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ABSTRACT

Character association studies among various vegetative and
reproductive tra.i}s in groundnut (Arachis hypogaea L.) are im-
portant, because of the subterranean nature of pod develop-
ment. Ninety-seven advanced generation selections derived
from intersubspecific and intrasubspecific crosses were grown
under high and low fertility environments for two years at
ICRISAT to study the association among sixteen vegetative and
reproductive traits. Only weight per mature seed with most of
the vegetative traits and mature pods per plant, mature pod
weight, mature seed per plant, and mature seed weight with
height of the main axis and nodes with pegs showed significant
positive association. Reproductive traits were significantly and
positively associated among themselves. Correlation and path
coefficient analyses further revealed that selection for in-
creased mature seed yvield per plant would be possible by
selecting the component characters such as mature pods per.
plant, mature pod weight, and mature seeds per plant indi-
vidually or in combination.

Key Words: Groundnut, Arachis hypogaea, correlations,
Path coefficient.

Association among morphological and reproductive
traits including pod yield in peanut (Arachis hypogaea
L.) are of special interest because of the subterranean
nature of pod development. Morphological traits are
often highly heritable and if directly associated with pod
yield, would help to accelerate the selection of high
yielding plants in segregating populations before har-
vest. Character association studies in peanut are, in
general, based on observations from a limited number
of genotypes/segregating populations grown in one sea-
son (1,3,5,8,9,10,13,14), and as such may not be of
much practical significance to applied breeding pro-
grams. It is therefore essential to growi a large number
of genotypes/breeding lines over seasons to get mean-
ingful results. Such studies on character association in
peanut are very limited (6,7,12),-and further, no at-
tempt has been made to introduce fertility levels while
testing genotypes over seasons. Studies of this nature
would be of greater significance to breeders in formulat-
ing appropriate selection procedures.

Ninety-seven bulk selections from intersubspecific
and intrasubspecific crosses in Fs and F; generations
were grown under high and low fertility environments
over two years. Various vegetative and reproductive
traits were measured to study correlations and path
coefficients.
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Materials and Methods.\

The parentage of the ninety-seven bulk selections derived from
twenty-five intersubspecific and fifty-two intrasubspecific crosses are
detailed in Table 1. These selections were derived from crosses in-
volving sixty-nine different cultivars. Of these, fourty-eight belong to
A. fastigiata. viz., Ah 65, Ah 8254, Argentine, Chico, Comet, Dh 3-
20, FSB7-2, Faizpur 1-5, Goldin-1, Gangapuri, HG 1, J 11, JH 89, JH
171, Manfredi, MGS 7, MGS 9, NC Ac 400, NC Ac 2608 NC Ac 2945,
NC Ac 475, NC Ac 580, NC Ac 2741, NC Ac 980, NC Ac 529, NC Ac
741, NC Ac 17142, NG 268, 0G-69-6-1, OG-1-13-3, Pol. 2, Sm 5,
Spancross, TG 3, TG 7, TG 14, TMV 2, TMV 7, Tifspan, Var. 2-2,
Var. 2-5, Var. 47-16, VA 72 R, X9-2-B-25-B, X14-4-B-19-B, 55-437,
99-5 and 148-7-4-3-12-B and the remaining twenty-one to A.
hypogaea. viz., Ah 2105, GA 207-3, G 37, JH 62, M 13, MK 374, NC
Ac 962, NC.Ac 2158, NC Ac 2698, NC Ac 2750, NC Ac 2821, NC Ac
2938, NC Ac 2944, NC Ac 2945, NC 2, NC 17, RS 138, Robut 33-1,
TMV 4, TG-18 and USA 20. These crosses were advanced by bulk
pedigree method in early generation. No individual plant selections
were made at any stage. However, selection for growth habit and
other pod and seed traits was done and the selected bulks were
evaluated. :

