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Chapter 1 INTRODUCTION

India is largest pulse-growing country which accounts for nearly one-third of the
total world area under pulses and one-fourth of the total world production. India stands
second in production of lentil after Canada. The major lentil-growing countries of the world
include India, Canada, Turkey, Bangladesh, Iran, China, Nepal and Syria (Ahlawat, 2012).
Lentil occupies 1469 thousand ha area with the production of 1035 metric tons and a

productivity level of 705 kg per hectare in India (indiastat.org, 2016).

Lentil is the third most important pulse crop of North India (Singh et al., 2014)
which is mainly grown as rain-fed crop in Uttar Pradesh, Uttarakhand, Madhya Pradesh,
Jharkhand, Bihar and West Bengal. Lentil plays an important role in the diet of developing
world. Lentils have the second highest ratio of protein per calorie of any legume, after
soybean (Mudryj and Aukema, 2014). Lentil provide a variety of essential nutrients to a
person’s diet, containing high levels of protein (20-30%), minerals (2-5%), vitamin B9 and
prebiotic carbohydrates (Thavarajah et al., 2008). Lentil is typically rich in micronutrients
and has the potential to provide adequate dietary amounts, especially for iron (Fe), zinc (Zn),
and selenium (Se) (Thavarajah et al., 2015). Lentil is having the lowest content of lectins
and trypsin inhibitors among legumes. It contains phytonutrients like flavonoids, tannins,
phytic acid, phytosterols, which has anti-inflammatory, antioxidant, and anticancer effects
(Ezzat et al., 2012).

Lentil can be grown from sea level to an altitude of 3000m. It can also remain
unaffected by rain at any stage of its growth including flowering and fruiting (Ahlawat,
2012).

There is a great need for micronutrients nowadays, because, (i) micronutrient
removal from long-term crop production; (ii) increased use of only high-analysis fertilizers;
(iii) higher micronutrient requirements accompanying higher crop yields; (iv) less use of

animal manures in crop production; and (v) induction of micronutrient deficiencies by high



P concentrations from long-term applications. Micronutrients play an important role in
increasing yield of pulses through their effect on the plant itself and on the nitrogen fixing

by symbiotic process.

Zinc is an essential trace element which is required in about 200 enzymes and
transcription factors (Kabata-Pendias and Pendias, 1999). Zn plays a major role in auxin
metabolism, nitrogen metabolism, influence on the activities of enzymes (e.g.
dehydrogenase and carbonic anhydrase, proteinases and peptidases) and cytochrome C
synthesis, stabilization of ribosomal fractions and protection of cells against oxidative stress
(Tisdale et al., 1997; Obata et al., 1999). Zn deficiency in field crops leads to poor growth,
interveinal chlorosis and necrosis of lower leaves. Plants emerged from seeds with low
concentrations of Zn could be highly sensitive to biotic and abiotic stresses (Obata et al.,
1999).

Boron is non-mobile in plant therefore, continuous supply of boron from soil is
required for all plant meristems. Boron is essential for cell wall synthesis, lignification, as
well as the structural integrity of bio membranes. Boron also maintains stable balance
between sugars and starches, pollination and seed production (Gupta et al., 1985). Boron is
very important in cell division and in pod and seed formation (Vitosh et al., 1997). The
nitrogen and boron concentrations of grain for lentil were markedly influenced by boron
treatment indicating that the boron had a positive role on protein synthesis, but high rates of
boron in starter fertilizer can cause toxicity in sensitive crops (Iqgtidar and Rahman, 1984).
Concentrations of over 200 ppm in mature leaf tissue is indicative of toxic levels of boron in
plants (VVoss, 1998).

Iron enters in many plant enzymes that play dominant roles in oxidation-reduction
reactions of photosynthesis and respiration. Iron participates in content of many enzymes:
cytochromes, ferredoxine, superoxide dimutase, catalase, peroxidase and nitrate reductase.
The deficiency of iron in plants causes significant changes in the plant metabolism and

induces chlorosis, especially in young leaves and leads to very low reutilization.



These micronutrients can be added to crop through soil fertilization, foliar sprays and
seed treatment. Each method has the potential to affect plant micronutrient nutrition both in
the treated plant directly and in the progeny plants through enrichment of the seeds by
micronutrient treatment of the parent. Foliar applications of micronutrient sprays prove to be
best to achieve both (Savithri et al., 1999). Foliar application has been shown to avoid the
problem of leaching out in soils and prompts a quick reaction in the plant. Foliar application
of zinc and iron bring the greatest benefit in comparison with addition to soil where they
become less available (Odell, 2004).

In present scenario, where continuous application of macro nutrients created
deficiency of micronutrient in lentil which ultimately cause reduction in yield and seed
quality. There is scanty attention on micronutrient management through foliar application in

lentil crop. Therefore this research has been coined with following objectives:

To study the influence of boron, iron and zinc on plant growth under field
condition along with recommended dose of fertilizers.

To study the influence of boron, iron and zinc on seed yield and yield
attributing characters.

To evaluate the effect of boron, iron and zinc on seed quality parameters.



Chapter 2 REVIEW OF LITERATURE

2.1 Plant growth and morphology

Fawzi et al. (1993) from Cairo, Egypt, revealed that plant height, internode length,
number of branches, dry weight of the pea plants were significantly increased in response to
the foliar applications of iron or its combinations with the other micronutrients like

manganese and zinc.

Wang et al. (2010) from Beijing, China, reported that rapid inhibition of root
elongation was one of the most distinct symptoms of boron toxicity in seedling of cucumber
(Cucumis sativus L.). The leaf area index, above ground dry matter and crop growth rate of
lentil was increased with the application of B and Mo (Chakraborty, 2009) in Sekhampur,
Birbhum. Lee et al. (1996) reported from South Korea that nutrient solution containing 0.5
mM boron, 5.0 mM Fe, 0.5 mM Zn caused foliar toxicity symptoms in seed geranium and
also reported that higher copper and manganese level decreased leaf chlorophyll, whereas

elevated levels of Fe increased tissue chlorophyll contents.

Ramirez and Lang (1997) from Texas, USA, while studying the effect of applied iron
concentration on growth of holiday cactus claimed that as Fe-EDTA treatment levels
increased there was decrease in growth, increased marginal chlorosis on all cultivars and

also very slow accumulation of iron in the potting medium.

Deepika and Pitagi (2015) from GKVK, UAS, Bangalore found that combination of
RDF+ ZnSOs @ 10 kg ha+ Borax 0.1% spray on radish plants at bud initiation stage was
effective in getting maximum plant height, number of leaves per plant. Foliar application of
Fe-4%, Mn-1%, Zn-6% and B-0.5% micronutrients on spider lilly had significantly highest
plant height, number of leaves, number of flowers per stalk, flowers per plant and ultimately
flower yield per hectare at Junagadh, Gujarat, as reported by Elangaivendhan et al. (2016).

Abdel-Latif and El-Haggan (2014) from Cairo, Egypt, unearthed the fact that Fe+

Zn+ Mn+ B micronutrient combination as foliar application treatment on soybean plant



produced the highest values of plant height at harvest, number of branches per plant while

observing the effect of micronutrients as foliar application.

Singh and Singh (2014) from Ludhiana, Punjab, recorded significantly higher plant
height, dry matter, leaf-area index and effective tillers per square meter in direct seeded
aromatic rice (Oryza sativa) due to the foliar application of iron and zinc. In Urmia, Iran,
Increasing Zn concentration in soil, plant height and biomass of Sorghum and Chenopodium

album were decreased significantly, as reported by Mirshekal et al. (2012).

