • • • • 50 

A3 • Me an s of vi go r , 1 e a f i ness , bas a 1 a re a , 1 c d g i n g , and he i g h t 
for each parent seed weight c l a ss in the spaced-plant 
nursery • • • • • ., • • • • • • " .. • • • • • • • • • • • 51 

A4 . Means of number of cul ms, progeny· seed \•te·i ght, w�i ght of 
u nthreshed seed per culm, ferti l ity i n d ex, a n d  seed yie l d  
for each parent seed weight .c l a s s  o f  SO 32 • • • • • • • • 52 



F igu re 

1 • 

2 .  

LIST OF FIGURES 

Seed weight distribution within thre e  switchgrass 
varieties harvested at Brookin gs in 1980 • • • • •  

Seed wei ght distribution for SO 32 Syn-1 h arves ted 
three consecutive years at Brookings • • • • • • • • 

3. Relationship betw een leaf len gth of 36 day old 
seedlings in the gre enhouse and weig ht of seed . . . 

4. Relationship between leaf v1i dt h of 36 day old 
seed lings in t h e  gre enhouse and weight of seed . . . 

5. Relationship between dry wei gh t of 36 day old 
seedlings in th e gre enhouse-and �vei g �t of seed . . . 

6. Relationship between vigor of spac ed - pl ants and 

7� 

9. 

1 o. 

11. 

12. 

13. 

weight of seed • • • • • • • • • • • • • •  

Relationship betwee n  basal area of spaced-plants and 
weight of seed • • • • • • • • • •  

Re lationship between leafin ess of spaced-p l ants and 
weight of seed • • • • • • • • • • • • • • • • • • •  

Relat i onship betw een progeny seed weight of spac ed-
plants and weight of seed . . . . . . . . . . . 

Relationship between ferti l ity inde x of spaced-p l ants 
and weight of se ed . . . . . . . . . . . . . . . 

Relationship between see d yield of spa ced -pl an ts and 
weight of seed . . . . . . . . . . . . . . . . 

Re l a t i onship between field emergence at Brookings and 
weight of se ed . . . . . . . . . . . . . . 

Relationship bet�veen field emergence at Sisseton and 
weight of seed . . . . . . . . 

. . . 

. . . 

. . . 

. . . 

. .. . 

. 

. 

. . . 

14. RElationship betwe en field seedling h eight at Brookings 
and •'lei ght of se ed . . . . . . . . . . . . . . . 

15. Relationship between f i eld se edling height at Siss eton 
and weight of seed . . . . . . . . . . . . . . . . . . 

Page 

15 

17 

20 

20 

23 

24 

24 

25 

25 

28 

28 

36 

36 

37 

37 



INTRODUCTION 

$witchgrass (Panicum virgatum L.), a warm-season grass native to 

North America , is distributed from Canada to Central America anu from 

the Atlantic Coast to Nevada over a wide range of habitats (Hitchcock 

1 93 5) • It ex h i b i t s t r erne n do u s prom i s e for f o rage and so i 1 con s P. r vat ·i on 

utilization in the Great PlJins and True Pcairi� regions .. The economic 

value of switchgrass as summer forage has long be��n recognized (\�euver 

and Fitzpatrick 1932) and its pot��nt·ial for improved variety production 

is great due to extensive ecotypic genetic variability (Nielsen 1944) 

and relatively good seed quality and produ(tion. A full season pasture 

system compri5ed of separate pastures of cool and warm-se�son specie� 

offer·s rn21Ai rr:LHr. beef production efficiency ( K:·ueger and Curtis 19/9), and 

switchgrass was found to yield the most beef gain per hectare of the 

major tall, �1ar·m-season grasses native to South Dakota. 

Poor seedling vigor and incons i stent sef::d rroduction hav2 

severely l�mited the widespread use of switchgrass. Kneebone and Cremer 

(1955) determin2ct that selecting for seed size ·in S�'l�tchgra.ss was c;n 

effect·ive m2thod for imp:-oving seedling vigor'., Improved vigor results 

in quic� germin2tion and rapid seedling developm2nt, conseq�2ntly 

increasing the chance of stand survival if a stre s s  period is en­

countered auring esta�lishment. 

Cornelius {1950) concluded native 'r'Jarm-season grasses were es­

pecially poor se�::d 1 rc:ducers. Seed yield components need to be ex,�mined 

to identify those which have the greatest i nfluence en seed yield. 

!dentificat·ion of the i:npqrtant seed yield components v/vu1d faci1·itate 
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selection for speci fic ch aracteristics resulting in improved seed yield . 

With i mpro vements in seedling vigor and seed yield, switc hgra s s  could 

make a su bst anti al contribution to the total c arrying c ap acity of full­

season pas ture systems. 

The objectives of thi s  study were (1) to determine variation for 

seed size within and among three switchgr ass varieties grown in the s ame 

e n vironm e nt, (2) to id e n tify an easy and accurate method for separating 

different seed weight fr actions from bulk seedl ots, ( 3) to determine the 

effect of weight of p arent seed on seedling vigor and mature pl ant 

forage and seed cha racters, and {4) to evalu ate, by emplo_yi:1g multiple 

regression and p ath coefficient analysis, the relative contributions of 

four seed yie l d  components to total seed yield of individu.a.l plants .. 
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�EVI EW OF LITERATURE 

A. Forage and Conservation Utilization 

Krueger et al. (1974), working in South Dakota, indicated beef 

gains on warm -season pastures durin £ July and August were 83% greater 

than on cool-season pastures. Pasture systems utilizing warm-season 

pastures also increased total carrying capacity. Krueger and Curti s 

(1979) compared seeded pastures of switchgrass (Panicum v i rgatu m  L.), 

big bluestem ( Andropogon gerardii Vit. ) , Indian grass (Sorghastru� 

n ut an s (L.) Nash. ) , a nd sideoats grama (Bouteloua curtipendu1a (Mict1x.) 

Torr.), and found beef gain per h�ctare was highest in switchgrass and 

big bl uest em pastures and beef gain per day was superior in switchgrass 

pastures . 

Cornelius (1946) reported that a mi xture of warm-season native 

grass produced higher yiel ds and better erosion control than intf'oduced 

c ool - season species on thin upland soil of low fertility in Kansas. 

Schwendiman and Hawk (1973) reported switchgrass is one of the easiest 

native warm-season grasses to bring under cultivation due to its 

excellent seed yield, vigorous seedling growth, and high forage 

yields. Derscheid et al. (1977) reported that switchgrass is widely 

•Jsed .for summer pasture and eros ion control. They also reported yiel d s 

of 5.4 MT/ha at Brookings with good yielding varieties. 

B. SPed Germination 

McGinnies (1960) looked at six cool-season grasses and found a 

positive correlation between seed weight and germination under mo·isture 

stress co�ditions. Maguire (1962) developed a rat ing for speed of 
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germination and correlated high rating values with superi or emergenc e 

i n  the greenhouse. In certain species, temperature and age of seed have 

been shown to affect germination. Ah ring et al. (1959) found that 

constant temperature of 20°C resulted in less than 50% germination of 

six month old switchgrass seed, but_that alternating temperatures of 

20°-35°C increased germination to 80%. Shaidaee (1969) found that severr 

year old swit chgras s seed was superior to one and six year old seed for 

speed of eme rgence . Sautter (1962) noted that switchgrass germination 

under constant temperatures of 27-29°C was zero, but if night tem-

peratures were dropped to 4°C, germination increas ed to 50%. In the 

same experiment, scarified seed achieved 84% germination. 

C. Seed Weight and Seedling Vigor 

Kneebone (1972) stated that in any grass breeding program it �s 

essential to select for good seedling vigor to impro�e stand 

establishment. Isely (1957) def i ned vigor as the sum total of all seed 

attributes which favors stand establishment under unfavorable field 

conditions. 1ncreas i ng seed i rtg vigor has been success fully conducted 

by sel ect ing among different lines and among diffe�ent �eight cl asses 

within a line or variety. Henson and layman (1961), working with �irds-

foot t ref o i 1 ( Lot u c r· ,-, '"n" r u 1 - + u � I 'j , __ . -� - -=-�...:: __ �...:::-=- ..... , 
and Kneebone and C:'emer (1955) � 

sand bluest.em (Andropogon ha11ii H.a::k�), sideoats grar.�a� and 

switchgrnss, used screens to separat� seed into aifferent size classes. 

Two to four seed weight cl�sses were obtained per spec1�s. Kittock and 

Pn�.terson {1962) used a South Dakota Seed Blc·�·.ter to s:=�vrat!? differert 
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sized seeds in hard fescue (Festuca ovina ·var. Duriuscula L. Koch.), 

Russian bromegrass (Bromus tomentellus Boiss.), beardless wheatgrass 

(Agropyron inerme (Scribn. and Smith) Rydb.), pubescent ""hea tgra ss 

(Agropyron trichophorum (Link) Richt.), intermediate wheatgrass 

{Agropyron intermedium (Host) Beauv.), Siberian wheatgrass (Agropyron 

sibiricum (Willd.) Beauv.), Nordan crested wheatgrass (Agropyron deser­

torum (Fisch.) Schult.), and crested wheatgrass (Agropyron c�istatum 

(L.) Gaertn.). Seed was separated into different weight classes by 

increasing air flow increments. 

McKenzie et al. (1946) evaluated eight cool-season grasses to 

determine maximum depth that they could be planted and still prod u ce a n  

adequate stand. He determined that maximum planting depths were 2.5 em 

for crested wheatgrass; 3 .8 em for Russian wildrye (Elymus junceus 

Fisch.), smooth bromegrass (Bromus inermis Leyss.), and ta ll wheatgrass­

{Agropyron el onga tum (Host) Beauv.); 5.1 em for intermediate wheat grass, 

reed canary grass (Phalaris arundinacea L.), and Virginia wildrye 

(Elymus virginicus L.); and 7.6 em for slender whea tgrass (Agropyron 

cani�um (LM) Beauv.). McGinnies (1973) looked at depth and time of 

planting for three cool-season grasses, crested wheatgrass, pubescent 

wheatg·ra ss, and Russian wildrye, and found 1.9 em to be the best dep th 

for 2arly plantings. Later in the season, the depth had to be increased 

due to dry so) 1 sur-face evaporation. 

Kalton et al. {1959) indicated that heavier seeds of smooth 

br·omegrass lines planted ut 5.1 em were faster to emerge and had higher 

percent emergence than lighter seed l in es when compared under greenhouse 
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condition s. Lawrence {1 957), worki n g  wi t h  i ntermed i ate whea t g r a s s,  

found no di fferen ces i n  percent emergen ce between l arge versu s small 

seed at a depth of 7. 6 em. However, he did fin d differences among seed 

lines fo r percent emergence. Asay and Johnson (1980) dete rmi ned that 

emergen ce and s u bseq uent seedling vigor of Russ i a n wi l d rye s eed p l a nt ed 

at 7.6 em was hig hly sig nifi c a ntly co r rel ated wi th field vigor data. 

Lawrence (1 963) , a l so workin g with Russian wildrye, in dica ted large seed 

emerged better tha n  smal l seed at a depth of 3.8 em. Tassell (1 960) 

found a highly sig nifi can t co rrelation between seed  weight  and seed l ing 

vigor at 31  days in open-po l l i nated progen i es of smooth bromegras s .  

Rogler (1954), working wit h cres ted wheat gras s, l ooked at the time that 

ela p s ed from a 5.1 em pl antin g unti l devel opme nt o f  second and th i rd 

leaves and found large seed reached thes e stages sooner  than small 

seeds. Hu dspet h and Taylor (1 961 )  i n ves tig ated how c rusting of soil and 

moisture stress affect emergence of swi tchgras s at d i fferent dep t hs and 

f ound that in rapid drying soi l s, switchgrass had a greater  probability 

of emerging if plan ted at a depth of 5.1 to 7.6 em. 

