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ABSTRACT

Cowpea and horse gram, the underutilized legumdiseofropics with high nutritional quality and lasest were
used for preparing the pulse sprout extract at cpiral Research Station, Vaigai Dam, Theni durd@j1-13. The
biochemical properties of the pulse sprout extnaas analyzed. Seed fortification was effected thiosoaking of
blackgram in both horsegram and cowpea sprout 3,&,4 % extract @ 1:0.3 w/v (seed to pulse spmdtact) along
with ZnSQ, (100 ppm) and water for three hours followed bigydkation in a drying chamber at 30° C for thregsdtp
reach original moisture content (10 £ 0.25% on weight basis). The seed quality analysis revediatiilackgram seeds
fortified with cowpea 2% extract enhanced the geation percentage over Zng@ardening and control. The best
performed cowpea 2% and horsegram 3% fortificatiene forwarded to field trial and foliar spray witbwpea 1% and
horse gram 2 % sprout extracts were imposed alatigwater and DAP 2% at two growth stages i.e.a88 50 days after
sowing. The combined application of seed fortificatwith cowpea 2% + foliar spray with cowpea 1%reased the
physiological parameters of plant dryweight, leefaaindex, crop growth rate, relative growth rate aet assimilation
rate. The same treatment was also reflected thitasitrend of result for yield parameteviz., days to 50 % flowering,
number of pods per plant, seed yield and 100 seeidhivover control. The experiment has proved that seed
fortification with cowpea 2% + foliar spray with wpea 1% at 35 and 50 days after sowing increaseddbd quality,

physiological and yield parameters in blackgram.
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INTRODUCTION

Sprouting is the practice of soaking, draining ancubating the seeds until they germinate. Subssqte
imbibition of water, seed germination is triggefeg enzyme activities which result in elaborate bemical changes.
Proteins break into amino acids, whereas carbobssli@e converted into simple sugars. Besides,rwatable vitamins
such as B complex and vitamin C are creat@erminated grains are also rich source of enzywiesa-amylasé,
phytasé other digestive enzym®S, water soluble vitamins such as Thiamin, Niaciitamin A, B complex, vitamin C,
mineral$§ and soluble sugarsBecause of the favorable accumulation of suchdtige substances, seed sprouting has been

identified as an inexpensive and effective techgplimr improving the nutritional potential of ceteand grain legumes.

Cowpea Yigna unguiculata], is known as black-eye beans, are a good soufrqeratein, energy and other

nutrients in developing countries. Horse gram igxarellent source of iron and molybderfland both the pulses are rich
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in protein and comparatively lower in cost. Pulpeost extracts of horse gram and cowpea has besmgto bring about
seed vigour when employed through seed fortificatiad to bring about increase in seed yield wheaysg on rice crop
at optimum concentratiohsHence a study was carried out to develop a tdobpdy using the bioactive substances of

horse gram and cow pea sprouts for seed treatmdrfbliar spray to achieve higher yield in blackgra
MATERIALS AND METHODS

The experiment was conducted by adopting FactBaadomized Block Design (FRBD) at Agricultural Rersd
Station, Vaigai Dam, Theni during 2012-13. Comnwigiavailable horsegram and cowpea were utilizedpfreparing

sprout extract.
Preparation of Pulse Sprouts Extract

The cowpea and horsegram seeds were soaked forah@hincubated in a wet cloth for overnight to deab
sprouting and 100 g of sprouts were obtained fréhgof dry seeds. Later, 100 g of sprouted seeds geund in a
mixer-grinder by using 100 ml of ice water refrigesd at C. The ground substance was squeezed throughbzgtiand

100 ml extract of 100 % concentration was obtaiaed diluted in to required concentration for seedtment and foliar
spray.
Biochemical Analysis of Pulse Sprout Extracts

The pulse sprout extracts of 100 percent concémtrabtained from both horse gram and cowpea wsimated
for total antioxidants activify soluble protein conteflt total soluble sugal$ ascorbic acid (volumetric analysis) and
minerals viz, nitrogen, phosphorus, potassium, calcium, iron aridc, by employing Atomic Absorption

