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ABSTRACT

Date of Acceptance: 24-10-2017

A pot culture experiment was conducted at Regional Agricultural Research Station (RARS) farm, S.V. Agricultural College,
Tirupati campus of Acharya N .G. Ranga Agricultural University, during kharif, 2016 with factorial RBD design involving
normal and calcareous soil. Twenty groundnut genotypes were tested for iron deficiency chlorosis tolerance at three (30, 60 and
90 DAS) different stages of growth. Enzymatic activities of certain antioxidant enzymes such as superoxide dismutase, peroxi-
dase and catalase were altered under iron deficiency stress conditions. The results revealed that iron efficient groundnut geno-
types had higher peroxidase and catalase activity and higher active iron content than inefficient groundnut genotypes. Among the
antioxidant enzymes, super oxide dismutase activity was high under iron deficiency stress conditions. Significant decrease in
peroxidase and catalase activity was observed at later growth stages due to increase in iron deficiency as was evident by decrease
in active iron content. There was a strong and positive correlation between leaf peroxidase activity and leaf ferrous iron content.
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INTRODUCTION

Groundnut (4rachis hypogaea L.) is the second most
important oilseed crop in India, which is mainly grown
in states like Gujarat, Andhra Pradesh, Karnataka, Tamil
Nadu and Maharashtra. Groundnut is an important source
of edible oil and proteins. Groundnut and groundnut oil
also contains cardiovascular protective properties
(Stephens et al., 2010). Fe is essential for all living
organisms and crucial for a variety of functions
(Kobayashi ef al., 2012).

In India, groundnut occupies an area of 4.8 m ha
with a production of 7.4 m t and with a productivity of
1552 kg ha'. In Andhra Pradesh, groundnut occupies an
area of 0.87 m ha with a production of 0.5 m t and
productivity of 564 kg ha! (Anonymous, 2014).

Iron is constituent of heme compounds such as
cytochromes, peroxidase, and catalase, phytoferritin and
ferredoxin. Iron deficiency is commonly observed in
calcareous soils, but it is major concern in groundnut as
the crop is highly susceptible to deficiency which affects
economic yields especially under irrigated conditions. As
calcareous soils are deficient in available iron (Fe?"), iron
deficiency chlorosis (IDC) is more prevalent in these soils.
Cultivation of Iron Deficiency Chlorosis (IDC) resistant
cultivars in calcareous soils is the aim of present study,
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which economically feasible and sustainable approach
compared to application of iron containing fertilizers
through soil or foliar spray.

MATERIALS AND METHODS

In the present study, 20 advanced groundnut breeding
lines were evaluated in a pot culture experiment using
factorial RBD and replicated thrice in calcareous and
normal soil at Regional Agricultural Research Station
farm, S.V. Agricultural College, Tirupati campus of
Acharya N.G. Ranga Agricultural University. Genotypes
were assessed for antioxidant enzymes (peroxidase,
catalase and superoxide dismutase) and active iron at
different stages of crop growth (30, 60 and 90 DAS).

Estimation of Superoxide dismutase (SOD)

Superoxide dismutase was estimated using the
method given by Fridovich (1975). One gram of fresh
leaf sample was taken and ground with 10 ml of potassium
phosphate buffer. The grounded leaf sample was
centrifuged at 10,000 rpm for 10 min at 4°C. After
centrifugation the supernatant was collected and
refrigerated. 50 pl of enzyme extract was added to test
tubes containing 600 pl of potassium phosphate buffer,
60 pl of ethylene diamine tetra acetic acid, 390 pl of
methionine, 0.6 pl of riboflavin and 300 pl of nitro blue
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tetrazolium chloride. Along with the sample test tubes,
blank (without nitro blue tetrazolium chloride and enzyme
extract) and reference (without enzyme extract) were also
maintained. The sample, reference and blank tubes were
kept under fluorescent light for 15 min and absorbance
was recorded at 560 nm and expressed as units g-'(fr.wt)
min’!. One unit is defined as change in absorbance per
gram fresh weight per minute.

