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ABSTRACT

A pot culture experiment was conducted to screen 20 groundnut genotypes for high root mining ability under phosphorus
(P) deficient conditions. Significant genotypic variation was observed among genotypes under both P sufficient and P deficient
treatments. The results of the study revealed that the mean shoot length and pod weight recorded high in P sufficient soils
compared to P deficient soils whereas the mean anthocyanins, root length, root weight and shoot weight recorded high in P
deficient soils compared to P sufficient soils. There were no significant differences among the genotypes for number of lateral
roots. Anthocyanins recorded high in 1157A and 1398 and recorded low in TCGS 1275 and 1273. The genotypes TCGS 1398,
1275 and 1273 recorded high shoot length, number of lateral roots, and shoot weight. Root length recorded high in TCGS 1330
and 1157. Root weight recorded high in 1398 and 1273. Pod weight recorded high in TCGS 1073, 1350 and 1273. Hence it can
be concluded that, TCGS 1273 can be identified as P efficient line based on high root mining traits, and pod yield whereas TCGS
1398, 1275 and 1330 can be identified as P efficient lines based on their high root mining traits, and moderate pod yields.
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INTRODUCTION

Phosphorus (P) is one of the most limiting nutrients
in groundnut production. Groundnut crop grown on
marginal lands under rainfed conditions, are poor in
nutrients and in these lands, phosphorus (P) deficiency is
one of the important cause for low productivity
(Schachtman et al., 1998; Lynch and Brown, 2008),
mainly in low input farming systems occupying 5.7 billion
hectare (B ha.) of global land. Most of the P applied in
the form of fertilizers gets adsorbed by the soil and is not
available for utilization by plants. . Several adaptive traits
are developed by plants for tolerance to P insufficiency, i
e., enhanced root mining abilities to acquire more P by
increasing contact area, solubilizing P by acid exudation,
mycorrhiza activity, etc. P deficiency induces many
changes in root morphology and architecture in
groundnut. Correcting soil P deficiency with heavy
application of P fertilizer can be a solution but it is not
possible for poor farmers (Lynch, 1995). Since P is a
relatively immobile soil nutrient (Haynes et al., 1991),
plants need to cope with heterogeneous P distribution in
soils. Hence, root spreading, root architecture and
elongation of lateral roots become important factors in
acquisition of P (He et al., 2003). To sustain growth in

such limiting conditions, plants have evolved a number
of developmental and metabolic responses to adapt both
the internal Phosphate (Pi) status in planta and the external
soil Pi availability. These responses include changes in
root morphology and architecture, accumulation of
anthocyanin, and increases in the synthesis and secretion
of organic acids into the rhizosphere (which enhance the
utilization of Pi from insoluble inorganic compounds
(Raghothama, 1999; López-Bucio et al., 2002). To
improve acquisition of mineral elements by the root
system, it has been suggested that, development of high
performing genotypes in terms of root traits might increase
crop yields on low fertile soils (White et al., 2013; Lynch,
2011). Studies on evaluating the groundnut genotypes
with respect to anthocyanins and root traits in relation to
P response are meagre. In the present study, twenty
groundnut genotypes were screened for variability in
anthocyanins and root traits under P deficiency stress.

MATERIALS AND METHODS

The groundnut genotypes for the study were
procured from Department of Plant Breeding and
Genetics, Regional Agricultural Research Station,
Tirupati. A pot culture experiment was conducted in

*Corresponding author, E-mail: latha_damu@yahoo.com



82

kharif, 2016 at Regional Agricultural Research Station,
Tirupati. The experiment was carried out in a completely
randomized design (CRD) with 20 genotypes sown in
two P treatments i.e., P sufficient (78.6 kg ha-1 of soil
available P2O5) and P deficient (23.5 kg ha-1 of soil
available P2O5) soils and each treatment replicated thrice.
The genotypes were grown in plastic pots filled with P
sufficient and P deficient soils and four groundnut seeds
were laid in each pot. At 60 DAS, anthocyanin content
was measured as described by Kim et al. 2003. At harvest,
observations were recorded for root parameters viz., root
length (PRL), number primary lateral roots, shoot length
(SL), root dry weight (RDW) and shoot dry weight (SDW)
and pod yields were recorded after drying of individual
plants and expressed in g plant-1. The statistical
significance of variance was assessed by Two Way
Analysis of Variance (ANOVA) and critical difference
values at 5% level of significance were calculated to
compare mean values by GENSTAT software.

RESULTS AND DISCUSSION

The results of the study to screen P efficient lines
based on shoot and root morphology reveals that the mean
shoot length, shoot biomass and pod weight significantly
recorded high in P sufficient soils compared to P deficient
soils whereas the mean anthocyanins, root length and root
weight significantly recorded high in P deficient soils
compared to P sufficient soils. There were no significant
differences among the genotypes for number of lateral
roots. The genotypes TCGS 1398, 1275, and 1273
significantly recorded high shoot length, number of lateral
roots, and shoot weight in P deficient soils. Root length
recorded high in TCGS 1330 and TCGS 1157 whereas
root weight recorded high in 1398 and 1273 (table 1 and
2) in P deficient soils.

