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Studies on the Breeding Behaviour of Interspcﬂiﬁc Hybrid -
Derivatives in the Genus Ar_acfrf.f L.

by
T. RAMANATHAN', B, W. X. PONNAIYA?® and V. 5. RAMAN?

Improvement of groundnut (Arachis hypogaea) has so far been confined
1o the exploitation of the natural genefic variability in the cultivated species.
The existing variability being limited, the breeder has to resort to hybridization.
The wild relatives of 4. liypogaea possess desirable features such as resistance
to drought, pests and diseases besides high pod to kernel ratio.” The brecdmg

behaviour of three populations of interspecific hybrids wis studied and
presented in this paper.

Materials and Methods: The following hybrid derivatives were utilised
for the siudy. (1) F, population (77 plants) of the hvbrid A. hypagaéqx
A. glabrata var. hagenbeckii. (2) BC,F; population (146 plants) of A. hypogaea X
(A. }':ypngaea % A, Sp. A329)and (3) BC,F, population (51 plants) of A.hypogaca X
Allotriploid (A. hypogaea x A. W'Ha.m}l.

The seed material was sown in July, 1962 with a basal-application.of
2.5 tons of farm yard manure per acre. The habit of growth of 'plants were
recorded when they were six to eight weeks old (Patel ef .al 1936). The
morpliological characters were described and measurements were tecorded. for
quantitative characters, The genetic improvement in economic characters was
assessed. Plants were grouped according to pod vield ranging from .10 to
40 gm. Oil and free fatty acids were estimated from representative samples of
the above yield group by methods described by Patel and Seshadri (1934) and
Woodman (1941).

Results and Discussion: The observations made are pfesented in the
following three sections, 1. F; population of A. hypogaeax A. glabrata var,
hagenbeckii :

Seeds gathered from eight F; plants were sown. The duration for
germination and first fiowering was 7 and 37, days’ respectively. Of ‘the 77
plants studied, 64 were bunch and 13 semi-spreading in habit. Tlm leaf colour
varied from light green to green. Variation in stem colour fmm green to dark
purple was observed, Stem hairiness ranged from slightly h;nr;,,r to very ha1ry,
the latter being predominant, The mean pollen sterility was 5,18 per cent,
Plants varied in their degree of resistance to natural infection of ‘Tikka’ leaf
spol rom susceptible to tolerant. None of them are resistant,
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Five new recombinations were observed: One semi-spreading plant had
green foliage with densely hairy.stem and dark purple pigmentation. One
bunch plant with green leaf and very hairy stem produced pegs in abundance.
One of the bunch segregants exhibited forking of main stem with only one
primary branch arising below the.point of forking. - Another plant produced
two primary branches only. A bunch segregant- had five primary branches
arranged in alternate manner instead of the normal opposite and qeéussate
arrangement of the branches, -E_.Eght.e-:nnnmic characters of the Fy population
were compared with that of the Fy and the data are presented in Table 1.

TasLe 1. Economic rj‘r_nraci'e:r.r of the f:;-ﬁri;’: af A, ﬁ}lpagdf:_'n}ﬁ_ﬁ:. glabratta var hagenbechii
( Mean values of 33 Fa Plants and 77 F, plants)

Fs R
‘Characler

© Mean = SE. Mean « S.E.
Nuomber of pods per plant - 0.7=1.3 128«1.1
Weight of pods per plant (gm) 5.8%0.7 8.820.6 .
Weight of two-kernelled pod (mgm) 562442 784 =18
Shelling out-turn (percent) el ﬁfg: I.'hi.ﬁ 71208
100 pod weight (zm) 57.845.8 733419
100 kernel weight {zm)’ 279=1.17 20.0=0.8
Oil content (percent) o :"“. 51.940.6
Free fatty acid (percent) - 0.41 =0.1

Distinct improvement was observed in all the characters of F; population.
Anincrease of 51.7% and 39.5%, over the F; general mean in pod yield per plant
and weight of two-kernelled pods in the Fy was evident, The F; population
showed an increase of 6.1% in the shelling cul-t}irn. The pod size was bolder
in F; than in F; as could be seen from the increased 100 pod weight by 41.5%.
The 100-kernel weight of F; is 4.09% higher than that of Fi.