Eighty-six of these bulks belonged to the spanish type (A. hypogaea
subsp. fastigiata. var. vulgaris) and the remaining 11 to the virginia
type (A. hypogaea subsp. hypogaea var. hypogaea). These Fs and Fy

selections were grown in a randomized complete block design with”

two replications in an alfisol (Udic Rhodustalfs) in two row plots, 9
meters in length, with 75 cm ridge x 10 cm intra ridge spacing under

" high and low fertility environments during the 1979 and 1980 rainy

seasons at ICRISAT. The high fertility trail was grown under irrigated
conditions with complete protection against pests, and single super-
phosphate was applied at 26.4 kg P/ha. The low fertility trial was
grown under rain-fed conditions without any protection against pests,
and single superphosphate was applied at 8.8 kg P/ha. A separate ran-
domization was done for both the fertility regimes.
Data on the following vegetative and reproductive traits were re-
corded on ten plants per plot.
1. Height of the main stem axis (n) in cm (HMA)
2. Length of cotyledonary laterals in cm (LCL)
3. Number of (n+1) primary branches (NOPRI)
4. Number of (n+2) secondary branches (NOSEC)
5. Total number of nodes (TOTNOD)
6. Number of nodes with pegs (PEGNOD)
7. Total number of pegs (TOTPEG)
8. Pegs per node (PEG/NOD)
9. Total number of pods (TOTPOD)
10. Pods per peg (POD/PEG)
11. Mature pod per plant (MATPOD/PL) .
12. Mature pod weight per plant (MATPODWT/PL)
13. Mature seed per plant (MATSD/PL)
14., Mature seed per pod (MATSD/POD)
15. Mature seed weight per plant (MATSDWT/PL)
16. Weight per mature seed (WI/MATSD)
Plot means were used to estimate correlations between characters.
The phenotypic correlations were further partitioned into direct and

" indirect effects on seed yield by path coefficient analysis following

Dewey and Lu (4).
Results and Discussion

Highly significant genotypic differences and genotype
x year interactions were observed for all the characters
except for MATSD/POD (Table 2). Nine of the sixteen
characters showed significant fertility x year interactions
both years. While ten traits showed significant genotype
x fertility interactions in the first year, only four charac-
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Table 1. Parentage of the ninety-seven bulk selections of peanut.

