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1. INTRODUCTION

Pulses are quick growing leguminous food crop after cereals, being the
affordable and fastest means to enhance the protein production in developing
countries. About 15 per cent of the dietary protein is met from pulses in India as
against nine per cent in the world. According to World Health Organization, the

dietary requirement of pulses per day per person is 80 g (ASSOCHAM, 2012).

Pulse production in Kerala is not sufficient to meet the dietary requirement
of our people. The major constraint in pulse production is the low productivity that

emphasis the necessity for the adoption of improved management techniques.

Cowpea (Vigna unguiculata (L.) Walp is the most widely cultivated pulse
crop of Kerala. It is an important multipurpose grain legume crop which performs
well as pure and as intercrop. Although cowpea is grown throughout the year, over
a variety of farming situations, a large gap exists between the supply and demand
for grain cowpea within the state. Thus, there is an urgent need to boost the

production and productivity of grain cowpea.

There are certain challenges which reduce the yield and productivity of
grain cowpea. The major challenges noticed are flower shedding, poor pod and seed
setting and shrivelling of grains. These problems may be ascribed to the deficiencies
of major and minor nutrients or due to biotic and abiotic stresses. Deficiencies of
micronutrients especially zinc (Zn) and boron (B) are widely noticed in pulses. Zinc
plays a vital role in plant metabolism and is known to be involved in nodule
formation and improved N fixation (Shukla and Yadav, 1982). Boron is imperative
for cell division, elongation and cell wall development in plants. It is also needed
for the maintenance of nodule cell wall, membrane structure and development of
symbiosome (Bolanos er al., 2001). Since B plays a significant role in the
development of reproductive organs, compared to field crops, legume crops require
large amount of B. Its deficiency caused flower drop and reduced fruit set due to
the malformation of reproductive tissues and its effect on pollen germination.
Boron deficiency also restricts the plant response to nitrogen (N) because N

intensifies the demand for boron. Hence, application of Zn and B can enhance the



yield by reducing the flower drop and enhance the pod and seed setting in grain

cowpea.

Soil and foliar application are the most common means of micronutrient
application to crops. But there are some limitations in the adoption of these two
methods. With respect to soil application, since the quantity of micronutrient
applied 1s very less, it is difficult to spread uniformly over the soil. Though the
foliar application is effective in correcting the micronutrient deficiencies, it is too
laborious. Seed priming and pelleting with micronutrients are the two simple
inexpensive strategies for overcoming these problems. There are several advantages
to this approach: the effect of uneven application of micronutrients to the soil can
be avoided, initial uptake and the nutrient availability in the early life cycle of the
plant is guaranteed and the amount required is very less. Moreover, it is cost

effective than soil and foliar application.

Inconsistent rainfall, degraded soils, inferior quality seed and changing
climatic scenario contribute to a condition where better crop establishment and
yield are often the exemption rather than the rule. These unfortunate events
ultimately lead to crop failure, which makes crop production expensive. Seed
pelleting and priming are the two cost effective seed invigouration methods that can
be safely employed for pulse crops to enhance the germination, seedling
establishment and seed yield. Seed invigoration 1s relatively a novel term and has
been interchangeably used for both seed priming and seed pelleting (Farooq et al.,
2009). Seed invigouration with micronutrients ensures better stand establishment,

increased seedling vigour, disease and stress tolerance and increased yield.

With this back ground, the present study entitled “*Seed invigouration for
yield enhancement in grain cowpea (Vigna unguiculata L.Walp)'" was carried out
with the following objectives.

» To assess the effect of seed invigouration with zinc sulphate and borax on
grain cowpea.

» To evaluate its effect along with Trichoderma viride on growth and yield
of the crop.
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2. REVIEW OF LITERATURE

Cowpea (Vigna unguiculata (L.) Walp is an important multipurpose pulse crop
which performs well as pure and inter crop in coconut garden. In Kerala it is mostly
cultivated under rainfed condition in rice fallows and marginal lands. Deficiencies of
micronutrients especially Zn and B have been widely reported in pulses. Seed priming and
pelleting with micronutrients are the two simple inexpensive strategies for micronutrient

application.

Many investigators have explained the mechanism of better stand establishment,
increased seedling vigour, disease and stress tolerance and increased yield due to seed
invigouration techniques. The current state of knowledge regarding the effect of Zn
and B on plant growth, nodulation, physiological parameters, yield and quality,
effect of seed invigouration in crop production, its effect on germination and
seedling vigour, growth and yield parameters and yield of crop plants and the effect

of Trichoderma seed treatment in pulses are reviewed in this chapter.
2.1 EFFECT OF ZINC ON PLANT GROWTH

Zinc plays a major role in plant growth and development. Stevenson and
Cole (1999) reported that a healthy plant contain 27 to150 mg Zn kg' plant biomass.
Deficiency of Zn causes chlorosis, sterility, reduction in leaf size and reduction in
spikelet number (Cakmak, 2000). Zinc also have a significant role in plant
metabolism and synthesis of auxins, carbohydrate, phosphate and nucleic acid

(Latef et al., 2017).

Zinc is an important constituent of enzymes and proteins. It is the only metal
element present in all the six enzyme classes, oxidoreductases, transferases,
hydrolases, lyases, isomerases and ligases (Auld, 2001). It also acts as the co-factor
of enzymes and stabilizes the structure of proteins (Evans and Halliwell, 2001). It
also plays a vital role in stomatal regulation and maintaining an ionic balance in
plant system (Baybordi, 2006). Zinc is also involved in chlorophyll production,
pollen function, fertilization and germination (Pandey et al. 2006; Cakmak, 2008).



Zinc content in newly developed radicles and coleoptiles were much higher
up to 200 mg kg' (Ozturk et al., 2006). The high concentration of Zn indicates the
role of Zn in physiological processes viz., protein synthesis, cell elongation,

membrane function and resistance to abiotic stresses in early seedling development.

Marschner (1995) reported that higher seed Zn content during germination
and seedling development stage expressed greater resistance to soil-borne

pathogens, thus ensured good crop stand and better yield.
2.2 EFFECT OF BORON ON PLANT GROWTH

Boron is considered to be an essential micronutrient element for plant
growth and development. Boron deficiency leads to several physiological damages
in plant. It is considered to be essential for sugar transport, synthesis of cell wall,
cell wall structure, metabolism of carbohydrate, RNA, phenol and indole acetic

acid, respiration and membrane integrity (Parr and Loughman, 1983).

Boron is essential for maintaining the structural integrity of plasma
membrane. Boron enhanced the uptake of K* ion and membrane bound ATPase
activity which caused the hyperpolarization of plasma membrane. Serrano (1989)
observed that the driving force for K* influx was increased by the pumping activity
of membrane and hyperpolarization. Schon et al. (1990) observed an enhancement
in the opening and closing of stomata by increased K ion influx due to boron in
dayflower (Commelina communis). Cheng and Rerkasem (1993) opined that

plasma membranes are highly leaky and lost their structure due to B deficiency.

Boron is involved in the functioning of plant reproductive tissues.
Marschner (1995) reported that B 1s found to be essential for poilen tube
germination, cell elongation, cell division, male flower sterility and fruit and seed
formation in plants. Aslam e al. (2002) reported that B nutrition leads to better
pollination, seed setting and lower spikelet sterility, which finally contributed to
higher grain yield in rice cultivars. Tariq and Mott (2007) pointed out that B
deficiency during flowering prevents the pollen tube growth which causes pollen

sterility, flower drop and poor pod setting. Boron deficiency was more under dry



weather and low moisture conditions and its deficiency reduced the number of
pollen grains, pollen germination and filling up of grains. It was also observed that
foliar nutrition of B enhanced the flower development, pollen grain formation,
pollen viability, pollen tube growth and seed development in green gram (Praveena

etal.,2018).

Rerkasem (1996) reported that the growing points viz., root tips, new leaves
and buds required higher amount of B than mature tissues. Dell and Huang (1997)
pointed out that B deficiency in soil retards root elongation, cell division in the root
tip, leaf expansion and reduction in photosynthesis. Boron is also involved in root
growth (Moeinian ef al., 2011) and impart stress tolerance in plant and enhances

grain production (Hussain et al., 2012).
2.3 EFFECT OF ZINC AND BORON ON NODULATION IN PULSES

Boron had significant effect on symbiotic N fixation. Bolanos et al. (1994)
reported that absence of B in the culture medium resulted in reduction in the number

of nodules and variations in nodule development.

Boron is essential for the cell wall maintenance of nodule and symbiosome
development (Bolanos et al., 2001). Subasinghe et al. (2003) observed that B had a
positive effect on nodulation and observed that up to 4 ppm, B enhanced the dry
matter content and nodulation, but beyond 4 ppm it had negative impact. Noor and
Hossain (2007) also revealed that B is essential for nodulation and N fixation in
legumes. Application of B 0.5 kg ha' significantly enhanced the N fixation in
cowpea and ground nut by 89 per cent and 126 per cent, respectively over control,

_however higher dose (1 kg ha™') significantly reduced the N fixation in cowpea and
groundnut (Yakubu et al., 2010). Parry et al. (2016) reported that application of 30
kg S + 2 kg B ha' recorded higher number of nodules per plant, nodule fresh and
dry weight in garden pea. In black gram, the highest number of nodules per plant
and nodule dry weight was observed in the treatment receiving 0.2 per cent borax
along with 0.1 per cent Zn EDTA, 2 per cent urea and 2 per cent single super

phosphate (Meena ef al., 2017). Quddus ez al. (2018) observed that nodulation
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increased with increase in rate of B application and the highest number of nodules

was observed, when B was applied @ 2 kg ha™'.

Zinc plays a major role in N fixation through nodule formation (Nandwall
et al.,1990; Balusamy et al.,1996). Khorgamy and Farina (2009) reported that in
chick pea, application of ZnSO4 20 kg ha™' markedly increased the root nodulation.
Das et al. (2012) observed that, Zn plays a major role in leg haemoglobin synthesis
and also observed that nodule number, size, leghaemoglobin content and dry weight
of nodules depend on the Zn availability. Application of Zn 5 kg ha' resulted in 91
per cent enhancement in nodulation in soybean (Chauhan et al., 2013). Soil
application of 15 kg Zn ha™! recorded higher number of nodules, effective nodules
and nodule fresh weight per plant in cowpea (Upadhyay and Singh, 2016).
However, Debnath et al. (2018) observed that, soil application of Zn 7.5 kg ha™'
along with recommended dose of fertilizers recorded greater number of nodules per
plant in cowpea. In cluster bean, nodule number and nodule fresh weight were

greatly influenced by soil application of Zn 5 kg ha' (Kuniya et al., 2018).

2.4 EFFECT OF ZINC AND BORON ON PHYSIOLOGICAL PARAMETERS IN
PULSES

Tripathy ez al. (1999) reported that soil application of zinc 25 kg ha™! + B
10 kg ha' recorded significantly higher leaf area index (LAI) in soybean. In mung
bean foliar application of one per cent Zn recorded significantly higher LAI
(Mondal ef al., 2011). Thamke (2017) pointed out that Zn nutrition significantly
influenced the LAI of pigeon pea and higher LAI was recorded at 15 kg ZnSOa.
Seed polymer coating with ZnSO4 + B + FeSO4+ ammonium molybdate each at 2
g kg seed followed by foliar application of ZnSO4 + B + FeSO4+ ammonium
molybdate (0.5 + 0.2 + 0.5 + 0.1 per cent) at 50 DAS and 60 DAS recorded
significantly higher LAI in chick pea (Shinde et al., 2017).

Akay (2011) reported that application of Zn 1 kg ha™' significantly enhanced
the chlorophyll content in chickpea. Application of B 4 ug g resulted in increase
in chlorophyll and carotenoid content in mung bean (Seth and Aery, 2014). Rahdari

et al. (2013) reported that in soybean, chlorophyll and carotenoid content increased

e~



with the application of Zn 200 uM. Seed polymer coating with ZnSO4 + B +
FeSO4+ ammonium molybdate each at 2 g kg seed along with two foliar sprays
(0.5+ 0.2+ 0.5 + 0.1 per cent) recorded significantly higher chlorophyll content in
chick pea (Shinde et al., 2017). Samreen et al. (2017) reported that in mung bean,
the highest chlorophyll content was observed at 0.2 p M concentration of Zn. Foliar
nutrition of potassium nitrate 2 per cent + boric acid 50 ppm +ZnSQOg4 1 per cent at
30 days after sowing (DAS) and 60 DAS significantly enhanced the total
chlorophyll content in soybean (Gowthami et a/., 2018). In pigeon pea, foliar
application of 0.5 per cent ZnSOj4 resulted in 3 to 8 per cent increase in chlorophyll

content (Purushottam ef al., 2018).

Mahilane and Singh (2018) observed higher crop growth rate (CGR) with
the application of Zn 7.5 kg ha™'. In black gram, foliar application of ZnSOs 0.3 per
cent and H3BOs3 0.2 per cent recorded significantly higher CGR and relative growth
rate (RGR) than control (Akshata, 2013).

2.5 EFFECT OF ZINC AND BORON ON YIELD OF PULSES

Zinc fertilization had positive effect on the yield of pulses. Application of
Zn 5 kg ha'' along with S 60 kg ha' recorded 67 per cent higher seed yield over
control in mung bean (Mali ef al., 2003). Khorgamy and Farina (2009) opined that
soil application of ZnSO4 20 kg ha"' markedly enhanced the seed yield in chickpea
cultivars. Foliar application of 0.4 per cent Zn at pre flowering and post pod forming
stage increased the seed yield by 16.2 per cent over control in lentil (Singh and
Bhati, 2013). Umesh and Shankar (2013) revealed that soil application of ZnSO4
12.5 kg ha! along with the recommended dose of NPK recorded the highest seed
yield (1759 kg ha') in pigeon pea. Malik et al. (2015) revealed that significantly
higher seed yield per plant (78.2 g) was recorded with foliar nutrition of 20 ppm
Zn. In black gram, foliar nutrition of secondary nutrients viz., CaNO3, MgNO3 and
S each at one per cent along with 0.2 per cent ZnSO4 at 25 DAS and 45 DAS
recorded the highest seed yield (Lakshmi ef a/., 2017). Kuniya et al. (2018)
indicated that soil application of Zn 5 kg ha™! greatly enhanced the seed and stover

yield of cluster bean.
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Boron is essential for pod and seed formation in pulses (Vitosh et al., 1997)
Soil application of B 1 kg ha alone or in combination with S 30 kg ha™! were found
best for higher yield in soybean (Sarker et al., 2002). Foliar application of borax
0.2 per cent at vegetative and flowering stage significantly enhanced the seed yield
in mung bean compared to control (Patra and Bhattacharya, 2009). Combined
application of B 1.5 kg ha™! + Zn 3 kg ha™! enhanced the seed yield in lentil (Quddus
et al.,2014). Chatterjee and Bandyopadhyay (2017) observed that foliar nutrition
of B 1.5 g L'! at four weeks after planting (WAP) recorded 39 per cent higher pod
yield per plant over control in vegetable cowpea. Adhikary et al. (2018) reported
that in lentil, foliar spray of 0.5 per cent B at 15 DAS, 40 DAS and flower initiation
stage recorded 26.98 per cent higher seed yield in lentil. Soil application of Zn 5 kg
ha™! followed by foliar spray of B 0.5 per cent at 20 DAS and 35 DAS registered
the highest seed yield (2.18 t ha'') in green gram (Praveena et al., 2018).

2.6 EFFECT OF ZINC AND BORON ON PROTEIN CONTENT IN PULSES

Debnath and Gosh (2011) reported that B plays a major role in metabolism
of protein and nucleic acids. Foliar application of Zn 2 ppm and B 2 ppm
significantly enhanced the protein content in cowpea seeds (Salih, 2013). In French
bean, the highest crude protein content was observed with the application of B 1.5

kg ha! (Ganie et al., 2014)).

Taliee and Sayadian (2000) opined that due to the role of Zn in N
metabolism, the seed quality was improved. Pigeon pea seeds treated with ZnSO4
4 g ha'' seed had significant impact on grain protein content (Sharma et al., 2010).

_Chavan et al. (2012) opined that compared fo soil application of Zn 20 kg ha™' the
higher dose of 40 kg ha' registered the highest protein content in cowpea.
Application of 10 kg Zn ha' recorded the highest protein content in mung bean
(Ram and Katiyar, 2013). Higher protein content was observed with soil application

of Zn 5 kg ha' in cluster bean Kuniya et al. (2018).
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2.7 EFFECT OF SEED INVIGOURATION IN CROP PRODUCTION

Farooq et al. (2009) opined that seed invigouration is quite a new term and

be used for both seed pelleting and priming.

Scott (1989) described seed pelleting as a pre-sowing physical seed
management procedure. In seed pelleting the seed-soil interface at the rhizosphere
region is improved by applying growth promoting substances or substances with
protective, nutritive and invigourative function on the seed surface. Seed pelleting
ensures easy planting, uniformity in size, uniform stress tolerance and nourishment

to the seedlings (Nargis, 1995 anvaeterhalmer, 2003).

Mc Donald (2000) observed that seed priming is a pre-sowing approach for
influencing the seedling development by modifying the pre-germination activity
preceding the radicle emergence. Increased germination rate, uniformity in
germination, faster emergence of seedlings, better allometric attributes, drought
tolerance, earliness in flowering and increased yield are the beneficial effects of

seed priming (Farooq et al., 2007).

Seed priming (soaking the seeds in micronutrient solutions of definite
concentration for a specific period) or seed coating with micronutrients are the two
easy cost-effective methods of micronutrient application. It ensures better
germination, seedling development, early flowering, early fruiting, resistance to soil
borne pathogen and increased yield (Harris et a/, 2005; Kaya et al., 2007; Malla et
al., 2007 and Kumar et al., 2008).

2.7.1 Effect of Seed invigouration on Germination and Vigour Index

Seed invigoration with Zn and B had significant influence on crop

emergence, stand establishment and seedling vigour.

Zubal (1986) reported that seed pelleting favourably influenced the field
emergence of legumes under field condition compared to other seed treatment
methods. Soybean seeds pelleted with zinc sulphate 250 mg kg™ seed significantly
influenced the field emergence compared to seed pelleting with DAP 2 g kg™' seed
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and borax 100 mg kg seed (Srimathi ez al., 2001). Kavitha (2002) observed that,

green gram seeds pelleted with 40 g DAP+ 100 mg ZnSO4 +100 mg FeSO4 + 250
| mg ammonium molybdate kg seed markedly inﬂuenéed the field emergence
compared to control. Rathod ef al. (2005) reported that in soybean, seeds pelleted
with ZnSOs (0.3 g kg' seed) + CMC (2 per cent) + filler significantly increased the
field emergence. Vegetable cowpea seeds pelleted with ZnSO4 250 mg kg seed
and borax 100 mg kg seed produced seedlings with significantly higher shoot
length, root length, seedling dry weight and vigour index compared to non-pelleted
seeds (Masuthi et al., 2009). Shashibhaskar et al. (2009 revealed that, the seed
treatment with ZnSO4 300 mg kg™’ seed recorded higher field emergence percentage
(91) in tomato. Chick pea seeds coated with ZnSO4 and borax eachat2 g kg'' seed
with a polymer 6 ml kg' seed registered significantly higher germination
percentage (98) and speed of germination compared to control. Seedling root
length, shoot length, seedling dry weight were also found significantly higher in
seeds coated with ZnSOs and borax at 2 g kg seed”' compared to control (Shinde et
al., 2016).

Seed priming is a simple, cost effective pre-sowing treatment which ensures
rapid and uniform germination with better stand establishment and crop yield in
many crop plants. It has been successfully demonstrated in field crops, pulses and
oil seeds (Sadeghian and Yavari, 2004; Harris ef al., 2007; Rehman et al., 2011).
The success of seed priming depends on crop species, priming media,

concentration of priming solution, duration of priming etc.

Peanut seeds treated with 1000 ppm concentration of nanoscale ZnO had
significant effect on seedling growth (Prasad et al., 2012). Seed priming with 100
and 200 ppm ZnSOs and CuSO4 showed significant effect on germination and
seedling growth of Brassica rapa seeds under stressed and non-stressed conditions
(Begum et al., 2014). Among the various nutrient priming treatments, KCI (1.5 and
3 per cent), KH>PO4 (1.5 and 3 per cent), KNOs (2 and 2.5 per cent) ZnSO4 (0.05
and 0.075 per cent), chick pea seeds primed in ZnSO4 0.075 per cent for 24 h was

found more effective in enhancing the germination and seedling vigour (Yanglem
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et al., 2016). Sharma and Parmar (2018) observed that chick pea seeds primed in
ZnSOy significantly improved the field emergence and stand establishment.
Priming with ZnSOs (107 M) was found effective in increasing the germination
percentage and reducing the mean germination time and time to 50 per cent
germination in low vigour cowpea seeds (Arun et al., 2017). Mahmood et al. (2019)
observed that under drought conditions, seed priming with ZnSO4 0.05 per cent
modulate the germination parameters viz., germination percentage, germination rate

and vigour index of chick pea).

Nutripriming with B had significant effect on germination and seedling
vigour of crop plants and it is the most cost-effective method of B application.
Concentration and duration of priming are the two important factors to be
considered while priming with B. Farooq et al. (2012) observed that rice seeds
primed in 0.001 per cent and 0.01 per cent B significantly reduced the time taken to
50 per cent germination and enhanced the germination index and germination
percentage. Significant improvement in radicle and plumule length were also
observed, whereas, radicle and plumule growth were affected in seed primed in 0.5
per cent B solution. Germination was severely affected when seeds of sunflower,
turnip, soybean, wheat, sugar beet, wheat, barley, rice and alfalfa were primed in
0.5 per cent B solution (Rehman ef al., 2012). However, Iqbal ef al. (2017) observed
that, wheat seeds primed in 0.01 M B solution for 12 h recorded higher germination

percentage, less mean emergence time and higher seedling vigour index.
2.7.2 Effect of Seed Invigouration on Growth Parameters

Seed invigouration treatments significantly influenced the growth
parameters of crop plants. Ramesh and Thirumurughan (2001) reported that seed
pelleting with Zn increased the plant height in soybean. Significantly taller plants
at flowering and harvest stage were observed with seeds pelleted in ZnSO4 (Suman,
2002). Masuthi ez al. (2009) pointed out that in vegetable cowpea, seed pelleting
with 100 mg borax kg seed recorded taller plants at 30 DAS and 60 DAS.
However, branches per plant were highest in seed pelleting with ZnSO4 250 mg

kg seed. In French bean seed pelleting with ZnSO4 3 g +borax 3 g + captan 2.5 ¢

e«

O
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+ imidacloprid 2.5 g kg™' seed recorded taller plants, a greater number of branches

and leaves per plant (Devi ef al., 2017).

Harris et al. (2007) observed that maize seeds primed in ZnSO4 for 16 h
significantly enhanced the crop growth. Results of on-farm trials revealed that in
chick pea, seed priming with 0.05 per cent ZnSO4 significantly increased the total
dry matter production (Harris et al., 2008). Rice seeds primed in 0.001 per cent B
produced more leaves than other treatments. Maize seeds primed in 2 per cent Zn
solution + foliar application of Zn (2 per cent) at one month after sowing
significantly improved the plant height (Mohsin et al., 2014). Seed priming with
ZnS04 107 M concentration recorded significantly taller plants (80.7 cm) compared
to control (73.1 cm) in cowpea (Arun ef al., 2017). Noman et al. (2017) observed
that seed priming with Zn Lys (4.5 and 6 mg kg' seed) caused an increase in plant

height and root length over control under in radish.
2.7.3 Effect of Seed Invigouration on Yield Parameters

Seed invigouration with micronutrients significantly influenced the yield
attributes of crop plants. Days to flower initiation and 50 per cent flowering was
observed to be less (37 and 40.34, days respectively) in seeds treated with ZnSO4 +
captan + imidacloprid in paprika chilli (Deshpande et al., 2009). Vegétable cowpea
seeds pelleted with borax 100 mg kg' seed recorded the highest 100 seed
weight (9.43 g), seed recovery percentage (72.38), pod weight per plant (42.7 g),
pod yield ha™' (1863.7 kg), seed yield per plant (31.80 g) and seed yield ha' (1586.3
kg) (Masuth er al., 2009). Shashibhaskar er al. (2009) reported that tomato seeds
treated with ZnSOs 300 mg kg seed recorded lesser days (58 and 64 days,
respectively) for flower initiation and 50 per cent flowering and also recorded the

highest 1000 seed weight (3.17 g).

Priming maize seeds in 2 per cent Zn solution followed by foliar application
of 2 per cent Zn solution one month after sowing significantly improved the length
and diameter of cob and 1000 grain weight (Mohsin ef al., 2014). Seeds primed in
ZnSO4 4.5 g kg'! seed significantly improved the yield attributes in aerobic rice
(Mukherjee and Pramanik, 2017). Igbal et al. (2017) reported that priming of wheat
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seeds in 0.01 M B significantly improved 100 seed weight due to the role of B in
grain setting. Chick pea seeds primed in ZnSO4 0.05 per cent significantly enhanced
the yield attributes (Mahmood et al., 2019).

2.7.4 Effect of Seed Invigouration on Yield

Seed invigoration had significant effect on grain yield of crops. Srimathi et
al. (2001) reported that in soybean, seeds pelleted with ZnSO4 recorded higher field
emergence and seed yield compared to seeds pelleted with DAP 2 g kg™ seed and
borax 100 mg kg™’ seed. In green gram, seeds pelleted with DAP (2 g kg™' seed) +
ZnS04 100 mg + FeSO4 100 mg + ammonium molybdate 250 mg kg™ seed markedly
improved the germination and seed yield. Balamurugan et a/. (2003) opined that in
sesamum, there was a yield increment of 20.6 per cent over control by treating the
seeds with gypsum ammonium molybdate + ZnSO4 + MnSO4 + borax (300 mg each
kg seed). Pelleting of vegetable cowpea seeds with borax 100 mg kg™ seed
recorded higher seed yield than that of seeds pelleted with ZnSO4 250 mg kg™ seed
(Masuthi e al. 2009). Seeds treated with ZnSOs 300 mg kg seed recorded the
highest yield ha' (564 kg) in tomato (Shashibhasker et al. 2009). Devi (2013)
revealed that pelleting of French bean seeds with ZnSO4 3g kg™ seed + borax 3g
kg seed+ captan 2.5g kg seed + imidacloprid 2.5g kg seed recorded 40.45 per
cent enhancement in seed yield over control. Seed treatment with ZnSO4 (3.6 g
kg seed) with the recommended quantity of NPK significantly improved the grain
yield of maize (Shabaz et al., 2015).