Estimation of Catalase (CAT)

Catalase was estimated by grinding 300 mg of leaf
tissue with 2.5 ml of sodium phosphate buffer and 1 ml
of 1% poly vinyl pyrrolidine. The grounded sample was
centrifuged at 10,000 rpm for 15 min at 4°C. The
supernatant was collected after centrifugation and
refrigerated. 50 pl of enzyme extract was added to test
tube containing 2 ml of sodium phosphate buffer and 950
ul of hydrogen peroxide solution. Besides this, blank was
also run without the enzyme extract. Absorbance was
recorded at 240 nm and expressed as units g!'(fr.wt) min-
I. One unit is defined as change in absorbance per gram
fresh weight per minute. The estimation was carried out
as per the method given by Sadasivam and Manickam
(1992).

Estimation of Peroxidase (POD)

Peroxidase was estimated as per the method given
by Mahadevan and Sridhar (1986). One gram of fresh
leaf sample was taken and ground with 3 ml of sodium
phosphate buffer. The grounded sample was subjected to
centrifugation at 18000 rpm for 15 min at 5°C. After
centrifugation the supernatant was collected and 0.1 ml
of this supernatant was added to test tube containing 3
ml of sodium phosphate buffer, 50 pul of guaiacol solution
and 30 pl of hydrogen peroxide solution. Blank is
maintained without the enzyme extract and absorbance
was recorded at 436 nm and expressed as units g-!(fr.wt)
min!. One unit is defined as change in absorbance per
gram fresh weight per minute.

Estimation of Active iron (Fe*?)

For extracting ortho-phenanthroline extractable iron,
third fully opened leaf from top was taken. Ortho-
phenanthroline extractable iron in leaf sample was
estimated as per Katyal and Sharma (1980).

For this estimation two grams of fresh leaf sample
from was taken, washed with diluted HCI followed by
glass distilled water and the adhering moisture was
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removed by sandwiching between absorbent papers. Then
the leaf sample was chopped into fine bits and treated
with 20 ml ortho-phenanthroline extract (p* 3.0) and was
allowed to stand for 16 hours. The Fe™? was determined
in the filtrate by reading the transmittancy at 510 nm in
spectrophotometer.

RESULTS AND DISCUSSION

The active iron content in the present investigation
increased from 30 to 60 DAS and decreased at 90 DAS
of crop growth (Table 1). The active iron content showed
significant differences among the soil types, genotypes
and their interactions.

Singh (1994) has reported that active iron is taken
as criterion and observed lower active iron in chlorotic
plants. The ferrous iron content in iron efficient groundnut
genotypes was higher than the susceptible genotypes due
to less chlorosis. There was a comparatively less reduction
in active Fe from normal to Fe-deficit soil among resistant
compared to susceptible groundnut genotypes confirming
its direct role in IDC resistance as Fe is required for
chlorophyll formation and photosynthesis (Zheng, 2010).

The activities of peroxidase, catalase and superoxide
dismutase showed highly significant differences among
the soil types, genotypes and their interactions. The
activities of peroxidase (Table 2) and catalase (Table 3)
in the present investigation was higher at 30 DAS and
decreased from 60 to 90 DAS. Higher decrease of
peroxidase at later stages of crop growth was due to
increase in iron deficiency as was evident by decrease in
active iron content. Similar results were obtained by
Nagaratnamma et a/. (2011) and Sanjana (2004).The
peroxidase, catalase and among the genotypes showed
significant differences evident from higher mean values.
The activities of peroxidase and catalase was higher in
the groundnut genotypes TCGS-1624 and TCGS-1616
and lowest in groundnut genotypes TCGS-1613 and
TCGS-1609 compared to other genotypes

Reduction in peroxidase and catalase activity was
observed among all genotypes in iron deficient soil
(calcareous soil) compared to iron sufficient soil.
However, a lower reduction was observed among resistant
genotypes compared to susceptible ones probably due to
comparatively higher active-Fe maintained in leaves
under Fe-stress conditions. A strong and positive
correlation was observed between peroxidase activity and
leaf iron content. Iron deficiency has been found to reduce



uedIudIg UON (SN {(S[10S snoaIed[e)) S[I0S JUSIOJI(] UOI] 2], ‘S[I0S JUSIOINS O] :! ],