Pefia-Olmos et al. (2014) from Colombia, recorded drastic decrease in the dry matter
of broccoli plants, which were subjected to excess Fe?* and also reported that growth indices
were progressively decreased with increase in the Fe?* concentrations in the substrate, while
distribution of dry matter in the organs varied as a function of the needs of the plants. In
China, the foliar toxicity symptoms were induced at the threshold micronutrient
concentrations of 0.5 mM B, 4 mM Fe, and 5 mM Zn in french marigold and also reported
the reduced dry matter when micronutrient concentrations exceeded 0.5 mM B, 3 mM Fe,
and 5 mM Zn in the fertilizer solution and decreased leaf chlorophyll content when the
nutrient solution concentrations of Fe, was greater than 3 mM respectively as reported by
Choi et al. (1996).

Rosen et al. (1977) from Lancaster, Pennsylvania, disclosed that high Zn greatly
reduced the root and shoot fresh weights which restored normal growth. The chlorosis of
Zn-toxic plants were not attributable to diminished total leaf Fe; however, this chlorosis was
relieved by increasing nutrient Fe and concluded as Zn and Fe probably interacted at some

site, in a study centered to asses zinc toxicity and Zn-Fe interaction in corn.

Cervilla et al. (2007) from Spain, reported as B-toxicity treatments on tomato
(Solanum lycopersicum) plants showed diminished growth and boosted the amount of B,
malondialdehyde and H2O: in the leaves, while B toxicity also increased ascorbate
concentration in both cultivars and activities of antioxidant- and ascorbate-metabolizing
enzymes were also induced. At Zabol University, Iran while studying effects of foliar

micronutrient application under water stress on sunflower plant found that under water



stress, free proline and total soluble carbohydrate concentration were increased, at all of the
three stages of growth in Sunflower, the highest concentration of these two components was

found on the flowering stage, reported by Babaeian et al. (2011).

Reid et al. (2004) from Adelaide, Australia, revealed that internal boron
concentrations in the range 1-5 mM inhibited plant growth rapidly across a range of plant
types that included monocot, dicot and algal species and also in wheat, at higher B
concentrations, many cellular activities were found to be partially inhibited and the toxicity
on mature tissues was therefore considered not to arise from the disruption of a single

process, but from the accumulated retardation of many cellular processes.

Sagardoy et al. (2009) from Zaragoza, Spain, unearthed the fact that high
concentrations of zinc sulphate in the nutrient solution (50, 100 and 300 ml) on sugar beet
decreased root and shoot fresh and dry mass, and increased root to shoot ratios, when
compared to control conditions, whereas total Zn uptake per plant decreased markedly with
high Zn supply. Highest plant height, number of branches and number of leaves per plant,
earliest flowering and fruiting with boron (0.25%) + APSA-80, followed by multiplex
(0.25%) + APSA-80 were recorded in an experiment of foliar application of nutrients on
plant growth, yield and quality of fruit and seed of brinjal by Gogoi et al. (2014) at Assam
Agricultural University, Guwahati, Assam. At TNAU, Coimbatore, Tamil Nadu, Sinta et al.
(2015) deep laid an experiment to find out the role of micronutrients on growth, seed yield
and quality of coriander using iron (Fe), zinc (Zn), and reported that foliar spray of 0.5%
FeSOs induced the highest growth rates in terms of net assimilation rate and crop growth

rate.

Hosseini and Poorakbar (2013) from Urmia University, Iran, revealed that excess of
zinc on maize plants increased the EC, MDA, H20: content and non-protein thiols and also
increased activities of antioxidant enzymes. Upon addition of two nutrients if there was an
increase in crop yield that was more than adding only one nutrient, the interaction was
positive (synergistic). Similarly, if adding the two nutrients together produced less yield as
compared to individual ones, the interactions was negative (antagonistic) while studying the

nutrient interactions in crop plants as stated by Fageria (2001) from Jaipur, India.



Singh et al. (2010) from Varanasi, India, reported that foliar application of zinc
significantly increased the plant height, number of tillers, and herbage yield in a study aimed
to know the effect of foliar application of Zn on palmarosa. Foliar application of N+
micronutrients increased leaf area, specific leaf weight, chlorophyll content, total dry mass,
flower number and reproductive efficiency in mungbean at Mymensingh, Bangladesh as
reported by Mondal et al. (2011).

Kumar et al. (2015) from U.P, India, recorded highest dry matter accumulation and
no of effective tiller per square meter with three foliar sprays of 2.0% iron sulphate followed

by three foliar sprays of 0.5% iron chelate on aerobic rice.
2.2 Yield and yield attributing characters

Fawzi et al. (1993) unveiled from Cairo, Egypt that number of pods, grain yield per
plant and seed yield (kg/ha) were increased with foliar applications of Fe and Mn, or their
combinations, seed weight was also increased in pea plants by the application of Fe, Mn,
and Zn as an individual element or in combination. Foliar application of micronutrients (iron
and zinc) significantly increased 1000-kernel weight, biological yield, grain yield, harvest
index and oil yield in rapeseed (Brassica napus L.) in Khuzestan, Iran as reported by
Bahrani (2015). In Santa Catarina State, Brazil, application of Zn to the soil increased onion
yield in all three years and maximum yield was obtained with Zn @ 2.7 kg per ha, as Kurtz
and Ernani (2010) tried to measure the effect of B and Zn fertilizers on yield and quality of

onion bulbs.

Deepika and Pitagi (2015) hailing from GKVK, UAS Bangalore, reported that
combination of RDF+ ZnSo4 @ 10 kg per ha + Borax 0.1% spray on radish plant during
bud initiation stage was effective in maximum length of inflorescence, number of siliqua per

plant, siliqua weight per plant, siliqua length, number of seeds per siliqua and seed yield.

Karan et al. (2014) from Bihar, India, conducted a trial to investigate the response of
lentil cultivars on yield and nutrient balance in the soil in relation to various levels of zinc
and boron and they rout out that grain yield, straw yield and biological yield of lentil (PL-
639) were significantly increased with the application of 1 kg B per ha. At Cairo, Egypt,



Abdel-Latif and ElI Haggan (2014) reported that Fe+ Zn+ Mn+ B combination as foliar
application produced the higher of number of pods per plant, 100-seed weight, seed yield

per plant, seed yield (kg/ ha), oil content and oil yield in soybean cultivars.

Salehin and Rahman (2012) from Dhaka, Bangladesh, carried out an experiment to
study the effects of zinc spray (0 and 1 g/l) on yield and yield components of Phaseolus
vulgaris and recorded the highest seed yield (1996 kg/ha.) under zinc @ 1 g/I.

Singh and Singh (2014) from Ludhiana, Punjab, recorded significantly higher
panicle length, spikelets per panicle, grains per panicle, 1000-seed weight, grain yield, straw
yield and B: C ratio over the control, due to the foliar application of iron and zinc on rice. Zn
fertilization caused significant increase in grain yield, straw yield and grain quality of wheat
in calcareous soils of Tehran, Iran as reported by Ziaeian and Malakouti (2001).

Quddus et al. (2014) from Madaripur, Bangladesh, evaluated the effect of zinc (Zn)
and boron (B) on the yield and yield contributing characters of lentil and revealed that the
combination of Zn+ B produced significantly higher seed yield than control and also
mentioned that the combined application of zinc and boron were superior to their single

application.

Babaeian et al. (2011) from Zabol University, Iran, reported that the use of foliar
micronutrient on sunflower increased grain yield in water stress, and use of Mn foliar

application had the highest positive effect on yield components and grain yield.

Movahhedy-Dehnavy (2009) Tehran, Iran, reported that foliar Zn application could
improve the seed yield under draught stress after evaluating the effect of foliar application of
zinc on the growth and development of safflower. All the treatments of micronutrients
mixture resulted in improvement of seed yield characteristics in tomato viz. 100 seed
weight, seed yield per plant and seed yield per hectare as reported by Sivaiah et al. (2013)

from Bhubaneswar, India.

