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ABSTRACT

Cowpea Yigna unguiculata (L.) Walp.) is an important legume vegetable codp
India. Its quick growth and rapid ground cover hawede cowpea an essential component of
sustainable subsistence agriculture in marginalddanThe present investigation was
undertaken to study the effect of storage durationprimed cowpea seeds in addition to
priming response of cowpea seeds to halo, hormamwhhydro priming. The experiment was
conducted at the Department of Seed Science artth®legy, college of Agriculture, Orissa
University of Agriculture and Technology, Bhubanaswrl he experiment was conducted in a
completely randomised design with four replicatidfieesh seeds and 18 months old cowpea
seeds were primed with potassium chloride (KCI, 1%9tassium nitrate (KN§ 1%),
gibberellic acid (GA3, 50ppm), salicylic acid (5@pp and deionised water for 6 hours.
Primed seeds were stored upto 45 days under noooal temperature. Seed samples from
the respective treatments were drawn at 15 dayervels and subjected to test the
physiological and biochemical parameters. Obsamatiwere recorded on germination %,
root length, shoot length, seedling length, shoot:fength ratio, seedling dry weight, SV-I,
SV-II, electrical conductivity, alpha amylase atwtal dehydrogenase activity. In case of old
cowpea seeds all the priming treatments produagitehigermination than non primed seeds
and the increase in germination count was 31.028 %, 6.6 %, 15.1 % and 35.8 % when
seeds treated with KCI, KNDSalicylic Acid, GA3and hydro priming respectivethe halo
priming agent KCI recorded the highest SV-I val3813.49); hydro priming exhibited the
highest SV-Il value (4161.95); non primed seedsnaded the highest EC value (0.801 dS/m)
and hydro priming recorded the lowest value (0.887m); alpha amylase activity was more
pronounced in seeds primed with KCI (0.446); thghést dehydrogenase activity was
observed in seeds treated with deionised water.4388/ 20 ml/hr). In case of fresh seeds
KNOs3; showed the highest germination count (89.5 %)is¢reated with KN@produced the
highest SV-I value (4416.60); seeds treated wiibrdsed water produced the highest SV-II
value (4645.80); salicylic acid recorded the higHe8€ value (0.651 dS/m); alpha amylase
activity was more pronounced in seeds primed wi@l ¥0.462); the highest dehydrogenase
activity was observed in seeds treated with KCIO(B9ug/ 20 ml/hr).With the increase in
post-priming storage duration all the physiologipatameters started decline both in old and
fresh primed and non primed seeds. But the prirredsshowed better quality parameters as
compared to non primed seeds at different storagatidns. The efficacy of priming
treatments in old seeds was judged by calculatexqopation response index (GRI), vigour
response index (VRI) and biochemical response ir{@&d). Hydro priming and KCI have
high GRI, VRI and BRI values as compared to otheattments and salicylic acid has the
lowest GRI, VRI and BRI values. Hydro priming has thighest SQI value (25) followed by
KCI (24) and GA3 (22). This result indicates thgtlfo priming is the best priming treatment
followed by KCI and GA3. Old cow pea seeds priméthw(Cl and deionised water could be
stored in ambient environment up to 50 days aghmeprediction model. From the present
investigation it may be concluded that hydro prignand the halo priming agent KCI (1 %)
could improve the seed quality parameters of oldpEa seeds to a satisfactory level.
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INTRODUCTION

Cowpea Vigna unguiculata (L.) Walp.) is an important legume vegetable
crop of India. It is also grown for its grain, vegble and also for fodder
purpose. Cowpea is adapted to warm weather andiregfjless rainfall than
other crops. Cowpea has also the ability to berantgped with cereals such as
millet and sorghum. Coupled with these attributiés,quick growth and rapid
ground cover have made cowpea an essential compooknsustainable
subsistence agriculture in marginal lands and dregions of the tropics, where
rainfall is scanty and soils are sandy with litdeganic matter (Singlet al.,
1993). Being a drought tolerant and hot weathepcoowpea is well-adapted to
the semi- arid regions of the tropics where othmodf legumes do not perform
well (Singhet al., 1993).

Cowpea is an inexpensive source of vegetable prot&he protein
content ranges from about 3 - 5% in green leaves%4in immature pods and
25-30 % in mature seeds. The amino acid profileaéyv that lysine, leusine and
phenylalanine content are relatively higher in ceagBressani & Elias 1980).
In India vegetable cowpea is grown over an area3p012 ha with production of
1, 33,587 tons of green pod and productivity of 8ta. The leading states are
UP, Bihar, Jharkhand, West Bengal, Odisha etc. Gawnig called as vegetable
meat due to high amount of protein in grain withtéebiological value on dry
weight basis. It is a crop of sustainability andgperity. Beside its use as
vegetable, pulse and fodder it can also be usegresn manure, nitrogen fixer,
cover crop, leafy vegetable. Above all it is a dgbtitolerant and hardy crop and
well adapted to relatively dry environment. Aparbrh this, cowpea forms
excellent forage and it gives a heavy vegetativeuvgin and covers the ground so
well that it checks the soil erosion. As a legumiaarop, it fixes about 70-240
kg of nitrogen per ha per year. In India, despite fact that a large number of
varieties/hybrids and agro-techniques have beereldped, the productivity

of cowpea has not still reached the desired le@dnsidering its versatile



nature its production must be increased to bérteB farmer’'s community.
Among several inputs used for increasing products®ed is the basic and key

input for increasing yield.

Since seed is a biological entity, deteriorationydred harvest is
inevitable. The consequences of low quality seedspaor germination, low and
delayed emergence and weak growth leading to pietd stand and ultimately
reflecting on reduced yield. Low productivity coub@ attributed broadly to use
of poor quality seeds. At present to overcome tbmsyeral seed enhancement
techniqgues are available for quality up gradatiQuality seed is the key for
successful agriculture, which demands each andyeseed should be readily
germinable and produce a vigorous seedling ensurigly yield. The farmers are
always very much interested in the best seed manege practices which are

safe, environmentally sound and scientifically ppovechnologies.

The primed seeds can be a technological tool tovigeo excellent
seedling performance in the field (Leubner, 200§) rbversing some of the
ageing inducing deteriorating events (Tayébral., 1998) and there by promote
sustainable farming systems especially in margaralironments. For resource
poor farmers and indigenous people, who live andmfain marginal
environmental, where rainfall is unpredictable ardatic, soil quality is poor
and access to inputs is limited, the use of goadityseed can enhance the performance
of the crops. The rate of germination and improven@ seedling stands were also
accelerated as a result of seed priming in ton@tob{neawet al., 2000). Variation in the
results depend on temperature, priming duratiomceatration of the priming
chemical and the crop type. An important factotasdetermine how long the
benefits last during dry storage of seeds followprgning (McDonalds, 2000).
However the general rule in this connection is tpaimed seeds should be
considered vigorous but without prolonged storagaiqus. This rule was
obvious with many plants such as sweet corn (Chand Sung, 1998) and
pepper (Lanteret al., 1997). But the literature available in this aaxitis very

scanty. Therefore in the present investigation t@napt has been made to study



the response of cowpea seeds to priming and pasimy storage duration with

the following objectives.

* To study the effect of halo, hormonal and hydronmpng on

physiological and biochemical parameters of old peavseeds

* To study the effect of halo, hormonal and hydrompng on

physiological and biochemical parameters of fresWvgea seeds

* To study the effect of post-priming storage dunmatan physiological

and biochemical parameters of old cowpea seeds

* To study the effect of post-priming storage dunatan physiological

and biochemical parameters of fresh cowpea seeds

* Evaluating the efficacy of priming treatments irder to identify the

best one

* Predicting appropriate post priming storage duratio retain seed

quality.




REVIEW OF LITERATURE

Seed enhancement through seed priming is anolgpractice followed to
improve rate of germination, seedling establishmmemtd faster growth rate.
Numerous vegetable and ornamental crop species bieare primed successfully. In
order to maintain a superior product, seed comgamé&e to maintain seed quality
and longevity in the primed seed.

Now-a-days, various seed priming techniques haea ldeveloped, including
hydropriming (soaking in water), halopriming (saakiin inorganic salt solutions),
osmopriming (soaking in solutions of different angaosmotica), thermo priming
(treatment of seed with low or high temperaturse)id matrix priming (treatment of
seed with solid matrices), and biopriming (hydnatiasing biological compounds)
(Ashraf, Foolad 2005). Each treatment has advastage disadvantages and may
have varying effects depending upon plant spesesge of plant development,
concentration/dose of priming agent and storagéogedn the present study the
objective was focused on post priming storage cwrafThe literature is reviewed

under following sections.

2.1 Effects of halo priming on physiological paetsers

2.2 Effects of hormonal priming on physiologicarameters
2.3 Effects of hydro priming on physiological paeters

24 Effects of priming on biochemical parameters

2.5 Effects of post priming storage duration onysgiblogical and
biochemical parameters

2.1 Effects of halopriming(KCI, KNO3)

Nerson (1986) suggested that salt priming prefireat is an attempt to
improve the germinability of watermelon seeds di-gptimal temperatures. Priming
in 2—-3% solutions of KN@for 1-5 days significantly increased the germonatiate,
and synchronization percentage. Enhancement oé thffects was greatest at 10—
11°C for the water melon variety “Persia 202" andl&-16°C for ‘NoyYizre'el'.



Dehydration of seeds following treatments resuitegartial reversion of the positive

effects of priming if incubation took place at tb&ver temperatures.

Trigo and Trigo (1999) observed that the primingKiINOs3 is efficient to
improve germination of eggplant seeds.

Warley (1999) suggested that muskmelon seeds prifoe@ days in darkness
at 25 °C in an aerated solution of KNO3 (0.35 Mjeeted both seed coat adherence
and seedling development, and interaction betwea&ming and orientation was
significant for seed coat adherence. It indic#t@s$ seed priming can minimize seed

coat adherence during emergence of muskmelon seeds.

Zheng et al. (2002) reported earlier and uniform emergence, avgxl
seedlings fresh and dry weight in rice seeds tdeatth KCI.

Demir and Oztokat (2003) observed the effect ol ggening with KNG on
watermelon seeds and reported that salt primirgyuseful technique for improving

germination, seedling growth and uniformity of etgeneously matured watermelon.

Yogananda et al. (2004) noticed that bell pepper seeds invigorateith
KNO3 (1%) recorded higher germination, root and sheongth seedling dry weight,

rate of germination and seedling vigour index axattrol.

Farooget al.(2005) studied the effect of priming on fresh seefdffour tomato
cultivars and reported that KN@3%) had lower 3 and mean germination time;
maximum germination percent, germination index,ialadlength, plumule length;
highest FEP, root length and shoot length as coeadjptar control.

Igbal et al. (2006) suggested that priming with KCI was helpfuremoving
the deleterious effects of salts.

Nascimento and Lima (2008) that priming of eggplageds in PEG

decreasedgermination, while the use of kN@vided the best result

Shim et al. (2008) reported that priming with KNGsolution for 48 to 72
hours in paspalum improved germination percentagd, uniformity. The increased
duration of priming with KN@ was positively correlated with an improved

germination percentage. The effect of increasingcentration was the most apparent



at a constant temperature {8) regime with the treatment of 0.2% KNO3 priming.
Germination percentage was increased from 34.3%68®% two weeks after
imbibition (WAI) as the priming duration was incsea from 24 to 72 hours.
Therefore, priming with 0.2% or 0.5% solution of for 72 hours is a
recommended method that can be practically apgbedncreasing germination of

paspalum under an alternating temperature (26/)38ondition.

Hassanpouraghdaset al. (2009) evaluated the effects of osmo-priming with
KNO3z on the germination traits and seedling growth ob tBrassica napus L.
cultivars under salinity conditions. Seeds of tyoirsy rapeseed (‘Heros' and 'Eagle’)
were primed with KN@ (-1.0 MPa) for 24 hrs at 30°C. Primed and un-pdrseeds
were cultured in medium grade perlite and placedrgenhouse for 40 days. Pots
were daily irrigated with nutrient solutions comiaig different levels of salinity (0.2,
5, 10, 15 and 20 dSH. Results showed that germination percentageinfgat seeds
was greater than that of un-primed seeds. Radgigth, seedling height and dry
weight and leaf number of plants derived from pdnseeds were higher compared

with un-primed seeds.

According to Mohammadi and Amiri (2009) canola sequfimed with
potassium nitrate showed the highest values fommetion percentage (GP),
germination rate (GR), seedling dry weight (SDWgight, LAI, the number of pods
per plant, the number of seeds per pod, 1000-segghtvand yield as compared to
control under both field and laboratory studiesmirg with GA3 caused an increase
in germination percent of pot marigold and sweené in various range of salinity,
but in lower salinity levels percent of germinatiaas higher than upper ones. The
result of this experiment is consistent with thepdiyesis that under undesirable
conditions such as salinity stress, priming with3>#an prepare a suitable metabolic
reaction in seeds and can improve seed germingigniormance and seedling
establishment (Sedgiial., 2010a).

Tzortzakis (2009) suggested that priming with KN@® endive and chicory
may improve rapid and uniform seedling emergence plant development in
nurseries and/or in greenhouses, which is easi@ble by nursery worker with

economic benefits.



Armin et al. (2010) evaluated the effect of priming media (P&00 3%,
KNO3 3% and none primed) on 3 watermelon cultiy&sgara, Charleston Gray,
and Crimson Sweet) and reported that priming ireedawatermelon emergence,
emergence rate, and plumule length. No significdiffierences were found on
plumule dry weight and radicle length. Priming wRIEG negatively affected the
rate and growth of emerged seedling. Among thesagskpriming media, KN
had the most effective impact on emergence andlisgegiowth. Compared with
the non-primed seeds, seed priming with KN@creased the germination,

germination rate and plumule length by 17.87%, 8% 6and 4.68%, respectively.

Mohammadi and Amiri (2010) obtained the best rasuitcanola due to the
priming treatments at the drought stress leveladrighan -0.6 or -0.9 MPa. So that,
at the -1.5 MPa of drought stress level, germimapercentage, mean germination
rate, radicle length, plumule length and seedlingwkight of canola were improved
128.62, 200, 223.08, 350 and 69.94, respectivelikl®z and 21.44, 71.43, 219.23,
100 and 41.18%, respectively by distilled waterwidweer, seeds primed with KNO
showed better performance than those primed witildd water.

Afzal et al. (2011) found that seed primed with varying concaion of
KNO3 for 24h significantly improved final germinati count, root and shoot
lengths which was due to enhanced chlorophyll austand better germination
pattern.

Ghassemi-Golezangt al. (2011) conducted a laboratory experiment and
found the highest germination rate and seedlingvagight when chick pea seeds
primed with KNQ. The highest grain and mucilage yields were preduby the
plants from seeds primed with KNO

Nawazet al. (2011) indicated that halopriming with varyingncentrations of KN@
improved germination potential and seedling esshbtient of tomato cultivars

proved high emergence and seedling growth.

Mushtacget al. (2012) suggested that seed priming was done adi@ls at
different concentration of potassium nitrate (K§QAIl the treatments had significant
effect on germination percentage, germination tesgrowth room, time for 50%

germination and mean germination time. Results sldothlat maximum invigoration



was observed in seeds osmo-primed at lower coratemts of KNQ and minimum
invigoration was observed at higher concentratibiKiOs3. It was concluded that

germination percentage can be increased by usweyloconcentrations of KN

Abdnadani and Ramezani (2012) showed that KN@utions increased the
fresh and dry weight of roots in maize at 2% and c&#bcentration primed for 12 h
and 18 h. In addition it also increased the vigadex. Grain yield was significantly

increased in many crops subjected to priming aspemed to non-primed crops.

Reiset al. (2012) suggested that priming with Khl@®nproved germination,
FEP, MET, GI and vigour in brinjal.

Yadavet al. (2012) treated diverse germplasm seeds of 15 g&retypes
with KNO3z and recorded more than 65.33 % seed germinatidwo genotypes
(1C282288, 1C411698) over check (30.0%).

Kumaret.al. (2013) reported that bitter gourd seeds primedh wiiDO ppm
KNOs for 24 hours gave better germination, field ersamg, speed of emergence,

seedling length and vigour index-I over the control

Tiwari et al. (2014) studied the effect of potassium nitrateseed quality
parameters, growth and yield of pigeon p€ajénus cajan L.). Six varieties of
pigeon pea viz: 'NDA 1', '‘Bahar’, 'LRG 30", 'UPAZ201 'TS 30" and 'Pusa 2002-2'
were primed with three concentrations (0.30, 0 @50 %) of KNQ@ for 6 hours and
one unprimed set was kept as control. Results basesvo years data revealed that
pigeon pea seeds primed with KNGignificantly enhanced the seed germination,
seedling length, seedling dry weight, vigour indeand Il and finally test weight and
grain yield over unprimed control in all the vamest Among KNQ concentrations,
0.30% showed significantly higher values in aboVvwracters over rest of KNO
concentrations. Deteriorations in seed quality patars, growth and yield of pigeon pea
varieties were noticed when the concentration dagsium nitrate exceeded beyond

0.30%. Pigeon pea varieties differed significamtlgespect of all characters studied.

Dutta and Singh(2015) while working in bird’s eye chilli observédat 1%
KNO3 recorded the highest germination percentag#, length, shoot length, SV-I,

and FEP as compared to non primed control.