Spectrophotometer.
Seed Fortification Treatment

Blackgram seeds were soaked for three hours intmtfegram and cowpea sprout 1, 2, 3 & 4 % ex@adt0.3
w/v (seed to pulse sprout extract) along with Zp$O ppm) and water under aerated conditions @nrtemperature
(26 +1%). After soaking, the seeds were dried back tgimal moisture content. Immediately after treatmeermination
test was carried out in paper medium in quadrugdicesing 100 seeds for each treatment with fourrsphicates of 25
seed¥’in a germination room maintained at a temperatfi@sa: 1°C and RH 96 + 2 percent with diffused tigapprox.
10 h) during the day. Final count on normal segglivas recorded on seventh day and percent geromnaimputed.

Rate of germination was calculated using the foenmfilMaguiré?®.

Xl XZ'Xl Xn'(xn'l)
Yl Y2 Yn

Rate of germination =

where X, = Percentage germination ofi count
Y, = Number of days from sowing td'count

Observations were also made on shoot length (tm)distance between collar region to the tip ef phimary
leaf), root length (cm) (the distance between calémion to the tip of the primary root), vigourdex. Seedling dry
weight was determined using normal seedlings fackvkeedlings were dried in a hot air oven maimtdiat 85°C for 48

h and cooling in a desiccators for 30 min and wieigln an electronic digital balance and mean gfwleight arrived and
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expressed as mg 10 seedlifigs
Foliar Nutrition

Foliar spray experiment was conducted during 20tL2xperimental fields of Agricultural Research istat
Vaigaidam (10° 0’ North and 77° 8’ East and altéuaf 242 M above MSL). The soil texture of the ekpental field is
deep ulfisol, pH and EC is 7.2 and 0.32 dSmespectively. Seed rate compensation was domsaiatain the plant
population per unit aréa The recommended crop management practices wiwevéal. Foliar spray with horse gram and
cowpea sprout extracts were imposed in three carate@msviz, 1, 2 and 3 % along with water and DAP 2% at two

growth stages i.e., 35 and 50 days after sowing.
Seed Fortification Cum Foliar Nutrition

The blackgram seeds were fortified with best penfedl treatment of cowpea 2% and horsegram 3% and
forwarded to field trial along with ZnS@nd control. The best performed foliar spray cotregions of horsegram 2% and
cowpea 1% during preliminary screening were giveB5aand 50 days after sowing along with DAP 2% wasadker spray.

The recommended crop production technologies weleded

Dry weight of the plants was recorded at 40 daysowfing after drying in shade and oven at 80°C3®h. Leaf
area index after 30 days of sowing and net asdioilarate between 30-50 days of sowing were detexchi Yield
parameters viz., days to 50% flowering and numifgrods per plant were observed. Seed yield wagdedaafter drying
to uniform moisture content (9 £ 0.25%). The datravsubjected to an Analysis of Variance and treatndifferences

tested (test) for significance (P0>05)°. Wherever necessary, the percentage values vegrsfarmed to arc sine values.
RESULTS AND DISCUSSIONS

Biochemical analyses were conducted to find outnilngitive constituents of pulse sprout extracthofsegram
and cowpea. Estimations was made on soluble prdtead soluble sugars, ascorbic acid, total amtiamt activity, besides
minerals such as nitrogen, phosphorous, potassiam, zinc and calcium, in both 100 per cent estsaf horse gram and
cowpea (Table 1). The estimations revealed thavdest horsegram and cowpea, cowpea recorded higfaéantioxidant
activity (90 mg /100ml), total soluble sugars (19%, soluble protein (3.0%) and ascorbic acid /30 g). Among the
minerals also, cowpea recorded higher values for {10.00 g/100 ml), potassium (339 mg/ 100 mijrogien ( 93.61
mg/100 ml) as well as phosphorous (520 mg /10Q ktywever, horsegram sprout extract showed higladmevfor
calcium (20 mg/100 ml) and zinc (91 mg/100 ml).