Kaufmann and Guitard (1967) cut away 25 and 50% o f  t he endos perm 

on la rge barley (_��rdeJrn vu1gare L.) seeds, resul t i ng in four seed 

class�s, large, smal l) 75%, and 50% seed s .  Seeds with 50% endosperm 

were approximat e l y the same size as small seed. They found that vigor 

of the large seed �vas fo11owed by sma 1 l , 7 5%, anct 50% seeds, and 

concluded that additional endosperm in the  75% seed did not help 

seed1ing vigor. 
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Christie and Ka l ton (1 960a, 1 96Gb) s h owed that  s e l ectin g for 

seed size in smoot h b romeg ra s s  inc reas ed vigo r initia l l y  bu t inbreedin g 

caused dep re s s io n  in vig o r .  �/hen  recu rrent selectio n  �va s u s ed in 

b reedin g fo r seed size, the re wa s a wide r va riation amon g p rogenies and 

inb reedin g was n ot a probl em. Kneeb-o ne  (19 56) s e l ect ed vig o ro u s  sand 

bl uestem plant s from an open-p o l l inated  n u rse ry . The s e eds prod uced on 

t he sel ected p l ants were 4 0% h eavier than un s e l ect ed seed . Pl a n t s  grown 

from the sel ect ed Syn-1 s eed we re _mo re vigo rous and had a hig h er pe rc ent 

st and  t han the u n s e l ect ed Syn-1 . 

Kneebo n e  and C reme r (1 955) u til ized sc reen s to  divide seed of 

fiv e native s pecies (buffa l o  gra s s, In�ia n g ra s s, s a n d  b l uestem, sideoat� 

grama, and switc h g ra s s) into diffe rent seed weig ht c l a s s es. The l arger 

seed in eac h  species p roduced  mo re vigoro u s  seedlings . They al s o  n oted 

that in swit c h g ra s s  t h e  smal l seed s exhibited t h e  poo re s t  germin ation . 

Ros s (1 9 7 3) found l a rge amount s of phen otypic varia tion  fo r seed 

size in native col lections of big bl u estem and  switc h g ra s s . Seed va ried 

from 2 .000  to 4 .43 3 g per 1 000 seeds fo r big bl u estem a n d  from Oe9 3 5  t o  

2.169 g pe r 1 000 seeds  for switchgra ss .  He ritabil ities fo r s e e d  size 

were 0.87 fo r big bluestem and 0 . 7 3 fo r switchg ra s s . 

Schaaf et al. (�962) and  Sc haaf and Rogle r (l96�t) l ouk�d at 

b reedin g fo r seed size and seed yield in crested wheatgra s s . ThEy found 

Syn-1 s eed superio r  fo r seed size and seed yie l d, but t hes e superior 

qualities were l os t  in Syn-2 and -3 .  They a l so noted t hat as plants 

aged they dec reased fo r seed yie l d but noi for seed size . 

Perry and Moser (1975) indic ated l ate maturing va rieties of 



switchgra ss had superior se edl in g vigor and shoul d be b etter weed 

competitors .  

D. Chemical Weed C ont r ol 

8 

Vogel et al. (1981) an d Bah l er et a l . (1982) det e rm i n e d big 

blues tem and· switc hgrass coul d tolerate pre emergen ce a p pl icat ion rates 

of atra zine up to 3.4 kg/ha. Indian ·grass, side oats gra ma , and san d  

lovegra ss (Eragrost is trichodes ( Nutt ) Wood) were dama ged by rates as 

low as 1 . 1 kg/ha dur ing the estab l ishment period. Smith (1971) foun d 

that i n  esta b lish ed stands of swit c hgrass 3.4 kg/ha did not hurt the 

stand and controlled 90% of the we eds in the fie l d. Wrage and Derscheid 

(1977) l isted silvex, MCPA, and 2,4-D, and 2,4,5-T a s  good chemica l s  

for control of annual and pe rennial broadlea f weeds in warm-seas on 

grasses. 

E. Seed and Forage Production 

Gilbert et al. {1979) eva lu at ed d r y  matt er accumu l ation over 

time in four warm-s e as on grasses ( l it tle b l uestem, sand bluestem, sand 

lovegrass, and switchgrass), and found dry matter increased linearly a ll 

summer. The leaf to stem ratio changed fr om a high amo u nt of leaf earl y 

to mere stem m.:rteri a 1 1 ater in the seas on. Of the four grasses, 

s�·litc•lg"�ss �l}.JS founct to have the highest p e r c ent of stem a t  t he end of 

the SUfflffit� r'. 

Trupp and C a r l s on (1971), sel ecting for large seed in smooth 

bromegrass, found no significant yield reduction in seed or forage yie l d 

but fou nd seedl i ngs from l arge seed at 39 days after planting weighed 

more than plants from smaller seed. La wrenc e  {1963) evaluated twe l ve 
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clonal lin es of Ru ssia n wjldr ye an d their polyc r oss seed for seedlin g 

vigor and other tra it s, a n d fou nd significan t c or r elation s  bet ween seed 

size and seed yield (0.808), seed size an d fora ge yield (0.720), an d 

seed yield an d for age yield (0.633). 

Raeber a nd Ka lton (1956) devel�ped th e fer tilit y in dex to deter­

mine, on an in dividua l p la n t ·ba sis, t he n umber o f  fer tile flo r et s  p er 

total num ber of florets. It is det ermin ed from the ra tio of t h r eshed 

{clean seed) weigh t/un th r esh ed weight of a ll in flo r �sc en c es fr om an 

individu a l  plan t. Th ey fou n d  a p osit ive c orr �lat ion (0.94) bet ween fer ­

tilit y index an d act ua l  fert ility in twent y smoot h -bromegra ss c lo n es. 

Newell an d Mo lin e (1978) eva lua t ed dr y matter yields o f  gra sses 

common t o  Nebra ska . C r est ed wh ea t gra ss, in term ediat e wh ea tgra ss, an d 

smooth br omegra ss p roduc ed fora ge yields of 6.15, 5.11, an d 8.6 MT/ha 

and pr otein c on ten t s of 9.0, 10.0 a n d  10.0%, resp ect ively, wh ile 

switc hgra ss, big bluest em, a nd In dian gra ss pro duc ed for a ge yields of· 

6.88, 5.82 an d 5.04 MT/h a ,  a n d p rot ein c on t ents o f  8.5, 8.0, a nd 10.0%, 

respect ively. 
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MATERIALS AND METHODS 

A. Seed Size Eva lua tion 

See d  samp 1 es  were obta i ned from SO 32 Syn -1 ( a n  ex pe ri men ta 1 

population c omp r ise d of app r oximately 750 s pace d-p l an ts ) , a nd a rep l i­

c ate d see d  yiel d tr ia l p l a nted in 1979 a n d  compr is ed of Summer, Nebr a s ka 

28, an d  SO 32 Syn -2. Ten 20 g s ampl es from ea ch of 1978, 1979, an d  1980 

SO 32 Syn-1 ha rve sts , a nd e� ght 20 g s ampl es from bulk se ed of eac h  

va rie ty in the 1980 s ee d  yiel d tria l harves t were s epa r a ted into e ight 

we ight cla s s es ,  utilizin g a South Da kota Seed s·lower. At e a ch l e vel of 

progre s s ivel y in cre a se d  a ir flow, see d  l ifted to the top of the colum n 

wa s c olle cted a nd we ighe d. Two 100-s eed a nd thr ee 10-s ee d  s amples , 

ran domly obta ined from ea ch we i g ht cla s s , we re weighed on an a na l yt ical 

balan c e  for analysis of in tr a a nd interclass variation. Two 100-seed 

sa mples were a ls o  ta ke n from bul k harvests of in dividua l pl ot s in the 

seed yie ld tria l in 1980 a n d  1981. 

B. Gr een h
_�

lS2 
�?ee dl i ng Vigor Study 

A greenhous e s eedl ing vigor s tudy, utilizing five see d  weight 

cla s se s  (135:; 174, 192, 209, and 225 m g/100 s e eds ) fr om SO 32 Syn-1 1979 

ha r vest, was conduc ted in May 1981. A r an domize d comple te block with 

three repl ications of the five \'lei ght class es  a t  tvw p l a n t ing de pths 

(1.25 a nd 2. 5 em) wa s employed. Five se eds we re pl a nt ed in a 3: 1 s oi l 

to sand mix in each of five 7. 6 crn2 pe a t  p ot s  for e very ·weight x de pth 

combination in ea ch  re p lication . Pots we re ra ndomized within 

replicatioils .. At four daj in ter va ls a fte r p lant ing, emerge nce counts 

were ma de. Sta r ting 12 days afte r pla nting� see dling he ights we re 
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evaluat ed at fou r day intervals u p  to 36 da ys. Five weeks a fter 

plant ing, all seedlin gs exc ep t for. t he most vigorous on e in eac h  p ot, 

were exc ised at the soil su rfac e. The t ot al l ength a nd width at the 

widest p oint of the two uppermost fully extended leaves from ea c h  of the 

harvest ed p la nts were mea sured at t ha t  time. The ha rvested p la n ts were 

dried at 35°C for 96 hours an d t hen weighed on an  an a l ytic a l  ba l anc e. 

Analyses of varia nc e were c onducted on p ot mea n s  for perc ent emergence 

and seedlin g height, a nd on paren t seed weight x p la n tin g  depth x repli­

cation mea ns for lea f lengt h a nd width, a nd seedling dry weight. 

C .  Fora ge a nd Seed Yiel d Componen ts Study 

The 150 p lan ts (30/pa ren t seed weight class) s a v e d from the 

green hou se seedlin g vigor stu dy were transplanted in to a spa ced-plant 

nu rsery at Brookings in June 1981. A randomized c ompl ete bloc k design 

wit h t hree rep lic at ions of ten pl a n ts for eac h parent seed wei ght c l ass 

was ut ilized. In Sep tem ber 1982, da ta were rec orded for in dividual 

plants as follows: (1) vigor (sc al e  wa s from 1 = most vigorous to 5 = 

least vigorou s), (2) lea finess (sca le wa s from 1 =l ea fiest to 5 =least 

leafy), {3) ba sal area (sc ale wa s from 1 =greatest spread to 5 =lea st 

spread), (4) lodgin g (sc a le wa s from 1 =erec t to 9 =p rostra te), (5) 

plant ·height, (6) numb er of flowering culms, (7) tota l weight of 

u nt hreshed pan ic les, {8) total weight of fertil e fl orets, (9) m ean 

100-seed weight from two samp les, (10) fertility in dex (tot a l  weight of 

fertile florets/un threshed pa nic le weight), an d (11) weight of 

unt hreshed seed p er cu lm (u nt hreshed panicl e weight/number of culms ) . 
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Analyses of va rianc e for the a bove c ha ra cters were c on duc ted on mea n s of 

the t en plants within ea ch pa ren t seed weight c la ss a n d  rep lica tion . 

Individual pla n t  seed c ha ra ct ers were su bjec ted to ma ximum 

r2 st ep wise mu ltipl e regression an a l ysis. Pa th coefficients were com­

put ed from pa rtial regression c oefficients an d sta nda rd devia tion s of 

t he dep enden t an d in dep en dent va ria bles (Li, 1975). Seed yield wa s con ­

sid er ed the dep enden t va riable an d comp on en ts of seed yield 

{observation s 6, 7, 9, 10) were con sidered in dep en dent va ria bl es. Pa th 

c oeffic ien ts mea sure the direct influen ce of on e va ria ble up on an other 

a nd p ermit sep a ration of correl at ion coeffic ien ts int o c omp on ents of 

direct a nd in direct effects. 