Research reports revealed that seed priming with Zn and B had favourable
effect on the grain yield of many crops. Slaton ef a/. (2001) observed that rice seeds
primed in ZnSO4 4.7 g kg™’ seed registered 28.25 per cent yield enhancement over
control. Maize seeds primed in | per cent ZnSO4 for 16 h resulted in 27.10 per cent
increase in grain yield over control (Harris et al., 2007). Harris et al. (2008)
revealed that, priming of wheat seeds in 0.3 per cent Zn solution for 10 h resulted
in 14 per cent yield enhancement over control. He has also reported that seed
priming chick pea seeds with 0.5 per cent Zn for 10 h resulted in 19 per cent yield

enhancement over control. Cempared to soil and foliar application of B, seed

50
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priming is the most economical and viable option for enhancing the yield in rice
(Rehman et al., 2014). Maize seeds primed in 0.5 per cent ZnSOjs recorded
significantly higher grain yield (7.45 t ha™') over control (4.78 t ha™') (Afzal et al.,
2015). Arun ef al. (2017) observed that in cowpea, seeds primed in ZnSO4 107 M
solution registered significantly higher seed yield (1100.5 kg ha'). Igbal et al.
(2017) pointed out that priming of wheat seeds in 0.01 M B enhanced the grain
yield significantly over control. Seed priming of green peas with 1 per cent ZnSO4
solution for 12 h significantly improved the seed yield of green peas (Sharma and

Parmar, 2018).
2.7.5 Effect of Seed Invigouration on Nutrient Uptake

Seed invigouration significantly improved Zn uptake in many crops. Lorenz

(1994) reported that Zn application to seed significantly enhanced the Zn content .

in maize tissues over control. Ajouri ef al. (2004) observed that barley seeds primed
in Zn 10 mg kg™ seed increased the Zn content from 94 to 216 mg kg™'. Johnson et
al. (2005) opined that nutripriming enhanced the Zn and B uptake in chickpea.
Priming with optimal concentrations of Zn and B increased the Zn content from 40-
60 to 500-800 mg kg ' and B content from 10 to 80-100 mg kg™'. In maize hybrid
"~ DK-919, seed priming with Zn 2 per cent foiiowed by foliar application of Zn, 2
per cent improved the Zn content of grain (28.55 mg kg') compared to control
(19.88 mg kg™') (Afzal et al., 2015). Munir ef al. (2018) revealed that wheat seeds
primed in ZnO nanoparticle 100 ppm significantly enhanced the Zn content in grain

by 64 per cent, shoot by 65 per cent and root by 45 per cent over control.

Rehman ef al. (2010) observed a linear increase in leaf and grain B content
of fine grain aromatic rice with the increase in concentration of B in priming
solution. Wheat seeds primed in 0.01 M B solution markedly enhanced the grain B
content of grain by 27 per cent over control (Igbal et al., 2017). Ali et al. (2018)
observed that nutripriming of wheat seeds with Zn and B enhanced the Zn and B

content of grain.

Ghassemi-Golezani and Abdurrahman (2012) reported that nutripriming
significantly enhanced the uptake of P, Zn, Fe, Mn and Cu by barley grain and
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straw. Maize seeds primed in P solution significantly enhanced the P uptake (Miraj
et al.,2013). Wiatrak (2013) reported that in winter wheat, polymer coating of seeds
with Zn, Cu and Mn significantly improved the total N, P, K and Zn uptake. Maize
seeds primed in 0.2 per cent P solution significantly enhanced the N uptake (Ali et
al., 2016). Nitrogen and P uptake was significantly enhanced due to seed priming
in summer green gram (Gohil et al., 2017). Nutripriming with KNO3, KH>POq,

Ca(NO3)2, KCl and NazS:0; significantly enhanced the NPK uptake of rice |

(Kushwaha et al., 2018).
2.8 EFFECT OF TRICHODERMA SEED TREATMENT IN PULSES

Trichoderma is considered as a magical weapon against soil borne
pathogens. Pan and Das (2011) observed that seed biopriming with mycelial
preparation of Trichoderma harzianum effectively control collar and root rot in
cowpea and enhanced the seed yield. Seed treatment of both Trichoderma viride
and Trichoderma harzianum significantly reduced the wilt incidence and improved
the seedling emergence in chick pea (Rehman et al., 2013). Purushottam et al.
(2014) revealed that seed treatment with Trichoderma harzianum significantly
reduced the wilt disease by 26.7 per cent in chickpea and 25.9 per cent in lentil over
control and enhanced the yield by 16.6 and 12.6 per cent, respectively in chickpea
and lentil. Treating the seeds with Trichoderma viride 50 g kg™ seed was very
effective for the management of wilt and root rot disease in chick pea (Pandey et

al., 2017).
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3. MATERIALS AND METHODS

The experiment entitled “Seed invigouration for yield enhancement in grain
cowpea (Vigna unguiculata (L.) Walp)” was conducted during Rabi 2018 at
Coconut Research Station, Balaramapuram, Kerala, India. The foremost goals of
the investigation were to evaluate the effect of seed invigouration with zinc sulphate
and borax on grain cowpea and to evaluate its effect along with Trichoderma viride

on growth and yield of the crop.
3.1 GENERAL DETAILS
3.1.1 Location

The field experiment was conducted in the farm attached to Coconut
Research Station (CRS), Balaramapuram, Kerala, located at 8° 22 52” North
latitude and 77° 1° 47" East longitude and at an altitude of 9 m above mean sea
level.

3.1.2 Climate

A warm humid climate prevailed in the experimental site. The daily weather
parameters viz., mean temperature, relative humidity (RH), rainfall and evaporation
prevailed during the cropping period were recorded standard week wise and are

given in Appendix 1 and are graphically presented in Fig. 1.

The rainfall received during the crop season extending from 10/11/2018 to
04/02/2019 was 175 mm. The mean maximum temperature of 31.8 °C and

minimum temperature of 16.66 °C recorded during the crop season.
3.1.3 Cropping Season

The field experiment was conducted during 2018 Rabi season (10/11/ 2019
to 4/02/2019).
3.1.4 Soil
Soil of the experimental site was sandy loam in texture, red in colour, acidic
in reaction, medium in organic carbon, N and P and low in K. The physical and

chemical properties of the soil and are presented in Table 1.
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Table 1. Physicochemical properties of the soil before the experiment

A. Mechanical Composition

SL. Fractions Content in solil, per Method
No. cent
1. Sand 66.43 Bouyoucous hydrometer
2. Silt 18.24 method (Bouyoucous,1962)
3. Clay 15.30
B. Chemical Properties
SL. Parameters Content Method adopted
No.
1 Soil reaction 4.5 (Acidic) pH meter (1:2.5 soil water ratio)
(Jackson, 1973)
2. EC, dSm! 0.10 Conductivity meter (1:2.5 soil water
(Normal) ratio) (Jackson, 1973)
3 Organic carbon, per 0.650 Walkley and Black rapid titration
Cent (Medium) method (Walkley and Black, 1934)
4 Available N, kg ha™! 301.05 Alkaline  permanganate  method
(Medium) (Subbiah and Asija, 1956)
5 Available P, kg ha™! 20.52 Bray colorimetric method
(Medium) (Jackson, 1973)
6 Available K, kg ha'! 94.08 Ammonium acetate method
(Low) (Jackson, 1973)
7 Available Zn, mg kg soil 0.457 HCl  extraction and  Atomic
(deficient) Absorption Spectrophotometry
(Sims and Johnson, 1991)
8 Available B, mg kg™! soil 0.018 Hot water extraction and colorimetry
(deficient) using Azomethine-H (Hesse, 1971)
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3.1.5 Cropping History

The crop was raised in the interrow spaces of 55 years old coconut planted
at a spacing of 7.6 m x 7.6 m having more than 70 per cent light transmission. The

interrow space of coconut had banana crop during the previous season.
3.2. MATERIALS
3.2.1 Crop Variety

Bhagyalakshmy a short duration (90 days) variety with bold grains released
from College of Horticulture, Veilanikkara, Thrissur, Kerala was used for the

experiment. The variety is dwarf bushy type.
3.2.2 Source of Seed

The seeds of the Bhagyalakshmy for the experiments were procured from

College of Horticulture, Vellanikkara, Thrissur.
3.2.3 Source of Trichoderma

Talc based formulation of Trichoderma viride having 2 x 10° CFU g was
procured from Department of Agricultural Microbiology, College of Agriculture,
Vellayani,

3.2.4 Manures and Fertilizers

Dried farm yard manure (FYM) having a N content of 0.45 per cent, P2Os
content of 0.17 per cent and K>O content of 0.5 per cent was used as organic
manure. Urea (46 per cent N), rajphos (20 per cent P-Os) and muriate of potash (60
per cent KoO were used as source of NPK for the experiment. Borax with 11. 4 per
cent B and zinc sulphate with 21 per cent Zn were used source for seed priming and

seed pelleting.

‘ Jff’
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3.3 METHODS

3.3.1 EXPERIMENT NO. I: POT CULTURE EXPERIMENT TO STUDY THE
INFLUENCE OF SEED INVIGOURATION METHODS ON
GERMINATION AND SEEDLING VIGOUR OF GRAIN COWPEA

Pot culture experiment was conducted in the net house of Coconut Research
Station, Balaramapuram for a period of eight days from 29/10/2018 to 05/11/2018.
The variety used for the study was Bhagyalakshmy.

3.3.1.1 Design and Layout

Design :CRD
Replication 13

Treatments 213
3.3.1.2Treatment Details

Ti-Seed pelleting with ZnSO4 100 mg kg™' seed

T>-Seed pelleting with ZnSO4 200 mg kg 'seed

Ts-Seed pelleting with borax 50 mg kg™ seed

Ts-Seed pelleting with borax100 mg kg 'seed

Ts-Seed pelleting with ZnSO4 100 mg + borax 50 mg kg'seed

Te-Seed pelleting with ZnSO4 200 mg + borax 100 mg kg 'seed

T7-Seed priming with ZnSO4 0.025 per cent for 4 h

Ts-Seed priming with ZnSO4 0.05 per cent for 4 h

To-Seed priming with borax 0.01 per cent for 4 h

Tio-Seed priming with borax 0.02 per cent 4 h

T11-Seed priming with ZnSO4 0.025 per cent + borax 0.01per cent for 4 h
T12-Seed priming with ZnSO4 0.05 per cent+ borax 0.02 per cent for 4 h

T)3- control

For pelleting, ZnSO4 and borax were mixed thoroughly with 10 per cent
maida as adhesive @ 200 mL kg' seed, seeds were individually coated with the
adhesive and shade dried. Seed priming was done by soaking the seeds in respective

concentrations of ZnSO4 and borax solutions for 4 h and shade dried to original
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moisture content. Pelleted and primed seeds werc sown @ 25 seeds per pot filled
with pure river sand. The crop was maintained in the pot for eight days and the

following observationé were recorded.
3.3.1.3 Observations on Seed Germination and Seedling Growth

3.3.1.3.1 Days to Germinate
Number of days taken by the seeds to germinate were counted and recorded.

The observations were recorded up to eighth day after sowing.
3.3.1.3.2. Number of Seeds Germinated on Each Day

Number of seeds germinated on each day was counted and recorded. Count

was recorded up to eighth day after sowing.
3.3.1.3.3 Seedling Root Length and Shoot Length

On the eighth day, five seedlings were randomly selected and uprooted
without damaging the root system. Root and shoot length were measured from the

five seedlings, average was worked out and expressed in cm.
3.3.1.3.4 Seedling Shoot and Root Fresh Weight

The root system was removed with a sharp knife from the same five
seedlings selected for measuring the root and shoot length. The fresh weight of
shoot and root were recorded separately, the average was worked out and expressed

ing.
3.3.1.3.5 Seedling Shoot and Root Dry Weight

The samples were dried in hot air oven at 65 + 5 °C to constant weight and

the dry weight of shoot and root were recorded and expressed in g.
3.3.1.4 Germination Parameters

Based on the above observations, the following germination parameters

were worked out.



Plate 1. General view of the pot culture experiment
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3.3.1.4.1 Time to 50 Per cent Germination

Time to 50 per cent germination (7's0) was worked out based on the formula

suggested by Farooq et al. (2005) and expressed in days.

3.3.1.4.2 Speed of Germination
Speed of germination (SG) was computed based on the formula described

by Czabator (1962).
3.3.1.4.3 Mean germination time

Mean germination time (MGT) was calculated by the formula suggested by

Orchard (1977) and expressed in days.

3.3.1.4.4 Mean Daily Germination )
Mean daily germination (MDG) was worked out by using the formula

proposed by (Czabator,1962) and expressed in no. day™.

3.3.1.4.5. Germination index
Germination index (GI) was calculated by the formula developed by Bench

et al. (1991).

3.3.1.4.6 Germination Percentage
The germination percentage was calculated based on the formula proposed

by ISTA (1985).

3.3.1.4.7 Germination Rate Index

Germination rate index (GRI) was worked out based on the formula

developed by Esechi (1994).
3.3.1.4.8 Coefficient of Rate of Germination

Coefficient of rate of gemination (CRG) was calculated by the formula

suggested by Jones and Sanders (1987).

3.3.1.4.9 Seedling Vigour Index |
Seedling vigour index I (SVI I) was worked out by the formula suggested
by Abdul-baki and Anderson (1973).
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3.3.1.4.10 Seedling Vigour Index II (SVI 11)

Seedling vigour index Il (SVI II) was also calculated by the formula
developed by Abdul-baki and Anderson (1973).

3.3.1.5 Identifying the Best Seed Pelleting and Seed Priming Treatments

To identify two best seed pelleting and priming treatments, score of 1 to 13
were assigned to different parameters viz., time to 50 per cent germination, speed
of germination, mean germination time, mean daily germination, germination
percentage, coefficient of rate of germination, germination index, germination rate
index, vigour index I and vigour index II. Score 1 was assigned to the best treatment
and 13 to the least one. Two best seed pelleting and priming treatments were
selected based on the total score obtained. Two seed pelleting'treatments which
scored lower score among the six seed pelleting treatments and two best seed
priming treatments which scored lower score among the six priming treatments

were selected for the field experiment.

3.3.2 EXPERIMENT II. FIELD EXPERIMENT TO STUDY THE EFFECT OF
SEED INVIGOURATION TECHNIQUES ON YIELD ENHANCEMENT
IN GRAIN COWPEA

3.3.2.1 Design and Layout

Design :RBD
Treatments :9

Replication 3

Season : Rabi 2018
Spacing :30cm x 15 cm

Gross plotsize :3mx3m

Net plotsize :1.8mx24m

Location : Coconut Research Station, Balaramapuram
3.3.2.2 Treatment Details

Ti: Seed pelleting with borax 50 mg kg™' soil

T>: Seed pelleting with borax 100 mg kg™’ soil
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Ts: Seed priming with ZnSO4 0.025 per cent for 4 h

Ta4: Seed priming with ZnSO4 0.05 per cent for 4 h

Ts: T1 + Trichoderma viride seed treatment 10 g kg™ seed
Te: T2 + Trichoderma viride seed treatment 10 g kg™ seed
T: T3 + Trichoderma viride seed treatment 10 g kg™’ seed
Ts: Ta + Trichoderma viride seed treatment 10 g kg™ seed
To: Control

The crop was raised as per the POP recommendations of Kerala Agricultural
University (KAU, 201€). Seed treatment with Trichoderma viride was done just

before sowing the seeds.
3.3.2.3 Preparatory Cultivation

The experimental area was ploughed to fine tilth with a garden tiller. After
removing the weeds and stubbles, field was levelled. Then the field was arranged
into 27 plots each having a gross plot size of 3 m x 3 m and individual bunds were

taken around each plot.
3.3.2.4 Lime Application

At the time of first ploughing, lime @ 250 kg ha ' was uniformiy applied

to the experimental plots.
3.3.2.5 Manure and Fertilizer Application

At the time of second ploughing, dried powdered FYM having 0.47 per cent
N, 0.15 per cent P2Os and 0.50 per cent K-O @ 20 t ha' was applied. Chemical
. fertilizers were applied @ 20:30:10 kg NPK ha', Half N, full phosphorus (P) and
potassium (K) were applied before sowing the seeds and remaining half N was

applied at 20 days after sowing (DAS)
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Fig.2. Layout of the experimental field
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Plate 2. General view of the experimental field
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3.3.2.6 Seeds and Sowing

Single seed as per the treatment were sown at a spacing of 30 cm x 15 cm.
After sowing the seeds, a light irrigation was given to ensure uniform germination.

Germination count was recorded on eighth day after sowing.
3.3.2.7 After Cultivation

After taking the germination count at eighth day, gap filling was done by
sowing the seeds as per the treatment. Manual weeding was carried out to control

the weeds. First weeding was carried out at 15 DAS and second weeding at 30 DAS.
3.3.2.8 Plant Protection

For the control of anthracnose disease observed at 20 DAS, SAAF
(carbendazim 12 per cent + mancozeb 63 per cent WP) was sprayed @3 gL
Minor incidence of maruca pod borer was observed at the flowering stage. It was

controlled by spraying coragen 3 ml 10 L' (chlorantraniliprole 18.5 per cent EC).
3.3.2.9 Harvest

Harvesting was done by picking the mature pods. Three harvest were taken
during the crop period and harvesting was completed on 86™ day after sowing. The
border rows and observation plants were harvested separately. The pods harvested
from the net plot area were sun dried, threshed, seeds were separated, winnowed
and the seed yield was recorded treatment wise. Haulm yield from the net plot area

were also sun dried, weighed and recorded the yield treatment wise.
3.3.3 OBSERVATIONS ON CROP
3.3.3.1 Field Emergence Percentage

For calculating the field emergence percentage, germination count was
recorded on eighth day and field emergence percentage was calculated by
Field emergence percentage = Total number of seeds emerged

on the eighth day x 100

Total number of seeds sown

%
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3.3.3.2 Growth Parameters

From the net plot area five plants were randomly selected and tagged for
recording the observations on growth parameters viz., plant height, number of green

leaves per plant and branches per plant.

3.3.3.2.1 Plant Height

Height of the crop was measured from the ground level to the tip of the
plant from the tagged plants at 30 DAS, 60 DAS and at harvest. The average was

worked out and expressed in cm.
3.3.3.2.2 Number of Branches Per Plant

Number of branches per plant was recorded from the five tagged plants at

30 DAS, 60 DAS and at harvest and the average was worked out for each treatment.

3.3.3.2.3 Number of Green Leaves

Number of green Ieaves in the tagged plants were counted at 30 DAS and

60 DAS and the average was worked out.
3.3.3.2.4 Dry Matter Production

For the determination of DMP, randomly selected five plants and uprooted
from outside the net plot area leaving the border rows at 30 DAS, 60 DAS and at
harvest. The plant samples were initially air dried for two days and then oven dried
at 65 + 5 °C to constant weight. The average was worked out and expressed as g

per plant.
3.3.3.3 Physiological Parameters
3.3.3.3.1 Leaf Area Index

The leaf area was measured by graphical method and expressed in cm? at
30 DAS and 60 DAS. Leaf area index (LAI) was worked out by the formula
described by Watson (1952).
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3.3.3.3.2 Chlorophyll Content

DMSO (dimethyl sulphoxide) method suggested by Yoshida ef al. (1976)
was adopted for the determination of chlorophyll content of the leaves at 30 DAS
and 60 DAS.

3.3.3.3.3 Crop Growth Rate

Crop growth rate (CGR) was calculated by the formula proposed by Watson
(1958) at two stages, from 30 DAS to 60 DAS and from 60 DAS to harvest.

3.3.3.3.4 Relative Growth Rate

Relative growth rate (RGR) was calculated by the formula suggested by
Evens (1972) at two growth stages, from 30 DAS to 60 DAS and from 60 DAS to

harvest.
3.3.3.4 Nodule Parameters

Nodulation was assessed at 50 per cent flowering. Five plants from outside
the net plot area were randomly selected and uprooted without causing any damage
to the roots. Soil adhered to the root portion were carefully removed by washing the
roots in clean water. After the removal of soil, nodules were carefully detached
from the roots. Total number of nodules, effective nodules and fresh weight of
noduies were recorded from five plants treatment wise. The average was worked
out and expressed as number per plant and g per plant, respectively. Then the
nodules were transferred to a small brown paper cover, oven dried at 65 + 5 °C to
a constant weight and recorded the dry weight of nodules and expressed as g per

plant.

3.3.3.5 Yield Parameters and Yield

3.3.3.5.1 Days to 50 Per cent Flowering

Days to 50 per cent flowering was recorded by counting the number of days
frem sowing to 50 per cent of the plants in each treatment plot produced first flower

and was expressed in days.
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3.3.3.5.2 Number of Pods Per Plant

Number of pods harvested from the tagged plants in each treatment were
counted individually and the average was worked out and expressed as number of

pods per plant.
3.3.3.5.3 Number of Seeds Per Pod

Five pods were randomly selected from the tagged plants in each treatment.
Seeds were separated from the pods and counted. The mean number of seeds per

pod was worked out by dividing the total number of seeds by number of pods.

3.3.3.5.4 Pod Length
Pod length was measured from five pods randomly selected from the
observation plants. Pod length was measured from the base to the tip of the plant,

the average was worked out and expressed in cm.

3.3.3.5.5 Pod Girth

Pod girth was measured from the same five pods selected for measuring the
pod length. Pod girth was measured from the middle of the pod using a thread and

scale and expressed in cm.
3.3.3.5.6 Pod Weight Per Plant

Pods were harvested separately from five observation plants in each

treatment, sun dried, weighed and the average was arrived at and expressed in g.
3.3.3.5.7 Seed Yield Per Plant

Pods harvested from five observation plants in each treatment were sun
dried, shelled and cleaned separately. After drying and cleaning, the seed weight

from each plant was recorded and average was arrived at and expressed in g.
3.3.3.5.8 Total Seed Yield ha''

Pods harvested from the net plot area in each treatment were sun dried,

shelled and cleaned. The seed weight from five plants from which observations
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were recorded was also added for computing the seed yield per ha. Seed yield ha™!

was computed from net plot yield and expressed in kg ha™'.
3.3.3.5.9 Haulm Yield Per Plant

After the harvest of pods, the observation plants were uprooted from each
treatment plot, dried in sun, weighed individually, average was worked out and

expressed as g per plant.
3.3.3.5.10 Total Haulm Yield ha’

Plants from the net plot area of each treatment were uprooted after the
harvest of the pods, dried in sun and weighed separately. Total haulm yield

ha™! was worked out from the net plot haulm yield and expressed in kg ha™.
3.3.3.5.11 Harvest Index

The harvest index (HI) was calculated by the formula suggested by Donald
and Hamblin (1976).

3.3.4 CHEMICAL ANALYSIS
3.3.4.1 Soil Analysis

For initial soil sample analysis, soil samples were drawn to a depth of 15 cm
from four different spots in the experiment plot, shade dried, ground and composite
sample was prepared by quartering. After the harvest of crop also, composite soil
sample was drawn from each treatment plot for the analysis of organic carbon,
available N, P, K, Zn and B.
3.3.4.1.1 Organic Carbon

Organic carbon content of soil was determined by rapid titration method

(Walkley and Black, 1934) and expressed in percentage.
3.3.4.1.2 Available Nitrogen

Alkaline potassium permanganate method developed by Subbiah and Asija

(1956) was adopted for the determination of available N content of soil.
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3.3.4.1.3 Available Phosphorus

Available P status of post-harvest soil was determined by Dickman and

Brays molybdenum blue method (Jackson, 1973).
3.3.4.1.4 Available Potassium

Available K status of post-harvest soil was determined by the method

suggested by Jackson (1973).
3.3.4.1.5 Available Zinc

The method developed by Sims and Johnson (1991) was adopted for the

determination of available Zn status of post-harvest soil.
3.3.4.1.6 Available Boron

Available B status of post-harvest soil was determined by the method

described by Hesse (1971).
3.3.4.2 Plant Analysis

The grain and haulm samples at harvest stage were analysed for the total N,
P, K, Zn and B content. The samples were sun dried initially for two days and then
dried in hot air oven at 65 + 5 °C to constant weight, ground and used for analysis.
The required quantities of samples were weighed out accurately, subjected to acid

extraction and N, P, K, Zn and B content were determined.
3.3.4.2.1 Total N Content

The method developed by Jackson (1973) was used for the determination of

Total N content of hauim and seed.
3.3.4.2.2 Total P Content

Total P content of haulm and seed were estimated by the method described

by Jackson (1973).
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3.3.4.2.3 Total K Content

Total K content of haulm and seed were also determined by the method

proposed by Jackson (1973).
3.3.4.2.4 Total Zn Content

Total Zn content was estimated by the method described by Lindsay and

Norvell (1978).
3.3.4.2.5 Total B Content

Total B content was determined by azomethine-H calorimetric method
developed by Wolf (1971).

3.3.4.3 Uptake of Nutrients

Nutrient uptake was worked out by multiplying the nutrient content with the
respective dry matter production and expressed in kg ha™'. Uptake by grain and
haulm were determined separately and added both to get the total uptake of N, P,
K, Zn and B by the crop.

3.3.5 QUALITY PARAMETERS
3.3.5.1 Crude Protein Content

Protein content was estimated from N content of the grain and multiplied

with factor 6.25 Simpson et al. (1965).
3.3.6 ECONOMIC ANALYSIS

The economics was worked out based on the cost of cultivation and the

prevailing market price of the produce.
3.3.6.1 Net Income

Net income was computed using the formula

Net income (% ha') = Gross income - Cost of cultivation

\J*
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3.3.6.2 Benefit Cost Ratio

Benefit cost ratio was computed using the formula
B: C ratio = Gross Income

Cost of cultivation
3.3.7 PEST AND DISEASE INCIDENCE

Maruca pod borer was observed at the flowering stage, but it was below the
economic threshold level and hence, scoring was not done. The major disease
observed was anthracnose. It was observed at the seedling stage (20 DAS). Severity
of disease incidence was assessed by following 0-9 scale developed by Mayee and

Datar (1986).

Percentage disease index was calculated by following the formula suggested
by Wheeler (1969).

Per cent disease index= Total sum of numerical rating x 100

No. of leaves examined x maximum grade value

3.3.8 STATISTICAL ANALYSIS

Analysis of Variance technique for RBD (Cochran and Cox, 1965) was
adopted for the statistical analysis of the experimental data and the significance was
tested using F test. The data which required transformation were appropriately
transformed and analysed. Wherever the F values were found significant, critical

difference was calculated at five per cent probability level.



Results
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4. RESULTS

The investigation on “Seed invigouration for yield enhancement in grain
cowpea (Vigna unguiculate (L.) Walp)” was carried out at Coconut Research
Station, Balaramapuram during November 2018 to February 2019. The objectives
of the experiment were to evaluate the influence of seed invigouration with zinc
sulphate and borax on grain cowpea and to evaluate its effect along with
Trichoderma viride on growth and yield of grain cowpea. The results obtained after

the statistical analysis of the data are presented in this chapter.

4.1 EXPERIMENT NO. I: POT CULTURE EXPERIMENT TO STUDY THE
INFLUENCE OF SEED INVIGOURATION METHODS ON
GERMINATION AND SEEDLING VIGOUR OF GRAIN COWPEA

4.1.1 Germination Parameters

Data on germination parameters viz., GP, MDG, SI, MGT, GI, CRG and
GRI) were statistically analysed and presented in Table 2.