Rao et al. (2012) from Hyderabad, Andhra Pradesh, in a trial on sweet sorghum

cultivar 1CSV-93046 under tropical conditions recorded the highest stalk yield for



treatments N and P with foliar application of 0.1 % sodium borate, N and P with foliar
application of 0.5 % ZnSO4 and 0.1 % sodium borate in main crop and in the ratoon crop.
Arvindkumar et al. (2012) from Raichur, Karnataka in an effort to find out the influence of
boron spray on seed yield and quality of bitter gourd found that boron @ 4 ppm produced

highest number of seeds per fruit, seed yield and test weight.

Gogoi (2014) from Assam Agricultural University, Guwahati, Assam brought into
light that treatment with boron (0.25%) + APSA-80 resulted in highest number of fruits per
plant, total yield and B: C ratio of 4.07 & 4.63 for fruit and seed production in a study to
know the effect of foliar application of nutrients on plant growth, yield and quality of fruit

and seed of brinjal.

Zehtab-Salmasi et al. (2012) hailing from Phuket, Thailand, in an intended effort to
know the effects of foliar application of micronutrients (iron and zinc) on yield of psyllium,
recorded increased seed yield due to foliar application of Fe and Zn, compared with control.
From TNAU, Coimbatore, Tamil Nadu, Sinta et al. (2015) established that Foliar spray of
0.5% FeSO4 on coriander induced maximum number of umbels per plant and highest seed
yield per hectare, while studying the effect of micronutrients on growth, seed yield and

quality in coriander using iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn).

Du et al. (2009) from Lanzhou, China, in a study to know effects of micronutrients
boron, iron, zinc on seed yield and yield components of alfalfa revealed that boron was more
critical for alfalfa seed production and also mentioned that Boron increased seed yield,
fertile shoots per unit area, number of racemes per shoot, number of pods per raceme,

number of seeds per pod and 1000-seed weight.

Mei et al. (2009) from Wuhan, China, reported that combined application of B with
Zn on rapeseed plant resulted in higher seed yield than the application of B or Zn alone, and
the seed yield of the B+ Zn treatment was the highest in all treatments in comparison to the
control. Zinc application significantly affected the plant height, seed weight per plant and
1000-seed weight in the first year and the plant height, seed weight per plant, biological



yield per plant, 1000- seed weight and harvest index of the genotypes during the second year
in safflower plants as reported by Aytac et al. (2014) from Skisehir, Turkey.

Movahhedy-Dehnavy et al. (2009) from Tehran, Iran, evaluated the effect of foliar
application of zinc on the growth and development of safflower and the results suggested
that foliar Zn application could improve the seed quality of safflower grown under drought
stress.

Mondal et al. (2011) from Mymensingh, Bangladesh, revealed that foliar application
of N+ micronutrients increased both yield attributes and yield over the control while

studying the effect of foliar application of nitrogen and micronutrients on mungbean.
2.3 Seed quality and quality parameters

Fang et al. (2008) from Nanjing, China, investigated the effect of Zn, and Fe foliar
fertilization on yield of rice and revealed that Zn was the main variable influencing the Zn
and Fe content of rice, and also found that under the optimal application condition, Zn and
Fe content of rice could be significantly increased. Seeds treated with Zn @ 0.5kg/ha during
sowing in Baraut, India, significantly increased protein content, higher fat and carbohydrate
content as against in control while studying the effect of Zn on the contents of protein,
carbohydrate and fat in lentil (Lens culinaris) as reported by Kumar et al. (2015).

Deepika and Pitagi (2015) from GKVK, UAS Bangalore, India, revealed that ZnSO4
@ 10 kg ha* + Borax 0.1% spray at bud initiation stage was found effective in maximum
germination per cent, seedling vigour index | &I compared to control in a study to know the

effect of zinc and boron on growth, seed yield and quality of radish (Raphanus sativus L.).

Abdel-Latif and El Haggan (2014) from Cairo, Egypt, in trial to reveal that
micronutrients Fe+ Zn+ Mn+ B combination produced the highest values of protein content
and protein yield compared with control treatment in soybean.

Khathutshelo et al. (2016) from Florida, South Africa, unwrapped that foliar
application of Fe (100 ml/I) led to a significant increase in the Zn, Fe, Cu, and B content and

improved chemical composition of bush tea.


http://hortsci.ashspublications.org/search?author1=Maedza+V.+Khathutshelo&sortspec=date&submit=Submit

Movahhedy-Dehnavy et al. (2009) from Tehran, Iran, revealed that foliar application
of Zn increased the concentration of Zn in seed, germination rate, germination percentage,
seedling dry weight and final seedling emergence, while they worked on safflower. In a
study on soybean to know the effect of application of boron on water stressed soybean plants
at Stoneville, USA, Bellaloui et al. (2013) found that seeds of water stressed + foliar boron
applied plants had higher protein, oleic acid, sucrose, glucose, and fructose compared with

water stressed plants.

Arvindkumar et al. (2012) from Raichur (Karnataka), India, carried out a study to
find out the influence of boron spray on seed yield and quality in bitter gourd and revealed
that that boron at 4 ppm produced highest seedling length, seedling dry weight, seedling
vigour index-1l and dehydrogenase enzyme activity. Application of micronutrients improved
Zn concentration in different plant parts and seeds and also increased the seed iron (Fe)

concentration as reported by Yamunarani et al. (2016) from Karnataka.

Johnson et al. (2005) from New York, USA, found that soil B fertilization increased
B content of the grain of lentil (Lens culinaris), chickpea (Cicer arietinum), and wheat

(Triticum aestivum) by a factor of two to five.

Gogoi (2014) from Guwahati, Assam reported the highest seed viability in seeds of

brinal were obtained with boron (0.25%) + APSA-80 compared to other treatment.

Sankaranarayanan et al. (2010) from TNAU, Coimbatore, Tamil Nadu, reported that
specific fiber quality parameters in cotton, such as ginning per cent and uniformity ratio
were significantly enhanced by soil application of FeSOs @ 50 kg/ha and borax @ 5 kg/ha
separately. At Solan, HP, Kumari (2012) recommended foliar application of boron for
enhancing germination percentage of tomato, whereas multiplex treatment was found best
for increasing seedling length, total soluble solids, vitamin C and lycopene content in the

fruits of tomato.

Ziaeian and Malakouti (2001) from Tehran, Iran, found that Zn fertilization caused
significant increase in 1000 grain weight, number of seeds per spikelet and also noted that
with the application of these nutrients, their concentration and total uptake in grain, flag


http://www.tandfonline.com/author/Yamunarani%2C+Ramegowda

leaves and the grain protein content increased significantly in wheat under the calcareous

soils of Iran.

Peishi et al. (1999) reported that, Seeds stored at 25°C and 38°C germinated better
than seeds stored at 5 and 15°C, but only after about 8 months of storage for Australian
asteraceae. Plant under moisture stress may induce a positive carbon balance, so that
resistant genotypes achieve a greater net gain of carbon than water stress susceptible ones,
Blum (1989). Soluble sugars were accumulated in leaves during water stress, these sugars
might contribute to osmoregulation at least under moderate stress as reported by Jones et al.
(1980).
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Chapter 4 EXPERIMENTAL RESULTS

In this chapter, results of the experiment obtained during the course of investigation

are summarized with the help of suitable table and graphs.
4.1 Growth and developmental studies
4.1.1 Plant population studies

Table 4.1: Effect of micronutrients on plant population and mortality percentage

S Initial pl_ant Plant popul_ation Mortality
No. Treatments population at maturity percentage
(plants/row) (plants/row)
TO | RDF 18.53 16.00 13.56
T1 | RDF+ Zn 50 ppm 18.53 16.27 12.21
T2 | RDF+ Zn 100 ppm 18.13 15.60 13.96
T3 | RDF+ Fe 50 ppm 18.60 17.50 5.87
T4 | RDF+ Fe 100 ppm 18.13 16.20 10.68
T5 | RDF+ B 50 ppm 17.53 16.07 8.31
T6 | RDF+ B 100 ppm 18.80 16.67 11.30
T7 | RDF+ Zn+ Fe+ B (50 ppm each) 18.60 16.53 10.98
CD 5% NS 0.78 1.03
SEmz+ 0.33 0.26 0.34

The results pertaining to the plant population studies as evident from the data in Table
4.1, Appendix Il and Fig. 4.1. RDF+ Fe 50 ppm has recorded significantly higher plant
population at maturity in comparison to the RDF. There was no significant difference in initial
plant population. RDF+ Fe 50 ppm has recorded significantly lower mortality percentage in

comparison to the RDF.