D .  Field Est ablishmen t Stu dies 

Two loca tions, on e in northea stern Sout h Da kot a n ea r  Sisseton 

and t he other n ea r  Brookings, were sel ected for field esta blishmen t 

stu diesc T he soil a t  Sisseton wa s an Aastad loa m (Udic Argibora ll fine­

loa my mixed) with 2 to 6% sl op e while t he soil at Brookings .wa s a 

Brookings silt y c la y  l oam (Pa chic Udic Ha p l obora ll fine-silt y m ixed) 

with 0 t o  2% slop e. The Sisseton locat ion ha d been pl a n t ed to wheat in 

spring 1980 a nd p lo wed in fa l l  1980, while the Brookin gs loc at ion ha d 

been fallowed in 1980. The experimen t a l  design employed a t  ea ch lo­

cat ion wa s a r2ndomized complete block with three replication s an d a 

fact oria l a rran gement of five seed weight cla sses (135, 174, 192, 209, 

an d 225 mg/100 seeds) of SO 32 Syn -1 1979 ha rvest an d two check 

varieties (SO 32 a nd Nebra ska 28), an d three esta blishm en t methods 

(c lea r seeded switchgra ss, an d fla x a nd p roso mil let c omp a n ion crops). 
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P la nt in g  ra t e  wa s 6, 5 0 0  p u re live seeds/p lo t .  P la n t in g  wa s done with  a 

fou r- row dou b le - dis k op en er drill wi t h  dep th ban ds an d 3 0  e m  row 

sp ac in gs. P lant in g  dep t h wa s app r ox imat ely 2 . 0 e m. I n dividu al p lot 

s i z e wa s 1 . 2 by 6 . 3 m .  

I n  the c lea r seeded s witc h g ra ss p lots ,  em er gence  an d he igh t  

mea surement s wer e  ma de a t  fo ur an d six wee k s  a fter p la n t in g  at Brookin gs 

an d S is set on , re s p ect ive ly. T he middle two ro ws of ea c h  pl ot were 

d i v i d ed in to s ev en 91 .4  e m  se gmen ts. Wi t h i n  a ra n dom se gmen t  f rom ea c h  

row , numb er o f  se edlin gs and h eight of  th e n ea re st s e ed l i n g at 1 5 . 2  e m  

int er va ls wer e n o ted . 

In fa l l  1 98 1, millet and flax pl o ts a t  bo th loc at ion s we re ha r -

vest ed f or gra in yield . 

I n  sp r in g  1982, 2.91 k g  ac tiv e i n g re dient /hec t a re of at r azi n e  

wa s app lie d a t  Brook in g s, an d 0. 17 k g  aGt iv e  i n g re d i e n t / h ect a re of  MC PA 

wa s app lied at Sisset 0n . 

I n  fal l 1 982 ,  fo rage  ha r v e s t e d  from a ra n dom 1 . 83 m sec tion 

wi t h i n eac h of t he mi dd l e t\'/o rows of ea c h  pl o t  \'la s dr i ed ,  se p a rat ed 

i nto  s witc hgra ss and  we ed compon en ts ,  and  then  we ighe d. Ana lyses of 

va r i a nce  wer e con duc ted for n umbe r of seed li n gs eme rged , seed l in g  

h e i g ht·, a n d  sv1itc h gra ss fo ra ge y iel d . 

7 0 ( l  0 0 0 ...J : _ ,  (, 0 
SOUTH DAKOTA STATE U N IVERSITY LIBRARY 
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R E SU LT S  

A .  Seed S i z e  Ev a l u a t i on  

Ov e ra l l mea n  1 00-s eed wei g ht s f rom t h e  1 9 79 s eed y i e l d t r i a l  

we r�e 1 02 . 6 , 1 57 .. 5 ,  an d 2 00 . 6  m g  i n  1980 a n d  89 . 8 ,  1 40.4 , an d 1 91 . 1  m g  i n  

1981 f o r  S u mme r , Ne b r a s k a  2 8 ,  a n d  S O  32 , re s p ect i v e l y . I n  1 980, a l l 

t h ree va r i et i e s c on ta i n ed fra ct i on s t h a t  a v e ra g ed l e s s than  1 00 mg/1 0 0  

see ds , b u t  t h e  pe rc e n t a g e  by we i g ht wa s mu c h  g r ea t e r  fo r Summe r ( 5 1 . 5% )  

t h a n  Neb  r a s k a 2 8 ( 5 • 3 �� ) o r  S D 32 ( 1 • 3 % )  • At t h e ot h e  r ext r em e , the 

g reat e r  th a n  2 00 m g / 1 00 s ee d s  perc en t a g e  wa s mu c h  h i g he r  for SD 32 

( 42 . 9% )  t h a n  N e b ra s k a  2 8  ( 3 . 1 % ) o r  Summe r ( 0 . 0 % )  ( F i g .  1 ) . 

C o e f f i c i e n t s  of v a r i a b i l i ty for th ree 1 0 - s e e d  s amp l e s  f rom ea c h  

we i g h t  f r a c t i o n wi t h i n eac h va r i ety we re ge ner a l l y sma l l ,  ra n g ·i n g  f r om 

0 . 7  t o  1 4 . 7 % ,  1 . 6 t o  9.1 % ,  an d 1 . 2 t o  7 . 1 % f o r th e he a v i e s t  to l i g ht e s t 

f ra ct i on s  of SO 32 , Summ e r ,  and Neb ra s k a 2 8 ,  re s p ec t i v e l y  ( Tab l e 1 ) . 

Percent a g e s  by we i g ht of SO 32 i n  th e va r ious �ve i g ht c l a s s  

f ract ion s wer e comp a ra b l e i n  1 9 78 , 1 9 79 , a n d  1 9 80 ( F i g . 2 ) . Ov e ra l l 

mean 1 00- s e ed we i g hts fo r the th r ee con s ec u t i v e  ye a rs were 1 80 . 9 ,  1 7 6 . 0 , 

and 1 81. .. 3 mg . 

B .  G r e e n ho u s e  St>ed l i n g · V i g o r St u dy 

Twe l v e  days a f t e r  pl ant i n g , the two he a v i e s t  pa re n t see d  we i g ht  

c l a s s e s  ( 2 09 a n d  2 2 5  mg/1 00 s eeds ) e x h i b i t e d  s i g n i f i c a n t l y  h i g h e r  

eme r g en c e  t h a �  t h e 1 74 mg c l a s s , wh i c h ha d s i g n i f i c a n t l y  h i g h e r  

eme r g e n c e  t h a n  t h e l i g ht e s t  c l a s s  { 1 35 m g ) .  T h i s  t re n d  con t i n u ed 

t h ro u g h  t h e  ob s e rvat i o n pe ri od up to 2 0  d ay s , wh e n  s i y n i f i c a n �  d i f f e r -

e nc e s  fo r t:•me r g e n c e  we r e  obs e rved  betv;een the  1 3 5 a n d  1 74 mg c l  a S S f! S  a n d  
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T a b l e 1 .  Mea n  we i g h t s  a nd c o e f f i c i en t s  o f  va r i a b i l i ty fo r th ree 1 0 - s eed 
s amp l e s  f rom e a c h  we i g h t  c l a s s . 

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

Va ri ety 

so  32 

cv 

Summe r 

c v  

Neb 2 8  

c v  

so 3 2  1 9 7 8  

c v  

so  3 2  1 9 7 9  

c v  

s o  32 1 980  

c v  

We i g ht C l a s s  
____ L_i 9, ht  Hea vy 

1 2 --·-=-3 ----.4-- 5 6 7 8 --------· 

1 9 7 9  Se e d  Y i e l d T r i a l  

8 . 6mg 1 2 . 1  1 3 . 7  1 7 . 3  1 9 . 4 2 0 . 4  2 2 . 8  2 5 . 9  

1 4 . 7 %  9 . 5  

5 . 5  

9 . 1  

8 . 3  

2 . 5 

2 . 3 2 . 0 0 . 5  2 . 6 

9 . 9  1 1 . 6  1 2 . 7  1 6 . 1 

5 . 0  1 . 8 1 . 7 1 . 6 

2 . 7 

* 

5 . 8  1 0 . 1  1 3 . 5  1 5 . 5  1 6 . 9 1 8 . 0  1 9 . 9  

7 . 1 5 . 8 5 . 8  2 . 3 5 . 2 2 . 7 1 . 2 

O . l  

8 . 9  1 1 . 1  1 4 . 2  1 7 . 5  2 0 . 1  2 1 . 8  22 . 8  2 3 � 8  

1 2 . 8  2 . 4 2 . 8 4 . 2 1 e 5 2 . 7  1 . 5 2 . 5 

5 . 9  1 1 . 7  1 4 . 5  1 7 . 3  1 8 . 8  2 0 � 8  2 2 . 2  24 . 6  

6 . 5 3 . 1 6 . 9  4 . 3 2 . 1 3 . 8 1 . 4 3 . 1  

7 . 9  1 0 . 9  1 4 . 3  1 7 . 1 1 8 . 5 2 1 . 1  22 . 5  24 . 2  

5 . 8 5 . 0 2 . 9 2 . 9 3 . 6  1 . 0 0 . 4 1 . 5 

* Fr a c t i � n wa s l o s t  be fo re s amp l e s  co u l d D e  t a � e n . 
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t he 1 7 4 mg an d the two h e a v i e s t  c l asses ( T a ble A1 ) .  

S i g n i f i c a n t  d i ffe ren c e s · fo r he i g ht a t  1 2  d ay s  we re fo u n d  bet ween  

t h e 1 3 5 mg  cla s s  a nd  a l l ot h e r  c l a s s e s . Th e range  i n a v e ra g e  h e i g ht s  at 

t h at pe r i od  wa s f ro m  3 7  mm fo r the 2 2 5 mg cla s s to 2 4  mm fo r the 1 3 5 mg 

c l a s s . At 2 0  d a ys ,  the 2 2 5 ,  2 09 ,  an d 1 92 mg cl a s s e s  we re s i g n i f i c a n t ly 

ta l l e r th a n t h e  1 74 a n d  1 3 5 mg c l a s s es , and  th e 22 5 mg c l as s  wa s s i g ­

n i f i cant l y t a ll e r t h a n  t h e  1 92 mg c l a s s . At t h e en d o f  t h e  ob s e r v a t i o n 

p e ri od ( 3 6  d ay s ) ,  seed l i n g h e i g h t s  o f  t h e  2 2 5 ,  2 09 ,  a n d  1 92 mg c l a s s e s  

we re no t s i g n i f i c a ntly d i f fere nt ,  but t h e  2 2 5  mg c l a s s  wa s s i g n i f i c a n t l y  

t a l l e r th a n th e 1 74 a n d  1 3 5 m g  c l a s s e s . The ra n ge in h e i ghts at the en d 

o f  th e ob s e rvat i on period wa s f rom 1 90 mm fo r the  2 2 5 mg c l a s s  to 1 22 mm 

for th e 1 3 5 mg c l a ss ( Ta ble 2 ) . 

T h e rela t i o n s h i p between pa rent s e e d  we i g ht and  t h e  l e n g t h  a n d  

wi dt h of  l ea v e s  o f  s e edli n g s 36 d a ys a ft e r  pl a n t i n g a re s h o w n i n  F i g u r e s  

3 a n d  4 .  T h e  c o n t ri b ut i o n o f  li ne a r re g re s s i o n  t o  t h e  pa r e n t  se ed 

wei g ht s um o f  sq u a res wa s h i g h ly s i g n i f i cant  for bot h  l e a f  c h a r a c ­

t e r i s t i c s ( T a b l e  3 ) . L i r 1ea r coeff i c i en t s  o f  det e rmi n at i on we re 0 . 92 f or 

l ea f  l e n g t h  a n d  0 . 7 7 fo r lea f wi dth . Mea n  sq ua re s fo r quad rat i c  

r eg re s s i on and  d e v i a t i o n s  f rom re g res s i on we re not s i g n i f i c a n t  fo r 

e i t h e �  �ha ra c t e r i s t i c .  I n c re a s e d  se e d we i g ht s p ro d u c e d  l o n g er an d wi d e r  

lea v e s  wi t h  l ea f  l e n gth  and wi dt h i n c r e a s i n g by 1 5 . 5  a n d  0 . 3  mm fo r ea c h  

2 5  m g  i n c r e a s e i n  pa rent  1 00-s eed we i g ht . T h e  ra n g e s  b e t we e n  t h e  me a n s  

o f  the 2 2 5 a n d  1 3 5 mg c l a s s e s we re 5 9 . 0  a nd 1. 1 mm fo r le a f l e n g t h and  

wi d t h , re s p e ct i vely ( Table A2 ) . 