4.1.1.1 Germination Percentage

Germinaticn percentage was statistically influenced by seed invigouration
treatments. Except Ty (seed priming with ZnSO4 0.025 percent + borax 0.01
percent for 4 h), all the other seed invigouration treatments registered higher
germination percentage than control. The treatment, T (seed pelleting with borax
50 mg kg seed) recorded the highest germination percentage (88 percent) and it
was statistically comparable with all other seed invigouration treatments except T,
(' seed priming with ZnSO4 0.025 percent + borax 0.01 percent for 4 h) and T2 (seed
priming with ZnSO4 0.05 percent + borax 0.02 percent for 4.h). The lowest

germination percentage was recorded in T}).
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4.1.1.2 Mean daily germination

Mean daily germination was also significantly influenced by seed priming
and pelleting treatments. Similar to that of germination percentage, T3 (seed
pelleting with borax 50 mg kg™ seed) registered higher MDG (2.75) which was
statistically comparable with all seed invigouration treatments except T ( seed
priming with ZnSO4 0.025 percent + borax 0.01 percent for 4 h) and T2 (seed
priming with ZnSO4 0.05 percent + borax 0.02 percent for 4 h). The lowest mean

daily germination (1.96) was recorded in T.
4.1.1.3 Speed of Germination

Speed of germination was also significantly influenced by seed
invigouration treatments. The treatment Tg (seed priming with ZnSO4 0.05 percent
for 4 h) recorded the highest SG (6.43) among the seed pelleting and priming
treatments and it was statistically comparable with T3 (seed pelleting with borax
50 mg kg seed), Ts (seed pelleting with ZnSO4 100 mg + borax 50 mg kg™ seed),
T4 (seed pelleting with borax 100 mg kg™ seed), T7 (seed priming with ZnSO4 0.05
percent for 4 h), Tio (seed priming with borax 0.02 percent for 4 h) and T (seed
pelleting with ZnSO4 100 mg kg™ seed). The treatment T (seed priming with
ZnS0O4 0.025 percent + borax 0.01 percent for 4 h) registered the lowest SG and it

was statistically comparable with control (T)3).
4.1.1.4 Mean Germination Time

Mean germination time was also significantly influenced by seed pelleting

and priming treatments. Among the seed pelleting and priming treatments, Ts (seed

priming with ZnSO4 0.05 percent for 4 h) registered the lowest MGT (3.48 days)

which was statistically comparable with all other treatments except To (seed
priming with borax 0.01 percent for 4 h) and control (T;3). The highest MGT (3.95

days) was recorded in To.
4.1.1.5 Germination Index

Seed pelleting and priming treatments significantly influenced the

germination index. The treatment Ts (seed pelleting with borax 50 mg kg’ seed)

b



registered the highest GI (119.67) among the treatments and it was statistically
comparable with all seed invigouration treatments, except T11 (seed priming with
ZnS04 0.025 percent + borax 0.01 percent fof 4 h). The lowest GI (83.67) was
recorded by T3 (control) and it was statistically comparable with T11 (seed priming

with ZnSO;4 0.025 percent + borax 0.01 percent for 4 h).
4.1.1.6 Coefficient of Rate of Germination

Coefficient of rate of germination was not statistically influenced by seed
pelleting and priming treatments. Though statistically non-significant, Tg (seed
priming with ZnS0O40.05 percent for 4 h) registered the highest CRG and the lowest
by Ty (seed priming with borax 0.01 percent for 4 h).

4.1.1.7. Germination Rate Index

Germination rate index was significantly influenced by seed priming and
pelleting treatments. All the seed invigouration treatments recorded higher GRI
than control. The treatment Tg (seeds priming with 0.05 percent ZnSO4 for 4 h)
registered the highest GRI among the seed pelleting and priming treatments and it
was statistically on par with Ts (seed pelleting with borax 50 mg kg™’ seed), T4 (seed
pelleting with borax 100 mg kg seed), Ts (seed pelleting with ZnSO4 100 mg +
borax 50 mg kg seed), T7 (seed priming with ZnSO4 0.025 percent for 4 h) and
T1o (seed priming with borax 0.02 percent for 4 h). The treatment T} (seed priming
with ZnSO4 0.025 percent + borax 0.01 percent for 4 h) recorded the lowest GRI

(18.60) among the treatments.
4.1.1.8 Time to 50 Percent Germination (Ts)

Time to 50 percent germination was not statistically influenced by seed
pelleting and seed priming treatments. Though not significant, Tz and T4 (seed
pelleting with borax 50 and 100 mg kg' seed) , T7 and Ts (seed priming with ZnSO4
0.025 and 0.05 percent for 4 h) and T)» (seed priming with ZnSO4 0.05 percent +
borax 0.02 percent for 4 h) recorded only three days to attain 50 percent germination

and were the lowest among the seed invigouration treatments and control.

3,

STy



4.1.2 Seedling Growth and Vigour Index

Results of seedling growth and vigour index are presented in Table 3.
4.1.2.1 Seedling Shoot Length

Seedling shoot length was significantly influenced by seed priming and
pelleting treatments. Among the treatments, Ts (seed pelleting with borax 50 mg
kg seed) recorded the highest shoot length (17.48 cm) and the control registered
the lowest seedling shoot length (14.39).

4.1.2.2 Seedling Root Length

Seedling root length was also significantly influenced by seed pelleting and
priming treatments. The treatment T) (seed pelleting with ZnSO4 100 mg kg™' seed)
recorded seedlings with highest root length (9.87 cm) and it was statistically on par
with Ts (seed pelleting with ZnSO4 100 mg + borax 50 mg kg seed), T3 (seed
pelleting with borax 50 mg kg seed) and Ti2 (Seed priming with ZnSO4 0.05
percentt+ borax 0.02 percent for 4 h). The control treatment (Ti3) recorded

significantly lower root length (5.86 cm) among the treatments.
4.1.2.3 Seedling Shoot Fresh Weight

Fresh weight of seedlings was also significantly influenced by the seed
pelleting and priming treatments. Among the treatments, Ts ( seed pelleting with
ZnSO4 100 mg + borax 50 mg kg™' seed ) registered the highest seedling shoot fresh
weight (1.096 g) and it was statistically on par with other seed invigouration
treatments except, T2 (seed priming with ZnSO4 0.05 percent + borax 0.02 percent
for 4 h) and Te (seed pelleting with ZnSO4 200 g + borax 100 mg kg’ seed) . The
control (Ti3) registered the lowest seedling shoot fresh weight among the

treatments.
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4.1.2.4 Seedling Shoot Dry Weight

Seedling shoot dry weight was also significantly influenced by seed priming
and seed pelleting treatments. The treatment T> (seed pelleting with ZnSO4 200 mg
kg' seed) recorded the highest seedling shoot dry weight (0.684 g) and was
statistically on par with T7 (seed priming with ZnSO4 0.025 per cent for 4 h), T4
(seed pelleting with borax 100 mg kg™ seed), Tio (seed priming with borax 0.02
per cent for 4 h) and T, (seed pelleting with ZnSO4 100 mg kg seed). Control
registered seedlings with the lowest shoot dry weight, however it was statistically

comparable with Ty (seed priming with borax 0.01 per cent for 4 h).
4.1.2.5 Seedling Root Fresh Weight

Seed invigouration treatments have significant effect on seedling root fresh
weight. The treatment Ty (seed priming with borax 0.01 per cent for 4 h) recorded
the highest seedling fresh root weight (0.201 g) and it was statistically on par with
Ts (seed priming with ZnSO4 0.05 per cent for 4 h) and Ts (seed pelleting with
borax 100 mg kg seed). The control registered the lowest seedling fresh root
weight (0.112 mg).

4.1.2.6 Seedling Root Dry Weight

Seedling root dry weight was also significantly influenced by seed
invigouration methods. The treatment T4 (seed pelleting with borax 100 mg kg'
seed) registered the highest seedling root dry weight (0.138 g) and it was
statistically on par with Ts (seed pelleting with ZnSO4 100 mg + borax 50 mg kg’
seed), Tv (seed priming with ZnSOy 0.025 per cent for 4 h), Tg (seed priming with

ZnSO4 0.05 per cent for 4 h) and T> (seed pelleting with ZnSO4 200 mg kg™! seed)..

The treatment Ty (seed priming with ZnSO4 0.025 per cent + borax 0.01 per cent
for 4 h) registered the lowest seedling root dry weight and it was statistically on par

with T (seed pelleting with ZnSO4 100 mg kg™ seed).

4-"‘
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4.1.2.7 Seedling Vigour Index |

Seedling vigour index I was also significantly influenced by the seed
pelleting and priming treatments. Among the seed pelleting and priming treatments,
Tsregistered the highest SVI I (2292) and it was statistically comparable with T3
(seeds pelleting with borax 50 kg' seed) Ts (seeds pelleting with borax 100 kg
seed™), Ts (seed pelleting with ZnSO4 100 mg + borax 50 mg kg™ seed), T7 (seeds
priming with ZnSO4 0.025 percent for 4 h), Ts (seeds priming with ZnSOj4 0.05
percent for 4 h) and T, (seeds pelleting with ZnSO4 100 mg kg™ seed). The
treatment T recorded the lowest SVI (1354) and it was statistically comparable
with T2 (seeds priming with ZnSO4 0.05 percent + borax 0.02 percent for 4 h) and

control (T3).
4.1.2.8. Seedling Vigour Index 11

Seedling vigour index IT was also significantly influenced by seed pelleting
and priming treatments. Among the seed invigouration treatments, T; (seed
priming in 0.025 percent ZnSOy for 4 h) registered the highest SVI II (67.83) and
it was statistically comparable with Tg (seed priming in 0.05 percent ZnSOy for 4
h), T4 (seeds pelleting with borax 100 mg kg™ seed), Ts (seed pelleting with borax
50 mg kg seed ) and Ts (seeds pelleting with ZnSO4 100 mg kg™ seed). The lowest
SVIII (37.32) was recorded by control.

4.1.2.3 Scoring to Identify the Best Seed Pelleting and Seed Priming
Treatments for Field Experiment (Table 4)

Scores of 1 to 13 were assigned to each germination parameter with the
score of 1 was assigned to the best treatment and 13 to the treatment performed

least (Table 4). Based on the total scores obtained, T3 (seed pelleting with borax 50
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mg kg seed) and T4 (seed pelleting with borax100 mg kg'seed) which scored
lower scores (25 and 24, respectively) were selected as the two best seed pelleting
treatments and among the priming treatments, Ts (seed priming with ZnSO4 0.025
percent for 4 h) and T7 (seed priming with ZnSO40.05 percent for 4 h) which scored
lesser scores of 25 and 42, respectively were selected as the best seed priming

treatments for field experimentation.

4.2 EXPERIMENT NO.IL. FIELD EXPERIMENT TO STUDY THE EFFECT OF
SEED INVIGOURATION TECHNIQUES ON YIELD ENHANCEMENT IN
GRAIN COWPEA

4.2.1 Field Emergence Percentage

Field emergence percentage was significantly influenced by seed
invigouration treatments (Table 5). The treatment T4 (seeds primed in ZnSO4 0.05
percent for 4 h) recorded the highest field emergence percentage (97.44) and it was
statistically comparable with all seed invigouration treatments. The control

recorded the lowest field emergence percentage (76.58).
4.2.2 Growth Parameters

4.2.2.1 Plant Height

Data on plant height of grain cowpea at 30 DAS, 60 DAS and at harvest are
furnished in Table 6. Results revealed that plant height was not significantly

influenced by seed invigouration treatments at ali the three stages.
4.2.2.2Number of Branches Per Plant

Effect of seed invigouration treatments on number of branches per plant are

presented in Table 7.

Seed invigouration treatments significantly influenced the branches per
plantat 30 DAS, 60 DAS and at harvest. Seeds primed in ZnSO4 0.05 percent for
4 h (T4) and seeds primed in ZnSOy4 0.025 percent for 4 h + Trichoderma viride

seed treatment 10 g kg' seed (T7) recorded higher number of branches ( 3.33) and
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these two treatments were statistically with other seed invigouration treatments

except seed pelleted with borax 50 mg kg™' seed (T1) at 30 DAS.

At 60 DAS also, T7 recorded higher number of branches (3.60) and it was
statistically comparable with T, and T (seeds pelleted with borax 50 and 100 mg
kg seed) and T3 and T4 (seeds primed in ZnSO4 0.025 and 0.05 percent for 4 h).

The treatment T7 recorded higher number of branches at harvest and it was

on par with T4 and T».

The lowest number of branches per plant was recorded by the control (Ts)

at all the three stages of observation.
4.2.2.3 Number of Green Leaves Per plant

The influence of seed invigouration treatments on number of green leaves

per plant at 30 and 60 DAS are given in Table 7.

Results revealed that seed invigouration treatments significantly influenced
green leaves per plant at both stages of observation. At 30 DAS, T4 (seeds primed
in ZnSO40.05 percent) was found to be superior (13.27) and the lowest number of
green leaves was observed in the control treatment (To) which was significantly

inferior to other treatments.

At 60 DAS also, T4 was found to be superior (19.27) and it was statistically
on par with T3 (seeds primed in ZnSO4 0.025 percent for 4 h), T7 (seeds primed in
0.025 percent ZnSO4 for 4 h + Trichoderma viride 10 g kg™ seed) and Ts (seeds
primed in 0.025 percent ZnSO4 + Trichoderma viride 10 g kg' seed). Lesser

- number of green leaves per plant (14.87) was registered in the control treatment.
4.2.2.4 Dry Matter Production

Data related to the influence of seed invigouration treatments on dry matter
production per plant is presented in Table 8. Seed invigouration treatments had
significant effect on dry matter production per plant at 30 DAS, 60 DAS and at

harvest.
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Table 5. Effect of seed invigouration treatments on field emergence, %

Treatments Field emergence
Ti-Seed pelleting with borax 50 mg kg™ seed 95.73 79.18)
T>-Seed pelleting with borax 100 mg kg™' seed 96.58 (79.46)
T3-Seed priming with ZnSO4 0.025 per cent for 4 h | 96.58 (79.84)
T4-Seed priming with ZnSO4 0.05 per cent for4 h | 97.44 (81.66)
Ts-Seed pelleting with borax 50 mg kg™ seed + | 92.31 (75.30)
Trichoderma viride seed treatmentl0 g kg’
seed
Ts-Seed pelleting with borax 100 mg kg seed + | 96.15 (79.32)
Trichoderma viride seed treatment 10 g kg’
seed
T7-Seed priming with ZnSO4 0.025 per cent for 4h | 93.16 (75.44)
+ Trichoderma viride seed treatment 10 g kg™
seed
Ts-Seed priming with ZnSO4 0.05 per cent for 4h + | 92.31 (75.30)
Trichoderma viride seed treatmentl0 g kg
seed
To -Control 76.58 (61.14)
SEm (%) 2.95
CD (0.05) 8.927

”~
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Table 6. Effect of seed invigouration treatments on plant height of grain cowpea,

cm
Treatments Plant height
30 DAS 60 DAS At harvest
Ty 4731 58.06 58.96
T2 46.42 56.27 57.48
T3 44.05 59.48 60.02
Ta 47.57 56.73 60.75
Ts 41.68 56.79 57.26
Ts 43.45 58.34 59.60
T 47.02 61.65 62.08
Ts 40.07 60.73 61.12
To 41.58 55.66 55.59
SEm () 2.47 1.74 1.83
CD (0.05) NS NS NS

NS- not significant

-
-
"

&
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Table 7. Effect of seed invigouration treatments on number of branches and green

leaves per plant of grain cowpea

Number of branches per plant

Number of green leaves

per plant
Treatments

30 DAS | 60 DAS | At harvest 30 DAS 60 DAS

T 2.60 333 3.27 9.87 16.47

T2 3.20 333 3.33 10.33 16.20

Ts 3.27 3.40 3.47 11.33 18.13

T4 3.33 3.40 3.53 13.27 19.27

Ts 3.13 3.13 3.33 10.33 15.67

T 3.00 3.13 3.27 10.40 16.33

T 333 3.60 3.67 11.20 17.73

Ts 3.13 3.13 3.27 10.27 17.60

T 2:.27 2.80 2.90 7.73 14.87
SEm (+) 0.19 0.12 0.11 0.62 0.60
CD (0.05) 0.587 0.374 0.320 1.886 1.816
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Results revealed that, at 30 DAS, seeds primed in 0.025 percent ZnSOj4 for
4 h+ Trichoderma viride seed treatment 10 g kg'' seed (T7) recorded significantly
higher DMP per plant (8.29 g) and it was statistically on par with Ts (seeds pelleted
with borax 50 mg kg ! seed + Trichoderma viride seed treatment 10 g kg seed),
T4 (seeds primed in ZnSO4 0.05 percent for 4 h) and T> (seeds pelleted with borax
100 mg kg ' seed).

However, at 60 DAS T, (seeds pelleted with borax 50 mg kg' seed)
recorded the highest DMP per plant (20.49 g), which was statistically on a line with

T2, T4 and Te (T2 + Trichoderma viride seed treatment 10 g kg™' seed)

At harvest stage, the highest DMP per plant (43.44 g) was registered in T
and it was comparable with T, T2, Te and T3 (seeds primed in ZnSO4 0.05 percent
for 4 h).

The control treatment registered the lowest DMP at all the three stages of

observation.
4.2.3 Physiological Parameters
4.2.3.1 Leaf Area Index

Data pertaining to the effect of seed invigouration treatments on leaf area

index at 30 DAS and 60 DAS are depicted in Table 9.

Leaf area index was markedly influenced by seed invigouration treatments
both at 30 DAS and 60 DAS. Results revealed that at 30 DAS, seeds primed in
ZnSO4 0.05 percent for 4 h (T4) recorded the highest LAI (4.36) but it was
statistically on par with T and T (seeds pelleted with borax 50 and 100 mg kg
seed), Ts (T1 + Trichoderma viride seed treatment10 g kg' seed) and Ts (seeds
primed in ZnSO4 0.025 percent for 4 h).

However, at 60 DAS, T3 recorded the highest LAI (5.99) among the

treatments which was statistically comparable with Tsand Ts.
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Table 8. Effect of seed invigouration treatments on dry matter production of grain

cowpea, g per plant

Dry matter production
Treatment
30 DAS 60 DAS Harvest
T 5.84 20.49 43.27
Tz 6.87 20.21 39.73
Ts 6.63 18.40 39.33
T4 7.29 19.95 43.44
Ts 8.10 16.60 30.07
Ts 5.47 18.88 39.33
T7 8.29 16.99 28.20
Ts 6.35 14.80 27.47
Ty 5.18 13.12 26.93
SEm () 0.53 0.62 1.83
CD (0.05) 1.590 1.886 5.522




Table 9. Effect of seed invigouration treatments on LAl at 30 DAS and 60 DAS
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Treatments LAI LAI
30 DAS 60 DAS
T 430 5.37
T2 4.20 5.30
T3 3.93 5.99
T4 4.36 5.50
Ts 4.03 5.73
Ts 3.79 5.38
T, 3.71 5.30
Ts 3.28 5.33
To 2.37 4.81
SEm (£) 0.17 0.18
CD (0.05) 0.514 0.547

z"‘\\‘»
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The control treatment (To) registered significantly lower LAI at 30 DAS
(2.37) and 60 DAS (4.81), respectively.

4.2.3.2 Chlorophyll Content

Data related to total chlorophyll, chlorophyll a and b content of leaves are

presented in Table 10.
4.2.3.2.1 Total Chlorophyll Content

Total chlorophyll content of leaves was favourably influenced by seed
invigouration treatments. At 30 DAS, Ty (seeds primed in ZnSO4 0.05 percent for
4 h) recorded significantly higher total chlorophyll content in leaves (5.11 mg g)
but it was statistically on par with T3 (seeds primed in ZnSO4 0.025 percent for 4 h)
and T (seeds pelleted with 50 borax mg kg’ seed). Control treatment (To) recorded

significantly lower total chlorophyll content.

At 60 DAS also, total chlorophyll content of leaves was significantly
influenced by seed invigouration treatments. Except T7 (T3 + Trichoderma viride
seed treatment10 g kg™ seed) and Ty (control), all other treatments recorded lower
chlorophyll content compared to 30 DAS. Among the treatments, the highest total
chiorophyll content (4.96 mg g') was observed in T3 and it was statistically on par
with with Ts4. The control treatment (T9) recorded the lowest total chlorophyll
content (2.77 mg g') and was on a line with Ts (seeds pelleted with borax 50 mg
kg soil+ Trichoderma viride seed treatment 10g kg' seed) and Ts (T4 +

Trichoderma viride seed treatment 10g kg™' seed).
4.2.3.2.2 Chlorophyll a Content

The effect of seed invigouration treatments on chlorophyll a content at 30

and 60 DAS is shown in Table 10.

At 30 DAS, seed invigouration treatments significantly influenced the
chlorophyll a content. The treatment, T4 (seeds primed in ZnSO4 0.05 percent for 4
h) recorded significantly higher chlorophyll a content (2.23 mg g') and was

statistically comparable with T (seeds pelleted with borax 50 mg kg seed™') and T
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(seeds primed in ZnSO4 0.025 percent for 4 h). The lowest value was recorded in

control treatment (1.06 mg g').

Similarly, at 60 DAS also, chlorophyll a content was found significant.
Among the treatments, T3 recorded the highest chlorophyll a content (2.39 m g'),
which was comparable with T4 (seeds primed in ZnSO4 0.05 percent for 4 h).
Similar to that at 30 DAS, control recorded the lowest chlorophyll a content and
was statistically on par with Ts (Ts+ Trichoderma viride seed treatment 10 g kg™

seed).
4.2.3.2.3 Chlorophyll b Content

Chlorophyll b content was also significantly influenced by seed

invigouration methods at 30 DAS and 60 DAS (Table 10).

At 30 DAS, the highest chlorophyll b content (2.88 mg g'') was registered
in the treatment T4 (seeds primed in ZnSO;4 0.05 percent for 4 h) and was statistically
on par with T3 (seeds primed in ZnSO4 0.025 percent for 4 h), T> (seeds pelleted
with borax 100 mg kg seed) and T, (seeds pelleted with borax 50 mg kg™’ seed).
The control (Ts) recorded significantly lower chlorophyll b content (1.09) among
the treatments.

At 60 DAS, significantly higher chlorophyll b content (2.57 mg g') was
recorded in the treatment T3 and was comparable with T2, T3 and Te (T2 +
Trichoderma viride seed treatment 10g kg' seed). The treatment, Ts (T; +
Trichoderma viride seed treatment 10g kg seed) recorded the lowest chlorophyll
b content (1.44 mg g ') and was on a line withTg (T4 + Trichoderma viride seed

treatment 10g kg seed) and controi (To).

4.2.3.3 Crop Growth Rate

Data regarding to the influence of seed invigouration treatments on crop
growth rate from 30 DAS to 60 DAS and from 60 DAS to harvest stage are

presented in Table 11.

.
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Table 11. Effect of seed invigouration treatments on crop growth rate and relative

growth rate of grain cowpea
Trootments CGR (g m™ day™) RGR (mg g day™)
30 DAS to 60 DASto | 30 DASto 60 | 60 DAS to
60 DAS harvest DAS harvest
T, 11.46 16.81 45.22 2492
T2 9.83 14.47 35.95 22.41.
Ts 8.97 15.51 34.01 25.21
Ta 9.28 17.37 33.67 25.82
Ts 6.60 9.98 24.16 19.81
Te 10.53 15.15 41.23 2443
T; 6.34 8.30 24.53 17.24
Ts 5.69 9.28 28.56 20.52
To 6.07 10.18 31.37 24.11
SEm () 0.56 0.62 0.97 0.80
CD (0.05) 1.698 1.888 2935 2.681
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Seed invigouration treatments had significant effect on CGR at both stages

of observation.

From 30 to 60 DAS, seeds pelleted with borax 50 mg kg™! seed (T)) recorded
the highest CGR (11.46 g m™ day') and was statistically comparable with T¢ (T2 +
Trichoderma viride seed treatment 10g kg' seed (Ts) and T (seeds pelleted with
borax 100 mg kg™’ seed). The treatment Ts (seeds primed in ZnSO4 0.05 percent for
4 h + Trichoderma viride seed treatment 10g kg™ seed) recorded the lowest CGR
(5.69 g m? day') and it was statistically comparable with T7 ( seeds primed in
ZnSO4 0.025 percent for 4 h + Trichoderma viride seed treatment 10g kg™ seed),
Ts (Ti+ Trichoderma viride seed treatment 10g kg™' seed) and To (control).

Similarly, from 60 DAS to harvest stage, T4 (seeds primed in ZnSO4 0.05
percent for 4 h) recorded the highest CGR (17.37 g m™ day™') and it was statistically
on a line with T and Ts. The lowest CGR was observed in T7and it was statistically

comparable with Tg, Tsand Tb.

4.2.3.4 Relative Growth Rate

Data pertaining to the effect of seed invigouration treatments on RGR from
.30 DAS to 60 DAS and from 60 DAS to harvest stage are presented in Table 11.
Seed invigouration treatments favourably influenced the RGR at both the stages of

observation.

Results on RGR from 30 DAS to 60 DAS revealed that the treatment, T
(seeds pelleted with borax 50 mg kg' seed) recorded significantly higher RGR
(45.22 mg ¢! day™"). The treatment T, was followed by T¢ (T2 + Trichoderma viride
seed treatment 10g kg’ seed). The lowest RGR was recorded by T7 (seeds primed
in ZnSO4 0.025 percent for 4 h + Trichoderma viride seed treatment 10g kg™ seed)
and was comparable with Ts (T + Trichoderma viride seed treatment 10 g kg™

seed).

From 60 DAS to harvest stage, T4 (seeds primed in ZnSO;4 0.05 percent for
4 h) recorded the highest RGR (25.82 mg g' day™') which was statistically on a line
with T3 (seeds primed in ZnSO40.025 percent for 4 h), Ty (seeds pelleted with borax
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50 mg kg™ seed), T and Ty (control). The treatment T; recorded the lowest RGR
(17.24 mg g day™') and was statistically on par with Ts (T + Trichoderma viride
seed treatment 10g kg™' seed).

4.2.4 Nodule Parameters

Results on nodule parameters viz., total nodules per plant, effective nodules

per plant, nodule fresh weight and nodule dry weight are presented in Table 12.
4.2.4.1 Total Nodules Per Plant

Seed invigouration methods had significant effect on total number of
nodules per plant (Table 12). Seeds pelleted with borax 50 and 100 mg kg seed
(T and T>) recorded the highest total number of nodules per plant (32.7) and it was
statistically on par with T (T2 + Trichoderma viride seed treatment 10 g kg™’ seed).
Among the treatments, the control (T9) recorded the lowest number of nodules per

plant (12.00).
4.2.4.2 Effective Nodules Per Plant

Seed invigouration treatments significantly influenced the effective nodules
per plant (Table 12). The highest number of effective nodules per plant (29. O) was
recorded in the treatment T2 (seeds pelleted with borax 100 mg kg™ seed) It was
statistically on par with T, (seeds pelleted with borax 50 mg kg 'seed) and Te (T>+
Trichoderma viride seed treatment 10 g kg' seed). The control (Ts) recorded the

lowest number of effective nodules per plant (8.00).
4.2.4.3 Fresh Weight of Nodules Per plant

Fresh weight of nodules per plant was significantly influenced by seed
invigouration treatments. Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded
nodules with the highest fresh weight (0.60 g) and it was significantly superior to
other seed invigouration treatments. The treatment T4 was followed by T3 (seeds
primed in ZnSO4 0.05 percent for 4 h) and T3 was statistically on par with Tg (T4 +
Trichoderma viride seed treatment 10g kg seed). Among the treatments, control

(Ty) registered the lowest fresh weight of nodules per plant (0.15 g).
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Table 12. Effect of seed invigouration treatments on nodule parameters of grain

cowpea at 50 per cent flowering

No. of effective

Treatments Total no. of Nodule fresh | Nodule dry
nodules per nodules per weight weight
plant plant (g per plant) | (g per plant)
T, 32.7 27.3 0.33 0.06
T2 32.7 29.0 0.43 0.08
T3 20.3 17.0 0.45 0.08
T4 253 223 0.60 0.09
Ts 18.0 14.7 0.22 0.03
Ts 29.7 26.0 0.25 0.06
T, 17.3 15.7 0.29 0.04
Ts 22.7 . 20.0 0.33 0.05
Ty 12.0 8.0 0.15 0.03
SEm (+) 1.9 1.5 0.03 0.01
CD (0.05) 5.74 441 0.074 0.014
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.2.4.4 Dry Weight of Nodules Per Plant

Seed invigouration treatments significantly influenced the nodule dry
weight per plant (Table 12). Seeds primed in ZnSO4 0.05 percent for 4 h (T4)
recorded the highest dry weight (0. 09 g) and it was statistically on par with T3
(seeds primed in ZnSO4 0.05 percent for 4 h) and T> (seeds pelleted with borax
100 mg kg seed). The control (To) recorded the lowest dry weight of nodules
(0.03 g).