Faruk (2015) reported that priming the seeds oftiLevith KCI treatment

improved the number of nodules, as well as rootsirmbt dry weight.

Faruk (2015) showed that lentil seadisied with KNQ treatment improved
the number of nodules, as well as root and shoptwight when compared to the

control.

Yan (2015) soaked the seeds of Chinese cabba@® & for 8 hours in
200 mmol/l potassium nitrate (KN Both primed and unprimed seeds germinated
under six levels of drought stress (0, — 1.0, 5 2.8.0, — 4.0 and — 5.0 MPa osmotic
potential) induced by PEG 6000. Results indicatédht t germination traits
(germination percentage, potential and seedlingwigndex) of Chinese cabbage
decreased gradually with increasing drought intgnsiSeed priming with
KNOs increased germination traits at all levels of dfutustress as compared to the
unprimed seed. The results suggested that primingdcserve as an appropriate
treatment to increase the germination and earlglisgegrowth of Chinese cabbage

under drought stress conditions.

2.2 Effect of hormonal priming (salicylic acid, GHeOs; gibberellic acid,
C19H2206)

Ashrafet al. (2002) found that GA3 treatment enhanced the te¢ige growth
of two wheat cultivars under but caused a slighduction in their grain yield. GA3
treatment enhanced the deposition of Na+ and Cboih root and shoots of wheat
plants under prevailing field conditions. It alsaused a significant increase in
photosynthetic activity in both lines at the vegigastage of the crop.

Yoganandaet al. (2004) noticed that bell pepper seeds invigoratgd GA3
(200 ppm) recorded higher germination, root andoslength seedling dry weight,

rate of germination and seedling vigour index axaattrol.

Afzal et al., (2005) observed that hormone like salicylic acéd lalso proved

for alleviating salinity stress in wheat.

Husseinet al. (2007) evaluated the effect of salinity and sdiecycid on
growth of maize plants. The beneficial aspectsAfage that it could be used for the
improvement of salt bearing capacity of many crops.



Tzortzakis (2009) suggested that priming with Gielimm (GA3) treatments
in endive and chicory may improve rapid and unif@eedling emergence and plant
development in nurseries and/or in greenhouseshwkieasily applicable by nursery

workers with economic benefits.

Sedghiet al. (2010) reported that priming with GAaused an increase in
germination percent of pot marigold and sweet feimearious range of salinity, but
in lower salinity levels percent of germination wagher than upper ones. The result
of this experiment is consistent with the hypoteekat under undesirable conditions
such as salinity stress, priming with &éan prepare a suitable metabolic reaction in

seeds and can improve seed germination performarteeedling establishment.

Khan et al. (2011) reported that wheat seeds primed withs G20 ppm)

recorded minimum mean germination and emergenaedsrcompared to control.

Abnavi & Ghobadi (2012) evaluated the effect ofrhonal priming on seed
germination in wheat and showed that for hormonmahipg, maximum shoot and
root length, shoot and root dry weight and gernamatate were observed at GA 50
ppm and 24 h treatmeant in Cross-Alborz and Saoddtrvars of wheat.

Anwar et al. (2013) assessed the role of salicylic acid imgasing germination
of rice. Results of field experiment indicated thatmination was maximum in seeds

treated with 20 mg/L of salicylic acid for 40 hours

Igbal and Ashraf (2013) reported that the saltlarent cultivar treated with
GAs in wheat plants might have faced less stress cadpaith control. Thus,
physiologically, GA-priming-induced increase in grain yield was atitédzl to the
GAs-priming-induced modulation of ions uptake and iparting (within shoots and
roots) and hormones homeostasis under saline comslit

Kumaret al. (2013) reported that bitter gourd seeds primedh witO0 ppm
GAs for 24 hours gave better germination, field ereacg, speed of emergence,

seedling length and vigour index-I over the control

Saeedipour (2013) reported that cowpea seedsdredtie GAs shown better

performance in overall seedling characters.
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Daset al.(2014) reported that treatment of fresh bottle daeeds with GA
(500 ppm) for 24 hours gave significantly maximuerrgination, seedling vigour

index-l and Il and seedling dry weight than drydsee

Vermaet al. (2014) studied the positive effect @8n seed quality parameters
of Avena sativa. The results indicated that priming as such impdothe germination,
seedling length, dry weight and vigour measureteims of vigour index-I, Il and

speed of germination.

Faruk (2015) showed that priming of red lentéde with GA3 may be useful
due to its positive effects on germination rateyngeation percentage, yield
component and grain yield of lentil. An experimerds conducted under laboratory
and field conditions in order to evaluate the dfi@icGA3. GA3 treatment increased
shoot length. In the pot experiments, GA3 treatmenteased plant height and

seedling emergence rate.

Pramanik et al. (2015) observed that sesame seeds primed with GA3
significantly improved plant height, aerial biomgs®duction, chlorophyll content,
relative leaf water content, number of primary lofas/plant, number of capsules/
plant, number of seeds/ capsule, seed yield, stelki and harvest index were
obtained. Crop receiving GA3 produced high seeddy{886 kg/ ha), stalk yield
(1314 kg/ ha) asd compared to control.

2.3  Effects of hydro priming

Basraet al. (2002) reported that wheat seeds respond toreliffgore-sowing
seed treatments and hydro priming for 48 h showed mhaximum invigoration
followed by hydro priming treatment for 24 hours.

Farooget al. (2005) optimized hydro priming techniques (viz.22, 36, 48
and 60 hour) for vigour enhancement in both riceesy and they reported that
maximum vigour enhancement was calculated in sbgdso primed for 48 hour

which was followed by 36 hours.

Xiaoying et al. (2005) observed that hydro priming can overcorhe t

germination barriers related to seed coat of titpleatermelon seeds.
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Joudi and Sharifzadeh (2006) observed that in jgderment, hydropriming
can improve germination percentage and rate, leofitboleoptiles and root, dry

weight of root and shoot as well as seed vigouexnid barley.

Neamatollahiet al. (2006) reported that hydro priming increased sagdiiry

weight under saline condition.

Farooget al. (2007b) stated that priming (hydro priming) résdlin improved
germination speed, seedling fresh and dry weighdt and shoot length, seedling
nitrogen and total sugar.

Filho and Kikuti (2008) suggested that hydroprimicegn promote speed of
germination and speed of seedling emergence bué mev effect on yield of

cauliflower.

Ghassemet al. (2008) reported that hydro priming resulted ightar seedling

emergence in the field compared to seed priming REG 6000 in lentil.

Moradi and Younesi (2009) treated the seeds gjhgon by hydro-priming
for different time (12, 24 and 36 hours) and theparted that hydro-priming
improved the percentage and mean emergence timd)(idEseeds at sub- optimal
temperature of 15°C. Seed treatment for 12 and @drshhad a positive and

statistically significant effect on percentage apded of emergence.

Yu-jie et al.(2009) concluded that among the hydro primingtinests the
highest speed of germination was observed for segdisted in 500 puL of water per
1 g of seeds for 48 h at 15°C in case of chinetr.abhis treatment accelerated seed

germination at 10°C compared with the control.

Azarnivandet al. (2010) conducted experiment on hydro priming gdine
hydration time levels (6, 12, 18,24 and 30 hours) they observed that the treatment

for 12 hours had the highest effect compared terd#vels in tall wheat grass.

Eniseh and Khourshid (2010) conducted al fedperiment under drought stress
and found that hydro priming increased LAl and ass$imilation rate and proline,
chlorophyll and carotenoid contents of aerial partd protein and oil contents of the

soyabean seeds under stress and non-stress cosditio
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Ghassemi-Golezamt al. (2010b) obtained the highest chickpea yield WiBh
hours of hydro priming and suggested that this pignduration is the best treatment

for invigoration of chickpea seeds.

Mohammadi and Amiri (2010) obtained the best resdlie to the priming
treatments at the drought stress levels higherh&nor -0.9 MPa. So that, at the -1.5
MPa of drought stress level, germination percentaggan germination rate, radicle
length, plumule length and seedling dry weight wietproved 21.44, 71.43, 219.23,
100 and 41.18%, respectively by distilled water.

Mohseneyet al. (2010) evaluated the effect of seed priming witlter and
control on corn varieties (704 and 640 K.SC). Thegorted that varieties did not
differ significantly but maximum speed of germimeti was recorded for hydro

priming (water) and control (without pre-treatment)

Amooaghaie (2011) observed that the seedlingsearimith water showed
more growth with respect to root and shoot lengid germination percentage in

comparison with seedlings obtained from non-prireeeds.

Birendra and Shambhoo (2011) reported that alhgid¥o priming treatments
(8, 16, 24, 32, 40, 48, 56, 64 and 72 hours) redulh enhancement of seed
germination at both first and final count, and $egdvigour with respect to seedling
length, fresh and dry weight of seedlings, relatgrewth index and mean daily

emergence for rice except seed hydro priming foarédl 72 hours.

Li etal. (2011) conducted laboratory experiments on fredhmhrvested
pyrethrum Tanacetum cinerariifolium) seeds to investigate the effects of hydro
priming on germination and it was concluded thadrbypriming shortened the delay

of MGT and improved the germination percentage.

Rouhi et al. (2011b) investigated the effect of hydro priming the
germination indexes and seed vigour of Tall fes¢destuca arundinacea) and
concluded that hydro priming had significant effect the percent and speed of
germination, length of radicle, coleoptile and deeyr as well as vigour indices in tall

fescue.
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Santoset al. (2011) suggested that priming with water for 23uds was

effective to promote the vigour of Moringa seeds.

Singh et al. (2011) observed that in laboratory and green éawenditions
hydro priming treatments of cowpea seeds were fdaarae superior over unprimed

treatment regarding seed germination, emergencgrandh at 3 weeks after sowing.

Tiwari et al. (2014) studied the effect of tap water on seedityyzarameters,
growth and yield of pigeon pe@djanus cajan L.). Six varieties of pigeon pea viz: 'NDA
1', '‘Bahar', 'LRG 30", 'UPAS 120, 'TS 30' and &2802-2' were primed with tap water
for 6 hours and one un primed set was kept asatoResults based on two years data
revealed that pigeon pea seeds primed with taprwaaificantly enhanced the seed
germination, seedling length, seedling dry weigigour index | and Il and finally test
weight and grain yield over un primed control intlaé varieties.

2.4  Effects of priming on biochemical parameters

Ebukanson and Bassey (1992) states that in genmgnaéeds, stored food,
e.g. starch, is hydrolysed to glucose for use & gnowth. Reactivity of these
dehydrogenases covered barely the first three dfagswpea seed germinations. The
enzymes separately mediated the conversion of dstoegbohydrates and lipids

through the anaerobic respiratory oxidation process

Joneset al., (1999) observed that anaerobic respiration ocdursg resting
stages of seeds and the initial stages of seedimgion. It was observed that for
cowpea, the L-lactate pathway was the preferredhwst for anaerobic
dehydrogenation, However the Alcohol pathway wae aignificant. This evidences
that the enzymatic reaction was still substantialithin the anaerobic phase. This
was further sustained by the low reactivity of soate dehydrogenase which is

required mostly in the glyoxylate cycle of the d@caespiratory phase. .

Lee and Kim (2000) suggested that activatiorm-ofimylase is documented
during priming. More ther-amylase activity higher will be the metabolic aiti in

seeds, which indicates the higher vigour of thelsee

Zheng et al. (2002) stated that in rice, seed primed with migelt-solution
resulted in significant increase in activity af-amylase, f-amylase, and root
dehydrogenase, and moderate increase in the yacishoot catalase under salt stress.
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Jie et al. (2002) observed that in wild ryedymus chinensis) seed, priming
with 30% PEG for 24 h resulted in increase in thevdy of superoxide dismutase
(SOD) and peroxidase (POD) and a rapid increaskeimespiratory intensity, which

were associated with an increase in germinatioaurig

Farooget al. (2005) reported that in tomato seeds primed WhkiD3 resulted

in lower electrical conductivity of seed leachaaescompared to non primed seeds.

Moosaviet al. (2009) studied effect of priming on biochemicarametes in
amaranthus. They observed a strong correlationdsgtviowering of the mechanical
restraint and the activity of endo-beta-mannanBseed seeds significantly showed
the increased emergence percentage, rate of encergent length and seed vigor in
all amaranth cultivars. Trigin cultivar showed thest performance among cultivars.
Total seed protein, POD and PPO were also incresigadicantly by seed priming.
Almont and Plainsman cultivars exhibited high prmoteontent and POD activity.
PPO activity increased by seed priming comparingptatrols for Amount, Plainsman
and Mercado cultivars, but for Trigin cultivar, merease was detected. The highest
increase in PPO activity was observed in Mercadioven.

Amanpour-Balaneji and Sedghi (2011) studied thengha in physiological
and biochemical characteristics of common bean uagieg and priming treatments.
Their results showed that osmo-priming had theitghid relatively ameliorate the
aging effect and recover some of the seed aspketgérmination rate, protein and

phytin content for invigorate germination and seeglestablishment.

Oaikhenaet al. (2013) reported that dehydrogenases contributedhéo
catalyses of stored products in the anaerobic ptlaseed germination in cowpea.

Tabatabaei (2013) showed that catalase and aseqgokabxidase activity in
sesame seeds decreased after ageing, but primin@>A&3 increases enzyme activity

in seeds after aging.

2.5 Effects of post-priming storage duration on pisiological and biochemical
parameters

EL-Arbay and Hegazi (2004)arried out experiments on priming of tomato
seeds. They primed the seeds with pure water, RE&APQ: and after priming the

15



seeds was sown at 0, 2 and 4 weeks following arhhiedrying of the primed seeds.
Germination percentage, seedling growth and enzagtieity showed the best results

at zero dry storage.

Guzman and Aquino (2007) took two sets of non dotmreaturally aged
farmer bred (M12-22B5 and AG-5) and traditionadrtik, Kotong) rice varieties and
subjected those varieties to hydro priming by sogkor 10 hours and drying back to
their original moisture content. Overall resultsowied that hydro priming has a
favourable effect on germination specially detetied seeds with known low
germination percentage. One month after hydro pgmihe germination of M12-22B5
increased from 71 to 84 %, AG-5 from 69 to 78 % hantik from 28 to 32 %. On the
average different varieties reached 50 % of thatral germination after 2.4 to 3.2

months of storage for non primed seeds and 7.28tmonths for hydro primed seeds.

Abnavi and Ghobadi (2012) reported that maximunosiamd radicle length,
shoot and radicle dry weight, rate of germination germination percentage in cv.
Cross Alborz was observed in 60 days after seedipgi In general, 60 days after
seed priming was better than other storage duratitem seed priming. These results
showed that for both wheat cultivars germinaticst &g 30, 45 and 60 days after seed
priming had more shoot dry weight, more radicle werght, more shoot length, more
radicle length, more speed of germination and ngeemination percentage than

immediately after seed priming.
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MATERIALS AND METHODS

The present investigation has been undertakenutty gshe effect of priming
and post priming storage duration on seed quasitpampeters of fresh and old cowpea
seeds. Priming is the process of controlled hydmnatif seeds to a level that allows
pre-germination activities but does not permit @gnroot protrusion.The experiment
was conducted at the Department of Seed ScienceTactnology, college of
Agriculture, Orissa University of Agriculture andedhnology, Bhubaneswar. The

details of materials used and methods adoptedem@itied in this chapter.
3.1 Experimental details
Seed material:
Fresh and 18 months old cowpea breeder seedsiefyhbitkal Manika were
collected from AICRP on Vegetable Crops to condetexperiment
Experimental Design: Completely randomised design

Replications : 4

Priming treatments

Priming treatments used for the present investigatiere mentioned below

Halo priming agent:
i) Potassium chloride ( KCI, 1%)
i) Potassium nitrate (KN§) 1%)
Hormonal priming agent:
iii) Gibberellic Acid (GA3, 50ppm)
iv) Salicylic Acid (50ppm)
Hydro priming:

v) Deionised water
Soaking period ; 6 hours

Post priming storage period 0, 15, 30 & 45 days

17



3.1.1 Seed priming procedure

Fresh seeds and 18 months old cowpea seeds wem italspecimen tube.
Prepared solution of KCI (1%), KN{1%), GAs (50 ppm) and Salicylic acid (50
ppm) were poured in to the specimen tube such dhahe seeds can equally be
soaked. In case of hydro priming the seeds werkesba deionised water. Seeds
were soaked in solutions at ambient temperatures foours. After priming for 6
hours the soaked seeds were removed and rinsedlisithled water for three times
and dried to regain original moisture content unsleade. Before starting priming
treatment the moisture content of fresh and oldisegere determined. The seed
treated with different priming agents were packedeparate cotton bags along with
untreated seed (control) and stored up to 45 dagerunormal room temperature.
Seed samples from the respective treatments wengndat 15 days intervals and

subjected to test the proposed physiological andhgmical parameters.

3.2 Observations recorded

The observations on physiological parameters ligedsgermination (%),
shoot, root and seedling length (cm), seedlingvaeight, seedling vigour index | &
II, and biochemical parameters like EC of seed Hatx (dS/m), alpha amylase
activity and dehydrogenase activity were recorded documented under respective

headings as explained below.
3.2.1 Seed germination (%)

Germination test was conducted on pure seed fracsing 100 seeds in four
replicates following between papers (BP) methodsoamal room temperature. Four
replications of hundred seeds each were used fonigation test. The numbers of
normal seedlings were counted on 8th day (finaintoaf germination from all the
replications.The average of four replications waspressed as germination
percentage. The germination per cent was calculaasdd on the number of normal

seedlings produced.

