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ABSTRACT

Shor growing seasons, such as those that oceir i senmi-arid
regions of West Africa, prevent pearnt cAraehis ypozeca 1.
matnrivg properly. immature fruitlowers peanut ualitvand siekd.
and enliances growth of toxin-producing wmolds during storage.
Cermplasiy \\nh exprossed aceelerated development for use as
parents i develeping carly maturing (75 davt cultivars suited for
prodirction i these regions is imite d Information on the genetic
vartbility for uulmt'\\ among the very carly maturing codidate
parental Tines is lacking. Ti 1\(’ erect, early maturing peannt lines off
diverse origin were crossed in diallel, and parent. I, and I,
generation progeny from plantings on four dates wore (()nllnu(‘(l
Measires were made on a plant basis for the manber of dayvs from
plnting to emergence (DEMR) number of chws to first DONE},
dith DY), tenth (DTEN), Soteenth (DEFIFTY l\wnti(*t]l
IYTWEN L and twenty=filth (DTW3) flower; and. following early
dicoing for number of full-size pods (FULLY. number of imature
pods tN UMPL and percent matare pods (% MPy F Csedregates that
erereed and fowered earlier than parental and F | plants were
noted. Coeflicients of correlation for DEMR und 1(>m s DONT,
to DTWS with FULL. NUMP, and %MP were negative: the
association heing stronger with FULL and NUMP than ;\11]1 ENMT.
R vidies were lnghcsl for DTW5S with FULL and NUMP. aad
decreased progressively with lower flower numbers douger time

from

intervals hetween measures) which indicated that the des elopraentad
rare wis not consistent among genotvpes,
heritability estimates for the traits examined ranged fror 3610 45%
I estimtes for specific reproductive stages o individizal erosses
ranged from 410 65%  but for nocross were the T alnesconsistentiy
bigh foalliveasnres. Both generaband specilic combining abilities
YIS umwu[lmnt The fregqueney of F, p!.mtn with FULL and
NP stending the ranue of their pacents was e Gpportiae,
for selection of v uuninn mits that would Pl(l(lll(t farae ‘mm]n TN xi
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lnmnr Ill‘(’[)()(]\';lt harvestlower peanut (Arachis hypogaca
L quality and vield. The rainy seasons in semi-arid regions
of Africaare short, and current cultivars often fail to mature.
During short seasons the alnht\ of a varie tv to mature a
FOUASON; ll)]( quant}t\ of fruit often becomes more mlp(nhmt
than Ing,h vields.
55437 with a growth duration of approximately 90 days
in Se n('tntl (6), is perhaps the most widely grown pe anul
citlivarin the dry. short rainy-se asonp(umut growing region
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just South of the Sahara.

Short growing seasons. thongh
characteristic of the arca, have become increasinglv mnore
{re que ntand extreme (lulmtr the ])dsl 13 vears. Peanntis an
important cultigen for the area hoth for cash anc tHood erop
prrposes. 35-437. and other cultivars of similar wrowth
duration. often fail to mature. Earlier-maturing
varieties adapted to those environments are nee led,

Critical conmponents of any successful plant breeding
programare 1) the selection()fl)alentmntl)gen( ticvariation
for the trait(s) of importance, and 2) an cffective selection
method.  Reported variation for 75-duy growth duration
equitalent fo approximately 90-day i inos of He T,
germplasm is scarce. Chico (3) is among those ge i Masims
dl](l is probably the nost widely used source of «U]Hl( N
However, no cultivar, agl()n()nn(‘(dl' acceptable for con-
mercial cultivation, with @ gl()wthdmatum(q\ml to Chico has
been re l)()lt(:‘(l

Farly classification of plants for the trait under consider
alion increases the (*fflcxenc of a breeding programn
Various methods Lo estimate maturity have heen pablished
(9 1112014, 20, 21, 26, 28, but if enforcerncnt is 1o be
llpl)lu(l on large 1)()pulat1()m in earlv Hlial cencrations
(Ll\sl matmn mnstbe non- dt stm( tive and mpnl Iln e (i