The pod yield per plant of the different progeny rows which constitute
the F; population was analysed statistically and presented in Table 2.

The yield differences among the progeny rows -are significant. The
progeny rows V-3 and T1I-15 exhibited 344 and 53% increased pod yield over
that of the F, family mean.

The weight of two-kernclled pods is morc in Fj than that of Fa. All the
progeny rows showed increase in two-kernelled pod weight ranging from 7 to
1019 over ihat of the F, family mean.- .Progeny rows 11-4, I11-8, 111-12, 111-13,
and V-14 have surpassed and significantly superior over the respective Fy family
mean with 47, 42, 31, 34 and 67°% increased pod weight. The [requency
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Tavve 2. Pod yield of Fy papulation (gm).

Fa Fy’ " ‘Percint over
Progeny Row Family - Progeny row Fs family ‘' test
. mean . mean mean :

117 © 8.0%58 9.1 = 1.4 114

1114 77w 2.2 8.0=1.5 104

111-8 17422, 46=1.1 60

mn-12 17422 9.9%1.9 129

t-15 77422 11.841.4 153

V-3 3.6+3.0 16.0=1.0 444

V-14 3,6+3.0 6.0=2.3 167

V-15 3.6+3.0 4,0+0,7 111

S.E, _ i ! 0.64

CD.at5% - Le2 -

Conclusion: 6, 5, 4, 1, 2, 7, 3 8

*  Significantly superior over Fy at 59 level
** Significantly superior uvcr-F; at'1% level

distribution. with regard to weight of two- kernelled pod “of the hybrid
populations is presented in Figure 1,

FiG. 1. Graph showing the frequency distribution of two-kernelled pad-w::ght in
straight cross F:, backcross Fs, and backcross Fy, populations.
(Arrows indicate the !'amll;.r mean values of the preceding generation)
29 -

-

FREQUENCY OF PLANTS

WEIGHT OF TWO KERNELLED POD (MGM)

2. Back~cross t3 ‘population :of -A. hypogaea X A. hypogaea % A. sp.
(A.329):. A total of 146 plants was studied in the F, population, ‘of which
140 were ‘bunch and six semi-spreading :in habit. The pre-germination.and
pre-flowering period were 7.0 and 35,7-days:respectively. The pollen -sterility
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ranged from 0.29 10 19.5%, the mean being 3.32%. : The leaf colour was green
in one plant and light green-in the rest.: Stem pigmentation varied from green
to purple, Variation in hairines ranged from slightly hairy to very hairy,
hairy-being most frequent, The plants differed in their reaction to natural
infection of ‘Tikka’ leaf spot disease ranging from very susceptible to tolerant,
susceptible being most frequent.

FiG. 2. Graph show'ing the frequency distribution of shelling % in thé hybrid
derivatives and 4, Hypogaea. (Arrows indicate family mean values
: =fsv- - -eding generation)
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Eight economic characters of back-cross F; population were comp'ared
with that of the back-cross .F, to evaluate. the genetic improvement  and
presented in Table 3.

TAsLe 3, Economic Characters of the Hybrids of (A, hypogaea X A. hypogaea %
A. sp. A, 329) : (Mean values of 188 BCiF, and 146 BC\Fs plants). -

BC,F, BC,Fq Percentage of

Character Inctesse yer

Mean «S.E. Mean «S.E, general mean
Number of pods per plant 12605 146207 “15.9
Weight of pods per plant . 8.1=04 9.940.5 22,2
Weight of two-kernelled pod (mgm) = 674=16 741 =13 9.9
- Shelling out-turn (%) 67.6=0.9 2.6+0.6 7.4
100 pod weight (gm) 60,6=1.5 69«13 10.4
100 kernel-weight (gm) 29.8+0.8 8.7«0.5 -
Qil content (%) — 41«10 | —

Free fatty acid (%) o - 294001 -
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The back-cross Fy population exhibited genetic improvement over the.
preceding generation in respect-ol number of pods per plant, weight.of pods
per plant, average weight of two-kenelled pods, shelling out-turn-and 100 pod
weight to the extent of 159, 22.2, 9.9, 7.4 and 10.4% respectively,, The oil
content was high (54.19%) in the back-cross F; population,