3.2.2 Root length (cm)
Ten normal seedlings were taken randomly from eagplication for
measuring the root length. The length between tikarcregion and the tip of the

primary root was measured and mean value was regandcm.
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3.2.3 Shoot length (cm)
The same ten normal seedlings used for root lengthsurement were also
used for shoot length measurement. The length leetwlee collar region and the tip

of the shoot was measured and mean value was getcoram.
3.2.4 Seedling dry weigh{mg/ seedlings)

After the germination test i,eon 8" day, the same ten normal seedlings used
for root length measurement from each replicati@nenkept in a butter paper bag and
dried for 24 hours in a hot air oven maintainedB@tC. The dried seedlings were
removed and cooled under room temperature andtiieedry weight of seedling was
recorded using an electronic balance. The averagghivof seedling was computed

and expressed in milligram.
3.2.5 Seedling vigour index-I1 & 1l

SV-I = Seed germination (%) x seedling length (cm)
SV-Il = Seed germination (%) x seedling dry wei@ihg)

3.2.6 Electrical conductivity of seed leachates

Electrical conductivity of seed leachate was edithaas follows. Four
replications of 8 g old and new cowpea seeds frach griming treatments along
with control were taken in beakers and pre-washedughly with distilled water to
remove the adhering chemicals and then soaked iml 49 distilled water for 6 hrs at
room temperature. After soaking, the seed steeprwads decanted to obtain the seed
leachate. The electrical conductivity of the seeachate was measured in a digital
conductivity meter and expressed as dS/m.

3.2.7 Alpha amylase activity

Alpha amylase activity was determined following fv®cedure described in
appendix-ii. Four replicates of old and new cowpsseds from each priming
treatments along with control were taken for thedgt Alpha amylase activity was

expressed in terms of OD (optical density) value.

Procedure

* One gram of germinated cowpea seeds were takenedaaimtreatment.

* Then seeds were macerated in a pestle and moparasely by adding 10

ml of citrate buffer step wise slowly.
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e Then we had transferred the content to the cegwifuube and

centrifugation was continued for 15 minutes at 2.

« Then we had collected the supernatant for detetromaf a-amylase
activity as g starch digested per 10 minutes/geefl.

« Before addition of reagents, all the test tubesighbe kept at FC.
«  Also during reaction time the temperature shouldniaéntained at 37C.

» After development of colour, the OD was measure®z@ nm wave
length of light Therefore, the-amylase activity is calculated as pg starch

digested /gram of seed /10 minutes or more by usi@gtandard curve.

Standard curve for alpha amylase

0.8 —
% /
(_>U 0.6 /
N 04
O /
0.2
0 T T T 1

300 pg/mL 600 pg/mL 900 pg/mL 1200 pg/mL

Conc. of starch

3.2.8 Dehydrogenase activity

Dehydrogenase activity was determined following phecedure described in
appendix-iii. Four replicates of old and new cowpsseds from each priming
treatments along with control were taken for thedgt Dehydrogenase activity was
determined from the standard curve and expresspd/d0 ml/hour.

Procedure

1. We had taken 1 gram of cowpea seeds of samdéigzwell filled seeds)
from each treatment of fresh and old seeds

2. Then the seeds were soaked for 12 hours

3. The seed coats were removed from the seeds.
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4. Then we had kept the soaked seeds withoutetnd coat in 0.05 %

tetrazolium solution (volume is 20 ml) for 4 hours.

5. Tetrazolium solution was decanted and the seeds washed in water

thoroughly.

6. We added 20 ml methanol (i.e the seeds wereikepethanol solution
and we waited for the complete discolouration efskeds).

7. Then we took the reading of the solution bytible of a spectrophotometer at
480 nm of light along with the blank methanol (@ndard).

Preparation of standard curve
*  We prepared the stock solution by taking 10 mgoainazan (TCF) in

100 cc methanol (conc. was 100 ppm).

« We took 1 ml stock solution and added 19 ml methaadhat the final

volume was 20 ml (concentration was 5 ppm).

*  From the stock solution we prepared 5 ppm, 10 @@&ppm and 20 ppm
solution and made the final volume 20 ml by addmgghanol as follows.

) 1ml stock solution + 19 ml methanol =5 ppm (voir2p

i) 2 ml stock solution + 18 ml methanol =10 ppm (vOIrgl)

iii) 3 ml stock solution + 17 ml methanol = 15 ppm ( 20Iml)

iv) 4 ml stock solutiom + 16 ml methanol = 20 ppm( 20Iml)

*  We had measured the OD value and prepared theasthodrve

Enzyme quantification
Let us consider the OD value of the solution i@ &s concentration is 5
ppm (as per the standard curve) i.e the solutiomadas 5 mg formazan in 1000 cc
solution.
1000 ml solution contains 5 mg formazan = 5 £ gam
1 ml solution will contain = (5 x 1§ gram) + 1000 = (5 x 16 ) g of formazan
=5 x 10° gram

=5 ug
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So 20 ml solution will contain 5 x 20 pg = 100 pgrhazan

i.e. from 1 gram seeds we get 100 pg formazan.

Again we keep the seeds in tetrazolium for 4 hours.

Therefore quantity of formazan produced from 1 @&ds in 1 hour will be
=100pg +4 = 25ug

So, the quantity of formazan present is 25u9/20ml/h

Standard curve for dehydrogenase
0.9

0.8 -
0.7 -
0.6
0.5 -
0.4 -
0.3 -
0.2
0.1 -
0 . ; ;
5 ppm 10 ppm 15 ppm 20 ppm
Concentration of formazan

OD Value

3.3.  Statistical analysis

The data were statistically analysed following S&S version. The level of
significance used in F test was P = 0.01. The iapeercentage was transformed into

angular transformation value and used for statistoalysis.
3.3.1 Estimation of seed quality index (SQI)

This parameter is used to evaluate efficacy of grtreatments. Higher
value of SQI indicated higher efficacy. SQI is obéal by adding germination
response index, vigour index and biochemical respandex values. Evaluation of
germination response index, vigour index and biotbal response index are

described in result chapter.
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RESULTS

The present investigation was aimed to study thexebf halo, hormonal and
hydro priming in improving seed quality parametefld cowpea seeds.The effect
of post priming storage duration of different pmmiagents on fresh cowpea seeds
was also investigated. The lab-test was carriedroatcompletely randomised design
with four replications. Statistical analysis wasndausing SAS 9.3 version software.

The result was presented under following sub-heads.

4.1 Effect of halo, hormonal and hydro priming gmubkt priming storage
duration on physiological and biochemical paransetsr old cowpea

seeds

4.2 Effect of halo, hormonal and hydro priming geabkt priming storage
duration on physiological and biochemical paransetdrfresh cowpea

seeds

4.3 Comparing response of fresh and old cowpeasseegost-priming

storage duration

4.4  Correlation coefficient between physiologicand biochemical

parameters
4.5 Predicting the efficacy of priming treatments
4.6 Predicting appropriate post priming storageation to retain seed

quality

4.1 Effect of halo, hormonal and hydro priming andpost priming storage
duration on old cowpea seeds

4.1.1 Germination percentage

Analysis of variance indicated significant diffeces among the priming
treatments in case of zero storage duration (TapleHydro priming recorded the
highest germination count (72.0 %) followed by K69.5 %) as compared to control
(53.0%). Among the treatments salicylic acid reedrthe lowest germination count

(56.5 %). All the priming treatments produced higgermination than non primed
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seeds and the increase in germination count w&s%117.9 %, 6.6 %, 15.1 % and
35.8 % by KCI, KNQ, Salicylic Acid, GA3 and hydro priming respecliye

After 15 days of post priming storage duration germination count was
found to decrease both in primed and non primedsse&ll the priming treatments
except KNQ achieved significantly higher germination count rtheontrol. The
highest germination percent was recorded by hydripg (66.5 %) and the lowest
by salicylic acid (48.50 %). The reduction was mamesalicylic acid (14.0 %)
followed by KNG (11.0 %), hydro priming (7.0 %), KCI (5.0 %), GAB.Q %) and

the lowest was recorded in control (1.8 %) as caep#o zero storage duration.

Coming to 30 days of post priming storage duratibwas observed that the
halo priming agent KCI had the maximum germinatouint (63.5 %) followed by
hydro priming (62.0 %).All the priming treatmentsosed significantly higher

germination except salicylic acid as compared to praming seeds.

In case of 45 days of storage time the germinatmmt varied from 41.5 %
(salicylic acid) to 55.5 % (KCI) and all the treams recorded significantly higher
germination percent as compared to non primed seBHds percent increase in
germination as recorded by KCI, KNGsalicylic Acid, GA3 and hydro priming was
18.0 %, 10.0 %, -11.7 %, 13.8 % and 10.0 % respagtas compared to dry seeds.

Post priming storage duration study revealed thateased storage period
would decrease the germination percent. The deergagermination percent for
the halo priming agent KCl was 7.9 %, 8.6 % and2®.at 15, 30 and 45 days of
post priming storage duration. For KNthe decrease in germination percent was
11.2 %, 11.2 % and 16.8% at 15, 30 and 45 dayssdlicylic acid the decrease
was 14.2 %, 20.4 % and 26.5 %; for GA3 the decrea=e4.9 %, 3.3 % and 12.3
%,; for hydro priming the decrease was 7.6 % , £8.9and 27.8 % and for non
primed seeds the decrease was 1.9 % , 6.6 % aBd®d1 The decrease rate was
high in case of hydro priming and low in KN@nd all the priming treatments had
higher decrease rate as compared to non primeds sgld the increase in post

priming storage duration.
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Table 1 Germination percentage of old seeds

Old seeds

Treatment 0 day 15 days 30 days 45 days
KCI (1 %) 69.50 64.00 63.50 55.50
KNO3(1 %) 62.50 55.50 55.50 52.00
SALICYLIC ACID(50 ppm) 56.50 48.50 45.00 41.50
GA3(50 ppm) 61.00 58.00 59.00 53.50
WATER 72.00 66.50 62.00 52.00
CONTROL 53.00 52.00 49.50 47.00
CD 1% 5.93 5.61 4.52 4.21

CV % 4.67 4.80 3.99 4.12

4.1.2 Root length

Data presented in Table 2 indicated significare@fbf priming treatments on
root length during zero post-priming storage pesiotihe halo priming agent KCI
recorded the maximum root length (21.63 cm) folldvay KNGs (18.01 cm). All the
treatments enhanced the root length except thedrahpriming agent GAS.

At 15 days of post-priming storage period it vehserved that the root length
of all treatments decreased correspondingly as acedpto zero post-priming storage
periods. Root length of the treatments during pleigod varied from 14.25 cm (GA3)
to 18.15 cm (KCI). All priming treatments were faumo have positive effect as
compared to non primed seeds except GA3.

At 30 days of post-priming storage period, the rarah priming agent salicylic
acid recorded the highest root length of 16.18 clloviied by control (15.80 cm). The
lowest root length was produced by GA3 (14.42 chg root length produced by the
treatments during this period was definitely lowem zero day and 15 days.

At 45 days of post-priming storage period, the hmmal priming agent
salicylic acid recorded the highest root lengtil8f86 cm followed by KN©(13.64
cm). The hormonal priming agent GA3 and hydro prgrhad root length of 11.81
cm and 12.65 cm, thus showing negative effect mgarison to non primed seeds
(13.08 cm).
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Table 2 Root length (cm) of old seeds

Old seeds

Treatment 0 day 15 days 30 days 45 days
KCI(1 %) 21.63 18.15 14.66 13.04
KNO3(1 %) 18.01 16.83 15.59 13.64
SALICYLIC ACID(50 ppm) 17.13 16.63 16.18 13.86
GA3(50 ppm) 14.70 14.25 14.42 11.81
WATER 16.02 15.60 15.26 12.65
CONTROL 15.32 15.14 15.80 13.08
CD 1% 1.54 1.67 141 1.32
CV % 4.41 5.11 4.53 5.00

4.1.3 Shoot length

The effects of halo, hormonal and hydro primingtmeents on shoot length of
old cowpea seeds are presented in Table 3. Allptivaing treatments exhibited
significantly higher shoot length as compared tom mpyimed seeds. Among the
priming treatments, the halo priming agent KiN®corded the highest shoot length
(28.32 cm) whereas hydro priming recorded the lowisot length (24.77 cm).

At 15 days of post-priming storage period, verypsisingly the shoot length
was found to increase in all treatments along withtrol except GA3 as compared to
zero days. This may be due to favourable envirotahezffect. The highest shoot
length was observed in KCI (30.71 cm) rather thahOK (29.27 cm). KCI, KNG,
salicylic acid and hydro priming produced signifidgt higher shoot length as
compared to non primed seeds

At 30 days of post-priming storage period, the shewogth was further found
to increase as compared to 15 days. Here saliaglit attained the maximum shoot
length (33.67 cm) and the lowest was being recolye@A3 (30.67 cm). There were
no significant differences among priming treatmamd control.

At 45 days of post-priming storage period, all tineatments along with
control showed decrease in shoot length as compar8@ days. The shoot length
was found to vary from 26.26 cm (control) to 33.6dh (hydro priming). The
hormonal and hydro priming treatments gave sigaifity higher shoot length as
compared to dry seeds.

26



Table 3 Shoot length (cm) of old seeds

Old seeds

Treatment 0 day 15 days 30 days 45 days
KCI(1 %) 26.07 30.71 32.40 27.53
KNO3(1 %) 28.32 29.27 33.40 26.74
SALICYLIC ACID(50 ppm) 27.31 28.45 33.56 30.20
GA3(50 ppm) 27.14 26.68 30.67 30.37,
WATER 24.77 29.28 33.28 33.04
CONTROL 21.84 25.20 33.53 26.26
CD 1% 2.11 2.69 NS 2.96

CV % 4.00 4.68 4.69 5.01

4.1.4 Shoot length: Root length ratio

Analysis of variance indicated significant diffeoess among the treatments in
case of 0, 15 and 45 days of post-priming storag®g (Table 4). For halo priming
agent KCI, the shoot: root length ratio graduatigreased from 0 to 30 days at an
increasing rate and from 30 to 45 days it increagem decreasing rate. Similar trend
was observed in case of KN@nd non primed seeds. But in case of hormonal
priming agents (salicylic acid and GA3) and hydroning agent shoot: root length

ratio gradually increased from 0 to 45 days atnangasing rate.

Table 4: Shoot length: Root length ratio in old seds

Old seeds

Treatment 0 day 15 days 30 days 45 days
KCI(1 %) 1.21 1.69 2.22 2.12
KNO3(1 %) 1.57 1.74 2.15 1.96
SALICYLIC ACID(50 ppm) 1.60 1.71 2.09 2.18
GA3(50 ppm) 1.86 1.88 2.15 2.58
WATER 1.56 1.87 2.22 2.65
CONTROL 1.43 1.68 2.15 2.00
CD 1% 0.15 0.16 NS 0.20
CV% 4.90 4.58 3.80 4.41

4.1.5 Seedling length

At 0 day of post-priming storage period, seedlargth ranged from 37.15 cm
to 47.70 cm (Table 5). All priming treatments e/éound to produce higher seedling
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length as compared to non primed seeds. The higkeesting length was recorded by
KCI (47.70 cm) followed by KN®@ (46.33 cm) and these two halo priming agents
were at par in their effect. Salicylic acid recatdet.44 cm seedling length and GA3
recorded 41.83 cm seedling length and these twamdal priming agents were also

at par in their effect.

At 15 days of post-priming storage period, sig@ifit differences were
observed among the treatments. The two halo primgemts KCl and KN©scored 1
(48.86 cm) and " (46.10 cm) rank in their effect on seedling lengkh the priming
treatments exhibited higher seedling length as epeapto non primed seeds (40.34 cm).

At 30 days of post-priming storage period, the eégjiseedling length was recorded
by salicylic acid (49.74 cm) followed by dry se€d8.33 cm) and the lowest was reported
in GA3 (45.09 cm). No significant differences weleserved among the treatments.

At 45 days of post-priming storage period, sigaifitdifferences were observed
among the treatments. All the priming treatmentswad higher seedling length as
compared to non primed seeds. Hydro priming recbitie highest seedling length
(45.69 cm) followed by salicylic acid (44.05 cm)ll Arimed seeds along with non

primed seeds at 45 days produced decreased sektigih as compared to 30 days.

Table 5: Seedling length (cm) of old seeds

Old seeds

Treatment 0 day 15 days 30 days 45 days
KCI(1 %) 47.70 48.86 47.06 40.56
KNO3(1 %) 46.33 46.10 48.99 40.38
Salicylic acid (50 ppm) 44.44 45.08 49.74 44.0%
GA3(50 ppm) 41.83 40.92 45.09 42.18
WATER 40.79 45.13 48.54 45.69
CONTROL 37.15 40.34 49.33 39.34
CD 1% 3.09 4.50 NS 3.49
CV % 3.52 4.99 4.60 4.09

4.1.6 Seedling dry weight
Seedling dry weight of different priming treatmeat<, 15, 30 and 45 days is

presented in Table 6. Significant differences warserved among the treatments for
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all the storage periods. At 0 days storage peatighriming treatments showed higher
dry weight as compared to non primed seeds. Seediynweight ranged from 57.83
mg to 51.68 mg. The highest dry weight (57.83 mgswbserved in hydro priming
treatment followed by salicylic acid (57.78 mg) atidese two only showed

significantly higher weight in comparison to nomnped seeds.