T h e  re la t i on s h i p bet ween pa rent  seed we i g h t  and s eed l i n g d ry 
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T abl e 2 .  Me a n  h e i g h t fo r ea ch pa r e n t  seed  we i g h t  c l a s s  at  fou r - da y  
i nte rvals i n  t he g r e e n h o u s e  seed l i n g v i gor st udy. 

Pa ren t  Days a ft e r  p l a n t i n g  
see d  we i g h� 1 2 1 6 2 0  2 4  2 8  32 3 6  

P la nt -he i g h t s  ( mm )  

2 2 5  m g  3 7 A* 61 A 80A 98A 1 1 8A 1 58 A  1 9 0A 

2 09 mg 3 7 A  60A 76AB 93AB l l l A  1 38AB 1 7 5AB 

1 92 rn g  3 7 A  57 AB 72 B 88B 1 1 2 A  1 3 8AB 1 7 8AB 

174 m g  34 A 51 B 66C  soc 9 7 8  1 2 3 B C  1 64 8  

1 3 5 mg 24 8 34 C 4 90 600 7 3 C 9 7 C  1 2 3C 

* Mea ns f ol lowed by d i f f e r e n t  l et t e rs i n  s a me co 1 umn  a re s i g n i f i c a n t -l y  
d i f fe re n t  a t  t h e  0 . 05 l e v e l . 
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Fi g .  3 .  Re l a t i on s h i p bet wee n l e a f  l e n g t h  of 3 6  d ay o l d seed l i n g s  i n  t h e  g r e e n h o u s �  a n d  
we i ght o f  se ed . 
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SEED WE I GHT (mg) 

Re l at i on s h i p betwePn l ea f  wi dth of  36  d a y  ol d  seed l i ngs  in  the greenhouse �nd 
we i g ht  of  seed . 
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T ab l e 3 .  An a l y s e s  o f  va r � a n c e  fo r l ea f  l e n g t h , l e a f  w i dt h , and see d l i n g 
d ry we i g h t  at 3 6  d ay s  a ft e r  p l a n t i n g i n  th e g r e e n h o u s e  
s eedl i n g v i g o r  s t u dy � 

Le a f  Len g t h Le a f  W i d t �  _Seed 1 i n q  D ry We i g h t  
Sou r c e  d f  M S  F MS F MS F ---

Tota l 2 9  

Seed we i g h t  4 3 0 0 6 s 7 8 . 2 7** 1 . 2 9 3 . 7 9 1 852 . 1 3 5 . 87* 

L i n e a r 1 1 1 1 1 6 . 0  30 .. 58** 3 . 9 9 1 1 . 74·* *  69 1 0 . 4 4  2 1 . 89** 

Quadra ti c 1 57 3 . 2  1 . 58 0 . 3 7 1 . 09 55 . 38 <1 

R ema i n d e r  2 1 6 8 . 7  <1 0 . 4 1  1 . 1 9  2 2 1 . 34 <1 

Exp e r i ment a l  
E r r o r  8 363 . 5  1 . 4 2  0 . 34 1 . 0 9  31 5 . 7  5 2 . 1 8  

Samp l i n g 
E r ro r  1 5  2 55 . 5  0 . 31 1 4 5 . 1 3  

* * *  S i g n i f i c a n t  at the 0 . 0 5  a n d  0 . 01 l e v e l s ,  re s p ec t i vel  y • , 
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we i g ht at 3 6  d ay s a ft e r pl antin g is s hown in F i gu re 5 �  The con t ribution 

of l i n ea r  regre s s i on to the seed weig ht sums of s q u a re s  wa s h i g h l y  

s i g nif i cant (Tab l e 3 ) . T h e  l i nea r c o e f f i c i e n t  o f  determ i nation was 

0 . 93 . Mean  squares for qu ad ratic re g r ession and de v i a tion f r om 

reg ression were not significant. I nc reased se ed weight p rod uced  hea v i e r  

s ee d l i n g s , wi th seedl i n g  dry weig hts increasin g by 1 2 . 2  mg fo r each 2 5  

mg i nc rea s e  i n  1 00- s ee d wei ght . The ran ge in se ed l i n g dry we i g h t  means 

bet�·Je e n  the 2 2 5  and 1 3 5 mg cl a s ses wa s 4 6 . 4 rn g ( Ta b l e A2 ) . 

C .  fo ra g e  a n d  Seed Yie l d Com p o n e n t s  Study 

T he re l at i o n s h i p s  bet wee n pa rent seed we i g ht and v i g o r , ba s a l  

a rea , and lea finess of p l a nts on e yea r  aft e r  es t a b l i s hment  are presented 

i n  Fig u res 6 - 8 .  The contr i bu tio n of l i nea r reg r e s s i on to seed wei g h t  

s ums o f  s q uare s wa s highl y s i gn i f i ca nt fo r ba s a l  a re a  and s i g n i f i c a n t 

f o r  vi g o r  and l ea f i n e s s . Al s o t a sign i f i ca nt qu ad rati c re g res sion wa s 

detected for l eafiness ( Ta b l e 4 ) . Coe fficien ts of dete rmi nation we re 

0 . 71 ,  0 . 90 ,  and 0 . 7 5 fo r vigor, basal area , an d l ea f i n e s s , respect i v e l y c  

Mean squares for l inea r  re gre s s i on and quadrati c re gress i on  we re not 

s i gn i f i c a nt fo r l od gi n g  or he i ght . Dev i ation s f rom regre s sion we re not 

s i g n i f i c a nt  for any vegetat i ve characteristic . I ncreased seed wei g hts  

p ro d u c e d  rno r e  v i go ro u s  se ed l ·i n gs with l arger basal  area by d e c rea s i n g 

t h e  vi g o r  ra t i n g 0 . 2 a n d  ba s a l  a re a  rat i n g 0 .2 f or eac h  2 5  mg i n crease  

i n  1 0 0 - s e e d  we i g h t . The ran ges  bet ween mea n s  o f  th e weig h t  c l a s ses we re 

0 . 6 , 0 . 5 ,  0 . 9 ,  1 . 0 ,  and 1 2  e m  for v i g o r , l ea f i n e s s , bas a l a rea , l o d g i n g , 

a n d  heig h t , res pec t i ve l y  ( Tab l e A3 ) .  Th e relat ·i on s hi ps between pa rent 

s eed weig ht a n d  progeny seed wei g h t � fe rt i l i ty ind ex, and seed yi e l d a re 



2 3  

7 5  SEEDL ! NG JdRY  WE I GH�mgL.-------------------------------� 
SOW=-38. 49+0. 49 <SW) ��1 R2 =0. 93 65 

55 -

45 

3 5  

2 5  
1 30 1 50 

* 
* 

1 7 0 1 9 0 2 1 0  
SEED WE I GHT <mg) 

Fi g .  5 .  Re l at i o � s h i p between d ry we i ght of 36 d ay o l d seed l i n g s  i n  t h e  gree n h o u s e  d n d  

we i g ht o f  s eed . 
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3. 3 

3. 1 

2 
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* 

V=4. 22-0. 007 <S'v/) 
R2 =0 .. 7 1  

* 

2 4  

* 

2
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1 3 0 1 5 0 1 7 0 1 9 0 

SEED W E  I GHT < ms) . 
2 1 121  

F i g .  6 .  Re l at i ons hi p between vi go r of spaced - p l a n t s  and wei gnt of seed . 

3• B BASAL AREA 

3. 4 

3. 2 

3. 0 

2. 8 

2. 6 
1 3 0 1 5 0 1 7 0 

BA=4. 74-0. 009 <SW) 
R2 =0. 90 

* 

1 9 0 2 1 121  
· sEED WE I GHT (mg) 

F i g .  7 .  Rel a t i ons h i p between ba s a l  a rea of  s p a ced-p l a nts  and , wei ght o f  seed . 

2 3 0  

* 

2 3 0  
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3 .. 0 

2. 8 

2. 6 

-

* LF=-0. 6 1 +0. 04 CSW) - 0. 00� 1 CSW � 
R2=�. 75 

2 5  

2. 4 
1 30 

•------L----�----�----� -��-----�-----�----�----� 
1 5 0 1 7 0 1 9 0 2 1 0  2 3 0  

SEED WE I GHT <mg) 
fi g .  8 .  Rel at i on s h i p between l ea f i ness o f  sp a c ed -p l a nts and wei g ht o f  seed . 

1 85 S�ED WE I G H T  (m9) 

[ SW= 1 25. 70+� 25 CSW) 
1 80 R 2 =0. 80 

1 7 5 

1 70 

1 f3 5 

1 6 0 

1 5 5  L--,_,__ _ __;L-..----J'----'----L.----'------1------1----L--------' 

1 30 1 50 1 7 0 1 9 0 

SEED WE I GHT <mg) 
2 1 0  2 3 0  

f i g .  9 .  Re 1 � t i on s h i p between p rog e ny seed we i g ht o f  s p d c e - p l a n t s and we i g ht o f  seed . 



T a b l e 4 .  An a l y s e s  of va r i ance fo r v i g o r ,  l ea f i n e s s , b a s a l  a re a , l od g i n g , and hei g h t  i n  t h e  
s p a ced-p l a nt nu rs e ry .  

V i g o r  Le a f i n e s s  Ba s a l  a rea Lod g i n g  He i g h t 
So u rc e  d f  MS � MS F MS F �15 F MS 

T ot a l  2 9  

Seed we i ght  4 0 .4 82 3 . 4 5  0 . 2 54 4 . 4 6* 0 . 682 3 . 90* 0 .  91 9 <1 1 1 6 . 0 7 

L i n e a r 1 1 . 3 61 9 .  7 5* 0 . 3 7 0 6 . 4 9* 2 . 4 6 5  1 4 . 09** 1 . 34 6  1 . 34 383 . 7 6 

Q u a d ra t i c 1 o .  5 51 3 . 9 5 0 . 3 9 7  6 . 9 6* 0 . 02 5  <1 0 . 4 1 6 <1 1 . 98 

Rema i nder  2 0 . 008 <1  0 . 1 2 5  2 . 1 9  0 . 1 1 9 <1 0 . 9 58 <1  39 . 2 7 

E x p e r i me n t a l  
E r ro r 8 0 , 1 4 0  2 . 3 7  0 . 0 5 7  <1  0 . 1 7 5  4 . 2 7* *  1 . 007 3 . 0 9* 1 6 9 . 7 8 

Samp l i n g  
E r Tor 1 5  0 . 05 9  0 . 0 74 0 . 04 1  0 . 32 6  3 5 . 2 7 

* , ** S i g n i f i c a n t  at t h e  0 . 0 5 a n d  0 . 01 l ev e l s ,  res p ect i v e l y . 