5y

ing re Lm\( Crow th (hndh(m in abl( uhnv pl(mmm for :-(\11\
seneration pupn] wion assessment. The a
Jdeterminations have involved (\d]ll(lllull\ af ("IIP‘( o4t

iron ."i R e

nroaches to Hhese

sod T iy

Hie (i sl
or varied 1)1()})()!11()11\ ol mature pods. Bailey and Bear
compared lines on the basis of days from l)l.mtmr o\ arie «l
nambers of flowers per plant, seed matiration. sad p(g_;
deterioration, and reported genetic differences anrong i
turity classes of 30 days. Success in lnul cting relative
nm{mlt\ hased on ]()\w,]m(r\ms progressive as Hower num-
bers per plant increased. \Il(hdels exandued dinvs to emer
genee as aselection eriterion for early deve I()pm( ntwithont
success (17). Tlassan and Srivastava reported that curly
maturing cultivars begin flowering two or three duss soone
than late-maturing cultmus but they were mwable to RUNE
tivel relate other flowering characteristics to pod matnra-
tion (111, Khalfoui found strong phenotvpic coreelations
hetween prococity components and percentage ol mature
pods at 90 davs, the strongest correlation heing with davs
‘mm '\Lmtm" Fo 50 Hnwem (15). He later concluded that
vaye w nogence and start of Howering do not provide o
(kflwndubl(' role in selection for early maturation. (16:
Breeding for rapid plant development has et with
mixed succossand iagheen especially difficult in <hortening
the growth evele below that of traditional spanishe enltivars
4. 7.1718.23, 27, Shortened growth duvation. without
associate Lucceptable agronomicand qualitv chiaracteristivs.
is ol lit”' e connmercial benefit. Furthermore, 1 b
produced varied resilts or led to varied interretarions o
the natiee of inheritance, including mode of gene action,
numberofgenctic factorsand effects of the cvioplism Slow
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(late) maturation dominance, carl maturation dominance,
and mixed results have been reported. and irom one to five
factors and modifiers have been proposed (8, 13,16, 18, 19,
25,27). A good synopsis of the literature concerning inher-
itance on growth cvele leng_‘th\\ as provided by l\lml{om (16).

Supplemental to the use of Chico as a parent for use in
breeding for extreme earliness might be the use of other
germplasms of extreme sh(n't growth-diration such as
TAG-1 and TxAG-2 (240 1 factors conditioning rapid
development vary among the carlv matiring germ-
plasms, the Ul()\\f]l (hlmtum conld (()Il((l\(ll)l\ be

shortened h\' recombination of those fictors into a
common gcnot}p(,‘ for culture or use ws a parent.

This study was conducted to ascertain if genetic factors for
earliness differ among five carlv-maturing ger mplasm lines
of diverse origin, to estimate the he ntalnht\ of factors
producing differential earliness among the lines. and to
determine if new recombinants for nse as germplasm or
cultivars could be developed. Both flowering and friting
characteristics were examined to aid assignment of plants
into maturity groups.

Materials and Methods

Vegetal Material

Five early maturing peanut nes (Chico. 33-437 TAG- 1 TRAG-20 and
TxS51856) were crossed in complet diallel. Al five germplasius have evect
growth, and the first four have spunish pods. The pods of TxS3 1536 are
larger and could be classified as rouner. The lines are of diverse origin -
Chicorrom Rnssia (3135437 from Hungan 62 TAG-Fand TxAG-2 from
Texas, derived by imutation (193 and TxS31936 {rom Southeast Asic
Sixteen parent. 30 Fand 290 F seeds of cach parental combination,
except for TYAG- l/l\\( 2 forwhich Fsceds were limited. were plated
on a loamy silicecous thermic grosare e padenstalt sandy Toan soil west
of By Texas, Plantings wisre i ul« inaeompietels rasdowized desion

on each of four dates: s, dares

\Il( tions over time! were blocks
) .

gzt e 1»"-;«,\?

|(" i ‘: e T AN ‘_’ A\,.‘&‘(!v YN Y \"‘ ('(i
40 em \\ulun rows 91 e apart. l]u planting dates were May 19, \Lz\ 22,
June Soand Jane 260 Tntervals between plantings were to 1 facilitate
data collection and 21 reduee contounding effects that might ocenr from
testing in a single enviromnent. The late June 26 \Lmtm(r was i replant
because of pum stands which resilted frow excessive rain l(:ll()\\m(f .1 \L[\'
26 melan A proportional numher ofseed frons each population fparent.
F and r, Srom each eross and reciprocals were plant ul on cacl date fora
t()ml of 520 sced per planting. Caltural practices, inclnding chemical
contro! of weeds, discases. and insedcts were consistent with reconmnended
practices.
Traits Measured

