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Genetlc improvement in Spanish type groundnut Arachis hypogaea L.

varieties in India over the years
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Abstract

Groundnut area in India has increased gradually from
2 & m.ha in the early 1930s to nearly 8.0 m.ha in the
early 1990s and tha production from 2.5 m. tonnes to
around 7.5 m. tonnes duwring the same period. Though
a number of niche-specific varieties have been
released coupled with development of suitable
improved production technologies, the improvement
in average productivity is not quite visible. in order to
assess the genetic improvement in Spanish type
groundnut varieties, which occupy more than 50% of
groundnut area in India, a field study was conducted
for two seasons under irrigated conditions using 4%
varieties released during 1905-2002, and the
increments in pod and kernel yields and component
traits over the years were studied. An annual increase
of 9.4 kg/ha in pod yield and 6.2 kg/ha in kernel yield
was observed. The {rend in improvement was greater
with 241 kg/ha pod yield increase when the pod yield
in the best variety released during each decade of
development was analysed. The enhanced pod yield
has resulted mainly from improvement in number of
podsiplant, pod and seed weight. Improvement in
shelling and sound mature kernel percentage was not
significant. Availability of sufficient variability in the
germplasm for quality traits, pest resistance, drought
tolerance, etc., should enable the breeders to
incorporate these traits into breeding programmes
and develop varieties endowed with higher yield
potential in future,

Key words: Arachis hypogaea, genetic improvement,
Spanish groundnut

Introduction

Groundnut {Arachis hypogaea L) is one of the most
important oilseed crops in India, occupying and
contributing nearly 30% of the total area and production of
oilseeds in the country. India stands first in terms of area
(7.5 mha) among mare than 100 countries where
groundnut is grown, with a share of around 20% (7.8 m.
tonnes) in the world production, next only to China (FAQ,

2007). The productivity leve! of groundnut in India is far
below the world average of 1400 kg/ha mainty because it
is predominantly grown as a rainfed crop (80% of the total
acreage) under various bictic and abiotic constraints that
limit crop vield.

It is believed that groundnut was introduced into india in
the first half of 16" century by the Spaniards (Krapovickas,
1968). Purposeful introduction of improved varieties of
groundnut in India was made towards the end of 19"
century. In 1884, the Mauritius variety was introduced to
Pondicherry and Madras from Mauritius. During 1901-02,
the Bombay Department of Agriculture introduced
Pondicherry groundnut Mauritius from Madras, Spanish
and Virginia from America, and Small Japan and Large
Japan from Japan. New introductions fared better than the
local cultivars and the area under cultivation began to
increase rapidly. Three of these cultivars gradually spread
over the various parts of the country with variant names
viz., Peanuts, Spanish Peanuts (variants of Spanish),
Coromandal, Mauritius, Mozambique (variants of
Mauritius), and Bold (variant of Big Japan)} and formed the
basis for groundnut improvement and research in India
{Seshadri, 1962). The first improved variety, Spanish
improved, a pure-iine selection from Spanish groundnut,
was released in 1905 from Dharwad of Karnataka State.
From 1806 to 1860, nearly 16 varieties were released thai
were developed either through mass-selection or pure-line
selection from the local and intreduced varieties. A special
umbrelta project, All India Coordinated Research Project
on Qilseeds (AICORPQ) was established during 1967 to
address the research needs of improving the production
and productivity of nine vilseed crops including groundnut.
Special emphasis on groundnut research was laid with the
establishment of the National Research Centre for
Groundnut (NRCG) in 1978 at Junagadh, Gujarat.
Groundnutimprovement was further strengthened through
a mission mode approach with the launching of
Technological Mission on Qilseeds (TMOP) in May 1986.
Groundnut was detineated from the AICORPO and was
given a separate project status as'All India Coordinated
Research Project on Groundnut' during 1992. Increased
momentum  in groundnut  varietal development
programmes has resulted in the release of more than 130

.
Directorate of Sorghum Research, Rajendranagar, Hyderabad-500 030, Andhra Pradesh.
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groundnut varieties belonging to different habit groups. At
present, the Spanish type groundnut occupies more than
50% of the groundnut area in India. The main Spanish
type groundnut growing states are Andhra Pradesh,
Karnataka, Maharashtra and Tamil Nadu. in the present
paper, an attempt has been made to highlight the genetic
improvement achieved over the years in yield and related
traits in Spanish type groundnut varieties developed in
India since the release of the first improved variety,
Spanish Improved.

Materials and methods

Figld evaluation of 49 Spanish type varieties (Table 1) was
conducted at the National Research Centre for Groundnut
(presently Directorate of Groundnut Research), Junagadh
(70.36°E longitude and 21.31°N latitude, 60 m above
MSL) in the summer seasons of 2002 and 2004 under
assured irrigation and management. The evaluation trial
was laid out in a Completely Randemised Block Design
with three replications.

Table 1 Name, pedigree, origin, year of release and mean performance of 49 Spanish groundnut varieties

Yearof _Mean performance (kg/ha)