4.2.5 Yield Parameters

The influence of seed invigoration treatments on yield attributes of grain

cowpea are presented in Table 13.
4.2.5.1 Days to 50 Percent Flowering

Seed invigouration treatments did not have any significant effect on days to
50 percent flowering (Table 13). Though it was not significant T4 (seeds primed in

ZnS040.05 percent for 4 h) recorded lesser days (41) to 50 percent flowering.
4.2.5.2 Pods Per Plant

-Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded the highest no. of
pods per plant (24.13) which was significantly higher to other treatments (Table
13). The treatment T4 was followed by T (seed pelleted with borax 100 mg kg
seed) which was comparable with T3 (seeds primed in ZnSO4 0.025 percent for 4
h), T (seed pelleted with borax 100 mg kg™ seed) and Te (T + Trichoderma viride
seed treatment 10 g kg™' seed). The control (Ts) recorded the lowest no. of pods per
plant (11.06).
4.2.5.3 Seeds Per Pod

Seeds per pod was not significantly influenced by seed invigouration
treatments (Table 13 ).
4.2.5.4 Pod Length

Differences in the length of pods due to seed invigouration treatments are

depicted in Table 13. Among the treatments, seeds primed in ZnSO4 0.05 percent



65

for 4 h (T4) recorded the highest pod length (17.47 cm) and it was statistically on
par with T3 (seeds primed in ZnSOs4 0.025 percent for 4 h ), Ts (seed pelleted with
borax 50 mg kg! seed + T Yichoderma viride seed treatment 10g kg™ seed), T and
T2 (seeds pelleted with borax 50 and 100 mg kg™ seed). The shortest pods were
observed in the control treatment (14.99 cm).

4.2.5.5 Pod Girth

Results in Table 13 revealed that pod girth was significantly influenced by
seed invigouration treatments. Among the treatments, seeds primed in ZnSO4 0.05
percent for 4 h (T4) recorded the highest pod girth (2.00 cm) which was statistically
on par with T, T: (seed pelleted with borax 50 and 100 mg kg™ seed), T (seeds
primed in ZnSO4 0.025 percent for 4 h) and Ts (T4 + Trichoderma viride seed
treatment 10g kg seed. The lowest pod girth was observed in control (1.39 cm).

4.2.5.6 Pod Weight Per Plant

Pod weight was significantly influenced by seed invigouration treatments
(Table 13). Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded the highest
pod weight (17.05 g) and it was statistically comparable with T; (seeds pelleted
with borax 50 mg = kg™ seed), Ts (seed primed with ZnSO4 0.025 percent for 4 h),
T> (seeds pelleted with borax 100 mg kg™ seed) and Te (T2+ Trichoderma viride
seed treatment 10g kg™’ seed). The control (Ts) recorded the lowest pod weight (9.34

g).
4.2.5.7 100 Seed Weight

Seed invigouration treatments did not have any significant effect on hundred

seed weight (Table 13).
4.2.6 Yield and Harvest Index

Results relating to the effect of seed invigouration treatments on seed yield
per plant, seed yield ha™', haulm yield per plant, haulm yield ha™' and harvest index

are presented in Table 14.
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4.2.6.1 Seed Yield Per Plant

Seed invigouration treatments had a significant effect on seed yield per
plant. Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded the highest seed
yield per plant (14.60 g) which was statistically on par with T3 (seeds primed in
ZnS0O4 0.025 percent), T and T> (seeds pelleted with borax 50 and 100 mg kg’
seed) and Tg (T2 + Trichoderma viride seed treatment 10g kg seed). The control
(T9) recorded the lowest seed yield per plant (6.93 g) and it was statistically
comparable with T7 and Ts (seeds primed in ZnSO4 0.025 and 0.05 percent +

Trichoderma viride seed treatment 10 g kg™' seed).
4.2.6.2 Seed Yield Per Hectare

Seed yield ha™! was favourably influenced by seed invigouration (Table 14)
and the results followed the similar trend as that of seed yield per plant. The highest
seed yield ha'' (1446 kg ha'') was registered in T4 (seeds primed in ZnSOy4 0.05
percent for 4 h) and it was statistically on par with T3 (seeds primed in ZnSO4 0.025
percent for 4 h), T; and T> (seeds pelleted with borax 50 and 100 mg kg™' seed) and

-Te (seeds pelleted with borax 100 mg kg™! seed + Trichoderma viride seed treatment
10g kg™' seed). The lowest seed yield (842 kg ha™') was recorded by the control (Ts)
and it was statistically comparable with Tg (T4 + Trichoderma viride seed treatment

10 g kg seed).
4.2.6.3 Haulm Yield Per Plant

Seed invigouration treatments had significant effect on haulm yield per
plant (Table 14). Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded the
highest haulm yield per plant (26.35 g) and it was statistically comparable with T
(seeds pelleted with borax 50 kg™ seed), Ts (T2 + Trichoderma viride seed treatment
10 g kg™' seed), T (seeds pelleted with borax 100 kg™' seed ) andT3 (seeds primed
in ZnSO4 0 0.025 percent for 4 h). The control (Ty) recorded lower haulm yield per
plant (16.61 g) but was on par with Ts (T + Trichoderma viride seed treatment 10
g kg seed), T7 (T3 + Trichoderma viride seed treatment 10 g kg™ seed).
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4.2.6.4 Haulm Yield Per Hectare

Seed invigouration treatments also had significant effect on the haulm yield
ha' of grain cowpea (Table 14). The results of haulm yield ha' followed the similar
trend as that of haulm yield per plant. Seeds primed in ZnSO4 0.05 percent for 4 h
(T4) recorded the highest haulm yield (3876 kg ha') among the treatments and it
was statistically comparable with Ty and T2 (seeds pelleted with borax 50 and 100
mg kg seed), Te(T2+ Trichoderma viride seed treatment 10 g kg seed) and T
(seeds primed in ZnSO4 0.025 percent for 4 h). The control recorded the lowest
haulm yield per ha (3178 kg ha') but was statistically on a line with T; (T3 +
Trichoderma viride seed treatment 10 g kg™' seed) and Ts (T4 + Trichoderma viride

seed treatment 10 g kg'] seed).
4.2.6.5 Harvest Index

The treatment T4 (seeds primed in ZnSO4 0.05 percent for 4 h) recorded
higher HI (0.27) (Table 14) and it was statistically on par with T| and T> (seeds
pelleted with borax 50 and 100 mg kg seed), Ts (seeds primed in ZnSO4 0.025
percent for 4 h), Te (To+ Trichoderma viride seed treatment 10 g kg seed), and T,
(T3 + Trichoderma viride seed treatment 10 g kg seed). The control treatment
registered the lowest harvest index (0.21) but it was on par with Ts (T +
Trichoderma viride seed treatment 10 g kg™ seed) and Ts (T4 + Trichoderma viride

seed treatment 10 g kg™' seed).
2.7 Quality Parameter
4.2.7.1 Crude Protein Content of Seed

The influence of seed invigouration treatments on crude protein content of

the seed is furnished in Table 15.

744
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Results revealed that seed invigouration treatments had significant effect on
. the crude protein content of seed. Among the treatments, T4 (seeds primed in ZnSO4
0.05 percent for 4 h) recorded significantly higher crude protein content (27.11
percent) which was statistically comparable with all seed invigouration treatments
except Tg (T4 + Trichoderma viride seed treatment 10 g kg™' seed). Crude protein
content of seed was the lowest in control (To).

4.2.8 Nutrient Uptake by Crop

Uptake of N, P, K, Zn and B by the crop at harvest stage are presented in
Table 16 to 20.

4.2.8.1 N Uptake by Crop

The results presented in Table 16 indicated that seed invigouration
treatments significantly influenced the total N uptake by the crop. Seeds primed in
ZnS04 0.05 percent for 4 h (T4) recorded the highest N uptake by grain cowpea
(96.38 kg ha') which was statistically comparable with T (seeds pelleted with
borax 50 and 100 mg kg seed'), T3 (seeds primed in ZnSO4 0.025 percent for 4 h)
and Ts (seeds pelleted with borax 100 mg kg seed” + Trichoderma viride seed
treatment 10g kg™'). The lowest total N uptake (51.31 kg ha') by the crop was

registered in Ty (control).

The N uptake by haulm was also found significant. Among the treatments,
the highest N uptake (51.64 kg ha') by haulm was registered in T7 (T3 +
Trichoderma viride seed treatment 10g kg™' seed) and it was on a line with Ta, T,
Ts (Ti + Trichoderma viride seed treatment 10g kg™ seed), Ty, T2 and Ts (seeds
primed in ZnSO4 0.05 percent for 4 h). The control treatment recorded the lowest

N uptake by haulm (32.83 kg ha™).



Table 15. Effect of seed invigouration treatments on crude protein content of

seed
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Treatments

Crude protein
content (%)

T -Seed pelleting with borax 50 mg kg™ seed 26.50
T, -Seed pelleting with borax 100 mg kg™ seed 26.25
T; -Seed priming with ZnSO4 0.025 per cent for 4 h 26.25
T4 -Seed priming with ZnSO4 0.05 per cent for 4 h 27.11
Ts-Seed pelleting with borax 50 mg kg seed + 25.25
Trichoderma viride seed treatment10 g kg™ seed
Te-Seed pelleting with borax 100 mg kg seed + 25.81
Trichoderma viride seed treatment 10 g kg' seed
T7 -Seed priming with ZnSO4 0.025 per cent for 4h 25.38
+ Trichoderma viride seed treatment 10 g kg’'
seed
Ts-Seed priming with ZnSO4 0.05 per cent for 4h + 23.63
Trichoderma viride seed treatment10 g kg™ seed
To -Control 21.00
SEm (%) 0.74
CD (0.05) 2.231
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Seed invigouration treatments also significantly influenced the N uptake by
seed. The treatment T4 recorded the highest N uptake by grain (46.96 kg ha™') which
was statistically on par with Ty, T2, T3 and Te. The lowest N uptake by seed was
recorded in control (18.48 kg ha™').

4.2.8.2 P Uptake

Seed invigouration treatments significantly influenced the total P uptake by
the crop (Table 17). Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded the
highest total P uptake by crop (35.56 kg ha™') and it was statistically comparable
with T> (seeds pelleted with borax 100 mg kg' seed). The treatment T» was
comparable with Ts (seeds primed in ZnSO4 0.025 percent for 4 h) and T (T2 +
Trichoderma viride seed treatment 10g kg seed). The control (Ts) recorded the
lowest total P uptake (14.69 kg ha') and was significantly inferior to other

treatments.

Seed invigouration treatments also significantly influenced the P uptake
by haulm. The highest P uptake by haulm (17.02 kg ha') was observed in T and it
was followed by T7 (Ts+ Trichoderma viride seed treatment 10g kg seed). The
treatment T7 was statistically comparable with T4 and Ts. The control (To) recorded

significantly lower P uptake by haulm (8.61 kg ha™).

Phosphorus uptake by seed was also found significant. Among the
treatments, the highest P uptake by seed (20.83 kg ha') was observed in the
treatment T4 and it was followed by Te. The treatment Ts was statistically on par
with Tz, T3 and T, (seeds pelleted with borax 50 mg kg' seed). Among the

treatments, the control recorded the iowest P uptake by seed (6.41 kg ha™').
4.2.8.3 K Uptake

Seed invigouration treatments significantly influenced the total K uptake by
crop (Table 18). The treatment, T4 (seeds primed in ZnSO4 0.05 percent for 4 h)
recorded the highest total K uptake (63.70 kg ha'), which was comparable with T3
(seeds primed in ZnSO4 0.025 percent for 4 h), Ty and T> (seeds pelleted with borax
50 and 100 mg kg seed) and T (seeds pelleted with borax 100 mg kg seed! +
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Trichoderma viride seed treatment 10g kg™ seed). The control (To) recorded the

lowest total K uptake by crop (33.41 kg ha™").

Potassium uptake by haulm was also significantly influenced by seed
invigouration treatments. Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded
higher K uptake by haulm (31.17 kg ha™') and was statistically comparable with T
and T», Ty Ts (T1 + Trichoderma viride seed treatment 10 g kg™ seed), T¢and Ts (T4
+ Trichoderma viride seed treatment 10g kg™' seed). The control treatment recorded

significantly lower value (16.47 kg ha ™).

Seed invigouration treatments also markedly influenced the K uptake by
seed. The treatment T recorded the highest K uptake by seed (32.96 kg ha™') which
was statistically comparable with T, T3, T4 and Te. The control registered the

lowest K uptake by seed (16.94 kg ha™').
4.2.8.4 Zn Uptake

Seed invigouration treatments had a significant effect on total Zn uptake by
crop (Table 19). The treatment, Ts (seeds primed in ZnSO4 0.05 percent for 4 h +
Trichoderma viride seed treatment 10g kg™ seed) recorded the highest total Zn
uptake by crop which was statistically comparable with all treatments except Ts
(seeds pelleted with borax 50 mg kg™ seed + Trichoderma viride seed treatment

10g kg! seed), T2 (seeds pelleted with borax 100 mg kg™’ seed) and control (To).

Zn uptake by haulm was also significantly influenced by seed invigouration
treatments. The treatment Tg (seeds primed in ZnSO4 0.05 percent for 4 h +
Trichoderma viride seed treatment 10g kg seed) registered the highest Zn uptake
by hauim which was statisticaliy comparable with all seed invigouration treatments
except control. The control registered the lowest Zn uptake by haulm (0.186 kg
ha™).

The highest Zn uptake by seed was recorded in T4 (seeds primed in 0.05
percent ZnSO4 for 4 h) and it was statistically comparable with T; (seeds primed

with 0.025 percent ZnSOyq for 4 h), T7 (Ts+ Trichoderma viride seed treatment 10g



74

kg' seed) and Ts (Ts+ Trichoderma viride seed treatment 10g kg seed). The
control treatment registered the lowest Zn uptake by seed (0.061kg ha™).

4.2.8.5 B Uptake

Seed invigouration treatments significantly influenced the total B uptake by
grain cowpea (Table 20). Among the treatments, T> (seeds pelleted with borax 100
mg kg™ soil ) registered higher total B uptake by crop and it was statistically on par
with all treatments except T7 (seeds primed in ZnSO4 0.025 percent for 4 h +
Trichoderma viride seed treatment 10 g kg™' seed) and the lowest total B uptake by
crop (0.298 kg ha™') was registered in control.

Seed invigouration treatment also had a significant effect on B uptake by
haulm. The treatment T registered the highest B uptake by haulm which was
statistically comparable with T4 (seeds primed in ZnSO4 0.05 percent for 4 h), T
(T2 + Trichoderma viride seed treatment 10 g kg™ seed) and T7. The lowest B uptake
by haulm was recorded in control (To) (0.239 kg ha™).

Boron uptake by seed was also favourably influenced by seed invigouration
treatments. The treatment Ts recorded the highest uptake of B by seed (0.112 g
ha™') which was comparable with T4 and Ts (seeds primed in ZnSO4 0.025 percent
for 4 h).

o A
Q'\‘_,A‘
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Table 16. Effect of seed invigouration treatments on N uptake by crop at harvest,

kg ha™!
Treatment N uptake
Uptake by haulm | Uptake by seed Total uptake
T 46.69 45.40 92.10
T2 43.37 43.70 87.07
Ts 4431 43.94 88.25
T4 49.43 46.96 96.38
Ts 47.49 32.50 79.99
Te 47.81 40.42 88.23
T7 51.64 32.76 84.40
Ts 40.88 25.57 66.45
To 32.83 18.48 51.31
SEm (%) 3.23 3.07 3.41
CD {0.05) 9.763 9.271 10.321
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Table 17. Effect of seed invigouration treatments on P uptake by crop at harvest,

kg ha™!
Treatment P uptake by crop
Uptake by haulm | Uptake by seed Total uptake
T) 13.48 15.10 28.59
T2 17.02 15.79 32.82
T; 14.88 15.64 30.53
T4 14.73 20.83 35.56
Ts 11.84 10.99 22.83
Ts 12.38 17.28 29.66
T7 15.33 10.87 26.20
Ts 12.85 8.47 21.32
T 8.28 6.41 14.69
SEm (%) 0.58 0.86 1.08
CD (0.05) 1.741 2.614 3.271

al
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Table 18. Effect of seed invigouration treatments on K uptake by crop at harvest,

kg ha’!
Treatmeht K uptake by crop
Uptake by haulm | Uptake by seed Total uptake
T, 29.56 32.96 62.52
T2 30.58 29.74 60.32
T 30.35 32.43 62.78
T4 31.17 32.53 63.70
Ts 28.67 23.18 51.85
Te 29.48 28.74 5'8.22
T7 24.68 19.74 44 .41
Ts 30.68 18.45 4.5.60
To 16.47 16.94 33.41
SEm (%) 1.69 1.94 2.99
CD (0.05) 5.106 5.852 9.061

Qe
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Table 19. Effect of seed invigouration treatments on Zn uptake by crop at harvest,

kg ha’!
Treatment Zn uptake by croi)
Uptake by haulm | Uptake by seed Total uptake

T, 0.217 0.088 0.305

T2 0.217 0.077 0.294

Ts 0.221 0.090 0.310

Ts 0.213 0.102 0.315

Ts 0.206 0.082 0.289

Te 0.221 0.087 0.308

T7 0.216 0.094 0.310

Ts 0.236 0.093 0.329

To 0.186 0.061 0.246
SEm () 0.008 0.004 0.009
. CD (0.05) 0.0248 0.0131 0.027

L p5
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Table 20. Effect of seed invigouration treatments on B uptake by crop at harvest,

kg ha™!
Treatment B uptake by crop
Uptake by haulm | Uptake by seed Total uptake
T, 0.285 0.079 0.364
T2 0.346 0.073 0.419
T3 0.279 0.097 0.376
T4 0.307 0.104 0.410
Ts 0.282 0.078 0.360
Ts 0.301 0.088 0.389
T7 0.215 0.083 0.298
Ts 0.245 0.112 0.356
Ty 0.239 0.059 0.298
SEm (£) 0.018 0.007 0.025
CD (0.05) - 0.056 0.021 0.075

Qu
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4.2.9 Disease Incidence

Seed invigouration had significant effect on anthracnose disease incidence
in grain cowpea (Table 21). Anthracnose disease was the major disease observed
when the crop was at 20 DAS. From the results, it was observed that, seed
invigouration treatments registered lower incidence of anthracnose compared to
control. The lowest percentage of incidence (20.7 percent) was observed in the
treatment T4 (seeds primed in ZnSO4 0.05 percent for 4h). It was followed by T3
(seeds primed in ZnSO40.025 percent for 4h) and T3 was statistically on a line with
T) and T> (seeds pelleted with borax 50 and 100 mg kg™ seed) and Ts (T; +
Trichoderma viride seed treatment 10 g kg' seed). The highest percentage

incidence was observed in control (33.9 percent).

4.2.10 Economics
The economics of cultivation in terms of net income and B: C ratio as

influenced by seed invigouration treatments is presented in Table 22.

4.2.10.1 Net Income

Net Income was also significantly influenced by seed invigouration
treatments as evident from Table 22. Results followed the similar trend as that of
gross income. Among the treatments, T4 (seeds primed in ZnSO4 0.05 percent for
4 h) recorded significantly higher net income ha™' ( 55, 387 ha'). The lowest
income was registered in Ty (control) and was significantly different from other

treatments.
4.2.10.2 B:C Ratio

Benefit cost ratio also followed the similar trend as that of gross and net
income (Table 22). Seeds primed in ZnSO4 0.05 percent for 4 h (T4) registéred the
highest B: C ratio (1. 92) and it was statistically comparable with T3 (seeds primed
in ZnSO4 0.025 percent for 4 h), T, and T (seeds pelleted with borax 50 and 100
mg kg seed) and Te (T>+ Trichoderma viride seed treatment 10 g kg seed). The
control treatment (Ts) registered the lowest B:C ratio (1.12).
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Table 21. Effect of seed invigouration treatments on percentage disease index of

anthracnose
Treatments Percentage disease index
T1-Seed pelleting with borax 50 mg kg™ seed 22.4 (28.22)
T2-Seed pelleting with borax 100 mg kg™ seed 22.7 (28.40)
T3-Seed priming with ZnSO4 0.025 per cent for4 h | 21.7 (27.72)
Ta-Seed priming with ZnSO4 0.05 per cent for4h | 20.7 (27.01)
Ts-Seed pelleting with borax 50 mg kg' seed + | 24.0 (29.32)
Trichoderma viride seed treatment10 g kg™ seed
Te-Seed pelleting with borax 100 mg kg seed + | 22.7 (28.42)
Trichoderma viride seed treatment 10 g kg™' seed
T7-Seed priming with ZnSO4 0.025 per cent for 4h + | 24.3 (29.54)
Trichoderma viride seed treatment 10 g kg™' seed
Ts-Seed priming with ZnSO4 0.05 per cent for 4h + | 24.0 (29.27)
Trichoderma viride seed treatment10 g kg'' seed
Tg -Control 33.9 (35.56)
SEm (+)
0.96
CD (0.05)
2.894

Values in parentheses are transformed values, (arc sine transformation)



Table 22. Effect of seed invigouration treatments on economics of cultivation
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Treatments Net income B: C ratio
(Z ha)
T)-Seed pelleting with borax 50 mg kg™ seed 39282 1.65
T»-Seed pelleting with borax 100 mg kg™’ seed 38170 1.63
Ts-Seed priming with ZnSO4 0.025 per cent for 39,721 1.66
4h
Ts-Seed priming with ZnSO4 0.05 per cent for 4 55,387 1.92
h
Ts-Seed pelleting with borax 50 mg kg™ seed + 27,590 1.46
Trichoderma viride seed treatmentl0 g kg
seed
Ts-Seed pelleting with borax 100 mg kg™ seed + 36,452 1.60
Trichoderma viride seed treatment 10 g kg™
seed
T7-Seed priming with ZnSO4 0.025 per cent for 27,223 1.45
4h + Trichoderma viride seed treatment 10 g
kg seed
Ts-Seed priming with ZnSO4 0.05 per cent for 4h 24,695 1.41
+ Trichoderma viride seed treatment10 g kg
I seed
Ty -Control 7, 385 1.12
SEm (%) 1,259 0.10
CD (0.05) 3807.8 0.312
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4.2.11 Soil Nutrient Status

The results on the effect of seed invigouration treatments on organic carbon
content and available N, P, K, Zn and B status in the soil after the experiment are

presented in Table 23 and 24.
4.2.9.11.1 Organic Carbon Content of Soil

The organic carbon content of soil was significantly influenced by seed
invigouration treatments (Table 23). The highest organic carbon content of soil
(1.018 percent) was observed in the treatment, treatment T4 (seeds primed in ZnSO4
0.05 percent for 4 h) which was statistically comparable with T (seeds pelleted
with borax 50 mg kg' seed), T5 (seeds primed in ZnSO4 0.025 percent for 4 h), Ts
(T1+ Trichoderma viride seed treatment 10 g kg™ seed), T7 (seeds primed in ZnSOy4
0.025 percent for 4h +Trichoderma viride seed treatment 10 g kg™' seed) and Ts
(T4+Trichoderma viride seed treatment 10 g kg™’ seed). The control (Ts) recorded

the lowest soil organic carbon content.
4.2.11.2 Available N Status

Seed invigouration treatments had profound influence on available N status
of the soil (Table 23). Seeds primed in ZnSO4 0.05 percent for 4 h (T4) recorded
higher soil available N (376.31 kg ha™') which was statistically comparable with all
seed invigouration treatments except T> (seeds pelleted with borax 100 mg kg™' soil)

and control (T13).
4.2.11.3 Available P Status of Soil

The results depicted i1 Table 23 indicated that seed invigouration treatments
significantly influenced the available P status of the soil. Seeds pelleted with borax
100 mg kg™ soil (T2) recorded the highest available soil P (48.63 kg ha'), which
was on par with T (seeds pelleted with borax 100 mg kg' soil). The lowest
available P was recorded in the control (22.78 kg ha™').
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Table 23. Effect of seed invigouration treatments on organic carbon and available

N, P and K status of soil after the experiment

Treatments Organic Available N | Available P | Available K
carbon (%) | (o ha'y | (kgha') | (kgha")
T 0.920 363.78 41.89 117.39
T2 0.976 338.69 48.63 125.77
T3 0.977 363.78 37.95 135.41
Ta 1.018 376.31 35.70 131.60
Ts 0.883 319.27 38.37 128.50
Ts 0.864 329.59 38.51 127.23
T» 0.852 329.78 29.09 149.14
Ts 0.896 338.69 27.64 146.37
Ts 0.663 313.59 22.78 98.73
SEm (+) 0.044 16.43 2.82 6.62
CD (0.05) 0.1317 49.679 8.515 20.006
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4.2.9.4 Available K Status of Soil

The result furnished in Table 23 revealed that seed invigouration treatments
favourably influenced the available K status of the soil. Among the treatments,
higher soil available K (149.14 kg ha') was registered in the treatment T; (seeds
primed in ZnSOy4 0.025 percent for 4 h + Trichoderma viride seed treatment10 g
kg seed ) and it was comparable with T (seeds primed in ZnSO4 0.05 percent for
4 h+ Trichoderma viride seed treatment 10 g kg™' seed), T3 (seeds primed in ZnSO4
0.025 percent for 4 h), T4 (seeds primed in ZnSO4 0.05 percent for 4 h), Ts (seeds
pelleted with borax 50 mg kg™ soil + Trichoderma viride seed treatment10 g kg™

seed) . The lowest soil available K status (98.73 kg ha™') was observed in control.
4.2.9.5 Available Zn Status

The available Zn status in the soil was significantly influenced by seed
invigouration treatments (Table 24). The treatment Tg (seeds primed in ZnSO4
0.025 percent for 4 h + Trichoderma viride seed treatment 10 g kg™' seed) registered
the highest available Zn status (2.223 mg kg™ soil) which was significantly different
from other treatments. The treatment Tg was followed by T7 (seeds primed in ZnSO4
0.025 percent for 4 h + Trichoderma viride seed treatment 10 g kg™ seed) and Ty;
T4 was statistically comparable with T (seeds pelleted with borax 50 mg kg™' seed).
The lowest available Zn status (0.403 mg kg™ soil) was registered in control (To)

and was significantly inferior to other treatments.
4.2.8.6 Available B Status of Soil

Seed invigouration treatments significantly influenced the available B status
of soil (Table 24). The treatment T> (seeds pelleted with borax 100 mg kg™ seed)
registered the highest available B status which was significantly different from
other treatments and it was followed by T (seeds pelleted with borax 50 mg kg!

seed). The control treatment (To) registered the lowest available B status.



Table 24. Effect of seed invigouration treatments on Zn and B content of soil after

the experiment, mg kg™' soil
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Available Zn content

Available B content

Treatments
T 0.861 0.115
T2 0.577 0.140
T3 1.237 0.057
T4 1.484 0.073
Ts 1.1996 0.088
Te 0.808 0.088
17 1.912 0.051
Ts 2.223 0.080
T 0.403 0.021
SEm (+) 0.034 0.004
CD (0.05) 0.1033 0.012
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5. DISCUSSION

The results of the investigation entitled “Seed invigouration for yield
enhancement in grain cowpea (Vigna unguiculata L. Walp)” conducted at Coconut
Research Station, Balaramapuram, Thiruvananthapuram district, Kerala, are

discussed in this chapter.

