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ABSTRACT

A field experiment was conducted during trabi season of 2015 - 2016 at Dry land Agricultural Resk
Station, TNAU, Chettinad, Tamil Nadu. There were ¢tBnbinations comprising of different cropping &yst nutrient
management and stress management practices wibpli2zations. Results indicated that Pigeon peaxtafomillet +
Groundnut (1:2:1) + 100% RDF for base crop + foipray of 2% DAP +1% KCI + foliar spray of PPFM @50 ha'
were significantly higher proline content in piggoea (52.85 and 64.85 mg §W), small millets (12.05 and 12.65 mg g
FW) and peanut (3.15, 3.45 mg W) for both pre flowering and flowering stagetioé crops.

KEYWORDS: Proline, Stress management, Nutrient managemeopp@rg system
INTRODUCTION

Plants can cope with drought stress through geaaticadaptive mechanisms. Plants possess the nistisaio
escape, avoid and/or resist to drought. They cao ascape drought by adjusting their physiologéal biochemical
development according to the availability of waitertheir habitat (Arraudeau 1989). Water stressuges a significant
decrease in metabolic factors such as decreaselonophyll content and enhanced accumulation ofipeo(Din et al.
2011). Accumulation of proline is a widespread plesponse to environmental stress, including lostew potential.
Proline is an organic osmoprotectant accumulates lsrge number of plant species exposed to envienital stresses
such as salinity, drought, extreme temperature,réiifations and heavy metals (Hare and Cress, 189@)ine acts as a
‘compatible solute’, i.e. one that can accumulatdigh concentration in the cell cytoplasm withantierfering with
cellular structure or metabolism (Yenely al., 1982 and Samaragt,. al., 1995). Proline accumulation is believed to play

adaptive roles in plant stress tolerance (Ashrdffooland, 2007).

India is the largest producer (25% of global prdaun), consumer (27% of world consumption) and in@o
(14%) of pulses in the world. Pulses account fouad 20 per cent of the area under food grainscanttibute around 7-
10 per cent of the total food grains productiorthe country. The area under pulses has increased I® million ha. in
1950-51 to 25 million ha. in 2013-14, indicating iasrease of 31 per cent whereas the productigoutsfes during the

same period has increased from 8.41 million h&%@7 million ha. In India, there is an increastt@mand especially for
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pulses and oil seeds besides cereals to cope hpneieasing human population and to overcome nidtiion in the large
section of society. Also per capita availabilitymflses per day had come down from 69 g in 196Gibtut 37.8 g in 2001.
But, the per capita recommendation of WHO/FAO isg8fer day. To bridge this gap, there is an urgeed to increase
the pulse production. Since, there is a limitedoscfor increasing pulse production by increasisgaitea can be met by
increasing the productivity through adopting agmiwpractices of which intercropping system is of¢he best ways to
increase the production. (Rathetcal., 2004).

MATERIALS AND METHODS

The experiment was conducted at Dry land AgricaltResearch Station, Chettinad, Sivaganga DisTamilnadu,
India during rabi-2015-2016. The experimental Stlcated at 17.0'N latitude and 787’ E longitude at an elevation of
126 m above Mean Sea Level. The farm is situatettiénSouthern Agro climatic Zone of the Tamil Nadhe normal
weather conditions of the location are as followedn of 31 years from 1980 to 2011). A mean anraiafall of 894.4
mm. Out of which, 338 mm was distributed during thowest Monsoon (SWM), 416.5 mm during North Wesinspon
(NWM), and 38.8 mm during winter and 101.1 mm dgrBummer. The average maximum and minimum tempesatu
during cropping period were 25.67°C and 23.74°@Qeetvely. The total rainfall during cropping peditss 374.90 mm
with the mean relative humidity of 81.26 and 83p&t cent. The experiment was laid out in splittgplbt design. There
were 45 treatment combinations comprising of défémutrient and stress management practices ejificated twice. In
treatments main plot consist of three differentpping system viz., M— Pigeon pea (Co Rg.7) + barnyard millet (Co
Kv.2) + Groundnut (VRI-2) (1:2:1), M Pigeon pea + foxtail millet (Co Te7) + Ground(ii2:1) and M— Pigeon pea +
kodo millet (Co3) + Groundnut (1:2:1) in sub plansist of five nutrient management viz, N100% RDF for base crop
+ no fertilizers for intercrops, N- 100%RDF for all combination (both base and or@ps), N — 100% RDF for base
crop + 50% RDF for inter crops,;sN 100% RDF for base crop + foliar spray of 2% DAP/%+KCI and N — 100% RDF
for base crop + 50%RDF for intercrops+ foliar spy2% DAP +1%KCl and in sub sub plot three kind stfess
management viz.,;S- control, $ — foliar spray of PPFM @500 ml handS; — foliar spray of 500 ppm cycocel (CCC).
The pigeon pea was sown at a spacing of 120cmoa8Q@he in between row of pigeon pea, minor milketsl groundnut
was sown in the proportion of 1:2:1 ratio. The raotended dose of fertilizer was given to pigeonipeal2.5:25:12.5 kg
ha' in the form of urea and diammonium phosphate assalbdose. The foliar spray were taken at pre fimgeand
flowering stage of the crops. Plant protection amgding measures were taken as per their needcropenvas protected
by spraying of chemicals to control pest and diseaghe proline content of the leaf was estimatsedea the procedure