Name Padigree Place of arigin release Fod Ketnel
Sp. lmproved Selection from Spanish Peanut Dharwad 1405 904 574
AK 12-24 Selection from a local variety Akola 1940 1034 728
TV 2 Mass Selection from Gudhitham Burnch Tindivanam 1840 1047 693
J 1 Ah 4218 x Ah 4354 Junagadh 1964 11219 795
SB X| Ah 4218 x Ah 4354 Jalgacn 1965 1184 789
TMV 7 Selection from Tenesse White Tindivanam " 1667 794 490
S 206 Selection from Manvi Local Raichur b 1969 1068 §60
Jyothi Selection from Exotic 7 Khargone ) 1971 1200 733
DH 3-30 Spanish Improved x US 4 Dharwad : 1975 757 417
MH 1 Selection from Faizpur 1-5 Hissar 1975 888 551
JU 24 Selection from £C 94943 Jalgaen 1978 6820 378
TMV 12 Pure line selection from Ugandan culture Tindivanam 1973 1124 730
Co 1 Ah 6279 x TMV 3 Coimbatore 1979 1061 720
Kisan Spanish lmproved x 8 31 Chiplirma 1980 1114 737
KRG 1 Selection from Argentina Raichur 1981 1138 743
TG 17 Oark Green Mutant x TG 1 Trombay 1982 1040 644
co2 EMS mufant of Pollachi 1 Coimbatore 1983 1128 o7
GG 2 J 11 xEC 16659 Junagadh 1983 1654 1112
Jawan - J 11 x Asiriya Mwitunde Chiplima 1983 1011 645
DH 8 Selection from RS 144 Dharwad 1584 843 518
TG 3 Mutant of Spanish improved Trombay 1985 1146 713
ICGS 1 Selection frem Rebut 3341 Hyderabad 1886 1242 803
56 84 ' Selection from ICGS 1 Ludhiana 1986 1397 885
Gimnar 1 : X 14-4-8-19-B x NCAcC 17080 Junagadh 1988 1676 981
ICGS 44 Selection from Robut 33-1 Hyderabad 1988 1498 923
VRi 2 JL24xCO 2 Vriddhachalam 1988 980 606
RG 141 Rebut 33-1 x NCAc 2821 Durgapura 1989 1344 1248
Tirupati 1 Selection from £C 106983/3-1 Tirupati 1689 1320 929
ICG (FDRS) 10 Al 65 x NCAc17080 Hyderabad 1990 1238 695
ICGS 1 Selection from Robut 33-1 Hyderabad 1990 1326 911
YRI3 411 x Robut 331 Vriddhachalam 1880 1308 914
GG 3 GAUG 1 x UL 24 Junagadh 1991 1143 783
ICGV 86530 X 14-4-B-19-B x P1259747 Hyderabad 1991 1499 884
TAG 24 . TGS 2 (TG 18 x M1 xTGE 1 Trombay 1491 2335 1564
Tirupati 2 GAUG 1 x NCACFLA-14 Tisupat 1991 1337 928
TG 22 Rebut 33-1 x TG-17 Trombay 1992 1528 987
GG 4 CGC 3 x Chico Junagadn 19983 1622 1081
K 134 Kadiri 3 x JL 24 Kadiri 1993 1772 1156
TKG 194 TGI1TXxTG 1 Trombay 1993 1112 703
TG 26 BARCG 1 x TG 22 Tromtay 1895 1703 4104
Tirupati 4 JU 24 x Ak 316/5 Tirupati 1995 1027 654
GG 5 2751 xJL 24 Junagadh 1996 1219 BO7
ALR 2 Selection from iICGV 86011 Aliyarnagar 1997 1418 g79
Kadiri 4 Dh 3-30 x NCAc 2230 Kadiri 1997 1807 1237
R 9251 JL24 x TG 23 Raichur 1997 1562 1048
GG6 CGC 3 x FESR-5-P6-B1-81 Junagadh 1999 1561 1106
JL 220 JLBO X VG 77 Jalgaon 1999 1190 737
GG 7 5206 x FESR 8 Junagadh 2001 1917 1250
AK 159 JL 24 x CGC 4018 Akola 2002 1487 916
CD (P=0.05) 631 429
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Individual plots were two rows, 3 m long and 90 cm wide
with a row-to-row distance of 45 cm. Plant-to-plant
distance of 10 cm was maintained wntfm a row. The sail
type of experimental site was medium bla_ck and
calcareous. The varieties were grown following the
recommended production practices (25 kg N/ha anq 50kg
P,0/ha as basal dose) for the Saurashtra region of
Gujarat. At maturity, 10 plants were selected at random
from each replication and observations on pod and kernel
yields and related traits were recorded. Pod yield was also
recorded on net plot basis and expressed in kg/ha.
Observations on shelling outturn, 100-nod weight (HPW),
100-seed weight (HSW) and sound mature kerne! (SMK)
percentage were recorded from the bulk of the randomly
selected plants in each variety and replication,

Statistical analysis: Analyses of variance were conducted
for each season and over the seasons. The mean values
for different traits of the varieties grouped according to
decade of release were plotted to obtain the general trend
over the years. Linear regressions of pod yield of 49
varieties and that of the best variety for each decade were
warked out to determine the trends in yield and value
attributable to geneticimprovement. Yield advantage inthe
best variety of each decade over a high yielding variety
released prior to 1960 was calculated. Genetic
improvement in yield component traits over the years was
also calculated.

Results and discussion

Analysis of variance indicated significant differences
among the varieties for all the traits studied. The means of

the 49 varieties for pod and kernel yields are shown in
Table 1. Variety TAG 24 released in the year 1991
recorded the highest pod and kerne! yields, while TKG 194
had the highest 100-seed weight of 49.4 g. The shelling
outturn was the highest in GG 6 (71%), and so was the
recovery of sound mature kernels (92%). The varigties
were grouped into six classes based on the year of release
viz., varieties released before 1960 (<1960), between
1961-1970, between 1971-1980, between 1881-1990,
between 1991-2000 and varieties released after 2001
(»2001) (Table 2). The general trend over the years for
pod and kemel yields, nod weight, seed weight, shelling
outturn and recovery of SMK are depicted in Fig. 1. All
the traits except shelling outturn exhibited a general
increasing trend. In the case of sheliing outturn, there was
a slight declining trend over the decades as shelling is a
complex trait that varies depending upon solil, climate and
genetic factors. The pod and kemel yields showed a
steady increasing trend starting from the early 1980s when
the breeding emphasis was focused an sefection fram
exotic germplasm, incorporation of potential germplasm
into the locally adapted genotypes, and generation of
variability through hybridisation followed by yield based
selections. The release of improved varieties during this
decade also led to added productian of groundnut in the
faliowing decade. As the present study included varieties
released for different agro-climatic zones of India, results
from a multi-location evaluation trial in Spanish growing
areas, instead of a single location trial, would have been
more interesting and informative.

Table 2 Mean performance of 49 Spanish groundnut varieties grouped according to year of release

Year of release Pod yield (kg;’_ha) Kernel yield 1Q0—pod 1OQ—seed Shefling  Sound mature
Mean Highest tkgihay weight {q) weight {q) autturn (%} kernels (%}
Before 1580 995 1047 (TMV 2) 665 73.1 326 667 85.5
1961-1970 1042 1184 (8B X 8683 74.5 333 64.4 832
1971-1980 966 1200 (Jyothi) 605 72.2 31.3 62.6 834
1981-1990 1254 1844 (RG 141) 800 81.5 35.0 63.9 86.0
1991-2000 1480 2335 (TAG 24) 985 258 376 6.0 873
After 2001 1702 1917 {GG T 1083 378 36.4 63.6 89.1

