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1
PART I
DEVELOPMENT OF NEW TECHNIQUES OF USING IRRADIATION IN THE GENETIC
~ IMPROVEMENT OF WARM SEASON GRASSES, THE ASSESSMENT OF THEIR GENETIC
AND CYTOGENETIC EFFECTS AND BIOMASS PRODUCTION FROM GRASS.

INTRODUCTIONA
We believe that irradiation and chemical mutagens can be a very
valuable tool to the plant breeder. Under this contract we hope to
develop new techniques of usiné irradiation and ehemieal mutagens in
the genetic improvement of several warm season grasses. We also. hope
to determine the economicvvalue of radiation induced mutants. Genetic

and cytogenetic effects of these treatments will also be studied.

Part A-1. Altering Protein Quantity and Quality in Pearl Millet Grain by
' Irradiation and Mutation Breeding. ' A

In the spring and early summer of 1974, we planted in a field that
had been uniformly cropped to velvet beans in 1973, 13,612 different
pearl millet seedllots. These were.remnants that had been accumulated
as we carried out our study on general'and specific combining ability
under earlier contracts. A single 104foot ron of each remnant (for
nhlch enough seed was available) was planted on uniformly fertilized soil.
-In order to spread.the work load, we planted 4062 plots of 1nbred
Tlft 239 on 5/6/74; 2926 plots of inbred Tift 23 on 6/17/74; 3240 plots
‘of inbred Tift 13 on 5/27/74; and 3384 plots of inbred Tift 18 on 7/11/74.
Tift 23 is the_maintainer for A1 sterile.cytoplasm used.in,prodneing
' hybrid»millet throughoutvthe world...Tift 239 and Tift 13 are maintainers'
for A2 cytoplasm that will be used te reduce the genetic vulnerability
associated with the use of one sterile cytoplaSm. Tift 18 is being
recommended in West ?akistan.as1a variety and also gives a good fertility
restored Fl hybrid when crossed on Tift 23A1.

As the plants in these 13,612 plots headed, ne covered at least .

4 heads on each plot with special kraft bags to prevent cross pollination



‘and prbtect.the seed from insecf and bird damage. When mature, the
heads were harvested, dried{‘and‘threshed;

' Seed production on Tift‘239 was very good but adverse weather
conditions resulted in péor_seed set‘on the other iqbreds. Maﬁy heads
_that were threshed faiied to have enough seed for chemicél analyses. A
total of_l3,236 éegd 1oté ﬁith enough seed for\analysis-énd a remnant
for planting wére_sent to Dr. R. Rabson, International Atomic Energy’
Agency, Karntner Ring 11, P.O. Box‘590,_A-1011 Vienna, Austrial for
pratein and amino acid analysis in Janqafy and February, 1975. 1In the -
summer of 1975, we.plaﬁted.in the fiéld short-single row plots-ofla
Anﬁﬁber of pearl millefs to be qhecked'for protein and lysine content.
.Included-were 1130 liﬁe; out of Tift‘239DB thét'had shown Eetter than
average protein ana'lysinefcontent in analyses ;haé were cénducted oﬁ 1974
material. These were ﬁlantedvin the field with-3 repiications. Also we
produped seed on 1667 lines'of inbred‘18B‘and 2272 lines of inbred 23B.
"In the latter 2 casés, we grew out only one rgplication of each liqe. As
these lihes'geganlpo head?'wevcovered aé'least 4 héaas on each plot with
épecial krafﬁ Bags'to prevent crossépoilinatioﬁ and to protect the seed
from insect and bird damage. When'mapure the;heads weré harvested, dried,
‘ and threshéd.b These seeds have been sent to Dr.'R. Rabsqn;‘Intérnational
Atomié Enérgy Agency-in Viénna, Austria, where they were analyzed'for'
proteiﬁ andzlysine content. | | |

Ih 1976, we planted 1872 p;ots with s¢ea sent by Dr. Rabson for
replic;ted planting or remnants as yet not screened originally. Selfed
seed’was produced, threshed, and processed on'these plots to ship‘to
Viénna.

Dr. Rabson developed.the firét‘paper from this effort and pre-



_3;
sented it at the Research Coordinationlmeeting in Vienna. - The
reference is: Rabson, R.; G. W: Bﬁrton; w.Aw. Hanna; H. Axmann; and
B. Cross. The Development of Procedures for tge Selection of Geno-
types for Improved Protein of Pearl Millet from Mutagenized Populétions
of,inbreds,~In§ernational Atpmic Ehe;gy Agency, Vienna. 57/32:279- |
281, 1978. A copy of'this ﬁaper was:appended to our Augﬁst, 1977 report;
“. Our réplicated‘tééts have yielded 9 and 1 lines from inbreds

'Tifg 239DB and Tift 23B, respectively, with improved seed quality. The
. amino acid profile aﬁd N content of 3‘selections from iﬁbred'239DB and
I from inbred 23B are summarized in Table l. The dafa‘indidates that
improved -seed quality types are being reéovered. The advanced selec-
‘tions were replicated again'in 1978 to see if the impro?ed quality
characteristics are.constant'buéAaﬁalyses have not been reéeived at the .
writing of this reﬁortf |

Earlier teéts with normal and translocated inbred 13B indicated
 higher levels'pf protein and lysine in the translocated line. ‘In 1977,
32 translocated lines were grown and the seed analyzed for broteiﬁ aﬁd
dye%ﬁinding capacity. The cruaé protein of the E_stdcks is summarized
in Table 2. ' The data'show a-range in crude protein of 10.6 to 18.1%.
All of the chfomésémes in the t stocks have not been identified, 80
definite cénclusiéns éanﬁot be drawn. However, for the E_étocks that
have_beeﬁ identified, the AB.tfanslocated chromoséﬁe stock tends to
have higher protein. Similar variability hés beeﬁ obsefved in dye-

binding capacity.

Part A-2. Effect of Nitrogen and Genotype (male and'female) on Pearl
Millet Grain . ' '

Environment and genotype have been shown to affect size ahd com-—
‘posiﬁinn of grain in a number of cereals. 'In self-pollinated species

such as wheat, Oats; and sorghum, the. male and female are the .same
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Table 1 . Amino acia composition of grain protein in pearl-millet
selections (Values expressed in g amino acid/16 g N).
‘ Inbred 23DB inbred 23B
Control® 13117%(248) 6100%° 13129 Control _ 27
Lysine 3.59 3,13 3.46  4.10 . 2.79  3.60
 Histidine 2.88 3.07 - 3.02 3.22  3.00 4.86
Arginine 5.89 6.20 7.31 7.23  5.29  7.70
- Aspareic 10.16 10.78 11.27 12.47 10.88 10.89
. Threonine 4.11 414 T 63 412 4,68 4.34
‘Serine 5.33 .5.55 5.46  5.15  6.15  5.44
‘Glutamic - 26.87 27.20 . 25.72 24.42  27.96  25.46
Proline 9.4 10.83  9.52 8.28  8.82 -8.24
. Glycine 3,69 3.75 443 469 4.57.  4.41
‘Alanine 10.31 9.26  9.12 8.76 10.33 9.7l
‘Half cystine 0.54 1 0.76  0.98 1.0l ° 1.84  0.35
Valine 7.26 7.23 7.00  7.77  7.31  7.27
Methionine 3.69. 3.54 3.04 2.96  2.15 .2.20
Isoleucine 6.38 5.26 4.91 5.10 '5.87 5.13
Leucine 14.08 13.36 - 12.29 11.61 13.58 12.79
Tyrosine 4.11° 4.38 3.85 4.15  4.13. 3.22
Phenylalanine *° 6.51 6.42  6.31 6.05 6.33  6.15
- Recovered N 1.63 T1.96 . 2.03  2.10  1.40 1.77
% of sample : '
. % Data represent average of tQO'analyses
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Table 2 . Percent crude protein in seeds of pearl millet
translocation tester stocks.