At 15 days of post-priming storage period, seedting weight was found to
vary from 41.58 mg to 53.0 mg. Hydro priming recadhe highest weight (53.0 mg)
followed by salicylic acid (44.85 mg) and KN@4.60 mg) and the lowest was being
recorded by GA3 (41.58 mg) and these three treasm@onduced significantly higher
dry weight as compared to non primed seeds. Allttkatments showed decreased

seed weight as compared to zero day.

At 30 days of post-priming storage period, hydriongng recorded the highest
weight (50.83 mg) followed by salicylic acid (48.8®)) and non primed seeds (48.43
mg).The lowest was being recorded in GA3 (41.80.nkglo priming treatments
recorded lower dry weight than control.

At 45 days of post-priming storage period, sigaifit differences were
observed among the treatments. Hydro priming resbrthe highest weight (48.80
mgq) followed by salicylic acid (44.20 mg) and nonnped seeds (43.28 mg). Dry
weight produced by non primed seedlings was fountet at par with KCI, KNg)
salicylic acid and GA3.

Table 6: Seedling dry weight (mg/plant) of old seex

Old seeds

Treatment 0 day 15 days 30 days 45 days
KCI(1 %) 55.48 44.60 40.15 40.30
KNO3(1 %) 52.18 44.85 45.15 42.50
Salicylic Acid (50 ppm) 57.58 43.48 48.98 44.2Q
GA3(50 ppm) 56.08 41.58 41.80 41.30
WATER 57.83 53.00 50.83 48.80
CONTROL 51.68 43.15 48.43 43.28
CD 1% 5.22 3.15 1.96 3.89
CV % 4.66 3.43 2.10 441
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4.1.7 Seedling vigour index-1 (SV-I)

Significant differences were observed among thatiments for zero storage
periods (Table 7). At O day storage period, allmpmg treatments recorded
significantly higher seedling vigour index-l as qmaned to non primed seeds. SV-I
values ranged from 1969.24 to 3313.49. The hatoipg agent KCI recorded the highest
SV-I value (3313.49) followed by hydro priming (830) and KNQ (2894.61). The two
hormonal priming treatments i.e. salicylic acid &3 were at par in their effect.SV-I
value increased by 68.26 %, 47.0 %, 27.92 %, Z&.6®8d 49.09% in case of KCI, KNO
Salicylic Acid, GA3and hydro priming as compareahém primed seeds.

At 15 days of post-priming storage period, sigafit differences were
observed among the treatments. SV-I values ranged 2095.37 to 3125.86 and all
priming treatments recorded higher value tan namgut seeds. KCI recorded the
highest value (3125.86) and at par with hydro pmgni(3000.26) but it was
significantly different from other treatments. Skegl vigour index of all the
treatments except hydro priming was reduced atays és compared to zero day.
Non-primed seeds showed higher SV-I value at 15 tlagn 0 day of storage period.

At 30 days of post-priming storage period, hydringng showed the highest
SV-I value (3014.13) where as salicylic acid had tbwest value (2237.42). The
hormonal priming agents showed lower effect as @regb to halo priming agents.
Significant difference was observed between KCB@&28) and KN®@(2716.78) as
well as between salicylic acid (2237.42) and GAGSR.95).

At 45 days of post-priming storage period, hydriongng recorded the highest
value (2374.60) indicating its strong positive effen SV-I parameter irrespective of
the storage period. Significant differences wersepbed among the treatments.
Salicylic acid exhibited the lowest value (1828.54)d found to be at par with non
primed seeds (1848.93).

Comparing the effect of post priming storage peandsV-I, it was observed that
there is a gradual decrease in SV-I value withribeease in storage period when the old
cowpea seeds were treated with KCI. In rest ofrti@@ments SV-I value started to decrease
from 0 to 15 days then increase at 30 days and dgarease at 45 days. This discrepancy
is may be due to effect of environment on gernmamatind seedling growth.
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Table 7 Seedling vigour index-I (SV-I) of old seds

Old seeds
Treatment 0 day 15 days 30 days 45 days
KCI(1 %) 3313.49 3125.86 2986.28 2254.37
KNO3(1 %) 2894.61 2558.05 2716.78 2097.76

SALICYLIC ACID(50 ppm) 2519.54 2188.71 2237.42 1828

GA3(50 ppm) 2552.77 2369.85 2659.95% 2256.61
WATER 2936.00 3000.26 3014.13 2374.60
CONTROL 1969.24 2095.57 2441.22 1848.93
CD 1% 263.80 216.85 189.33 206.96
CV % 4.81 4.17 3.48 4.82

4.1.8 Seedling vigour index-Il (SV-II)

Seedling vigour index- Il of different priming tteaents is presented in
Table 8. SV-II values of the treatments varied fr@é®1.25 to 4161.95. Hydro
priming exhibited the highest value (4161.95) foléwl by KCI (3856.00). The SV-II
value of KNQ (3262.55) was significantly lower than the SV-lhlwe of KCI
(3856.00). In case of hormonal priming treatmer®A3 scored higher value
(3422.20) than salicylic acid (3252.70). All thenping treatments recorded high SV-

Il value than non primed seeds.

After 15 days of storage, the SV-II values of difiet priming treatments
though started to decline but showed positive eisaccompared to non primed seeds.
Hydro priming again attained the highest value &8@) followed by KCI (2853.00).
The lowest SV-II value (2107.60) was reported ilicghc acid.

After 30 days of storage, almost all the primingatments showed their
positive impact on SV-II values in comparison tonr@imed seeds. Here also hydro
priming and KCI scored®1(3137.10) and™® (2547.95) rank.
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Germination count, O day of storage photos taken o&" day




Germination count, 15 days of storage (photos taken on 8" day)




Germination count, 30 days of storage (photos takeon 8" day)
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Germination count, 45 days of storage (photos takeon 8" day)
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Electrical conductivity test up to 45 days of storge

Conductivity Meter
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ag-amylase activity

Prepared Reagents Spectrophotometer
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Dehydrogenase activity (15 days of storage)
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Dehydrogenase activity( 30 days of storage)
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Primed seeds stored for 45 days recorded higheill SMiues than the
non primed seeds. Among different treatments hydnming secured the highest
value (2532.95) followed by KCI (2237.15) and sglic acid recorded the
lowest value (1836.30).

These results indicated that old cowpea seeds priwmith KCI, KNOs,
salicylic acid, GA3 and water consistently recordedher germination count,
SV-I and SV-Il as compared to non primed seeds,a5) 30 and 45 days of

storage period.

Table 8 Seedling vigour index-Il of old seeds

Old seeds

Treatment 0 day 15 days 30 days 45 days
KCI(1 %) 3856.00 2853.00 2547.95 2237.15
KNO3(1 %) 3262.55 2488.55 2477.70 2209.30
SALICYLIC ACID(50 ppm) 3252.70 | 2107.60| 2206.15 183B
GA3(50 ppm) 3422.20| 241279  2452.30  2201.90
WATER 4161.95 3525.20 3137.10 2532.95
CONTROL 2741.25 2242.05 2358.45 2033.75
CD 1% 342.66 232.61 178.16 187.86
CV % 4.88 4.39 3.46 4.24

Biochemical parameters
4.1.9 Electrical conductivity of seed leachate (EC

The data on electrical conductivity of seed leael{dB/m) is presented in Fig.
4.1. Old cowpea seeds treated with different prgmagents showed significant
variation in their electrical conductivity withoainy storage period (0 day storage).
Non primed seeds recorded the highest EC valu®10d%/m) and hydro priming
recorded the lowest value (0.597 dS/m) followeK (0.617 dS/m).

At 15 days of storage period, hydro priming and K@b shown lower EC
value as compared to other treatments. Similadtresis observed at 30 and 45 days.
At 45 days of storage period, salicylic acid reeardhe highest EC value whereas

KCI had the lowest value.
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With the advancement of storage period, EC valus fand to increase
irrespective of the treatment type. High EC valueligated that seed quality
deteriorated at a higher rate. The halo primingnageCl and hydro priming
consistently recorded low EC value at differentddaf/storage and this indicated that

these two priming treatments had positive effedinproving seed quality.

4.1.10 Alpha amylase enzyme activity

Alpha amylase enzyme activity expressed in termgpmtical density (OD)
value for different post priming storage periodsdepicted in Fig 4.2. Significant
differences were observed among the treatmentalfpbia amylase activity. From the
figure it was observed that alpha amylase activiis more pronounced in seeds
primed with KCI (0.446) followed by hydro primin@.443) and lowest activity was
reported in salicylic acid (0.119) during zero atge period.

At 15 days of storage, the enzyme activity was €btm decrease invariably
for all the treatments as compared to zero stopgeds. Alpha amylase activity
varied from 0.086 to 0.390. All the treatments éxied higher enzyme activity than
non-primed seeds except hormonal priming treatmeéfyidro priming and KCl were
at par with each and significantly differed fronstref the treatments. The reduction
rate of the enzymes in KCI, KN{salicylic acid, GA3, deionised water and dry seed
were 12.5 %, 27.2 %, 27.7 %, 29.4 %, 13.7 % & ZA6respectively with the

advancement of storage period from 0 to 15 days.

At 30 days of storage period, the enzyme activiasthe highest in case of
hydro priming (0.336) and the lowest in salicylmda(0.066). The rate of decrease in
alpha amylase activity was 28.4 %, 40.1%, 44.5 609 80, 24.1%, and 44.4% in
KCI, KNOs, salicylic acid, GA3, deionised water and non @uhseeds respectively
as compared to zero storage period. The highesealse was observed in GA3
followed by salicylic acid and non-primed seeds.

At 45 days of storage period, the enzyme activig the highest in case of hydro
priming (0.271) and the lowest in salicylic acidO@). Alpha amylase activity ranged
from 0.034 to 0.271. Significant differences wereserved among the treatments.
Salicylic acid and GA3 were at par with each othenfluencing enzyme activity. The
rate of decrease in alpha amylase activity was %3.62.4 %, 71.4 %, 78.8 %, 38.8 %,
and 58.5 % when old seeds treated with KCI, kNgalicylic acid, GA3, deionised

water and non primed seeds respectively as compaazto storage periods.
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4.1.11 Dehydrogenase enzyme activity

Dehydrogenate activity of different priming treatme against post priming
storage periods was reflected in Fig.4.3. Significdifferences were observed among
the treatments during zero storage period. Thédsig dehydrogenase activity
(383.4pg/ 20 mi/hr) was observed in seeds treatdd deionised water followed by
salicylic acid and the lowest was recorded in seezied with KNQ(284.0 ug/ 20
mi/hr). Salicylic acid and GA3 were at par with lkaother in influencing

dehydrogenase activity.

With the advancement of storage period from O toda$s, dehydrogenase
activity was found to decrease for all priming treants. Here seeds treated with
GAS3 showed the highest enzyme activity (333.5 @i /hr) and the lowest was
reported in non primed seeds (276.5 pg/20 ml @AK). seeds treated with hormonal
priming agents had executed high dehydrogenaseitgcas compared to halo
priming agents KCI (299.5 pg/ 20 ml /hr) and KN@88.5 g/ 20 ml /hr).The rate of
decrease in dehydrogenase activity was 11.8 %,83.63 %, 3.2 %, 18.8 % and 8.7
%when old seeds treated with KCI, KhlGalicylic acid, GA3, deionised water and

non primed seeds respectively as compared to menage period.

At 30 days of storage period, significant differemavere observed among the
treatments for dehydrogenase activity. There wasgradual decrease in
dehydrogenase activity for each priming treatm8&eeds treated with KN{had the
lowest dehydrogenase activity (147.0ug/ 20 ml/Hfhe rate of decrease in
dehydrogenase activity was 23.7 %, 48.2 %, 16.61.2456 %, 29.5 % and 24.9 %
when old seeds treated were with KCI, Ki®alicylic acid, GA3, deionised water

and non primed seeds respectively as compareddcstmage period.

Increasing the storage period from 30 to 45 daysveld further decrease in
dehydogenase activity of priming treatments. Thews a gradual decrease in
dehydogenase activity for each priming treatmehi® enzyme activity varied from
104.5.5 pug/ 20 ml/hr (KN¢) to 278.8uug/ 20 mi/hr (GA3). The rate of decresse
dehydrogenase activity was 38.4 %, 63.2 %, 28.9%,%, 44.6 % and 35.7 % when
old seeds treated with KCI, KNQsalicylic acid, GA3, deionised water and non

primed seeds respectively as compared to zeroget@eriod.
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4.2 Effect of halo, hormonal and hydro priming andpost priming storage
duration on physiological and biochemical parametes of fresh cowpea
seeds

4.2.1 Germination percentage

Germination count of fresh cowpea seeds is predantdable 9. Significant
differences were observed among the treatmentsratstorage period. Germination
count varied from 83.0 to 89.5 %. Fresh seedsddeaith KNG showed the highest
germination count (89.5 %) and it was at par with ather treatments and

significantly different from non primed seeds.

With the increase of post priming storage durafrem O to 15 days, it was
observed that germination count of the correspandireatments decreased.
Germination count varied from 80.0 to 88.5 %. Frestds treated with halo priming
agents KCI (87.0 %) and KN{88.5 %) showed better performance than hydro
priming (86.34 %) as well as from hormonal primigents i.e. salicylic acid (81.5
%) and GA3 (82.5 %). Non primed seeds recordedaWwest count of 80.20%. The
rate of decrease in germination count was 1.7 %94,.2.4 %, 6.8 %, 1.9% and 0.96
% when seeds were treated with KCI, K@&alicylic acid, GA3, deionised water and

non primed seeds respectively as compared to renage period.

At 30 days of post priming storage duration, sigaifit differences were
observed among the treatments. Seeds treated wWithsz kKad higher germination
count (87.50 %) and the lowest was being recordesdlicylic acid (73.0 %).The rate
of decrease in germination count was 7.3 %, 2.224 %, 11.6 %, 6.6 % and 4.8 %
when seeds were treated with KCI, Kj@alicylic acid, GA3, deionised water and

non primed seeds respectively as compared to maage period.

During 45 days of post priming storage periodspgeation count of corresponding
treatments was further decreased. Seeds treatbdkiMOs had higher germination
count (86.0 %) and the lowest was being recordedcAB (55.0 %). All the
treatments except KNK3howed low germination count as compared to nomeati
seeds. The rate of decrease in germination coustinda%, 2.2 %, 12.6 %, 11.6 %,
6.6 % and 4.8 % when seeds were treated with KGIQK salicylic acid, GA3,
deionised water and non primed seeds respectivelgompared to zero storage
period.
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Table 9 Germination percentage of fresh cowpea st

Fresh seeds

Treatment 0 day 15 days 30 days 45 days
KCI (1 %) 88.50 87.00 82.00 77.00
KNOs (1 %) 89.50 88.50 87.50 86.00
SALICYLIC ACID(50 ppm) 83.50 81.50 73.00 60.50
GA3(50 ppm) 88.50 82.50 78.21 55.00
WATER 88.00 86.34 82.19 77.00
CONTROL 83.00 80.20 79.00 78.00
CD 1% 6.29 7.81 7.98 7.03
CV % 3.56 4.55 4.89 4.78

4.2.2 Root length

Experimental study on root length of the fresh seautlicated gradual
decrease in root length with the increase in pastipg storage period (Table 10)
invariably for all the treatments. At zero day, dedreated with KN@resulted in
higher root length (18.43 cm) followed by both hygriming and KCI (16.71cm) and
the lowest was reported in salicylic acid (14.85.cm

At 15days of post priming storage duration , r@sigth produced by different
treatments varied from 14.57 cm to 17.23 cm. Séexdded with KNQ resulted in
higher root length (17.23 cm) and it was at pathwiiCl and hydro priming but
significantly different from other treatments. Rdength produced by salicylic acid
(14.60 cm) and GA3 (14.57 cm) were significantiywés than non primed seeds.

At 30days of post priming storage duration, seeestéd with KNQ resulted
in higher root length (16.16 cm) and it was atwah KCI (15.59 cm), hydro priming
(15.26 cm) and control (15.38).

At 45 days of post priming storage duration, sigaifit differences were
observed among the priming treatments. Seeds dreatk KCI recorded the highest
root length (14.40 cm) followed by KN@14.42 cm) but these two were at par with

non primed seeds.
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Table 10 Root length (cm) of fresh cowpea seeds

Fresh seeds

Treatment 0 day 15days| 30days 45 days
KCI (1 %) 16.71 16.38 15.59 14.40
KNO3 (1 %) 18.43 17.23 16.16 14.12
SALICYLIC ACID(50 ppm) 14.85 14.60 14.11 12.96
GA3(50 ppm) 15.30 14.57 12.76 10.23
WATER 16.71 16.11 15.26 13.68
CONTROL 16.68 16.41 15.38 13.23
CD 1% 1.29 1.21 1.28 1.62
CV % 3.85 3.75 4.23 4.57

4.2.3 Shoot length

Shoot length of fresh cowpea seeds as influenceddiffgrent priming
treatments is presented in Table 11. All primingatments at zero days showed
significant differences in their effect on shoatdéh. Shoot length was found to vary
from 27.27 cm to 31.60 cm. Seeds treated with Wali@acid produced the highest
shoot length (31.60 cm) followed by KN©0.93 cm) and hydro priming (30.53 cm).