The best variety in terms of yield performance, released
prior to 1960 was TMV 2 with a mean pod yield of 1047
kgiha. The best variety released between 1961 and 1970
was found to be SB XI while for the next decade it was
Jyothi. RG 141 and TAG 24 were the best varieties
released during 1981-90 and 1991-2000, respectively.
Only twa varieties released after 2000 were used in the
Study and GG 7 was found to be the best. The percentage
'mprovement in yield of the best variety released during
each decade over TMV 2, released in 1940, was
calculated. The pod yield superiority in SB XI, Jyothj and
RG 141 was to the tune of 13%, 15% and 76%,
respectively. The highest ytelder TAG 24, released in
1991, recorded more than $00% improvement aver TMV
2 with nearly 123% pod yield advantage. TAG 24, a
cor'npac_;t and dwarf plant type has high harvest index due
toits high partitioning ability (Badigannavar et a, 2002)

and water-use efficiency. Duncan ef a/. (1978) had also
reported that in order to improve groundnut yield in future
genotypes having higher partitioning efficiency should be
devetoped. Out of two varieties released after 2000, GG 7
recorded pod yield advantage of 83% over TMV 2. Many
high yielding varieties have been released in the recent
years after the release of GG 7 and study of superiority in
these would give a beiter picture of improvement made
during the current decade.

Genetic gains were estimated between 1.3 to 3.2% per
year under rainfed cultivation in India (Nigam ef al,, 1994).
Improved yield levels through concerted breeding efforts
in groundnut have also been reported elsewhere. Duncan
et al. (1978) reported significant improvement in runner
cultivars in Florida since the start of the breeding
programmes in 1928 They reponted as much as 100%
vield increase dueto cultivar changes when comparing the
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first cultivar released to the latest release. Wynne and
Gregory (1981) reported yield increases of 3, 12 and 18%
when comparing an improved variety released during the
1850s, 1960s, and 1970s, respectively, to a land race (NC
4) grown in North Carolina. Mozingo et al (1987)
undertook a study to determine the genetic improvement
in yield, market grade, and value of large-seeded Virginia
groundnut cultivars released since the establishment of
breeding programmes in the Virginia-North Carolina
production area. The highest yielding cultivar developed
during the 1850s, 1960s, and 1970s had an average yield
increase of 3.4, 10.2, and 18.5%, respectively, over the
standard, NC 4. They opined that the cultivars released
during the 1980s could not surpass the cultivar with the
highest yield developed during the 1970s because of the
emphasis placed on pest resistance and quality
acceptance during the 1970s,

Plotting pod yields of the 49 varieties vs. year released
(Fig. 2) showed an upward trend. Linear ® = 0.483, P
<0.01) regression calculated was highly significant with a
9.4 kg/ha yearly increase in pod yield. Plotting the kernet
yield against year of release also gave highly significant
regression ® = 0.453, P <0.01) with an annual increase of
6.2 kg/ha. By plotting the pod yields of the best variety
released for each decade of development {Fig. 3), the
trend in improvement was greater with a 24.1 kg/ha yearly
increase ® = 0.873, P < 0.05). This improvement should
be more representative of the genetic improvement
accomplished as each of the variety used in the analysis
represents the variety with the highest yield potential for
that decade. Comparing the best yielder for each decade
with the land race NC 4, Mozingo et al. {1987} reported
that the genetic improvement had accounted for yearly
yield increase of 14.7 kg/ha in the Virginia-North Carolina
groundnut production area. The genetic improvement
achieved in the Spanish type groundnut cultivars in India
thus appears more promising.

The genetic improvement achieved for pod and kernef
yields must have come through active breeding efforts
aimed at improving one or more of the yield components.
From the trends depicted in Fig. 1 one can make out that
the average HPW and HSW of varieties released in the
mid-1980s recorded a steady jump compared to the
previous decade. The shelling outturn remained almost
constant during this period but showed a slight increase
and declined subsequently. Manivel et al. (2000) attributed
HSW to be one of the important factors that contributed to
the yield improvement in Indian groundnut varieties and
indicated that shelling percentage is a fess stable yield
component as it showed year-to-year variation. Apart fram
pod and seed weight the number of pods/plant as well as
pod vield/plant could also be a major factor deciding the
gain in yield potential of the varieties. Phenotypic selection
praclised by the breeders in the segregating generations
place greater emphasis on the number of pods/plant with
uniform maturity foliowed by the pod size and pod

characteristics like shape, reticulation, constriction etc.

tn arder to examine the genetic improvement in yield
related raits like pod number, pod weight, etc., the mean
values of the varieties for these traits were plotted against
the year of release. The pod yield per plant showed a very
strong finear regression ® = 0,505, P < 0.01). The linear
regression of number of pods/plant (Fig. 4) was significant
& = (0.367, P < 0.01) indicating the genetic gain that has
occurred over the years from this trait has contributed
towards enhanced pod yields. Incorporation of important
germplasm like EC 94943, Ah 6279, EC 16659, Asiriya
Mwitunde, Robut 33-1, NCAc 17090, etc., in the breeding
pragrammes during 1970s and 1980s had centributed in
development of variaties with high yield potential than the
existing cultivars (Basu and Reddy, 1987). Breeding
techniques like mutation has also paid rich dividends in
groundnut in modifying the plant architecture like reducing
the plant height, enhancing the number of pods. etc.
Varieties, TAG 24 and TG 26, developed through
mutagenesis followed by recombination breeding at the
Bhabha Atomic Research Centre (BARC), Trombay,
recorded the highest number of pods/plant, and TAG 24
eventually had the highest pod yield alse among the
varieties studied. Both TAG 24 and TG 26 are early
maturing, semi-dwarf varieties with high pod growth rate,
high harvest index and greater parditioning efficiency
(Badigannavar et al, 2002). A rapid expansion
phenophase, a short podding phenophase, a long filling
phenophase and a high partitioning of assimilates to pods
were considered to be the physiological criteria
responsible for higher yields by Mc Cloud ef al. {1980).
Varieties TAG 24 and TG 26, with high yield potential
nearly satisfy these criteria and thus substantiate Mc
Cloud et al. (1980Q) conclusions.