The visible accumulation of anthocyanin
pigmentation is one of the characteristic responses of
plants to Pi starvation. Anthocyanins and other
polyphenolic compounds (e.g. flavonols and condensed
tannins) have a wide range of functions in plants related
to UV absorption, pathogen attack, and nutrient stress
(Stewart et al., 2001; Kliebenstein, 2004). In the present
study, anthocyanins recorded high in 1157A and 1398
and recorded low in TCGS 1275 and 1273 in P deficient
soils.

To withstand P stress condition, plants acquire
adaptations at physiological, biochemical and molecular

levels. One of the adaptations under reduced P supply is
changes in root morphology and these changes include,
increased root shoot ratio, lateral root number, root length
and biomass (Gahoonia and Neilson, 2004) to enhance P
acquisition. In the present study, among the genotypes,
TCGS 1398, 1275, and 1273 significantly recorded high
shoot length, number of lateral roots, and shoot weight
in P deficient soils. Root length recorded high in TCGS
1330 and TCGS 1157 whereas root weight recorded high
in 1398 and 1273 (table 1 and 2) in P deficient soils. In
the responsive genotypes, root growth is enormous to
adapt with P stress condition, thus providing greater
contact area, for better acquisition of less mobile element
like P (Otani et al. 1996).

Increase in root-shoot ratio which is reported as
significant change for adaptation to P deficiency in plants
(Hammond and White, 2011) is due to increase in
carbohydrates accumulation in roots. In the present study,
TCGS 1273 recorded highest shoot and root biomass
followed by TCGS 1398 and 1330. Genotypes with
extensive root systems coupled with a large shoot system
would be P efficient, contributing to yield stability during
reduced P supply. An increase in root biomass in response
to P stress might enhance P acquisition from the soil.
Phosphorus efficient genotypes have usually highly
branched root systems with numerous basal roots, while
the inefficient plants had smaller, less branched roots
(Hammond et al., 2009). P acquisition is strongly
dependent on soil exploration and root architecture (Lynch
and Beem, 1993). Therefore, genotypes having greater
ability to tolerate P stress condition would be able to
acquire P efficiently from low P soil. Phosphorus use
efficient genotype showed higher relative root growth
because of the additional P taken up by roots, allow further
biomass accumulation which leads to more production.
Phosphorus use efficient groundnut genotypes developed
various adaptive strategies such as increased root length,
root and shoot biomass and P content to enhance the P
acquisition and utilization efficiency under P deficient
soil condition (Amitkumar et al., 2009). One characteristic
of plant Pi starvation response is simultaneous reduction
in shoot growth and increase in root proliferation. The
outcome of this response is the formation of a highly
branched root system (associated with reduced primary
root length, increased lateral root number, and density)
and increases in both frequency and length of root hairs.
These changes enhance the exploratory capacity of roots
to search for Pi-rich patches present in the soil
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Table 1. Effect of Anthocyanins, shoot length and shoot dry weight of groundnut genotypes grown in P sufficient
(P S) and P deficient (P D) soils

S. No. Genotype 
Anthocyanins 

(mg g-1 fresh wt.) 
Shoot length 

(cm) 
Shoot dry weight 

(g plant-1) 

P S P D P S P D P S P D 

1 Narayani 0.430 0.214 22.33 19.67 10.69 7.60 

2 Abhaya 0.433 0.217 18.67 22.00 19.55 10.76 

3 TCGS 1073 0.433 0.332 20.67 19.33 13.97 9.26 

4 TCGS 1186 0.377 0.317 22.33 18.67 11.37 14.74 

5 TCGS 1173 0.277 0.153 22.00 20.00 6.28 8.20 

6 TCGS 1093 0.422 0.216 18.00 14.00 9.95 11.38 

7 TCGS 1275 0.300 0.331 21.87 21.00 21.88 22.28 

8 TCGS 1387 0.402 0.280 20.67 17.00 8.71 6.95 

9 TCGS 1381 0.346 0.313 22.33 16.33 10.68 14.40 

10 TCGS 1157 0.310 0.236 14.33 18.00 8.26 6.10 

11 TCGS 1346 0.338 0.293 20.00 17.00 10.31 11.04 

12 TCGS 1273 0.328 0.319 20.67 21.67 20.62 20.04 

13 TCGS 1330 0.375 0.331 22.00 22.33 17.60 15.89 

14 TCGS 1350 0.338 0.242 25.00 24.00 11.49 13.80 

15 TCGS 1157A 0.513 0.340 24.00 16.67 13.15 15.53 

16 TCGS 1342 0.324 0.321 22.33 16.33 12.47 11.07 

17 TCGS 1398 0.501 0.403 20.33 23.67 26.94 9.96 

18 TCGS 1416 0.320 0.292 27.67 22.67 10.23 6.08 

19 TCGS 1433 0.464 0.297 23.67 20.33 11.32 10.15 

20 TCGS 1435 0.386 0.248 20.67 16.33 21.07 7.29  
Mean  0.395 0.434 21.48 19.35 13.83 11.63   

SEm CD (5%) SEm CD (5%) SEm CD (5%) 