All the priming treatments recorded higher shoagtl than non primed seeds.

At 15 days of post priming storage duration, sigaifit differences were
observed among the treatments. The shoot lengthupea by salicylic acid scored' 1
rank (31.29 cm) and it was at par with KN(B0.61 cm) and salicylic acid (30.53

cm). The lowest shoot length was recorded in nanga seeds (27.0 cm).

At 30 days of post priming storage duration, prigiireatments were found to
produce discrepancy in their effect on shoot len§teds treated with KCI recorded the
highest shoot length (32.47 cm) among all the ireats and also exceeded the shoot
length it produced at 0 and 15 days of storageo@eriAll treatments except hydro

priming produced higher shoot length as comparéé tays of storage periods.

At 45 days of post priming storage duration, sigaifit differences were
observed among the treatments. Seeds treated v@th(XL.31 cm), KNQ (31.85
cm), salicylic acid (30.49 cm) and hydro primind @7 cm) were at par with each

other in their effect on shoot length.

46



Table 11 Shoot length (cm) of fresh cowpea seeds

Fresh seeds

Treatment 0 day 15 days| 30 days 45 days
KCI (1 %) 27.80 27.39 32.47 31.31
KNOs3 (1 %) 30.91 30.61 31.41 31.85
SALICYLIC ACID(50 ppm) 31.60 31.29 31.10 30.49
GA3(50 ppm) 28.89 28.60 30.52 26.92
WATER 30.53 30.23 28.70 30.47
CONTROL 27.27 27.00 31.46 29.06
CD 1% 2.63 1.59 2.43 2.71
CV % 4.38 2.67 3.86 4.45

4.2.4 Shoot length: root length ratio

Shoot: root length ratio of fresh cowpea seedsesgnted in Table 12. From
this data table it was observed that all the treats at different days of storage
periods had higher shoot length than root lengthOAlay, significant differences
were observed among the treatments in respect aift:shoot length ratio. Seeds
treated with salicylic acid had the highest raa26) followed by GA3 (1.93).This
indicated that these two hormonal priming had pasieffect on shoot length as

compared to root length. All treatments had highéo than non primed seeds.

At 15 days of post priming storage duration, seteelsted with salicylic acid
and GA3 ranked®1(2.18) and ? (2.01). Here, shoot: root ratio ranged from 167 t
2.18. Hydro priming (1.88) had more positive effast compared to halo priming
agents KCI (1.68) and KNgJ1.78).

With the increase of post priming storage periahfrl5 to 30 days, the ratio
was found to increase at 30 days as compared tda¥S. The highest ratio was
reported in seeds treated with GA3 (2.46) followegdsalicylic acid (2.25). The effect
of the halo priming agent KCI (2.09) was at parhwibn primed seeds (2.07).

At 45 days of post priming storage duration, teatments showed significant
ratio in respect of shoot: root length ratio. Thghlest ratio was reported in seeds
treated with GA3 (2.64) followed by salicylic ac{d.36). Seeds treated with KCI

showed the lowest ratio (2.17).
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Table 12 Shoot: root length ratio of fresh cowpeaeeds

Fresh seeds

Treatment Oday | 15days| 30 days 45 days
KCI (1 %) 1.67 1.68 2.09 2.17
KNOs (1 %) 1.68 1.78 1.95 2.27
SALICYLIC ACID(50 ppm) 2.26 2.18 2.25 2.36
GA3(50 ppm) 1.93 2.01 2.46 2.64
WATER 1.83 1.88 1.88 2.24
CONTROL 1.66 1.67 2.07 2.23
CD 1% 0.18 0.19 0.21 0.22
CV % 4.82 4.94 4.76 4.65

4.2.5 Seedling length

Seedling length of fresh cowpea seeds is presantéichble 13. Effect of
priming treatments without storage (0 day) showgdicant differences among the
treatments. Seedling length was found to vary fd®m04 cm to 49.35cm. Seeds
treated with KNQ, deionised water and salicylic acid rankedl (49.35 cm),
(47.24 cm) and '$ (46.44 cm) respectively. Non primed seeds recottiedlowest
seedling length (43.94cm).

At 15 days of post priming storage duration, theddiag length produced by
different treatments started to decline. Seedleamgith was found to vary from 43.17
cm to 47.84 cm. Seeds treated with KiN@eionised water and salicylic acid ranked
15t (47.84 cm), 2 (46.33 cm) and'3(46.44 cm) respectively.

At 30 days of post priming storage duration, sigaifit differences were
observed among the treatments. During this pereedlshg length produced by
different treatments had increased as comparedStalalys. The highest seedling
length was recorded in seeds treated with KCI @ &) followed by KNQ (47.56
cm). Non primed seeds recorded higher seedlinghe{@®.83 cm) than the hormonal

and hydro priming treatments.

With the advancement of post priming storage pefrodn 30 to 45 days
seedling length produced by the priming treatmeras found to decrease at 45 days
as compared to 30 days except in hydro primingd8eglength varied from 37.15

cm to 45.98 cm.
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Table 13 Seedling length (cm)of fresh cowpea seed

Fresh seeds

Treatment 0 day 15 days 30 dayg 45 days
KCI (1 %) 44.50 43.77 48.06 45.70
KNO3 (1 %) 49.35 47.84 47.56 45.98
SALICYLIC ACID(50 ppm) 46.44 45.89 45.21 43.45
GA3(50 ppm) 44.19 43.17 43.31 37.15
WATER 47.24 46.33 43.96 44.14
CONTROL 43.94 43.40 46.83 42.29
CD 1% 3.88 3.83 3.51 3.78
CV % 4.15 4.18 3.77 4.31

4.2.6 Seedling dry weight

Seedling dry weight of fresh cowpea seeds is pteddn Table 14. At O day,
it was observed that there were no significantedéiices among the treatments.
Seedling dry weight was found to vary from 49.68 to¢2.80 mg. Hydro priming
recorded the highest weight (52.80 mg) followedshlicylic acid (50.98 mg), KCI
(50.63 mg) and GA3 (50.18 mg).

By increasing the post priming storage duratiomfi@® to 15 days, significant
differences were observed among the treatments. difrteweight was found to
decrease after 15 days of storage. Non primed sesdsded the highest weight
(48.05 mg) and the lowest was being recorded by (3A38 mg).

Coming to 30 days of post priming storage periogds revealed that the dry
weight increased in seeds treated with KCI, KN§alicylic acid and GA3 at 30 days
as compared to 15 days. Seeds treated with KClathole highest dry weight (48.03
mg) and the lowest was recorded in GA3 (41.65 mg).

At 45 days of post priming storage duration, seedtiry weight varied from
36.43 mg to 46.08 mg. Seeds treated with KNfBowed the highest dry weight
(46.08 mg) and the lowest was recorded in GA3 @614).
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Table 14 Seedling dry weight (mg/plant) of freskbowpea seeds

Fresh seeds

Treatment Oday | 15days| 30days 45 days
KCI (1 %) 50.63 44.90 48.03 45.55
KNOs (1 %) 49.68 44.38 45.88 46.08
SALICYLIC ACID(50 ppm) 50.98 44.28 45.95 44.8(
GA3(50 ppm) 50.18 41.08 41.65 36.438
WATER 52.80 45.73 42.48 42.83
CONTROL 49.78 48.05 47.35 45.1(
CD 1% NS 3.58 4.20 3.61
CV % 2.96 3.93 4.56 4.08

4.2.7 Seedling vigour index-1 (SV-I)

Seedling vigour index-1 of different priming treagnts is given in Table 15.
All the priming treatments without any post pnmistorage showed significant
differences. The SV-I value varied from 3644.554#16.60. Seeds treated with
KNOs produced the highest SV-I value (4416.60) anddiest was being recorded
in non primed seeds (3644.55). All the priming tne@nts reflected their positive

effect as compared to non primed seeds.

At 15 days of post priming storage duration, the-ISxalue produced by
different treatments started to decline. SV-I valueere found to vary from 3474.80
to 4230.28. Seeds treated with Kh@eionised water ranked'14230.28) and @
(3983.32) respectively. Halo priming treatments fadhd to have better impact on

SV-I value as compared to hormonal priming treatisien

At 30 days of post priming storage duration, thenprg treatments showed
significant differences. Seeds treated with KN€corded the highest value (4148.47)
followed by KCI (3992.04) and the lowest value wesng recorded when seeds
treated with salicylic acid (3322.06). Seeds #davith hormonal priming agents and

deionised water had less value as compared to moeg seeds.

With the advancement of post priming storage pefioch 30 to 45 days, SV-
| values produced by the priming treatments wasdoto decrease at 45 days as
compared to 30 days except in hydro priming. S\&lue varied from 2043.16 to
3953.89. The decrease in SV-I values were 10.50/b, %, 32.1% , 47.7 % , 18.8 %
and 9.5 % for seeds treated with KCI, Kj®@alicylic acid, GA3, hydro priming and
in non priming condition respectively as compameddro day.
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Table 15 SV-I value of fresh cowpea seeds

Fresh seeds

Treatment 0 day 15 days 30 days 45 days
KCI (1 %) 3937.77 | 3808.55 3992.04 3522.Y6
KNOs (1 %) 4416.60 4230.28 4148.47 3953.89
SALICYLIC ACID(50 ppm) 3875.36 | 3739.51 3322.06 263D
GA3(50 ppm) 3908.80| 3564.52  3447.41  2043]16
WATER 4155.67 3983.32 3599.3¢ 3373.90
CONTROL 3644.55 3474.8( 3693.29 3298.85
CD 1% 252.80 280.37 336.52 271.17
CV % 3.11 3.63 4.47 4.25

4.2.7 Seedling vigour index-11 (SV-II)

Seedling vigour index-Il of different priming treaénts is given in Table 16.
All the priming treatments without any post primistorage showed significant
differences. The SV-Il value varied from 4129.954645.80. Seeds treated with
deionised water produced the highest SV-1I vall@$80) and the lowest was being
recorded in non primed seeds (4129.95). All thenprg treatments reflected their

positive effect on SV-Il value as compared to ndmpd seeds.

At 15 days of post priming storage duration, the-ISValue produced by
different treatments started to decline. SV-Il eawvere found to vary from 3389.98
to 3930.38. Seeds treated with deionised wateKaN®s ranked ¥ (3930.38) and™®
(3928.25) respectively. Halo priming treatments Fadhd to have better impact on
SV-Il value as compared to hormonal priming treattae

At 30 days of post priming storage duration, thenprg treatments showed
significant differences. Seeds treated with kKN€corded the highest value (4013.95)
followed by KCI (3942.80) and the lowest value wasing recorded when seeds
treated with GA3 (3248.85). Seeds treated with loorah priming agents and
deionised water had less value as compared to mmeg seeds.

With the advancement of post priming storage pefriooh 30 to 45 days, SV-
Il values produced by the priming treatments wamébto decrease at 45 days as

compared to 30 days except in hydro priming. SVdlue varied from 2002.65 to
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3965.05. The decrease in SV-II values were 21.608 %, 36.3 % , 54.9 %, 29.1 %
and 14.8 % for seeds treated with KCI, K@alicylic acid, GA3, hydro priming and

in non priming condition respectively as compameddro day.

Table 16 SV-II value of fresh cowpea seeds

Fresh seeds

Treatment 0 day 15 days 30 days 45 days
KCI (1 %) 4480.95 3908.85 3942.80  3510.00
KNOs (1 %) 4445.00 3928.25 4013.95  3965.05
SALICYLIC ACID(50 ppm) 4253.50 3608.80 3352.85 27@B®
GA3(50 ppm) 4442.65 3389.98  3248.85  2002.65
WATER 4645.80 3930.38) 3491.15  3296.13
CONTROL 4129.95 3846.65 3742.80 3517.00
CD 1% 308.52 266.93 287.54 291.11
CV % 3.45 3.48 3.89 4.52

Biochemical parameters

4.2.9 Electrical conductivity of seed leachate (£

The data on electrical conductivity of fresh cowgead leachate is presented
in Fig.4.4. Fresh cowpea seeds treated with differeriming agents showed
significant variation in their electrical condudtiv at zero storage period (0 day
storage). EC value varied from 0.556 dS/m to 0.d82m. Among the treatments
seeds treated with salicylic acid recorded the ésgliEC value (0.651 dS/m) followed
by GA3(0.0.638 dS/m). All the treatments had low #&ue as compared to non-
primed seeds (0.732 dS/m).

At 15 days of storage period, significant differemavere observed among the
treatments. EC value varied from 0.623 dS/m to ®.d8/m. Among the treatments
seeds treated with salicylic acid recorded the ésglEC value (0.651 dS/m) followed
by salicylic acid (0.703dS/m). All the treatment&sdhHow EC value as compared to
non primed seeds (0.786 dS/m).

At 30 days of storage period, salicylic acid reenrdhe highest EC value
(0.797dS/m) followed by GA3 (0.789dS/m). With thlvancement of storage period
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from 30 to 45 days, EC value was found to increasspective of the treatment type.
Salicylic acid recorded the highest EC value (0.@80m) whereas hydro priming had
the lowest value (0.837dS/m).

High EC value indicated that seed quality is detated at a higher rate and

low EC value indicated low deterioration rate.

4.2.10 Alpha amylase enzyme activity

Alpha amylase enzyme activity was expressed in deomoptical density
(OD) value. Significant differences were observedoag the treatments for alpha
amylase activity. From the fig 4.4 it was obsenrtkdt alpha amylase activity was
more pronounced in seeds primed with KCI (0.464)oveed by hydro priming
(0.408) and lowest activity was reported in salcycid (0.175) during zero storage

period.

At 15 days of storage, the enzyme activity was €btm decrease invariably
for all the treatments as compared to zero stogged. Alpha amylase activity
varied from 0.148 to 0.395. Seeds treated with KNfalicylic acid and GA3 had low
alpha amylase activity than non primed seeds. Hydimming and KCI| were at par
with each other and significantly differed from tre$ the treatments. The reduction
rate of the enzymes in seeds primed with KCI, kKN&alicylic acid, GA3, deionised
water and dry seeds were 14.5 %, 29.1 %, 154 %,24, 3.4 % &15.7 %

respectively with the advancement of storage pdrma O to 15 days.

At 30 days of storage period, the enzyme activigswhe highest in seeds
treated with KCI (0.372) and the lowest in salicydicid (0.106). The rate of decrease
in alpha amylase activity was 19.5 %, 38.2%, 39,8009 %, 12.0 %, and 32.7 % in
KCI, KNOs, salicylic acid, GA3, deionised water and non @uhseeds respectively
as compared to zero storage periods. The highestake was observed in salicylic

acid followed by KN@and non primed seeds.

At 45 days of storage period, the enzyme activiasthe highest in case of
hydro priming (0.298) and the lowest in salicylmda(0.087). Significant differences
were observed among the treatments. Salicylic antl GA3 were at par with each

other in influencing enzyme activity. The rate @&cdease in alpha amylase activity
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was 35.5 %, 59.5 %, 50.3 %, 63.4 %, 29.4 %, an@ %8. when fresh seeds treated
with KCI, KNOs, salicylic acid, GA3, deionised water and non mimseeds
respectively as compared to zero storage periods.

4.2.11 Dehydrogenase enzyme activity in fresh seed

Dehydrogenate activity of different priming treamms against post priming
storage periods was reflected in Fig.4.6. Significdifferences were observed among
the treatments during zero storage period. Thédsigdehydrogenase activity was
observed in seeds treated with KCI (590.0 pg/ 2hmnfollowed by KNQ (492.9

png/ 20 ml/hr) and the lowest was recorded in nomgal seeds.

With the advancement of storage period from O toda$s, dehydrogenase
activity was found to decrease for all priming treants. Here seeds treated with KCI
showed the highest enzyme activity (508.8 ug/ 2bimnand the lowest was reported
in non primed seeds (336.6 pg/20ml/hr). Fresh stredted with halo priming agents
had executed high dehydrogenase activity as compar@ormonal priming agents
GAS3 (351.5 pg/ 20 ml/hr) and salicylic acid (34838120 ml/hr).The rate of decrease
in dehydrogenase activity was 13.8 %, 25.8 %, 6,27 % %, 14.5 % and 11.4 %in
seeds treated with KCI, KNsalicylic acid, GA3, deionised water and non @umn
seeds respectively as compared to zero storagedperi

At 30 days of storage period, significant differemavere observed among the
treatments for dehydrogenase activity. There wasgradual decrease in
dehydrogenase activity for each priming treatm8&eeds treated with KN{had the
lowest dehydrogenase activity (147.0ug/ 20 ml/hfhe rate of decrease in
dehydrogenase activity was 21.41 %, 39.0 %, 14.216% %, 18.9 % and 25.8
%when fresh seeds were treated with KCI, KN@alicylic acid, GA3, deionised

water and non primed seeds respectively as compaagio storage period.