It is believed that varictal improvement in mos{ peanut
grawing states in india was brought about through
progressive improvement in pod size especially up to
1980s (Reddy, 1988). For example, among the Spanish
varieties, the pod weight increased from 72 g in AK 12-24
{1940)to 75 g in SB X{ (1965), 119 g in JL 24 (1978) and
120gin TG 17 (1982} in Maharashtra: from 77 g in S 206
(1969) to 88 gin Dh 3-30 (1975) in Karnataka and from 76
gin TMV 2 (1940) to 91 g in TMV 7 (1967) and 92 g in
TMV 9 (1970) in Tamil Nadu. tn the present study, genetic
improvement in pod and seed weight was also warked out
through plotting the mean values vs. year of release. The
HPW showed significant improvement ® = 0.3, P < 0.05)
over the years (Fig. 5). However, the magnitude of annual
gain was only marginal. The genetic gain in seed weight
(Fig. 6) was also significant ® = 0.288, P < 0.05), but with
only a marginal gain over the years. Limited availability of
sufficient variability for pod and seed size among the
Spanish germpiasm collection could be one of the reasons
in non-realisation of highly significant improvements for
these traits through conventional breeding approaches,
whereas Virginia germplasm holds more promise for pod
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and seed size improvements. Moreover, the yietd per se
was the prime consideration by the breeders and not pod
qumber or increased pod or seed size in isolation.
physical mutagenesis at the BARC has resulted in
d evelopment of a number of mutant lines with enhanced
od and seed weight (Murthy et al., 2004). Mutation and
ecombination breeding at the BARC succeeded in
r veloping ceveral large-seeded genatypes of which TG1,
?’T(G 19A and Somnath (TGS 1) were released for
Jltivation in india (Kale et ai., 2000). In the present study,
iKG 194, and TG 22- anothes cioss defivative developed
t the BARC recorded high HSW (49.4 g and 454 ¢,
a spectively). Other mutant lines with large pod and seed
ree regularly being used in the groundnut improvement
aiogra mmes aimed at developing large-seeded groundnut
arieties. [n the year 2004 a new confectionery and
rge-seeded groundnut variety, TPG 41, was released for
fommercial cultivation (Kale ef &/, 2004).

he quality gharacters on which emphasis is laid in the
srietal develapment in India are shelling percentage and
i{ content because they directly influence the oit yield per
Onit area. High shelling lines like Ah 7148, C 246, C 156,
gC 24425 and EC 24444 were included as donor parents
” " the hybridization programmes faunched under
i 1CORPO groundnut centres (Reddy, 1988}. In spite of
nhanced emphasis on improving the shelling outturn and
ser quality attributes like SMK over the years, the
O ovement in these traits were not appreciable as
lmv,%enced in the present study. Though a shight
© aovement in shelling outturn was obsered in the
coundnut varieties released over the years (Basu and
athnakumar, 2004}, int the 48 Spanish varieties studied
are the shelling outturn remained nearly constant over
years. The regression calculated was non-significant
the 0.051, P =0.73). fn case of SMK percentage also the
ression indicated non-significant @ = 0.217, P = 0.134)
r grovement. This may be due to applying high selection
gssure on number of pods than the seed weight alone.
50, it can be hypothesized that as the Spanish types, in
peral, are determinate in growth habit with nearly
iform maturity, significant improvementin SMK could not
ized through conventional breeding approaches.

=

0
pe read!
jimitation often greundnuf breeders put forth to increase
oundnut productivity is the availability of relatively low
netic variability inthe germplasm commeonly used in the
eeediﬂ g programmes. However, very littie of the large
netic variability inthe germplasm accessions has been
3.“2 ed in  crop improvement programmes. The
! mational Crops Research Institute for the Semi-Arid
pics (ICRISAT) holds in trust in excess of 15000
0 gssions of cultivated groundnut but very few have been
a ':‘d in the improvement programme (Upadhyaya et al.,
u 33) suggesting that most groundnut cultivars have a
20 narrow genetic base. Though there are examples
ueﬁ’f ¢ plant breeders have effectively exploited the exotic
¥ h:r'tp'a sm forincorporation of disease resistance or other
[ !

single gene controfled traits (Staiker, 1980), use of exotig
germplasm in improvement of quantitative traits is rare.
Halward and Wynne (1991) opined that groundnut
improvement programmes aimed at rapid cultivar
development rely mostly on established cultivars and elite
breeding lines in developing breeding matenals, rather
than using exotic germplasm. With the availability of
information on core collection or mini-core collection that
captures most of the variability in the germplasm
(Upadhyaya et al., 2002; Upadhyaya, 2003) groundnut
breeders should be able 1o incorporate more germplasm
accessions in breeding programmes in future.

To conclude, resulis from the study show that progress
has been made in genetic improvement of the Spanish
type groundnut since organized breeding programmes
began in India. As Spanish type varieties contribute mare
than 50% of the total groundnut production of the country
the genetic improvement gained in yield potential is really
a commendable achievement for the groundnut breeders.
The atterations in plant architecture with reduced height,
erect growth habit, more number of pods, ete., are the
main landmarks in the Spanish groundnut improvement.
Progress in improvement of other characteristics like
quality, shelling outturn, pest resistance, drought
tolerance, etc., should be more focused in the breeding
programmes in future in order to further consolidate the
yield gains in groundnut. Utilization of large genetic
variability contained in the germplasm accessions has to
be given priority. The farmers' preference for erect,
spreading or semi-spreading habit type waould atso decide
the magnitude of emphasis to be placed in the
improvement of Spanish type groundnut.
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Genetic variation and trait relationships in summer groundnut, Arachis

hypogaea L.
H.R. Met2 and B.A. Monpara'

Deparime"t

(Rec

phstract ,
Fifty elite genctypes of hunch groundnut, Arachis
i

aca (L) were evaluated in summer season to
hYPDche extent of genetic variability, nature and
k!’IOW.t de of association among the yietd traits and
magn! -uect and indirect effects on pod yield. High
their ¢I1:r,de of GCV and PCV for pods/plant, kernel
njagm‘t'unt and pod yield/plant indicated large extent
yield/p atic variability for these traits in the material.
of gene ritability was accompanied by high genetic
High he for plant height and 100 pod weight,
advance moderate heritability was associated with
w.hereasétic advance and high GCV for pods per plant
high ge':nel yieldiplant, indicating involvement of
and %€ ene actian for these traits. Pod yietd/plant
addntweegd high genetic advance with low heritability,
express its high magnitude of GCV suggested the
howeve?pod yield improvement. Pod yield/plant was
scopeloted strongly and positively with kernel
a-ssomf at, podsiplant, shelling outturn and oil
yneidip:‘bu’t its correlation was significantly negative
°‘,’"te?m pod weight, days to 50% flowering and days
with 1 rity. Podsiptant manifested maximum direct
to sl ards pod yield/plant followed by 100 pod
effe.ect-‘; nd 100 kernel weights. Pods/plant and kernel
V‘fe'gh |ant also contributed major share to pod
y!e!dlplant indirectly through other traits. Thus,
yleldn’p]ant and kernel vyield/plant would be the
pods/p ‘:‘ L componenttraits of pod yield and should be
im:z:izred as selection criteria for enhancing yiefd in
to

summer groundnut.