. _ % .
"t stock number Chromosomes involved Crude protein
38 L ' 11.3
39 ‘ ©10.6
- 40 : - . 13.8
41 . - . ' 13.1
42 , . - 12.5
.44 - - o © 13,1
- 46 - | l 15.6
47 . : : 10.6
49 . ' ' 10.6
51 . . o - - 16.9
51 . S 14.4
51 o - . .13.8
50 - , ‘ . 13.8
.55 T E 0 14.4
51 ‘ . - 15.0°
51 - o : : 15,0
52 - L , 16.3
52 . . 16,9
53 o o - 17.5.
3 ' . AB - 17.5
3 AB . ©18.1
4 4 - CD . 16.3
6 © CE 1 13.8 -
7 .- CcaG 3 15.6
7 < .. .. CG - 15.6
8 , o AC o 14.4
-9 : CG i 13.8.
14 o 'CD 13.8
15 . : AD | 15.6
18 . . BE 14.4
18 . BE : . 16.9
19 ' L C16.9
19 ; S : . ° 18.8
20 _ ' : 16.9
200 . S 16.3
22 - o o . . 15,6
22 : S - 14.4
23 o : 16.9
23 - . 15.6°
26 o o '16.9

28 o , ' : 16.3



" Table .2 (Con't) "Percent crude protein in seeds of pearl
‘ mlllet translocation tester stocks.

: %
t stock number Chromosome's involved Crude protein
29 - - B - 16.9
32 o o 16.3
33 o E - 16.3
33 ‘ 13.8
34 B h o 14.4
. 34 R ' : " 14.4
.23DB check ’ . 14.4.

23DB check . 16.3

X -1s.07 .
Range - 10.6 — 18.1 _
‘SQD" i 3-62 ‘_ '
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genetically.and should have no'diffgrential effect on'the grain. In
 cross_pollihated species such as corn and pearl millet, half of éhe
embryo gérmplasm and one-third of the endosperm germplaém (the male
cémponent) usually come from a different génotype. In 1952, we'shoﬁed
that the pollen source had an immédia;e gametic effect on séed size
" that fénged from 0 to 40% in 60 S3 lines aﬁd incteaéed séed size over
selfing.an.average of 18.9% (Burton, Agron. J., 44:422—427).- This
éxperimeht was de;ignea to measure the male and female genotypic
effects-of six genotypes, Tift inbreds 13, 12 (13 with no tr) 18DB,

23DB, 239DB, and Bil 3B when fertilized wi;h‘IS, 80, ar 150 kg/ha of N.
'A split plot randomizedAblock design with 4 reps was uséd with nitrogen :
'being the whole plété; femalé genotype,-the subplots; énd male genotype,
 thesub subplots. The males cohsisted of poilen from the six inbreds
(sibbiné&men pollen from a 1inelwas app1ied to itself), selfing ané out-
'droésingvdrb all millets tp give the open pollinated seedi With a few
exceptions, 576 heads were involved'and covered with insecticide
treatedkréft bags -to protect them fpom birds -and inéects; - The seeds
werehérﬁested, threshea,lcleaned, péckaged, and sent to Df;‘R._Rabson
forchemicai'analyseé. Mr. Ben’Mullihix, Coastal Plain Station statisti-
cmnuséd a special 1east~squareé analysis toAanalyze the data thét con-—
téinedqui£e agfew<missing Valuesf

. An analyses of the-reéults of thié”study carried out in 1978 ﬁroved

thafnigrogen and the male and female .significantly affect the seed
Achafacteriéticsnmasured in‘this study.’ Although'thejmale gametic effect
was'émallerlthan ﬁhe female gametic effect, it Qas large enough to suggest
that selfed or sibbed seed of éroés pollinatéd.crops should be used in

their genetic assessement of grain size and composition.
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The results of this study have been‘prepared for publication in

Crop Science under the title "Immediate effect of male and female

gametes and nitrogen on five pearl millet grain-characteristics".. A
copy'of the manuscript presently in the hands of the editors appears

with reprints in this report.

Part B. Irradiation Breeding of  Sterile Triploid Turf Bermudggrasses;
Tifgreen, Tifway, énd'Tifdwarf are sterile interspecific triploid
hybrids that cannot be improved by conventional breedirng methods. From
m1969.to 1972, We‘studied a number 6f‘techniques of creating mutations
in theée three hybrids and found thaf subjecting dormant rhi%émes to
gamma rays frém a USDA Cobalt‘60 source lbcated on the Coéstal Plainb
Station was the most effective method of créating mutations. From
these eﬁforts came 158 mufantslthat were obviously-different'from the
parent méterial'that was irradiated. Specialists and golf course super-
intendents -observing these mutants that are qot planted in the field
- have frequently.observed, “éure they're interesting but are they really
ény better than Tifgreen, Tifway, and Iifdwarf”. The only way that this
questién can be answered-is to subject theée mutants to a very thorough
évéluation in plots that are m;néged as fpr goif greens and fairways.
Tﬁe first set of these mutants of both fifdﬁarf and Tifgreen were
pianted in 9 x 9 foot‘ploté in Jgne'of 1970. The second set were similarly
planted in'the.field on April 5, 1972;‘ Ratings on color, vigor, growth .
habit, percent ground cover,‘and sod dénsity have been:made og'these H
plots for é number;of years.
Iq the fall of 1972} ébove ground steﬁs that could not be infested
-with nematodes weré hafvested from each’bf_thesé mutants'and were

planted in the greenhouse bed that had been artificially infested with
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root knot nematode, Meloidogyne graminis by Dr. A. W. Johnson. Ten

sprigs of each grass was planted;and was allowed tQ‘grow until thg-

© root systems hadAdeveioped.llThe plants were then carefully har-

ﬁested, soil was washed from the roots and>the roots were stained.

AEach root system was then éarefullylexamined for the occurrence of
’stained neﬁatodes in the roots.. The results of these.sfudies, pre-~
sented in the 1972 annuai report, indicated thét none of the mutants
showed a high lével of resisgance to root.knqt nematode but several
mﬁﬁants appeared to have greater resistance than the parent clonal
material from which they afose. APurple anfhécyanin content in the
Tifgreen mutants was genefally reducedlbeldw the parent material but
mutants also occurred that had greater concentration of this pufple
plant‘co}or. Tifway bermudagrass trééted exaétly as Tifgreén yielded
only about half as many mutants. Striking variation in rate of. spread;
~morphology, etc. were observed. Our 1574.repbrt<iﬁcluded tables
fecofdiné(the variations that had been obsefved in field readings faken
on these bermudagrass mutants. Rating; made on these plots in 1975
through ng 1976 were suﬁmarized and recorded in ‘our 1975 report. -
These ratings indicated that some mutants that had shown promise earlier
no longer do bug there are still mutaﬁtsAthat appear to be equal or per;
haps supgrior to their pgrental‘clones.

Our 1975 report also summarized research by Df. Aﬂ W. Johnson on
the-nematode resistance of -some of the'bést mutants. He'found two
mutants, Tifgreen 72-59 and Tifway 114 on which root knét nematodes
were unable to reproduce thémsélves in-his gfeenhouse-test,' Two |
~other'muténts, Tifway 117 and-Tifdwarf 45 were not adversely affected

by the rather heavy populatioh of nematodes they carried.
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‘In thelwintef of'l976—77, the parent clones, Tifway, Tifdwarf, and
Tifgréen and 9 of thei;'best mutants were increased vegetatively in
- 2-inch pots in the greénhquse. AInlApril, 1977,.they were set in the
field in large (24 x 30" foot) piots in triplicate for evaluation. under
different manageménts; The soillwas fumigated witg methyl bromide fér
this experiment but the treatment was not well done and contamination
~ of the test area with other bermudagrass and nut sedge had slowed the
progress of this test.

" In the summer of 1977; it was‘ﬁecessary_to fumigaté and replant

ée&eral plots that wére badly conﬁaminated;‘ Nutgrass in several
. other plots was sprayed with b;sagram;‘a systemic herbicide specific
‘for‘nutgrasg control.' Besagram killed:most of the“abdvegfound nut-
grass ggdwth-without injuring the bermudagfass.l However, late in the
season more nutgrass appeared demonstrating the need for repéated!
spraying with‘basagram for'comple;e nutgrasé control.

All plots became well‘eS£ablished in l978; Cuttihg-heiéht variables
were initiated in 1978 and variable fesponses were noted.

Plués from‘thesé ﬁlots and 22 other mutants‘anq hybrids were planted
on a golf course in Atlanta inv1978. They were ‘also planted in small
plots on the'UniverSity:of Georgia»Tﬁrf Experimental Crounds as a part

of their evaluation.

Part C. Irradiation Breeding of Sterile Coastcross-1, a Forége Grass
Hybrid to Increase Winterhardiness.