Increasing the storage period from 30 to 45 daysveld further decrease in
dehydrogenase activity of priming agents. There veasgradual decrease in
dehydrogenase activity for each priming treatm@&he enzyme activity varied from
104.5.5 pg/ 20 mL/hr (KNg) to 278.8ug/ 20 mL/hr (GA3). The rate of decregse
dehydrogenase activity was 55.1 %, 52.0 %, 28.238 %, 42.3 % and 40.6 %when
fresh seeds were treated with KCI, Kj@alicylic acid, GA3, deionised water and

non primed seeds respectively as compared to menage period.
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4.3 Comparing response of fresh and old cowpea s&etb priming and post-
priming storage duration

4.3.1 Comparing response of fresh and old cowpeaesks to priming treatments
4.3.1.1 Germination response of fresh and old cowpeseeds

Old cowpea seeds treated with different primingnégeshowed a positive
response in respect of germination count. All theattments resulted in higher
germination count as compared to non primed seledsld seeds hydro priming
showed the maximum increase (35.8 %) in germinatoont and KCl| showed
second highest increase (31.1 %) as compared tpnored seeds. In fresh seeds
KNO3s showed the maximum increase (7.8 %) in germinatamt as compared to

non primed seeds.

4.3.1.2 Seedling vigour response of fresh and oldwpea seeds

Seedling vigour index-I of the priming treatmentasamore as compared to
non primed seeds. In case of old seeds, the maximarease in SV-I value was
recorded by KCI (68.3 %) followed by hydro priming. case of fresh seeds, KNO
showed the highest positive effect (21.2 % incredskowed by hydro priming
(14.0 % increase) over non primed seeds. In oldssixe highest increase in SV-II value
(51.8 %) was achieved by hydro priming followed K@l (40.7 %). Similar trend was
observed in fresh seeds, where hydro priming redatfte highest increase of 12.5 %.

4.3.1.3 Response of fresh and old cowpea seeds fiompg treatments in respect
of bio chemical parameters

In both old and fresh cowpea seeds all primingttneats recorded lower EC
value as compared to non-primed seeds. Amongsiptineing treatments, hydro
priming showed the lowest EC value and salicylic ahowed the highest value in
both old and fresh seeds.

In old cowpea seeds, halo and hydro priming hadeased alpha amylase
activity whereas hormonal priming had decreaselaapmylase activity as compared
to non-primed seeds. For old seeds, the increaspla amylase activity was 62.2 %
and 61.1 % in KCI and deionised water respectiasly — 56.7 % in salicylic acid. In
fresh seeds, the increase in alpha amylase actatythe highest in KCI (29.9 %)
followed by deionised water (25.9 %) and the lowedalicylic acid (— 46.0 %).
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In old cowpea seeds, halo and hydro priming hadeagsed dehydrogenase
activity whereas hormonal priming had decreasegdlelyenase activity as compared
to non primed seeds. For old seeds, the increagghiydrogenase activity was the highest
in KCI (48.6 %) followed by KN®@and deionised water (33.3 %) and the lowest in GA3
(-5.1 %). In fresh seeds, the increase in dehydiagge activity was the highest in KCI
55.3 % followed by KN®@(29.8 %) and the lowest in GA3 (— 2.2 %).

4.3.2 Comparing response of fresh and old cowpeaests to post-priming
storage duration

4.3.2.1 Germination response

Effect of post-priming storage duration on germioat of fresh and
oldcowpea seeds primed with KCI is depicted in &ig. From Fig.4.7 it was
observed that with the increase in post primingaje duration, decrease in
germination rate increases in both old and fresbdse From Fig.4.8 it was
observed that the decrease rate in old cowpeawasd11.2 %, 11.2 % and 16.8
%) higher as compared to fresh seeds (1.1 %, 2&h&3.9 %) at 15, 30 and 45
days. Seeds primed with KNGnder storage showed reduction in germination
with the increase in storage period in both old &nedh seeds. The reduction rate
was much higher in old seeds as compared to fresdss In case of salicylic
acid (Fig.4.9) the decrease rate was high in oktigban fresh seed at 15 days.
But at 30 days the decrease rate or reduction imigeation percent was high in
fresh seed (12.6 %) though it was slightly lessitbll seed (20.4 %). At 45 days
the reduction in germination per cent of fresh s€2d.5 %) exceeded the
reduction rate of old seed (26.5 %). In case of GQRBR).4.10) the result was
quite interesting because the reduction in gernommapercent was higher in
fresh seeds (6.8 %, 11.6 % and 37.9 %) as comparett seeds (4.9 %, 3.3 %
and 12.3 %) at 15, 30 and 45 days. In case of hydmming (Fig.4.11) the
reduction rate was higher in old seeds as comp@aréceksh seeds. Dry seeds and

old seeds had higher rate of reduction than fregus.
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4.3.2.2 Seedling vigour response

In case of halo priming the rate of decrease in BValue at different post
priming storage period was found to be higher thsdeds as compared to fresh seeds
(Table 17). In case of salicylic acid (Table 17 ttecrease rate was high in old seeds
than fresh seeds at 15 days. But at 30 days threaexrate or reduction rate in SV-I
value was high in fresh seeds (11.2 %) though & slightly less than old seed (14.3 %).
At 45 days the reduction in SV-I value of freshdseg82.1 %) exceeded the reduction rate
of old seeds (27.4 %). In case of GA3 (Table 1&)résult was just reversed because the
reduction in SV-I value was higher in fresh se@8 %0, 11.8 % and 47.7 %) as compared
to old seeds (7.2 %, -4.2 % and 11.6 %) at 15,n804& days. In case of hydro priming
(Table 17) the reduction rate was higher in fresids as compared to old seeds. Dry seeds
and old seeds had lower rate of reduction tham fseeds. The halo priming agents KClI
and KNG showed a higher rate of reduction in SV-II valu¢ghwhe increase of storage
duration in old seeds as compared to fresh seathde(I8). The same trend was followed
by hormonal and hydro priming along with dry seeds.

Table 17: Reduction in SV-I value of old and frestcowpea seeds under post
priming storage duration
Old seeds (% decrease) SV-I Av. Fresh seeds (% decreasg) Av.
Treatment 0 15 30 45 |decreasel 0 15 | 30 | 45 |decrease
day | days | days | days| day day | days|days| days| day
KCI 0 5.7 9.9 | 31.9 0.47 0 34 -1/4 105 0.14
KNOs 0 11.6| 6.14| 27.5 0.53 0 42 61 105 0.24
SA 0 13.1| 11.2| 274 0.62 0 3.6 14321 0.47
GA3 0 7.2 | -4.2] 11.4 0.20 0 8.8 11.87.7 0.68
Water 0 22 -27) 191 0.06 0 41 13.48.8 0.38
Control 0 -6.4| -240 6.1 -0.12 0 4 -13 95 0.16
Table 18 Reduction in SV-1l value of old and fresicowpea seeds under post
priming storage duration
Old seeds (% decrease) SV-II Av. Fresh seeds (% decreasg) Awv.
Treatment 0 15 | 30 | 45 | decrease/ 0 day 15 | 30 | 45 | decrease
day | days| days| days| day days| days| days| day
KCI 0 | 26.0| 33.9 42 1.26 0 12|18 12.0 21.6 0.58
KNOs 0 | 23.7| 24.1 32.3 1.03 0 1116 97 10.8 0.44
SA 0 | 35.2| 322 435 1.46 0 15,2 212 36.3 0.84
GA3 0 | 29.5| 28.3 35.7 1.23 0 237 26.9 549 1.28
Water 0| 153 246 39.1 0.90 0 154 249 29.1 0.84
Control 0 | 18.2] 1409 25.8 0.75 0 6,9 94 1438 0.4y
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4.3.2.3 Response in respect of biochemical paramete

Electrical conductivity measures the rate of detation in seeds kept for
storage. With the increase in storage period thev&lGe was found to increase in
both old and fresh seeds primed with KCI (Tabledi®)the rate of increase was more
in old seeds (11.7 %, 30.8 % & 62.1 % at 15, 305&ddys) as compared to fresh
seeds (6.5 %, 26.8% & 46.0 %at 15, 30 & 45 dayskalse of KN@, salicylic acid,
GA3, deionised water and dry seeds the trend was $iaat of KCI.

Table 19 EC value of old and fresh cowpea seedsder post-priming storage

duration
Old seeds (% increase in EC) Fresh seeds (% increas EC)
Treatment dgy 15 days d:;(y)/s di?/s d(a)Ly diis d:;(y)/s di?/s
KCI 0 11.7 30.8 62.1 0 6.5 26.8 46.0
KNO3 0 10.1 27.1 127.6 0 10.1 26.1 52.(
SA 0 6.6 27.9 164.7 0 8.0 22.4 63.1
GA3 0 9.8 28.2 154.1 0 9.6 23.7 96.4
Water 0 10.4 37.2 126.1 0 12.1 34.2 50.b
Control 0 6.4 21.3 140.9 0 7.4 22.7 65.0

By comparing alpha amylase activity in old and liregeds (Table 20) it was
observed that with the increase in storage petfthaamylase activity decreased in both
primed and non primed seeds. The rate of decreasenare in old seeds as compared to
fresh seeds. In old seeds primed with KCI the ohtdecrease was 12.6 %, 44.6 % &
43.0 % at 15, 30 and 45 days and the decreasenrfitesh seeds primed with KCI
wasl4.5 %, 19.5 % & 35.5 %. In old non primed sedsrate of decrease was
23.6 %, 44.4 % & 58.5 % at 15, 30 and 45 days hedlecrease rate in non primed
fresh seeds was 15.7 %, 32.7 % & 58.0 %.

Table 20 Alpha amylase activity of old and fresh mvpea seeds under post
priming storage duration

Old seeds (% decrease) Fresh seeds (% decrease)
Treatment 0 15 30 45 0 15 30 45

day | days | days days day days days days
KCI 0 12.6 44.6 43.0 0 14.5 19.% 35.5
KNO3 0 27.2 40.1 62.4 0 29.1 38.2 59.5
SA 0 27.7 44.5 71.4 0 154 39.4 50.3
GA3 0 29.4 66.9 78.8 0 21.7 30.9 63.4
Water 0 13.8 24.2 38.8 0 3.43 120 294
Control 0 23.6 44 .4 58.5 0 15.7 32.7 58.0
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By comparing dehydrogenase activity in old andHreseds (Table 21) it was
observed that with the increase in storage pereidrogenase activity decreased in
both primed and non primed seeds. The rate of dseravas more in old seeds as
compared to fresh seeds. In old seeds primed wit3the rate of decrease was 33.6
%, 48.2 % & 63.2 % at 15, 30 and 45 days and tlkeedse rate in fresh seeds primed
with KNO3z was 25.8%, 39.0 % &52.0 %. In old non primed seékdgate of decrease
was 8.7 %, 24.9 % & 35.7 % at 15, 30 and 45 dayktha decrease rate in non
primed fresh seeds was 11.4 %, 25.8 % & 40.6 %.

Table 21 Dehydrogenase activity of old and fresh wgpea seeds under post
priming storage

Old seeds (% decrease) Fresh seeds (% decrease)
Treatment 0 15 30 45 0 15 30 45

day | days | days | days day days days | days
KCI 0 11.8 23.7 38.4 0 13.8 214 55.1
KNO3 0 33.6 48.2 63.2 0 25.8 39.0 52.0
SA 0 7.3 16.6 28.9 0 6.2 14.2 28.
GA3 0 3.2 12.5 19.1 0 7.5 16.5 23.9
Water 0 18.8 29.5 44.6 0 14.5 18.9 42(3
Control 0 8.7 24.9 35.7 0 11.4 25.8 4016

4.4  Correlation coefficient between physiologicalnd biochemical parameters

The correlation coefficient between physiologicadl diochemical parameters
in old seeds (Table 22) indicated that germinati®W;l & SV-Il parameters had
negative correlation with electrical conductivity irespect of all the priming
treatments. Germination count showed positive tatiom with alpha amylase and
dehydrogenase activity in case of all the primireatments. SV-I & SV-II showed
positive correlation with alpha amylase and dehgdmase activity in all priming
treatments except KN{@hat had negative correlation like non primed sedddresh
seeds physiological parameters like germination;l & SV-Il showed negative
correlation with electrical conductivity and poeéi correlation with alpha amylase

and dehydrogenase activity in case of all the printieatments (Table 23).

62



Table 22

parameters of old seeds

Correlation coefficient between physiolagal and biochemical

Old seeds
Germination |SV-I SV-II
KCI(1 %) Electrical conductivity -0.963 -0.978 -03
Alpha amylase 0.946 0.923 0.936
Dehydrogenase 0.963 0.943 0.936
KNO3 (1 %) Electrical conductivity -0.762 -0.184 -0.699
Alpha amylase 0.964 -0.170  0.945
Dehydrogenase 0.975 -0.270  0.970
Salicylic Acid(50 ppm) | Electrical conductivity| -B2 -0.893| -0.625
Alpha amylase 0.980 0.951 0.8%4
Dehydrogenase 0.946 0.928 0.819
GA3(50 ppm) Electrical conductivity -0.940 -0.683 0.612
Alpha amylase 0.776 0.269  0.862
Dehydrogenase 0.832 0.352 0.7%9
Water Electrical conductivity -0.968 -0.931 -0.913
Alpha amylase 0.989 0.728  0.999
Dehydrogenase 0.978 0.685 0.999
Control Electrical conductivity -0.903 -0.515 -0574
Alpha amylase 0.963 -0.089 0.876
Dehydrogenase 0.991 -0.022  0.813
Table 23 Correlation coefficient between physiolagal and biochemical
parameters of fresh seeds
fresh seeds
Germination | SV-I SV-II
KCI(1 %) Electrical conductivity -0.999 -0.669, -0.864
Alpha amylase 0.951 0.764 0.976
Dehydrogenase 0.957 0.956 0.863
KNO3(1 %) Electrical conductivity ~ -0.996 -0.979 -0.624
Alpha amylase 0.974 0.994 0.831
Dehydrogenase 0.973 0.937 0.499
Salicylic Acid(50 ppm)| Electrical conductivity  -0.991 -0.994, -0.940
Alpha amylase 0.934 0.932 0.959
Dehydrogenase 0.957 0.952 0.941
GA3(50 ppm) Electrical conductivity  -0.984 -0.969, -0.963
Alpha amylase 0.974 0.963 0.994
Dehydrogenase 0.989 0.976 0.959
Water Electrical conductivity -0.986 -0.998 -0.948
Alpha amylase 0.992 0.950 0.844
Dehydrogenase 0.741 0.8Q7 0.952
Control Electrical conductivity -0.826 -0.738 -0.911
Alpha amylase 0.936 0.658 0.977
Dehydrogenase 0.908 0.549 0.943
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4.5 Predicting the efficacy of priming treatments

The present study indicates that the pgrireatments taken for the study
behaves differently in influencing the seed qugbéyameters. Hence the efficacy of a
priming treatment in improving seed quality parasngtcould not be judged on the
basis of its effect on a single parameter. It wohkl better to consider all the
parameters together in order to decide the effayienf a priming treatment. In this
investigation the efficacy of priming treatments swgudged by calculating
germination response index (GRI) and vigour respdndgex (VRI) in old cowpea
seeds. The priming treatments giving significahilyher germination than control are
coded as “ 2" ; those are at par with control coded 1” and the treatments giving
significantly lower germination than control codad “ 0” for each post priming
storage duration (0, 15, 30 and 45 days). Therctiued values over post priming
storage duration are added to get germination respdndex (GRI). Similar
procedure is followed to evaluate vigour respomsiex (VRI: coded value of SV-I +
SV-Il)) and biochemical response index (BRI). Tloeed value of EC, alpha amylase
activity and dehydrogenase activity are added toBgd. In the Fig. 4.13 the GRI,
VRI and BRI values of different treatments are présd. From the Fig. 4.13, it is
evident that hydro priming and KCI have high e#ity as compared to other
treatments. The efficacy of salicylic acid is theopest in improving seed quality
parameters. The efficacy of GA3 is better than KN&eed quality index parameter
indicates that hydro priming is the best treatnfetbwed by KCI and GA3 as the
SQIl values are 25, 24 and 22 respectively.

4.6 Predicting appropriate post priming storage duation to retain seed

quality

To predict appropriate post priming storage duratad different priming
treatments to retain seed quality, three critereataken into consideration. The first
one is average decrease in germination % per dasgase in germination % at 0 day
as compared to non primed seeds and the last omairgaining minimum 10 %
increase in germination over control after the clatipn of storage period. Prediction
is essential to know that how many days the prirsedds can be stored with
minimum loss in germination if unfavorable conditiprevails at the time of sowing.
In the present study it has been observed thahtiease in germination count due to
priming treatment of 18 months old cowpea seeds34ak %, 17.9 %, 6.6 %, 15.1 %
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and 35.5 % in case of KCI, KNQsalicylic acid, GA3 and deionised water. The ager
decrease % per day was 0.42, 0.50, 0.67, 0.23.88dr0Ocase of KCI, KNg) salicylic
acid, GA3 and deionised water. Maximum post primstgrage period is obtained by
dividing the permissible level of loss (%) with eage germination decrease % per day. In
Table 24 maximum post priming storage period offetght treatmentshave been
mentioned considering minimum 10 % increase in g&tion over control after the
completion of storage period. Old cow pea seedseprwith KCI, KNG, salicylic acid,
GA3 and deionised water could be stored up to5d),120 and 50 days respectively.