- Arachis hypogaea, variability, correlation,
Key words: path effects

[ntroduction

_ndnut (Arachis hypogaea L) is one of the most
+ oilseed crops, commercially popular due to its
- ality of edible ofl and protein. It has a wide
supernor qdaptabilit}’ in varying agro-climatic conditions
range 9f aAmong the groundnut growing states, Gujarat
andk?#it in productien and second in area in the country.
ran

The gro
jmportaﬂ
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In Gujarat, summer groundnut (bunch type} is usually
IUWn urdes Wigeked cordifons and hies edh Pigher
productivity than kharnf groundnut. As a resuit, it gives
large profits despite the high cost of production thar the
kharif season.

Since the econamic part of groundnut known as pod is
developed under the soil, prediction of its performance
based on aerial morphologicaf characters is almast difficuft
(Weiss, 2000). As it is a highly self-pollinated crop, the
variability observed within the habit groups reported to be
very low. In fact, genetic variability is of greater interest to
the plant breeder as it plays a vital role in framing a
successiul breeding programme. Further, correlation and
path anatysis is helpful to determine the magnitude of
association among the variables and relative contribution
ot them on yield. Such information in groundnut especiaity
under summer condition is limited. Therefore, present
study was undertaken to know the extent of variability,
nature and magnitude of relationships among yield traits
and their direct and indirect effects towards pod yield in

- summer groundnut.

Materials and methads

The experimental material comprising of 50 genotypes of
bunch groundnut was laid out in a randomized block
design with three replications at the Main Oilseeds
Research Station, Junagadh Agricultural Uriversity,
Junagadh under irrigated condition during summer, 2005.
Each entry was accommodated in a single row of 3m
length with a spacing of 30 cm x 10 cm. Guard rows on
both side of every nine lines and also surrounding the
experiment were provided ta avoid barder effects.

All management practicrs invayes for swmmer sultivation,
were followed for reaping good crop. The observations
were recorded on five randomiy selected plants in each
entry for 13 agronomic traits and the average vaiues were
used for statistical analysis. Phenotypic coefficient of
variation (PCV) and genotypic coefficient of variation
(GCV) were estimated. Heritability in broad sense and
genetic advance as percentage of mean were calculated.
Genotypic correlation coefficients and path coefficients
were estimated.

! Associate Research 5¢l

8
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Results and discussion

There was a considerable role of environmental factors in
expression of all the traits as depicted by higher values of
PCV than corresponding GCV (Table 1). It was noted that
the magnitude of GCV and PCY was high for podsfplant,
kernel yield/plant and pod yield/plant, moderate for plant
height, 100 pod weight, 100 kernel weight and branches/
plant and low for days to first flower, days to 50%
flowering, days to maturity, shelling out turn, SMK% and
oil content. Our findings are in close agreement with the
results reported by Golakia et al. (200%). On the other
hand, Jower magnitude of variability for sheliing out turn
and oil content as observed in the present study
suggested that large number of germplasm lines needs to
be screened for identifying genotypes with high shelling
and oil (Bhagat ef al., 1986).

The estimate of heritability in broad sense varied from
18.30% for SMK% to 88.60% for shelling out tumn.
Similarly, genetic advance as percentage of mean
observed to be minimum for days to first flower to the
maximum for pods/plant. However, it is evident from the
data that magnitude of heritability was high for shelling out
turn (68.80%), plant height (66.30%), 100 pod weight
{65.40%) and days to maturity (64.40%). Likewise, high
magnitude of genetic advance was observed for
podsiplant (44.33%), kerne! yield/plant {33.66%), plant
height (30.33%}), pod yield/plant (26.13%) and 100 pod
weight (24.74%).

High heritability coupled with high genetic advance and
maderate GCV was noted for plant height and 100 pod
weight, indicating involvement of additive gene action and
scope of improvement of these characters through
selection. Economically important characters like pod and
kernel yield/plant showing low to moderate heritabitity
along with high genetic advance and high GCV suggested
that these characters should largely be under the controt
of additive gene action and lower estimates of heritability
may be due to larger influence of environmental factors.
In many instances including pod and kernel yield/plant,
high estimates of heritability were not associated with the
high values of genetic advance and vice-versa. This might
be due to iower or higher values of phenotypic standard
deviation which determines the value of genetic advance.
In such a situation, variability in base populations would
be more useful than the rmagnitude of heritability alone for
selecting better genotype (Johnson et af., 1955). Similar

observations have also been reponied by Venkataravana
et al. (2004).

The genotypic correlation coefficients (Table 2) obtained
amang 13 characters revealed most striking association
of pod yield/piant with kernel yield/piant and pods/plant.
These findings are in accordance with the results obtained
by Golakia et af. (2005), Venkateswarlu et a/. (2007) and
Parmeshwarappa et al. {2008). Kernel yield/plant and
Pods/plant were observed to be associated significantly

and positively between themselves as well as with sheliing
out turn. There was a significant positive association
between shelling out turn and pod yield/plant. However,
100 pod weight showed significant negative correlation
with pod yield/plant, sheliing outturn and 100 kernel
weight. This indicated that selection for smaller pod size
would increase pod yield, shelling cutiurn and kernel size. .
Many of the earlier studies indicated strong association
between shelling outturn and pod yield (Hoque ef al., 1993
and Dashora and Nagda, 2002). Pod yield exhibited
moderate positive association with SMK% which was in
agreement with the results obtained by Parmeshwarappa
et al. (2008).

Pod features like filled pods and better kernel recovery are
desirable to attract both consumers and producers A
positive association of shelling out turn with SMK% and
100 kernel weight indicated that an increase in shelling out
turn would be responsible for higher SMK% and 100
kernel weight. Days to 50% flowering and days to maturity
had significant and negative association with pod and
kernel yield/plant, and pcds/plant. This indicates that
selection for higher yielding early genaotypes with
increasing pods/plant is possible. The genotypes having
uniform kernels normally fetch premium value. Significant
positive relationship between SMK% and 100 kemel
weight indicated that it may be possible to isolate large
seeded genotypes with higher proportion of uniform
kernels. Parmeshwarappa et al. (2008} have reported
similar observations. '

High oil content in groundnut is econcmicafly desirable
characteristic. Its significant and positive association with
pod and kernel yieid/plant and days to maturity and
significant negative association with days to 50% flowering
revealed that there is a need to develop genotypes which
can flower early and mature as late as possible so that
maximum duration prevail for oil formation leading to
higher pod yield.

