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Abstract: Field  experiments were conducted at Coconut Research Station, Tamil Nadu Agricultural
University, Aliyar Nagar during Rabi 2002-’03 and Kharif 2003. The treatment consisted of four groundnut
varieties viz., TG  41,  TG  42,  CO  3  and  VRI  2  and  four plant spacing viz., 30 x 10, 30 x 15, 45 x 10 and
45 x 15 cm. The results indicated that the variety VRI 2 had the highest LAI, CGR and DMP as compared to
other varieties. The highest total chlorophyll content was noticed with TG 42 and the lowest values were
observed with VRI 2. The highest RGR, soluble protein content and nitrate reductase activity were observed
with CO 3 during both the seasons whereas; TG 41 groundnut variety registered the highest NAR than that of
other varieties. With regard to yield attributes viz., hundred kernel weight, shelling percentage and SMK
percentage were highest with TG 41 groundnut variety and the next best variety was CO 3 during both the
seasons of study. Regarding plant spacing, wider spacing of 45 x 15 cm significantly had the highest CGR and
RGR. With respect to LAI, DMP, NAR, peg to pod per cent and pod yield, the closer spacing of 30 x 10 cm
significantly had the highest values during both the seasons.  
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INTRODUCTION

The use of edible groundnut kernels is generally
referred as confectionery groundnut, export quality
groundnut, large/bold seeded groundnut and Hand Picked
Selection (HPS) groundnut. With regard to the world
consumption pattern, about 48 per cent is used for food
purpose and 52 per cent for oil extraction whereas; in
India it is 10, 15 and 75 per cent, respectively for food,
seed and oil purposes [1]. Groundnut is primarily used for
oil extraction, it is also consumed directly because of its
high food value[2]. With the growth of other conventional
and non-conventional vegetable oilseed crops in the past
two decades in India, the pressure on groundnut crop as a
source of vegetable oil has eased considerably and it
could now be looked upon as an item of highly nutritive
food besides oil[3]. Confectionery groundnut with
premium edible grade has great demand all over the
world. India has immense potential for exporting large
seeded groundnut, however, lack of production techniques
exclusive for confectionery groundnut interms of plant
density and nutrient management has restricted the scope
for exports[4].  Till to day only limited genotypes have
been bred with an aim to obtain Hand Picked Selection
(HPS) entries and such attempt was not made for the
generation of production technologies for HPS groundnut.
However, many new varieties with some export quality
characters have been utilized for export by exporters with

required processes. This is a cumbersome process. Among
the various agro-techniques, the yield and quality are
considerably influenced by the genotypes and plant
population per unit area in terms of inter and intra row
spacing and hence there was a considerable scope for
increasing the yield and quality by adjusting plant
population and geometry to an optimum level[5].
Considering all the facts, experiments were conducted to
assess the quality parameters of confectionery groundnut
varieties as influenced by the plant population under
irrigated condition.

MATERIALS AND METHODS

Field  experiments  were  conducted  during Rabi
2002-’03 and Kharif 2003 at Coconut Research Station,
Tamil Nadu Agricultural University, Aliyar Nagar, to find
out the response of confectionery groundnut varieties to
plant densities for irrigated groundnut. The experiment
consisted of four groundnut varieties viz., TG 41, TG 42,
CO  3  and  VRI  2  and  four plant spacing viz., 30 x 10,
30 x 15, 45 x 10 and 45 x 15 cm. Experiment was laid out
in Factorial Randomized Block Design and the treatments
were replicated thrice with a gross plot size of 20.0 sq.m
and a net plot size of 14.96 sq.m. The soils of
experimental  field  represent  the   sandy   loam  type.
The available nutrient status of the field was low in N
(268 kg ha-1), high in phosphorus (34 kg ha-1) and potash
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(528 kg ha-1). The germination percentage of seed was
more than 90 per cent and the required plant population
per unit area as per the treatment was maintained with gap
filling done within 7 days after sowing. Farm yard manure
@ 12.5 t ha-1 was applied commonly to all the treatments.
In addition, a fertilizer schedule of 25.5:51:81 kg N, P2O5
and K2O ha-1 and gypsum (400 kg ha-1) were kept constant
for all the treatments. The common fertilizers used were
Urea  (46  per  cent  nitrogen), Single Super Phosphate
(16  per  cent   phosphorus)   and   Muriate   of  Potash
(60 per cent potassium). All the NPK fertilizers were
applied basally. Leaf Area Index (LAI) was computed
from the selected five plants by measuring the leaf length
and leaf breadth of the third fully opened leaf from the top
and LAI was calculated[6]. Each time, five plants were
selected at random from the sampling rows of each plot
and uprooted, made free from soils by washing with
water. The samples were air dried initially under shade
and then oven dried at 65°C±5°C till a constant weight
was obtained. The weight was recorded using an
electronic balance and the dry matter was expressed in kg
ha-1. Crop Growth Rate (CGR) is defined as the rate of
increase in dry weight per unit land area per unit time.
The CGR was computed at vegetative stages and was
expressed in g m-2 day-1[7]. Relative Growth Rate (RGR)
is defined as the rate of growth per unit dry matter, which
provides more informative comparison of relative
performance of the plants in a given environment. The
RGR during the crop growth was computed at vegetative
stage of crop growth and was expressed in mg g-1 day-1[8].
Net Assimilation Rate expresses plant’s capacity to
increase dry weight in terms of the area of its assimilatory
surface. The  NAR  was  calculated  and  expressed  as
mg dm-2 day-1[8]. The chlorophyll content was estimated in
fully expanded third leaf from top of the main stem[9] and
expressed as mg g-1 fresh weight of leaf. Soluble protein
content was estimated from the fully opened third leaf
from the top of the main stem by measuring the colour
developed by the reduction of folin-ciocalteau reagent [10]