Nagalakshmi et al.,

1¥€0°0 960°0 75500 SS1°0 65+0°0 621°0 OxL
9 1¥20°0 8.90°0 6'S 6£0°0 11°0 99 ¥2€0°0 €160°0 D
9L00°0 ¥120°0 €210°0 8¥€0°0 10°0 €0°0 L
(c0)AD Fugs  (S0'0=aD (%)AD FulgS (S0°0=)AD (°)AD FulgS (S0°0=DAD
S6°L 81°6 ¥8°01 6€°C1 LS'8 L9°6 UBIIAl
86°L S¢'L 19°8 2901 €01 €601 9¢'8 9L°L 96'8 8TS1-SDDL 0T
90'8 viL 69'8 $8°01 8%°01 €Tl '8 68°L €6'8 TTSI-SOOL 61
8T'8 €9°L €6'8 6911 98°01 s 88'8 €78 €6 LIST-SDDOL 81
€e'8 69°L L6'8 16'11 S6°01 98°CI L6°8 $9'8 676 y1S1-SDOL L1
0L'8 01'8 0€'6 90°¢1 99°11 Sad! 8L°6 176 SE01 [1S1-SDOL 91
61'8 6S°L 8.8 TSIl LLOT LTTI 9°8 0T’ 80°6 VINHSTTYD Sl
W' SL'L 60°6 L1TI SI'TI 8I°€l 176 SL'S 89°6 YT-OVL 1
9t'8 8L°L SI'6 vETI Tl Syel €6 16'8 €L'6 INVAVIVN €l
s 1S°L €L'8 STII $9°01 98°11 618 L6'L 00'6 93 4|
16°L 9T'L LS'8 8T°01 €10l €701 LT3 ¥9'L 688 INVYVHA 11
Wl 66°11 68Tl 0t'S1 YL Y1 LO91 el 1LC1 S€l ¥291-SDOL 01
198 S6'L LT6 €LCl Sl 00 %1 796 016 S1°01 €791-SDDL 6
$$'8 88°L €76 6S°CI 9¢° 11 18°€1 £r'6 86°8 L8°6 TT91-SHOL 8
016 68’8 v€'6 €9°¢l 1811 a9y 66°6 816 0S°01 1291-SDOL L
90°C1 €LTI 8¢°Tl 6S¥1 9 ¢l €LSI ¥9°CI LTTI 10°€T 9191-SDOL 9
6v'L €L'9 ST'8 668 w8 LS'6 LS'L 189 vE'8 €191-SDDL S
8L°L L vi'8 1001 9L°6 9701 €18 vL 788 [191-SDDOL 4
SS'L 9L9 €€'8 €6 L8'8 LL'6 SL'L 69 658 6091-SDD.L €
09°L 89 v¢'8 $S'6 976 €86 06°L L1'L ¥9'8 €091-SDDL 4
L9°L €6'9 0t'8 $8'6 85°6 €1rol 00’8 1L 6L'8 2091-SDOL I
UBIIA L IL UBIA L IL UBIN L IL sadfyouon) ON S
SVAa 06 SVd 09 SV 0€

SUONIPUOI [10S JUIJIP uo.l pue Judnyns uodl ul (wdd) Judjuod uo.ar ARV 10J s9d£)ouss Jnupunoas jo uonen[eAy I dqeL

21



Effect of anti oxidant enzymes under iron deficiency stress conditions in groundnut

JueoIJTUSIS UON SN (S[I0S SN0aIBO[R))) S[I0S U] UOI] 2], ‘S[I0S JUSIOLINS Ui :' T,

79L0°0 SI1T0 190°0 Lo 9¢€HT0 989°0 Dx L
St 6£50°0 8ISI°0 L€ 1€70°0 v121°0 Sv TTLL0 S8%°0 )
L10°0 8%0°0 9¢10°0 #8€0°0 S0°0 ¥€S1°0 L
()AD Fulgs (S0°0=DAD (%AD Fugs (S00=aD (AD FwigS (S0°0=AD
0L'C S0°€ 8¢°¢ ¥9°¢ 1$°8 09°C1 UBIIA[