suggested by Batesal., (1973) and expressed as myg g

RESULTS AND DISCUSSIONS
Red Gram (Table 1 & 2)

Among the multi-tier cropping system the resultgesded highest proline content in pigeon pea wasied in
(M,) Pigeon pea + foxtail millet + Groundnut (1:2:bjléwed by (M) Pigeon pea + kodo millet + Groundnut (1:2:1)
(44.95, 51.74 and 43.50, 50.10 myRWV), in both pre flowering and flowering stage.tkiegard to nutrient management
significantly highest proline content was obserirethe treatment of 100% RDF for base crop + fodipray of 2% DAP
+1% KCI (N,), followed by (N) 100% RDF for base crop + 50%RDF for intercropshiaf spray of 2% DAP +1%KCl,
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(47.98, 58.94 and47.41, 56.49 m§EW) in both pre flowering and flowering stage. Aipation of PPFM @ 500 ml Ra
(D2) foliar spray recorded higher proline contemd avas followed by foliar spray of 500 ppm cyco@@CC) (D3) in both
the stages (45.44, 51.55 and 43.59, 49.05th§\y). The interaction effect between different @img system, nutrient
and stress management exhibited siginificant vianiat The higher amount of proline was noticedigeBn pea + foxtail
millet + Groundnut (1:2:1) (&) + (N4) 100% RDF for base crop + foliar spray of 2% DAPYs KCI + foliar spray of
PPFM @500 ml H&(M,N,D,) registered higher proline content (52.85 and B4n§ g* FW) for both stage of crops.

The accumulation of proline is tightly controlleg genes and cDNA encoding osmolyte biosynthesisiaodly
achieved when the rate of synthesis prevails datrdegradation, probably because too much praitexic to plant cell.
As proline has hydrophilic property, it might repdawater molecules around nucleic acid, proteinraadhbranes during
water shortages. It might also prevent interactietween destabilize ions andcellular componentseplacing the water
molecules around these components, thereby proteegainst destabilization during drought, Simitesults were
observed by Yokotat al. 2006, Priyankaet al, 2010 and Turamt al., 2007. Foliar spray of potassium induces proline

synthesis and this proline might have served asmpatible solute.

High levels of proline synthesis during stress mmantain NAD (P) + NAD(P)H ratios at values compbiwith
metabolism under normal conditions. This increas¢id mediated by proline biosynthesis is likelyetahance activity of
the oxidative pentose phosphate pathway. This wpubdide precursors metabolite production durimgsst as well as
nucleotide synthesis, accompanying the acceleratecof cell division upon relief from stress wheddation of proline is
likely to provide an important energy source for Rphosphorylation. It is advantageous for the glamtkeep the cells in
turgid state as proline is highly soluble and stablacid hydrolysis. The similar result was obedriay Gadallah 1999.