and expressed in mg g-1 fresh weight of leaf. The third
leaf from the top was used for estimating the nitrate
reductase (NR) activity and the enzyme activity was
expressed as µg NO2 formed g-1 h-1[11]. The pods of the
sample plants of net plot area of each treatment were
shelled separately. The kernel weight to the pod weight
was computed and the mean for each treatment was
expressed in percentage. Pods from each treatment were
randomly selected and shelled. From this, a representative
sample of 100 kernels was randomly picked out and
weighed  using  an  electronic  balance and expressed in
g 100-1 kernels. Hundred kernels from each treatment
were randomly selected and the sound matured kernels
were separated and expressed in per cent.

RESULTS AND DISCUSSIONS

Growth characters: The variety VRI 2 had the highest
values of LAI at vegetative stage and DMP at harvest
stage, though it was on par with CO 3. With regard to
plant densities, the closer spacing of 30x10 cm
significantly had the highest LAI and lowest values were
observed with wider spacing of 45x15 cm. Though the
highest growth attributes were more under wider spacing,
it failed to produce higher LAI and DMP due to less
number of plant population per unit area and it reflected
in lower values of these parameters[12]. In the present
investigation, because of higher LAI, the varieties VRI 2
and CO 3 had significantly produced more DMP at
harvest stage. LAI differed greatly among the varieties
and DMP were mostly dependent on this parameter[13].
Further, the variety TG 41 had grown shorter (lesser plant
height) with lowest LAI. This might be also one among
the reasons for lesser DMP noticed under this variety. 

Growth analysis: During both the season, wider spacing
of 45 x 15 and 45 x 10 cm significantly had the highest
CGR at vegetative stage whereas, the highest RGR and
NAR were observed with closer spacing of 30 x 15 cm. In
respect of CGR and RGR, the variety VRI 2 and CO 3
recorded significantly higher values. The CGR and RGR
values indirectly represented the leaf area and crop DMP
in these genotypes. The LAI and crop DMP were also
observed to be the highest under VRI 2 and CO 3
varieties. As a result there was a record for lower values
of NAR. In contrast to this, NAR was higher with TG 41
groundnut (Table 2). The increase in NAR in TG 41
groundnut could be attributed to their small, thick and
narrow leaves which would have been avoided mutual
shading at vegetative stage. The increased values of NAR
had resulted in more chlorophyll content in the variety TG
41. NAR had positive significant relationship with LAI,
chlorophyll content, total dry matter and stem nitrogen
content[14]. 

Physiological parameters: Groundnut varieties had
significant influence on total chlorophyll content during
both the seasons and the groundnut variety TG 42
excelled all other varieties and the lowest values were
observed with VRI 2 groundnut. Plant densities did not
exhibit significant influence on these parameters. The
highest soluble protein content (mg g-1) and nitrate
reductase activity (µg NO 2 g-1 h-1) were observed with CO
3 during both the seasons, though it was at par with TG 41
groundnut. The lowest value was noticed with VRI 2
variety. Similar to chlorophyll content, plant geometry did
not  significantly  improve  the soluble protein content
(mg  g-1)  and  nitrate  reductase  activity (µg NO 2 g-1 h-1)
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Table 1: Effect of confectionery groundnut varieties and plant densities on growth analysis and physiological parameters.  