Germinated grains are also rich source of enzymwesa-amylase, phytase, water soluble vitamins such as
Thiamin, Niacin, Vitamin A, B complex, vitamin Cminerals and soluble sugars. The vitamin C conténivheat,
soybean and alfalfa increased 54%, 218% and 9168pectively, after germination for 96 h at 28 °Gtie dark’. The
content of phosphorous, potassium, zinc and coipesased significantly as result of germinatiorvamious legumée$,

All the mineral elements, except manganese andesopere significantly affected by germination.

The germination was significantly influenced by fhdse sprout extract treatment. Blackgram seediiéd with
cowpea 2% extract enhanced the germination by &nd 13 % over ZnSQhardening, water soaking and control,
respectively. Horse gram 3% extract also recortiechtaximum value for germination (93 %) than theéewaoaking (88

%) and control (82 %). Speed of germination was hlsstened by the same concentration of cowped)(48d horsegram
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extract (13.5). Seed fortification with differenbrcentrations of cowpea extract recorded highemesafor vigour and
viability parameters when compared with water soglind the effect was much better than controluiieid.)

The experimental results revealed that Seeiification with pulse sprout extract recordedtter performance
compared to control. This may be due to increasedemts in pulse sprouts produced physiologicka$ on seed and
thereby improve its emergence and productiVityn this experiment it was found that the seedgiowration with cowpea
2 % extract recorded higher values for all the sgedlity parameters. This might be because of bivasubstances
present in the extracts are more optimum for geation enhancement and the content of phosphoratasgium, zinc
and copper increased significantly as result ofrgesition in various legumes. He also observeddkanination of a wide
array of legumes significantly improved the thiaeitontent of sprouted legumes. Nitrogen contaicmgpound might
have stimulated the germination by increasing #exdscytokinin content occurring naturally in seedhbjch interacted
with growth inhibitors and enhance the metabolimcpss, leading to higher germinafidn

During seed invigouration, the first phase of gewation ends with completion of imbibition processl &ence
the time taken from sowing to emergence is muchiced". The improvement in field emergence due to invigtion
could also be ascribed to activation of cells, Whiesults in the enhancement of mitochondrial a@gtileading to the
formation of more high energy compounds and vitahtolecules, which are made available during thdygshase of
germinatio’”. Thus it is obvious that the presence of bioac#ubstances in sprouted cowpea and horse grantesxtra
such as, amino acid, vitamins and minerals coulek henhanced the seed quality parameters in blackgeeds as
corroborated by earlier reports. The seed vigoteraded due to fortification with pulse sprout egtsahad resulted in
better seedling growth as reflected in germinagiercentage, root length and shoot length.

Foliar spray experiment was conducted in blackgvath three concentrationgiz, 1, 2 & 3 % of cowpea and
horsegram sprout extract. The efficacy of the pudpeout extract, when assessed through foliar sprader field
conditions, the treatments were very effective.lidfspray with cowpea 1% extract recorded higheant dry weight
(19.25 g) followd by horsegram 2% concentration.246g). The earliness of flowering was observedawpea 1% ( 33
days) and horsegram 3% treatment (34 days) whéewthter (36 days) and control (38 days) recodet flawering
(Table 2).

Number of pods per plant was significantly differdde to foliar spray treatments but control recdrdee
minimum number of pods per planAmong the different treatments, the maximum nundigrods were observed in the
cowpea 1% (23.0), which was followed by horse ge&n(20.0). Observations on 100 seed weight revethigtdcowpea
1% extract recorded the maximum values (4.22@N the water soaking ( 4.18 g ) and control (418 be contribution
of all the yield attributing factors had consumndaie higher seed yield. Cowpea 1% spray recordeget8cent yield
increase (1150 kg) over control (900 kg) (Table 2).