-F 

<1 

2 . 2 5  

<1 

<1  

4 . 81 ** 

r" 
0'\ 



2 7  

d i s p l ayed i n  F i g u re s  9 -1 1 �  T h e  c o n t r i b u t i o n o f  l i n ea r re g r e s s i o n t o  

p a rent s e ed we i g h t  s u m  o f  sq u a te s  wa s h i g h l y  s i g n i f i c a n t  fb r p r o g e ny 

s eed we i g h t , f e rt i l i ty i n d e x , a n d  s e ed y i e i d ( Ta b l e 5 ) . L i n e a r co ­

e f f i c i e n t s o f  d e t e rm i n a t i o n we r e  · o . ao ,  0 . 7 3 ,  a n d  0 . 72 f o r  p ro g e ny s eed 

we i g h t , fe rt i l i ty i n d e x , and s e ed y i e l d ,  re s p ec t i v e l y . Me a n  s q u a r e s  fo r 

l i n e a r reg r e s s i o n we re n ot s i g n i f i c a n t  fo r n umb e r o f  c u l m s  a n d  we i g ht o f  

u nt h re s h e d  s e ed pe r c u l m . Me a n  s q u a re s fo r q u a d r a t i c  reg r e s s i o n a n d  

d e v i a t i o n s  f r om r e g r e s s i on we re n ot s i g n i f i c a n t  fo r a ny s e ed 

c h a ra ct e r i s t i c .  I n c re a s ed pa r e n t  s ee d  we i g h t  p ro d u c ed h e a v i e r  p ro g eny 

s eed s , h i g h e r fe rt i l i ty i n de x ,  and h i g h e r  s e e d  y i e l d .  P r o g e ny s e ed 

w e i g h t , fe rt i l i ty i n d e x , a n d  s e ed y i e l d i n c r ea s ed by 6 . 1 6  mg , 2 . 7 ,  a n d  

5 . 6 7 g fo r ea c h  2 5  m g  i n c re a s e  i n  pa r e n t  1 0 0 - s e e d  we i g h t . T h e  ra n g e s  

b et we e n  me a n s  o f  t h e  we i g ht c l a s s e s we re 2 2, 20 . 1  m g , 2 4 4 � 3 m g , 1 1 . 6 ,  

a n d 2 5 . 84 g fo r n u mb e r of cu l m s , p r o g e ny seed we i g h t / p e r  1 00 s e ed s , 

w e i g h t  o f  u n t h re s h ed s ee d  p e r cu l m ,  fe rt i l i ty i n d e x , an d s ee d  y i e l d ,  

res pect i vel y ( Ta b l e A4 ) .  

H i g h l y  s i g n i f i c a n t  s i mp l e l i n e a r co r r e l a t i o n s  we re fo u n d b e t ween 

s e ed y i e l d and a l l v e g e t at i v e a n d  seed c h a ract e r i s t i c s  ex c l u d i n g  p l a n t  

h e i g h t ( Ta b l e 6 ) . Not e t h a t  n e g a t i v e  co r re l a t i o n s  between v i g o r ,  

l e a f i �e s s ,  a n d  ba s a l  a re a  a n d  ot h e r  c h a r a c t e r i s t i c s  a re a c t u a l l y  po s i -

t i v e s i n c e  rat i n g s  we re orr a on e t o  f i v e  s c a l e wi t h  o n e  b e i n g  be s t . 

P a t h  co e f f i c i e n t  a n J l y s i s i n d i c a t e d t h a t  n u mb e r o f  f l o we r i n g  c u l ms , 

we i g h t  o f  u n t h re s h ed s eed p e r  c u l m ,  a n d  fe r t i l i ty i n d e x  h a d  s t ro n g  po s i ­

t i v e d i rect e f fe c t s  on s e ed y i e l d ( Ta b l e 7 ) . Seed we i g h t  h a d  a l ow 

d .  ct e f f e c t  b L1 t  d u e  t o  pos i t i ve i n d i rect e f fect s v i a n um b e r of  c u l rr1s , 1 r e  . . , 



2 8  

eJ .  7 7  F E Ri l L I T "'.::..._f ___:_;I N�D!=.E.!X..! ________________ *:.----·---, r F I =Iil. 5 1  +fil. 00 1 <SW) 
0. 75 t R2 =1il. 73 

' 0. 73 

0. 7 1  

0. 6 9  

0. 67 

0.  6 5  

1 3 0 1 5 0 1 7 0 1 9 0 

SEED WE I GHT Cms) 
2 1 0  

* 

__ _j 
2 3 0  

F i g .  1 0 . Re l a t i on s h i p  between fe rt i l i ty i n dex o f  s p a c ed -p l a nt s and we i g ht o f  s eed . 

Set SEED Y I ELD (g) 

SY=-5. 93+0. 23 (5W) 
� =�. 72 

4 0  

3 0  

* 

* l 

* 

2 0  �--�----�----�--��--�--·---L----�----�----�--� 
1 30 1 5 0 1 7 0 1 9 0 2 1 0  2 3 0  

SEED WE I GHT Cmg) 

· r i g .  1 1 .  R e l a t i on s h i p  betw� � n  se ed y i e l d o f  s p aced-p l a n t s  and we i g h t  of s e ed . 



Tab l e 5 .  �1 a l y s es of va ri a n c e  fo r numb e r  of cul ms , p ro ge ny s eed we i g ht , we i g ht of un t h re s h ed seed pe r 
c u l m ,  fe rt i l i ty i n dex , and seed yi e ld i n  the  seed y i e l d comp o n ent s study . 

We i g h t  of 
P rogeny unt h res h ed 

Cu l ms s eed v1e i  g h t  seed p e r  c u l m F e rt i l i ty i n d e x  S e e d  y i e l d 
Sou rce d f  MS � MS � MS F �s � f�s � 

T ot a l  2 9  

Seed we i g h t  4 42 1 . 32 1 . 6 7  54 8 . 9 7 5 . 3 6* 57 5 5 9  2 . 74 1 1 9  .. 0 5  8 . 5* * 52 1 . 0  6 . 84* 

L i nea i 1 1 1 5 7 . 52 4 . 58 1 7 58 . 24 1 7  . 1 6** 78686 3 . 74 34 8 . 2 9  24 . 9** 1 4 91 . 6  1 9 . 5 9** 

Q u a d r a t i c 1 2 8 9 . 32 1 . 1 4  1 83 . 7 8 1 . 7 9 6 7 3 5 5  3 . 2 0 4 6 . 2 1  3 . 3 2 59 . 0  3 . 4 0  

Rema i n de r 2 1 1 9 . 2 3 <1 12 6 .  93 1 . 24 . 42 0 9 8  2 . 01 4 0 . 84 2 . 9 166 . 8  2 . 1 9  

E x p e r i ment a l  
E r ro r 8 2 52 . 9 6  2 . 1 6  1 02 . 4 6  <1 2 09 7 0 < 1  1 4 . 4 0  <1 7 6 . 1  < 1  

Samp l i n g 
E r r o r 1 5  1 1 7 . 0 7 1 62 . 3 0  3 7 4 52 39 . 6 9 1 1 2 . 7  

* , ** S i gn i f i c a n t  at t h e  0 . 05 a n d  0 . 01 l ev e l s ,  res pect i ve l y .  

N 
\.0 



T a b l � 6 .  Co r re l at i on coeffi c i l� n t. s  fo r fo rage and s e ed cha ract e rs i n  the s p a c e d -p l a n t  nu rse ry .  

W e i g ht o f  
Number of  unt h re s hed 

B a s a l  Fl owe r i n g  seed per  Seed Fe rt i l i ty 
V i g o r  Lea f i n e s s  Area H e i g ht Cu l ms Cu l m  We i g h t  I n d e x  

V i g o r  0 . 2 3** 0 . 6 9** - 0 . 4 5* * - 0 . 3 1 * *  - 0 . 2 7 * 'k - 0 . 09 - 0 . 1 4-

Lea.f i ness  0 . 3 9* *  0 . 1 3  -0 . 4 0** 0 . 1 3 - 0 . 09 - 0 . 01 

B a s a l  a rea -0 . 2 8* * -0 . 4 8** -0 . 1 4  - 0 . 1 2  -0 . 1 6* 

H e i g h t  - 0 . 0 7 0 . 2 1 .** 0 . 09 0 . 1 1  

Numb e r  of F l owe r i n g  Cu l ms -0 . 2 2 ** 0 . 1 5 0 . 1 7* 

W e i g h t  of unt h re s hed s e ed pe r cu l m  0 . 1 0 0 . 04 

S e ed We i g h t  0 . 6 3** 

F e rt i l i ty I n d ex 

* ,  * * S i g n i f i c a n t  at the 0 . 0 5 and 0 . 01 l ev e l s ,  res p ect i v e l y .  

Seed 
Y i e l d 

- 0 . 4 8* * 

- 0 . 2 4 * *  

- 0 . 59* *  

0 . 1 3  

0 . 59* *  

0 . 4 9** 

0 .. 3 5** 

0 . 42 ** 

(�) 
0 



T a b l e 7 .  Pat h c oe f f i c i en t  a n a l y s i s of  n u mb e r of cu l ms , seed we i g ht , 

fe rt i l i ty i n d e x , a n d  we i g ht  of unt h res hed s e�d p e r  c u l m  
u po n  s e ed  yi el d . 

3 1  

Jat hways o f  As s oc i a t i o n Co e f f i c i e n t s  

S e e d  y i e l d v s . n o . c u l ms 
D i rect  e f f ect 
I n d i re ct e f f ect  v i a s eed we i g h t  
I n d i rect ef fect v i a s e ed/ c u l m  
I n d i rect e f f ect v i a fe rt i l i ty i n d e x  

T ot a l  c o r r e l a t i o n  

Seed  y i e l d v s . seed we i g h t  
D i rec:t e f fect 
I n d i rect ef fect v i a n o . c u l ms 
I n d i rect  e f f e c t v i a s e ed jc u 1 m 
I n d i rect  e f f e c t  v i a fe rt i l i ty i n dex  

T o t a l co r r e l a t i o n 

Seed y i e l d vs . s e e d /c u l m 
D i rect  e f fect  
In d i r e ct ef fect v i a no . cu l ms 
I n d i re c t  ef fect v i a s eed  we i g h t  
I n d i r e ct ef fect  v i a f e rt i l i ty i n d e x  

Tot a l  c o r re 1 a t i on 

Seed y i e l d v s . fe rt i l i ty i n d e x  
D i rect e f fect 
I ndi rect  e f f ec t  v i a n o . c u l ms 
I n d i r e ct e f fect v i a s e ed we i g h t  
I n d i r e c t  e f fec t  v i a s e e d / c u l m  

Tot a l  c o r re l a t i on  

--- ---·-------- · ---------

0.683 
0 . 000 

-0 . 1 4 1  
0 . 04 7  
0 . 589 

0.002 
0 . 1 04 
0 . 066  
0 . 1 76 
0 . 34 8  

0 . 6 33  
-0 .152 

0 .. 000 
0 . 01 3 
0 .4 94 

0 . 2 80 
0 . 1 1 4 
0 . 001 
0 . 02 8  
0 . 4 2 3 
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we i g h t  of unth res h ed seed  per cu l m ,  a n d  fe rt i l i ty i n dex , i t  h a d  a h i g h l y  

s i g n i f i c a n t  t ot a l co rre l at i on  wi t h  seed y i e l d .  Th e tot a l  co r re l a t i on  

betwe en  s eed y i e l d a n d n umb e r  of  cu l ms wa s dec rea s ed du e t o  a l a rge 

n e g a t i v e i n d i rect effect v i a wei g ht of u n t h res h ed s eed p e r  c u l m .  · T h e  

t ot a l  c o r re l a t i on  between  s eed yi e l d and  we i g ht  o f  unt h re s hed  s e e d  pe r 

c u l m wa s dec rea s ed du e t o  a l a rg e  negat i ve i nd i rect e f f ect v t a  n u mb e r of 

c u l ms .  