RDF+ Zn 100 (13.96) ppm recorded the highest mortality percentage in comparison

to all the treatments.
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Fig. 4.1: Effect of micronutrient treatment on plant population
4.1.2 Plant height

The data pertaining to the plant height was given in the Table 4.2 and Appendix IV.
The plant height increased slowly till 90 DAG which soared to the highest at harvest of the
crop in all the treatments. The treatments RDF+ Zn 50 ppm, RDF+ Fe 50 ppm and RDF+ B
50 ppm had higher plant height than RDF+ Zn 100 ppm, RDF+ Fe 100 ppm, RDF+ B 100
ppm and RDF+ Zn+ Fe+ B (50 ppm each). The lowest plant height was recorded in the RDF.
There was no significant difference in plant height up to 30 DAG.

There was a significant difference in plant height due to the micronutrient treatments
at 60 DAG, 90 DAG and at harvest of the crop. The highest plant height was recorded in
RDF+ Fe 50 ppm at all the four stages compared to the RDF, followed by RDF+ B 50 ppm.
Both RDF+ Fe 50 ppm and RDF+ B 50 ppm registered significantly higher plant height
compared to the RDF at the harvest.



Table 4.2: Effect of micronutrients on plant height (cm) of lentil

S. No. Treatments 30 DAG 60 DAG 90 DAG At Harvest
TO RDF 2.91 3.31 5.35 17.48
T1 RDF+ Zn 50 ppm 2.92 4.19 5.56 19.93
T2 RDF+ Zn 100 ppm 2.77 3.69 5.30 18.83
T3 RDF+ Fe 50 ppm 2.98 4.93 6.57 21.67
T4 RDF+ Fe 100 ppm 2.52 3.65 5.28 18.69
T5 RDF+ B 50 ppm 2.78 4.43 6.54 21.17
T6 RDF+ B 100 ppm 2.73 4.16 5.70 19.68
T7 | RDF+Zn+ Fer B 2.93 3.72 5.23 18.11

(50 ppm each)
CD 5% NS 0.86 1.00 2.64
SEmz+ 0.21 0.28 0.33 0.87

4.1.3 Plant spread

The results pertaining to the plant spread as evident from the data in Table 4.3 and

Appendix V revealed that plant spread was significantly influenced by different micronutrient

Table 4.3: Influence of micronutrients on plant spread (cm) of lentil

S. No. Treatments 30 DAG 60 DAG 90 DAG At Harvest
TO RDF 1.78 2.22 3.15 9.04
T1 RDF+ Zn 50 ppm 1.77 2.58 3.36 10.67
T2 RDF+ Zn 100 ppm 1.76 3.09 3.67 10.55
T3 RDF+ Fe 50 ppm 1.78 3.61 4.63 11.50
T4 RDF+ Fe 100 ppm 1.76 2.33 3.03 9.72
T5 RDF+ B 50 ppm 1.88 3.30 4.36 11.47
T6 RDF+ B 100 ppm 1.77 2.66 3.57 10.10
T7 | RDF+ Zn+ Fet+ B 1.76 2.67 3.39 9.93

(50 ppm each)
CD 5% NS 0.51 0.72 1.48
SEmz+ 0.14 0.17 0.24 0.49




treatments. The plant spread decreased with the increase in the concentration of micronutrient

from 50 to 100 ppm.

Plant spread increased very slowly till 90 DAG and after that grow at faster rate till
harvest of the crop. At harvest, plant spread was increased up to three folds compared to the
plant spread during 90 DAG. RDF+ Zn 50 ppm, RDF+ Zn 100 ppm, RDF+ Fe 50 ppm and
RDF+ B 50 ppm treatments had significant variation in the plant spread compared to the RDF

during harvest of the crop.
4.1.4 Number of compound leaves

A close perusal of data indicated that the treatments had significant influence on the
number of compound leaves during 60 DAG and 90 DAG (Table 4.4 and Appendix VI). No
of compound leaves increased gradually from 30 DAG to 90 DAG. Here the treatments RDF+
Zn 50 ppm, RDF+ Fe 50 ppm and RDF+ B 50 ppm had higher number of compound leaves
than the treatments RDF+ Zn 100 ppm, RDF+ Fe 100 ppm, RDF+ B 100 ppm and RDF+ Zn
+ Fe+ B (50 ppm each).

The maximum number of compound leaves were recorded under RDF+ Fe 50 ppm
(16.07) and the minimum under RDF (10.27) at 90 DAG. RDF+ Fe 50 ppm, RDF+ B 50

Table 4.4: Effect of micronutrients on number of compounds leaves of lentil

S. No. Treatments 30 DAG 60 DAG 90 DAG
T0 RDF 3.00 7.53 10.27
T1 RDF+ Zn 50 ppm 3.27 9.13 12.53
T2 RDF+ Zn 100 ppm 3.20 8.67 11.93
T3 RDF+ Fe 50 ppm 3.80 11.13 16.07
T4 RDF+ Fe 100 ppm 3.33 8.13 11.00
T5 RDF+ B 50 ppm 3.23 11.00 15.33
T6 RDF+ B 100 ppm 3.27 9.93 13.33
T7 RDF+ Zn+ Fe+ B (50 ppm each) 3.27 9.13 12.40

CD 5% NS 1.97 2.53
SEmz 0.21 0.65 0.83




ppm, and RDF+ B 100 ppm had significantly higher number of compound leaves compared
to the RDF at 90 DAG. Treatment RDF+ Fe 50 ppm was statistically on par with treatment
RDF+ B 50 ppm at 90 DAG stage of the crop.

4.1.5 Dry matter accumulation

The data pertaining to the dry matter accumulation was presented in the Table 4.5 and
Appendix VII. Dry matter accumulation in the plant increased at a higher rate from 30 DAG
and reached the maximum at 90 DAG. At 30 DAG there was non-significant difference among

the treatments.

Table 4.5: Effect of micronutrient on dry matter accumulation

S. No. Treatments 30 DAG 60 DAG 90 DAG
TO RDF 0.285 0.601 1.603
Tl RDF+ Zn 50 ppm 0.277 0.687 1.968
T2 RDF+ Zn 100 ppm 0.240 0.544 1.848
T3 RDF+ Fe 50 ppm 0.282 0.963 2.474
T4 RDF+ Fe 100 ppm 0.278 0.712 1.579
T5 RDF+ B 50 ppm 0.286 0.928 2.115
T6 RDF+ B 100 ppm 0.257 0.698 2.101
T7 | RDF+Zn+ Fet B 0.272 0.771 1.499

(50 ppm each)
CD 5% NS 0.129 0.380
SEmz+ 0.020 0.043 0.125

Dry matter accumulation was adversely affected by the increase in micronutrient
concentration as well as combination. The effect of RDF+ Fe 50 ppm (2474.33 mg) , RDF+
B 50 ppm (2115.00 mg) and RDF+ B 100 (2100.67 mg) ppm were statistically on par with
each other in relation to dry matter accumulation and significantly higher than the RDF
(1.603) at 90 DAG.

4.1.6 Number of nodules, dry weight of roots per plant and dry weight of shoots
per plant at 50 % flowering



Data pertaining to the number of nodules per plant, dry weight of roots per plant and
dry weight of shoots per plant at 50% flowering were presented in the Table 4.6 and
Appendix VIII. No of nodules per plant, Dry weight of roots per plant and Dry weight of

shoots per plant were significantly affected by the micronutrient treatments.