DMP at Harvest Total chlorophyll Nitrate reductase Soluble protein CGR RGR
(Kg ha-1) LAI content (mg g-1) (µg NO 2 g-1 h-1) (mg g-1) (g m-2 day-1) (mg dm-2 day-1)
-------------------- ------------------- -------------------- -------------------- ------------------- --------------------- ---------------------

Treatment Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif
Varieties
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TG 41 6516 6653 4.55 5.09 1.930 1.890 9.89 9.54 8.69 8.53 0.653 0.672 55.07 54.98
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TG 42 7105 7138 5.52 5.92 2.093 2.049 8.92 8.61 7.69 7.55 0.607 0.634 46.97 47.14
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CO 3 7034 7206 6.93 7.58 1.618 1.584 9.93 9.59 8.90 8.73 0.643 0.678 50.26 50.83
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VRI 2 7401 7551 7.29 8.29 1.583 1.549 8.84 8.53 7.17 7.04 0.632 0.680 45.00 46.30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CD (p=0.05) 477 487 0.314 0.350 0.122 0.120 0.653 0.630 0.56 0.554 NS 0.035 2.50 2.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Spacing
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 x 10 cm 9820 10010 7.59 7.98 1.805 1.767 9.41 9.08 8.12 7.96 0.610 0.669 50.20 52.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 x 15 cm 6667 6763 5.71 6.55 1.801 1.764 9.39 9.07 8.11 7.96 0.607 0.645 48.73 49.76
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
45 x 10 cm 6842 6962 6.28 6.96 1.807 1.769 9.39 9.06 8.11 7.96 0.645 0.662 48.90 48.57
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
45 x 15 cm 4729 4813 4.72 5.39 1.810 1.772 9.38 9.06 8.12 7.97 0.674 0.687 49.45 48.82
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CD (p=0.05) 477 487 0.314 0.350 NS NS NS NS NS NS 0.033 NS NS 2.53

Table 2: Effect of confectionery groundnut varieties and plant densities on yield attributes and yield.  
NAR Peg to pod No. of matured Shelling 100 kernel SMK  Pod yield
(mg g-1 day-1) per cent pods plant-1 per cent weight (g) per cent (Kg ha-1)
-------------------- ------------------- -------------------- -------------------- ------------------ ------------------ ---------------------

Treatment Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif
Varieties
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TG 41 0.384 0.356 41.13 35.49 7.53 7.35 65.52 64.44 60.74 60.17 62.33 60.06 1741 1592
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
TG 42 0.295 0.291 42.52 34.08 7.29 6.97 49.11 48.07 49.90 49.28 47.83 46.98 1703 1590
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CO 3 0.262 0.253 45.94 36.93 10.35 9.74 75.83 72.49 43.11 41.10 60.81 58.24 1725 1600
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
VRI 2 0.249 0.241 34.40 30.11 10.19 9.57 62.53 61.32 39.28 38.46 53.06 53.06 1704 1605
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CD (p=0.05) 0.014 0.015 2.83 1.83 0.67 0.63 4.54 4.43 3.22 3.15 4.36 4.08 NS NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Spacing
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 x 10 cm 0.320 0.328 42.29 35.21 8.45 8.09 63.81 61.64 48.29 47.22 55.77 53.26 2360 2226
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 x 15 cm 0.354 0.330 44.41 34.70 8.41 8.04 62.62 60.80 48.01 47.39 56.33 54.03 1589 1483
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
45 x 10 cm 0.272 0.257 38.47 33.73 9.16 8.73 63.82 62.21 48.65 47.28 55.20 54.96 1686 1582
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
45 x 15 cm 0.244 0.226 38.82 32.96 9.35 8.76 62.74 61.66 48.08 47.12 56.73 56.09 1237 1097
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CD (p=0.05) 0.014 0.015 2.83 NS 0.67 0.63 NS NS NS NS NS NS 244 227

during both the seasons (Table 1). The highest total
chlorophyll content in the variety TG 41 and TG 42 was
due to increased chlorophyll synthesis or chlorophyll
degradation. Since, the content of chlorophyll is a varietal
character and not influenced by the spacing. The variation
observed in the present study might be due to its genetic
makeup of the groundnut plants. The enzyme nitrate
reductase catalyses conversion of nitrate to nitrite in the