Small Millets (Figure 1 & 2)
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Figure 1: Accumulation of Proline in Small Millets (mg g* FW) at Vegetative Stage under Different Nutrient ad
stress Management in Pigeon Pea Based Multi-Tier ©pping System under Rainfed Condition Duringrabi 2015-
2016
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Figure 2: Accumulation of Proline in Small Millets (mg g* FW) at Flowering Stage under Different Nutrient ard
Stress Management in Pigeon Pea Based Multi-Tier ©pping System under Rainfed Condition Duringrabi 2015-
2016

Cropping system, different nutrient and stress rgameent techniques significantly influenced the ipeol
accumulation of small millets at all the crop grbvetages. The highest proline content was recofilell Pigeon pea +
foxtail millet + Groundnut (1:2:1) followed by () Pigeon pea + kodo millet + Groundnut (1:2:1) 49.8.98 and 2.80,
3.03 mg g FW) both pre flowering and flowering stage. Amdhg nutrient management, application 100% RDF é&seb
crop + foliar spray of 2% DAP +1% KCI ¢Nrecorded highest proline content (5.49 and 5.86ghFW) followed by
(Ns) 100% RDF for base crop + 50%RDF for intercropstiaf spray of 2% DAP +1%KClI,(5.27 and 5.65 mgRW) in
both the stage of crop. With regard to stress memagt (D) foliar spray of PPFM @500 ml Havas recorded highest
proline content followed by (§) foliar spray of 500 ppm cycocel (CCC) in both gtages (4.92, 5.30 and 4.54, 4.82 mg ¢
! FW). The interaction effect between cropping systeith different nutrient and stress managemerhriegies were

found to be non significant.

The increase in the concentrations of proline inanimillets was found to be remarkable during didugress.
These results suggest that the production of tlesseotic adjustments is a common response of plamier drought
conditions. Osmotic adjustment through the accutimraof cellular solutes, such as proline, has meggested as one of
the possible means for overcoming osmotic stressezhby loss of water (Caballegbal., 2005). Proline is a non-protein
amino acid that forms in most tissues subjectedidter stress and together with sugar, it is readigtabolized upon
recovery from drought (Singé al., 2000). In addition to acting as an osmo-protectardline also serves as a sink for
energy to regulate redox potentials, as a hydroaglical scavenger (Sharma and Dietz, 2006), adutesthat protects

macro-molecules against denaturation and as a noé@educing acidity in the cell (Kishat al., 2005).

In addition to acting as an osmo-protectant, peoéifso serves as a sink for energy to regulatexrpdtentials, as
a hydroxyl radical scavenger (Sharma and Dietz6P0#5 a solute that protects macro-molecules agdanaturation and
as a means of reducing acidity in the cell (Kis&taal., 2005). However, Vendruscok al., 2007 stated that proline might

confer drought tolerance to wheat plants by indnggthe antioxidant system rather than as an osmagijustment.
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Peanut (Table 3 & 4)

Among the cropping syste(iM,) Pigeon pea + foxtail millet + Groundnut (1:2:&xorded higher proline content
(2.39, 2.69 mg § FW) followed by (M) Pigeon pea + barnyard millet + Groundnut (1:22121, 2.51 mg g FW) in both
pre flowering and vegetative stage of the crop.hvikigard to other agronomic management, applicatid®0% RDF for
base crop + foliar spray of 2% DAP {N+1% KCI was registered significantly higher pnalicontent (2.79, 3.09, mg'g
FW) followed by (N) 100% RDF for base crop + 50%RDF for intercropshaf spray of 2% DAP +1%KCI (2.64, 2.94
mg g* FW) in both stage of crop. Significant effect wasticed in various stress management practicesarFspray of
PPFM @500 ml HA(D,) recorded highest proline content (2.43, 2.73 Mdg~w) followed by (B3) foliar spray of 500
ppm cycocel (CCC) (2.19, 2.49 mg §W) in pre flowering and flowering stages.

The interaction effect between cropping system wlifferent nutrient and stress management techsiques
found to be significant. Pigeon pea + foxtail mitleGroundnut (1:2:1) (Y + (N,) 100% RDF for base crop + foliar spray
of 2% DAP +1% KCI + foliar spray of PPFM @500 mI'fv,N,D,) registered higher proline content (3.15 and 3n46
g* FW) for both stage of crops.