Us i n g path  a n a l y s i s ,  8 3 . 5% o f  the  va r i at i on i n  seed y i e l d co u l d 

b e  expl a i n ed by va r i at i on  i n  the  fou r  i n dependent  va r i a b l e s  ( Ta b l e 8 ) . 

F i e l d E st ab l i s hment St u d i e s  

S i gn i f i cant  d i ffere n c e s  amon g  pa rent  seed we i g ht c l a s s e s  we re 

fou n d  fo r seed l i n g he i g h t at bot h l ocat i on s  and fo r eme rgence at 

B rook i n g s  ( Ta b l e  9 ) . Fou r weeks  a ft e r  p l a nt i n g  at B ro o k i n g s , the 22 5 

mg c l a s s had  t h e  h i g h e s t  eme rgence  ( 1 94 s eed l i n g s / 0 . 9 m of l i n ea r  row ) -

a n d  t a l l e s t  s e e d l i n g s  ( 54 mm ) , wh i l e  the  1 3 5 m g  c l a s s  had the  l o we s t  

eme r g e n c e  ( 1 07 s eedl i n g s / 0 . 9  m of l i n ea r row ) a n d  s h o rt e s t  s eed l i n g s  

( 40 mm ) . Th e s ame re l a t i on s h i p between heavy and  l i g ht s eed  we i g h t  

c l a s s es wa s obs e rved  fo r each  o f  the cha ract e rs when t h ey we re  ev a l u at ed 

s i x  we e k s a f t e r p l a n t i n g  at S i s s eton ( Ta b l e 1 0 ) . Th e rel a t i o n s h i p s  

b etween s eed  we i g ht  and  seed l i n g estab l i s hment  c h a ra c t e r i s t i c s  

( eme rge n c e  a n d  seed l i n g h e i g h t ) a t  bot h l ocat i on s  a re s hown i n  F i g u re s  

1 ?. - 1 5 .  T h e  cont r i b u t i on of l i n ea r reg re s s i on t o  eme rgen c e  and  seed l i n g 

h e i g h t  s ums of sq ua res  wa s s i g n i f i cant  at  bot h l oc a t i on s . T he  q u a d ra t i c  

r eg re s s i on me a n  sq ua re  \<Ja s s i g n i f i c a n t  fo r s eedl i n g h e i g ht at . Brook i n g s , 

a nd the dev i at i on  f r om l i n e a r  a n d  q u a d r a t i c  reg re s s i o n me a n  sq u a re wa s 



Ta b l e a .  Summa � of s t epwi s e  mu l t i p l e  re g re s s i o n a n a l y s i s  of s e ed 
y i e l d a n d  s eed yi e l d _ comp on e n t s . 

Reg r e s s i on
_

e
_g�u

_
a
_

t
_

i_o_
n_

l 
__________ �-------- ·--------

SY = 1 1 . 3 5  + 0 .4 0  FC  

SY = -2 6 . 2 2  + O v 5 0 FC  + 37 . 3 0 S/C  

SY = - 54 . 7 1 + 0 . 4 6  F C  + 35 . 93 S/ C + 44 . 5 0 F I  

Coefflc i ent o f  
Det e rm i n a t i o n  

0 . 34 7  

0 . 7 58 

0 . 83 5  

SY = - 54 . 81 + 0 . 4 6  F C  + 3 5 .92 S/C + 44 . 2 9 F I  + 0 . 002 SW 0 . 83 5  

Sy = s eed y i e l d ,  FC  = n um b e r o f  f l owe r i n g  c u l ms , S / C  = we i g h t  o f  
u nt h re s hed s e ed p e r c u l m ,  F I  = f e rt i l i ty i n d e x , a n d  SW  = 1 0 0 - s eed 
we i g h t . 
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T� b l e 9 .  Ana l y s es of va ri a n c e  fo r eme rgence and he i g ht �t Brook i n g s  and S i s s et o n  i n  t h e  
f i e l d  establ i s hmen t  stud i es .  

Eme rg en ce He i g h t  
Brooffn�g s Si s s eton B roo k 1 n g s  S1 s seton  

Sou rce d f  MS F As F �15 F MS F 

Tot a l  2 9  

Seed . we i g h t  4 61 88 . 4  1 1 . 5 3** 2 1 64 . 3 2 . 4 6  1 7 1 . 1 5  1 1 . 88** 3 3 3 1 . 4  4 . 3 0* 

L i n ea r  1 1 4 64 5 . 3  2 7 . 31 * *  8062 . 1  9 . 1 6* 502 . 5 0 34 . 8 7* *  807 7 . 1  1 0 . 4 2 *  

Q u a d rat i c  1 51 9 . 7  <1 68 . 9  <1 86 . 2 2  5 . 98* 42 3 . 7  <1 

Rema i n d e r  2 4 7 94 . 4  8 . 94** 2 6 3 . 1  <1 4 7 . 9 3 3 . 32 '24 1 2 . 5 3 . 1 1  

E xp e r i me nt a l  
E rror 8 5 3 6 . 4  <1 880 . 2  1 . 1 7  1 4 . 4 1  < 1  7 7 5 . 1  1 . 1 2  

Samp l i n g 
E r ro r 1 5  84 5 . 6  74 9 . 3  2 5 . 7 3 692 . 1  

* ,  * *  S i gn i f i � a n t  a t  t h e  0 . 0 5 a n d  0 . 01 l e v e l s ,  re s p ect i v e l y .  

w .p. 



3 5  

T a b l e 1 0 .  Eme rg e n ce , h e i g ht , a n d  f o ra g e  yi e l d fo r t h e  f i ve  p a r e n t  s eed 
we i g h t  c l a s s e s a n d  c h ec k s  i n  the f i e l d e s t a b l i s hmen t  s t u d i e s . 

Pa ren t 
� eed we i g h t  
c l a s s es a n d  

c hec k s  

�rook i n g;.......s _ _,. , ____ 
fo ra g e  

e me r g en c e h e i g h t  y i e l d  ------------�--------�--

2 2 5  

2 09 

1 92 

1 74 

1 3 5 

so 32 

Ne b 2 8  

1 94 At *  54 At t 

1 2 8BC 4 8 8 

1 4 68 42 CD 

1 4 7 B  4 5 BC 

1 0 7 C  4 0D E  

5 52 1 . 9 A  

2 94 9 . 2 A 

601 3 . 3A 

44 2 4 . 5A 

52 7 5  .. 6A  

1 3 7 8  

580 

4 5 B CD 4 7 3 5 . 0A 

36E  3339 . 0A 

Si s s e t o n  

eme r g en c e  h e i g h t  

1 1 4 A  24 0A 

92 AB 2 1 2  B 

91 AB 2 1 0 8 

83BC 2 3 1 AB 

62 C 1 7 9 C  

fo rage  
y i e l d 

2 64 5  . 6A 

2 33 6 . 0AB 

2 1 6 0 . 2 AB 

22 1 2 . 81\B 

1 53 0 . 2 B C  

7 3 BC 22 0AB 2 1 3 3 � 9AB 

2 80 1 4 00 94 6 .  8C 

t Numb e r o f  p l a nt s  eme rg e d  per  0 . 9  m of l i n e a r row . 

t tHe i g ht in mi l l i met e rs . 

'*· r·1ea n s  i n  s ame co l u mn fo l l owed by a d i f f e rE n t  l et t e r a r e  s i �� n i f i c a n t l y  
d i f fe r e n t  at t h e  P < 0 . 0 5 l e v e l . 
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200 
EM= l l . 64+0. 7 l <SW) * 

1 8 0 R2 =0. 59 

-� 
1 6 0 

* 
1 4 0 

* 
1 2 0 

1 0 0 
1 3 0 1 5 0 1 7 0 1 9 0 2 1 0 

SEED WE I GHT (mg) 

F i g .  1 2 . Rel a t i on s h i p betwe e n  f i e l d  eme rgen c e  at Brook i n g s  a n d  we i g ht of seed . 

1 2 0 EMER G E N C E -S I SS ET O N  

1 1 0 

1 0 0  

:: t 

EM=- 1 0. 1 4+ 0. 53 <SW) 
R 2 = iC3. 93 

* 

230 

* 

:: �t-���·----�---�--�--�--��--�---�--�--� 
1 3 0 1 50 1 7 0 1 9 0 2 1 0  2 3 0  SEED WE I GHT ( m g )  

" F i g .  1 3 .  Re l a t i on s h i p between f i e l d �ne rg e n c e  a t  Si s s eton a n d  we i g ht of  seed . 
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5 6  tif-IJ.iHT (mm) - BROOK I t�:..::::G;..;:S.._ ____ __ ____________ ___, 

5 2  

4 8  

4 4  

4 0  
1 3 0 

HT=8 1 . 92-0. 57 (SW) +0. 002 CSW2 ) 
R 2 =0. 86 

F i g .  1 4 .  Re l at i ons h i p between fi e l d seed l i ng h e i g h t  a t  B rook i n g s  and we i g ht of seed . 

25 0 HE GHT (mm) - S I S S E T ON 
HT= l 1 5. 42+0. 53 CSW) 

R2 =0. 60 

2 2 5  

2 0 0  . 

* 

* 

. 1 7 5 
1 30 1 5 0 1 7 0 

* 

1 9 0 
SEED WE I GHT ( m g )  

* 

* 

2 1 0  

F i g .  1 5 . Rel a t i on s h i p  be t ween f i e l d s eect l 1 n g he i g h t  a t  S i s set ?n and w� i g ht of s e ed . 

2 3 0  
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h i g h l y  si g n i f i c a n t  fo r eme rgence  at Broo k i. n g s  ( Ta b l e 9 ) . 

T h e  ch ec k va r i ety ,  Neb ra s k a 2 8 ,  had s i gn i f i c a n t l y l e s s  eme rge n c e  

t ha n  a l l f i ve pa ren t s eed we i g ht c l a s s es and  bu l k  S O  3 2  at  bot h 

l oc a t i on s ,  and produced  s i g n i f i ca nt l y  s hort e r  seed l i n g s  t h a n  a l l en t r i e s  

a t  bot h l oc at i on s , except  fo r t h e  1 3 5 m g  c l a s s a t  B r oo k i n g s  ( T a b l e 1 0 )  • 

. Comp a n i on  c rop  g r a i n  yi e l ds  i n  1 981 we re nea r c o u n ty a v e ra g e s  �t  

bot h l oca t ion s and no  d i f fe ren c e s  we re det ected amon g p l o t s  u n d e r s eeded 

w i t h  d i f fe re n t seed  we i g h t  c l a s s e s of sw i t c h g ra s s . 

S i gn i f i c a n t  d i f f e re n c e s  amo n g  p a r e n t  s e e d  we i g h t  c l a s s e s  we re 

found  fo r fo rage  y i e l d  at S i s s et on in 1 982 ( Ta b l e 1 1 ) .  T h e  22 5 mg c l a s s  

p roduced s i g n i f i c a nt l y  mo re fo ra g e  ( 2 64 5 . 6  k g / h a ) t h a n  t h e  1 3 5  m g  cl a s s  

( 1 53 0 . 2  k g / h a ) a n d  N e b r a s k a  2 8  ( 94 6 . 8  k g/ha ) ( Ta b l e 1 0 ) . 

F o ra g e  y i e l d s  i n  1 982 a t  B roo k i n g s  we re s i mi l a r fo r a l l f i v e  

p a re n t  seed we i g ht c l a s s es , b u l k SO 32 , and t h e  c h ec k va r i ety Neb ra s k a  0 

2 8 . 