Table 4.6: Effect of micronutrients on number of nodules per plant, dry weight of roots

per plant and dry weight of shoots per plant

No of Dry weight of Dry weight of
S. No. Treatments nodules per roots per plant shoots per plant
plant (mg) (mg)
T0 | RDF 3.67 38.13 144.07
T1 | RDF+Zn 50 ppm 8.00 44.27 250.00
T2 RDF+ Zn 100 ppm 3.40 40.60 166.87
T3 RDF+ Fe 50 ppm 10.27 61.60 330.13
T4 RDF+ Fe 100 ppm 6.33 39.23 152.00
T5 RDF+ B 50 ppm 9.67 57.30 313.47
T6 | RDF+ B 100 ppm 7.80 36.40 205.93
T7 | RDF+Zn+ Fe+ B 7.20 43.33 184.73
(50 ppm each)
CD 5% 151 8.66 48.71
SEmz+ 0.50 2.86 16.06

RDF+ Fe 50 ppm recorded the maximum number of nodules per plant, dry weight of
roots per plant and dry weight of shoots per plant at 50% flowering, whereas the lowest was
recorded by the RDF. RDF+ Zn 50 ppm, RDF+ Fe 50 ppm and RDF+ B 50 ppm recorded the
significantly higher number of nodules per plant, Dry weight of roots per plant and Dry weight
of shoots per plant at 50 % flowering than the RDF+ Zn 100 ppm, RDF+ Fe 100 ppm and
RDF+ B 100 ppm.

4.2 Yield attributing characters

All Yield attributing characters such as number of seeds per pod, number of branches

per plant and number of pods per plant, 1000 seed weight and grain weight per plant were




presented in Table 4.7 and Appendix IX. There were significance difference between the
treatments in all the yield attributing characters except 1000 seed weight. The effect of RDF+
Fe 50 ppm and RDF+ B 50 ppm were significantly superior on number of seeds per pod,
number of branches per plant and number of pods per plant than all the other treatments at all

the growth stages of lentil

Table 4.7: Influence of micronutrient treatments on the yield attributing characters

Seeds per | Branches | Pods per 1000 graln
S. No. Treatments pod per plant plant se.ed weight per

weight | plant (g)

TO | RDF 1.60 34.87 31.60 22.77 952.27
T1 RDF+ Zn 50 ppm 1.83 40.07 37.47 23.07 1349.53
T2 | RDF+ Zn 100 ppm 1.77 37.13 26.47 22.84 976.00
T3 | RDF+ Fe 50 ppm 1.87 46.80 42.33 23.74 1526.47
T4 | RDF+ Fe 100 ppm 1.80 35.67 30.94 22.97 1017.00
T5 | RDF+ B50 ppm 1.83 44.80 41.33 23.40 1511.40
T6 | RDF+ B100 ppm 1.80 39.13 37.15 22.94 1200.00
Tr | RDF+Zn+ Fe+ B 1.70 3087 | 3855 | 2337 | 1254.47

(50 ppm each)
CD 5% 0.135 7.36 8.61 NS 232.28
SEmz 0.045 2.43 2.84 0.63 76.58

RDF+ Zn 50 ppm, RDF+ Zn 100 ppm, RDF+ Fe 50 ppm, RDF+ Fe 100 ppm, RDF+
B 50 ppm and RDF+ B 100 ppm recorded significant difference for seeds per pod compared
to the RDF. The maximum 1000 seed weight was recorded for RDF+ Fe 50 ppm (23.74g) and
RDF+ B (23.40g) and the minimum 1000 seed weight was recorded for the RDF (22.77g).

4.3 Yield

Seed vyield of lentil (kg/ha) (Fig. 4.2), straw yield (kg/ha), Biological yield (kg/ha),
harvest index and B:C ratio were presented in the Table 4.8 and Appendix X. The data
revealed that RDF+ micronutrient treatments had a statistically significant effect on seed
yield, straw yield, Biological yield (kg/ha), harvest index and B: C ratio of lentil crop. RDF+
Fe 50 ppm (1543 kg/ha), RDF+ B 50 ppm (1479 kg/ha) and RDF+ Zn 50 ppm (1301 kg/ha)



recorded significantly higher seed yield than RDF+ Fe 100 ppm (1237 kg/ha), RDF+ B 100
ppm (1299 kg/ha), RDF+ Zn 100 ppm (1217 kg/ha) and RDF+ Zn+ Fe+ B (50 ppm each).
The lowest seed yield was recorded under RDF+ Zn+ Fe+ B (50 ppm each) 1191 kg / ha.
Maximum seed yield was recorded in RDF+ Fe 50 ppm (1543kg/ha) and minimum was
recorded in RDF (1160 kg/ha). Application of RDF+ Fe 50 ppm and RDF+ B 50 ppm along
with RDF recorded 33.0% and 27.5% increase in seed yield respectively.

Table 4.8: Effect of micronutrient treatments on the seed yield (kg/ha), Straw yield
(kg/ha), harvest Index and B: C ratio

S_e ed Straw | Biological
S. No. Treatments BEEI? yield yield l_:ird\;e;t B:C ratio
hag) (kg/ha) | (kg/ha)
TO0 | RDF 1161 5472 6633 21.11 3.65
T1 | RDF+Zn 50 ppm 1301 4884 6185 26.58 4.13
T2 | RDF+ Zn 100 ppm 1219 4888 6107 24.92 3.67
T3 RDF+ Fe 50 ppm 1543 5464 7007 29.99 4.57
T4 | RDF+ Fe 100 ppm 1237 4995 6232 24.79 3.73
T5 RDF+ B 50 ppm 1479 4941 6420 28.27 4.35
T6 | RDF+ B 100 ppm 1299 5274 6573 24.62 3.91
T7 |RDFrZn+FerB | 199) | 5508 6697 | 2158 | 3.66
(50 ppm each)
CD 5% 237.84 438.84 515.54 3.79 0.61
SEmzx 78.41 144.68 169.97 1.25 0.20

Maximum Straw yield was recorded in RDF+ Zn+ Fe+ B (50 ppm each) (5506 kg/ha)
and minimum was recorded in RDF+ Zn 50 ppm (4884 Kg/ha). RDF + Fe 50 ppm, RDF+
Zn+ Fe+ B (50 ppm each) and RDF recorded significantly higher straw yield than RDF+ Zn
100 ppm.

Maximum Biological yield was recorded in RDF+ Fe 50 ppm (7007 Kg/ha) and
minimum was recorded in RDF+ Zn 100 ppm (6107 Kg/ha). RDF+ Fe 50 ppm, RDF+ B 100



ppm, RDF+ Zn+ Fe+ B (50 ppm each) and RDF recorded significantly higher straw yield than
RDF+ Zn 50 ppm.
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Fig. 4.2: Effect of micronutrient treatment on the yield

Maximum Harvest Index was recorded in RDF+ Fe 50 ppm (29.99) and the minimum
was recorded in RDF (21.11). There was significant difference in harvest Index. RDF+ Zn 50
ppm, RDF+ Zn 100 ppm, RDF+ Fe 50 ppm and RDF+ B 50 ppm recorded significantly higher
harvest index than RDF. Maximum B: C ratio was recorded for RDF+ Fe 50 ppm (4.57) which
was statistically on par with RDF+ B 50 ppm (4.35) and RDF+ Zn ppm 50 (4.13) ppm.
Minimum B: C ratio was recorded in RDF (3.65).

4.4 Seed quality

4.4.1 Number of viable seeds, germination percentage and un-germinated seeds

Data of number of viable seeds and germination % and number of un- germinated
seeds of standard germination test and accelerated ageing test were presented in the Table 4.9
and Appendix XI. The table depicts that there was no significant difference among the RDF+



micronutrient treatments for number of viable seeds and almost all the seeds were viable in

all the micronutrient treatments except in the treatment RDF+ B 100 ppm.