presence of reductants. This enzyme is a substrate
inducible (NO3) and the enhanced activity of nitrate
reductase (NRase) found in the groundnut varieties CO 3
and TG 41 at vegetative stage might be due to the genetic
makeup of the genotypes and also the availability of
substrate and reductants in the plant system [15]. Increased
NRase activity in CO 3 and TG 41 would lead to
accumulation of nitrite in the plant system. Hence, the
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increased in NRase activity in CO 3 and TG 41 groundnut
varieties would have increased the activity of nitrite
reductase and glutamine synthase which led to higher
soluble protein content. Moreover, these parameters were
governed by genetic makeup and the influence of spacing
was non-significant.

Yield components: The highest number of matured pods
plant-1 was observed with CO 3 variety and it was
however  at  par  with the variety VRI 2. Wider spacing
(45 x 15 cm) did have the highest number of matured
pods plant-1 and it was at par with 45 x 10 cm spacing.
The variety CO 3 did have the highest peg to pod per cent
during both the seasons. The influence of plant densities
on peg to pod per cent was noticed during both the
seasons and more peg to pod per cent was witnessed with
closer  spacing  of  30  x  15  cm  which  was at par with
30 x 10 cm. The variety TG 41 registered the highest
hundred kernel weight which was 54.63 and 56.45 percent
higher over VRI 2 variety during both the seasons
respectively (Table 2). CO 3 variety significantly had
higher shelling percentage as compared to other varieties.
However, it was comparable with TG 41 groundnut. TG
41 significantly had more number of Sound Matured
Kernel percentage of 62.33 and 60.06 respectively, during
Rabi 2002-’03 and Kharif 2003 season compared to other
varieties, though it was comparable with CO 3. Influence
of plant population on 100 kernel weight, shelling
percentage, and SMK (percentage) was non-significant.
The variety VRI 2 and CO 3 significantly had more
number of flowers plant-1 and this might be due to more
number of branches plant-1 registered under these
varieties. As a result, matured pods plant-1 was more
under VRI 2 and CO 3 groundnut varieties. The better
yield  attributing   characters   in   wider   row  spacing
(45 x 15 cm) was mainly due to sufficient space between
rows which encouraged to produce more vigorous plants
and also lesser interplant competition for space, light,
nutrient and moisture and resulted in more partitioning
efficiency. The reduction in pod yield under wider row
spacing was associated with lower plant population per
unit area. The variety VRI 2 registered higher growth
attributing characters but lowest values for 100 kernel
weight, SMK percentage and shelling percentage. This
might be due to lesser content of nitrate reductase, soluble
protein and total chlorophyll content as compared to TG
41 and CO 3 varieties, which led to lower partitioning
efficiency for pods. With respect to TG 42 groundnut
variety, though the chlorophyll content was higher as
compared to CO 3, due to lesser content of these enzymes
the partitioning efficiency was lowest. 

Yield: Among the two seasons, the dry pod yield was
more during Rabi 2002-’03 as compared to dry pod yield
obtained during Kharif 2003 season. Regarding pod yield

numerically higher values were observed for TG 41 and
CO  3  groundnut  varieties  as  compared to VRI 2 and
TG 42 though the result was non-significant. Though the
varieties differed significantly for growth and yield
attributing  parameters,  they  did  not differ statistically
for yield. This might be due to statistical par result
obtained  under  hundred  kernel  weight, SMK percent
and shelling percentage in both the seasons (Table 2).
Among  the  different  plant  geometry,  closer spacing of
30 x 10 cm registered significant higher dry pod yield of
2360 kg ha-1 as compared to wider spacing of 45 x 15 cm
(1237  kg  ha-1).  The  per  cent  increase   obtained with
30  x  10  cm  spacing was 102.96 over wider spacing of
45 x 15 cm during Kharif 2003 season. This was due to
increased population load per unit area. These results
confirmed that higher population per unit area is required
to harvest the maximum yield and this had happened in
the present investigation.

Conclusion: According to the results of this research, the
groundnut varieties CO 3 and TG 41 had the highest
growth characters viz., DMP, LAI, CGR, RGR and NAR
at vegetative stage and higher physiological parameters
viz., total chlorophyll content, soluble protein content and
nitrate  reductase  activity at vegetative stage which
results in superior performance interms of yield and
confectionery quality characters at acceptable scores.
With respect to plant geometry, closer spacing of 30 x 10
cm had increased the productivity of tested confectionery
groundnut varieties.
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