Identity Pedigree Identity Pedigree

Intersubspecific crosses Intrasubspecific crosses

BS 1 « Ah 65 x Robut 33-1 BS 48 TG 3 x MGS 9

BS 2 Ah 2105 x M 13 BS 49 TG 3 x Sm=5

BS 3 Argentine x NC Ac 2944 BS 50 TG 7 x Sm-5

BS 4 FSB 7-2 x NC Ac 962 BS 51 TG-14 x Gangapuri

BS 5 JH 89 x NC Ac 962 BS 52 TMV 2 x NC Ac 171412

BS 6 JH 89 x NC Ac 2821 BS 53 TMV 7 x Chico

BS 7 MGS 7 x NC 2 BS 54 Manfredi x X14-4-B-19-B

BS 8 NC 17 x VA 72 R BS 55 Var 2-5 x 0G 69-6-1

BS 9 0G 69-6~1 x NC Ac+2938 BS 56 Var 2-5 x NC Ac 475

BS 10 RS 138 x 0G 69-6-1 BS 57 99-5 x Failzpur 1-5

BS 11 RS 138 x Sm-5 BS 58 55-437 x MGS 9

BS 12 TG 18 x NC Ac 741 BS 59 55-437 x Spancross

BS 13 Tifspan x NC Ac 2944 » BS 60 X14-4-B-19-B x NC Ac 400

BS 14 Var 2-2 x TG 18 BS 61 X14-4-B-19-B x NC Ac 980

BS 15 X9-2-B-25~B1 x MK 374 BS 62 X14-4-B-19-B x NC Ac 17142

BS 16 X14-4-B-19-B x NC Ac 2821 BS 63 X14=4-B=19-B x 99-5

BS 17 X14-4-B-19-B x NC Ac 2938 BS 64 X14-4-B-19-B x Goldin-1

BS 18 X14-4-B-19-B x NC Ac 2945 ) BS 65 Argentine x NC Ac 580

BS 19 Manfredi x M 13 BS 66 Argentine x NC Ac 580

BS 20 Argentine x NC Ac 2158 BS 67 Dh 3-20 x Manfredi

BS 21 Comet x USA 20 BS 68 | Dh 3-20 x Manfredi

BS 22 Comet x USA 20 BS 69 Dh 3-20 x 55-437

BS 23 GA 207-3 x Chico BS 70 Dh 3-20 x 55-437

BS 24 GA 207-3 x Chico BS 71 0G 1-13-3 x NC Ac 2741

BS 25 ™V 4 x JH 89 BS 72 0G 1-13-3 x NC Ac 2741

BS 26 TMV 4 x JH 89 BS 73 Shulamit x NG 268

BS 27 Var. 47-16 x JE 62 BS 74 Shulamit x NG 268

BS 28 Var. 47-16 x JH 62 BS 75 TMV 7 x FSB 7-2

BS 29 Ah 8254 x Dh 3-20 . BS 76 MV 7 x FSB 7-2

BS 30 Dh 3-20 x FSB 7-2 BS 77 ™V 7 x 99-5

BS 31 Dh 3-20 x NC Ac 741 BS 78 ™V 7 x 99-5

BS 32 Dh 3-20 x NC Ac 2608 BS 79 Tifspan x NC Ac 529

BS 33 Dh 3-20 x 148-7-4-3-12-B BS 80 Tifspan x NC Ac 529

BS 34 J 11 x Pol.2 . BS 81 +55-43T x MGS 7

BS 35 J 11 x TG 3 BS 82 55-437 x MGS 7

BS 36 J 11 x Faizpur 1-5 BS 83 J 11 x HG 1

BS 37 JH 171 x 55-437 BS 84 J 11 x HG 1

BS 38 MGS 7 x Sm-5 BS 85 J 11 x HG 1

BS 39 MGS 9 x X9-2-B-25-B BS 86 VA 72 R x Comet

BS 40 MGS § x 2-5 BS 87 VA 72 R x Comet

BS 41 NC Ac 400 x MGS 7 BS 88 VA 72 R x Comet

BS 42 NC Ac 400 x Spancross BS 89 G 37 x MK 374

BS 43 Pol. 2 X MGS 7 BS 90 RS 138 x Ah 2105

BS 44 Pol. 2 x NC Ac 2945 BS 91 RS 138 x Ah 2105

BS 45 Sm-5 x NG 268 BS 92 Robut 33-1 x NC Ac 2698

BS 46 Spanbross xJd 1 BS 93 Robut 33-1 x NC Ac 2698

BS 47 Spancross x J 11 BS 94 Robut 33-1 x NC Ac 2821
BS 95 Robut 33-1 x NC Ac 2821
BS 96 TG 1 x NC Ac¢ 2750
BS 97 TG 1 x NC Ac 2750

BS - Bulk selections

ters showed significant genotype x fertility interaction in
the second year.

Estimates of phenotypic correlation coefficients for
various vegetative and reproductive traits, HMA, LCL,

NOPRI, NOSEC, TOTNOD and PEGNOD, were posi-

tively associated (P=0.01) among themselves except

HMA with NOSEC. (Table 3). However, the vegetative
traits, HMA and PEGNOD were significantly positively

associated with MATSDWT/PL. It is interesting to note

that all these vegetative traits were positively (P=0.01)

associated with WI/MATDS. Sandhu and Khera (11),

Balaiah et al. (2), and Yadava et al. (15) also observed

positive association between number of secondaries,

total nodes and peg nodes with length of cotyledonary
laterals and number of primaries. ,