Table 4.9: Influence of micronutrient treatments on the number of viable seeds,

germination percentage and number of un-germinated seeds

Standard germination Accelerated ageing test
test
Viabl . Un- . Un-
S. e Germinat . Germina .
NO Treatments seeds | ion (%) germinated tion (%) germinated
' seeds (%) seeds (%)
(%)
TO | RDF 100 87.00 13.00 91.50 8.50
T1 | RDF+ Zn 50 ppm 100 92.00 7.50 93.00 7.00
T2 | RDF+ Zn 100 ppm | 100 91.50 8.50 92.00 8.00
T3 | RDF+ Fe 50 ppm 100 95.50 4.50 96.50 3.50
T4 | RDF+ Fe 100 ppm 100 92.50 7.50 92.00 8.00
T5 | RDF+ B 50 ppm 100 91.50 8.50 93.00 7.00
T6 | RDF+ B 100 ppm 99 89.00 11.00 92.00 8.00
Tr | RDFrZn+FerB 150 | gosp 10.50 93.00 7.00
(50 ppm each)
CD 1% NS 5.34 1.14 3.33 1.14
SEmz+ 0.09 1.35 0.29 0.84 0.29

In the Standard Germination test RDF+ Fe 50 ppm and RDF+ Fe 100 ppm recorded
significantly higher germination % and RDF+ Fe 50 ppm recorded significantly lower number
un- germinated seeds compared to the RDF. The maximum germination percent was achieved
by the RDF+ Fe 50 ppm (95.5%) and the minimum in the RDF (87.0%). The maximum
number of un-germinated seeds were found in the RDF (13%) and the minimum in the RDF+
Fe 50 ppm (4.5%). Accelerated ageing test recoded higher germination percentage and less
no of un- germinated seeds in all treatments in comparison to the standard germination test.
There was significantly higher germination percentage in RDF+ Fe 50 ppm (96.5 %)
compared to the RDF (91.5%). There was decrease in the number of un-germinated seeds

(8.5%) in accelerated ageing test in comparison to standard germination test (13%) in RDF



treatment. RDF+ Fe 50 ppm recorded the minimum no of un-germinated seeds (3.5%) in the

accelerated ageing test.
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Fig. 4.3: Effect of micronutrients on germination percentage

4.4.2 Growth index

Data regarding growth index was presented in the Table 4.10 and Appendix XII

Statistically superior growth index was recorded in RDF+ Fe 50 ppm compared to the RDF.

Table 4.10: Effect of micronutrients on growth index

S. No. Treatments 4™ day 5thday | 6"day | 7hday | 8™ day
TO | RDF 1.77 9.95 13.30 16.59 19.21
T1 RDF+ Zn 50 ppm 7.94 10.95 14.31 18.48 21.52
T2 RDF+ Zn 100 ppm 1.77 11.10 14.78 17.98 21.18
T3 | RDF+ Fe 50 ppm 8.41 11.38 16.33 19.15 22.53
T4 | RDF+ Fe 100 ppm 8.02 10.91 15.16 18.30 20.22
TS5 | RDF+ B 50 ppm 8.27 10.66 13.89 17.61 20.87
T6 | RDF+ B 100 ppm 7.63 10.38 14.67 18.03 19.34
T7 | RDF+Zn+ Fe+B 7.85 1062 | 1390 | 1750 | 19.83

(50 ppm each)
CD 1% 0.57 0.94 1.70 1.44 2.26
SEmz+ 0.14 0.24 0.43 0.36 0.57
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Fig. 4.4: Effect of micronutrient treatment on the seedling growth index

On 8" day there was 17.2% higher growth index recorded in the RDF+ Fe 50 ppm
than RDF, while 7.9% higher growth index in RDF+ Fe 50 ppm than RDF+ B 50 ppm. RDF+
Fe 50 ppm recorded the maximum growth index on all the days from 4" to 8™ day which was
followed by RDF+ B 50 ppm and the lowest growth index was recorded for RDF on all the
days (Fig. 4.4)

4.4.3 Standard germination and Accelerated ageing test

Data pertaining to first count, final count and vigour index | and 11 under standard
germination and accelerated ageing test were given in the Table 4.11 and Appendix XI11
RDF+ Fe 50 ppm recorded significantly higher first count, final count, Vigour index I and 11
in both standard germination and accelerated ageing test compared to the RDF. Both first
count and final count recorded maximum in all the treatments in accelerated ageing test except

RDF+ Fe 100 ppm compared to the Standard germination test.

Vigour index | and 1l were decreased in all the treatments under accelerated ageing

test compared to the standard germination test. RDF+ Fe 50 ppm recorded maximum vigour



index | (3175) and vigour index Il (1976) under standard germination test and while
accelerated ageing test recorded 2845; vigour index | and 1930; vigour index Il in RDF+ Fe

50 ppm.
4.4.4 Cold test and Cool germination test

Data related to germination percentage and vigour index | and 11 under cold test and
cool germination test were given in the Table 4.12 and Appendix XIV. RDF+ Fe 50 ppm
recorded significantly higher germination percentage, Vigour index | and Il in both cold test

and cool germination test compared to the RDF.

The lowest germination percentage, vigour index | and Il in both cold test and cool

germination test were recorded in the treatment RDF+ Zn+ Fe+ B (50 ppm each).

Germination percentage, vigour index | and Il of cool germination was higher than

germination percentage, vigour index | and Il of cold test.

Table 4.12: Influence of micronutrient treatments on cold test and cool germination test

Cold test Cool germination test
> Ger_ml Vigour | Vigour Ger_ml Vigour \_/lgour
No Treatments nation index 1 | index 2 nation index 1 index
: (%) (%) 2
TO | RDF 88.50 1488 1715 93.50 1851 1637

T1 | RDF+ Zn 50 ppm 97.00 1773 1849 97.00 2263 1883
T2 | RDF+ Zn 100 ppm 96.50 1568 1848 95.50 2078 1805
T3 | RDF+ Fe 50 ppm 98.00 1966 2218 98.00 2285 2050
T4 | RDF+ Fe 100 ppm 96.00 1725 1851 94.50 2003 1823
T5 | RDF+ B 50 ppm 96.00 1642 1810 96.50 2119 1855
T6 | RDF+ B 100 ppm 96.00 1710 1808 96.25 1984 1835
T7 | RDF+ Zn+ Fe+ B
(50 ppm each)

CD 1% 6.43 278.89 | 270.21 2.61 268.92 | 252.14
SEmz 1.63 70.51 68.31 0.66 67.99 63.74

92.00 1643 1755 93.50 2075 1648




Table 4.11: Effect of micronutrient treatments on the first count, final count and vigour index I and Il under standard

germination and accelerated ageing test

Standard germination

Accelerated Ageing Test

First Final | Vigour | Vigour First Final Vigour Vigour
S. No. Treatments
count count | index 1 index 2 count count index 1 index 2
TO RDF 84.8 87.0 2412 1575 83.5 915 2379 1616
T1 RDF+ Zn 50 ppm 88.5 92.0 2770 1807 915 93.0 2549 1741
T2 RDF+ Zn 100 ppm 89.0 91.5 2834 1728 915 92.0 2418 1698
T3 RDF+ Fe 50 ppm 94.5 95.5 3176 1976 92.0 96.5 2845 1930
T4 RDF+ Fe 100 ppm 92.0 925 2794 1751 90.0 92.0 2472 1630
T5 RDF+ B 50 ppm 91.0 915 2551 1715 92.0 93.0 2644 1760
T6 RDF+ B 100 ppm 83.5 89.0 2317 1681 90.0 92.0 2524 1768
T7 RDF+ Zn+ Fe+ B
85.5 89.5 2666 1680 85.5 93.0 2543 1685
(50 ppm each)
CD 1% 7.65 5.34 359.26 245.81 6.71 3.33 289.43 190.67
SEmz+ 1.93 1.35 90.83 62.14 1.70 0.84 73.17 48.20