 P treatments 0.005 0.012 0.26 0.73 0.14 0.40 

 Genotypes 0.010 0.031 0.82 2.31 0.43 1.26 

 Interaction 0.021 0.057 1.16 3.26 0.62 1.78 

Genotypic variation for root traits to ‘P’ deficiency in groundnut
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Table 2. Effect of root traits and pod yield of groundnut genotypes grown in P sufficient (P S) and P deficient
(P D) soils

S. No. Genotype 
Root length 

(cm) 
Root dry weight 

(g plant-1) 
No. of Primary 

lateral roots 
Pod yield 
(g plant-1) 

P S P D P S P D P S P D P S P D 

1 Narayani 20.00 11.67 0.83 0.65 8.33 6.00 7.59 3.20 

2 Abhaya 30.67 18.00 0.46 1.67 6.33 6.67 7.12 6.51 

3 TCGS 1073 30.00 20.00 1.19 0.90 11.00 7.33 9.08 8.86 

4 TCGS 1186 22.67 88.00 1.54 1.32 11.67 9.67 10.43 6.14 

5 TCGS 1173 28.67 24.67 0.68 0.58 9.33 7.67 3.71 1.99 

6 TCGS 1093 38.33 87.33 0.87 1.08 7.00 11.00 5.81 5.63 

7 TCGS 1275 19.33 19.00 1.74 0.80 6.33 9.90 12.40 3.97 

8 TCGS 1387 13.67 22.00 0.80 0.80 6.00 4.00 4.87 3.64 

9 TCGS 1381 31.33 62.00 1.13 1.32 16.33 15.00 5.63 4.50 

10 TCGS 1157 25.67 109.97 1.03 1.18 9.67 11.00 5.75 1.96 

11 TCGS 1346 26.67 74.00 0.76 1.23 13.33 15.67 5.63 5.65 

12 TCGS 1273 26.67 57.00 2.14 2.39 11.00 15.00 7.10 6.55 

13 TCGS 1330 26.33 110.73 1.84 1.75 16.00 12.67 13.41 3.55 

14 TCGS 1350 29.33 27.33 0.98 1.55 11.67 9.67 8.00 7.06 

15 TCGS 1157A 26.67 92.00 1.49 1.42 11.67 10.00 8.47 6.03 

16 TCGS 1342 30.67 55.67 1.33 1.20 11.67 7.33 5.85 4.80 

17 TCGS 1398 15.67 28.33 1.12 2.40 9.67 10.33 8.93 4.87 

18 TCGS 1416 16.00 19.33 0.92 0.48 6.67 6.67 6.44 1.78 

19 TCGS 1433 19.33 31.00 0.86 1.24 8.33 8.00 7.52 2.81 

20 TCGS 1435 36.83 42.00 0.83 1.43 6.00 10.33 4.52 2.20  
Mean  25.73 50.00 1.13 1.27 9.90 9.70 7.86 4.74   

SEm CD (5%) SEm CD (5%) SEm CD (5%) SEm CD (5%) 

 P treatments 0.32 0.91 0.03 NS 0.26 NS 0.28 0.85 

 Genotypes 1.02 2.88 0.09 0.24 0.83 2.34 0.51 1.46 

 Interaction 1.45 4.07 0.12 0.34 1.18 3.31 1.21 3.06 
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(Raghothama, 1999; Lynch and Brown, 2001). The
present study also reveals that, shoot growth reduction
and root growth increase in P deficient soils compared to
P sufficient soils.

Pod yields varied significantly among the 20
groundnut genotypes (Nagamadhuri et al., 2019) under P
insufficiency conditions. In the present study, pod yields
recorded low in P deficient soils compared to P sufficient
soils. Pod weight recorded high in TCGS 1073, 1350 and
1273 under P deficient conditions (Table 2).

The selected genotypes exhibited increased
performance in various root traits and accumulated more
root and shoot biomass under P insufficiency. The
developed root system in P insufficient conditions would
be responsible to enable plants to absorb more nutrients
from the soil, thus increasing the shoot biomass. The
increased performance of root traits was reflected in the
acquisition of P and ultimately in the superiority of
responsive genotypes.

In conclusion, genotypes differed for root traits and
hence it can be concluded that, TCGS 1398, 1275 and
1330 can be identified as P efficient lines with high root
mining traits but with moderated pod yields. These
genotypes can be used as genetic material in plant
breeding programmes for further improvement in pod
yields. The genotype TCGS 1273 can be identified as P
efficient line with high root mining traits, and also
recorded high pod yields. Genetic basis of superiority in
P deficient condition could be determined and genes
responsible for P deficiency tolerance can be transferred
to agronomically superior genotypes.
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