Some workers (2,6,7,9,11) have reported positive cor-
relations between pod yield and number and length of
primary and secondary branches and height of the main
axis. While in this study most of the vegetative traits
were positively associated with WI/MATSD, whereas
only PEGNOD, TOTPEG and PEG/NOD were found
positively associated with MATPOD/PL, MATPODWT/
PL and MATSD/PL. Associations between vegetative
and reproductive traits for most of the other combina-
tions were either nonsignificant or low in magnitude
and in general inconsistent over environment. Thus, in- . -
dicating that none of them could be used reliably as an
indicator of the productivity of the genotypes. It is also
obvious that the results of character association studies
based on one season’s data should be interpreted cau-
tiously. \

Reproductive traits, in general, were significantly
positively associated (P=0.01) among themselves.
Selection for increase in any of these traits, particularly,
MATPOD/PL, - MATPODWT/PL, MATSD/PL,
MATSD/POD, and MATSDWT/PL would result in a
corresponding increase in the other characters. Similar
results have been reported earlier (1,3,6,7,11,13,14).

It was interesting to observe that while WI/MATSD
showed a significant, positive association with all the
vegetative traits, only two of the reproductive traits
were significant. Such significant but low positive corre-
lation between WI/MATSD and MATSD/POD and
MATSDWT/PL revealed that selection for increased
seed size and higher yield would be possible in seg-
regating populations. Coffelt and Hammons (3) also re-
ported significant but low positive correlations between

.seed yield, 100 seed weight, and seeds/pod.

Path coefficient analyses were used to determine the
direct and indirect effects of those characters that
showed  significant . positive  correlations with
MATSDWT/PL (Table 4). MATSD/PL had a higher de-
gree of direct effect (0.88) on MATSDWT/PL. The indi-
rect effects of other characters were negligible except
for MATPODWT/PL. The direct effect of MAT-
PODWT/PL was low (0.25) compared to the indirect ef-
fect of this character via MATSD/PL (0.69). Similarly
MATPOD/PL showed an extremely low direct effect
(0.03), whereas, a high indirect effect via MATSD/PL
and a lower but significant effect via MATPODWT/PL
was observed. Earlier studies using path coefficient
analyses indicated that number and length of secondary
branches and mature pod were the most important
characters contributing direct effects on pod yield (8,9).