The accumulation of free proline in stressed pldras been found to be an adaptive mechanism fargtito
tolerance and a positive correlation between magdaitof free proline accumulation and drought taleeahas been
considered as an index for determining droughtramlee potential of cultivars. The similar resultswabserved by
Upadhayagt al., 2008. The accumulation of proline in dehydratedns is caused both activation of biosynthesis of
proline and by inactivation of the degradation obfline. P5C reductase, a key enzyme catalyzesitia $tep in the
biosynthetic pathway leading from glutamic acidpimline. An increase, in activity of P5C reductaserelated with
proline accumulation under water stress has bgeorter (Ramanjulu and Sudhakar, 2000). The expetahevidence in
this study also suggests that increase in the B8actase activity could be one of the reasonshi®higher accumulation
of proline at all stress regimes. Another importéattor that contributed to proline accumulatiorridg stress is the
degradation of proline. Proline is oxidized to gluine in the mitochondria by sequential action aflipe oxidase and
proline dehydrogenase. In the present study, weragbd inhibition of both proline oxidizing enzyme the leaves of

groundnut during water stress. These results aagrieement with earlier reports (Ramanjulu and Skah2000).
CONCLUSIONS

Thus based on results of the present investigatiearly demonstrate that Pigeon pea + foxtail rilte
Groundnut (1:2:1) + 100% RDF for base crop + fofipray of 2% DAP +1% KCI + foliar spray of PPFM @05ml ha'
multi-tier cropping system with different nutrieahd stress management practice was productiverimstef moisture

stress under rainfed condition
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Table 1: Accumulation of Proline in Pigeonpea (mg §gFW) at Vegetative Stage under Different Nutrient ad Stress
Management in Pigeon Pea Based Multi-tier Croppingystem under Rainfed Condition Duringrabi 2015-2016

Treatments N, N, N3 N4 Ng Mean
M, 40.73 | 35.74 43.09 47.65( 45.15 42.47
M, 43.3 39.11) 43.72 49.11| 49.5] 44 .95
M, 41.33 | 38.73 42.66 47.19| 47.5§ 43.5
Mean 41.79 | 37.84 43.16 4798 | 47.4]
D, 40.65 | 35.93 42.6 4468 | 45.77 41.92
D, 42.79 | 39.63 43.81 51.52| 49.43 45.44
Ds 41.92 | 38.03 43.05 47.75 47.1 43.57
Mean 41.79 | 37.84 43.16 4798 | 47.4]
M; D; 39.35 | 33.85 42.56 4455 44.05 40.87
M1 D, 41.85 37.5| 43.85 50.85 46.95 44.12
M1 Ds 41 35.88| 42.85 47.56| 44.85 42.43
M, D, 42.05 37.5| 43.17 45.65 47.85 43.24
M, D, 44,18 | 40.88 44.05 52.85| 51.89 46.77
M, Ds 43.68 | 38.95 43.95 48.84 48.8 44.84
M3 D, 40.56 | 36.45 42.08 43.85| 45.25 41.64
Mz D, 42.35 40.5( 43.54 50.86 49.85 45.42
M3z D3 41.09 | 39.25 42.35 46.85( 47.64 43.44
Mean 41.79 | 37.84 43.16 4798 | 47.4]
SE.d CD(p=0.05)
M NS NS
N 1.11 2.42
D 0.61 1.25
M x N x D 2.6 5.46

Table 2: Accumulation of Proline in Pigeonpea (mg §FW) at Flowering Stage under Different Nutrient ard Stress
Management in Pigeon Pea Based Multi-tier Croppingystem under Rainfed Condition During abi 2015-2016

Treatments | N; N, N3 N, Ns Mean
M, 41.81| 43.43| 43932 549 51.15 47.04
M, 4522 44.27| 45932 62.8p 60.38 51.74
M, 45.07| 42.83| 45.63 59.0p 57.93 50.10
Mean 44,03 4351 45.1¢ 58.94 56.49

D, 43.48| 42.85| 43.23 56.4p 55.35 48.28
D, 44.37| 45.70| 47.3§ 61.6p 58.45 51.55
Ds 4424 41.98| 44.84 58.7B 55.47 49.05
Mean 44,03 4351 45.16 5894 56.49