99°C 6v'C €8°C Se'¢ €T’¢ 9'¢ 0S°6 €¢’L LYT1 8TSI-SODL 0T
vL'T §S°C 6T 8¢€°¢ LT€ 6b'€ vL'6 vL €0°Cl TTSI-SOOL 61
68°C SL'T ¥0°¢ %X3 €re $9°¢ 09°01 09'8 09°C1 L1ST-SODL 81
$6'C 18°C 80°¢ 96°¢ Sye L9°€ 9601 988 90°¢1 v1S1-SDOL Ll
9T'¢ 81°¢ €e'¢ 16°¢ 98°¢ 96°¢ 0T €l SH0l S6°SI [1S1-SDDOL 91
8T 99°C L6T 8¢ €ee €9°¢ 0€°01 S¥'8 v1°Cl VINHSHTYD Sl
00°€ €8'C L1'E 86°¢ 8¥°¢ 89°¢ €T11 8T'6 61°¢l YT-OVL !
LO'E 06'C €€ S9°¢ §S¢ 9L°¢ Sl 96°6 6T'€1 INVAVIVN ¢l
08'C €9°C 96°C 23 1€°¢ LS'€ 12°01 S0'8 LETI 93 4
86°C S€'T 18°C €€ 1T°¢ I1¥°¢ L8'8 1T°L 7501 INVIVHA I
¥8°¢ SL'E €6'¢ vS'y SEY €LY €5°S1 €11 €L'61 ¥291-SDOL 01
0T'E 11°¢ 6T’€ 8L°¢ L9°€ 88°¢ 88°CI 8T°01 8¥°S1 €791-SDDL 6

60°¢ €6'C ST¢ 0L'€ LS'€ €8¢ IL11 786 19°€1 TT91-SOOL 8

€e'e 1€°¢ Se'¢ €0t SO'Y 10 Sl 69°01 0091 1291-SDO.L L

65°€ IS¢ L9°€ €y 81t 8yt 1€l 80°11 vL'S1 9191-SDOL 9

80°C 681 0€'C 81T €5°C €0°¢ 169 S¢S 948 €191-SDOL S

1$°C YT 8L°C 01'¢ $6'C 743 s 689 €€°6 1191-SDDL v
67T 26°1 §9'C 98°C §9'C LO'E I1S°L LE9 ¥9'8 6091-SDD.L €

1 L0'T VLT ¥6'C SL'T e 6S°L 759 $9'8 €091-SDDL 4
v'T €1'e SL'T 10°€ 98°C SI¢ 10'8 96°9 S¥'6 2091-SDOL I

UBdIA[ L IL UBIA L IL UBIA L IL

sad£jousn) *ON 'S

Svda oe svda o9 Svda o€

SUONIPUOd
[10S JUIDJIP UOII PUE JUIILJNS WOIT Ul (.Ut (JM ysday),8 sprun) AIADIE ISEPIX0J 10) s9dLjouds Jnupunoas jo uogen[eay g dqeL

22



Nagalakshmi et al.,

JuedIITUSIS UON (SN (S[I0S SN0aIBO[R))) S[I0S JUIIOYI(J UOI] 2], ‘S[I0S JUSIOLINS uoI] ' T,

68700 SN 8170°0 SN ¥20°0 890°0 OxL
6'S 2020°0 8950°0 % #S10°0 ¥€10°0 8T L10°0 8L¥0°0 )
£900°0 810°0 6+¥00°0 LETO0 10°0 200 L
(®0)AD  FulgS  (S00=DAD (AD FulgS (S00=DAD (%)AD Fwgs (S0'0=daD
60°1 6T'1 6€'1 09°1 ¥9'1 00T UBIIA[