4.4.5 Speed of germination

Table 4.13: Influence of micronutrient treatments on speed of germination

S. No. Treatments 4t day | 5t day | 6" day | 7" day | 8™ day
TO | RDF 8.0 50.5 74.5 81.0 85.0
T1 | RDF+ Zn 50 ppm 18.5 54.0 79.5 87.0 925
T2 | RDF+ Zn 100 ppm 20.0 56.0 81.0 89.0 90.3
T3 | RDF + Fe 50 ppm 12.5 61.5 83.5 915 95.5
T4 | RDF + Fe 100 ppm 17.5 60.5 79.0 91.0 93.3
T5 | RDF + B50 ppm 16.5 58.0 78.5 88.0 89.8
T6 | RDF +B100 ppm 11.0 49.5 73.5 83.5 88.0
T7 | RDF+Zn+ Fe+ B 195 | 565 755 86.0 89.5

(50 ppm each)
CD 1% 1.34 7.30 7.06 6.83 6.72
SEmz+ 0.34 1.85 1.79 1.73 1.70
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Fig. 4.5: Influence of micronutrients on speed of germination

Speed of germination data were presented in the Table 4.13 and Appendix XV. RDF+
Fe 50 ppm recorded significantly higher speed of germination with respect to RDF. On 8" day



there was 12.3% higher speed of germination in RDF+ Fe 50 ppm than RDF, while 6.4%
higher speed of germination was recorded in RDF+ Fe 50 ppm than RDF+ B 50 ppm. Speed
of germination was found maximum for RDF+ Fe 50 ppm on 5" day and onwards (Fig. 4.5).

4.4.6 Seed metabolic efficiency, mobilization efficiency and absorbance of seed

hydrogenase at 480 nm

Seed metabolic efficiency, mobilization efficiency and absorbance of seed

hydrogenase @ 480 nm were given in the Table 4.14 and Appendix XVI.

RDF+ Fe 50 ppm recorded significantly higher mobilization efficiency and
absorbance of seed hydrogenase @ 480 nm compared to the RDF. Seed metabolic efficiency

was recorded statistically lower in RDF+ Fe 50 ppm in comparison to RDF.

Table 4.14: Influence of micronutrient treatments on seed metabolic efficiency,
mobilization efficiency and absorbance of seed hydrogenase @ 480 nm

Seed metabolic | Mobilization Absorbance of seed
S.No Treatments - . hydrogenase @ 480
efficiency Efficiency
nm
TO | RDF 1.71 50.49 619
T1 | RDF+Zn 50 ppm 2.15 64.66 713
T2 | RDF+ Zn 100 ppm 2.60 59.12 683
T3 | RDF+ Fe 50 ppm 1.06 72.18 984
T4 | RDF+ Fe 100 ppm 1.48 61.47 645
T5 | RDF+ B 50 ppm 1.68 63.50 761
T6 | RDF+ B 100 ppm 1.96 5451 620
T7 | RDF+ Zn+ Fe+B
(50 ppm each) 1.58 54.92 748
CD 1% 0.24 7.33 96.34
SEmz 0.06 1.85 24.36

4.4.7 Water sensitivity test
Water sensitivity observations were presented in Table 4.15 and Appendix XVII

Data revealed that RDF+ Fe 50 ppm recorded significantly higher seedling fresh weight (mg),



seedling dry weight (mg) and seedling length (cm) in both higher and lower moisture
condition in comparison to the RDF. Seedling dry weight under low moisture condition was

recorded higher than the high moisture condition under water sensitivity test (Fig. 4.6).

N
Y
@I%l% %%

RDF+2Zn RDF+Zn RDF+Fe RDF+Fe RDF+B50 RDF+ RDF+Zn+
50 ppm 100 ppm 50 ppm 100 ppm ppm B100 ppm Fe+ B (50
ppm each)

N NN
(62 NI (o]

=N
o

S SSSSISS

Seedling dry weight (mg)
5 &

=
(6]

Treatments
B High moisture condition [ Low moisture condition

Fig. 4.6: Influence of micronutrients on water sensitivity of lentil crop



Table 4.15: Effect of micronutrient treatment on water sensitivity

High moisture condition

Low moisture condition

Seedling Seedling ] Seedling Seedling _
) ) Seedling ) ) Seedling
SI. No Treatments fresh weight | dry weight fresh weight | dry weight
length (cm) length (cm)
(mg) (mg) (mg) (mg)
TO | RDF 177.65 17.63 27.61 177.65 22.25 27.51
T1 | RDF+ Zn 50 ppm 188.35 18.75 30.21 188.35 22.90 28.61
T2 | RDF+ Zn 100 ppm 191.45 18.45 28.45 200.20 23.55 29.07
T3 | RDF + Fe 50 ppm 221.23 21.60 33.40 217.48 29.45 32.86
T4 | RDF + Fe 100 ppm 197.40 19.55 29.74 203.65 23.45 27.99
T5 | RDF + B 50 ppm 188.50 18.95 29.02 201.00 25.05 27.89
T6 | RDF + B100 ppm 191.15 19.00 29.90 191.15 23.50 27.95
T7 | RDF + Zn+ Fe+ B
180.90 18.75 29.72 180.90 23.45 28.36
(50 ppm each)
CD 1% 26.56 2.44 2.82 26.23 2.59 2.90
SEmz 6.71 0.62 0.71 6.63 0.65 0.73







Chapter 5 DISCUSSION

The experimental evidences were presented the in foregoing chapter, in order to
quantify the relative contribution of different micronutrient treatments, provide a detailed
account of performance of lentil in terms of growth, seed yield and seed quality. The major
experimental findings, their cause and effect relationship have been discussed with possible

scientific causes and support of available literatures as follows:

Application of micronutrient treatment RDF+ Fe 50 ppm which was
statistically on par with the RDF+ B 50 ppm increased the plant height (Table 4.2), plant
spread (Table 4.3), number of compound leaves (Table 4.4), dry matter accumulation
(Table 4.5), nodules per plant , dry weight of roots per plant and dry weight of shoots per
plant (Table 4.6). RDF+ Fe 50 ppm performed very well since iron acts as catalyst in the
synthesis of chlorophyll molecule and helps in the absorption of other elements and it is also
a key element in various redox reactions of respiration, photosynthesis and reduction of
nitrates and sulphate as supported by Yellamandha and Sankara, (2002).Higher plant height
might be due to presence of iron which helps in higher energy transfer within the plant, also
acts as a component of enzymes (like phytase), proteins, nitrogen fixation and by increasing
iron concentration in root cells as reported by Abbas et al., (2012). Increase in plant spread
which is mostly due to the higher internodal length which was increased by the higher
biosynthesis of gibberellin, caused by iron application, same result was also reported by as
Hansch and Mendel, (2009).

Higher plant dry weight and number of branches per plant were recorded since, Fe
had a more pronounced effect during the vegetative growth period of the plant which was

also reported by Fawzi (1993) in pea and cowpea.

As given in the table plant growth in terms of plant height, plant spread, no of
compound leaves, dry matter accumulation and nodules were increased slowly from
germination till 90 DAG due to less temperature during that period and there by soaring to

the maximum at harvest stage of the crop was mainly due to the rise in temperature.