Table 24 Predicting maximum post priming storage priod of different priming
treatments in old cowpea seeds

old seed Av Maximum
Increase in|Permissi (% decrease in decréaseepOSt priming
germination|ble level  germination) /da storage
Treatment % over | ofloss| 15 | 30 | 45 (%)y period
control (%) | days | days | days (days)
KCI (1 %) 31.1 21.1 7.9 8.6 20.0 0.42 50
KNO3(1 %) 17.9 79 | 112 112 16/8 050 15
Salicylic Acid 6.6 0.0 | 14.2| 204 265 0.67 0
(50 ppm)
GA3(50 ppm) 15.1 51| 49 33 12[3 0.28 20
Water 35.8 25.8 7.6/ 13 278 0.58 50
16 GRlI mVRI mBRI 16

KCl KNO3 SA GA3 Water

Fig.4.13 GRI, VRI and BRI values of different priming treatments in old
cowpea seeds
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DISCUSSION

Seed is the nucleus of life and is subjected tdicoous ageing once it has
reached maturity. This phenomenon results in aveansible change in seed quality
ultimately affecting viability. The quantitative @eioration during storage is mainly
attributed to period of storage (Delouche and Baskd73). Priming techniques help
in improving seed quality that has occurred dusitgrage. The fate of primed seeds
during storage is of great importance when farnaeesnot able to sow the primed
seeds immediately. Therefore the objective of tkigdy was to examine the
deterioration in seed quality of primed seeds whdjected to storage under ambient

environmental conditions.

5.1  Storage of primed seeds and its effect on physiolcgl parameters

Priming has definitely a positive effect on physmtal parameters. In the
present study it was observed that old and fresdssprimed with KCl and KN©
were able to give higher germination percentagedls®y growth, seedling vigour,
seedling dry weight. Many other scientists alscortgal the same findings (Zheegy
al.,2002; Farooat al.,2005; Nascimento and Lima,2008; Mohammadi, 2@38)in
et al. ,2010; Afzalet al., 2011; Mushtaggt al. ,2012; Yadawt al.,.2012; Kumaret
al.,2013; Tiwariet al.,2014; Duttaet al.,2015). Old and fresh seeds primed with
salicylic acid and GA3 were able to give higherngmation percentage, seedling
growth, seedling vigour, seedling dry weight. Maotiier scientists also reported the
same findings (Ashradt al., 2002; Yoganandaet al., 2004; Husseinet al., 2007;
Afzal et al., 2008; Tzortzakis,2009; Sedgdial., 2010; Kharet al. ,2011; Ghobadet
al., 2012; Anwaret al.,2013; Dast al., 2014; Vermeet al. , 2014; Pramaniket al.,
2015). Hydro priming in the present study reflectdd immense effect on
physiological parameters and this finding was sujgoloby others (Basrat al., 2002;
Farooqet al., 2005; Xiaoyinget al., 2005; Neamatollahat al., 2006; Ahmadiet al.,
2007; Filho and Kikuti , 2008; Moradi and Youneg009; Azarnivandt al., 2010;
Birendra and Shambhoo, 2011; Tiwetral. , 2014; Mahmoudét al., 2015).

Germination percentage of old and fresh primed seiedthe present
investigation was found to decrease as the pastiyi storage periods increase. This
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may be due to chromosomal aberrations (Aklgael. 1992) or may be due to
reduction in alpha amylase activity and carbohydrabntent (Bailly, 2004) or
denaturation of proteins (Nautiyatial., 1985).

5.2 Storage of primed seeds and its effect orolbhemical parameters

During storage, the seeds are bound to undergon@gein inevitable
physiological phenomenon showing the pronounceetesfon seed viability and seed
vigour. It is widely accepted that loss in cellulaembrane integrity is one of the
chief causes for loss of viability and leads toréased leaching of seed constituents
and ultimately death of the seed. The leachate airgdas measured by electrical
conductivity are known to be associated with |osgiability and vigour in pea seeds
as reported by Perry (1969). In aged seeds orypadeteriorated seed, the electrical
conductivity will be higher owing to decrease in migane integrity caused by
detrimental changes occurring in seeds (Koostra Hadington 1969). Electrical
leakage is an indicator of relative permeabilityptdsma membrane and transition of
liquid-crystal phase of membrane to solid-gel state/be the first phenomenon that
affect membrane transporters (Boonas@ti al., 2007). After this transition,
phospholipid layer of membrane is destroyed bydlperoxygenase and ROS (Torres
and Androw, 2006) leading to de-construction of rheane integrity. In the present
study it was observed that EC value was increasedimcrease in storage period in
both primed and non primed seeds. Similar findingse reported by many other
scientists. Aging of seeds can increase the etettronductivity that is in accordance
with Kaewnareeet al. (2010).

A seed is basically a kernel that encloses infisesmall embryonic plant
covered by a hard seed coat and some stored fabdpn receiving the appropriate
climatic conditions, will promote growth of the ergb (Thomaset al., 2006). The
stored foods in the plant seed include carbohydrapgoteins and lipids. The
liberation of these foods are inhibited initiallyedto the impermeability to oxygen by
the seed coat before they get soften and allown#irx. During germination, the
stored food in the seed cotyledon is liberatedialtiyt by anaerobic respiration.
Anaerobic respiration is made possible by the #agtiof enzymes such as
dehydrogenases which catalyze catabolic chemicaegses in anaerobic conditions
(Turner and Turner, 1995).
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Successful crop establishment requires rapid getiom, high seed vigour
and seedling vigour (Mackill and Redona, 1997). &dmg germination processes,
key enzymep-amylase, is involved in the conversion of stamlsimple sugars for
growing seedlings (Sun and Henson, 1991). Amylaamly carries out this process
until the seedling becomes photo synthetically sefficient. Germination ability of
cereal seeds probably depend on the exteatashylase activity (Nandit al., 1995),
while in seeds of reduced viability, lowramylase activities have been reported
(Livesley and Bray, 1991). Improvedamylase activity increased the level of soluble
sugars which triggered the faster and uniform esmerg of seedlings (Lee and Kim,
2000: Faroogt al. 2006). The exact cause of seed deterioration isutigtelucidated
yet. However, it is related to several physicalygblogical and biochemical changes
occurring in seed during storage (Chaubiaal., 1984).

Dehydrogenase is a respiratory enzyme whose actibves that cell is
alive. 2,3,5 Triphenyl Tetrazolium Chloride (TTG)used in all seed test laboratories
for viability test. In which the reduction of TT@dlourless) to Formazan (red) is the
responsible chemical reaction. The tetrazolium tsstwidely recognized as an
accurate means of estimating seed viability. Hydnabf seed embryos increases the
enzyme activity resulting in release of hydrogemsiowhich reduces TTC.
Dehydrogenase catalyses transfer of aloms from a substrate to a hydrogen
acceptor. The rate of reaction is measured acaptdinhe degree of reduction of the
dye, usually methylene blue or TriphenylTetrazoni@hloride. Dehydrogenases
belong to the class of enzymes known as oxidoredest The classification is based
on donoracceptor reactions in which electron mdéscware transferred from one
molecule (the oxidant) to another (the reductaMgyer and Anderson (1952)
describe dehydrogenases as enzymes which accomplisicellular oxidation and
reduction by transfer of hydrogen from one kind mblecules to another. Most
dehydrogenases use nicotinamide adenine dinuctedfAD+) or nicotinamide
adenine dinucleotide phosphate (NADP+) while somekenuse of Riboflavin
(Robert et al., 2009). Dehydrogenase enzymes include Alcoholydiglyenase,
Lactate dehydrogenase, Succinate dehydrogenasgledbol dehydrogenase (ADH)
is one of two proteins in the ethanol fermentapathway that is responsible for the
reduction of acetylaldehyde, which is toxic to pléissues, to ethanol, resulting in

continuous regeneration of NAD+ in the cytoplasrhi{@g and Ferl, 1999). Succinate
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dehyrogenase, a complex enzyme tightly bound tonter mitochondrial membrane
oxidizes succinate to fumarate (Devlin, 2011). htetdehydrogenase catalyses the
reversible oxidation of lactate to pyruvate usin§N- as a co-enzyme. In the present
investigation the total dehydrogenase content efpiimed seeds (old) was found to
decrease with the increase of storage periodspentise of priming treatments. All
priming treatments except KNGhad higher dehydrogenase activity at 45 days of
storage period as compared to non primed seedshanddicated that priming has
certainly beneficial effect.

In the present investigation, the dehydrogenaseadpith amylase activity
were found to decrease with the increase in stopegeod. These findings were
supported by Lee and Kim (2000), #eal. (2002), EL-Arbay and Hegazi (2004),
Guzman and Aquino (2007), Moosatial. (2009), Amanpour-Balaneji and Sedghi
(2011), Oaikheneet al. (2013) and Tabatabaei (2013).
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SUMMARY AND CONCLUSION

The present investigation was undertaken to stioeyeffect of storage duration
on primed cowpea seeds in addition to priming nespoof cowpea seeds to halo,
hormonal and hydro priming. The experiment was ootedl at the Department of Seed
Science and Technology, college of Agriculture,s&ai University of Agriculture and
Technology, Bhubaneswar. Fresh and old cowpea éresegéds of variety Utkal Manika
were collected from AICRP on Vegetable Crops, OUATonduct the experiment. The
experiment was conducted in a completely randomitesiign with four replications.
Fresh seeds and 18 months old cowpea seeds weredpwith potassium chloride
(KCI, 1%), potassium nitrate (KN$D1%), gibberellic acid (GA3, 50ppm), salicylic éci
(50ppm) and deionised water for 6 hours. Befordiistapriming treatment the moisture
content of fresh and old seeds were determinedsé&be treated with different priming
agents were packed in separate cotton bags aldhgimireated seed (control) and stored
up to 45 days under normal room temperature. Seatples from the respective
treatments were drawn at 15 days intervals andesidnj to test the proposed
physiological and biochemical parameters. Obs@mnstivere recorded on germination
%, root length, shoot length, seedling length, shmat length ratio, seedling dry weight,
electrical conductivity, alpha amylase and dehgdnase activity. The results are

presented below.

6.1 Effect of priming treatment on old cowpea seed
6.1.1 Physiological parameters
* All the priming treatments produced higher germoratthan non primed
seeds and the increase in germination count w&s%117.9 %, 6.6 %, 15.1
% and 35.8 % when seeds treated with KCI, KN&alicylic Acid, GA3and
hydro priming respectively.

* The halo priming agent KCI recorded the maximumt dleagth (21.63 cm)
followed by KNG (18.01 cm). All the treatments enhanced the reagth
except the hormonal priming agent GA3.

 All the priming treatments exhibited significantligher shoot length as compared
to non primed seeds. Among the priming treatmémtshalo priming agent KNO3
recorded the highest shoot length (28.32 cm) whdmgdro priming recorded the
lowest shoot length (24.77 cm).
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* Old seeds treated with GA3 showed the highest shoot length ratio (1.86)
where as KCI showed the lowest shoot: root lengtio (1.21) and non primed
seeds had the ratio 1.43.

» The highest seedling length was recorded by KCI7@1€m) followed by KN®@
(46.33 cm).

* The highest dry weight (57.83 mg) was observed yird priming treatment
followed by salicylic acid (57.78 mg).

* The halo priming agent KCI recorded the highast Salue (3313.49) followed
by hydro priming (2936.00) and KN(2894.61).

* Hydro priming exhibited the highest SV-Il value §4195) followed by KCI
(3856.00).

6.1.2 Biochemical parameters

* Non primed seeds recorded the highest EC valuel(@8/m) and hydro priming
recorded the lowest value (0.597 dS/m) followe&BY (0.617 dS/m).

* Alpha amylase activity was more pronounced in sgad®ied with KCI
(0.446) followed by hydro priming (0.443) and lowestivity was reported
in salicylic acid (0.119)

 The highest dehydrogenase activity was observederds treated with
deionised water (383.4 pg/ 20 mi/hr) and the lowess recorded in KNO3
(284.0 pg/ 20 ml/hr).

6.2 Effect of priming treatment on fresh cowpea szls
6.2.1 Physiological parameters
»  Fresh seeds treated with KBl€howed the highest germination count (89.5 %).
* Seeds treated with KN deionised water and salicylic acid ranked 1st
(49.35 cm), 2nd (47.24 cm) and 3rd (46.44 cm) speet of seedling length
respectively.

* Hydro priming recorded the highest dry weight (B2:@g) followed by
salicylic acid (50.98 mg), KCI (50.63 mg) and GAR (18 mg).

» Seeds treated with KNproduced the highest SV-I value (4416.60) and the

lowest was being recorded in non primed seeds (3644
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Seeds treated with deionised water produced thdekigSV-Il value

(4645.80) and the lowest was being recorded inpnoned seeds.

6.2.2 Biochemical parameters

6.3

6.3.1

Among the treatments, fresh seeds treated witltydigliacid recorded the
highest EC value (0.651 dS/m) followed by GA3 (638 dS/m). All the
treatments had low EC value as compared to nonegrseeds (0.732 dS/m).

Alpha amylase activity was more pronounced in sgaidsied with KCI
(0.462) followed by hydro priming (0.408) and lowestivity was reported
in salicylic acid (0.175).

The highest dehydrogenase activity was observestaals treated with KCI
(590.0 pg/ 20 ml/hr) followed by KN§X492.9 pg/ 20 mi/hr) and the lowest
was recorded in non primed seeds.

Effect of storage duration on primed old cowpee seeds

Physiological parameters

At 15 days of post priming storage duration thengeation count was found
to decrease both in primed and non primed seeds.highest germination
percent was recorded by hydro priming (66.5 %) #edlowest by salicylic
acid (48.50 %).

At 30 days of post priming storage duration, it vediserved that the halo
priming agent KC| had the maximum germination co(§8.5 %) followed
by hydro priming (62.0 %).

In case of 45 days of storage time the germinatmmt varied from 41.5 %
(salicylic acid) to 55.5 % (KCI).

At 15 days of post-priming storage period, the tvabo priming agents KCI
and KNQ scored 1 (48.86 cm) and™ (46.10 cm) rank in their effect on
seedling length.

At 30 days of post-priming storage period, the bajhseedling length was
recorded by salicylic acid (49.74 cm) followed hy deeds (49.33 cm) and
the lowest were reported in GA3 (45.09 cm).

72



At 45 days of post-priming storage period, hydroampmg recorded the
highest seedling length (45.69 cm) followed bycsdic acid (44.05 cm).

e At 15 days of post-priming storage period, hydroampmg recorded the
highest dry weight (53.0 mg) followed by salicylxcid (44.85 mg) and
KNOs (44.60 mg).

At 30 days of post-priming storage period, hydroamgng recorded the
highest dry weight (50.83 mg) followed by salicydicid (48.98 mg) and non
primed seeds (48.43 mg).

* At 45 days of post-priming storage period, hydroamgng recorded the
highest dry weight (48.80 mg) followed by salicydicid (44.20 mg).

e At 15 days of post-priming storage period, sigmifit differences were
observed among the treatments. SV-I values rangead 2095.37 to 3125.86

and all priming treatments recorded higher valmenan primed seeds.

* At 30 days of post-priming storage period, hydriongng showed the highest
SV-I value (3014.13) whereas Salicylic acid hadltveest value (2237.42).

» At 45 days of post-priming storage period, hydrompmg recorded the
highest value (2374.60) indicating its strong pesiteffect on SV-I

parameter irrespective of the storage period.

» After 15 days of storage, hydro priming attained thighest SV-II value
(3525.20) followed by KCI (2853.00). The lowest-8Walue (2107.60) was
reported in Salicylic acid.

» After 30 days of storage, almost all the primingatments showed their
positive impact on SV-Il values in comparison tanrqrimed seeds. Hydro
priming and KCI scored 1st (3137.10) and 2nd (288)/tank.

» At 45 days of post-priming storage period, hydriongng secured the highest
SV-Il value (2532.95) followed by KCI (2237.15) asdlicylic acid recorded
the lowest value (1836.30).

6.3.2 Biochemical parameters
* At 15 days of storage period, hydro priming and K&il shown lower EC value

as compared to other treatments. Similar trendolvesrved at 30 and 45 days.
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6.4
6.4.1

At 15 days of storage, alpha amylase activity waanél to decrease
invariably in all the treatments as compared toozsiorage periods. The
reduction rate of the enzyme in KCI, KNGsalicylic acid, GA3, deionised
water and dry seeds were 12.5 %, 27.2 %, 27.7 %4,29 13.7 % & 23.6 %
respectively with the advancement of storage pdrmu O to 15 days.

At 30 days of storage period, alpha amylase agtivds the highest in case
of hydro priming (0.336) and the lowest in salicydicid (0.066). The rate of
decrease in alpha amylase activity was 28.4 %,%4044.5 %, 66.9 %,
24.1%, and 44.4% in KCI, KN§) salicylic acid, GA3, deionised water and
non primed seeds respectively as compared to renage periods.

At 45 days of storage period, the rate of decreémsdpha amylase activity
was 43.0 %, 62.4 %, 71.4 %, 78.8 %, 38.8 %, an8 98. when old seeds
treated with KCI, KNQ, salicylic acid, GA3, deionised water and non @tim
seeds respectively as compared to zero storagedseri

With the advancement of storage period from O tada$s, dehydrogenase
activity was found to decrease for all priming treants. The rate of decrease
in dehydrogenase activity was 11.8 %, 33.6 %, 7,3% %, 18.8 % and 8.7
% when old seeds treated with KCI, KeyGalicylic acid, GA3, deionised
water and non primed seeds respectively as compaagto storage period.