Daitv record of emergence and appearance of lowers one throngh 25
was made for each plant. For the first planting. all entries were hand-
harvested 90 days after planting: for all subsequent plantings. eutries were
Land-pulled 90 days after 30% or more of the plants emerged. Plants within
across were identified, bindled. and transported to the laboratory where
the pods were removed by hand. Relative maturity was detenmined on a
plant busis using freshlv harvested pods classified as follows: pegs with
ovaries greater than two tines the daumeter ot the peg, fleshy pods (torpedo
shape nd larser retientated pods. one-seed pods, and full-size two-seed
pods. Atter the pods were air-dried the tull-size two-seed pods were hand-
shelled and subdivided as fully matre «based on interal pericarp color).,
intermediate, and shrivelled. Seeds from mature pods were counted for
vach plant and weighed.

Statistical and Genetic Analyses

Statistical analvses

Dat s ere anabvved nsivg the general linear model procedures to
estinnate popdation and gencration nmieans and variances. Homogencity of
variane s anmong ceplications swcre tested by Bartlett's formla 3
Coutticients of correlation betweer traits were computed on an individual
and a population-within-harvest date busis nsing SAS procedures .22:
Genetie mialvses

Broad sense heritabilitios were calenlated using F O F, and parent
viranees as deseribied by Alled 1 Total genetic varianee was contputid
as the ditference boetween 17 vaetanee and V,oonan individual cross

basis. Parent and F variances were used to estimate Ve combining
abilities of the parents were exandined by use of Gritfing’s e ethod Fieadel

1(10).
Results

Rain and cool night time temperatures (20
first two metm(fx and aprolongedwet pe n()(l\‘ hien the soil
was near saturation followed the third placting. Thas.
emergence in the first three plantings was slower than that
from the fourth planting when conditions for cimergence
were near ideal.

The average number of davs to cmergence (DEMRY

ranged from 3.9 davs for date Tour to 191 Tor date three:
however, the average DEMR was similar for the five parents
(Table 1). Chico was the tirst parental line to prodnee five
flowers per plant. but the rates of flowering were not equal
and by the expansion of the fifteenth flower t DFTET all five
parent lines were as advanced as Chico.

Hollowed the

Table 1. Days from planting to emergence (DEMR). and flower
numbers one (DONE) to twenty-five (DTW3S), number of full-
size (FULL) and mature (NUMP) pods, and percentage mature
pods (%MP) for five parental lines grown near Bryvan, TX,

1987.+
Chico  55-437 TxAG-l TxAG-2 Tx851856
DEMR 118 10a 11a 11a 11a
DONE 34b 35ab 3% 38ab J6ab
DFIVE 38b 42a 44q 44a 452
DTEN 42c 45hc 47ab 46ab 494
DFIFT 47a 47a 49a 50a 5.
DTWEN 49a 493 5ia 513 534
DTW5 52a 51a 52a 53a 54
FULL Sao g - Wai -
NUMP 21a 15a 22a 19a 15a
%MP 37a J6a 38a 46ab 51h

* Values within rows bordered by common letter are not different
(P=.05Waller-Duncan testj.
+ Days to emergence and flowers one through 25 are means of four
replications.
Other values are means of three replications

The average number of natnre pods INUMPY oy

percentage of number of [ull-size pods (FULLYL for
planting dates 1 through 4 were 6.7, 23.5. 533.3. and
45.5, respectively. The proportion ol matire pods was
particularly low for date one hecanse of cool nights and
carly digging (90 DAP compared to 90 davs after 50%
emergence for the other ropli(“\finm‘ In most cases the
means for the F . T, rccipiocal 170 klluu\dx .. And the:
respective pmentdl populdtu)nx dittered little in ws from
planting to twenty and twentv-five Howers,
—Somc T, segregates emerged and flowered carlier than
both the parents and . )Lmts. Seedlings Tron the cross
TxAG-2/Chicowere the f‘irst toemerge and Hower, followed
by the cross TSAG-2/TxAG-1. which had the highest % MP.
The F, veneration of the cross Chico TSS3 1836 and its
l'ecipr()_cul averaged earlier than tor other crosses but the
difference was significant onlv af the P=0.10 level.
Correlations Among Trails