Coastcross-1 is an outstanding sterile forage hybrid bermudagrass
produced at the Coastal Plain Station that has far surpassed Coastal
bermudagrass or other grasses in quality. However, Coastcross-1 =~ °

lacks winterhardiness and since it is sterile, it cannot be improved

' . by conventional breeding methods. We wish to determine if by
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irradiation breeaing it will be possible‘to increase the wihtefhérdiness,
pefh#ps destroy the dominant genés for non-rhizomatous comdition and
create a mutant that Would have rhiéomés.
Radiétion breeding of Coastcross-1 was begun_June 21, 1971. The

main objective was to increasé.winterhardiness‘5y restoring rhizomes

or developinéAmoré winterhardy mutants. Some.400,000.freshly cut

green stems of Coastcross-1 were packed into 14 x 16 x:36 inch bales
with a sﬁandard hay baler. These were trucked to ﬁhe UniQersity of
Tennessee A.E.C. Agricultural Laboratory at Oak Ridge, Tennessee where
they were exposed to 7,000 R. They were then trucked~to the Mountain.
Experimgnt S;ation where they were- broadcast and disked into the soil
and were sbrayéd with 2,4-D to control weeds. Good establishment
resulted and 25 chlorophyll deficient stem séctors’were obsérved in‘tﬁe
fall. Four tiny‘plants from irradiated métérial survived —166C. All
.piants from non-irradiated stems winterkiiled. The four surviving
plants are still being treated in repliéated plantings for Qinter—
hardiness. Unfqrtunately; we have hadlunusually mild winters at tﬁe
A Méuntain Expe?iment Station at Bl;irsville for the past'foﬁr.years and
héve'beén unable to get good readings on.the‘winterh;rdiness of these.
four surviving plants.

:ZWe dia observe on one of.tﬁese'piants‘a rhizdme that was over 12
inches long, a much longer rhizome than we have ever observed before in
‘nbn;irradiated‘material. We broke up this rhizoﬁe and plaﬁted itlouf
in the field, hoping that it would give rise to plants that would be
more rhizometous than Coastcross-1. Observations in 1974 suggested that
'this material is no more rhizomatous than the parent clone. Thisl
material was used.to estabiish plots in a new yield trial whefe it can
be‘cdmpared with the parent clone in &ield and othep importan; charac-:

_ters such as winter survival, spring growth, yield, etc. Unusually
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mild winters at Blairsville in 1973-74 and 1974-75 permittéd excellent
recovéry each spring of the irradiated Coastcross-1 and siﬁce there was -
‘"no land available for planting, we did,not treat-and plant additional
sprigs iﬁ the spring of 1974 or 1975.

The winter of 1975-76 was somewhat colder than usual-and killed
- most of the Coastcross-1 plants on the field tﬁat had a nprth exposure .
(that slobed to the north?.~ The field that éloped to the south lost
-comparatiQely few Coastcrqss—l éprigs; Cn May 7, 1976, 1 carefully
examined this field and ¢oncluded that there were tqo'many sprigs sur-
viving to permit one to conclude that‘they,were, in fact, winterhar&y.

I dug up a:numbér of'blaﬁts and found that they‘had been able to esta-.
blish shéots séveral inches below the sqfface of the grouna from which
the'piaqts had been regenerated. ABecause oflthis deep placément ofltﬁeA
shoots, it is not surprising that theyusurvived the winter. I foﬁnd
6neAplant with a few rhizoﬁeé about 4‘inchés lopg and severai others
that had somewhat shorter rhizomes. I dug‘these up and brought them
back to Tifton.where we can stu&y rhizome devélopment more cérefuily.
‘None of the plants demonstnated:the rhizome development that we beligve
will be necessary if we are to have a Coastcross-1 that will perform
depéndably in colder climates.-

Coastcrosé—l is a fetraploid. For this reason, we might expect at
leést 2 dominant-allelé for. reduced rﬁizome development.‘ If this is
true, it is reasonable to suppose that‘thé 4 tiﬁy plants that survived
the -16°C in the ﬁinter of 1971—?2 may have lost one of their dominant
nén~rhizomatous genes but not both of them. if this.is true, we
should beAirradiating material from the best of these rather than from
the driéinal Cpasfcross;l; To.tesg this theory'énd hopefullyiproduce a
rHizomatQus Coastcfoss—l, we harvested at 6 a.m. on June 20, 1977, some

1}5-mil;ion sprigs from our increasé of the best of the 4 tiny plants



=13~
that survived in 1971-72. These sprigs were baled wi;h.a reguiar hay
bslef? trucked to Oak Ridge and were put in the foom for exﬁosure to
irradiation at 8:30 a.m. They were exposed for 5 3/4 hours to give
sbout'7,000 r.. They wefe then loaded sn fhe truck and taken to Blairs-
ville whefe they were'broadcast, disked in, and sprayea with 2,4-D for
weed conﬁroi.

- The 1977 planting became well established in the summer and the
présence of chlorophyll deficient_mutaﬁts proved ;hat the'irradiation
ekposu;é had been. effective. However, none of the plants'suryi?ea the

.‘ssvere l977—78 winter.

Our plans to irradiate_and plant more sprigs oflfhe Coastcross-1
mutant could ﬁot'be.carrisd out because the land at Blairsville was
too dry to plant during the few days that the irradiation'ssurce was
available at Oak.Ridge, Tennsssee.

Dufing 1978, we prepared for publication in the Journal of

Environmental and Experimental Botany; the results of an evaluation

'study that proved that the best of the 4 1rrad1ated plants of
Coastcross~ 1 that surv1ved the —16 C in the winter of 1971-72 at
Blairsville, Georgis is slightly more winterhardy than the original
Coastcross-1. The manﬁscripftentitled "An Induced Mutant . of Coasse'
cross—1 Bermudagrass with improved Winterhardiness" iS'presentlf in
the hands of the USDA editsrs. A copy of the manuscript appears with

the reprints in this report.

Part D. Heterosis Resultiﬁg from Crossing Specific Irradiation Induced
Mutants with their Normal Inbred Parent

.

Dr. C. O. Gardner at the University of Nebraska reported at. the
mutation breeding conference at Knoxville, Tennessee in February of

1972, a substantial ammmt of heteroeis in a corn hybrid that had as one
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of its parents a 1ine carrying a noticeable specific chldroph&ll mutant.,
‘ffom our pearl millet irradiétion program have come a number of mutants
that have specific characteristics that set phem aside from the normal
- type on a morphological basis. Beginning in the summer of 1972, we
hybridized a number'of'these mﬁtants with the normal inbred 1iﬁe from
which they came. Yield trials of such hybrids ﬁave been conducted from
1973 through 1978.' Yield data collected thrbugh 197?'was summarized

in the 1977 réport and will not be repeaged here, |

In 1977, one 9 x 9 lattice square yield triélwas aeVOted to a-study
of thg yieid performance of Fl hyBrids bétweeh Tift'239DA and spégific
mutants of Tift 239DB. . The CV of_8.20 for the totai 1977 production
.indicates that'the_tes; was prévise andlthe results were dependable.
None'bf:the-mutants crossed with Tift 239DA yielded signifiéantly more
ﬁhan Tift 239DA x ﬁormaleift 239DB. . Thirteen &ielded significantly less
at the 5% level. Hybrids between 239 and 23DB (dwarfs) yielded 34 to
52% more than the check; 239DA x 239DB.

"In 1978, oné 9.x.9 lattice square yiéld trial was again devoted to
this test. - Less favorable growing conditions and lower mean yields
raised the cv for total yield for this test fo 12.2% (See Table 3). The
yield data présepted in Table 1 shows that none of the Tift 239DB mutants
- crossed on Tift 239DA significantly increased its yield. Three mutants
proauced hybrids-with Tift 239A that yielded significantly less than the~
‘check Tift 239DA‘¥ Tif£ 239DB. - One of these three hybrids was not tested
in 1977 Lut uul& vne of the remaining two was in the group of 13 that
Ayiélaed less ghaﬁ the check_iq 1977.

In 1978, 16 F1 hybrids between Tift 23DA and Tift.239DB mutants were
included in the 9 x 9 yield-trial (Table 3). These hybrids yielded 51
to 707 mare than the chéck Tift 239DA x Tift 239DB. Two of these

yielded significantly more than the lowest, Tift 23DA x 7809 if the
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"Table 3. 1978 yield performance of hYbrids involving mutants

of pearl millet inbred Tift 239B.