90°1 96°0 SI'T ov'1 1¢1 81 89°1 SS'1 18°1 8TST-SDOL 0T
I 10°1 171 Wl €e'l I1S°1 L1 LS'1 G8'l TTSI-SDOL 61
61'1 01l 6Tl 0S°1 6€'1 19°1 8L'1 €9°1 €61 L1ST-SODL 81
Tl Tl €1 sl 171 91 18°1 L9'1 S6'1 v1S1-SDOL Ll
6€°1 8T'1 0S°1 ¥9°1 €51 9L°1 L1'T €8'1 0S'C [1S1-SDDL 9]
L1'T 80°1 STl 81 LE'T 8S°1 9L'1 91 06°1 VINHSHTYD Sl
9’1 SI'1 LE'T €51 €'l ¥9°1 €8'1 69°1 L6'1 YT-OVL 1
1€°1 0Tl 1t'1 LS'T 91 69°1 06°1 L1 01'C INVAVIVN ¢l
€l €01 Tl Syl Se'l SS'l €Ll 65°1 L8'1 93 |
¥0'1 ¥6°0 €'l 8¢'1 6T'1 91 ¥9'1 16°1 LL'T INVIVHA I
vS'1 Wl $9'1 181 0L'1 6°1 vTT S6'1 €5°C ¥291-SDOL 01
LE'T LT'1 LY'1 19°1 0S'1 w1 €0'C 6L'1 97T €791-SDOL 6
ve'l YTl vl 65°1 8Y°1 0L'1 L6'1 SL'1 61°C TT91-SOOL 8
Al 0¢'l SS'1 L9'1 96°1 6L'1 8T'T 98°1 0L'T 1291-SDO.L L
LY'1 Se'l 65°1 €Ll 91 ¥8°1 v1'T 16°1 9¢'T 9191-SDOL 9
68°0 ¥8°0 $6°0 Tl 01°1 €¢'l 9| €l 65°1 €191-SDOL S
10°1 16°0 01l 9¢'1 LT SP'1 91 0S'1 SL'1 1191-SDOL 14
€6°0 98°0 00°1 0€'1 61°1 171 Sl 6€’1 S9'1 6091-SDDO.L €
96°0 88°0 ¥0°1 €1 171 Wl 96°1 vl 89°1 €091-SDDL 4
66°0 68°0 60°1 vE'l STl 'l 09'1 LYl Ll 2091-SDOL I
UBdIA[ L IL UBdIA[ L IL UBIA L IL

sad£jouan) ON 'S
Svda 06 Svda 09 Svda o€

SUONIPUOd
[10S JUIILAP UOII PUR JUIDYINS WOIl ul (j-ura (JM ysaay),-8 syrun) £31Ande Ise[ele) 10j sadAjoudd jnupunois Jo uonen[eAy ‘¢ dqeL

23



Effect of anti oxidant enzymes under iron deficiency stress conditions in groundnut