Coeflicieuts of correlation wrnong the ditferent variables

were estimated for each planting date. The correlations

g ———————r(T] T ——T T T ey
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between FULLand NUMP, and NUMP and percent mature
pods {%MP) were intermediate to strong (Table 2). The
correlation of NUMP and %MP varied over planting dates
but. in general, was weak. Days from planting to emergence
CDEMR and o :l.\'l)(‘(\‘i“(‘d flowernumber (DONE.DFIVE,
DTEN. DFIFT. DTWEN, DTWS) were negati\’ely
correlated with FULL, NUMP. and %MP (Table 3). The
coelficients of correlation for number of full-size pods and
DEMR to DTW5 ranged [rom -0.15 to -0.51, respectively,
among plating dates. The negative correlation neans that
fewer dies to agiven flower number resulted in larger
nambers of Tall-size and mature pods at harvest. The low
mumber of sienificant coefficients in date 1 compared to the
other dates is attributed to the low number of mature pods
at the first harvest.

Table 2. Coefficients of correlation (single plant basi>} among
numbers of full-size pods (Full), numbers of mature pods
(NUMP), and percent mature pods (%MP) for four planting

dates

Variables Date “r" value

Ful/NUMF ! .39*
2 .60*
3 65"
4 75"

Fult/% M P I -.07
2 14
3 -48”
4 -.18*

NUMP %MP | .59*
2 76"
3 .24~
4 42

Coellicients of determination indicate a much closer
relationship (negative) of number of days from planting to
predetermined numbers of flowers with FULL when: 1)
evaluated on a plot (population within harvest date) mean
basis than on an individual plant basis: and 2) the flower
numberis inereased (rom first to twentieth flower (Table 4).
Onaplot basis the negative correlation between FULL and
DONE was relatively strong, and from DFIFT to DTW5
approximated r=0.90. On an individual plant basis the
relationship was signiticant (P=.05) but low at the DONE.
and improved with inereased flower number but was never
high.

Heritability

Heritability estimates were computed by planting date for
each cross, and mean heritabilities are presented as the
average of the four estimates (Table 3). Broad-sensc
heritability estimates for the varions traits were intermediate

Table 4. Cocfficients of determination for days from planting to
emergence and flowering on number of full-size pods harvested
90 days after emergence for all ¥, and F, populations planted
May 22, June 6, and June 26 near Bryan, Texas.

. Sgrificant at P =.001levet

Experimental Unit

Trait Plant Plot
Days to emergence .05 .03
Days to first flower 107 48**
Days to fifth flower g2 68"
Days to tenth flower 140 76*"
Days to fifteenth ftower 16" 79
Days to twentieth flower 20" 81+
Days to twenty-fifth flowar o0t a1

" Significant at P=.01
** Significant at P=.0001

Table 3. Coefficients of correlation (single plant basis) for days from planting to emergence (DEMR), and first (DONE), fifth (DFIVE), tenth
(DTEN), fifteenth (DFIFT), twentieth (DTWEN), and twenty-fifth (DTW3) flowers with numbery of full-size pods, and number and