H i gh l y  s i gn i f i c a n t  d i f fe rences  amo n g  e s t a b l i s h me n t  met h od s 

( c rop s ) w e re fo u n d  fo r fo r a g e  y i e l d a t  bot h l oc at i on s i n  1 982 ( Ta b l e 

1 1 ) .  H i g h e s t  me a n  fo rage  yi e l d s  we re obt a i n ed f rom c l ea r  s e e d ed p l ot s 

{ 90 52 k g/ha at Brook i n g s and  5834 k g / h a  at S i s s et on ) , wi t h  d r a s t i ca l l y  

reduced  yi e l ds occ u r r i n g  i n  comp a n i on c r op p l ot s of mi l l et ( 2 544 k g /ha  

a t  B r- o ok i n g s  a n d  1 4 4 k g / h a a t  S i s s et on ) a nd  fl a x  { 2 1 6 3 k g /ha  a t  

B rook i n g s  a nd  7 k g / t a at  S i s s et on ) .  
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Ta b l e  1 1 � An a l y s e s of va r i a n ce fo r fo ra g e  y i e l d a t  B rook i n g s  a n d  
Si s s et on i n  t h e  f i e l d e st a b l i s h me n t  s t u d i e s .  

Si s s et o n  B roo k i n g s  
Sou rc e  d f  MS F MS F 

Tot a l  44 1 9 , 34 8 , 1 08 4-0 , 787 , 54 6  

Crop ( C ) 2 39 , 53 7 , 363  2 0  .. 51 ** 501 , 052 , 01 3  2 9 . 56** 

Seed we i g h t  ( SW ) 4 2 ,  991 ' 368 4 . 02* 2 6 , 00 5 , 02 5  1 . 2 0  

L i n e a r 1 1 1  , 032 , 560 14 . 81 ** 2 , 7 32 , 9 76  <1  

Qu ad rat i c  1 68 , 74 0  <1 2 ' 97 1  , 890 <1  

Rema i n d e r 2 4 32 , 087 <1 1 0 , 1 50 , 080  < 1  

Rep l i c at i o n ( R )  2 2 , 382 , 501  6 . 2 8** 3 9 , 3 5 5 , 31 6  1 5  . 4 0** 

Cx SW 8 2 ,4 83 , 568 6 . 55* * 1 7 , 3 74 , 2 9 5  6 . 80* * 

C x R  4 1 , 92 7 , 84 8  5 . 08** 1 6 , 94 9 , 86 3  6 . 63** 

SWxR 8 744 , 892 1 . 96 2 1 , 7 3 7 , 667  8 . 51 ** 

C x SW x R  6 643 ' 74 8  1 . 7 0  14 , 32 0 , 1 34 5 . 6 0** 

Erro r  4 5  379 , 4 39 2 ,  5 54 ' 997  

* * *  S i g n i f i c a n t  a t  t h e  0 .. 0 5  a n d  0 . 01 l e v e l s ,  re s p e c t i v e l y . , 
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D I SCUSS I O N  

Of a l l t h e s e l ec t i on c r i t e ri a t h at a g ra s s b r e ede r c a n  u s e  t o  

·i mp rove s e ed 1 i n g  v i g o r ,  s e ed s i z e  i s pr o b a b l y  t h e  mo s t  i m p o rt a n t  a n d  

p romi s e s  t h e  mo s t i mme d i a t e  p r o g r e s s . Va r i et i e s t h a t  re g u l a r l y  p r o d u c e 

l a r�� e  s e e d  p rov i d e the f i rst l i n e of at t a c k  ·on po o r  s t a n d  e s t a b l i s hment 

( Kr1 e e bo n e  1 9 72 ) . 

I n  t h i s s t u dy , ex t en s i v e  va ri at i o n fo r s e e d  we i g ht wa s foun d 

.anto n g  and wi t h i n t h re e s w i t c h g ra s s  v a r i et i es  ( Summe r ,  Ne b ra s k a  2 8 ,  a n d  

SO 32 ) grown i n t h e s a�e en v i ronment . Ra n g e s b e t w e e n  l i g ht e s t a n d  

h e a v i e s t  s eed we i g h t  c l a s s e s exc ee d ed 1 4 0  m g /1 0 0  s e e d s  fo r a l l t h � e e  

v a r i et i es ,  a n d  a 2 0 0 mg /1 00 s e e d s  ra n g e  wa s ob s e r v e d be t w e e n  t h e  

l i g h t e s t  c l a s s  of t h e  sma l l e s t - s eeded va r i e ty , Summe r ,  and  t h e  hea v i e s t  

c l a s s  o f  t h e  l a r g e s t -s e eded v a r i ety , SD 32 . T h e  l a r g e s t  s eeJ s o f  5u ; nr r<.� t 

we re j u s t s l i g h t l y  h�a v i e r  th a n  t h e  me a n  1 0 0 - s e e d we i g h t  o f Ne b ra s k a 2 8  

wh i l e  t h e  l a rg e s t  seeds  o f  Ne b ra s k a  28 we re j u s t  s l i g h t l y  h ea v i e r  th � n  

t he tn·::: i; n  1. 00-s eed  \�e � g r, t  of SO 32 ( F i g .  1 ) . Hi d e  v a r i a t i o n fo r s eed 

we i gh t  wa s fo und wi t h i n  SD 32 i n  ea c h  of t h re e co n s ec u t i v e  yea r s  

( 1 9 7 8 - 1  9 8 0 )  , b u t s e e d  vie i g l l  t C: i s t r i b u t  i o n  c u r v e s we re s i m i l a r f o r a 1 � 

t h ree ye a rs � F� � .  2) . The re s u l t s i n d i c a t e  t h at l a r g e  d i f fe ren c e s i n 

s eed s � L e  ex i s t ;;ri!o r. 9 d i v e rs e  s w i t ch g ra s s  po p u l at i o n s , a n d  t h a t  : e -· 

l ec t i on fo r s eed s i z e  co u l d be a t t en tp t ed i n  two s t a g e s : ( 1 ) i d e n t i fy 

v a ri �t i E.:s O l ' pop � t 1 a t i on �  t h � t  c o n s i s t e n t .i y  p rodu c e  l a rg e  seed , and  ( 2 ) 

u t i i i z e- a i r  fl o�.., sep a ra t i oi t  t o  i s o l a t e , wi t h i n  ce r t a i n  l a. rg e - �� eede d 

pop u l a t i on s , t h e  hea v i e s t  seed  to  be u s ed fo r p rod u c t i on of b r ee d i n g  

n u  r ' s  e : i  e s  a n d  sy n t h et i c popu  1 2  t i :.' n'.:> . T h e  co r re i a t  i o n bet we e n  p r o g eny 
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s e ed we i g h t  ·j n t h e  op e n - p o  1 1  i n a t e d  n u r s e ry a n d  pa re n t  seed we i g ht v;a s  

0 . 89 ( Fi g . 9 ) , i n d i c a t i n g  t h a t  t h e s e  s i mp l e s e l ec t i o n p r oced u re s  \'/e re 

e f f e c t i v e fo r i n c r e a s i n g s e e d  s i z e i n  a b re e d i n g  po p u l at i on .  

Po s i t i v e c o r re l a t i on s between s eed s i z e a n d  mea s u res of 

s ee d l i n g v i g o r and s t a n d  es t a b l i s hment have been ob t a i n e d  fo r n u me r o u s  

r a n g e  a n d  p a s t u re g r a s s e s ( Kn e e b o n e  1 972 ) . 

Su p e r i o r  s e e d l i n g v i g o r , a s  me a s u red i n  t h i s st u dy by s p eed o f  

eme rg e n c e , s e e d l i n g he i g h t  a t  t i me i n t e r v a l s ,  l ea f  l e n g t h , l e a f  wi d t h , 

a nd s e e d l i n g d ry we i g h t  i n  t h e  g r e e n h ou s e , a n d  pe r c e n t  eme r g e n c e  a n d  

s ee d l i n g h e i g h t  i n  t h e  f i e l d ,  wa s ob s e r v e d  fo r h e a vy comp a re d  to l i g h t  

s eed we i g h t  c l a s s e s o f  SO 32 ( F i g s .  3 - 5 ,  1 2 -1 5 ) . Th e s e  re s u l t s  i n d i � 

c at e d  t h at t h e  g r een h o u s e  i n d i c a t o r s of s e edl i n g v i g o r  t h at we re 

emp l oye d  (Co p e l a n d  1 9 76 ) we re ac c u rat e e s t i ma t o rs o f  st a n d  est a b l i s h ment 

c a p a b i l i t i e s i n  t h e  f i e l d .  Su c c e s s  i n  s e e d l i n g e s t a b l i s hment of 

s w i t c h g ra s s  s h o u l d be i n c rea s e d  by s e l ect i n g v a r i et i e s t h a t  h a v e t h e  

a b i l i ty t o  eme r g e  q u i c k l y  a n d  i n c r ea s e  i n  s i z e  ra p i d l y  wh e n  en v i ron ­

me n t a l  c o n d i t i o n s  a re f a v o ra b l e ,  a s  we l l as t h e  ab i l i ty to es t a b l i s h 

u nde r un f a v rJ ra b l e con d i t i o n s , s u c h  a s  d ro u g h t , po o r  s e e d b e d  p re p a ra t i on ,  

a n d  v i g o ro u s  we ed c 8mp et i t i o n .  

F a c t o rs t h at h a v e  c a u s ed red u c t i on s  i 1  eme r ge n c e  of fo r d g e 

g r a s s e s  d r e l a t e  p l a n t i n g ( Mc Gi n n i e s  1 97 3 )  a n d so i l c r u s t i n g ( Hu d s p et h  

a n d  TAy l o r  1 961 ) . T h e  l o we r eme r g e n c e  at S i s s et o n , comp a red t o  

B rook i n g s ) may po s s i b l y  be d u e  to on e o r  bot h o f  th e s e fa c t o r s . 

P l a nt i n g at S i s s et on wa s 2 3  d ay s  l a t e r  t h a n  B r ook i n g s  an d a h a rd ra i n  

o n e  day a ft e r  p l a nt i n g c a u s ed s o i l c ru s t i n g .  
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When s e l e c t i on i s  c o n ce n t r a t ed o n  · o n e  ch a ra c t e r  ( s eed s i z e  i n  

t h i s  study ) , ot h e r  a g ron omi c c h a r a c t e rs need to be e v a l u a t e d  to i n s u re 

t h a t  t h ey a re n o t  ad ve r s e l y  a f fect ed . T ru p p  and  Ca r l s o n  ( 1971 ) ,  wo rk i n g  

wi t h  smoot h b romeg ra s s , fo u n d  n o  dec rea s e  i n  fo r a g e  y i e l d w i t h  

i n c rea s c: cl p a re nt s e ed we i g h t .. I n  t h i s  st u dy , co r re l a t i on s  bet w e e n  v e g e ­

t at ·i v e c h a r a c t e r s o f  s p a c e d - p l a n t s  a n d we i g h t  o f  pa r e n t  s e e d  we re 

g e n e r � l 1 y  po s i t i v e or n on s i g n i f i c a n t , i n d i c a t i n g t h a t  s e l ec t i o n fo r s eed 

s i z e d i d n o t  h a v e det r i me nt a l  ef fec t s  on fo r a g e  p ro d u c t i o n c o mp on e n t s 

( Fi g .  6 - 8 ) . 