Pods/plant had the highest direct contribution (2.27)
towards pod yield followed by kernel yvield/plant (-0.89),100
kernel weight (0.66) and 100 pod weight {0.83) (Table 3}.
It was further noted that though the direct effects of kernel
vield/plant was negative, its positive indirect influence
through pods/plant (1.99} supported positive association
with pod yield. On the contrary, 100 pod weight and 100
kernel weight also expressed high positive direct effects,
buttheir negative indirect contributions through pods/plant
(-1.687 and -0.77, respectively) should be responsible for
significant negative and non-significant correlations with
pod yield, respectively.

Direct contribution of days to 50% flowering and days to
maturity towards pod yield/plant appeared to be fow, but at
the same time their negative indirect influence (desirable)
through pods/plant was considerable. Pods/plant observed
o be major indirect contributor towards pod yield through
most of the characters studied. Second most important
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character contributing indirectly was kernel yield/plant. A
situation like this where few characters shared a major
responsibility in enhancing the yield potential in groundnut
was reported by peshmukh et al. (1986} and

Parmeshwarappa et al. (2008). Present study, thus,
indicated that prime emphasis should be given to
pods/plant and kernel yield/plant in summer groundnut
breeding programme.

Table 1 Phenotypic (PCV}and genotypic (GCV) coefficients of varfation, heritability (h*) and genetic advance (GA) for various
characters in summer groundnut

Character PCV {%) GCV (%) h (%) GA as % mean
Days to firat flower 5.39 2.34 18.90 200
Days to 50% flowering 9.18 6.36 47.90 5.00
Days to maturity 3.02 242 64.40 4.02
Plant height {cm) 22.33 18.18 66.30 30.53
Branches/piant 15.85 11.65 54.10 17.70
Poads/piant 36.20 29.05 5480 44.33
100 pod weight (g) 18.13 1547 65.40 24.74
104 kernel weight, () 25.97 13.67 2770 12.61
Shelling outturn (%) 931 7.7 68.60 13.16
SMK % 8.9 3.81 18.30 3.36
Qi (%) 4.54 2.60 32.80 3.07
Kernel yield/plant (g) 36.01 24.24 4530 33.66
Paod vield/plant (g) 34.61 20.92 36.80 26.13
Table 2 Genotypic correlation coefficients among various characters of summer groundnut
s Plant Shellin ’ Kemel Pod
Character g o :g';l‘g height B'g""a‘i’fs’ Pads/piant W1E?§h‘t"(’g) :v%?gﬁr(';e)i pp ?"2;( (8:; vieldioian  yield
flowenr§ lem) %) (@) plant
Days to first fiower 0.99% 0.45™ -0.05 0.65** -0.31" 0.25 0.16 -0.307 -019 -024 -g.47™  -0.36%
Days 1o 50% flowering 051  -02g¢ 0.49™ -0.44™* 010 -0.14 A2 003 042%™ 064" 054
Days to maturity -0.21 0.44™ -0.37*" 0.20 0.08 -028 -0.05 026" -0.42*%  -0.41*
Ptant height {cm) 0.14 0.1 0.15 0.34" .17 028 035 027 0.25
Brachesiplant -0.43 0.52 0.47* -0.34 -0.05 039 -0.38" 033"
Pods/plant -0.74* -0,34* 0.55™ 0.13 0.25 0.8 0.90*
100 pod weight (g) 079" 037" 023 024 040" -040™
100 kernel weight (g} 016  0.84* 027 c.12 0.01
Shelling outturn (%) 065" -0.11 073* 0.51%
SMK % c.o7 0.4 0.34*
Oil (%) 028" 040"
Kernel yield/ plant (g} 0.6
" significant at 5% and 1% level. fespectively
Table 3 Direct {diagonal} and indirect {non-diagonal) effects of various characters on pod yield in summer groundnut
Uays to Plant 100 pod 100 Sheliin: ) Kernel  Correlation
Character ﬁiﬁf@% . 5§%_ ﬁi‘{ﬁr}g height Bra&:&eﬁ F;?;’:: Wi kemel cutium S(f,‘f;( 8/‘:) yield! with phd yield!
owering fem) gy weight{g) (%) plant (g)  plant (g)
Days to first flower 0.0t 011 0.01 0.00 -0.26 -0.72 -0.15 -0.15 0.00 0.02 002 0.42 -0.36"
Days to 50% flowering o0 0.11 X -D.02 -0.20 -1.00 0086 0.00 -0.09 000 003 057 -0.54*
Cays to maturity 0.0 0.05 Q.02 -0.02 -0.18 -0.83 013 0.0C 0.05 0.0t -002 037 041
Plant height {cm) 000 -0.03 -0.01 007 -0.05 0.24 o110 0.23 0.00 3403 002 -G24 0.25
Branches!plant o.M 0.05 0.01 0.071 -0.40 -0.97 0.33 0.31 0.00 001 -003 035 -0.33*
Pods/plant o0 -0.03 .01 0.01 -0.17 227 046  -0.22 000 -001 002 -078 0.80*
100 ped weight (g) 0.00 0.01 0.01 0.01 -0.21 -1.67 063 0.52 0.00 -0.02 -0.02 035 -0 40"
100 kernel weight (g) 0.00 -0.02 0.00 -0.02 -0.20 077 0.50 0.68 0.00 007 002 0N 0.01
Sheting outturn (%) om Q.08 -0.01 001 0.14 124 023 011 2.01 007 0 065 Q.51
SMK % 000 0.00 0.00 0.02 0.02 0.26 0.14 042 0.01 011 -001  -0.41 034"
Qil (%) 0.00 -0.04 0.01 0.02 -0.16 0.56 0.15 0.18 0.00 -0.01 -007 -0.25 0.40%*
Kermel yield/ plant (g} 01 007 -0.01 0.02 0.16 189 025 007 001 005 002 -0.89 0.96**

** significant at 5% and 1% level eSPectively;

Residual effect = 0.03
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Abstract

A field experiment was conducted during 2000-01 to
2006-07 on medium black calcareous clay soil at
Junagadh to evaluate the effect of integrated nitrogen
management in groundnut {(Arachis hypogaea) var.
GG-20 - wheat {Tritictirn aestivum) var. GW-496 crop
sequence. The study revealed that significantly higher
pod yield {2000 kg/ha), nutrient uptake of NPK by
groundnut pod, available N and K in soH after harvest
of groundnut and available K after harvest of wheat
were observed under 100% recommended dose of
nitrogen of each crop applied through FYM.
Significantly higher grain (4034 kg/ha) and straw yield
{4680 kg/ha) of wheat were registered when both the
crops received fertilizers as per soil test basis.
Significantly higher uptake of NPK by groundnut
haulm, wheat grain and straw, higher gross (Rs.
85396/ha) and net returns {Rs. 58168/ha) as well as
B:C ratio {3.14) were realized when each crop was
fertilized as per soil test basis.