Pounds dry matter/acre when cut:

Line or Hybrid 7/26/78 8/30/78 10/17/78 Total
76-239DA x 5935 1,959 2,379 903 5,254
77-239DA x 7748 2,915 2,647 1,129 6,674
76-239DA x 5936 2,516 2,468 914 - 5,873
76-239DA x 5938 3,736 2,627 1,034 7,389
76-239DA x 5945 1,843 2,417 4 728 5,028
77-239DA x 7750 - 3,384 2,626 1,053 - 7,067
'76-239DA x 5955 3,742 2,666 1,002 7,413
76-239DA x 5941 2,496 2,691 965 6,112
77-239DA x 7754 2,771 2,452 1,013 6,237
76-239DA x 5957 3,104 2,374 1,141 6,622
76-239DA x 5958 2,593 2,477 809 5,881
77-239DA x 7787 2,184 2,749 1,010 5,989
77-239DA x 7789 3,085 2,632 - 1,099 6,812
76-239DA x 6003 3,532 3,022 1,129 7,658
76~239DA x 6023 3,208 2,315 A 889 . 6,422
76-239DA x 6025 3,051 . 2,512 1,077 6,663
77-239DA x. 7794 2,607 2,619 947 6,218
77-239DA x 7794 3,388 2,835 1,080 7,273
77-239DA x 7802 3,047 2,423 - 964 6,421
77-239DA x 7803 3,480 2,620 952 /7,075
77-239DA x 7804 2,919 2,700 1,079 6,744
76-23DA x 6034 2,494 2,668 934 6,092
76-23DA x 6037 . 1,926 2,616 1,046 5,529
76-239DA x 6040 2,994 2,355 825 6,171
76-239DA x 6042 3,351 2,622 1,020 6,988
76-239DA x 6043 3,306 2,720 . 11,136 7,144
76-239DA x 6044 2,960 2,657 988 6,557
. 76-239DA x 6045 2,268 2,578 989 5,867
76-239DA x 6047 2,912 2,624 1,060 6,573
76-239DA x 6050 12,589 - 2,394 . 1,038 6,047
76-239DA x 6059 3,114 2,319 1,070 6,522
76-239DA x 6060 3,132 2,860 1,104 7,060
77-239DA x 7819 3,832 2,327 1,026 7,234
76-239DA x 6094 4,033 2,866 . 947 7,774
77-239DA, x 7827 3,170 2,373 927 6,484
76-239DA x 6114 2,669 2,236 992 5,840
76-239DA x 6139 3,350 2,171 791 6,308
76-239DA x 6147 2,254 2,821 1,291 6,397
76-239DA x 6157 3,727 2,751 925 7,391
77-239DA 'x 7859 3,333 2,443 1,008 6,747
76-239DA x 6158 3,032 2,674 1,003 6,702
76-239DA x 6159 2,979 2,347 898 6,289
76-239DA x 6164 2,463 2,483 - 740 5,726
76-239DA x 6165 2,858 2,890 1,057 5,812
76-239DA x 6183 3,761 . 2,161 863 6,769
76-239DA x 6195 2,477 2,398 941 5,853
76-239DA x 6225 3,746 2,650 1,078

7,480 .
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‘Table 3 (con't). 1978 yield performance of hybrids involving
mutants of pearl millet inbred Tift 239B.

Pounds dry matter/acre when cut:

Line or Hybrid 7/26/78 8/30/78 . 10/17/78 Total
76-239DA x 6231 2,178 2,940 1,084 6,198
76-239DA x 6289 2,569 2,510 . 860 5,879
77-239DA x 7884 3,684 -~ - 2,831.. 1,059 7,579
76-239DA x 6266 2,922 2,543 . 909 6,404
77-239DA x 7872 - 2,034 2,695 1,011 5,753
76-239DA x 6300 3,372 2,475 1,059 . 6,942
77-239DA:x 7887 3,791 . 2,488 1,053 7,265
77-239DA x 7890 2,510 2,803 . 1,006 6,280
77-239DA x 7891 2,940 2,379 . 933 6,264
77-239DA x 7893 3,445 2,380 - 1967 6,797
77-239DA x 7894 . - 3,275 2,784 1,035 7,074
77-239DA x 7896 2,679 2,756 1,074 © 7,467
77-239DA x 7898 3,723 .. 2,419 914 7,106

77-239DA x 7900 3,343 2,849 . - 935° 7,179 °
77-239DA x 7920 3,512 - 2,377 854 6,748
77-239DA x 7903 2,557 2,577 - 905 5,979
77-239DA x 7905 3,170 2,821 ‘975 6,987
77-23DA x 7748 6,378 . 3,757 1,401 11,513
77-23DA x 7750 - 5,857 3,820 1,293 10,908
77-23DA x 7751 6,397 3,775 1,476 11,636
77-23DA x 7789 5,346 . 3,620 1,361 10,359
77-23DA x 7794 -~ 5,368 4,009 1,389 10,710
_ 77-23DA x 7797 5,327 3,585 1,626 - 10,534
. 77-23DA x 7802 - 5,676 3,414 1,341 10,431
77-23DA x 7803 5,131 3,823 1,442 - 10,377
77-23DA x 7804 5,412 4,093 1,523 11,023
77-23DA x 7805 5,194 44133 1,533 - 10,858
77-23DA x 7807 6,077 3,608 1,376 11,102
77-23DA x 7806 . 5,078 3,616 1,414 .10,112
77-23DA x 7808 5,519 3,656 1,445 10,612
77-23DA x 7809 5,324 3,675 1,254 10,248
77-23DA x 7812 5,948 3,739 ' 1,309 11,020
77-23DA x 7817 6,028 3,730 1,230 11,045
239DA x 239DB 3,110 2,585 1,052 6,784
. C.V. 22.15 12.10 16.00 12,21

5%°LSD  976.29 425.22 - 214.26 . 1130.82
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5% LSD of 1131 is uséd as a "measuring.stick” for significance. How-
ever, this LSD is an average v;lhe for_all entries in the test and is
too low fpr these hybrids and'too low fo; the Tift 239A X mutant
hybrids. | .
| The results of this 2-year evaluétion of the yield of F1 hybrids

involving specific mutants of Tift 239DB indicate that none of these

mutants were able to increase forage yields.

Part E. Economic Assessment of Irradiation Induced Mutants

No one doubts the ability of irradiation to create variatiqﬁ in
plants. This has been Qell established. A great many plant breeders,
however, question whetherAany éf these mutants have economic significance.
Certéinly a large proportion of.them do nbf. We propose to test those
that appear to be most promising in an effort to aséertain whether or
not mutants of economib importance can be developed from irradiaﬁion
_breeding and whatimutationltechniques are most likely to produce them.

. A mutation with potential fof improving'quality of forage as well
as.pest‘resistance is the bloomless mutation (removes wax from the plant)
‘in sorghum, - Since 1975, progresé has Seen méde toward developing a
4bloomléss sudangrass and sorghum-sudangrass hybrid that should be more
digestible and give better daily gains when grazed by cattle. In 1978,
seeds‘of bloom and newly developed bloomleés"Georgia 337 were increased

for grézing_trials‘in 1979.

Part F-1. Use of Ethidium Bromide to Create Cytoplasmic ‘Male Stefile
Mutants in Pearl Millet ' - )

The observation (contirmed with more research over the past
several years) that thé cytoplasmic male sterile lines Tift 23DA and
Tift 23A could mutate to pollen shedding maintainers was proof of

mutation in the cylouplasw. TL occurred to us, therefore, that 1if we
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could find mutegenic agents specific for the cytoplasm, it might be'
poésible'to treat'the polleneshedding maintainer and create cytoplasﬁic
mele steriles. i discussed this idea with fhose attending the FAOQ/
International Atomic Eﬁergy Agency sponsored meeting in Japan-in the
fall of 1974. .Ihey seggested'that ethidium bromide had been effective‘
"in creating mutants in the cytoplasm of yeast and that Dr. Ashri in
Israel had used ;hie:mutageeic agent on peanuts. I contacted Dr. Ashri
obtained the benefit of his experience and in the*summer'ef 1975;A
carried out an experiment oe'the use of ethidium bromide te create cyto-
plasmic male steriles in the inbred lines of Tift 23DB. The e#periment '
proved so successful and the follow-up work in the greenhouse so.

encouraéing that we ' prepared a brief article for publication in

Crop Science. The reprint of this paper was attaehed fo tﬁe 1977 report.