M, D, 44.85| 40.69| 40.84 52.2p 49.15 45.68
M, D, 39.54| 46.35| 46.33 57.9p 53.45 48.77
M, Ds 41.03| 43.25| 4453 5456 50.05 46.69
M, D, 41.35| 44.36| 43.73 61.2p 59.45 50.05
M, D, 4755| 45.89| 48.33 64.8p 62.35 53.80
M, Ds 46.75| 42.55| 45.63 625 59.45 51.36
M; D, 4423 43.50| 45.13 5586 56.15 49.1
M; D, 46.02| 44.85| 47.43 62.1p 59.95 52.08
M; Ds 4495| 40.15| 44.33 59.0p 57.1 49.12
Mean 44,03 4351 45.16¢ 58.94 56.49
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SE.d CD(p=0.05)
M NS NS
N 1.23 2.69
D 1.23 2.52
M x N x D 4.36 9.02

Table 3: Accumulation of Proline in Peanut (mg @ FW) at Vegetative Stage under Different Nutrient ad Stress
Management in Pigeon Pea Based Multi-Tier Croppingystem under Rainfed Condition Duringrabi 2015-2016

Treatments N, N, N3 N, Ns Mean
M, 1.76 1.68 2.30 2.73 259 221
M, 1.89 1.94 2.40 2.92 2.74 2.39
M, 1.82 1.70 2.15 2.73 259 219
Mean 1.82 1.77 2.28 2.79 2.6

D, 1.71 1.76 2.19 2.65 254 2.16
D, 1.97 1.90 2.47 3.00 2.81 2.43
Ds 1.78 1.66 2.19 2.73 2.6Q 2.19
Mean 1.82 1.77 2.28 2.79 2.6

M, D, 1.60 1.73 2.17 2.60 248 211
M, D, 1.85 1.78 2.50 2.95 274 2.37
M, Ds 1.83 1.53 2.23 2.63 259 2.15
M, D, 1.83 2.00 2.30 2.75 270 2.32
M, D, 2.06 2.05 2.60 3.15 2794 252
M, Ds 1.78 1.78 2.30 2.85 299 2.32
M; D, 1.70 1.55 2.10 2.60 2.4Q 2.07
M; D, 2.00 1.88 2.31 2.90 290 2.40
M3 Ds 1.75 1.68 2.05 2.70 233 211
Mean 1.82 1.77 2.28 279 2.59

SE.d CD(p=0.05)

M 0.06 0.11

N 0.05 0.09

D 0.06 0.13

M x N x D 0.08 0.15

Table 4: Accumulation of Proline in Peanut (mg g FW) at Flowering Stage under Different Nutrient ard Stress
Management in Pigeon Pea Based Multi-Tier Croppingystem under Rainfed Condition Duringrabi 2015-2016

Treatments Ny N, N3 N, Nsg Mean
M, 2.06 1.98 2.60| 3.03 2.89 251
M, 2.19 2.24 2.701 3.27 3.08 2.69
M, 2.12 2.00 2.45] 3.03 2.85 2.49
Mean 2.12 2.07 2.58 3.09 2.94

D, 2.01 2.06 2.49 2.95 2.82 2.46
D, 2.27 2.20 2.77] 3.30 3.11 2.73
Ds 2.08 1.96 2.49| 3.03 290 2.49
Mean 2.12 2.07 2.58 3.09 2.94

M, D, 1.90 2.03 2.47 2.90 275 241
M, D, 2.15 2.08 2.80| 3.25 3.08 2.67
M, Ds 2.13 1.83 2.53 2.93 2.85 2.45
M, D, 2.13 2.30 2.60| 3.05 3.00 2.62
M, D, 2.36 2.35 2.90| 3.45 3.05 2.82
M, Ds 2.08 2.08 2.60| 3.15 3.20 2.62
M; D, 2.00 1.85 2.40 2.90 2.70 2.37
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Table 4
M3 D, 230 | 2.18 2.61| 3.20 3.20 2.70
M3 Ds 2.05 1.98 2.35( 3.04 2.69 241
Mean 212 | 2.07 2.58| 3.09 2.94
SE.d CD(p=0.05)
M 0.07 0.14
N 0.06 0.11
D 0.08 0.15
Mx N xD 0.09 0.17
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