The frequency distribution with regard to shelling out-turn of the
hybrid populations studied is illustrated in Figure 2. Variation among the
progeny rows of the back-cross Fy [:mpulaliu':_u with regard to eight.characters,
viz., number of branches (total number of primaries and secondaries), average
length of primary branches, number of pods per plant, weight of pods per
plant, weight of two-kernelled pods, shelling out-turn, 100 pod weight and
100 kernel weight was statistically analysed and found to be significant. “While

Fic. 3. Variation in the progeny rows of the backcross F3 population

204 0
16 | I i I I S I
I 2 3 4 5B 6 7 8
NUMBER OF PODS PER: PLANT.
-1
AEVLELL
JHEEREE EE ,JIIII JE
3 4 B & 7 B | 2 3 4 B & 9 B
MEAN LENGTH OF . PRIMARY BRANCH fCm) IEIGHT OF PODS PER PLANT (G;m} ]
o 1." E 41 5. .L32
I, F5 6. L60
i, F34 7. P31
4. F1l 8. General mean

Figure 3 shows the Variation with regard to the first four characters mentioried
above that of the economic characters is presented in Table 4,
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TABLE 4.0 Variation in economic characters aof back cross F population

g e S S e e
plants pod (mgm) (%) (gm) (gm)

E 41 34 00121 7127=09 63,522 21609
F5 11 700 « 47 69.5=2.2 64.4+«53 26.5=2.5
Fi4 I5 70528 73209 67.0+2.4 29.3=0.8
F7l 13 792« 42 74312 T 7«49 29.8+1.6
L32 25 BOD 27 74.0+1.1 70.8=3.4 N4=1.1
L 60 28 71827 70.6+1.2 65.0=~2.4 2T.5=1.1
]| 20 T83 4 47 73.8+2.7 68.8=39 30,417

General mean 146 74113 72.640.6 66.9+1.3 28,7=0.5

Progeny row L-60 was significantly superior to others in respect of
number of branches, number of pods par plant and weight of pods per plant,
I.-32 showed high values for weight of two-kernelled pod and weight of
100 kernels. F-71 was superior in shelling out-turn and 100 pod weight.

3. Back-cross F; population of A.hypogaea % (A. hypogaea % A, villosa) :
Sixty seeds collected from six plants of the BC,F; were sown, of which
55 germinated, Fifty one plants have established in the BC,F,; population,
The pre-germination and pre-flowering period were 6.9 and 40.1 days respec-
tively., In the population studied the following rare recombinations were
observed. (i) Bunch, profuse branching with thin, glabrous stem devoid
of anthocyanin pigmentation, tolerant to ‘Tikka' leaf spot disease. (ii) Semi-
spreading, profuse branching, thick stem, fairly tolerant to ‘Tikka’ leaf spot
disease, (iii) Spreading, good branching, dark purple, very hairy stem with
dark green foliage, fairly resistant to ‘Tikka' leal spot disease. (iv) Trailing,
profuse branching, very hairy, purple, thick stem, long primaries and leal
green, fairly tolerant to ‘Tikka' Jeaf spot disease.

The improvement with regard to two characters, viz., weight of pods per
plant and weight of 1wo-kernellf:d pods in the BC;F., population is significant
over the precedmg generation (v;da Table 5): |

Progeny row A-3 showed 1259, increased pod yield per plant besides
359 enhanced weight of two-kernelled pod over the parental generation. A-9
exhibited the maximum increase of 72% in the weight of two-kernelled pod
over the parental mean, Progeny rows A-7, A-8 and A-9 were inferior to
their parental generation with regard to pod yield per plant. Significant
variation was observed among the progeny rows of the BG,F, population with
regard to eight characters and presented in Figure 4,
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FiG. 4. VARJATION IN THE RACKCROSS F4. POPULATION
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TabLe 5. Genetic Improvement in BC,F, population

Progeny BCF, - BOF, Percent over
row ‘ mi ‘ pregeny BC,F; ‘t* test
o family mean JTOWw mean family mean