5.1 EXPERIMENT NO. I - POT CULTURE EXPERIMENT TO STUDY THE
INFLUENCE OF SEED INVIGOURATION METHODS ON
GERMINATION AND SEEDLING VIGOUR OF GRAIN COWPEA

5.1.1 Effect of Seed Invigouration Treatments on Germination Parameters

Seed invigouration treatments significantly influenced the seed germination
parameters viz, GP, SG, GI, GRI, MGT and MDG. However, CRG and Tso were
not significantly influenced by seed invigouration. Mean germination time was
calculated to find out the mean time a seed took to initiate and end germination
process. Germination index gave a measure of both the percentage and speed of
germination while, GRI gave an indication of percentage seeds germinated per day
of test period. Coefficient of rate of germination indicated the rapidity of
germination. Among the treatments T3 (seed pelleting with borax 50 mg kg™' seed),
T4 (seed pelleting with borax 100 mg kg™ seed), Ts (seed pelleting with ZnSO4 100
mg + borax 50 mg kg 'seed), T7 (seed priming with ZnSO4 0.025 percent for 4 h)
and Ts (seed priming with ZnSO4 0.05 percent for 4 h) recorded higher SG, MDG,
GI and GRI and less MGT. The enhancement in germination observed in T3, T4, Ts,
T7 and Tg were in the order of 22.22, 20.38, 20.28, 20.38 and 18.51 percent,
respectively over control. These treatments also recorded less MGT, higher values
for MDG, GI and GRI compared to other treatments. Though it was not significant,
the treatments T3, T4, Ts, T7 and Ts also recorded higher CRG and lesser Tso.
Hussain ef al. (2006) reported that seed invigouration treatments activate the
metabolic process taking place during the phase I and II of germination process

before the radicle emergence. This may lead to the acceleration of germination and
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resulting in high SG, MDG, GI, GRI and less MGT. Aboutalebian et al. (2012)
observed that ZnSO4 priming enhanced the speed of germination in wheat.
Similarly, Chomontowski ef al. (2019) re that seed priming resulted in higher speed
of germination. Nutripriming with KCI reduced the mean germination time in
cabbage (Batool er al., 2015). Prakash et al. (2018) pointed out that seed pelleting
may resulted in increased hydration of colloids and greater viscosity of plasma
membrane and cell membrane which allows rapid entrv of moisture into the seed.
Rapid entry of moisture into the seed triggers the hydrolysis of reserved food
material in the seed resulting in the growth of embryo which facilitates fast

emergence compared to untreated seeds (Andoh and Kobata, 2002).

5.1.2 Effect of Seed Invigouration Treatments on Vigour Index and Seedling

Growth

Seed invigouration treatments favourably influenced the growth parameters
of seedlings viz., shoot and root length, fresh and dry shoot weight, fresh and dry
root weight, seedling vigour index I and II. Among the twelve seed invigouration
treatments, treatments T3 (seed pelleting with borax 50 mg kg seed), T4 (seed
pelleting with borax 100 mg kg seed), Ts (seed pelleting with ZnSO4 100 mg +
borax 50 mg kg 'seed), T7 (seed priming with ZnSO4 0.025 percent for 4 h) and Ts
(seed priming with ZnSO4 0.05 percent for 4 h) recorded higher root and shoot
length, higher dry matter production and higher vigour index. Improvement in
seedling growth observed in T3, Ts, Ts, T7 and Ts might be due to the fact that pre-
germination process viz., membrane repair, DNA and RNA synthesis and repair,
embryo development, modifications of endosperm tissue surrounding the embryo,

‘reserve mobilization efc. has been favourably initiated in these treatments prior to
sowing. Heydeckar and Cool bear (1977) reported that in primed seeds, radicle
protrusion occurs in a very fast manner, since the pre-germinative process have
already been completed. Rowse (1995) also opined that primed seeds rapidly
imbibe water and revive seed metabolism resulting in a fast and uniform emergence
of seedling with good vigour. Compared to control, the treatments T3, T4, Ts, T7and

Ts produced seedlings with 41.69 to 48.87 percent more seedling vigour index [ and
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Plate 3. Performance of best pelleting treatments (Ts and Ta4)
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Plate 4. Performance of best priming treatments (T7 and Ts)
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63.84 to 81.75 percent more vigour index II. Higher seedling vigour index I and II
observed in these treatments might be due to the better seedling length and biomass
recorded in these treatments (Table 3). Improved seedling growth and biomass
production observed in these treatments might be due to increased metabolic
activity, earliness in germination and seedling growth as observed from the data on
SG, MGT, Tso, GI, GRI and seedling growth. The improvement in seedling growth
due to ZnSO4 and borax pelleting was also observed by Masuthi et al. (2009).

Carrot seeds primed in one percent ZnSOj solution recorded higher germination .

percentage, mean root and shoot length and vigour index (Munawar ef al., 2013).
Similarly, Ajouri et al. (2004) reported that seed priming with Zn improved the
germination and seedling development in barley. The beneficial effect of seed pre-
treatment in germination and dry weight of seedling was also reported by

Abdulrahmani et al. (2007) and Ghassemi-Golezai et al. (2008).

5.2. EXPERIMENT NO. II -FIELD EXPERIMENT TO STUDY THE EFFECT
OF SEED INVIGOURATION TECHNIQUES ON YIELD
ENHANCEMENT IN GRAIN COWPEA

5.2.1 Seed Invigouration Treatments on Field Emergence

Seed invigouration significantly influenced the final germination
percentage of grain cowpea compared to control. Due to seed invigouration, an
enhancement in the final emergence of 20.54 to 27.79 percentage was observed.
Though, the treatment T4 (seeds primed in ZnSO4 0.05 percent for 4 h) recorded the
highest germination percentage (97.86 percent), it was statistically comparable with
all the seed invigouration treatments. Osmotic adjustment, metabolic process repair
and build-up of metabolites occurred during seed invigouration may be the‘
plausible reason for higher germination in seed invigouration treatments (Chen and
Arora, 2013; Jisha et al., 2013). Seed invigouration shortened or reduced the lag or
metabolic phase in the germination process. In normal course, metabolic or lag
phase in the germination process occurs when the seeds are fully imbibed or just
before the radicle emergence. During seed invigouration, the seeds have already

completed the lag phase or metabolic phase and hence germination time in the field
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has been reduced resulting in the fast and uniform emergence of seedlings with
better establishment and higher germination percentage. The result is in consonance
with the observations made by Basra et al. (2005) and Ghiyasi et al. (2008) who
observed that seed invigouration improved the germination and establishment.
Thomson and El-Kassaby (1993) viewed that faster the seed germination, better the
chance of survival in the field. The lesser percentage of emergence observed in the
control might be due to seed damage by soil borne pathogens or pests or due to low

vigour of seeds.
5.2.2 Seed Invigouration Treatments on Growth Parameters

Seed invigouration treatments significantly influenced the growth
parameters viz., number of green leaves per plant (30 DAS and 60 DAS), number
of branches per plant and dry matter production (30 DAS, 60 DAS and harvest
stage). Results revealed that plant height increased with the progress of crop

growth, though it was not significantly influenced by seed invigouration treatments.

In general, seed invigouration treatments recorded higher number of
branches per plant than control. Chaubey ef al. (1999) and Vaiyapuri et al. (2010)
also made similar observations that seeds pelleted with Zn and B enhanced the
primary branches in lentil and soybean. At 60 DAS and harvest stage, seeds primed
in ZnSO4 recorded higher number of branches than borax pelleted seeds. This might
be due to the fact that Zn plays a major role in the biosynthesis of tryptophan which
is the precursor of plant hormone IAA and IAA helps to trigger the growth of the
plant tissues (Naruka ef /., 2000). Usman et al. (2014) reported that seed treatment
with ZnSOy significantly increased the pod bearing branches in green gram. The
highest number of branches were recorded in T7 (seeds primed in ZnSOy4 0.025
percent for 4 h + Trichoderma viride seed treatment 10 g kg™' seed) at 30 DAS, 60
DAS and at harvest, this might be due to production of plant growth hormones
especially IAA by Trichoderma viride (Chagas et al., 2016).

10¢
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Seed invigouration treatments had significant effect on green leaves per
plant at 30 DAS and 60 DAS. Compared to control, seeds pelleted with borax and
primed in ZnSO4 recorded higher number of green leaves per plant at both stages
of observation. Seed invigouration resulted in fast and uniform emergence of
vigourous seedlings, which paved the way for increased crop growth. At 30 DAS
and 60 DAS, the highest number of green leaves were observed in the treatment T's
(seeds pelleted with borax 50 mg kg™' seed + Trichoderma viride seed treatment 10
g kg'! seed). However, at 60 DAS, though the treatment Ts recorded the highest
number of leaves it was statistically on par with T3 (seeds primed in ZnSO4 0.05
percent for 4 h), T7 and Tg (seeds primed in ZnSO4 0.025 and 0.05 percent for 4 h
followed by Trichoderma viride seed treatment 10 g kg' seed). Masuthi (2005)
revealed that cowpea seeds pelleted with ZnSOy increased the number of leaves
compared to control. Rehman ez al. (2012) observed that in rice, the number and
rate of leaf and tiller production were considerably increased by seed priming with

lower concentration of B solution.

Seed invigouration treatments significantly influenced the dry matter
production. As the crop advances its age the DMP was found to increase. The
maximum DMP of grain cowpea was observed at harvest stage. Higher DMP per
unit area is necessary for higher production, which in turn depends on assimilating
leaf area and environmental conditions (Reshma, 2014). Compared to control, seed
invigoration treatments recorded higher DMP at all the stages of observation.
Better DMP recorded in these treatments was due to the production of more
branches and leaves (Table 7) which will enhance the assimilatory area and
photosynthesis. The treatment T4 (seeds primed in ZnSOy percent for 4 h) recorded
the highest DMP among the treatments at 30 DAS and at harvest. Hansen (1972)
observed that net photosynthesis in crop plants is primarily influenced by leaf area
index. Higher LAI observed in T4 at 30 DAS and 60 DAS facilitated more light
interception which enhanced the photosynthesis and assimilate translocation to
different plant parts. The result is in conformity with the observation made by

Amanullah et al. (2008) reported that light interception increases with increase in
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leaf area, which ultimately increases the dry matter production. Increased
availability and uptake of nutrients led to better expression of growth and yield
attributes Whjch also contributed to higher DMP in T at harvest. The finding is in
accordance with the observations of Trehan and Sharma (2000) who reported that
in maize, DMP increased with the application of zinc. Total DMP significantly
increased by priming with one percent Zn (Harris et al, 2007). Favourable
influence of Zn on dry matter accumulation in pulses were also reported by several

workers (Khorgamy and Farina, 2009; Valenciano et al., 2010; Usman et al., 2014).
5.2.3 Effect of Seed Invgouration Treatments on Physiological Parameters

Leaf area index, an important indicator of plant growth was significantly
influenced by seed invigouration treatments. Seed invigouration treatments
registered significantly higher LAI at 30 DAS and 60 DAS. The reason might be
due to the fact that seed invigouration enhanced the vigour of seedlings which
accelerates the leaf development resulting in higher number of leaves with larger
leaf area. Chomontoswki et al. (2019) reported that seed priming accelerates the
leaf development and significantly enhanced the LAI in sugar beet. These
treatments also recorded higher number of effective nodules and nodule mass
compared to control (Fig. 6 and Fig.7), which will increase the N fixation and N
supply to the plants. Shanti et a/. (1997) observed that increased N supply enhanced
the vegetative growth with more photosynthetic surface and higher LAL At 30
DAS, the treatment T4 registered higher LAI and it was statistically on par with T}
(seeds pelleted with borax 50 mg kg™ seed), T> (seeds pelleted with borax 100 mg
kg seed), T3 (seeds primed in ZnSOs 0.025 percent for 4 h) and Ts (T +
Trichoderma viride seed treatment 10 g kg seed). However, at 60 DAS, Ts
registered the highest LAl and it was statistically comparable with T4 and Ts.
Higher LAl recorded in these treatments might be due to the better development of
roots and increased availability of nutrients, which might have enable the crop to
absorb and translocate sufficient quantity of nutrients to establish good canopy with

higher number of leaves and branches (Table 7).
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Moreover, presence of effective nodules with higher nodule mass might
have enhanced the N fixation and N assimilation which will also favours vegetative
grbwth. Grindlay (1997) reported that N availability is essential to enhance the leaf
area and to maintain the leaf longevity. The present result is in agreement with the
findings of Shinde e al. (2017) who observed that seed polymer coating with
micronutrients enhanced the seedling vigour resulting in good crop establishment

leading to better crop growth with large leaf area index.

Seed invigouration treatments significantly influenced the chlorophyll
content of leaf. Similar to that of LAI, total chlorophyll content, chlorophyll a and
b were higher in seed invigouration treatments. This was owing to the fact that fast
and uniform germination and vigorous crop growth achieved due to seed
invigouraion might have helped the plant to absorb required quantity of available
plant nutrients from the soil which will favour the plant metabolism and chlorophyll
synthesis and enhanced the photosynthetic activity. Sathiyanarayanan et al. (2015)
opined that seed hardening enhanced the absorption of nutrients from the soil. The
increased absorption and translocation of nutrients enhanced the chlorophyll
synthesis and photosynthetic activity. Among the seed invigouration treatments,
seed priming with ZnSO4 0.025 and 0.05 percent for 4 h recorded higher total
chlorophyll, chlorophyll a and chlorophyll b content. The result is in accordance
with the findings of Afzal et a/. (2015) who pointed out that seed priming with Zn
increased the chlorophyll content in spring maize. Seeds primed in 0.5 percent
ZnSOy recorded higher chlorophyll a (2.64 mg g') and b (1.23 mg g”') content
compared to control (1.57 mg g™ and 0.39 mg g, respectively). Seed priming with
ZnSO4 might have enhanced the availability of Zn right from seedling to subsequent
growth stages of crop growth and increased the nodulation, N fixation, N
availability and chlorophyll formation. Sharma et al. (2010) reported that Zn plays
a major role in chlorophyll formation and enhanced the chlorophyll content of leaf.
Enhancement in chiorophyll content due to the application of Zn was that, Zn acts
as the structural and catalytic component of proteins, enzymes and a co-factor for

the production of chlorophyll biosynthesis (Balashouri, 1995). Hisamitsu et al.

1
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(2001) and Kryvoruchko (2017) reported that deficiency of Zn interrupts

chloroplast structure and chlorophyll formation.

Crop growth rate and RGR were also significantly influenced by seed
invigouration treatments. In general, higher CGR was observed in all the seed
invigouration treatments at both the stages of observation. The increase in CGR and
RGR values observed in seed invigouration treatments might be due to higher
biomass production resulting from higher LAI and total chlorophyll content. At 30
DAS, the treatment T (seeds pelleted with borax 50 mg kg™' seed) recorded higher
CGR which was statistically on par with T (seeds pelleted with borax 100 mg kg™’
seed) and Te (T2 + Trichoderma viride seed treatment 10 g kg™’ seed). However, at
60 DAS, T4 (seeds primed in ZnSO4 0.05 percent for 4 h) registered higher CGR
which was statistically comparable with T3 (seeds primed in ZnSO4 0.025 percent
for 4 h) and T;. This might be due to increased DMP (Fig. 3) and dry matter
partitioning observed in these treatments. Higher LAI (Fig. 4) and chlorophyll
content (Fig. 5) observed in these treatments enhanced the photosynthesis which
ultimately increased the dry matter production. The result is in line with the
observation made by Amanullah et al. (2008) who reported that increase in LAI
increases the light interception and total DMP at various growth stages. Afzal et
al. (2013) reported that seed priming with ZnSO4 0.5 percent significantly enhanced
the CGR in maize. Seed priming significantly improved the CGR and NAR in
wheat under moisture stress conditions (Hussain ef al., 2013). Higher CGR due to
the application of Zn and B was also reported by Wasaya et al. (2017) in maize.
Relative growth rate was found to decrease from 60 DAS to harvest stage in all
treatments compared to 30 DAS to 60 DAS stage. Similar observation was also
made by Arun ef al. (2017) in cowpea. Similar to that of CGR, significantly higher
RGR was observed in T, (seeds pelleted with borax 50 mg kg™ seed) from 30 DAS
to 60 DAS and T4 (seeds primed in ZnSO4 0.05 percent) at 60 DAS to harvest stage.
This might be due to increased DMP resulting from the enhanced photosynthesis
as evident from the data on LAI (Fig. 4) and total chlorophyll content (Fig. 5).
Several workers (Cakmak,2008; Khan ef al., 2010; Marschner, 2012) reported that

Zn and B activated the physiological process viz., chlorophyll formation, enzyme

It



100

activation and biochemical process which resulted in increased dry matter

production.

5.2.4 Effect of Seed Invigouration Treatments on Nodule Number, Nodule

Fresh and Dry Weight

Total number of nodules, effective nodules and nodule fresh and dry weight
per plant were significantly influenced by seed invigouration treatments. Compared
to control, seed invigouration treatments recorded higher number of nodules per
plant, effective nodules per plant and nodule fresh and dry weight per plant. Early
seedling emergence, better seedling establishment, better root development and
root biomass production might have helped in the formation of more nodules in
seed invigouration treatments. The present finding is in accordance with the
observations of Lhungdim e al. (2014) who observed that seed invigouration
enhanced the rhizobial population in lentil. Among the treatments, seeds pelleted
with borax registered a greater number of total nodules and effective nodules per
plant compared to seeds primed in ZnSO4. This was due to the role of B in cell
division in the formation of nodule (Brady and Weil, 2002). Zehirov and Georgiev
(2003) also observed that B deficiency will inhibit the cell wall development and
cell wall permeability which cause reduction in nodule number. Positive effect of
nodulation and dry matter content up to four ppm boron solution was also reported
by Subasinghe et al. (2003). Though the seeds primed in ZnSO4 recorded lesser
nodule number compared to seeds pelleted with borax, nodules were bigger in size
and hence the fresh weight as well as dry weight of nodules were found to be more.
This was mainly because of high Zn availability (Fig. 13) in these treatments.
Upadhyay and Singh (2016) reported that Zn has a significant role in N fixation
through nodule formation. The growth of symbiotic bacteria inside the nodule
depend on the sucrose transport from leaves to root nodule. The transport of sucrose
from leaves to root nodule is mediated by Zn (Udvardi and Poole, 2013), also Zn
plays a key role in the biosynthesis of leghaemoglobin (Misra et al., 2002; Das et
al.,2012). Marsh and Waters (1985) reported that Zn deficiency in legumes reduces

the size of nodules. Compared to nodule number, nodule mass was the more reliable
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el u‘.
measure of nodulation (Kurdali, 2002). Increase in nodule weight due to Zn

fertilization was also reported by Desta et a/. (2015) and Debnath et al. (2018).
5.2.5 Effect of Seed Invigouration on Yield Attributes of Grain Cowpea

Seed invigouration significantly influenced the yield attributes of grain
cowpea. Control treatment registered lesser values for the yield attributes. This
might be due to low DMP observed in the treatment (control). Dry matter
production is an important growth factor which determines the yield of any crop.
Lower DMP observed in control was due to the production of lesser number of
green leaves and branches per plant (Table 7) and also due to reduced
photosynthesis as manifest from the data on LAI (Fig. 4) and chlorophyll content
(Fig. 5). Among the seed invigouration treatments, T4 (seeds primed in ZnSO40.05
percent for 4h) registered higher number of pods per plant, seeds per pod, pod
length and pod girth and have taken lesser number of days to attain 50 percent
flowering. This might be due to better crop growth and higher DMP achieved
through the adequate supply and uptake of nutrients and also due to the increased
photosynthesis and efficient translocation of photosynthates from source to sink.
Siddiqui et al. (2009) opined that during grain formation, with the sufficient supply
of Zn, the uptake of N might have increased, which might have improved the yield
attributes and yield. Grzebisz ef al. (2008) also revealed that the uptake of N during
the grain formation stage was enhanced due to early stage Zn application. The result
is in conformity with the findings of Mohsin ef al. (2014) who revealed that seed
priming with two percent Zn followed by foliar application of Zn (two percent)
increased the cob length, cob diameter and 1000 grain weight. Deshpande et al.
(2009) pointed out that, paprika chilli seeds treated with ZnSO4 + captan +
imidacloprid took lesser number of days to flower initiation (37 days) and 50
percent flowering (40.34 days). Shashibhaskar et al. (2009) also observed that
tomato seeds treated with ZnSO4 300 mg kg™ seed have taken lesser days for flower
initiation and 50 percent flowering (58 and 64, respectively) compared to control

(66 and 74 days, respectively). The treatment T4 (seeds primed in ZnSO4 0.05



104

percent for 4 h) recorded higher number of pods per plant and pod weight per plant,
pod length and girth. This might be due to the beneficial effect of Zn nutrition.
Usman et al. (2014) revealed that in green gram Zn nutrition had favourable effect
on pod bearing branches per plant, pods per plant and 1000 seed weight. Similar
observations were also made by Srimathi e a/. (2001) in soybean and Masuthi et
al. (2011) in cowpea. Gacche (2013) who reported that seed pelleting with ZnSO4
300 mg kg ' seeds recorded significantly higher humber of capsules (98.11) and

seeds per capsule (49.33) compared to control in sesamum.
5.2.6 Effect of Seed Invigouration Treatments on Yield and Harvest Index

Seed yield per plant was significantly influenced by seed invigouration
treatments. Compared to control, all seed invigouration treatments registered higher
seed yield. Seed invigouration with Zn and B along with recommended dose of
manures and nutrients increased the seed yield from 842 to 1446 kg ha in grain
cowpea. Fast and uniform germination, high germination percentage (Table 5) and
seedling vigour resulting from seed invigouration gave a vigorous start for the crop
to continue its growth. This would be resulted in the production of higher number
of branches per plant, pods per plant, pods with more length and girth and seeds per
pod. Varier ef al. (2010) revealed that seed invigouration advanced the seed
metabolism which has a positive effect in improving the seed performance,
earliness in flowering and finally resulted in higher grain yield. Among the
treatments, T4 (seeds primed in ZnSOy4 0.05 percent for 4 h) registered the highest
seed yield per plant, which was statistically on par with Ts (seeds primed in ZnSOx
0.025 percent for 4 h), T, and T> (seeds pelleted with borax 50 and 100 mg kg’
seed) and T (T2 + Trichoderma viride seed treatment 10 g kg™' seed). Higher seed
yield observed in these treatments might be due to the better expression of yield
attributes especially pods per plant resulting from better uptake of nutrients (Fig. 10
and 11). Higher LAI (Fig. 4) and chlorophyll content (Fig. 5) observed in these
treatments significantly improved the photosynthetic activity leading to the

production of more amount of carbohydrates and translocation of assimilates from
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source to sink which finally contribute to higher seed yield. Also, higher number of

nodules and nodule mass observed in these treatments enhanced the N assimilation,

production of proteins and translocation of carbohydrate from source to sink which
might have led to the production of higher number of pods per plant which in turn
enhanced the seed yield per plant and seed yield ha™'. Masuthi e al. (2009) observed
that Zn and B plays a major role in pollen germination, fruit setting, seed
development and translocation of starch from source to sink. Similar observation
was also made by Peda-Babu ef al. (2007) who observed that Zn fertilization
enhanced the carbohydrate synthesis and their transport from source to sink. Role
of B in N utilization, protein synthesis and carbohydrate translocation were also
reported by Johnson and Albert (1967) and Masuthi ef al. (2009). Significant
increase in the seed yield of green gram due to seed treatment with ZnSO, 4 g kg
seed was reported by Usman et al. (2014). Higher seed yield due to seed pelleting
with B in minor millets was reported by Angamuthu (1991) and by Srimathi ef al.
(2001) in soybean.

From the results it has been observed that, seed invigouration with Zn or B
followed by Trichoderma viride seed treatment 10 g kg! registered lesser seed yield
than the treatments without Trichoderma viride seed treatment. This might due to
the lesser uptake of Zn and B (Fig. 11) and production of lesser number of pods per
plant. Several researchers (Howell, 2003; Verma ef al., 2007; Segarra et al., 2010)
revealed that 7richoderma have the ability to release fungal siderophores and the
fungal siderophores increase the Fe availability and uptake by crop plants. Dimpka
et al., (2009) and Santiago et al., (2011) pointed out that the increased availability
of Fe decreased the availability of other micronutrients due to antagonistic effect.
The lowest seed yield recorded in control was due to lower dry matter production
(Fig. 3), lesser nodulation (Fig. 6 and 7), lesser uptake (Fig. 10 and 11)) and also
due to the production of lesser number of pods per plant (Fig. 8). Fageria (1992)

reported that in legumes, the number of pods per unit area determined the yield.

Haulm yield was also significantly influenced by seed invigouration

treatments. Compared to control, all seed invigouration treatments recorded higher

| 2O
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haulm yield. This might be due to better seedling establishment, seedling vigour,
better uptake of nutrients and production of higher number of branches per plant
and green leaves per pla‘nt (Table 7). Haulm yield also followed the same trend as
that of dry matter production. Fageria ef al. (2006) revealed that an increase in the
number of leaves and plant height increased the biological yield. Among the
treatments, the highest haulm yield per plant and haulm yield ha"' was registered in
T4 (seeds primed in ZnSO4 0.05 percent for 4 h). This might be due to the better
uptake of nutrients which improved the growth attributes, leaf area index,
chlorophyll content and CGR. The increase in haulm yield due to Zn fertilization
in pulses was also revealed by Shanti et al. (2008) and Mahilane and Singh (2018).

Harvest index gave an indication of amount of photosynthates translocated
to the economic part of the plant. Seed invigouration treatments significantly
influenced the harvest index. Among the treatments, the lowest HI was observed in
control. This was due to the lowest grain yield recorded in the treatment. Among
the seed invigouration treatments, the treatment T4 (seeds primed in ZnSO4 0.05
percent for 4h) registered the highest harvest index. This was due to higher seed
yield recorded in the treatment. Increased photosynthesis, as evident from data on
LAI (Fig. 4) and total chlorophyll content (Fig. 5) at 60 DAS and efficient
translocation of photosynthates from source to sink might have contributed to
higher seed yield in T4. Seed priming with ZnSO4 enhances the viability of seeds
resulting in fast and uniform germination and seedling vigour. Better crop growth
enhanced the absorption of nutrients through root and enhanced the synthesis of
IAA, carbohydrate and N metabolism which ultimately led to higher economic
yield with higher harvest index. Increased photosynthetic efficiency, assimilation
and dry matter production resulting from the better availability and uptake of
nutrients was reported by Amjad et al. (2004) and Calhor (2006). Usman et al.,
(2014) observed that HI was significantly improved with the application of 20 kg
ZnSO4 ha'!. Similarly, Mohsin et al. (2014) who reported that seed priming with
two percent Zn followed by foliar application of Zn (two percent) recorded the

highest harvest index in maize. Afzal et al. (2013) reported that maize seeds primed
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in ZnSO4 1.5 percent increased the harvest index. Khorgamy and Farina (2009)

stated that in chick pea, Zn fertilization had significant effect on harvest index.

5.2.7 Effect of Seed Invigouration Treatments on Crude Protein Content of

Seed

Crude protein content of grain was significantly influenced by seed
invigouration treatments. Compared to control, seed invigouration treatments
registered higher seed crude protein content. This might be due to increased N
uptake observed in these treatments. Cai et al. (2008) revealed that nitrate reductase
and glutamine synthase enzymes which play a key role in the integration of N into
amino acid during protein synthesis was stimulated under increased N supply which
might have enhanced the crude protein content in seed. Adequate Zn and B
availability enhanced the N metabolism which might have increased the synthesis
of amino acids (Suman, 2018). Sudha and Stalin (2015) reported that increased
build-up of amino acids enhanced the protein synthesis and protein content in rice
grain. Among the treatments, the highest crude protein content observed in Ty
(seeds primed in ZnSO4 0.05 percent for 4 h) was due to higher N and Zn uptake
by seed (Fig.10 and 11). Since, Zn plays a key role in the translocation of starch
from source to sink, carbohydrate and N metabolism, adequate Zn availability
improved the seed quality (Taliee and Sayadian, 2000). Improvement in protein
content of grain legumes due to Zn fertilization was reported by several workers
(Singh and Singh, 2012; Ram and Katiyar, 2013; Samreen et a/., 2017 and Kuniya
etal., 2018).