pe-centage of mature pods for each planting date at Bryan, Texas, 1987,

DEMR DONE DFIVE DTEN DFIFT DTWEN DTW5
Date 1! May 19
FULL -0.20’ -0.20’ -0.23’ -0.29* -0.34" -0.40" -0.47*
NUMP -0.10 -0.08 -0.08 -0.06 -0.07 -0.11 -0.15*
%MP -0.10 -0.10 -0.04 -0.06 -0.11 0.12 -0.12
Date 2. May 22
FULL -0.15 -0.34* -0.35* -0.40* -0.47* -0.49
NUMP -0.08 -0.20’ -0.26’ -0.32 -0.37* -0.38’ -0.39"
%MP -0.05 -0.16 -0.24’ -0.29* -0.29" -0.28 -0.28’
Date 3: June8
FULL -0.29* -0.29" -0.34 -0.37 -0.39* -0.40" 041"
NUMP -0.35’ -0.37’ -0.42’ -0.45’ -0.47’ -0.48 -0.49’
%sMP -0.20" -0.22’ -0.21” -0.22¢ -0.22’ -0.21° -0.21*
Date 4: June 26
FULL -0.23’ -0.40’ -0.44* -0.47’ -0.49 -0.49 -0.49"
NUMP -0.25’ 0.51° -0.55* -0.57’ -0.58’ -057 -0.58’
%MP -0.03 -0 04 -0.04 -0.03 -0.02 -0.01 -0.01

* Significant at P=0.0001
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Table 5. Broad-sense heritability estimates for davs {rom planting
W first (DONE), tenth (DTEN), and twenty-fifth (DTW3)
flowers. number of full-size pods, and number of mature p()ds
hy parental combination.”

cross DONEDTEN DTWS5 FULL NUMP
%
TxAG-2/Chico 46 22 49 27 54
TxAG  2155-437 49 65 49 40 40
Tx-AG-2/Tx851856 1 37 36 41 43
TXAG 2/TXAG-1 39 53 61 40 5
TxAG 1 /Chico 23 25 17 10 4
TXxAG 1155-437 37 43 A0 13 28
TxAG-1/Tx851856 14 27 52 53 21
Chico’55-437 40 39 49 23 59
Chico'Tx851856 55 59 46 61 57
55-433/Tx851856 43 44 34 58 45

* Crosses and reciprocals were used in estimating heritabilities

to low, and were slightly higher for DTEN and DTWS5 than
for the other traits. Although heritabilities tended to be
higher for some crosses than for others, for no cross were the
heritability vatues consistently high for all traits. In general.
the heritabilities for Chico /Tx851856 tended to be high and
those for TxAG-1/Chico lower than for the other crosses.
Eligh H reflects a high F, variance, low V|, or a combination
ol both. High gencetic F, variance would suggest differential
factors lor growth duration among the parents. The estimates
of heritability suggest that genetic variability was present in
most crosses. and that the amount of genetic variability
differed among crosses. The low estimate for NUMP in the
cr0ss TXAG-2/TXAG-1 might relate to the small F, population
size.
Segregation Patterns

The number of full-size pods and mature pods were
selected a priori asthe most accurate indicators of maturation
among those evaluated. Segregation patterns for these
measures were examined within planting dates, but no
aroupings for meaningful segregation ratios were discernible.

The number of {ull-size pods were combined by cross over
planting dates and the mean and range in number of full-size
pods by population are shown in Table 6. Data from the first
planting were omitted because of the low FULL. TxAG-1
had the most full-size pods and the widest range of {ull-size
pods among the parents, followed by Chico. TxAG-1 has
small seeds that might develop faster than those of the other
varieties. Insome crosses (e.g. Chico X TxAG-1 and 33-437

Table 6. Means and ranges for number of full-sized pods for parents and progenices including reciprocals.

Parer t/Cross Mean Range
i 54 i-98
55-437 217 4-98
TxAG-1 62 9-139
TxAG-2 38 1-82
Tx857856 37 1-59

Chicu x 55-437
Fy 63 6-133

F2 4e 5-147
F2 » Parents’ =@

Chice x TxAG-2
Fi 51 11-97
F2 51 3-112
g2 > Parents =4

55-4: 7/TxAG-1
Fy 52 5-109
Ty 45 4- 38
F2 » Parents =0

55-437 1 Tx851856 ...

Fy 45 25-76
Fo 35 2-99
E2 > Parents =2

TxAG-1x Tx851856

Fy 39 14-77
F2 40 1-119
F2 > “arents =0

Parent/Cross Mean Range

Chico x TxAG-1

Fy 63 18-119
F2 60 6-168
F2 > Parents =1
Chico x Tx851856
Fi 43 20-64
F2 48 3-1 26
Fo > Parents =4
55-437 x TxAG-2
F1 49 16-105
F2 49 I-124
F2 > Parents =8
EXAGJ x TxAG-2

1 47 11-193
F2 45 4-108
Fo > Parents =0
TxAG-2 x Tx85 1836
Fq 44 22-83
E2 39 1-105

Fo » Parents =3

* Ind cates number of plants that are outside the range of both parents
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X TxAG-2) several F, plants surpassed the range of both
parent and I, )lants in number of full-size po(h which
sus;g;ests1ecomb1xmh<)n Thus, it might be possible to select
segregatas that produce more hlll size pods than their
parents, and assumedly higher pod vield. m short seasons.
In other crosses (c.g. 35-437 X TXAG-1) there was little
indication that progress could be made through
recombination and selection for earliness.