. In the summef of 1976, we grew out progenies ranging from 3 to
more than‘SO blents, from plants in the greenhouse - that we~had claesi-
‘fied as probable cms plants. They had been polliﬂated_from pollen
shedding sistef plants or in some few instances, with pollen ffom
Tift 23DB. The number of cytoplasmic male sterile and male feftile
pian;s‘in each progeny were determined and recorded. These varied
from none to a little more than half of the progeny in which they
occufred. Since most of the plants'ﬁere shedding pollen, the male
sterile plants set seed.A A few controlled cfosses were made on eterile
iplants using 23DB pollen. None of the cme lines arising from ethidium
‘bromide seed treatment were 100% male sterile. Several lines produced
a low freqpency of pollen shedding pléntslsuggesting-that the fref
’ quenc§ of polien ehedding,plants can be redueed b& selection. ~ Cms
plants in the best lines were pollinateaewith 23DB.pollen in ehe field
in the semﬁer of 1977.  These were advanced another generation in the

greenhouse and were taken to the field for assessment in the summer of
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1978. Careful examination of pollen shed and seed set under bag of
several thousand plants has forced us to conglude that the frequency
of pollen sheddérs in our ethidium bromide mutants cannot be signifi-

cantly reduced by selection.

Part F-2. Use of Mitomycin and Streptomyc1n to Create Cytoplasmlc Male
Sterile Mutants in Pearl Millet.

In the summer of 1977, we grew at Tifton about 70,000 plénts from
Tift 23DB seed that had been soaked in water solutioﬁs of mitomycin
and streptomycinffor<40 héurs at SOC. ‘The concentrations used weré:
SO ppm of mitomycin'andAZOO ppm énd 500 pponf streptomycin, Treated
.seeds were surface-dried and planted -in the field immediately. Alter-
naté equal sized strips‘of the tfea;ed and é check wére'planted. The
check p;oduéed‘some 32,800'p1ants whereas the 3 antibiotics'myfomycin -
50 ppm, streptémycin,— 200 ppm and stre?tomycin - 500 ppm reduced éeed
viability to give 6nly 13,000, 22,300, and 18,000 planté, respectively,
(Table 1). The frequencies of mutants gbserved in this M1 material.in
1977 are'récofded’in Table 4.

On July 20, 1978,-M2 progenies of mQre than 50Aplants were grown from

open pollinated seed of each M mutant observed in 1977. Since these

1
_ Mllmp;anté occurred in a field of:Tift'23DB with all plants'except'the
mutants shedding pollen, open pollinated seed would be. in effect Tiftl23DA
mutant maintained with Tift 23DB pdilén.' Table 1 shéws that only one-
.third to one-fourth of the M1 mutants bfqduced progenies with some
“‘partially male~$tefile plants.-

‘0f particular significancé4is the number of progenies in all treat-
ments that were as‘cohpletely cytoplasﬁ male sterile at Tift,é3DA. The

“occurrence of 2 of these in the check material was unexpected. A

similar number of "check" heads from untreated seed of the same seed



Table 4.. Effect of mitomycin and streptomycin seed treatments on cytoplasmic male sterile

mutant frequency in Tift 23DB.

Mito-

mycin Stfeptomycin

Check 50 ppm 200 ppm . 500 ppm

Seed planted 7[6/77 | | ' .

M, heads ﬁroduced 32,800 13,096 ".22,300 18,000
Ml partially male sterile h;ad mutants 13 24 9 - | 22
‘M, whole head male sterile mutants 20 % 21 9

' Seed planted 7/20/78 |
‘M2 progénies with some >artially male sterilé plants 8 21 .. iOi ‘ 11
M2 progenies with all plants cytoplasmlc male | 2' 4 4 4
sterile .
M conpletely cytoplaémlc male sterlle progenles 1 4.9 '-42;9 . ‘3;6

per 16,000 M1 heads

_Oz—
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lot of Tift 23DB examined in 1975 (when the ethidium Bromidg mutants
were cfeated)'coﬁtainéd no cms mhtants; Two explanatioﬁs are suggéspedf
Eitﬁer thefe'is a spontaneous mutation fréquency_of one cms‘head per
i6,000 or there was a mixture of one cms:Tift 23DA seed per 16,000
- Tift éBDB seeds in the seed lot treated in 5éthstudies. " In either
cése data in Table 4 show thﬁt the mutagenic agents increased the muta-
tiéﬁ ratequr cms in Tift 23DB from 2.9 to 4.9 times.

In 1978 many of the cms plants on each row yere.crossed with different
maintainérs~and fertility réstorérs in én effort to.ascertain if they are

different than Tift 23DA. These will be. grown out in the summer of 1979.

v Pért‘G. Biomass. of Napiergrass.

Napiergréss or elephant grass, Pénnisetum purpurelm is a giant
perehniél grass that originatea in Africa. _Reports'from Hawaii and
Puerto Rico indicate thét>it éan outyield all other grasses inéluding»
sugar cane. The natioﬁal energy céncern and thé'need to assess biomass
4‘pfoduction as a partial solutioﬁ to the energy needs in.the future moti-
vatéd the following study initiated in l978.

The variety chosen for this study was Merkeron, an F hybrid we pro-

1
duced at Tifton in‘the 1940's. This hybrid outyielded others tested in
PUerpo Ricé in the 1940's and has beeﬁ used as a greenchop forage grass
forzmilk cows iﬁ the trépics. It has éurvived win#ers at Tifton of
-14°C but its northern limits are'not known.

In the spring df 1978, stem cuttiﬁgs were planted in the greenhouse
in lofém'pbts‘and these rooted single stems with‘piants 15-20 ecm tall
were set in the field on .9 x .9 m centeré on May 5.. The fertilizer

treatments described in Table 5 were applied to 3-row plots 5.6 m long

‘in triplicate on May 23 and June 23, 1978. The grass grew well through-



Table 5. 1978 blomass productlon of Merkeron napiergrass set as rooted single stem
cuttings on .9 m centers 5/5/78 and cut 11/21/78.

480 240 480 © 50.7 7.6 120 1.24 46.1

;Fertili;er applied Dry matter = Chemical content :
kg /ha of _ yield Protein P K IVDMD
Treatment N 205 K,0 © Kg/ha B S % % %
1 120 60 120 38.7 ' 6.4 .12 0.96 41.2
2 360 180 360 . 35.1 - 6.5 .09  0.78 35.9
3 480 " - 240 . 480 S 39.0 6.7 .12 1,130 48.7
4

Note: All of fertilizer treatment 1 and half of 2, 3, and 4 were applled 5/23/78
The other half of '2, 3, and 4 was applled 6/23/78

Napler was 4 m tall when cut with a standard John Deere forage harvester.
The forage contained an average of 26. 3/ dry matter when harvested.

4%
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oﬁt the summer with no insect or disease attacks.

On November Zi, when the test.ﬁas harvested with a standard John
4 beere forage chopper, the napiergrass was'4 m ;all showing no signs of
Jlodging. fﬁe lower .leaves on the inside rows were dead but.were still‘
attéched to the stems and could be harvested without loss. 'The yieldé
"Arepofted in TaBle 5 were taken from the middle row in'each 3—ro& plot.
These had been planted to morejvigorous rooted cutfings and 0u£yieldéd
the'éther fwo rows. If the yielas éf-thé outside row of.plants were
.discardéd, the dry maéter yield of the remainder of-the'test area would
be 28.5 MT/ha. |

' Fertilizer treagments had no‘éignificant effect on any-variable

measured (TableIS). Thé resuits suggesf that napiergréss.allowed to
grow ail season can maximize its biomassApfoduttion if it‘céntains about
1% of.N and K and 0.12% of P. Thg IVDMD of thé dried ground forage
- ranged from‘35.9 to 48.7 and was highef than ekﬁected.

Being.a perénniai, Merkeron napiergrass in this study éhould.start
growth much éaflier in 1979 ;ﬁd should'giyg a much highei total yield

of biomass than that recorded in 1978.

Part H. EGaluation.oflMutagén induced Lignin Mutants in éorghum.'