At 30 days of storage period, the rate of decréaskehydrogenase activity
was 23.7 %, 48.2 %, 16.6 %, 12.5 %, 29.5 % and 2¢ @hen old seeds
were treated with KCI, KNg) salicylic acid, GA3, deionised water and non
primed seeds respectively as compared to zeroget@eriod.

At 45 days of storage period, the rate of decréaskehydrogenase activity
was 38.4 %, 63.2 %, 28.9 %, 19.1 %, 44.6 % and 35.wWhen old seeds
treated with KCI, KNQ, salicylic acid, GA3, deionised water and non piim
seeds respectively as compared to zero storagadperi

Effect of storage duration on primed fresh copea seeds

Physiological parameters

At 15 days of post priming storage duration, théeraf decrease in
germination count was 1.7 %, 1.1 %, 2.4 %, 6.8 %%land 0.96 % when
seeds were treated with KCI, KNGsalicylic acid, GA3, deionised water and
non primed seeds respectively as compared to menage period.
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At 30 days of post priming storage duration, thée raf decrease in
germination count was 7.3 %, 2.2 %, 12.6 %, 11.6% % and 4.8 % when
seeds were treated with KCIl, KNGsalicylic acid, GA3, deionised water and

non primed seeds respectively as compared to manage period.

At 45 days of post priming storage duration, théeraf decrease in
germination count was 7.3 %, 2.2 %, 12.6 %, 11.6% % and 4.8 % when
seeds were treated with KCI, KNGsalicylic acid, GA3, deionised water and

non primed seeds respectively as compared to menage period.

At 15 days of post priming storage duration, seéesged with KNO3, deionised
water and salicylic acid ranked (47.84 cm), 2 (46.33 cm) and'8 (46.44 cm)

in respect of seedling length.

At 30 days of post priming storage duration, thghbst seedling length was
recorded in seeds treated with KCI (48.06 cnpwedd by KNQ (47.56 cm).

At 45 days of post priming storage duration, segdlength was found to
vary from 37.15 cm to 45.98 cm.

By increasing the post priming storage durationmfrd to 15 days, the dry
weight was found to decrease. Non primed seedsdeddhe highest weight
(48.05 mg) and the lowest was being recorded by (34308 mg).

Coming to 30 days of post priming storage periogas revealed that the dry
weight increased in seeds treated with KCI, kN§alicylic acid and GA3 as

compared to 15 days.

At 45 days of post priming storage duration, sewptry weight varied from
36.43 mg to 46.08 mg. Seeds treated with KNBowed the highest dry
weight (46.08 mg) and the lowest was recorded ir3 G36.43 mg).

At 15 days of post priming storage duration, the-ISxalue produced by
different treatments started to decline. SV-I valuesre found to vary from
3474.80 to 4230.28.

At 30 days of post priming storage duration, thienprg treatments showed
significant differences. Seeds treated with KN@corded the highest value
(4148.47) followed by KCI (3992.04).
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With the advancement of post priming storage pefioch 30 to 45 days,
SV-I values produced by the priming treatments ¥oasd to decrease as
compared to 30 days except in hydro priming. Therelse in SV-1 values
were 10.5 %, 10.5 %, 32.1% , 47.7 % , 18.8 % abd’® for seeds treated
with KCI, KNOs, Salicylic Acid, GA3, hydro priming and in noniqming

condition respectively as compared to zero day.

At 15 days of post priming storage duration, the-IEValue produced by
different treatments started to decline. Seedsddeaith deionised water and
KNO;3 ranked 1 (3930.38) and™® (3928.25) respectively.

At 30 days of post priming storage duration, thienprg treatments showed
significant differences. Seeds treated with KN€zorded the highest SV-II
value (4013.95) followed by KCI (3942.80) and tbevést value were being
recorded in GA3 (3248.85).

With the advancement of post priming storage pefrioch 30 to 45 days SV-
Il values produced by the priming treatments wasnib to decrease as
compared to 30 days except in hydro priming. Theetse in SV-Il values
were 21.6 %, 10.8 %, 36.3 % , 54.9 %, 29.1 % ah# % for seeds treated
with KCI, KNOs, Salicylic Acid, GA3, hydro priming and in noniming
condition respectively as compared to zero day.

6.4.2 Biochemical parameters

At 15 days of storage period, significant differemavere observed among the
treatments. Among the treatments seeds treatedsalittylic acid recorded the
highest EC value (0.651 dS/m) followed by salicgioid (0.703 dS/m).

At 30 days of storage period, salicylic acid reeardhe highest EC value
(0.797 dS/m) followed by GA3 (0.789 dS/m).

With the advancement of storage period from 3(btdays, EC value was found
to increase irrespective of the treatment typacyial acid recorded the highest
EC value (0.740 dS/m) whereas hydro priming hadbtivest value (0.837 dS/m).

At 15 days of storage, alpha amylase activity waanél to decrease
invariably for all the treatments as compared tm zorage periods. Seeds
treated with KNQ, salicylic acid and GA3 had low alpha amylase \atgti

than non primed seeds.

76



At 30 days of storage period, alpha amylase agtivds the highest in seeds
treated with KCI (0.372) and the lowest in salicydicid (0.106). The rate of
decrease in alpha amylase activity was 19.5 %,98839.4 %, 30.9 %, 12.0
%, and 32.7 % in KCI, KNg) salicylic acid, GA3, deionised water and non
primed seeds respectively as compared to zeroget@eriods.

At 45 days of storage period, alpha amylase agtivds the highest in case
of hydro priming (0.298) and the lowest in salicydicid (0.087).

With the advancement of storage period from O toda$s, dehydrogenase
activity was found to decrease for all priming treants. Seeds treated with
KCI showed the highest enzyme activity (508.8 @h#/hr) and the lowest

were reported in non primed seeds (336.6 pg/20rnl/h

At 30 days of storage period, there was a gradeatedse in dehydogenase
activity for each priming treatment. Seeds treatgtd KNO3 had the lowest
dehydrogenase activity (147.0 pg/ 20 ml/hr).

Increasing in the storage period from 30 to 45 ddy®wed further decrease
in dehydrogenase activity of priming agents. Thée raf decrease in
dehydrogenase activity was 55.1 %, 52.0 %, 28.238 %, 42.3 % and 40.6
% when fresh seeds were treated with KCI, kN®@&alicylic acid, GA3,
deionised water and non primed seeds respectivelgoapared to zero
storage period.

6.5 Correlation coefficient between physiologicalrad biochemical parameters

The correlation coefficient between physiologicahda biochemical
parameters of all priming treatments in old sedusved that germination
count, SV-I & SV-Il parameters had negative cotieta with electrical

conductivity.

Germination count in old seeds showed positive etation with alpha

amylase and dehydrogenase activity in case ofi@lptiming treatments.

SV-I & SV-II parameters in old seeds showed positiorrelation with alpha
amylase and dehydrogenase activity for all printnregtments except KNO
that had negative correlation like non primed seeds
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6.6

In fresh seeds physiological parameters like geation, SV-I & SV-II of all
the priming treatments showed negative correlatiomsh electrical
conductivity and positive correlations with alphraydase and dehydrogenase

activity.

Predicting the efficacy of priming treatments

The efficacy of priming treatments in old seeds \waiged by calculating
germination response index (GRI), vigour responsdex (VRI) and

biochemical response index (BRI)

Hydro priming and KCI have high GRI, VRI and BRIlwes as compared to

other treatments and salicylic acid has the lovi&®L VRI and BRI values.

The efficacy of GA3 is better than KNCHydro priming has the highest SQI
value (25) followed by KCI (24) and GA3 (22). Thiesult indicates that
hydro priming is the best priming treatment follalhey KCI and GA3.

Old cow pea seeds primed with KCI, KnOsalicylic acid, GA3 and
deionised water could be stored in ambient enviemnupto 50, 15, 0, 20
and 50 days respectively as per the prediction haekeribed in result.

CONCLUSION

From the present investigation it may be conclutiedl hydro priming and the

halo priming agent KCI (1 %) could improve the sepdility parameters of old

cowpea seeds to a satisfactory level. Under unfalde weather condition if the

farmer is unable to sow the primed old seeds dyrentthe field then the primed

cowpea seeds may be stored to a longer periodibg tieese two priming treatments.
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APPENDICES

Appendix-I : Electrical conductivity test

When seeds are imbibed in water, a number of veateible substances leach
out of the seed. The extent of solute leachingef@eddent on the kind of seed and its
physiological state. Enhanced permeability of daflumembranes is one of the
primary symptoms of seed ageing. Thus, seed letsiovigour and viability leach
out greater quantity of solutes, which include gaoic ions (electrolytes), water
soluble sugars, aminoacids, organic acids etc.dEgeee of leaching can be detected
among other methods by simple measurement of ilalctconductance of seed
leachate, which is directly propotional to the mooncentration. High solute leakage,
an indicator of membrane permeability is associatgd low vigour and poor field

emergence in most crops.

Procedure:

Old and new cowpea seeds (8 g) were taken in eebedken soaked in 40m|
distilled water for 6 hours at 20-25°C. The contents are stirred and the leachate is
poured in another beaker to measure the electdoaductivity by help of a

conductivity meter.
Appendix-ii : Determination of a- amylase activity
Theoritical aspects:

a-amylase is a hydrolytic enzyme which breaks dowsmynpolysaccharides, e.g.
starch which is polymer of glucose units linked dyl-4 linkages to yield the

disaccharides(maltose ) as the end product.

(CeH100s)2n +n HO-------- ->n(Ci2H22011)
Starch altose

Preparation of reagents:
1. Citrate buffer 0.025 M (pH-5.0):

(&) We had prepared 0.025 M citric acid solutioweigh 1.313 g of citric acid
(Mol.Wt= 210.14) and dissolved in 250 ml distillegter.
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(b) Then we had prepared 0.025 M sodium citrateitesl:- 1.838 g of trisodium
citrate (Mol. Wt=294.10) + water=250 ml

For preparation of 400 ml citrate buffer, we hadkxed 164 ml of (a) with 236
ml of (b) in a 500ml volume flask. if pH was le$smih 5,we had added sodium citrate
solution for raising the pH to 5. If pH was aboveéhgn we had added citric acid

solution to reduce the pH to 5.
2. Preparation of starch stock solution (0.2 % o2000 pg/ml)
We had taken a few drops of citrate buffer in a 2B®eaker .

Then we had put 200 mg starch in it so that theclstanolecules are just

soaked.

Then we added 100ml of cirtrate buffer and heatwas continued till the

solution was boiled for 1 minute.

Then we cooled the solution and made up the volupte 100 ml with the

citrate buffer and filtered through whatman No. 1

3. Preparation of starch standards (300, 600, 9G®00 pug /ml)
i) 1200 pg/ml:- 30 ml of starch stock solution #r&ie buffer = 50 ml
i) 900 pg/ml:- 22.5 ml of starch stock solutiorcitrate buffer = 50 ml
iii) 600 pg/ml:- 15 ml of starch stock solution ttrate buffer = 50 ml
iv) 300 pg/ml:- 7.5 ml of starch stock solutionitrate buffer = 50 ml
0.05 N HCI :- 0.42 ml conc. HCI + water = 100ml|

4. Preparation of K| Reagent:-
() KI (6%):- 300 mg Kl + 5 ml 0.05 N HCI
(b) I> solution (0.6 %) :- 300mg K 50 ml of 0.05 N HCI mixed.

Then we had warmed it for dissolution and therefdd through Whatman

no.1 filter paper.

Then we had mixed 1 ml of (a) with 50 ml of (b)+f®0of water= 101 ml.
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Procedure For Enzyme Extraction:

We had taken 5 numbers of germinated cowpea setdB2 odifferent
treatments. Then we had macerated the seeds istle ped mortar separately by
adding 10 ml of citrate buffer step wise slowly.

Then we had transferred the content to the cegegitube and centrifugation
was continued for 15 minutes at 2000 rpm or maxinseed of ordinary centrifuge
at room temperature.

Then we had collected the supernatant for detetromaf a-amylase activity
as pg starch digested per 10 minutes/gm of seede lfvould not have used the

supernatant immediately then we would have presgéatva the defreeze.

Starch Citrate LK
Testtube| standard buffer solzution Wwater |
Sl. No. solution solution (mi) (ml) o
(ml) (ml)
For Standardsg 1 3 2 13 Blank
2 2ml 1 2 13
(300 pg/ml)
3 2ml 1 2 13
(600 pg/ml)
4 2ml 1 2 13
(900 pg/ml)
5 2ml 1 2 13
(1200
pg/mi)
Starch .
;I'est Citrate | solution K_eepmg 12KT
ube Enzyme buff £ 1200 time for luti Water oD
Sl. | extract(ml) utter -\ o reaction solution (ml) "
(ml) pg/mi . (ml)
No. (minutes)
(ml)
For
samples 6 0.2 2.8 - - 2 13 Blank
7 0.2 0.8 2 5 2 13
8 0.2 0.8 2 10 2 13
9 0.2 0.8 2 20 2 13
10 0.2 0.8 2 30 2 13

Before addition of reagents , all the test tubesukhbe kept at IT.Also
during reaction time the temperature should be tamied at 3% C. After
development of colour, the O.D. was measured at @0wave length of light
.Therefore, thex-amylase activity is calculated as pg starch degeggram of seed
/10 minutes or more by using the standard curve.
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Appendix —lIl: Estimation of total dehydrogenase activity

Principle

Dehydrogenase is respiratory enzyme whose activityes that cell is alive.
2,3,5 Triphenyl Tetrazolium Chloride (TTC) is usedall seed test laboratories for
viability test. In which the reduction of TTC ( cwmirless) to Formazan (red) is the
responsible chemical reaction. The tetrazolium tseswidely recognized as an
accurate means of estimating seed viability. Hydnabf seed embryos increases the

enzyme activity resulting in release of hydrogamsiavhich reduces TTC.

Dehydrogenase catalyses transfer 6atdms from a substrate to a hydrogen
acceptor. The rate of reaction is measured acaptdithe degree of reduction of the

dye, usually methylene blue or Triphenyl Tetrazomi@hloride.

Reagents
Tetrazolium chloride (0.05%)
Methanol
Phosphate buffer (pH 7.00)
Procedure

1. We had taken 1 gram of cowpea seeds of saradiszwell filled seeds)

from each treatment of fresh and old seeds

2. Then the seeds were soaked for 12 hours
3. The seed coats were removed from the seeds.

4. Then we had kept the soaked seeds without ékd soat in 0.05 %

tetrazolium solution.(volume is 20 ml) for 4 hours.

5. Tetrazolium solution was decanted and the sesule washed in water
thoroughly.

6. We added 20 ml methanol (i.e the seeds wereikepethanol solution

and we waited for the complete decolouration ofseds).

7. Then we took the reading of the solution by thelp of a
spectrophotometer at 480 nm of light along with Ifenk methanol (as
standard).
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Preparation of standard curve

» We prepared the stock solution by taking 10 mgasimfizan (TCF) in 100 cc
methanol (conc. was 100 ppm).

* We took 1 ml stock solution and added 19 ml methanahat the final volume
was 20 ml ( concentration was 5 ppm).

* From the stock solution we prepared 5 ppm ,10 @@ ppm and 20 ppm solution
and made the final volume 20 ml by adding methanol.

i) 1ml stock solution + 19 ml methanol = 5 ppm (voh2p

i) 2 ml stock solution + 18 ml methanol =10 ppm (vOIral)

i) 3 ml stock solution + 17 ml methanol = 15 ppm ( 20Iml)

iv) 4 ml stock solution + 16 ml methanol = 20 ppm( 20Iml)

. We had measured the O.D value and prepared théasthaurve

ENZYME QUANTIFICATION

Let us consider the O.D value of the seed sampletlien its concentration
will be 5 ppm ( as per the standard curve) i.eséed sample contains 5 mg formazan
in 1000 cc solution.

1000 ml =5 mg = 5 x IHgram

1 ml = (5 x 10° gram) + 1000 =( 5 x 18 )+ 10° gram

=5x 10%x 103gram

=5 x 10° gram

=5 Hg

So 20 ml solution will contain 5 x 20 pg = 100 pograzan

i.e. from 1 gram seeds we get 100 pg formazan.

Again we keep the seeds in tetrazolium for 4 hours.

Therefore, quantity of formazan produced from ®egds in 1 hour will be

=100pg +4 = 25ug

100 mg + 100 ml methanol (1000 ppm stock solution)

!
10 ml stock solution + 90 ml methanol (100 ppm ktealution)

!
5ml, 10 ml, 15 ml , and 20 ml + add methanol arake the final volume 100
ml to get 5 ppm , 10 ppm, 15 ppm , and 20 ppmtswiu

Appendix-iv : Maximum and minimum temperature, relative humidity during
storage of primed seeds

Temperature (°C)

Week Date . — RH (%)
Maximum Minimum
6 | February 5-11 33.3 17.2 94
7 | February 12-18 33.6 17.4 92
8 | February 19-25 35.1 22.4 92
9 | Feb —March 26-4 35.7 20.6 94
10| March 5-11 33.2 22.8 93
11| March 12-18 33.1 21.6 92
12| March 19-25 35.9 22.7 89
13| Mar.- April 26-1 35.6 25.3 88
14| April 2-8 35.6 26.0 88
15| April 9-15 37.8 26.0 86
16| April 16-22 36.0 25.9 88
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