Weight of pods per plant (gm) :

A-3 7.6%2.8 17.1+1.8 225 .
-7 7.6=2.8 6.0«1.1 79
-8 “7.6%2.8 4.9%1.5 64
\-9 76428 53+1.7 70
\-10 76«28 © 14.6=3.5 192 -
- B6 50=1.6 10.9«1.8 218
Weight of two-kerneiled pod (Mgm) ;
A3 T 824 =200 1114 =34 135 *
A-7 824=2000 T 790 =86 96
A-8 824 200 1237« 63 150
A9 824 =200 1415=111 172 .
A-10 824+ 200 1260 = 130 153
B-6 900 = 150 712430 7

* Significant at $% level

It was noticed that progeny row A-3 was significantly superior to the
rest with regard to length of primary branch, number of pods per plant and
weight of pods per plant. A-9 was out-standingly supsrior in weight of
two-kernetled pods, 100 pod weight and 100 kernel weight. With regard to
shelling out-turn and percentage of well-filled kernels progeny row A-8 was
significantly superior to otliers, closely followed by A-9.

One of the main philosophies of breeding has been termed *‘transgres-
sive” breeding by Akerman and Mackey (1948).  Frankel’s (1950) terminology
for this general scheme is “assembling of productivity genes”, The genetic
improvement observed in the present study in the hybrid populations over
their parcntal generations with regard to certain economic characters could
be attributed to the assembling of productivity gencs.

Summary: Three populations of the interspecific hybrid derivatives (F3)
A. hypogaea X A. glabrata var. hagenbeckii, (BC,F;) A. hypogaea x Allotriploid
(4. hypogaea s A, sp. A. 329) and (BC,F,) A. hypogaea x Allotriploid (4. hype-
gaea x A. villosa) were studied for their breeding behaviour. Number of pods
per plant, weight of two-kernelled pods, shelling out-turn, 100-pod weight and
100 kernel weight were the chief characters taken inlo consideration,

The analysis of different progeny rows with reference to different
characteristics revealed significant differences between lines with regard to two
characters, viz., yield of pods per plant and weight of two-kernelled pods in F,
four characters viz., number of branches, length of primary branch, number of
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pods per plant and weight of pods per plant in BC,Fy, and cight characiers,
viz., length of primary branch, number of pods per plant, weight of “pods ‘per
plant, shelling out-turn, weight of two-kernelled pod, 100 pod weight, 100
kernel weight and percentage of well filled kernels in the BC,F; population.

The genetic improvement in characters of the hybrid derivatives over
that of the respective parental generations was cvident, Onc progcny" row in
the back-cross Fy showed significant increase in shelling out-turn, High pod
yicld was obtained in one of the progeny rows of back-cross Fy. Five lines in
F;, one in back-cross Fy and two lines in BC,F,; exhibited phenominal increase
in the weight of two-kernelled pod over the respective family means of their
parental gencrations, The transgressive varjations were attributed to the
assembling of productivity genes, Six new recombinations were recorded.
High oil-content of 54.1 was obtained in the back-cross Fy population.

. Acknowledgement: This work formed part of a dissertation submitted by
the sentor author in part lulfilment of the requirements of the M.Sc, (Ag.)
degree of the Madras University, The authors are grateful to the authorities

REFERENCES

Akerman, A. and J. Mackey. 1948. The breeding behaviour of self fertilised plants by
crossing. *Svalof' 1886 Land. (cited by Palmer, 1953)

Frankel, O M. 1950, The development and maintenance of superior; genetic stocks.
Heredity, 4:89-102.

Palmer, T. P, 1953. Progressive improvement in self-fertilised crops.. Heredity, 7:127-29.

Patel, J. S, C. M. John and C. R. Seshadri. 1936. The inheritance of chgractcrs in the
groundnut: Arachis hypogaca. Proc. Indian Acad Sci., 3: 214-23

Seshadri, C. R. 1962. Groundnut. Examiner Press, Fort Bon'bay s 1-241,

Woodman, A. G. 1941. Food analysis. Intcrnational Chemical series. McGraw Hill
Book Co. Inc, New York, 1-596.