Quality’(digestible dry.matter or energy) is-as importgnt in fofage
as dry matter yield. The~diefﬁyl sulfate induced brown midrib (bmr)
mutants which éignificantly reaucé lignin and increase iE.XiEEQ'dry:

maftér-digestibility'(IVDMD) in grain sorghum (Crop Science 18:265—208{

| 1978, the only'published report on the mutants) hold éxciting potential
for the improvement of’fbrage sdfghum. B |

Four near-isogenic brown midrib (bmr 6, 14, 17, and 18) apd normal
1ineé»diséovéred in the Purdue grain‘sorghumlbreéding program were

obtained in l977 from Dr, Lynn Gourley at Mississippi State University.
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The er 12 line'was obtained from Kay Porter, Purdue UniverSify in 1975.
We were interested in the mutants for theif forage potential and.
'wantea to-kﬁow at ‘what stage of érow;h did the bmr génes express them~
selves. Théréfore on May 19, 1978 we planted thfee replications (three
plo?s per'replicatidn)'of each mutant and its near isogenic counterpart
arranged in a randomized complete block design._ Tpe.test received
275 kg/ﬁa 5—10415. We harvested plants one monthAlatef Qn.Jupe 19 and
than at tWo-ﬁeeR intervals until‘seed matﬁrity.'
lThe IVDMD dataAis sﬁmmarizedfin Table 6 .AkThé data shqws that all
mutants except bmr 17 already had higher quality forage one month after
planting. This is valuable information since most grazed‘sorghum would
"be utilized af'this age énd stage of gréwth. .
The -data on dry matter percent (Table:-7) showed in éenerallnon—
significan# (P = .05) differences between normal én& bmr pairs. The one
exception was bmr 18 whighjwés slightly lower than its normal counterbart.
Total sugarAdata are summarized in Table 8. :The data shows tHat
in general the bmr}linés are significantly (P'= .05) higher in total
éugars than the normal lines. The oﬁé‘exceétion is bmr 12 where the
nqrmal line is signjfiéantly higher. 'We have no expiaﬁétion for this
'cher than'bmr 12 is a tailer grain type with forége potential whereas
the other lines are 3- and 4—dwarf'grain types. This data’indicatés that
sugafs apparently have no effect on IVDMD;
| In 1978, we increased and broduced over 150 kg of each bmr 12 and
itslho?mal counterpart since it héé'forage poféntial aﬁdvis one of the
highest IVDMD mutanté.‘ The seed will be used in 1979:to grow plants for
silage. The.gilage.will be fed to dairy animals in order to see ifAﬁhe
inc?eaéed IVDMD is realizgd in animal petfqrmaﬁce. Tﬁis work will be

done in cooperation with Dr. Joe Johnson in Dairy Science.



‘Téble 6 ;'_Perceng IVDMD of nofmal (Bmr) and brown midrib (bmr) sorghum forage in 1978.

- % IVDMD when cut on:

ANOVA

6/19 - 7/05', '7/21 __'8/07- %X _ "Mitant _ Date M xD . SF oV
 Thor 6 78.8  77.2 - 73.7  70.3  75.0 o * % 2,10 2.85
" Bmr 6 76.8 72.8 70.6 69.9 72.5
X 77.8 . 75.0 72.2 . 70.1 73.8 |
bmr 18 82.5 -79.6. 77.3 77.3 79.2 nkk *k % NS* 1.84 2.44
“Bmr 18 77.4 72.0 69.8 66.5 71.4
X 80.0 75.8 73.6 71.9  75.3 A
bmr 14 84.2 . 79.0 76.7-  77.6. 79.4 dek *% . NS 3,91 . 5.23
Bmr 14 78.0°  71.4 68.3 63.3 70.3 ' :
x 8l.1 - 75.2 72.5 70.5 74.8 A
bmr 17 . 76.9  73.8 79.3  71.0 75.3 %ok * *k 329 4.53
Bmr 17 77.4 70.6 64.0 - 69.7  -70.4 :
X S 77.1 0 72.2 71.7 70.4 72.8 | ,
bmr 12 81.7  79.0 . 78.8 76.2 78.9 *% A% NS 2.35 3.10
Bmr 12.  76.4 - 74.6 69.3 69.5 72.4
. X 79.1 76.8 74.1 72.9 - 75.7
T‘4 lower case letters'inéicate mutant line
*, ** Significant at P = .05 and .0l%, respectively
' ANOVA o
* Inbred * K NS NS %
Mutant %k Xk *d Fed %%
I xM % %% %k . %k %%
SE 2.07 . 1.42 3.04 3.04 1.52
cv 2.63 1.89 4,22 4,22 2.05

_gz_



Table 7. Peércent dry matter in ﬁormalA(er)<and brown midrib (bmr) sorghum forage in 1978.

% dry matter when cut on:

lower case letters. indiczte mutant line

%, %% Significant at P = .05

Inbred

"Mutant

I x M

SE
cv

NS
NS
NS

©2.35
19.61

ANQVA
NS

. NS
NS

3.22
17.88

NS
NS
NS

. 3.69
21.72

NS

NS

NS
2.39
14.94

17

and .01, respectiﬁely

. ANOVA
6/19 "7/05 7/21 8/18 X Mutant Date MxD SE cv
Homr 6 11 16 15 15 14 NS % NS 1.66  11.08
Bmr 6 15 17 14 14 15
X 13 17 15 15 15
bmr 18 10 18 15 15 14 * ok NS 1.88  12.55
Bur 18 12 21 16 16 16
X 11 19 15 15 15 - . _
bmr 14 11 21 18 18 17 NS % NS 2.51  15.71
Bmr 14 10 18 17 17 15 « '
X 14 20 15 15 16
bmr 17 14 20 17 17 17 NS NS NS 5.76 33.94
Bmr 17 9 16 22 22 17 '
X 11 20 . 17 17 17 | ,
bmr 12 13 17 17 17 16 NS Hk NS 1.94 . 11.44
Bmr 12 13 19 19 19 17
X 11 18 .20 20

_9z_
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Table 8 . Percent total sugar in isogenic normal and brown midrib

sorghum

Isogenic lines 6/19/78° 7/5/78 . 7/21/78 - 8/7/78 X
Tomr 6 10.2 19.7 18.8 29.4 19.5
“Bmr 6 7.1 14.8 17.4 20.5 14.9
x 8.6 17.3 18.1 24.9.  17.2
bmr 18 8.1 13.7 18.2 . 25.9.  16.5
Bmr 18 8.6 10..5 15.0 22.5 14.2
X 8.4 . 12.1 . 16.6 24.2 15.3
bmr 4 10.1 191 28.0 31.1 22.1
Bmr 4 9.7 - 13.8 . 19.2 23.7. 16.6
x 9.9. . 16.5 23.6 27.4 19.4
bmr .17 &4 14,6 22.5 29.2 18.7
Bmr 17 7.2 11.4 '19.6 28.3 16.6
x 7.8 13.0 21.1 28.8 17.7
bmr 12 10.5  13.0 22,9 31.1 19.4
Bmr 12 12.6 17,7 26.0 33.6 - 22.5
S C11.6 " 15.3 24.5 132.3 20.9

5% LSD . L o : o
Inbreds 2.2 1.9 3.2 3.4 1.5
Isogenic lines - NS 1.2 2.0 2.1 1.0
I x I NS 2.7 4.5 4.8 2.1
SE 1.9 1.6 2.6 2.8 1.3
CoCv 19.9 10.8 - - 12.5 10.1 6.9

T lower case letters indicate mutant line
*, %% Significant at P =

.05 and .01, respectively



~28-
‘Since 1975, the bmr 12 gene is also being backcrossed‘to B lines
to produce a bmr cytoplasmicfgenic male sterile. Ait is aiso being'back;
crossed to sudangrass to produce a_hgg'sodangrass. The oltimate objec~
tive is to produoe a high quality bmr sorghum—sudengrass hybrid if the
'ahimal_data in 1979 shows an advantage for the mutagen ihduced_hmz

gene, -

Part I. Ihterspecific Transfer of Germplasm Using Gamma Radiation.

'Interspecific hybrids are usuelly highly male ehd female sterile.
Although they are of value for determining species relationships; the
hiéhly sterile hybrids are usually diffieuit to-use in a haokcrossing
. program to ttansfer germplasmlhetween speeies.- The transfer of germ—-
plasm betweeh'plant'speciestthrough normel‘genetic reeomhinatioh is
4 bossible only'if some homoLoéy e#ists between genomes which allows for
vchromosome peiring and crossing-over to take.place.

Napiergrass, Pennisetum purpureum, is.a robust tetraploid (4x)

perenn1a1 troplcal grass that is hlghly resistant to many serious pests
such as downy mlldew (estimated to affect 20-25% of the 50 million acres
for food), rust (a serious problem in the U.S. as well as abroad), ergot,
leaf spots, insects end other pests of diploid (2x) pearljmi}let, Penhisetum
shericanum. Napiergrass oonteins both'an A ahd.B‘genome whereas pearl |
millet contains only the A genome. The'pest resistance is carried on the
B genome of napiergrass and there is no homolog& between the A snd.B
'genomes., The triploid (AAB)A21 chromosome interspecific hybrid obtained
by crossing pearl millet  (AA) x naoiergrass (AABE) is eesy to produce
'but:is highly male and female sterile. 1In 1978 we were successfui in
.doubl;ng the chromosome number of the'interspecific triploid. :The hexa-~
) p101d (42 chromosomes) is fertlle (sheds pollen and sets seed).. |
: Glldenhuys and Br1x (Agroplantae 1:77-84, 1969) found that they cound not

transfer de81red traits of naplergrass to pearl millet w1th three back=-
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crosses of the hexapléidﬁto pearl millet because there was elimination
of the B genome. Fdr this reasoh we have irradiated 6x polleﬁ with

i, 2, 3, énd 4 Kr of gamma radiation to produce translocationsAbeﬁween
the A and B .genomes. The irradiated'polien was uéed to pollinate cyto-
plésmié—genic hale'sterilé 'Tift 23DA’. Therefore, seeds produced are
of hybridAorigin. Over 500 seeds have been produced hy this procedure
in 1978, 'These will be planted in 1979. Plants with translocated
chromosomes shquld‘be semi—sterilg. -These will be selfed to produée
plants hémozygous'for the translocatioﬁ which should be fertile. Thé
plants will be rated for desirable.aéronomic characteristics such

as rust resistance.