From the correlations, it was clear that MATPOD,
MATPODWT, and MATSD were positively associated
(P=0.01) among themselves and also with MATSDWT.
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Table 2. Pooled analysis of variance for various vegetative and reproductive traits in peanut. "
Source a.f. HMA LeL NOPRI NOSEC TOTNOD PEGNCD TOTPEG PEG/NOD 'rmm; POD/PEG MATPQD/PL MATPCDWI/PL. MATSD/PL MATSD/POD MATSDWI/PL wr/;;;;;
Year 1 9644%% 331890 13.3 2523.0%% 297120 44324 " 1130524 8,23 146014 0.93%e 1144198 3925¢ 1.2 0.29 13.6 g.e
F'l‘;:ti;y b 1 2065w 242554 90.34% 1985.0%% ITITTANE 96859% 51249% 0.52 256214 1,28 3059544 165204 209524% 10,714 2200.6%¢ 0,224
wﬁi:‘;e::‘m 1 131gee C qz33ee 118,988 645 8381 BRI 17364 5.570 7436 0.53m Toure 26514 30784 2.52 839.4%% 0.04
Error 4 10 21 2.9 13.4 1948 253 2574 0.36 363 0.02 505 208" 288 1.27 3r.2 0.01
Genotype 96 3w 4o 3.';" 37.6%% 252740 1394 o h6Ive 0,09%% 9““ 0,054% TS . 2148 Gone 0.25 4.gwe 0.0074%
Genotype x year 96 F ‘ 364 2,74 52.24 316748 123%% 46340 5.09" 130"' 0.054% 854 23 614 0.25 4.8% 0.072%%
G ey 6w e aaw e e 6 @ o o om - - s 0er s oo
Gen::y;;n: ;:;llicy 96 18%% 12 1.3 4.7 294 107+ Extl 0.07%¢ El 0.55"' 12 ¢ 5 26 0.49 2.8 0.003
Error 384 12 12 1.3 3.9 308.0 7% 249 0.04 a7 0.02 19 7 23 0.24 2.4 0.003
%, #% . Sigaiftcant at 0.05 and 0.01 probability level.
Table 3. Phenotypic correlation coefficients for various vegetative and reproductive traits in peanut over all environments.
BMA  LCL  NOPRI  NOSEC - TOTNOD  PEGNOD. TOTPEG ~ PEG/NGD  TOTPOD  POD/PEG MATPOD/ MATPOD MATSD  MATSD " watsp  WI/MATSD
PL WI/PL /PL /POD WI/PL
HMA —  0.7I% 0.34%*  0.14 0.36%%  0.4T¥X  0.44% 0.34%% 0.38%%  0.27%%  0.27%  0.35%% (.17  0.27%%  0.27%%. 0.41%*
LCL - 0.63%%  0.5TH  0.67%%  0.53%%  0.46%%  0.13 0.18 0.08 0.11 0.13 0.02  0.19 0.13  0.52%%°
NOPRI - 0.54%%  0.65%% ' 0.53%%  0.48%%  0.20% 0.19 0.08 0.03 0.02  -0.01  0.05 0.06  0.42%*
NOSEC - 0.84%%  0.35%%  0.27%%  _0.31%%  .0.28%% _0.42%%  _0.22%  -0.19  -0.20% 0.05 -0.11  0.38%*
-TOTNOD - 0.67%¢  0.57#  _0.10 -0.01 -0.27%%  0.06 0.14 - 0.05 0.21%  0.18  0.53%*
PEGNOD 0.78%%  0.39% 0.42%%  0.03 0.44%%  TO.46¥%  0,38%% 0.36%F  0.46WF 0.38%*
TOTPEG - 0.67*% 0.55%% 0,03 ©  0.43%*  0.49%%  0.32% 0.17 0.37%% 0.31%*
_ PEG/NOD - 0.T1%% 0,44k Q44% 0.40%%  0.32%% 0.11 0.25%*  0.04
TOTPOD - 0.78%¢  0.69%%  0.56%*  0.55% 0.09 0.45%% —0.06
POD/PEG - 0.49%%  0.35%%  0.42%% 0.09 0.28%% -0.13
MATPOD/PL - 0.83%%  0.77T**  0.63%% 0.71%t 0.03
MATPODWT/PL - 0.78%% 0.58%%  0.82%% 0.14
MATSD/PL -. 0.55%%  0.90%* -0.08
MATSDWT/FOD - 0.55%% 0.21%
MATSDWI/PL - 0.23%
WT/MATSD k -
¥ %% . Significant at 0.05 and 0.01 probability level.
Table 4. Path coefficient analysis of eleven characters on mature seed vield (pooled over locations) in peanut.
HMA - PEGNOD TOTPEG PEG/ NOD TOTPOD POD/PEG MATPOD/ MATPCD MATSD/ MATSD/ WI/MAT MATSD
. . PL WI/PL PL POD SD WT/PL
BMA .013 .030 -.069 .001 -.003 -.037 .007 .087 .156 ~.039 124 L2TER
PEGNOD .006 -062 -.123 .001 -.004 -.004 .01 113 .335 -.052 114 AL
TOTPEG. ~ .006 049 -.155 .001 ~-.005 -.005 o0n Ja21 .282 -.025 .093 L3TE*
PEG/NOD ..004 .025 -.104 002 -.006 -.059 .01 .100 .280 -.016 012 .25%%
TOTPOD .005 .026 ~.086 .001 =-008. -.105 ) 017 .139 .\488 -.014 -.017 L45%%
POD/PEG .004 .002 -.005 .001 -.007 =.135 .012 .087 .3‘73 -.014 -.040 .28%%
MATPOD/PL .004 .027 -.067 .001 -.006 -.067 -025 .207 .683 -.091 -.009 JT1EE
MATPODWT/PL .005 .028 ' -.076 .001 —‘.005 -.047 021 =247 .690 ~-.084 044 .82%%
MATSD/PL .002 .024 -.050 .001 -.005 -.057 .019 194 -881 -.079 -.026 .Q0%#*
MATSD/POD .004 022 -.028 .000 -.001 -.013 .016 145 485 =.143 .062 55¥%
WT/MATSD 005 .024 048 .000 .000 .018 -.001 ;036 ~.075 -.030 =301 .23%
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Path coefficient analyses also revealed a high contri-
bution of these traits (directly or indirectly) in determin-
ing the MATSDWT/PL. Selection of either trait or a
combination of these traits for increased yield should be
possible in segregating generations. Emphasis should
be given to evaluate the genotypes/breeding lines under
. diverse environments over years.
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Evaluation of the Insecticide Chlorpyrifos for Activity Against