5.2.8 Effect of Seed Invigouration Treatments on Anthracnose Incidence in

Grain Cowpea

Seed invigouration had significant effect on anthracnose disease incidence
in grain cowpea. Compared to control, seed invigouration treatments recorded
lesser percentage incidence of anthracnose and the lowest incidence was recorded

in Ts (seed priming with ZnSO4 0.05 percent for 4 h). Lower incidence of
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anthracnose observed in seed priming and pelleting with borax and ZnSO4 might
be due to the increased seedling vigour observed in these treatments and also due
to the role of zinc and boron in pest and disease suppression. Zn plays a major role
in disease tolerance. Since zinc act as a cofactor of many enzymes, it plays a major
role in crop physiology (Brown et al., 2002). Pandey e al. (2002) revealed that, as
an activator of Cu/Zn superoxide dismutase, Zn is involved in membrane protection
against oxidative damage through the detoxification of superoxide radicals
(Cakmak, 2000). Wadhwa et al. (2014) opined that Zn nutrition increased the
antioxidant enzyme activity in plants which provides resistance against fungal
diseases. Boron promotes the stability and rigidity of cell wall structure and
therefore supports the shape and strength of the plant cell (Brown et al.,, 2002).
Since, B is possibly involved in the structural integrity of plasma membrane
(Dordas and Brown, 2005), B nutrition reduces disease incidence in crop planfs.
Graham and Webb (1991) reported that B reduces the diseases caused by
Plasmodiophora brassicae in crucifers, Fusarium solani in bean, Verticillium albo-
atrum in tomato and cotton, tobacco mosaic virus in bean, tomato yellow leaf curl
virus in tomato and Blumeria graminis in wheat (Marshner, 1995). The lesser
incidence of anthracnose in Ts and Ts (seeds pelleted with borax 50 and 100 mg
kg seed + Trichoderma viride seed treatment 10 g kg™' seed) and T7 and Ts (seed
priming with ZnSO4 0.025 and 0.05 percent for 4 h + Trichoderma viride seed
treatment 10 g kg seed) might also be due to the antagonistic effect of
Trichoderma viride on the growth of Colletotrichum. Amin et al. (2014) reported
that seed treatment with 7richoderma viride reduced the anthracnose disease

incidence in Haricot bean compared to control.
5.2.9 Effect of Seed Invigouration Treatments on Nutrient Uptake by Crop

Uptake of N, P, K, Zn and B uptake by the crop at harvest was markedly
influenced by seed invigouration treatments. Compared to control, seed
invigouration treatments registered higher uptake, due to higher dry matter
production recorded in these treatments. Nutrient uptake by crop is related to

nutrient content in the plant and dry matter production; dry matter production in
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turn depends on the photosynthetic ability of the plant. Enhanced seedling vigour
resulting from the fast and uniform crop establishment might have led to the
development of higher number of branches with more leaves with higher leaf area
and chlorophyll content. This might have increased the photosynthetic rate and
uptake of nutrients in seed invigouration treatments. Tabassum et al. (2013)
observed that increased availability of nutrients also accelerated the physiological

processes which in turn influenced the DMP and nutrient uptake.

Among the seed invigouration treatments, total vptake as well as grain
uptake of N, P and K was the highest in T4 (seed priming with ZnSO4 0.05 percent
for 4 h). This might be due to higher dry matter accumulation (Fig. 3) and higher
content of N, P and K registered in the treatment. Higher uptake of N, P and K by
the seed in T4 might be due to the role of Zn in activating the enzymes present in
the chloroplast and cytoplasm viz., carbonic anhydrase, fructose-1, 6-bisphosphate
and aldolase enzymes and this will lead to the transport of photosynthates from
source to sink. Marshner and Cakmak (1989) pointed out that deficiency of Zn
resulting in the accumulation of carbohydrate in plant leaves. Pooniya and Shivay
(2013) pointed out that Zn fertilization significantly improved the N and K uptake
in Basmati rice grain and straw. Khattak et al. (2006) reported that Zn nutrition
improved the N uptake by maize crop. Similarly, Karki ef al. (2005) observed an
increase in the uptake of nutrients due to Zn fertilization. Higher seed yield recorded

in T4 might also be due to higher uptake of nutrients.

Zinc and B uptake were also significantly influenced by seed mvigouration
treatments. Seed invigouration treatments recorded higher uptake of Zn and B
compared (o control. Better crop growth attained by the early establishment of
seedlings might have resulted in better absorption and uptake of major nutrients
along with micronutrients Zn and B. Among the seed invigouration treatments,
treatments involving ZnSOj4 priming registered higher Zn uptake by the grain. This
result is in consonance with the observation of Harris et al. (2007) who observed
that Zn priming enhanced the Zn concentration of wheat grain by 12 percent,

chickpea by 29 percent and maize by 19 percent. In the present experiment, cowpea
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seeds primed in ZnSO4 0.05 percent enhanced the Zn uptake of seed by 40.2 per
cent. The result is in agreement with the observation of Harris ef al. (2007) who
observed that Zn priming significantly increased the grain Zn concentration in
maize and is a low-cost technology to augment the Zn content in grain. Slaton ef al.
(2001) and Miraj et al. (2013) also reported that nutripriming significantly
enhanced the Zn uptake by rice seedlings. Borax pelleted seeds also recorded higher
Zn uptake compared to control. The result is in conformity with the observation of
Debnath et al. (2018) who observed that application of B along with recommended
dose of fertilizers increased the B uptake in grain cowpea. The B uptake by grain
was the highest in ZnSO4 primed seeds than in borax pelleted seeds. Sinha e al.

(2000) observed a positive Zn x B interaction in mustard.

5.2.10 Effect of Seed Invigouration Treatments on Economics

Economic evaluation of treatments is of great relevance for its acceptance
in the farmers field. Seed invigouration treatments significantly influenced the net
income and B:C ratio. Control treatment recorded the lowest net returns and B:C
ratio. This was due to the lowest seed yield recorded in the treatment. Seed
invigouration treatments resulted in an increase in net income of 2 17,310 ha' to 2
48,001 ha! compared to control (Fig. 14). This was owing to the fact that fast and
uniform emergence of seedlings with vigourous growth resulting in the better
expression of yield attributing characters particularly pods per plant which in turn
lead to higher seed yield. Better utilization of nutrients due to early emergence of
seedlings resulted in higher grain yield in cereal crops was reported by Badiri et al.
(2014). Among the seed invigouration treatments, higher net income was recorded
in T4 (seeds primed in ZnSO4 0.05 percent for 4 h), this might be due to higher grain
yield recorded in the treatment. Harris et a/. (2007) observed that monetary benefits
are high in seed priming with one percent solution of Zn compared to soil
application of 2.75 kg Zn ha™' in maize. Benefit cost ratio was also significantly
influenced by seed invigouration treatments. It followed the similar trend as that of
net income and the highest B:C ratio was registered in Ts. The result is in

conformity with the observations of Harris e a/ (2007) who observed that ZnSO4
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priming enhanced the grain yield of maize by two times and is a low-cost

technology which can be easily adopted by resource poor farmers.

5.2.11 Effect of Seed Invigouration on Post Harvest Organic Carbon and
Available N, P, K, Zn and B Content in the Soil

As compared to initial nutrient status, nutrient status of.soil after the
experiment was improved. This was due to the fact that, being a leguminous crop,
cowpea have the ability to fix atmospheric N and tap nutrients from deeper layers
(Melero et al., 2007). The result is in consonance with the observation of
Amanullah et al. (2007). Thamburaj (1991) revealed that raising legumes in
rotation increased the NPK content of soil. Wani et al. (2002) and Jensen e al.
(2012) also reported that inclusion of legumes in rotation significantly improved

the soil organic carbon and available nutrients in the soil.

Post-harvest organic carbon content of soil was significantly influenced by
seed invigouration treatments. In general, an enhancement in organic carbon
content of soil was observed in all the treatments compared to initial soil status. The
enhancement in organic carbon content observed in all the treatments might be due
to the uniform application of FYM 20 t ha”', biological N fixation, addition of
organic residues and exudation of root exudates in to the soil by the crop root as
well as the symbiotic N fixing bacteria associated with the crop. Seed invigouration
treatments registered higher organic carbon content compared to control. This
might be due to the enhanced crop growth resulting from the better seedling
establishment and improved nodulation observed in these treatments. Lynch and
Whips (1990) revealed that about 40 percent of dry matter accumulated by the plant
was released into the rhizosphere as root exudates. Among the seed invigouration
treatments, higher organic carbon content was observed in Ts (seeds primed in
ZnSO4 0.05 percent for 4h) which was statistically comparable with T and T
(seeds pelleted with borax 50 and 100 mg kg seed), T3 (seeds primed in ZnSOq4
0.025 percent for 4 h) and Ts (Ti + Trichoderma viride seed treatment 10 g kg
seed) . This was also due to the increased nodulation (Fig. 6 and 7) and higher dry

matter production (Fig. 3) observed in these treatments. Organic substances
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(organic acid, amino acid, sugars, vitamins, mucilage etc.) released into the
rhizosphere during the crop growth as well as due to the addition of organic matter
in the form of FYM and leaf fall might have enhanced the organic carbon content

of soil (Hasanuzzaman et al., 2019).

Available N, P, K, Zn and B status of soil was also significantly influenced
by seed invigouration treatments. Compared to control, all seed invigouration
treatments registered higher availability of N, P, K, Zn and B. The better crop
establishment and better rooting allow the crop to tap nutrients from the deeper
layers. Further organic matter addition due to the falling of senescent leaves and
atmospheric N fixation by the symbiotic N fixing bacteria present in the nodule also
contribute to the increased availability of N, P and K. Chatterjee and
Bandyopadhyay (2017) reported that seed treatment with micronutrients have

prominent effect on the availability of major nutrients.

The available N status of all the treatments are in medium range.
Availability of N was found to be higher in treatments with higher organic carbon
content. The result is in accordance with the findings of Sakin (2012) who reported
that high soil organic carbon enhanced the N content of the soil. Available P status
in the soil after the experiment was found to be high in ail the treatments. However,
the treatments having high Zn content registered lower available P content
compared to those treatments having low Zn content. This might be due to the
antagonism exists between Zn and P and also due to the formation of insoluble zinc
phosphate. Similar observations were also made by Balai ef al. (2017). Available
K status was comparatively higher n treatment T7 and Tg (seeds primed in ZnSO;4
0.025 and 0.05 percent + Trichoderma viride seed treatment 10 g kg' seed)
compared to other seed invigouration treatments which might be due to lower K

uptake registered in these treatments (Fig. 10).

Seed invigouration treatments registered higher available Zn and B content
in soil compared to control. This might be due to the fact that higher soil organic
carbon content prevented the leaching of nutrients and sustained the soil fertility

status. Similar observation was also made by Suman (2018). Among the seed
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invigouration treatments, the treatments having higher post-harvest Zn content
registered lower B content. This might be due to the antagonistic effect of Zn on B.
The result is in agreement with the findings of Mullah ez al. (2015) and Hosseini et
al. (2007) who observed that higher Zn availability in soil decreased the B

availability in soil.

The present study revealed the importance of seed invigouration of
micronutrients viz, Zn and B in the production of grain cowpea. Seed invigouration
with zinc and boron had significant effect in enhancing seed germination, seedling
vigour, nodulation, growth and yield attributes and seed yield of grain cowpea.
Considering the seed yield and economics, seed priming with 0.05 percent ZnSOs4
for 4h along with recommended dose of manures and fertilizers could be
recommended for better plant establishment and enhanced production and

productivity of grain cowpea.
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6. SUMMARY

The research work entitled “*Seed invigouration for yield enhancement in
grain cowpea (Vigna unguiculata 1..Walp)” was conducted with an objective to
evaluate the effect of seed invigouration with zinc sulphate and borax on grain
cowpea and to assess its effect along with 7richoderma viride on the growth and
yield of the crop. The research work comprised of two experiments, a pot culture
experiment and a field experiment. The experiments were carried out during Rabi
season 2018 at Coconut Research Station, Balaramapuram. Salient findings of the

experiments were summarised below.

Pot culture experiment was laid out in completely randomized block design
with thirteen treatments in three replications. The treatments comprised of six
pelleting treatments viz., Ti and T (seeds pelleting with ZnSO4 100 and 200 mg
kg seed), T3 andTy (seeds pelleting with borax 50 and 100 mg kg seed) , Tsand
Tes (ZnSO4 100 mg + borax 50 mg kg seed and ZnSO4 200 mg + borax 100 mg
kg' seed) and six priming treatments viz., T7 and Ts (seed priming with ZnSOq4
0.025 and 0.05 percent for 4h) , Ts and Tio (seed priming with borax 0.01 percent
-and 0.02 percent for 4 h), T;; and Ti> (seed priming with ZnSO4 0.025 + borax
0.01percent for 4 h and ZnSO4 0.05 + borax 0.02 percent for 4 h) and a control
(T13).

Seed pelleting with borax 50 and 100 mg kg™ seed and seed priming with
ZnS04 0.025 and 0.05 percent recorded higher GP, MDG, SG, GI, GRI, CRG, SVI
I 'and SVIII and lesser MGT and Tso. Hence, seed pelleting with borax 50 and 100
mg kg seed and seed priming with ZnSO; 0.025 and 0.05 percent which showed
fast, uniform synchronous emergence with high vigour index were selected as the

two best seed pelleting and priming treatments for field experimentation.

The field experiment was laid out in randomized block design with nine
treatments in three replications. The treatments comprised of T -seed pelleting with
borax 50 mg kg™ seed, T> -seed pelleting with borax 100 mg kg seed, T3 -seed
priming with ZnSOy4 0.025 percent for 4 h, Ts -seed priming with ZnSO4 0.05

Y\
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percent for 4 h, Ts-T1 + Trichoderma viride seed treatment 10 g kg™ seed, Ts -T2 +
Trichoderma viride seed treatment 10 g kg™ seed,T7 -T3 + Trichoderma viride seed
treatment10 g kg™ seed,Ts -Ts + Trichoderma viride seed treatment 10 g kg'' seed

and Ty -control.

Seed invigouration treatments had significant effect on growth parameters
viz., number of branches per plant, number of green leaves per plant and DMP at
30 DAS, 60 DAS and at harvest. However, plant height was not significantly
influenced by seed invigouration treatments. Seed priming with ZnSO4 0.05
percent for 4 h alone (T4) or seed priming with ZnSO4 0.05 percent for 4 h
+Trichoderma viride seed treatment 10 g kg™ seed (T7) recorded significantly
higher number of branches and green leaves per plant at 30 DAS and 60 DAS. At
30 DAS and harvest, the treatment T4 recorded the highest DMP, however at 60
DAS, the highest DMP was observed in T; (seeds pelleted with borax 50 mg kg!

seed).

Seed invigouration treatments recorded significantly higher LAI at 30 DAS
and 60 DAS compared to control. Among the treatments, at 30 DAS, seed priming
with ZnSO4 0.05 percent for 4 h (Ts) recorded the highest LAI (4.36) and at 60
DAS, seed priming with ZnSOj 0.025 percent for 4 h (T3) recorded the highest LAI
(5.99).

Compared to control, seed invigouration treatments recorded higher CGR
and RGR from 30 DAS to 60 DAS and from 60 DAS to harvest. From 30 DAS to
60 DAS, the highest RGR (45.22 mg g’ day™') and CGR (11.463 g day') were

recorded in Ty (seed pelleting with borax 50 mg kg™ seed), however from 60 DAS

to harvest stage, T4 (seed priming with ZnSO4 0.05 percent for 4 h) recorded the
highest RGR ( 25.82 mg g day”') and CGR (17.369 g"' day™).

Among the treatments, seed priming with ZnSO4 0.05 percent for 4 h (T4)
recorded the highest total chlorophyll content (5.113 mg g') at 30 DAS and seed
priming with ZnSO4 0.025 percent for 4 h (T3) recorded the highest total
chlorophyll content (4.956 mg g'') at 60 DAS.

1y
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Nodule parameters were also significantly influenced by seed invigouration
treatments. The treatment, T; (seed pelleting with borax 50 mg kg'' seed) and T>
(seed pelleting with borax 100 mg kg™’ seed) recorded the highest total number of
nodules per plant whereas the treatment T2 recorded the highest number of effective
nodules per plant. However, the treatment Ts (seed priming with ZnSO4 0.05
percent for 4 h) recorded the highest nodule fresh weight (0.60 g) and dry weight
(0.09 g) per plant.

Seed invigouration treatments, significantly influenced pods per plant, pod
length, pod girth and pod weight, while days to 50 percent flowering, seeds per pod
and 100 seed weight were not significantly influenced by seed invigouration.
Among the treatments, T4 (seed priming with ZnSO4 0.05 percent for 4 h) recorded
the highest values for pods per plant, pod length, pod girth and pod weight per plant.

Seed invigouration treatments recorded significantly higher seed yield than
the control. Among the seed invigouration treatments, the treatments with
Trichoderma viride seed treatment 10 kg seed™' registered lesser yield (Ts, Ts, T7
and Tg) than the treatments without Trichoderma viride seed treatment (T, T2, T3
and T4). The treatment T4 (seed priming with ZnSOj4 0.05 percent for 4 h) recorded
the highest seed yield plant™ and seed yield ha' (1446 kg ha') and was on par with
Ty and T> (seed pelleted with borax 50 and 100 mg kg™ seed), T3 (seed priming
with ZnSO4 0.025 percent for 4h) and Te (T2 + Trichoderma viride seed treatment
10g kg™ seed). Haulm yield per plant, haulm yield ha™' and harvest index followed

the same trend as that of seed yield per plant and seed yield per hectare.

Among the treatments, seed priming with ZnSO4 0.05 percent for 4h (Ts)
recorded the highest crude protein content of seed (27.11percent) and the control

(Ty) recorded the lowest crude protein content.

In general, seed invigouration treatments recorded lower incidence of
anthracnose than the control and the lowest disease incidence (20.7 percent) of

anthracnose was recorded in T4 (seed priming with ZnSO4 0.05 percent for 4h).
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Seed invigouration treatments significantly influenced the N, P, K, Zn and
B uptake by crop. Among the treatments, the treatment T4 (seed priming with
ZnSO4 0.05 percent for 4 h) fecorded the highest total N, P and K uptake, The
highest Zn uptake was observed in Ts (seed priming with ZnSO4 0.05 percent for
4h + Trichoderma viride 10 g kg'' seed) and B uptake in T> (seed pelleting with
borax 100 mg kg™ seed).

Seed invigouration treatments also had significant effect on post-harvest
organic carbon and available N, P, K, Zn and B content of soil. Among the
treatments, seed priming with ZnSO4 0.05 percent for 4h (T4) recorded the highest
soil organic carbon content (1.018 percent) and soil available N (376.61 kg ha™).
The highest soil available P was registered in T (seed pelleted with borax 100 mg
kg™ soil) and available K in T7 (seeds primed in ZnSOy4 0.025 percent for 4 h +
Trichoderma viride seed treatmentl0 g kg' seed). The treatment Ts (T4 +
Trichoderma viride 10 g kg seed) recorded the highest soil available Zn and T>
recorded the highest soil available B.

Net income and B: C ratio were also significantly influenced by seed
invigouration treatments. Among the treatments, T4 (seed priming with ZnSO4 0.05
percent for 4h) recofded higher net income. The B: C ratio was also the highest in
Ta, but it was statistically on par with T, (seed pelleted with borax 50 mg kg' seed),
T> (seed pelleted with 100 mg kg' seed), Ts (seed priming with ZnSO4 0.025
percent for 4 h) and T ( seed pelleted with 100 mg kg™ seed + Trichoderma viride
seed treatment 10 g kg seed).

Considering the growth attributes, physiological parameters, yield
attributes, disease incidence, nutrient uptake, seed yield and economics, T4 (seed
priming with ZnSO4 0.05 percent for 4h) can be recommended for better crop

establishment and higher seed yield in grain cowpea.
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Future line of work
»  For the confirmation of results, the experiment has to be repeated for

one or more seasons and also with different varieties.

»  Seed pelleting and priming with zinc sulphate and borax followed by
Trichoderma viride seed treatment recorded lesser seed yield and hence
a detailed study can be taken up to find out the antagonistic/ synergistic

effect of Trichoderma viride with Zn and B.

»  Study can also be taken up to find out the production of siderophore by
the Trichoderma viride and its effect on Fe, Zn and B uptake by grain

cowpea.




References



125

REFERENCES

ASSOCHAM (Associated Chémbers of Commerse and Industry of India). 2012.
Study paper on emerging pulses scenario in 2015 productivity, awareness
and affordability to drive pulses economy in India. The Associated
chambers of commerce and industry of India, New Delhi, India, pp.1-8.

Abdul-Baki, A. A. and Anderson, J. D. 1973. Vigour determination in soybean seed
by multiple criteria. Crop Sci. 13 (6): 630-633.

Abdulrahmani, B., Ghassemi-Golezani, K., Valizadeh, M., and Feisiasl, V. 2007.
Seed priming and establishment of barley (Hordeum vulgare L.). J.
Food Agric. Environ. 5:179-184.

Aboutalebian, M. A., Ekbatani, G. Z., and Sepehri, A. 2012. Effects of on-farm
seed priming with zinc sulphate and urea solutions on emergence properties,
yield and yield components of three rainfed wheat cultivars. Ann. Biol. Res.
3 (10): 4790-4796.

Adhikary, P., Giri, S., Hansda, A., Saren, S., and Tudu, B. 2018. Effect of boron on
growth and yield of lentil in alluvial soil. Int. J. Pure. Appl. Biosci.
6(5):1171-1175

Afzal, 1., Noor, M. A., Bakhtavar, M. A., Ahmad, A., and Haq, Z. 2015.
Improvement of spring maize performance through physical and
physiological seed enhancements. Seed Sci. Technol. 43 (2): 238-249.

Afzal, S., Akbar, N., Ahmad, Z., Magsood, Q., Igbal, M. A., and Aslam, M. R.
2013. Role of seed priming with zinc in improving the hybrid maize (Zea
mays L.) yield. Am. Eur. J. Agric. Environ. Sci. 13 (3): 301-306.

Ajouri, A., Asgedom, H., and Becker, M. 2004. Seed priming enhances germination
and seedling growth of barley under conditions of P and Zn deficiency. J.
Plant Nutr. Soil Sci. 167 (5): 630-636.

Akay, A. 2011. Effect of zinc fertilizer applications on yield and element contents
of some registered chickpeas varieties. Afr. J. Biotechnol. 10 (60): 12890-
12896.

®)
s



126

Akshata, S. P. 2013. Effect of nutrients on physiology, yield and yield components
and disease incidence in black gram (Vigna mungo (L.) Hepper) M.Sc. (Ag)
thesis, University of Agricultural Sciences, Dharwad, 59p.

Ali, M., Ullah, Z., Mian, I. A., Khan, N., Adnan, M., and Saeed, M. 2016. Response
of maize to nitrogen levels and seed pniming. Pure. Appl. Biol. 5(3): 578-
587.

Ali, N., Farooq, M., Hassan, M. A., Arshad, M. S., Saleem, M. K., and Faran, M.
2018. Micronutrient seed priming improves stand establishment, grain yield
and biofortification of bread wheat. Crop Pasture Sci. 69 (5): 479-487.

Amanullah, H., Rahman, Z., and Shah, P. 2008. Plant density and nitrogen effects
on growth dynamics and light interception of maize. Arch. Agro. Soil Sci.
54:401-411.

Amanullah, M. M., Sathvamoorthi, K., Vaiyapuri, K., Alagesan, A., and
Pazhanivelan, S. 2007. Influence of organic manures on the nutrient uptake
and soil fertility of cassava (Manihot esculenta Crantz.) intercropping
systems. Int. J. Agric. Res. 2: 136-144.

Amin, M., Teshele, J., and Tesfay, A. 2014. Evaluation of bioagents seed treatment
against Colletotrichum lindemuthianum in haricot bean anthracnose under
field condition. Plant Sci. 2(1): 22-26.

Amjad, M., M. A. Anjum and N. Akhtar, 2004. Influence of phosphorus and
potassium supply to the mother plant on seed yield, quality and vigour in
pea (Pisum sativum L.). Asian J. Plant Sci. 3 (1): 108-113.

Andoh, H. and Kobata, T. 2002. Effect of seed hardening on the seedling emergence
and alpha-amylase activity in the grains of wheat and rice sown in dry soil.
Jpn. J. Crop Sci. 71: 220-225.

Angamuthu, K. 1991. Studies on seed pelleting, physiological maturity, sowing
quality and storage in small millets. M.Sc. (Ag) thesis, Tamil Nadu
Agricultural University, Coimbatore, 102p.

Arun, M. N., Bhanuprakash, K., Hebbar, S. S., and Senthivel, T. 2017. Effects of
seed priming on biochemical parameters and seed germination in cowpea

[Vigna unguiculata (L.) Walp]. Legume Res. Int. J. 40 (3: 562-570

[ul



127

Aslam, M. 1., Mahmood, H., Qureshu, R. H., Nawaz, S., and Akhtar. 2002. Salinity
tolerance of rice as affected by boron nutrition. Pak. J. Soil Sci. 21: 110-
118, |

Auld, D. S. 2001. Zinc coordination sphere in biochemical zinc sites. Biometals 14:
271-313.

Badiri, A., Mirshekari, B., Hadavi, E., and Hamidi, A. 2014. Effect of seeds priming
with micronutrients on growth, seed yield and mucilage of plantain. /nt. J.
Plant Anim. Environ. Sci. 4: 335-42

Balai, K., Sharma, Y., Jajoria, M., Deewan, P., and Verma, R. 2017. Effect of
phosphorus and zinc on growth, yield and economics of chickpea (Cicer
arietinum 1.). Int. J. Curr. Microbiol. Appl. Sci. 6(3): 1174-1181.

Balamurugan, P., Balasubramani, V., and Sundaralingam, K. 2003. Nutrient
coating and foliar application on seed yield and quality in sesame. ICAR
Short course on seed hardening and pelleting technologies for
rainfed/garden land ecosystems, May 27-June 5, Tamil Nadu Agricultural.
University. Coimbatore, India.

Balashouri, P. 1995. Effect of zinc on germination, growth and pigment content and
phytomass of Vigna radiata and Sorghum bicolor. J. Ecobiol. 7: 109-114.

Balusamy, M., Ravichandran, V. K., and Balasubramanian, N. 1996. Effect of zinc,
boron and FYM on growth and yield of soybean. Madras Agric. J. 83 (3):
134-136.

Basra, S. M. A., Farooq, M., Tabassam, R., and Ahmad, N. 2005. Physiological and
biochemical aspects of pre-sowing seed treatments in fine rice (Oryza sativa
L.). Seed Sci. Technol. 33 (3): 623-628.

Batool, A., Ziaf, K., and Amjad, M. 2015. Effect of halo-priming on germination
and vigour index of cabbage (Brassica oleracea var. capitata). J. Environ.
Agric. Sci. 2 (7):1-8

Baybordi, A. 2006. Effect of Fe, Mn, Zinc and Cu on the quality and quantity of
wheat under salinity stress. J. Water Soil Sci. 17: 140-150.



128

Begum, N., Gul, H., Muhammad, H., Rahman, I, U., and Liaz, F. 2014. Influence
of seed priming with ZnSO4 and CuSOs on germination and seedling growth
of Brassica rapa under NaCl stress. Middle-East J. Sci. Res. 22 (6): 879-
885.

Bench, A. R., Fenner, M., and Edwards, P. 1991. Changes in germinability, ABA
content and ABA embryonic sensitivity in developing seeds of Sorghum
bicolor (L.) Moench induced by water stress during grain filling. New
Phytol. 118: 339-347.

Bolanos, L., Cebrian, A., Redonto-Nieto, N., Rivilla, R., and Bonilla, 1. 2001.
Lectin like glycoprotein PSNLEC-1 is not correctly glycosylated and
targeted in boron deficient pea nodules. Mol. Plant Microbe Interaction 14:
663-670.

Bolanos, L., Esteban, E., De Lorenzo, C., Fernandez-Pascual, M., de Felipe, M. R.,
Garate, A., and Bonilla, I. 1994. Essentiality of boron for symbiotic
dinitrogen fixation in pea (Pisum sativum) rhizobium nodules. Plant
Physiol. 104: 85-90.