Part J. Production of Homozygéus Translocation Tester Stocks.

‘ Pearl millet is an extremely impbrtant‘wo;ld forage and food croﬁ,
yet information on the chromqsémal locafion of genes and‘én linkage -
analyse; is nonexistent. This type of information would be very
~helpful in a breeding and improvement program.

In 1972 we initiated the development of homozygous translocations
in dwarf Tift- 23B which will allow us to conduct our genetic analyses
‘lin'a dwarf tester stock series with a uniform genetic'baékgrouﬁd.

We deciaed to irrgdiate pollen because this metﬁod would eliminate
sectoring in the Rl-generation and would also eliﬁinate'maﬁy of the
aberrations that would be of no value to us. After tesiing a ﬁuﬁber
df-gamma radiatibn'dosés, Wé decided that 3 Kf would give ‘us the best

~seed set and the highest frequency of reciprocal translocations as

" reported in Crop Science, 1974, Vol. 14, pages 600-601l. Although
reciprocal translocations are our main objective, we will be on the

lookout for duplications, deletions, and other aberrations that would
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be useful in studying gene action.

Each year selfed progenies of semi-sterile R plants are grown in

1
'*the'field. ‘Fertile plants in phese progénies are tés;croSsed dntp
nbrmal-plant‘types'ﬁithout a translocation. When a male parenf'of'a
testcross is homoz&gous for'a translocation; all testcrqss p;ogeny‘are -
semi-sterile. Since 1974, over 50 homozygous translqcationé have
"been‘isolated, Many of theseihave been i;tercrdssed and cytologically
' examinea to identify~§he broken chromosomes. In 1977, we were able
Kto de?elop and identify our first set.of'seven‘te;ter stocks (T3, 4,
6,'8,.10;.11, 18) that represent two‘breaks.(each in separate tester
stocks) in éach of the seven ch;omosomes (except chromosoﬁe F) Sf
pearl millet. This tester set will simplify the identit? of the
femaindgr of the translocations and will alléw us to begin linkage gnd
gene action studies. -

" In 1978, forty-seven (47)_additional.hohozygous reciproéal‘translo—

' bringing v

cations were isolated /- the total to over 100. A number of inter-
crosses betweén homozygous tranélocgtions were made ‘to identify trans-
ioqated<chrqmosomesAbu£ havg not Eeen cytologiéally analysed.

Seed—sét data was also obtained on 22 qf the réciprocal translocation
in tﬁe heterozygous condition to determine their value for use in the
genetiés prograﬁ (Iable 9_);. The seed-set on the translocations in the
heterozygous condition‘ranged from 31 to 80% of seed-set of the.éverage
onlthel23DA and 23DB controls. This seed-set indicates that they wiil be
useful iﬁlour genetics program. | |

A number of our multimarker gene lines were crossed on the tester set

in 1978. The F,s were planted in the greenhouse during the winter. The

1

F, will be planted in the field in 1979.
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Table 9. .Open-pollinated seed set on cytoplasmic-genic male
' sterile ¥, (23DA x homozygous translocation tester
stocks) piants heterozygous for reciprocate trans-

location tester stocks. '

: "Chromosome
1978 plot ~ t stock ' involved Ave.
13119 51 - - ' .185
13120 51 E .126
13121 . .56 ‘ ' C B Y22
13122 56 R .180
13123 56 ' } . © o .153
13124 - 52 A - ST
113125 .52 g o ' - .190
13126 52 , L .231°
13127 .53 : o ; .205
13128 : o 53 , . .190
13129 ‘ 3 ' AB o .110
13131 3 AB. L147
13132 3 AB. S vy
13133 4 CD , .160.
13134 6 CE o .202
13135 6 CE : , .230
13136 7 CG ‘ ~.288
13137 "7 G L2284
13138 7 (/eI .295
13140 8 AC ' 7181
13141 8 AC o .130
13142 9 . ©CG .283
13143 - 11 . . DG : .189
13144 11 o DG .277
13145 : ' 15 : AD .233
13146 - 18 " BE . .205
13147 : 18 o BE . .171
13148 18 : _ BE - .132
13149 ' 18 . BE .170
13150 - 19 E ' . .199
13151 - 20 A o .120
13152 o : 20 . ‘ o o .181
13153 Ce220 ‘ .198
13155 22 . ' , .140
13156 : 23 - A .252
13157 23 : ~ . 169
. 13158 S 26 : ' .185
13159 - 26 . .228
13160. 28 ‘ - .251
13161 , 28 - : = .189
13163 - 32 : . : . . 146
- 13164 - o33 . . : .249
13165 . 33 o ' 126
13167 34 ' ' .223

13168 36 S o .169
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" Table 9(con't).'.Open—pollihated seed set on cytoplasmic-
- genic male sterile F, (23DA x homozygous transloca-
tion tester 'stocks) plants heterozygous for recipro-

cate translocation tester stocks.

- Chromosome

1978 plot ° - t stock “involved Ave.
13169 o 34 - o o . .238 .
23DA-1 . _check . S . .261
23DA~-2. .check - S A ‘ 0 .328
23DA-3 : check o ' . - .396
23DB-1 ~ check . .386
23DB-2 check : o .376
23DB-3 . check - : . .352

o . 57 LSD . 106
A SE .066

cv . ~ 31.51
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Part K. Use of Radiation to Control the ReproductiveABehavior in;Plaﬁts.

- Apomixis, seed production without fertilization of the egg would

AY
"have tremendous potential in the production of hybrids. F., hybrids are

1
usually superior but they must be produced by repeated controlled
crossing of parental.lines:in sexual ;ﬁecies. An apomictic hybrid
would fix hetérosis since it ﬁerpetuates itself th?ough identical off-
spring for successive generations.A Apomixis would simplify hybrid

seed production and increase the success of "wide" crosses.

Pearl Millet

FStubby head, a facultative apomiqt has been induced with a chbina—4
;ion treatment of thermal'neutrons aqd diethyl sulfate in pearl millet,
a sexual species. Aﬁprbpriate tests have shown'that'appfoximately 25%
of the progeny produced by this mutant are of maternal origin. Idealiy;
. one would'wanf 100% of the progeny to be oflmaternél origiﬁ.

We are attempting to produce a plaﬁt'that would be an bbligate
apomict by introducing a thermal ﬂeutron induced fémale sterile (fs)
.gene in the facultative apomict genotype. Theoretically, ghe plants
homozygous. for both genes would be obligate apomicts siﬁce the female
sterile (fs) gene would destroy‘tﬁe sexual tissue‘leaviné only the
nucellar tissue to develop into aposporus embryo‘éacs to produce
maternal embryos. The fs gene should also enhance apomictic develop—-‘
" ment since cytological analyses indicate thatAit has aposporus
embryo sac‘development. We have beeﬁ unsucessful in the past in
recovering the double homozygote, apparently because of a close linkagé.'

In 1978 we searched for plants homozygous for both mutants among
"~ over 6700 plants froﬁ 288 leand backcross,progenies. We identified
94 plants aé'suspgcts'and testcrossed them‘with a dominant red (R) or
purplé (P) mutant. These testcrossed were plantéd in fléts in the

greenhouse during the winter of 1978. The results in 1978 were more
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encouraging since 18 testcrosses gave a high freduency of green plants
indicating obligaté'apomixisf These green plants will be transplanted
to the field to see if the phenotype identified in the field in 1978

is maintained.

“Part L. Genetics of Radiation Induced Mutations.