Key words: Groundnut, wheat, INM, RDN, FYM, crop
sequence

Introduction

Continuous use of chemical fertilizers alone is reported to
deteriorate soil health and reduce crop productivity. The
crops grown in a sequence may require differential
application of fertilizer nutrients than those grown as
individuals (Mishra and Vyas, 1992), Groundnut-wheat is
the most popular cropping system in Saurashtra region of
Gujarat. However, the yield of groundnut is very low and
inadequate and imbalanced use of fertifizers is one of the
several reasons. Information on nutrient requirement for
this cropping system particularly when the nutrients are
supplied partially through organic and inorganic sources
is limited. Sustainability of higher yields coutd be achieved
through integrated nutrient management (Singh et al.,
1990). Therefore, the present experiment on integrated
nitrogen management in groundnut-wheat crop sequence
was conducted in the south Saurashtra region of Gujarat
with main objectives wiz., to study the effect of organic
sources of nitrogen on yield, uptake and nutrient status of
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soit in groundnut-wheat crop sequence and to find out the
econamically viable dose of organic and tnorganic source
of nitrogen for groundnut-wheat crop sequence.

Materials and methods

A field experiment was conducted with groundnut in the
rainy season followed by wheat in the winter season from
2000-01 to 2006-07 at, Juragadh Agricultural University,
Junagadh (Gujarat). The soil was medium biack
calcareous clayey in texture, having pH 7.9, organic
carbon (O.C.) 0.63%, rich in available N 210.8 kg/ha, high
in availahte P 48.4 kg/ha, low in available K 242.0 kg/ha.
and medium in available S 10.2 mg/kg. The ten treatments
comprising of combinations of manures and chemical
fertilizers in different proportions were tested in
randomized block design with 4 replications. Treatments
were: T,-FYM (100% RDN), T,-FYM (75% RDN) + castor
cake (25% RDN), T,-FYM (50% RDN) + castor cake (50%
RON), T,-FYM {25% RDN} + castor cake (75% RDN),
T.-Castor cake (100% RDN), T,-Organic fertifizer (25%
RON, of which 50% N each from FYM and castor cake} *
inarganic fertilizers (75% RDN), T,-Organic fertilizer (50%
RDN of which 50% N each from FYM and castor cake) +
inorganic fertilizers (50% WN), T,-Organic fertilizer (75%
RDN, of which 50% N each from FYM and castor cake) *
inorganic fertitizers {25% N), T -inorganic fertilizers (100%
as per soil test) and T,,-Inorganic fertilizers (100% as péer
recommendation). In treatments 1 to 8, N was applied as
per recommendation instead of soil test and no P and K
doses were applied. The groundnut cv. GG-20 and wheal
cv. GW-496 were sown with recommended agronomic
practices, except nutrient application. All the organic
manures and chemical fertilizers were incorporated i
individual plots in the previously opened furrows at 60cm
for groundnut and 22.5cm for wheat crop as Pé’
treatments before sowing the crop. Soil samptes collected
from each plat from 0-15cm depth in the begirning of
experiment and after harvest of crop every season were
analyzed for O.C., available N, P, Kand S. Observations
onyields were recorded for each treatment and economics
was worked out using current market prices of produce
and inputs used.
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Results and discussion

Groundnut

rs pooled results presented in table 1 revealed
that highest groundnut pod yield (2000 kg/hoa) was
registered in 100% recommended dose of N (100% RDN)
applied through FYM to both_ the crops and waos
comparable with 75% RDN applied thrgugh FYM +_25 7o
RPN applied through castor cake and mgmﬁcantly higher
than rest of the treatments. Jmprovement in pod yield due
to application of RDN through FYM was ta the tup_e of
10.2% over 100% N applied through inorganic fertilizer.

Seven yea

Table 1 Effect of different treatments on yield and economics of groundnut

This particular benefit may be attributed to the effect of
FYM on physical properties, moisture conservation and
augmenting the soil availability of K. Similar benefit was
also observed by Kathmale ef al. (2000} and Singh (1999).
Significantly higher haulm yield (3607 kgiha) was
produced when QFQU”dHUt was fertilized with incrganic
fertitizers as per SOIl'fES_t value. However, this treatment
was at par with application of 100% RDN through FYM
and 75% RON through FYMand 25% RDN through castor
cake. Similar results were also reported by Dudhatra et al.
(2002) and Malavia et al. (2000).

.wheat Crop sequence (mean of seven years)

Yield {kg/ha) Econormics (Rs./ha)
heat . .
Treatment Groundnut - W fncome  Returns B-C ratio
Pod Haulm Grain Straw
4430 86710 587
T,-100% FYH 2000 3525 3605 cocn o 8731 2.89
T,-75% FYM +25% CC 1835 3559 3465 y 50923 269
T, 50% FYM +50% CC 1711 3162 3401 08 77484 47075  2.55
T, 25% FYM +76% CC 1726 3094 3179 3889 75579 44955 247
T, 100% CC 1656 3063 3500 3939 76855 46017 249
Te- 12.5% FYM +12.56% CC+75% 1685 3188 3569 4109 77407 50394 286
inorganic say urea 412
T,-25% FYM +25% CC+50% inorganic 1683 3193 3678 " 3 79418 51071 280
T, 37.5 FYM +37.5% CC+25% inorganic 1679 2989 3643 55 78521 49263 268
T,- 100% inorganic {soil test bases) 1757 3607 4034 4830 85396 58168  3.14
T~ 100% inarganic 1536 3028 3571 4291 74501 47792 257
CD (P=0.05) 229 205 295 222