Combining Ability Estimates

The number of mature pods and weight of mature sceds
best represented vield in this experiment. The relative
combining abilities of the five parents for NUMP and weight
()f mature seeds (WTMS) were caleulated using Design I

Neithergeneral combining ability (GCA) as males or {omah s,
nor sl)emflc combining ability were significant (P=0.01) for
cithertrait. T hlsm]g_,ht1ef](*ct1(‘]dt1\opdl( ntal performance.
as all of the lines pm(lnce nominal vields at this location.

From a practical standpoint in bree ding for short growth
duration conditions, assessment of pote ntml varietics for

carliness can be viewed from different perspectives. In
subsistence agricnlture the peanut that produces the most
pods per unit area when rains cease might provide the most
food if the produce were properly (111((1 segregated, and
stored. However, immature peanuts are more .sub_]ect Lo
storage losses and Aspergillus flavus contamination, and the
accompanyving health dangers from aflatoxin. A common
resultis -he contamination and loss of good peannts hecanse
of excessive intermingling of immature fruit. A high
percentage of mature pods at an carly harvest wonld be
desirabli for storage and, accompaniec dwith ahigh number
ol pods, would beideal. That is the goal of peanut bhreeding
l)l()"l anes with carliness as high prioritv. However. liah

\H’ w th Tow pod number is not acceptable.

PVitii « s ledtion \tandl)(,ll.” mieasures of ooth NUANP
and %V P wre tedions and time constning. With hnited
operating budgets the breeder’s choice is to make such
«‘\';duulicmxonf'r’wl)()pulations,()rgr('utl_\’r(‘stri('t])()pulution
size. Fither of these choices poses limitations on probable
rate of breeding progress. Flowering traits. it adequate
indicators of wlatn(‘ maturity, are more ideal for nse by the
breeder than are po(] traits because notes can be made and
selectionimposedbefore digging. However i tthe correlation
between flowering measures and matnration is not high.
cerroneons selection could be nnp()sed According to onr
data. categorization of individual plants for carliness based
on Nowering pattern alone is not effective in ollspring from
crosses sunong carlv- maturing parents. The association of
days to Hower nmnl)( and NUMP was much more effective
when compared on a population basis than on individual
plants (Table 2). The trait FULL might be a workable
compromise as it can be estimated, orme dsuud rapidlyand
relates more closely to both NUMP and % MP than does
days to Towering,

The fequeney of 1, plants with high FULL and NUMDP
compared to their parents was low. Those conld have
happencd by clianee: however, alow fregueney of sich
plan m\fht ocenr from tmns(rl(sxl\v w(mwmtmn it the
parents dilfer in the genelic Ll(tms that (()ntml rite of
(1(‘\A‘]()["llll“lli Parents used in this study were wnong the
extreme of the s puu s Tor short arowt th (lumtum Pe rh aps
expection of segregates with impressive reductions in
arowth-dhiration as u)mpzlr('(l to these parents s

unreasonable. The results of this study suggest some
opportunity forthe selection of early-maturing recombinants.
as measured by number of full-size pods at an early harvest.
For example, the magximum number of full-sizc p()ds amony
F, segregates of Chico x TxAg-1, Chico x TxS51556. and
TaAg-2 x Tx851856 exceeded the maximums for hoth the
hWh parent and I*, populations of the respective crosses l)\
areater than 20%. (,()mpdns(ms of the maxinuns with 1

as well as parents provides some allowance for puwhl.
heterosis effects. However, the frequencyol suchisegregates
with a hich FULL would likely be low. The estent ol the
re dmh(mmlcngth()f‘rl()wth ~duration conldnot be estimated
from this study.
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