Bouyoucous, C. J. 1962. Hydrometer method improved for making particle size

analysis of soil. J. Agron. 54: 464-465.

Brady, N. C. and Weil, R. R. 2002. The Nature and Properties of Soils, Upper
Saddle River. Prentice Hall, New Jersey, 960p.

Brown, P. H., Bellaloui, N., Wimmer, M. A., Bassil, E. S_, Ruiz, J., Hu, H., Pfeffer,
H., Dannel, F., and Rémheld, V. 2002. Boron in plant biology. Plant Biol. 4
(2): 205-223.

Cai, J., Zheng, P., and Mahmood, Q. 2008. Effect of sulfide to nitrate ratios on the
simultaneous anaerobic sulfide and nitrate removal. Bioresource
Technol. 99 (13): 5520-5527.

Cakmak, L. 2000. Possible roles of zinc in protecting plant cells from damage by
reactive oxygen species. New Phytologist 146 (2): 185-205.

Cakmak, 1. 2008. Enrichment of cereal grains with zinc: Agronomic or genetic

biofortification. Plant Soil 302: 1-17.

lia

"
&



129

Calhor, M. 2006. Effect of nitrogen and zinc on yield of durum wheat in
Khoramabad Region. Int. J. Agric. Crop Sci. 5:1-5.

Chagas, L. F. B., Decastro, H. G., Colonia, B. S. O., Filho, M. R. D., Millcr, L.D.,
and Chagas, A. F. J. 2016. Efficiency of Trichoderma sp. as a growth
promoters of cowpea (Vigna unguiculata) and analysis of phosphate
solubilisation and indole acetic acid synthesis. Braz. J. Bot. Doi:
10.1007/540415-015-02476-6.

Chatterjee, R. and Bandyopadhyay, S. 2017. Effect of boron, molybdenum and
biofertilizers on growth and yield of cowpea (Vigna unguiculata L. Walp.)
in acid soil of eastern Himalayan region. J. Saudi Soc. Agric. Sci. 11: 26-31.

Chaubey, A. L., Kaushik, M. K., and Singh, S. B. 1999. Response of lentil to
phosphorus and zinc sulphate applicaticn. Crop Res. 17 (9): 309-312.

Chauhan, S., Titov, A., and Tomar, D. S. 2013. Effect of potassium sulphate and
zinc on growth, yield and oil content in soybean (Glycine max L.) in
Vertisols of central India. Indian J. Appl. Res. 3 (6): 489-491.

Chavan, A. S., Khafi, M. R., Raj, A. D., and Parmar, R. M. 2012. Effect of
potassium and zinc on yield, protein content and uptake of micronutrients
on cowpea (Vigna unguiculata (L.) Walp. Agric. Sci. Digest 32: 175-177.

Chen, K. and Arora, R. 2013. Priming memory invokes seed stress
tolerance. Environ. Exp. Bot. 94: 33-45.

Cheng, C. and Rerkasem, B. 1993. Effects of boron on pollen viability in wheat.

Plant Soil 155: 313-315.

Chomontowski, C., Wzorek, H., and Podlaski, S. 2019. Impact of sugar beet seed
priming on seed quality and performance under diversified environmertal
conditions of germination, emergence and growth. J. Plant Growth Reg.
https://doi.org/10.1007/s00344-019-09973-2

Cochran, W. G. and Cox, G. M. 1965. Experimental Designs. John Willey and Sons
Inc., New York, 182p.

Czabator, F. J. 1962. Germination value: An index combining speed and

completeness of pine seed germination. Forest Sci. 8(4): 386-396.

] T1%



130

Das, S., Pareek, N., Raverkar, K. P., Chandra, R., and Kaustav, A. 2012.
Effectiveness of micronutrient application and Rhizobium inoculation on
growth and yield of Chickpea. Int. J. Agric. Environ. Biotechnol. 5 (4): 445-
452.

Debnath, P. and Ghosh, S. K. 2011 Determination of critical limit of available boron
for rice in terai zone soils of West Bengal J. Indian Soc. Soil Sci. 59: 82-86.

Debnath, P., Pattanaaik, S. K., Sah, D., Chandra, G., and Pandey, A. K. 2018. Effect

of boron and zinc fertilization on growth and yield of cowpea (Vigna

unguiculata Walp.) in Inceptisols of Arunachal Pradesh. J. Indian Soc. Soil-

Sci. 66(2): 229-234.
Dell, B. L. and Huang, L. 1997. Physiological response of plants to low boron.
Plant Soil 193: 103-120.

Deshpande, V. K., Manjunath, S. N., Masuthi, D., and Vyakaranal, B. S. 2009.
Effect of seed tapes and pre-sowing seed pelleting on seedling performance
in nursery and field peprica chilli. Karnataka J. Agric. 22 (4): 762-764.

Desta, Y., Habtegebrial, K., and Weldu, Y. 2015. Inoculation, phosphorous and
zinc fertilization effects on nodulation, yield and nutrient uptake of Faba
bean (Vicia faba L.) grown on Calcaric cambisol of semiarid Ethiopia. J.
Soil Sci. Environ. Manag. 6 (1): 9-15.

Devi, K. C., 2013. Studies on the influence of seed pelleting on crop performance,

seed yield and quality in French bean (Phaseolus vulgaris L.) cv. Arka anoop,
Ph. D, thesis, University of Agricultural Sciences, GKVK, Bangalore.

Devi, N., Sarmah, M., Khatun, B., and Maji, T. K. 2017. Encapsulation of active
ingredients in polysaccharide-protein complex coacervates. Adv. Colloid
Interface Sci. 239: 136-145.

Dimpka C. O., Merten, D., Svatos, A., Buchel, G., and Kothe, E. 2009. Metal
induced oxidative stress impacting plant growth in contaminated soil is
alleviated by microbial siderophores. Soil Biol. Biochem. 41: 154-162.

Donald, C. M. and Hamblin, J. 1976. Biological yield and harvest index of cereals
as agronomic and plant breeding criteria. Adv. Agron. 28: 361-405.



131

Dordas, C. and Brown, P. H. 2005. Boron deficiency affects cell viability, phenolic
leakage and oxidative burst in rose cell cultures. Plant Soil 268 (1): 293-
501.

Esechie,H. 1994. Interaction of salinity and temperature on the growth of sorghum.
J. Agron. Crop Sci. 172: 194-199.

Evans, G. C. 1972. The Quantitative Analysis of Growth. Oxford: Blackwell
Scientific Publications, 295p.

Evans, P. and Halliwell, B. 2001. Micronutrients; oxidant/antioxidant status. Br. J.
Nutr. 85: 567-574.

Fageria, N. K. 1992. Maximizing Crop Yields. Marcel Dekker, Inc., 274p.

Fageria, N K., Baligar, V.C., and Clark, R.B. 2006. Physiology of Crop Production,
(2" Ed). Food Products Press, Binhamaton, New York, 345p.

Farooq, M., Basra, S. M. A., Ahmad, N., and Hafeez, K. 2005. Thermal hardening:
A new seed vigour enhancement tool in rice. J. Integrative Plant Biol. 47
(2): 187-193.

Faroog, M., Basra, S. M. A. and Ahmad, N. 2007. Improving the performance of
transplanted rice by seed priming. Plant Growth Reg. 51: 129-137.

Farooq, M., Basra, S. M. A., Wahid, A., Khalig, A., and Kobayashi, N. 2009. Rice
seed invigouration. In: Fouse, L. E. (ed.), Organic Farming, Pest Control
and Remediation. Springer Science, The Netherlands, pp. 137-175.

Farooq, M., Wahid, A., Siddique, K. H. M., 2012. Micronutrient application

through seed treatments: a review. J. Soi/ Sci. Plant Nutr. 12: 114-125

Gacche, V. T. 2013. Effect of pre-sowing seed treatment on seed yield and seed
quality of sesamum (Sesamum indicum L.). Ph.D thesis, MPKV, University
library Rahuri, 121p.

Ganie, M. A., Akhter, F., Bhat, M. A., and Najar, G. R. 2014. Growth yield and
quality of French bean (Phaseolus vulgaris L.) as influenced by sulphur and
boron application on inceptisols of Kashmir. Bioscan 9 (2): 513-518.

Ghassemi- Golezani, K. and Abdurrahmani. 2012. Seed priming a way for
improving grain yield and nutritional value of barley (Hordeum vulgare 1..)

under dry land conditions. Res. Crops 13 (1): 62-66.

1 s



132

Ghassemi-Golezani, K., Aliloo, A. A., Valizadeh, M., and Moghaddam, M. 2008.
Effects of different priming techniques on seed invigoration and seedling
establishment of lentil (Lens culinaris Medik). J. Food. Agric. Environ. 6
(2): 222-226.

Ghiyasi, M., Seyahjani, A. A., Tajbakhsh, M., Amirnia, R., and Salehzadeh, H.
2008. Effect of osmopriming with polyethylene glycol (8000) on
germination and seedling growth of wheat (Triticum aestivum L.) seeds
under salt stress. Res. J. Biol. Sci, 3(10): 1249-1251.

Gohil, K. O., Kumar, S., and Jat. A. L. 2017. Protein, yield and nutrient uptake of
summer green gram (Vigna radiata L. Wilizek) as influenced by seed
priming with plant geometry and nutrient management. Int. J. Agric. Sci.
49(9): 4832-4834,

Gowthami, P., Rao, G. R., Rao, K. L. N, and Lal, A. M. 2018. Effect of foliar
application of potassium, boron and zinc on quality and seed yield in
soybean. /nt. J. Chem. Stud. 6(1): 142-144.

Graham, R. D. and Webb, M. J. 1991. Micronutrients and plant disease resistance
and tolerance in plants. Micronutrients in agricultureln. Mortvedt, J., Cox,
FR., Shuman, LM., and Welch, R.M. (eds), Soil Science Society of
America, Madison, pp.329-370.

Grindlay D. J. C. 1997. Towards an explanation of crop nitrogen demand based on
the optimization of leaf nitrogen per unit leaf area. J. Agric. Sci. 128: 377-
396.

Grzebisz, W., Wronska, M., Diatta, J. B., and Szczepaniak, W. 2008. Effect of zinc
foliar application at an early stage of maize growth on patterns of nutrients
and dry matter accumulation by the canopy. Part II: Nitrogen uptake and
dry matter accumulation patterns. J. Elementol. 13: 29-309.

Hansen, W. R. 1972. Net photosynthesis and evapotranspiration of field-grown
soybean canopies. Ph.D thesis, lowa State University Library, USA, 123p.



133

Harris, D., Rashid, A., Arif, M., and Yunas, M. 2005. Alleviating micronutrient
deficiencies in alkaline soils of the Nort West Frontier Province of Pakistan:
On farm seed priming with zinc in wheat and chickpea. In: Andersen, P.,
Tuladahar, J. K., Karki, K. B., and Maskey, S. L. (eds), Micronutrients in
South and South East Asia. Proceedings of an international workshop,
Kathmandu, Nepal, pp.143-151.

Harris, D.. Rashid, A., Miraj. G., Arif, M., and Shah, H. 2007. ‘On-farm’seed
priming with zinc sulphate solution - A cost-effective way to increase the
maize yields of resource-poor farmers. Field Crops Res. 102(2): 119-127.

Harris, D., Rashid, A., Miraj, G., Arif, M., and Yunas, M. 2008. On farm seed
priming with Zn in chickpea and wheat in Pakistan. Plant Soil 306: 3-10.

Hasanuzzaman, M., Anee, T. 1., Bhuiyan, T. F., Nahar, K., and Fujita, M. 20109.
Emerging role of osmolytes in enhancing abiotic stress tolerance in rice.
Adv. Rice Res. Abiotic Stress Tolerance 2: 677-708

Hesse, P. R. 1971. 4 Textbook of Soil Chemical Analysis. William Clowes and Sons,
London, 153p.

Hisamitsu, T. O., Ryuichi, O., and Hidenobu, Y. 2001, Effect of zinc concentration
in the solution culture on the growth and content of chlorophyll, zinc and
nitrogen in corn plants (Zea mays L). J. Trop. Agric. 36 (1): 58-66.

Hosseini, S. M., Maftoun, M., Karimian, N., Ronaghi, A., and Emam, Y. 2007.
Effect of zincx boron interaction on plant growth and tissue nutrient
concentration of corn. J. Plant Nutr. 30 (5): 773-781.

Howell, C. R. 2003. Mechanism employed by 7Trichoderma species in the
biological control of plant diseases: The history and evolution of current
concepts. Plant Dis. 87: 4-10.

Hussain, M., Farooq, M., Basra, S. M., and Ahmad, N. 2006. Influence of seed
priming techniques on the seedling establishment, yield and quality of
hybrid sunflower. Int J. Agric. Biol. 8 (1): 14-18.



134

Hussain, 1., Ahmad, R., Farooq, M., and Wahid, A. 2013. Seed priming improves
the performance of poor-quality wheat seed. /nt. J. Agric. Biol. 15 (6): 1343-
1348

Hussain, M., Khan, M. A., Khan, M. B., Faroog, M., and Farooq, S. 2012. Boron

application improves the growth, yield and net economic return of rice.
Rice Sci. 19: 259-262.

Heydecker, W. and Coolbear, P. 1977. Seed treatments for improved performance
survey and attempted prognosis. Seed Sci. Technol. 3: 353-425.

ISTA (International Seed Testing Association). 1985. International rules for seed
testing. Seed Sci. Technol. 13: 299-355.

Igbal, S., Farooq, M., Cheema, S. A., and Afzal, 1. 2017. Boron seed priming
improves the seedling emergence, growth, grain yield and grain
biofortification of bread wheat. Int. J. Agric. Biol. 19(1): 177-182.

Jackson, M. L. 1973. Soil Chemical Analysis (2™ Ed.). Prentice Hall of India (Pvt)
Ltd, New Delhi, 498p.

Jensen, E. S., Peoples, M. B., Beddey, R. M., Gresshoff, P. M., Hauggaard-Nielsen,
H., Alves, B. J., and Morrison, M. J. 2012. Legumes for mitigation of
climate change and the provision of feedstock for biofuels and biorefineries-
A review. Agron. Sustain. Dev. 32(2): 329-364.

Jisha, K. C., Vijayakumari, K., and Puthur, J. T. 2013. Seed priming for abiotic
stress tolerance: An overview. Acta Physiol. Plant. 35(5): 1381-1396.

Johnson, D. L. and Albert, L. S. 1967. Effect of selected nitrogen-bases and boron
on the ribonucleic acid content, elongation, and visible deficiency
symptoms of tomato root tips. Plant Physiol. 42(9): 1307.

Johnson, S. E., Lauren, J. G., Welch, R. M.. and Duxbury, J. M. 2005. A comparison
of the effects of micronutrient seed priming and soil fertilization on the
mineral nutrition of chickpea (Cicer arietinum), lentil (Lens culinaris), rice
(Oryza sativa) and wheat (Triticum aestivum) in Nepal. Exp. Agric. 41(4):
427-448.

\ 4G



135

Jones, K. and Sanders, D. 1987. The influence of soaking pepper seed in water or
potassium salt solutions on germination at three temperatures. J. Seed
Technol. 11: 97-102.

KAU (Kerala Agricultural University) 2016. Package of Practices
Recommendations: Crops (15" Ed.). Kerala Agricultural University,
Thrissur, 392p.

Karki, K. B., Tuladhar, J. K., Uprety, R., and Maskey, S. L. 2005. Distribution of
micronutrients available to plants in different ecological regions of Nepal.
In: Andersen, P., Tuladahar, J. K., Karki, K. B., and Maskey, S. L. (eds),
Micronutrients in South and South East Asia. Proceedings of an
international workshop, Kathmandu, Nepal, pp.143-151.

Kavitha, S. 2002. Seed hardening and pelleting for maximizing the productivity of
blackgram (Vigna mungo L. Hepper) Cv. Vamban 3 under rainfed
conditions. M.Sc. (Ag) thesis, Tamil Nadu Agricultural University,
Coimbatore, 121p.

Kaya, M., Atak, M., Khawar, K. M., Ciftci, C. Y., and Ozcan, S. 2007. Effect of
pre-sowing seed treatment with zinc and foliar spray of humic acids on yield
of common bean (Phaseolus vulgaris L.) Int. J. Agric. Biol. 7: 875-878.

Khan, M. B., Farooq, M., Hussain, M., and Shabir, G. 2010. Foliar application of
micronutrients improves the wheat yield and net economic return. Int. J.
Agric. Biol. 12: 953-956.

Khattak, A. B., Khattak, G. S. S., Mahmood, Z., Bibi, N., and Thsanullah, 1. 2006.
Study of selected quality and agronomic characteristics and their
interrelationship in Kabuli-type chickpea genotypes (Cicer arietinum L.).
Int. J. Food Sci. Technol. 2: 1-5.

Khorgamy, A. and Farina A. 2009. Effect of phosphorus and zinc fertilization on
yield and yield components of chick pea cultivars. Afr. Crop Sci. Conf. Proc.
9: 205-208.

Kryvoruchko, I. 2017. Zn-use efficiency for optimization of symbiotic nitrogen
fixation in chickpea (Cicer arietinum L.). Turkish J. Bot. 41 (5): 423-441.



136

Kumar, R., Kumar, S. S., and Pandey, A. C. 2008. Effect of seed soaking in
nitrogen, phosphorus, potassium and boron on growth and yield of garden
pea (Pisum sativum L.). Ecol. Environ. Conserv. 14: 383-386.

Kuniya, N., Chaudhary, N., and Patel, S. 2018. Effect of sulphur and zinc
application on growth, yield attributes, yield and quality of summer
clusterbean [Cyamopsis tetragonoloba (L.)] in light textured soil. ZJCS. 6
(1): 1529-1532.

Kurdali, F., Al-Ain, F., and Al-Shamma, M. 20062. Nodulation, dry matter
production, and N2 fixation by fababean and chickpea as affected by soil
moisture and potassium fertilizer. J. Plant. Nutr. 25 (2): 355-368.

Kushwaha, A., Khan, A. H., Yadav, R. K., Nehal, N., and Sharma, N. 2018. Role
of seed priming on biochemical changes and NPK uptake of rice (Oryza
sativa L.). J. Pharmacognosy Phytochem. 2: 1-4.

Latef, A. A. H., Abu Alhmad, M. F., Abdelfattah, K. E. 2017. The possible roles
of priming with ZnO nanoparticles in mitigation of salinity stress in Lupine
(Lupinus termis) plants. J. Plant Growth Reg. 36: 60-70.

Lakshmi, E. J.. Rameshbabu P. V., Reddy, G. P., Umamaheswari, P., and Reddy,
A. P. K. 2017. Effect of foliar application of secondary nutrients and zinc
on growth and yield of black gram. Int. J.Chem. Studi. 5 (6):944-947.

Lhungdim, J., Chongtham, S. K., Koireng, R. J., and Neupane, M. P. 2014. Seed
invigoration and yield of lentil (Lens culinaris Medikus) through seed
priming under different seeding rates. Environ. Ecol. 32 (2): 527-531.

Lindsay, W. L. and Norvell, W. A. 1978. Development of DTPA soil test for zinc,
iron, manganese and copper. Soil Soc. Am. J. 42: 421-428.

Lorenz, T. H. 1994. Application of fertilizer cations affect Cd and Zn concentration
in soil and plant uptake. Eur. J. Soil Sci. 45: 159- 164.

Lynch, J. M. and Whips, J. M. 1990. Substrate flow in the rhizosphere. Plant Soil
129: 1-10.

Mahilane, C. and Singh, V. 2018. Effect of zinc and molybdenum on growth, yield
attributes, yield and protein in grain on summer blackgram (Vigna mungo

L.). Int. J. Curr. Microbiol. Appl. Sci. 7 (1): 1156-1162.



137

Mahmood, A., Kanwal H., Kausar A., llyas A., Akhter N., Ilyas M., Niza Z., and
Khalid H. 2019 Seed priming with zinc modulate growth, pigments and
yield of chickpea (Cicer arietinum L.) under water deficit conditions. Appl.
Ecol. Environ. Res. 17 (1): 147-160

Mali, G. C., Sharma, N. N., Acharya, H. K., Gupta, S. K., and Gupta, P. K. 2003.
Response of pigeon pea to S and Zn fertilization on Vertisols in South
eastern plain of Rajasthan. Proceedings of National symposium on Arid
Legumes for Food Nutrition Security and Promotion Trade, 15-16 May
2002, Hissar, pp.267-271.

Malik, K., Kumar, S., and Arya, K. P. S., 2015 Effect of Zn, Mo and urea on growth
and yield of mung bean (Vigna radiate L. Wilczek). Adv. Res. J. Crop
Improv. 6(1):58-62.

Malla, R. M., Padmaa, B., Malathi, S., and Jalapathi, R. L. 2007. Effects of
micronutrients on growth and yield of pigeon pea. J. Semi-Arid Trop. Agric.
Res. 5: 1-3.

Marschner, H. 1995. Mineral Nutrition of Higher Plants. Academic Press, San

Diego, USA, pp. 379-396.

Marschner, H. 2012. Mineral Nutrition of Higher Plants. Academic Press Limited
Harcourt Brace and Company, Publishers, London, pp. 347-364.

Marschner, H. J. and Cakmak. 1989. High light intensity enhances chlorosis and
necrosis in leaves of zinc, potassium and magnesium deficient. bean
(Phaseolus vulgaris) plants. J. Plant Physiol. 134: 924-934.

Marsh D. B. and Waters L. J. 1985. Nodulation and N fixation in cowpea as
influenced by zinc nutrition. J. Am. Soc. Horti. Sci. 110: 9-11.

Masuthi, D. A. 2005. Effect of phosphorus, zinc and boron on fruit set, seed yield
and quality of vegetable cowpea (Vigna anguiculata L.). M.Sc.(Ag) thesis,
University of Agricultural Sciences, Dharwad, Karnataka, 108p.

Masuthi, D. A., Vyakaranahal, B. S., and Deshpande, V. K. 2009. Influence of
pelleting with micronutrients and botanical on growth, seed yield and

quality of vegetable cowpea. Karnataka J. Agric. Sci. 22: 898-900.

—



138

Masuthi, D., Vyakarnal, B. S., Deshpande, V. K., Kumar, H., Chandravati, H. B.,
and Gangashetty, P. I. 2011. Influence of seed pelleting with micronutrients
and botanical seed quality of vegetable cowpea. Natl. Seed Cong. Pune 2:
172-175.

Mayee, C. D. and Datar, V. V. 1986. Phytopathometry. Marathwada Agricultural

University, Parbhani, MS, India, 146p.

McDonald, M. B. 2000. Seed priming. In: Black, M. and Bewley, J. D. (eds), Seed
Technology and its Biological Basis. Sheffield Academic Press, Sheffield,
England, UK, pp. 287-325.

Meena, D., Bhushan, C., Shukla, A., Chaudhary, S., and Sirazuddin. 2017. Effect
of foliar application of nutrients on nodulation, yield attributes, yield and
quality parameters of urd bean ( Vigna munngo (L.) Hepper). Bioscan 12(1):
411-414.

Melero, S., Madejon, E., Ruiz, J. C., and Herencia, J. F. 2007. Chemical and
biochemical properties of a clay soil under dryland agriculture system as
affected by organic fertilization. Eur. J. Agron. 26(3): 327-334.

Miraj, G., Shah, H. U., and Arif, M. 2013. Priming maize (Zea mays) seed with
phosphate solutions improves seedling growth and yield. J. Anim. Plant
Sci. 23: 893-899.

Misra, S. K., Upadhyay, R. M., and Tiwari, V. N. 2002 Effects of salt and zinc on
nodultation, leghaemoglobin and nitrogen content of rabi legumes. Indian
J. Pulses Res. 15: 145-148.

Moeinian, M. R., Zargari, K., and Hasanpour, J. 2011. Effect of boron foliar

spraying application on quality characteristics and growth parameters of
wheat grain under drought stress. Am. Eur. J. Agric. Environ. Sci. 1: 593-
599.

Mohsin, A. U., Ahmad, A. U. H., Farooq, M., and Ullah, S. 2014. Influence of zinc
application through seed treatment and foliar spray on growth, productivity
and grain quality of hybrid maize. J. Anim. Plant Sci. 24 (5): 1494-1503.



139

Mondal, M., Rahman, M. A., Akter, M. B., and Fakir, M. S. A. 2011 Effect of
foliar application of nitrogen and micronutrients on growth and yield in
mung bean. Legume Res. 34 (3): 166-171.

Mukherjee, S. and Pramanik, K. 2017. Growth and yield of aerobic rice cultivars
under irrigation regimes and seed priming during summer season in lateritic
soil of West Bengal. Int. J. Bioresour. Environ. Agric. Sci. 3 (4): 611-618.

Mullah, M. Z., Sultana, S., Rahman, M. A., Fardous, Z., Islam, M. N., Choudhary,
T. R. 2015. Effect of Zn fertilizer on soil status after rice cultivation. Int. J.
Soil Sci. Agron. 2: 67-73.

Munawar, M., lkram, M., Igbal, M., Raza, M. M., Habib, S., Hammad, G.,
Najeebullah, M., Saleem, M., and Ashraf, R. 2013. Effect of seed priming
with zinc, boron and manganese on seedling health in carrot (Daucus carota
L.). Int. J. Agric. Crop Sci. 5 (22): 2697.

Munir, T., Rizwan, M., Kashif, M., Shahzad, A., Ali, S., Amin, N., Zahid, R., Alam,
M. F. E., and Imran, M. 2018. Effect of zinc oxide nanoparticles on the
growth and Zn uptake in wheat (Triticum aestivum L.) By seed priming
method. Digest J. Nanomater. Biostruct. 13 (1): 315-323

Nandwall, A. S., Dabas, S., Bharti, S., and Yadav, B. D. 1990. Zinc effect on
nitrogen fixation and cluster bean yield. Ann. Arid Zone 29 (2): 99-103.

Nargis, S. 1995. Influence of pelleting, magnetic treatment and radiation on the

performance of differently aged seeds in tomato (Lycopersicon esculentum
Mill). cv. PKM-1. M.Sc. (Ag) thesis, Tamil Nadu Agricultural University,
Coimbatore, 124p.

Naruka. I. S., Gujar. K. D., and Lal, G. 2000. Effect of foliar application of zinc
and molybedenum on growth and yield of okra [Ablemoschus esculentus
(L.) Moench cv. pusa sawani. Haryana] Hort. Sci. 29 (3&4): 266-267.

Noman, A., Ali, Q., Magsood, J., Igbal, N., Javed, M. T., Rasool, N., and Naseem,
J. 2017. Deciphering physio-biochemical, yield, and nutritional quality
attributes of water-stressed radish (Raphanus sativus L.) plants grown from

Zn-Lys primed seeds. Chemosphere, 195: 175-189.



140

Noor, S. S. and Hossain, M. A. 2007. Effects of boron and molybdenum on the
yield of chick pea. J. Agric. Rural Dev. 5 (1&2): 17-24.

Orchard, T. 1977. Estimating the pafameters of plant seedling emergence. Seed Sci.
Technol. 5: 61-69

Ozturk, L., Yazici, M. A., Yucel, C., Torun, A., Cekic, C., Bagci, A., Ozkan, H.,
Braun, H. J., Sayers, Z., and Cakmak, 1. 2006. Concentration and
localization of zinc during seed development and germination in wheat.
Physiol. Plant 128: 144-152.

Pan, S. and Das, A. 2011. Control of cowpea (Vigna sinensis) root and collar rot
(Rhizoctonia solani) with some organic formulations of Trichoderma
harzianum under field condition. J. Plant Prot. Sci. 3 (2): 20-25.

Pandey, N., Pathak, G. C., and Sharma, C. P. 2006. Zinc is critically required for
pollen function and fertilization in lentil. J. Trace Elements Med. Biol. 20:
89-96.