Based on the results obtained in the previous @xpeets best and next best levels in seed fortiticaand foliar
spray of both cowpea extracts (1 and 2 %) and hgraen (3 and 4 %) were combindly adopted for pentorce
assessement in bothhi&rif 2012 and Rbi 2012-2013. The result showed that irrespectiveeaisons, the pulse sprout
extract treatments improved the physiological afgldyparameters in blackgram. The pooled data sHotvat seed
fortification with cowpea 2% + foliar spray with wpea 1% at 35 and 50 days after sowing increaseghlysiological
parameters of plant dryweight (20.32 g) (FigurelL®af Area Index (4.89) (Figure 2), Crop Growth &&24.94 g id™)
(Figure 3), Relative Growth Rate (59.94 mydy') (Figure 3) and Net Assimilation Rate (0.64 mgZdt) (Table 3). The

same treatment was also reflected the similar tedmesult for yield parametersz, days to 50 % flowering (32 days),
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number of pods per plant (45) and 100 seed weil2tl(g) than control (36 days, 27 numbers & 4.1Begpectively
(Figure 3; Table 3 & 4). Seed fortification withwpea 2% + foliar spray with cowpea 1% increasedytakel up to 41 %
(1215 kg) over control (860 kg) (Table 4).

Under field conditions, the fortified seeds of gam produced vigorous plants and foliar treatmeith
cowpea extract increased the physiological anddyseimponents. In order to achieve the highessiplesyield, the
physiological parameters especially leaf area inaest be higher to intercept more solar energyhfgher dry matter
accumulatiof®. Net assimilation rate as a measure of growtltieficy was highest in treated seeds than contwigaim
support from the work of Egli and Yu-Zhen-\Weénit is the amount of biomass deployed into sonoease organs like
grain which is the ultimate objective of the bestatment. The reproductive output and drymatteumedation are
positively correlate® and in the present study the difference in dryenaiccumulation was wider between treated and
control. Though the effects of vigour on field dédishment are many, information on the associatietween vigour and
yield is meagre and assumes practical significinBeduced efficiency of sub cellular organelleshsas mitochondria or
chloroplast in low vigour seeds would explain teagons for lesser yield in untreated s€edisseed vigour affects yield,
its influence could be observed through some effectgrowth parameters like dry matter productionptpsynthetic
efficiency and related factors. Higher values ftwygiological parameters in treated seeds coulda@éxpghe efficient
translocation of assimilates to the sink. The yialdontrol was markedly lower than that of pulgesp extracts treatment.
Therefore, the reason for the reduced yield inrobiean be assigned clearly due to low vigour seed.

Seed fortification with cowpea 2% extract for #heours followed by dehydration is suggested fointaaing
maximum germination and seed quality parametelse cbmbination of seed invigouration with cowpea2%liar spray

with cowpea 1% at 30 and 45 days after sowing ased the seed quality, physiological and yield mpatars in

blackgram.
Table 1: Biochemical Analysis of Pulse Sprout Extret
Name of the Sample Horse Gram | Cowpea
Total antioxidant activity ( mg / 100 ml) 87.50 00.
Total soluble sugars (%) 0.90 1.05
Soluble Protein (%) 1.59 3.0
Ascorbic acid (g/100g) 1.3 1.9
Calcium (mg / 100 ml) 20.00 14.00
Iron ( mg /100 ml) 8.25 10.00
Zinc (mg / 100 ml) 91.00 89.00
Potassium (mg / 100 ml) 291 339
Nitrogen( mg / 100 ml) 89.36 93.61
Phosphorus (mg / 100 ml) 410 520
Table 2: Influence of Foliar Spray Nutrition with Pulse Sprout Extract on
Physiological and Yield Parameters in Black Gram AD 3
Treatments/ Plant dry Weight | Days to 50% Seed Yield/Ha| 100 Seed
Characters (g pl)t:mt'l)g FI)(/)wering N et FeeEHEn! (kg) Weight (g)
Control 13.75 38 17 900 4.16
Water spray 14.20 36 17 920 4.18
DAP 2% 15.70 35 20 960 4.19
Cowpea 1% 19.25 33 23 1150 4.22
Cowpea 2% 17.53 34 20 1010 4.20
Cowpea 3% 14.86 36 19 980 4.21
Horsegram 1% 15.80 35 19 1000 4.21
Horsegram 2% 16.24 34 20 980 4.19
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Horsegram 3% 13.66 37 19 970 4.19
Mean 15.67 35 19 974 4.19
SEd 0.41 0.14 0.31 9.0 0.02
CD (p=0.05) 0.83 0.29 0.62 18.0 0.04