Wheat

In succeeding wheat, grain and straw yields differed
significantly with treatments. The highest grain (4034
kgiha) and straw (4680 kg/ha) yields were obtained with
application of 100% N as inorganic fertilizers as per soil
test value to both the crops, which was 13 and 9% higher
as compared to crop fertilized as per recommended dose
of fert.iiizers, respectively. Kathmale et al. (2000) and
Golakiya et af. {2000) aiso reported similar trends.
Upadhyay et al. (1997) noted that wheat was not
influenced by the residual effect of fertitizers applied to

groundnut.
Economics of Cropping system

;P;?Cz?zgct):ms of yaripus lrt_aatments presented in table 1
o5t b at apph_cah_on of inorganic fertilizers as per soil
- resultedin hlghgst gross (Rs. 85396/ha) and net

urns (Rs. 58168/ha) with 3.14 benefit : cost ratio.
Nutrient uptake

Groundnut
The uptake of Np

phenomenally among
Uplake af N (56 9 kg/

K by pod and haulm varied
the treatments (Table 2). The higher
ha), P (5.2 kg/ha) and K (10.2 kg/ha)

13

by pods was associated with 100% RON applied through
FYM to each crop was on par with FYM (75% RDN) +
castor cake (25% RDN}, FYM (25% RDN) + castor cake
(75% RDN) and inorganic fertilizers (100% on  soil test
basis). Application of _ferhlizers on soil test basis to both
the crops registered highest N (63 5 kgiha), P (5 4 kg/haj
and K (156 ka/ha) uptake by haulm which was
able with FYM.(100% RDN) and FYM (75% RDN)

compar 25% RDN).

+ castor cake {

Wheat

NPK uptake by wheat grain and straw was significantly
affected by various treatments. (Table 2). Significantly
highest N uptake of 75.4 and 31.1 kg/ha by grain and
straw, espectively were recorded when both the crops
were fertiized on soil test basis. Same treatment also
registered higher P uptake {1.0._3 kg/ha) and (2.1 kg/ha) by
grain and straw and was statistically at par with rest of the
treatments except FYI\/_‘I‘(25% RDN) + castor cake (75%
RON) and organic fertilizer (25% RDN of which 50% N
each from FYM and castor cake) + inorganic fertilizers
(75% RDN) in case of P uptake by grain and with castor
cake (100% RDN), organic fertilizer (50% RDN of which
50% N each from FYM and castor cake) + inorganic
fertilizers (50% N} and inorganic fertilizers (100% as per
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recommendation) in case of P uptake by straw. Maximum
Kuptake by grain {13.3 kg/ha) and straw (41.8 kg/ha) was
found under same treatment which remained at par with
FYM {100% RDN), crganic fertitlizer {(50% RDN of which
50% N each from FYM and castor cake) + inorganic
fertilizers (50% N) and orgarnic fertilizer (75% RDN, of
which 50% N each from FYM and castor cake) + inorganic
fertilizers (25% N} for K uptake by grain and with FYM
(100% RDN}, FYM (75% RDN) + castor cake (25% RDON}
and FYM (50%RDN) + castor cake {(50% RDN) for K
uptake by straw.

Post-harvest soil fertility after groundnut and whe__

Available NPK, O.C. and sulphur from soil wera
determined after completion of each crop. Mean data of |
seven years given in table 3 indicated that at the end of |
the experiment, different treatments had nonsigniticant 1
influence on nutrient status after harvest of each crop |
except availabie K afier groundnut and wheat and N after
groundnut wherein maximum available K and N were |
observed when 100% RDN to each crop was applied
through FYM.

Table 2 Effect of different treatments on uptake (kg/ha) of N, P and K by groundnut-wheat sequence {seven years pooled]

Nutrient uptake (kg/ha)

Treaiment Groundnut Wheat
{Recommended dose of mtrogen} Pad Hauim Grain Siraw
N P K N P K N P K N P K
T,-100% FYM 569 52 102 568 53 14.6 619 102 125 253 18 411
T15% FYM +25% CC 544 50 97 574 54 149 8149 95 120 231 18 414
T.-50% FYM +50% CC 465 4.8 g2 566 49 13.9 61.3 8.2 1186 268 15 382
T-25% FYM +75% CC 493 540 35 5885 48 135 595 g5 141 224 15 388
T 100% CC 457 45 85 534 48 12.9 641 94 18 242 1.9 361
T ‘"fo";‘;/; ;:';“a;ﬁf:" CCH75% 477 45 87 560 48 135 664 87 114 244 17 343
T-25% FYM +25% CC+50% inorganic 455 46 86 554 5.1 13.8 67.6 9.5 t22 260 20 379
T, 37.5 FYM +37.5% CC+25% inorganic 466 4.6 90 552 48 13.86 63.5 g5 123 251 17 372
T¢ 100% inorganic (soil test bases) 521 47 93 835 54 15.6 754 103 133 311 21 418
T.- 100% inorganic 443 41 83 520 51 14.0 67.5 8.7 122 281 1.9 356
CO{P=0.05y 8.4 06 1.2 6.1 0.4 1.3 7.3 1.1 1.1 35 0.3 3.7
Table 3 Effect of different treatments on soil nutrient status after harvest of groundnut and wheat {(mean of seven years)
oc Available nutrients after groundnut s oc Available nutrients after wheat s
Treatment o ikgtha) (mafkg) %y {kg/hay (morkg)
N P,0, K,Q N P,0q K,Q
T, 0.78 2428 66.¢ 2126 109 Q.74 2302 87.7 120.9 1140
T, 0.77 2389 67.2 209.0 11.3 0.74 228.3 675 184 6 186
T, a.75 2419 87.1 2024 117 0.71 2241 67.1 1824 11.8
T, 0.77 2385 67.7 202.0 11.3 0.74 228.0 691 180.4 1.8
T, 0.74 2351 &7.1 1998 1.2 Q.70 2231 68.4 176.3 118
Ts 0.74 236.4 67.1 200.8 11.7 074 2242 67.0 168.9 114
T, Q.75 2338 &7 1 196.3 17 0.72 2241 68.4 1727 121
T, 077 2311 66.8 193.8 11.8 0.78 2236 £8.0 1757 11.4
T, 0.74 231 ¢ €92 191.7 18 Q.73 2229 689 1702 122
T 0.76 2323 67.5 i82.2 11.8 072 2255 68.1 164.0 121
C0 {P=0.G5) NS 7.68 NS 7.84 NS NS NS NS §.50 NS
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