Pandey, N., Pathak, G. C., Singh, A. K., and Sharma, C. P. 2002. Enzymic changes
in response to zinc nutrition. Journal of Plant Physiol. 159 (10): 1151-1153.

Pandey, R. N., Gohel, N. M., and Jaisami, P. 2017. Management of wilt and root
rot of chickpea caused by Fusarium oxysporum f. sp. Cicero and
Macrophomina phaseolina through seed biopriming and soil application of
bioagents. Int. J. Curr. Microbiol. Appl. Sci. 6 (5): 2516-2522.

Parr, A. and Loughman, B. C. 1983. Boron and membrane function in plants. In:

Robb, D. A. and Pierpoint, W. S. (eds), Metals and Micronutrients, Uptake
and Utilization by Plants. Academic Press, New York, pp. 87-107.

Parry, F. A., Chattoo, M. A, Magray, M., Ganie, S. A., Dar, Z. M., and Masood,
A. 2016. Effect of different levels of sulphur and boron on growth and
nodulation of garden pea (Pisum sativum L.). Legume Res. 39 (3): 466-469.

Patra, P. K. and Bhattacharya, C. 2009. Effect of different levels of B, Mo on
growth and yield of mung bean [Vigna radiate(L) Wilczek (cv.Baisakhi
Mung)] in red and laterite one of West Bemgal. J. Crop Weed 5 (1):111-
114.



141

Peda-Babu, P., Shanti, M., Prasad, R. B., and Minhas, P. S. 2007. Effect of zinc on
rice in rice -black gram cropping system in saline soils. Andhra Agric. J. 54
(1& 2): 47-50.

Peterhalmer, 2003. Enhancing seed performance for better yield and quality. Asian

Seed Plant Mater. 10: 4-6.

Pooniya, V. and Shivay, Y. S. 2013. Enrichment of basmati rice grain and straw
with zinc and nitrogen through ferti-fortification and summer green
manuring under indo-gangetic plains of India. J. Plant Nutr. 36 (1): 91-117.

Prakash, A., Ophellia, G. A., Narayanan, S. G., Anandan, R., Bardhan, G. and
Sureshkumar, S. M. 2018. Effect of organic seed pelleting on seedling
quality, gas exchange, growth, yield and resultant seed quality parameters
of black gram. Legume Res. DOI: 10.18805/LR-3965

Prasad, T. N. V. K. V., Sudhakar, P., Sreenivasulu, Y., Latha, P., Munaswamy, V.,
Reddy, K. R., Sreeprasad, T. S., Sajanlal, P. R., and Pradeep, T. 2012. Effect
of nanoscale zinc oxide particles on the germination, growth and yield of
peanut. J. Plant Nutr. 35 (6): 905-927.

Praveena, R., Ghosh, G., and Singh, V. 2018. Effect of foliar spray of boron and
different zinc levels on the growth and yield of Kharif green gram (Vigna
radiata). Int. Curr. Microbiol. Appl. Sci. 7 (8): 1422-1428.

Purushottam, B. K., Puhup, C. S. K., Kumar, and Sodi, B., 2018. Effect of
irrigation scheduling and zinc application on chlorophyll content, zinc
content, uptake and yield of chickpea (Cicer arietinum L.). J.
Pharmacognosy Phytochem. 7 (1): 1834- 1837

Purushottam, K., Swarnalakshmi, F. R., Saabale, and A. S. Ninawe. 2014. On - farm
demonstrations of Trichoderma harzianum in pulse crops under rainfed
conditions of Bundelkhand - A case study. Int. J. Curr. Microbiol. Appl. Sci.
3(11): 471-478.

Quddus, M. A., Hossain, M. A., Naser, H. M., Naher, N., and Khatun, F. 2018.
Response of chickpea varieties to Boron application in calcareous and

terrace soils of Bangladesh. Bangladesh J. Agric. Res. 43 (4): 543-556.



142

Quddus, M. A., Naser, H. M., Hossain M. A., and Abdulhossain M. 2014 Effect of
zinc and boron on yield and yield contributing characters of lentil on low
ganges river flood plain soil at Madaripur Bangladesh. Bangladesh J. Agric.
Res. 39 (4):591-603.

Rahdari, P., Hoseini, S. M., and Movafegh, S. 2013. Alteration in metabolic process
of Glycine max. L. following Zn rate changes. Int. J. Agron. Plant Prod. 4
(3): 589-594.

Ram, S. and Katiyar, T. P. S. 2013. Effect of sulphur and zinc on the seed yield and
protein content of summer mungbean under arid climate. Int. J. Sci. Nat. 4
(3): 563-566.

Ramesh, K. and Thirumurugan, V. 2001. Effect of seed pelleting and foliar nutrition
on growth of soybean. Madras Agric. J. 88 (7&9): 465-468.

Rathod. T. H., Padvi, A. D., Patil, B. N., Jadnav, S. D., and Rathod, R. R. 2005.
Effect of seed pelleting on seed quality and dry matter production in
soybean. Ann. Pla. Physil. 19 (2): 220-223.

Rehman, A., Farooq, M., Ata Cheema, Z., Nawaz, A., and Wahid, A. 2014. Foliage
applied boron improves the panicle fertility, yield and biofortification of
fine grain aromatic rice. J. Soil Sci. Plant Nutr. 14(3): 723-733.

Rehman, A., Farooq, M., Cheema, Z. A., and Wahid, A. 2012. Role of boron in leaf
elongation and tillering dynamics in fine grain aromatic rice. J. Plant Nutr.
(in press).

Rehman, H., Bara, S. M. A., and Faroog, M. 2011. Filed appraisal of seed priming
to improve the growth, yield and quality of direct seeded rice. Turk. J. Agric.
For. Doi:10.3906/tar-1004-954.

Rehman, H., Bara, S. M. A., and Farooq, M. Ahmed N., and Afzal I. 2010. Seed
priming with CaCl improves the stand establishment, yield and quality
attributes in direct seeded rice Int. J. Agric Biol 13(5): 786-790.

Rehman, S.U., Dar, W.A., Ganie, S.A., Bhat, J.A., Mir, G.H., Lawrence, R.,
Narayana, S., and Singh, P.K. 2013. Comparative efficacy of Trichoderma
viride and Trichoderma harzianum against Fusarium oxysporum f sp.

Ciceris causing wilt of chick pea Afr. J. Microbiol.7 (50): 5731-5736.



143

Rerkasem, B. 1996. Boron and plant reproductive development. Sterility in Wheat
in Subtropical Asia: extent, causes and solutions. 72: 32-34.

Reshma, RS 2014. Efficacy and economics of weed management strategies in

aerobic rice (Oryza sativa L.). MSc. (Ag) thesis, Kerala Agricultural
University.

Rowse, H. R. 1995. Drum priming - A non-osmotic method of priming seeds. Seed
Sci. Technol. 24: 281-294.

Sadeghian, S. Y. and N. Yavari. 2004. Effect of water deficit stress on germination
and early seedling growth in sugar beet. J. Agron. Crop Sci. 190: 138-144.

Sakin, E. 2012. Organic carbon organic matter and bulk density relationships in
arid-semi arid soils in Southeast Anatolia region. Afr. J. Biotechnol. 11 (6):
1373-1377.

Salih, H. O. 2013. Effect of foliar fertilization of Fe, B and Zn on nutrient
concentration and seed protein of Cowpea (Vigna unguiculate). J. Agric.
Vet. Sci. 6 (3): 42-46.

Samreen, T., Shah, H. U., Ullah, S., and Javid, M. 2017. Zinc effect on growth rate,
chlorophyll, protein and mineral contents of hydroponically grown
mungbeans plant (Vigna radiata). Arabian J. Chem. 10: 1802-1807.

Santiago, A., Garcia-Lopez, A. M., Quintero, J. M., Avilés, M., and Delgado, A.
2011. Effect of Trichoderma asperellum strain T 34 and glucose addition
on iron nutrition in cucumber grown on calcareous soils. Soil Biol.
Biochem. 57: 598-605.

Sarker S. K., Chowdhary M. A. H., and Zakir, H. M., 2002 Sulphur and boron
fertilization on yield, quality and nutrient uptake by Bangladesh soybean- 4
J. Biol.Sci.2 (11):729-733

Sathiyanarayanan, G., Prakash, M., and Reka, M. 2015. Influence of seed hardening
cum foliar spray treatments on biometric, physiological and yield
parameters in black gram under dry land condition. Agric. Sci. Digest 35
(1): 1-6.



144

Schon, M. K., Novacky, A., and Blevins, D. G. 1990. Boron induces
hyperpolarisation of sunflower root cell membranes and increases
membrane permeability to K*. J. Plant Physiol. 93: 566-577.

Scott, J. M. 1989. Seed coatings and treatments and their effects on plant
establishments. Adv. Agron. 42: 43-83.

Segarra, G., Casanova, E., Avilés, M., and Trillas, I. 2010. Trichoderma asperellum
strain T34 controls Fusarium wilt disease in tomato plants in soilless culture
through competition for iron. Microbiol, Ecol, 59: 141-149.

Serrano, R. 1989. Structure and function of plasma membrane ATPase. Ann. Rev.

Plant Physiol. 40: 61-94.

Seth, K. and Aery, N. C. 2014. Effect of boron on the contents of chlorophyll,
carotenoid, phenol and soluble leaf protein in mung bean, Vigna radiate (L.)
Wilezek. Proc. Natl. Acad. Sci. India Section Biol. Sci. 84 (3): 713-719.

Shabaz, M. K., Ali, H., Sajjad, M., Saf-ul-Malook, Shah, S. A. N_, and Ali, Q. 2015.
Effect of seed coating with boren and zinc of Zea mays for various yield
traits. Am. Eur. J. Agric. Environ. Sci. 15 (7): 1304-1311.

Shanti, K. V., Rao, V. P, Reddy, R. M., Reddy, S. M., and Rao, P. 1997. Response
of hybrid and composite maize (Zea mays L.) to different levels of nitrogen.
Indian J. Agric. Sci. 67 (8): 326-327.

Shanti, M., Pedababu, B., Prasad, R. B., and Minhas, P. S. 2008. Effect of Zinc on
black gram in rice- blak gram cropping sysitem of coastal saline soils
Legume Res. 31 (2): 79-86.

Sharma, A., Nakul, H. T., Jelgeri, B. R., and Surwenshi, A. 2010. Effect of
micronutrients on growth, yield and yield components in pigeonpea
(Cajanus cajan L. Millsp.). Res. J. Agric. Sci. 1 (2): 142-144.

Sharma, M. and Parmar, D. K., 2018. Effect of seed priming with zinc sulfate on
yield and quality parameters of rainfed maize-pea sequence under mid hill
conditions of Himachal Pradesh. J. Pharmacognosy Phytochem.7 (1): 1401-
1407.



145

Shashibhaskar, M. S., Vasudevan, S. N., Kurdikeri, M. B., Basavaraj, N., and
Ravikumar, R. L. 2009. Influence of seed pelleting on seed performance of
tomato (Lycopersicon esculentum Merill.) cV. PKM-1. Seed Res. 37 (1 &
2): 159-16

Shinde, P., Doddagoudar, S. R., and Vasudevan, S. N. 2016. Effect of seed polymer
coating with micronutrients and foliar spray on seed quality parameters of
resultant seed in chickpea (Cicer arietinum L.). J. Appl. Nat Sci. 8 (3): 1623-
1628.

Shinde, P., Doddagoudar, S. R., and Vasudevan, S. N. 2017. Influence of seed
polymer coating with micronutrients and foliar spray on seed yield of
chickpea (Cicer arietinum L.). Legume Res. Int. J. 40 (4):132-135

Srimathi, P, Sastri, G., and Malarkodi, K. 2001. Influence of seed pelleting on crop
establishment of soybean. Proceeding of National Symbosium on Pulse and
seeds, TNAU, Coimbatore. pp.107

Shukla, U. C. and Yadav, O. P. 1982. Effect of phosphorus and zinc on nodulation
and nitrogen fixation in chickpea (Cicer arietinum L.). Plant Soil 65 (2):
239-248.

Siddiqui, M. H., Oad, F. C., Abbasi, M. K., and Gandahi, A. W. 2009. Zinc and
boron fertility to optimize physiological parameters, nutrient uptake and
seed yield of sunflower. J. Agric. 25 (1): 53-57.

Simpson, J. E., Adair, C. H., Kohler, G. O., Dawson, E. N., Debald, H. A., Kester,
E. B., and Klick, J. T. 1965. Quality evaluation studies of foreign and
domestic rice. Tech. Bull. No.1331. Services, U.S.D.A., pp.1-86.

Sims, J. T. and Johnson, G. V. 1991. Micronutrients in Agriculture. Soil Science
Society of America, Madison, USA, 50p.

Singh, A. K. and Bhati, B. P. 2013 Effect of foliar application of zinc on growth
and seed yield of late sown lentil(Lens culinaris) Indian J. Agric. Sci. 83
(6):622-626

Singh, D. and Singh, H. 2012. Effect of phosphorus and zinc nutrition on yield,
nutrient uptake and quality of chickpea. Ann. Plant Soil Res. 14 (1): 71-74.



146

Sinha. P., Jain, R., and Chatterjee, C. 2000. Interactive effect of boron and zinc on
growth and metabolism of mustard. Commun. Soil Sci. Plant Anal. 31
(1&2): 41-49. |

Slaton, N. A., Wilson, C. E., Ntamatungiro, S., Norman, R. J., and Boothe, D. L.
2001. Evaluation of zinc seed treatments for rice. Agron. J. 93: 152-157

Stevenson, F. J. and Cole, M. A.1999. Cycles of Soil: Carbon, Nitrogen,

Phosphorus, Sulfur, Micronutrients (2™ Ed.). New York: John Wiley &
Sons.

Subasinghe, S., Dayatilake, G. A., and Senaratne, R. 2003. Effect of B, Co and Mo
on nodulation, growth and yield of cowpea (Vigna unguiculata). Trop.
Agric. Res. Ext. 6: 108-112.

Subbiah, B. V. and Asija, G. L. A. 1956. A rapid procedure for the estimation of
available nitrogen in soil. Curr. Sci. 25: 259-360.

Sudha, S. and Stalin, P. 2015. Effect of zinc on yield, quality and grain zinc content
of rice genotypes. Int. J. Farm Sci. 5 (3): 17-27.

Suman, B.M. 2018. Nutrient scheduling for upiand rice intercropped in coconut

(Oryza sativa L.). MSc. (Ag) thesis, Kerala Agricultural University,
Thrissur, 154p.

Suman, N. 2002. Influence of seed pelleting on storability, crop growth, seed yield
and quality on sunflower (Hellianthus annus L.) cv. Modern. M.Sc. (Ag)
thesis, University of Agricultural Sciences, Dharwad, 114p.

Tabassum, D., Akhtar, A., and Inam, A. 2013. Effect of wastewater irrigation on
growth, physiology and yield of mustard. /nt. J. Bot. Res. 3: 27-34.

Taliee, A. and Sayadian, K. 2000. Effect of supplemental irrigation and plant
nutrient in chickpea (dry farming). J. Agron. Crop Sci, 2: 213-218.

Tariq, M. and Mott C. J. B. 2007. The significance of boron in plant nutrition and
environment - A review. J. Agron. 6: 1-10.

Thamburaj, S. 1991. Research accomplishments in tapioca at Tamil Nadu

Agricultural University. In: Gupta, A. K. (Ed.), Green Book on Tapioca.
pp-17



147

Thamke, S. S. 2017. Studies on effect of graded levels of potassium and zinc on
growth, yield, nutrient uptake and quality of pigeon pea. Ph.D. thesis,
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani, 106p.

Thomson, A. J. and El-Kassaby, Y. A. 1993. Interpretation of seed-germination
parameters. New Forests 7 (2): 123-132.

Trehan, S. P. and Sharma, R. C. 2000. Phosphorus and zinc uptake efficiency of
potato (Selanum tuberosum) in comparison to wheat (7riticum aestivum),
maize (Zea mays L.) and sunflower (Helianthus annuus L.). Indian J. Agric.
Sci. 70: 840-845.

Tripathy, S. K., Patra, A. K., and Samui, S. C. 1999. Effect of micronutrient on
nodulation, growth, yield and nutrient uptake by groundnut (4rachis
hypogaea). Indian J. Plant Physiol. 4: 207-2009.

Udvardi, M. and Poole, P. S. 2013. Transport and metabolism in legume-rhizobia

symbioses. Annu. Rev. Plant Biol. 64: 781-805.

Umesh, M. R. and Shankar M. A., 2013 Yield performance and profitability of
pigeon pea (Cajanus cajan L.) varieties under different nutrient supply
levels in dryland alfisols of Karnataka. Indian J. Dryland Agric. Res. Dev.28
(1):63-69.

Upadhyay, R. G. and Singh, A. 2016. Effect of nitrogen and zinc on nodulation,
growth and yield of cowpea (Vigna unguiculata). Legume Res. Int. J. 39 (1):
149-151

Usman, M., Tahir, M., and Majeed, M. A. 2014. Effect of zinc sulphate as soil
application and seed treatment on green gram (Vigna radiata L.). Pak. J.
Life Soc. Sci. 12 (2): 87-91.

Vaiyapuri, K., Mohamed A. M., and Rajendran, K. 2010. Influence of sulphur and
boron on yield attributes and yields of soybean. Madras Agric. J. 97 (1-3):
66- 67.

Valenciano, J. B., Boto, A., and Marcelo, V. 2010. Response of chickpea (Cicer
arietinum L.) yield to zinc, boron and molybdenum application under pot

conditions. Spanish J. Agric. Res. 8 (3): 797-807.

&



148

Varier, A., Vari, A. K., and Dadlani, M. 2010. The subcellular basis of seed
priming. Curr. Sci. 99 (4): 450-456.

Verma, M., Brar, S. K., Tiagy, R. D., Surampalli, R. Y., and Valero J. R. 2007.
Antagonistic fungi, Trichoderma spp.:Panoply of biological control.
Biochem. Eng. J. 37: 1-20.

Vitosh, M. L., Wameke, D. D., and Lucas 1997. Boron Mishigan State University
Extension  Soil and Management Fertilizer.  Available
http://www.Msue.msu. EDV[01-07-2019]

Wadhwa, N., Joshi, U. N., and Mehta, N. 2014. Zinc induced enzymatic defense
mechanisms in Rhizoctonia root rot infected clusterbean seedlings. J.
Bot. 2014:1-7

Walkley, A. J. and Black, C. A. 1934. Estimation of soil organic carbon by the
chromic acid titration method. Soil Sci. 37: 29-38.

Wani, S. P., Rupela, O. P., and Lee, K. K. 1995. Sustainable agriculture in the semi-
arid tropics through biological nitrogen fixation in grain legumes. Plant Soil
174: 29-49.

Wasaya, A., Shahzad Shabir, M., Hussain, M., Ansar, M., Aziz, A., Hassan, W.,
and Ahmad, 1. 2017. Foliar application of zinc and boron improved the
productivity and net returns of maize grown under rainfed conditions of
Pothwar plateau. J. Soil Sci. Plant Nutr. 17 (1): 33-45.

Watson, D. J. 1952. The physiological basis of variation in yield. In: Advances in

Agronomy, Vol. 4, Academic Press, pp. 101-145.

Watson, D. J. 1958. The dependence of net assimilation rate on leaf area index.
Ann. Bot. 22 (11): 37-54.

Wheeler, B. E. J. 1969. An introduction to plant diseases. An introduction to plant

diseases.

Wiatrack, P. 2013. Influence of seed coating with micronutrients on growth and
yield of winter wheat in South Eastern coastal plains. Am. J. Agric. Biol.
Sci. 8 (3): 230-238.



149

Wolf, B. 1971. The determination of boron in soil extracts, plant materials,
compost, manure, water; and nutrient solutions. Commun. Soil Sci. Plant
Anal. 2: 363-374.

Yakubu, H., Kwari, J. D., and Tekwa, J. A. 2010. Nodulation and N2 fixation by
grain legumes as affected by boron fertilizer in Sudano-Sahelian zone of
North eastern Nigeria American Eurasian J. Agric. Enviro. Sci. 8 (5): 514-
519.

Yanglem, S. D., Ram, V., Rangappa, K., Devi, M. H., Singh, N. J., and Singh, A.
K. 2016. Effect of seed priming on germination and initial seedling growth
of Pea (Pisum sativum L.) cultivars. Bioscan 11(4): 2625-2630.

Yoshida, S., Forno, D. O., Cook, J. H., and Gomez, K. A. 1976. Laboratory Manual
for Physiological Studies of Rice. International Rice Research Institute, Los
Banos, Manila, Philippines, 82p.

Zehirov, G. T. and Georgiev, G. I. 2003. Effects of boron starvation on the
apoplastic and total solute concentrations influencing nodule growth and
acetylene reduction rate. Bulg. J. Plant Physiol 4:367-373.

Zubal, P. 1986. Effect of the seed pelleting on the emergence and yields of legumes.
Rostlina vyroba 32(8): 797-804.

oA



150

Wbstract



151

ABSTRACT

The study entitled “Seed invigouration for yield enhancement in grain
cowpea (Vigna unguiculata L.Walp)” was undertaken during 2017-2019, at
College of Agriculture, Vellayani, Thiruvananthapuram, Kerala, with the objectives
to assess the effect of seed invigouration with zinc sulphate and borax on grain
cowpea and to evaluate its effect along with 7richoderma viride on growth and

yield of the crop.

Research work comprised of one pot culture experiment and a field
experiment which were carried out at Coconut Research Station, Balaramapuram.
The variety used fcr the study was Bhagyalakshmy. Pot culture experiment was laid
out in completely randomized biock design with thirteen treatments and three
replications during Rabi 2018. The treatments comprised of six pelleting treatments
viz., Ty and T: {seeds pelleting with ZnSO4 100 and 200 mg kg’ seed), T3 andTs
(seeds pelleting with borax S0 and 100 mg kg™' seed) , Ts and Ts (ZnSO4 100 mg +
borax 50 mg kg seed and ZnSO4 200 mg + borax 100 mg kg seed) and six
priming treatments viz., T7 and Ts (seed priming with ZnSO4 0.025 and 0.05 per
cent for 4 h) , Te and Ty (seed priming with borax 0.01 per cent and 0.02 per cent
for 4 h), T11 and T1» (seed priming with ZnSO4 0.025 + borax 0.01 per cent for 4 h
and ZnSO4 0.05 + borax 0.02 per cent for 4 h) and a control (T}3).

Seed pelleting with borax 50 and 100 mg kg™ seed and seed priming with
ZnS040.025 and 0.05 per cent recorded higher germination percentage, mean daily
germination, speed of germiination. germination index, germination rate index, co-
efficient of rate of germination, seedling vigour index I and II and lesser mean
germination time and time taken for 50 per cent germination. Hence, seed pelleting
with borax 50 and 100 mg kg™ seed and seed priming with ZnSO4 0.025 and 9.05
per cent which showed fast, uniform synchronous emergence with high vigour
index were selected as the two best seed pelleting and priming treatments for field

experimentation.
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The field experiment was laid out in randomized block design with nine
treatments and three replications during Rabi 2018. The treatments comprised of
seed pelleting with borax 50 and 100 mg kg™ seed; seed priming with ZnSO4 0.025
and 0.05 per cent for 4h; seed pelleting with borax 50 and 100 mg kg seed +
Trichoderma viride seed treatment 10 g kg™ seed and seed priming with ZnSO4
0.025 and 0.05 per cent for 4h + Trichoderma viride seed treatment 10 g kg™’ seed

and a control.

Results revealed that seed invigouration had significant effect on growth
parameters, physiological parameters, yield attributes, yield, protein content,

nutrient uptake, post-harvest nutrient availability, disease incidence and economics.

Seed priming with ZnSO4 0.05 per cent for 4h and seed priming with ZnSO4
0.05 per cent for 4h + Trichoderma viride seed treatment 10 g kg seed recorded
higher number of branches per plant and green leaves per plant. However, seed
priming with ZnSO4 0.05 per cent for 4h recorded the highest.dry matter production
at harvest.

Leaf area index and total chlorophyll content were found to be significantly
higher in seeds primed in ZnSO4 0.025 and 0.05 per cent for 4h at both 30 and 60
days after sowing (DAS). During 30 to 60 DAS, crop growth rate (CGR) and
relative growth rate (RGR) were the highest in seeds pelleted with borax 50 mg
kg seeds and during 60 DAS to harvest, seeds primed in ZnSO4 0.05 per cent for
4h registered the highest CGR and RGR.

Total number of nodules and effective nodules per plant were found to be
significantly higher in seeds pelleted with 50 and 100 mg kg' seed. However, the
fresh and dry weight of nodules were the highest i‘n seeds primed in ZnSO4 0.05 per
cent for 4h.

Pods per plant, pod weight per plant, pod length, pod girth, seed yield per
plant, seed yield ha' and harvest index were the highest in seeds primed in ZnSO4
0.05 per cent for 4h. Among the seed pelleting treatments, seeds pelleted with borax
50 and 100 mg kg seed recorded higher seed yield. Seed priming with ZnSO4
either with 0.025 or 0.05 per cent or pelleting with borax either with 50 or 100 mg
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kg™ seed recorded higher seed yield than seed priming with ZnSO4 or pelleting with

borax combined with Trichoderma viride seed treatment 10 g kg™ seed.

Total NPK uptake by crop was the highest in seed priming with ZnSO4 0.05
per cent for 4h. However, seed priming with ZnSO4 0.05 per cent for 4h +
Trichoderma viride seed treatment 10 g kg™ seed recorded the highest Zn uptake
and seeds pelleted with borax 100 mg kg™ seed recorded the highest B uptake.

Results on nutrient status of soil after the experiment revealed that seeds
primed in ZnSO4 0.05 per cent for 4h recorded the highest organic carbon content
and available N status. Seeds pelleted with borax 100 mg kg™ seed recorded the
highest available P and seeds primed in ZnSO4 0.05 per cent + Trichoderma viride
seed treatment 10 g kg™ seed recorded the highest available K status. Seed priming
with ZnSO4 0.05 per cent for 4h recorded the highest available soil Zn status,
whereas, seed pelleting with borax 100 mg kg™' seed recorded the highest available

soil B status.

Seed invigouration treatments recorded significantly higher crude protein
content than control and the highest crude protein content was recorded in seed

priming with ZnSO4 0.05 per cent for 4h.

Seed invigouration treatments recorded lower incidence of anthracnose
disease than the control and among the treatments, the lowest incidence was

recorded in seed priming with ZnSO4 0.05 per cent for 4h.

The net returns and benefit cost ratio were the highest in seeds primed in
ZnS04 0.05 per cent for 4h.

Considering the yield attributes, yield, disease incidence, and economics
seed priming with ZnSO4 0.05 per cent for 4h along with recommended dose of
FYM (20 t ha'), lime (250 kg ha') and NPK (20:30:10 kg ha') could be

recommended for better plant establishment and higher yield in grain cowpea.
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Weather data during the crop season (10/11/2018- 04/02/2019)

Standard Temperature (° C) RH (%) Rainfal
week [ Maximum | Minimum Maximum | Minimum 1 (mm)
45 30.85 17.50 91.00 59 5.8
46 31.87 17.62 90.80 71 52.8
47 32.96 17.61 87.30 73 46.2
48 33.31 17.90 81.71 70 2.0
49 32.93 18.22 90.70 66 16.4
50 32.62 17.83 92.60 71 25.8

51 32.21 17.10 92.14 62 -
82 32.54 17.31 91.30 60 21.2
1 33.10 14.90 97.00 67 -

2 33.07 14.20 94.14 87 -
3 33.50 15.12 92.50 74 -
4 33.60 14.90 99.70 76 -
5 34.00 16.42 96.00 70 4.8
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