Table 3: Influence of Seed Fortification Cum FoliarSpray Treatment with Pulse
Sprout Extract on Physiological Parameters in BlackGram ADT 3

Tl 0.54 0.46 0.49 36 36 35
T2 0.50 0.42 0.46 37 35 36
T3 0.59 0.53 0.57 35 34 35
T4 0.57 0.50 0.53 35 34 34
15 0.68 0.62 0.64 33 33 33
T6 0.66 0.61 0.63 33 34 34
T7 0.62 0.55 0.58 34 34 34
T8 0.60 0.53 0.55 34 35 34
T9 0.55 0.50 0.51 36 36 36
T10 0.42 0.39 0.40 37 38 38
Mean 0.57 0.51 0.54 35 36 35

S T SXT S T SXT

SEd 0.02 0.03 0.01| 0.50| 0.81 0.18 0.14 0.17 | 0.26 | 0.38

CD (p=0.05) 0.04 0.06 0.02| 1.01| NS 0.37 0.29 0.35| 0.56| 0.79

Table 4: Influence of Seed Fortification Cum FoliarSpray Treatment with Pulse
Sprout Extract on Physiological Parameterg Black Gram ADT 3

T1 880 840 860 4.16] 413 4.15
T2 855 820 830 418 415 4.17
T3 940 950 920 419 416 4.18
T4 1060 | 1025 1040 420 417 4.19
T5 1230 | 1200 1215 4220 420 4.21
T6 1120 | 1090 1100 420 4.9 4.20
T7 970 950 960 419 418 4.19
T8 955 925 945 418 415 4.17
T9 880 820 860 418 4.6 4.17
T10 725 710 720 413 411 4.12
Mean 961 933 945 418 416 4.18

S T SXT S T | SXT

SEd 10.96 | 10.33 | 11.06] 1750 2475 002 001 001 0,03.06 (
CD (p=0.05) | 2250 | 21.20 | (23.09) (36.51) (51.68) 0.04 0.02  (N$D.06)| (NS)
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Figure 1: Influence of Seed Bio-Fortification Treament on Seed Quality in Black Gram

Primary Axis: Germination (%),

Secondary Axis:Speed of germination, Root length (cm), Shoot tleiigm)
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Figure 2: Influence of Seed Bio-Fortification Cum liar Nutrition on
Plant Dry Weight and Leaf Area Index in Black Gram

Primary Axis: Plant dry weight (g plaf), Secondary axis : Leaf Area Index

Treatment Details: T1 — seed fortification with cowpea 2% ; T2 -eddortification with horsegram 3% ; T3 —
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foliar nutrition with cowpea 1% extract; T4 — faliautrition with horsegram 2% extract ; T5 — T1wpea extract 1%, T6
- T1+ horsegram 2%; T7 — T2+ cowpea 1%; T8 - T2rségram 2%; T9 — DAP 2%, T10 — Control
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Figure 3: Influence of Seed Bio-Fortification Cum eliar
Nutrition on Yield Parameters in Bhck Gram

Primary Axis: RGR (mg @ d%), Secondary axis : CGR (g7u'), No of pods parit

Treatment Details: T1 — seed fortification with cowpea 2% ; T2 — séadification with horsegram 3% ; T3 —

foliar nutrition with cowpea 1% extract; T4 — faliautrition with horsegram 2% extract ; T5 — T1wpea extract 1%, T6
- T1+ horsegram 2%; T7 — T2+ cowpea 1%; T8 - T2rségram 2%; T9 — DAP 2%, T10 — Control
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