The radiation breeding.program at Tifton,lGeorgia'has produced. -
numerous mutations in pearl millet. Some such as trichomeless, eérly, J
facqltative:apomictic, and awarfsAhévé immediate economic possibilities.
Whefeaé, others are-valuable to the plant breeder‘gnd geneticist as
genetic_markers in the plant breedihg‘program fof.develépiﬁg and
studying breeding procedures,and gepetic_mechaﬁisms,for méking test~
‘crosses and for identifying linkage (gene) blocks or specific
chromosomes. | |

Each year we are evaluéting the mutations for agrénomic potential;
gaﬁhering inheritance and linkage information,-andfconducting allelism
tests to eliminate identical mutations that may ﬁave occurred as
separate events.

The trichomeless (tr) mutant in pearl miilet has been of speciai
ihterest to us‘because of its drought tolerance and'pest resistaﬁce.
In‘1978; we found (with thé electron microscope expertise of Dr. Dauuy-
Akin) that the tr mutant ﬁgsAa more perfect cuticle which accounts for
its lower traﬁspiration of water (Crop Sciehce.18:904—905, 1978,
reprint-a£féched).' |

In 1978, 22 mutagen induced chlorophyll deficieh; mutants in inbred
' 23B were iﬁterqrossed to test for allelism. All except for two were
-mutants gontrolled by different loci.

- The large amount afjgenetic and linkage data collected in our program

each year necessitated the néed to-develop computer programs that would
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analyse and summarize the daté in table form. Three prbgréms were deve-
.loped and are'describedAin'Crop scieﬁcé 18:51?; 197éu(reprint attached).:
'Iﬁheritance |

: A number of excellent new ﬁutations.have been induced in pearl
ﬁillet. Theée characters will be very useful in mapping spécific cHrqmo—
somés and for use in ggnefiq stocks. Iﬁheritgnce data on 8 mature
plantvchara;tefs are summari;ed in Table‘lO.. The inheritance'data of
‘two'méture blant‘chlorophyll deficigpt mutants in peari millet .has beeﬁ
" _published in the Journal of Heredity 69:273-274, 1978. The linkage
relationships of these two loci and with other loci are also reported.
A reprint is ‘attached.
Liﬁkage

The'relatidnsﬁips and.location of genes éontrolling varipﬁs ﬁuta_

‘tions are being established. The~initiéi stages of the linkage pro-

)

! . .
gram has involved intercrossing mutants in order to gain inheritance

0

and repulsion linkage. data. Recovery of double homozygoteé frém the
F2 populations will allow us to develop multiple gene'tester étoqks‘

A which will greatly speed up our linkage work. One such stock tHat~we
now have.iS‘dwarf—lazy—yellow ﬁodé—smooth.'-Thé multipie'gehe stocks
will also allow us to-gather coupling and backcfoss linkage data |
which'is much more efficient and-éccurate_thaﬁ repulsion data.

The 1978 1inkége'déta (Table 11) has greatly added to our under-—
standing of the.reiationéhips between a number of the radiation
induced mutants. The data show the presence of 8 linkages &s indi-
Acated by a significaﬁt linkage X2 value. The independent'rélationf :

éhips of 26 gene pairs were also observed.
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Table 10. 1978 chi-square analyses on progenies from plants
Co heterozygous for radiation induced pearl millet

Target spot

13 :

- mutants.
. : . Theoretical xz
" Mutant - Total plants ratios (P> .05
Stubby head 2705 7 :1 | 0.015
Bronze 573 13 : 3 0.075
Lazy 3796. 13 : 3 . 0.018
Stripe - 480 3:-1 1.344
-Necfotic leaf ends 164 " 3:1 .130
Mosiac | 1537 13 : 3 0.395
Branched head 294 31 1.020
rg - 301 3 1.206




A Table 11.- 1978 chi—square analyses on linkage data from radiation induced pearl miilet

164

1.58

.17

mutants.
Number Hetero. Linkage
' ' Mutants Families Plants daf xz' x2 Phase

- Branch head - bronze 4 - 294 -9 1.13 23.24% - R
Purple - bronze . ' 1 139 0.02 R
Dwarf - bronze 3 - 299 6 3.11 2.80 ‘R

~ fs - bronze 1 139 0.65 R
tr - fs ; 1 94 0.12 R

" yn - stubby head 1 94 1.07 R
stripe - stubby head 1 © 94 1.51 R
tr - target spot 1 .90 ' 0.20 R
stripe - fs 2 145 3 2.28 18.88*% R
fs - target spot 1 90 ' 1.15° R
Red - tr 4 417 9 3.79 22,41 C
Red - lazy 8 815 21 4.68 12.21% C
Dwarf ~ red 10 1051 - 27 - 9.36 29.36%* R
tr - lazy 6 551 15 '3.03 -0.25 C
Purple - tr 10 924 . 27 - 8.69 0.00 R
Purple - lazy 6 495 15 26.54 - 0.55 C
Purple - target spot 3 301 6 0.06 0.18 R
yn - target spot 3 304 6 - 3.24 3.43, R
lazy - fs 37 2784 108 82.75 1.03 R
-Dwarf - fs 30 © 2887 87. 25.29 1.49 R
Purple - dwarf 30 3037 87 129,62 50.51=% C
Purple - fs 19 - 1866 54 28.99 0.53 R

" tr < fs 33 2816 96 38.87 . 0.08 C
Dwarf - lazy 39 3807 114 458.51 257.09%* C

. stubby head - fs 45 2705 . 132 65.55 257.83% R
“tr - lazy , 25 2452 72 17.05 - 0.99 C
necrotic leaf ends - fs 3 6 0 R

_Lg_



_ Table 11(con't). 1978 chi-square analyses on linkage data from radiation induced pearl millet

mutants. .

‘ . Number Hetero. ' oL Linkage
Mutant - _  Families ' Plants - df : xz . x2 " Phase’.
Mosiac - vn .- 5 . 537 . C12 0 5.21. - 63.12% R
Mosiac - zr- . . 5 : ' 537 12 2.20 0.57 R
Mosiac - lazy o 5 - 537 . .12 : 5.39 1.50 - R
Lazy - yn A 10 : 928 27 ‘4.34 4.94 C
Dwarf - yn - . . 17 1680 . 48 27.43 4,61 c .
Purple -~ yn- ‘ 18 A 1803 51 24,99 0.26 " C
yn - strice = - ' ) . 480 12 19.75 80.67% R

. 0.03 R

Dwarf - tr 25 . 2527 75 16.63

C =. coupling, R = repulsion
* P< .05 Eor independence

-g¢-
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Part M. Response of Pearl Millet Pollen to Gamma Radiation.

‘A number of mutants in inbred Tift 23B have been recovered from

‘mutagen treated material in the irradiation breeding program at Tifton.

These mutants are essentially isogenic (genetically identical exceﬁt
for the mutated loci). They are‘excellent materials to useAip various
genetic studies. |

A better understanding of the genic'énd genbfypic response of.
plants to radiation would'be of value to plant breeders and geneticists.

It would allow them to use radiation more effectively in accomplish-

‘ing breeding and improvement'objectives.

Preliminary data in 1975 indicated a differential response of pollen

from'isogenic inbred 23 pearl millet mutants to gamma irradiation.

' Data was not collected in 1978 because the mutants flowered at different

times due to droughty conditions. In 1979 the mutants will be grown

'_in the greenhouse.

Part N. Nature of Morphological Changes in Sterile Triﬁloid Bermuda-

grass on Golf Courses.

The "Tif"" series bf:bermﬁdaérassesvare sterile and triploid (27
cﬁrdmoéomes)'and is grown on most othhe golf courses throughout
the Southern and Southééstern-United Stéte§; Mr.'James B. Moncriéf,
of the U.S. Golf Associétion Green Section has'obéerved many offtype -

plants on certain golf courses. He has been collecting these plants

-and sending them to us for cytological analysis and further evaluation.

._Twenty—éeven and 7 offtype plants of 'Tifgreen', 'Tifway', and

‘ 'Tifdwaff'AWere established in 8' x 8' plots in 1977 and 1978,

respectively. Visual observations indicated that most were different

from their'parehﬁal clone (hybrid) which establishes that the changes
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are probably>genetic or chromosomal. Chromosome counts for each clone

was obtained from roottips. Most of ‘the clones had 27 chromosomes

which shows that the changes in plant phenotypé are genetic. A survéy

was begun-in 1978 by Drs. Monty Moncrief and Bud White to see if there

is a relationship between number of mutants observed and the pesticides

-used on golf courses. This survey has not been completed. -

Although most of the mutants are less desirable than the,parental'
clone, a few do have improved turf characteristics. The mutants are.

being subjected to close clipping conditions for further evaluation.