Southern Stem Rot of Peanut
A. S. Csinos*

ABSTRACT

Chlorpyrifos, a soil insecticide reported to have activity in
controlling southern stem rot of peanuts, was evaluated in an
area heavily infested with the southern stem rot pathogen
Sclerotium rolfsii Sacc. over a three year period (1981-1983).
Chlorpyrifos 4E at 0, 1.12 or 2.24 kg ai/ha was applied preplant
incorporated broadcast followed by 0, 1.12 or 2.24 kg ai/ha
chlorpyrifos 15G or 4E at pegging in a 40 cm band over the
row. Combinations of chlorpyrifos and PCNB were also
evaluated as a formulated granule and as concomitantly applied
separate materials. Disease loci were enumerated during the
season and at inverting and yields were determined for plots.
Chlorpyrifos alone did not significantly decrease disease in any
of the tests over the three year period at any rate or method of
application tested. A PCNB + chlorpyrifos (11.2-2.24 kg ai/ha)
combination granule and the two chemicals applied concomit-
antly were as effective as PCNB + fensulfothion (11.2-3.36 kg
ai‘ha) in reducing disease and increasing yield. Potential niches
for the use of chlorpyrifos in reducing southern stem rot are
discussed.

Key Words: White mold, Sclerotium rolfsii.

Southern stem rot of peanuts caused by Sclerotium
rolfsii Sacc. is one of the most serious soil-borne dis-
eases of peanut. The disease causes an estimated 10%

*Associate Professor of Plant Pathology, University of Georgia,
Coastal Plain Experiment Station, Tifton, Georgia 31793.

loss of crop value or about $40 million loss each year in
Georgia (10). Recommended control of the disease in
Georgia includes a combination of cultural practices
such as rotation with a grass crop, deep plowing to bury
crop litter, avoidance of dirting of plants during cultiva-
tion and the use of PCNB in combination with fensul-
fothion or ethoprop applied at pegging time (8,9).

Several researchers have reported antifungal activity
of nematicides and insecticides against soil-borne patho-
gens associated with peanut (1,2,3,5,6,8). Backman and
Hammond (1) showed that the 4EC formulation of
chlorpyrifos suppressed the growth of Sclerotium rolfsii
in vitro and reduced southern stem rot of peanut in the
field. They reported a synergism between the active
and inert ingredients in the EC formulation in laborato-
ry studies, and suggested that the granular formulation
would show lower activity, because of the absence of
the emulsifier in the granular formulation. The use of a
pesticide such as chlorpyrifos that has both insecticidal
and fungicidal activity, would be important in peanut
culture because of the reduced applications of pesticides
required. Non target effects have been cited frequently
(1,2,3,5,6,7) but few have been exploited for the benefit
of commercially grown crops.

This study further evaluates the antifungal activity of
chlorpyrifos under field conditions. Rates of chlorpyri-
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