Fo ra g e  yi e l d da t a  f rom S i s s et o n re v e a l e d a h i g h l y  s i g n i f i c a n t  

p os i t i v e re l a t i on s h i p between we i g h t  o f  s e ed p l a nt e d a n d  fo ra g e  y i � l d s  

t he fo l l ow i n g  ye a r ( T a b l e 1 1 ) ,  wh i l e  a t  B r o o k i n g s  n o  rel a t i on s h i p wa s 

d et e ct e d . T h e s e  re s u l t s  i n d i c a t e  t h a t  h e a vy s e e d s  we r e  n o t  o n l y  

s u p e r i o r  fo r st a n d  es t a b l i s h me n t  t h e  s e ed i n g  yea r ,  b u t  a l s o  e x h i b i t ed 

h i g h e r  fo rag e yi el d s  u n d e r  mo i s t u r e  st r e s s c o n d i t i o n s  t h e  fo l l ovt i n g  

y e a r .  The mo i s t u re re c � i v e d  a t  S i s s et o n  f rom Ap r i l t h r o u g h  Au g u s t_, 1 982 

was 2 5 .4 em b e l ow n o rm a l , wh i l e  p r e c i p i t a t i o n  at B ro o � i n g s  wa s a b o v e  

n o r�d l fo r t h e  s ame pe r i od . A s ev e re , l at e , n o n -u n i f o rm weed i n fe s ­

t at i on i n  t h e  p l o t s  a t  B ro c k i n g s  t h e  s e e d i n g  yea r wa s fe l t to  be re s p on ­

s i b l e  fo r red u c ed s t a n d s  i n  s p ec. i f i c a r-e a s  o f  t h e  exp e r i me n t . T h e  

h i g h l y  s i g n i f i c a n t s e ed we i g ht  x re p l ·i c a t i on i n t e rac t i o n ( T a b l e 1 1 ) 

r e f l e ct s  a n  i n c o n s i s t e n cy amo n g  a n d  wi t h i n i n d i v i d u a l p l ot en v i ron . �Y-n t s  

t h a t  rna d e  fo r a g e  y i e 1 d s t h e  f o 1 l ow i n g yea . ..  e x t  rem e 1 y v a r · a b l e • 

Se e d  y i e l d i s  a n ot h e r  c h a ract e r i s t i c o f  p a ra�o u n t  s i g n i f i c a n c e  

i n  a ny n a t i v e \'/a rm - s ea s o n  g r a s s  b re ed i n g  p rog r a m . Co r n c= i i u s ( 1 9 5 0 ) 
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c o n c l u d e d , t h at i n  g e n e ra l , na t i v e g ra s s es we r e  n ot o r i o u s l y  poo r s e e d  

p rodu c e rs . I n  t h i s st u dy , s i g n i f i c a n t i n c r ea s es i n  s e e d  y i e l d ,  p ro g e ny 

s ee d  we i g h t , an d f e rt i l i ty i n d e x  we re fo u n d  wi t h  i n c rea s ed pa re n t  s e e d  

we i g h t , i n d i c a t i n g  t h at s el e ct i on fo r l d rg e  s e e d  wo u l d  ha v e  a po s i t i v e  

e ff e c t  o n  s e e d y i e l d .  T ru p p  a n d  Ca r l s o n ( 1 9 71 ) i n d i c a t e d  n o  ch a n g e i n  

s eed y i e l d wi t h  i n c rea s ed s e ed s i z e i n  smoot h b rome g r a s s . 

Co r re l a t i o n s  compa ri n g  seed y i e l d to s e e d  we i g h t , we i g h t  o f  

u nt h re s hed s e ed pe r cu l m ,  n u m b e r  of fl owe r i n g  cu l ms , and  fe rt i l i ty 

i ndex , we re a l l po s i t i v e a n d  h i g h l y  s i g n i f i c a n t , and 83 . 5% o f  v a r i a t i o n 

i n  i n d i v i d u a l  p l a n t  s e e d  y i e l d cou l d be accou nted fo r by v a r i a t i on i n  

t h e fo u r  s e e d  y i e l d component  va ri a b l � s . Pat h coe f f i c i e n t  a n a l y s i s  

r e v e a l ed t h a t  t h e  t o t a l  co r r e l a t i o n between s e ed we i g h t  a n d  s e ed y i e l d 

wa s l a rg e l y  a t t r i b u t e d  t o  i n d i rect e f f ect s of ot h e r  s e e d  y i e l d 

compon ent s . Boe ( 1 9 7 9 ) , wo r k i n g wi t h  bi g b l u es t em , a l s o  fou n d  s e e d  

we i g h t  t o  h a v e  a s m a l l d i rect effect , b u t  t h e  a d d i t i o n o f  po s i t i v e 

i n d i rect ef fect s d u e  t o  fl o ret s / c u l m and _ fe rt i l i ty i n d e x  p roduced  a 

h i g h l y  s i g r: i f i c a n t  po s i t i v e t ot a l  co r re l at i o n . P a t h an a l y s i s re v ea l ed 

that tota l corre l at i on s  c o u l d  be mi s l ea d i n g  i n  st u d i es 0 f  d i r e c t  

r e l a t i o n s h i p s b e t we e n  s e ed y i e l d compo n e n t s  a n d  s e ed y i e l d .  
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S UMMAR Y 

1 .  T h e  So u t h  D a k o t a  Seed B l owe r wa s det e rmi n e d  to be a n  

a c c u ra t e  a n d  con v e n i e n t  i n s t rume n t  fo r ob t a i n i n g  d i f f e re n t s e e d  we i g h t  

f ra c t i on s  f r om b u l k s e ed l ot s o f  t h re e  swi t c h g r a s s  v a r i et i e s .  E x t e n s i v e 

v a r i a t i on amo n g  va r i et i e s wa s fo u n d fo r p ropo r t i on s  o f  s e e d  i n  ea c h  

we i g ht f r a c t i o n .  Howe v e r ,  p ropo rt i on s  i n  ea c h  f ra ct i on o f  SO 32 we re 

rel a t i v e l y  c o n s i s t e n t  ac ro s s  t h ree h a rv e s t  ye a r s . 

2 .  I n  t h e  g r e e n h o u s e , s e e d l i n g s  p ro d u c e d f r om h e a vy s ee d  w2 i g h t  

f ra c t i o n s  e x h i b i t e d  mo re ra p i d eme r g e n c e ,  h i g h e r pe r c e nt eme r g e n c e , 

f a s t e r  g r owt h rat e ,  l a r g e r l e a v e s , a n d  we re h e a v i e r  3 6  d ay s  a ft � r  

p l a nt � n g t h a n  s e e d l i n g s  p rod u c e d f rom l i g h t  seed we i g h t  fra ct i on s . 

3. Si g n i f i c a n t  po s i t i v e  l i n e a r  re l a t i on s h i p s  we re fo u n d  b2t w e 2 n  

we i g h t  o f  p a r e n t  s e ed a n d  v i go r , ba s a l  a re a , seed we i g h t , s eed y i e l d ,  

a n d fe rt i l i ty i n d e x  of p ro g e ny s p a c e d - p l a n s g rown f rom fi v e  s e e d  we i g ht 

c l a s s e s . No l i n e a r re l a t i on s h i p s  we re de t ec t ed b e t ween we i g h t  of pa re n t  

s e e d  t=.n d  h e i g :1 t , l o d g i n g , we i g h t  o f  u n t h re s hed s e e d  pe r c u l m ,  an d n u mb e r  

o f  c G l ms o f  p r o g eny p l a nt s . 

4 .  N1 1mbe r of c u l  ms a n d  we i g h t  of u n t. h re s h e d  seed p e r c u l m  

exp l a i n ed  a l a rge p r o p o rt i o n of t h e  va ri a t i on i n  s e e d  y i e l d .  Fe rt i 1 i ty 

i n dex  a n J  s e e d  �-Je i g h t  h a d  sma 1 1  d. i  rect ef fect s on v a  r i a t  i o n i n s e :::d 

y i e l d .  

5 a  Si g n i f i c a n t  po s i t i v e l i n e � r  re l a t i o n s h i p s we re fo u n d  bet ween 

we i g ht o f  pa re n t  seed and t o t a l  eme rgen c e  a n d  s e e d l i n g hei g h t a t  bot h 

l oc a t i o n s , a n d  we i g h t  o f  pa re n t  s eed a n d  fo ra g e yi e l d at S i s s e t on . 
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AP P E ND I X  

Tab l e Al . Me a n  p e rc e n t  eme r g e n c e  a t  fo u r - d ay i n t e rv a l s i n  t h e  
g r e e n h o u s e  s e ed l i n g v i g o r s t u dy . 

P a re n t  Days a ft e r  p l a n t i n g 
seed \-Je i g h t  8 1 2  1 6  2 0  

2 2 5 m g  82 . OAt* 83 . 4 A  8 7  . 4 A  90 . 6A 

2 09 m g  78 . 0A 82 . 6A 87 . 4 A 92 . OA 

1 92 mg 7 5 . 4 A  7 5 . 4 AB 80 . 6 AB 87 . 4 AB 

1 74 m g  62  . OA 65 . 4 8  7 0 . 68 7 8 . 08 

1 3 5 m g  30 . 08 37  . 4 C  4 4  . oc 50 . 6C 

t p e rc e n t  p l a n t s  eme r g e d  o u t  of f i v e  s e e d s p l a n t e d  p e r pot . 

4 9  

* Me a n s  fo l l owed by d i f f e re n t  l et t e rs i n  s ame co l umn a re s i g n i f i c R n t l y  
d i f fe re n t  a t  t h e  0 . 0 5 l e v e l . 



5 0  

T a b l e �� . Mea n  l e a f  l en gt h , l ea f wi d t h , a n d  s e e d l i n g d ry we i g h t  fo r e a c h  
p a rent s e e d  we i g h t c l a s s  3 6  d ay s  a ft e r  p l a n t i n g i n  t h e  g re e n ­
h ou se s e e d l i n g v i g o r  s t u dy . 

P a re n t  
seed v-1e i  g h t  Lea f 1 e n g t h  �mm � Lea f wi dt h_(mm� Seed l i n- g d ry \'le i  g h t  { mgl 

225  mg 14 3 . 4 4 .2 72 . 3  

209 mg 1 3 0 . 4 3 . 8 57 .4 

1 92 m g  1 3 0 . 0  4 .2 61 . 7  

1 74 m g  1 22 . 1 3 . 8  47 .2  

1 3 5 mg 84 . 4  3.1 25 . 9  
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T ab 1 e A3 • Me a n  s of v i  g o  r , 1 e a f i n e s s  , b a s a l  a r e  a , 1 o d g i n g , a n d  he i g h t 
fo r ea c h  pa rent s eed we i g ht c l a s s i n  the s p a c e d - p l a n t n u r s e ry .  

---------------- ------ ·- --·· · -

Pa ren t 
s eed \<Je i g ht V i g o r  L e a f i n e s s  Ba s a l  a rea Lod g i n g  Hei g ht (mrn) 

2 2 5 m g  2 . 8 2 . 6 2 . 8 2 . 7 1 7 4 

2 09 mg 2 . 8 2 . 6 2 . 7  3 . 0  1 G 9 

1 92 m g  2 . 8 2 . 9 3 . 0  2 . 7  1 6 7  

1 74 mg  2 . 8 3 . 1 3 . 1 3 . 7  1 6 9 

1 3 5 mg 3 . 4 2 . 9 3 . 5  3 . 3  1 62 



T a b ·1 e A4 . Mea n s  of numb e r  of c u l  ms , p rogeny s e ed we i g h t , we i g h t  of 
u n t h reshecl  s eed  pe r cu l m ,  f ert i l i ty i ndex , and  seed yi e l d for 
each pa rent seed we i g ht c l a s s  of SD 32 . 

___ .... -

We i g ht  of  
Pa rent Progeny unt h res hed  

s eed Numb e r  of seed s eed pe r Fe rt i l i ty Seed yi e l d 
we ·i �ht c u l ms we i ght ( mg )  c u l m {mg } i n dex {9� 
22 5  m g  66 1 81 . 7  830 . 4  72 . 8  39 . 1 1  

2 09 mg 71 1 80 . 5  94 5 . 0  7 6 . 8  4 7 .  7 1  

1 92 mg 62 1 72 . 7 80 7 . 8  74 . 1  36 . 4 9 

1 74 mg 66 1 61 . 6  92 2 . 6  69 . 6  3 7 . 3 7 

1 3 5 mg 4 9  1 62 . 5 700 . 7  65 . 2  21 . 87 
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