JuedIITUSIS UON (SN (S[I0S SN0aIRO[R))) S[I0S U] UOI] 2], ‘S[I0S JUSIOLINS uoI ' T,

L0200 SN 69000 200 €800°0 €20°0 OxL
v'6 9%10°0 [1¥0°0 L€ 610070 8€10°0 96 6500°0 $910°0 )
9000 €100 $100°0 000 6100°0 10°0 L
()AD Fulgs  (S0°0=DAD (%AD Fugs (S00=aD (AD FwigS (S0°0=)AD
90 o €r°0 8€°0 8¢°0 €0 UBIIA[
6€°0 170 9¢°0 S€0 6£°0 0€°0 0€°0 €€°0 92°0 8TST-SDOL 0T
6€°0 o LEO 9¢°0 0t°0 €0 1€°0 ¥€0 8T°0 TTSI-SDOL 61
S¥°0 LY'0 €70 6€°0 €70 €0 S€°0 8¢°0 €0 LIST-SDOL 81
90 61°0 10 170 S¥°0 9¢°0 LEO 6€°0 €0 y1S1-SDOL L1
§S°0 LSO €5°0 610 150 8%°0 S¥°0 LY"0 €70 [1S1-SDOL 9]
€70 S¥°0 140 6€°0 o LEO €0 LEO 0€°0 VINHSH2YD Sl
61°0 750 9t°0 €70 LY'0 010 6€°0 1¥°0 8€°0 INVAVIVN €l
00 €0 8¢°0 LEO %0 €0 €0 S€'0 620 93 4
8¢°0 010 S€°0 €0 8¢€°0 620 620 €0 ST0 INVIVHA I
86°0 65°0 LSO $S°0 96°0 50 750 50 61°0 ¥791-SDOL 01
€5°0 $S°0 1$°0 LY'0 610 10 10 S¥'0 o €791-SDDOL 6
150 €5°0 810 vr0 81°0 140 170 €70 00 TT91-SOOL 8
96°0 86°0 S0 1$°0 50 61°0 LY'0 61°0 S¥°0 1291-SDD.L L
$S°0 $S°0 S0 €50 S0 50 61°0 1S°0 LY'0 9191-SDOL 9
620 ¥€°0 $T0 LT0 €0 12°0 61°0 vT0 ¥1°0 €191-SDOL S
9¢°0 6£°0 €€°0 1€°0 9¢°0 LT0 LT0 1€°0 €0 [191-SDD.L v
€0 9¢°0 8T'0 8T°0 €€0 €0 TT0 9Z°0 81°0 6091-SDO.L €
¥€°0 LEO 0€°0 620 ¥€0 ¥T'0 ¥T'0 820 0T'0 €091-SDDL C
S€°0 8€°0 €0 0€°0 S€'0 ST0 LTO 00 vT0 T091-SODL I
UBIIA[ L IL UBIA L IL UBIA L IL

sadfyouan) ON 'S

Svda o6 Svda 09 Sva o€

SUONIPUO) [I0S JUIIYIP
oI pue JUIDINS uodl ul (Lurw (M ysaay),.3 syun) AJApde Iseynwisip Iprxorddng 1oy sad£)ousd ynupunois jo uonen[eAy ‘p dqeL

24



Nagalakshmi et al.,

the activity of oxidative stress-related enzymes like
catalase, ascorbate peroxidase, and peroxidase in several
plant species that is attributed to less Fe concentration in
Fe- deficient leaves (M’sehli et al., 2014 and Ishwar et
al., 2016). As catalase and peroxidase antioxidant
enzymes are all heme-containing enzymes may not play
essential roles in detoxifying reactive oxygen species
under iron deficiency stress conditions.

The activity of superoxide dismutase increased
throughout crop growth from 30 DAS to 90 DAS (Table
4). The super oxide dismutase among the genotypes
showed significant differences and higher activity was
recorded in TCGS-1624 and TCGS-1616 and lowest in
TCGS-1613 and TCGS-1609 compared to other
genotypes

SOD provides the first line of defense against the
toxic effects of elevated levels of reactive oxygen species.
Superoxide dismutase catalyses the dismutation of
superoxide radicals to H,O, and O,, and constitutes the
most important enzyme in cellular defense because its
activation directly modulates the amounts of superoxide
anion (O?) and H,O, (Foyer & Noctor, 2000). Super oxide
dismutase activity was high under iron deficiency stress
conditions as it plays a key role in detoxifying reactive
oxygen species under iron deficiency stress conditions.
Some reports have shown that salt stress induces an
increase in SOD activity, and this has frequently been
correlated with salt tolerance (Sreenivasulu et al., 2000;
Martinez et al., 2001; Sudhakar et al., 2001).

CONCLUSION

Under iron deficient soil conditions, the groundnut
genotypes recorded significantly lower active iron
content, peroxidase and catalase activities while higher
super oxide dismutase across all three crop growth stages
compared to iron sufficient soil conditions. In the
groundnut genotypes TCGS-1624 and TCGS-1616
significantly higher values of active iron content,
peroxidase, catalase and super oxide dismutase activities
across all three crop growth stages compared to TCGS-
1613 and TCGS-1609 in both iron sufficient and deficient
soil conditions. This showed that the groundnut genotypes
TCGS-1624 and TCGS-1616 were tolerant to iron
deficiency chlorosis than TCGS-1613 and TCGS-1609.
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