Final yield of the crop is the cumulative effect of yield attributes and factors, which
directly and indirectly influence grain yield (Table 4.8 and Fig. 4.2). The crop can only
fetch us a good reap if it’s having maximum leaf area for the photosynthesis. The results
obtained during the investigation indicate that applying RDF+ Fe 50 ppm increased most of
the yield attributing characters such as number of seeds per pod, number of branches per
plant, number of pods per plant and 1000 seed weight (Table 4.7). Bahrani (2014) also
reported similar results, the increase in number of pod per plant, kernel weight per plant and
1000-kernel weight in rapeseed with the application of iron as foliar spray. Fe application
caused a significant increase in the number of ear heads per tiller, number of seeds per ear,
grain yield per plant and 1000 grains weight in rice, as reported by Hemantranjan and Grag,
(1988).

Higher grain yield, biological yield and harvest index were recorded under RDF+ Fe
50 ppm (Table 4.8) in comparison to the control, might be since, iron improves
photosynthesis and assimilates transportation to sinks and finally increased seed yield as
reported by Ebrahimian and Ahmed, (2011) and Bameri et al (2012). Hemantaranjan and
Grag, (1988) also reported that iron had significant role in formation of chlorophyll, and
increasing photosynthetic products rate, photosynthetic material devoted to grain and the
grain weight.

All the growth parameters like plant height and plant spread were reduced at 100
ppm concentration of micronutrients than 50 ppm concentration without any visual toxicity
symptom which may be because slightly higher concentration of micronutrient at 100 ppm.
Lee (1996) reported similar results as beyond 2 mM B concentration in the nutrient solution
caused stunted plant growth with reduced leaf size and marginal necrosis and also stated
there was no visual symptoms of toxicity until Fe levels in the solution exceeded 4 mM,
thereafter beyond 5 mM concentration it reduced leaf sizes and produced large purplish-

black spots in some leaves in seed geranium.

The yield and some other growth parameters were greatly reduced in the treatment
RDF+ (Zn+ Fe+ B) 50 ppm, might be due to the interaction of Zn, B, and Fe in the spray

solution and formation of higher micronutrient concentration beyond tolerable limit in the



sprayed solution which adversely affected the performance of the crop, similar results were

also reported by Fageria (2001).

Seed quality parameters like growth index (Table 4.10 and Fig. 4.4), speed of
germination (Table 4.13 and Fig. 4.5), higher germination percentage (Table 4.11 and Fig.
4.3), lower number of un-germinated seeds (Table 4.9), vigour index I and Il both in
standard germination test and accelerated ageing test (Table 4.11) were recorded under
RDF+ Fe 50 ppm, which might be due to the earliness in germination caused by enhanced
metabolites and their activity, which helps in resumption of embryonic growth during
germination. Foliar application of iron increased concentration of N, P, K, Ca, Mg, Fe, Mn
and Zn in the seeds of the on the mother plant. Similar results were presented by Hamouda
(2015) and Radpoor and Rimaz, (2007) in case of priming of dill seeds with FeSO., Speed of
germination is one of the oldest seed vigor concepts. Higher Seed vigour index | and II
represents higher speed of germination because they are positively correlated to each other,
that was also reported by Rezapour-Osalou (2015) in corn with application of FezOa.

Even though all the seeds were viable (Table 4.9) standard germination test had
more number of un-germinated seeds in comparison to the accelerated ageing test, the
reason might be the reduction of dormant seeds. The harvested seeds might had immature
embryos thereby reducing the germination percentage in the standard germination test, as
the seeds were artificially aged in the Accelerated ageing test the number of immature seeds
reduced and the germination percentage increased in the Accelerated ageing test, similar

results were reported by Dresch et al. (2014 ) in case of A. coriacea .

In case of accelerated ageing test (Table 4.9) germination percentage was higher due
to hastened dormancy loss by increasing the storage temperature that was reported by
Baldos and DeFrank, (2014) and Li et al. (2005) in D. Sophia seeds.

Table 4.11 shows the comparison between Standard germination test and the
accelerated ageing test, where in there is increase in the first count and final count in the
standard germination test in all the treatments but decrease in the vigour index | and Il

compared to the accelerated ageing test. Possible reason may be the adverse effect of higher



temperature along with higher humidity on the seeds which might have increased the
respiration rate and metabolic rate there by reducing the stored food material of the seed and
loss of integrity of the membrane. Similar findings were reported by Jain et al. (2006) and
Copeland and McDonald (2001).

The rate of germination are strongly governed by temperature. Negi et al. (1995).
The data regarding cold and cool germination (Table 4.12) depicts that, there was increase
in germination percentage in all the treatments in comparison to the standard germination
and accelerated ageing test. There was increased Seed vigour index | of cool germination
test in comparison to the cold test. The phenomenon behind may be due to the decrease in
the number of un-germinated seeds as a result of cold temperature treatment for seven days
both in cold test and cool germination test which has reduced the seed dormancy
considerably. Since lentil is a cold season crop which may require a low temperature before
the germination for higher field stand of the crop as evident from Pons (1993) who stated as
temperature affects the germination and the state of dormancy of the seeds and the seasonal
changes of the dormancy state of the seeds of some species is directly related to the seasonal

temperature changes.

From the Table 4.14 it’s evident that RDF+ Fe 50 ppm recorded significantly higher
Seed metabolic efficiency and Absorbance of seed hydrogenase @ 480 nm, and significantly
lower mobilization efficiency for RDF+ Fe 50 ppm might be due to increased performance
in terms of seedling growth, higher enzymatic activity, production of higher plant growth
promoting substances like gibberellins, and auxins and higher concentration of some macro

and micro nutrients in the seeds as a result of foliar application of iron.

The micronutrient spray RDF+ Fe 50 ppm recorded higher seedling dry weight in
low moisture condition than in the higher moisture condition (Table 4.15). The possible
reason may that those plant under moisture stress have accumulated more sugars for
osmoregulation, might have increased the carbon accumulation in the plant and they might
have planned for early flowering to escape from the drought condition. That was also

reported by Akinci (1997). The findings of Kramer and Boyer, (1995) also support that



Dehydration postponers with higher water use efficiency would accumulate more dry weight

under moisture stress condition.



Chapter 6 SUMMARY AND CONCLUSION

The present investigation entitled “Effect of foliar sprays of boron, iron and zinc on
plant growth, seed yield and seed quality of lentil (Lens culinaris Medik.)” was carried out
during 5™ November 2015 to 215 April 2016 at crop improvement block and Department
of Seed Science and Technology, V. C. S. G. UUHF, College of Forestry, Ranichauri, Tehri

Garhwal, Uttarakhand.

Experimental treatments include TO- RDF, T1- RDF+ Zn 50 ppm, T2- RDF+ Zn 100
ppm, T3- RDF+ 50 ppm, T4- RDF+ Fe 100 ppm, T5- RDF+ B 50 ppm, T6- RDF+ B 100

ppm and T7- RDF+ Zn+ Fe+ B (50 ppm each).

A field experiment was conducted in a randomized block design to find out the effect
of foliar spray of micronutrients on the plant growth, seed yield and seed quality of lentil.
The observations recorded on characters namely plant height, plant spread, number of
compound leaves, dry matter accumulation, plant population, mortality percentage, number
of nodules, dry weight of roots per plant and dry weight of shoots per plant, seeds per pod,
branches per plant, pods per plant, 1000 seed weight, grain weight per plant, grain yield,

straw yield, biological yield, harvest index and B: C ratio.

The laboratory experiments were conducted in complete randomized design with
four replications to investigate the quality of seed. The observations were recorded under
laboratory condition on seed quality parameters, viz., viable seeds, un-germinated seeds,

growth index, first count, final count, vigour index I, vigour index 1, accelerated ageing test,



cold test, cool germination test, speed of germination, seed metabolic efficiency,

mobilization efficiency, absorbance of seed hydrogenase @ 480 nm and water sensitivity.

The data obtained during the course of investigation in the field and lab were

analyzed by using standard statistical procedure for randomized block design (CD @ 5%

level of significance) and complete randomized design (CD @ 1% level of significance)

respectively.

The experimental findings are summarized below:

RDF+ Fe 50 ppm registered significantly lower plant mortality percentage during the
growth period.

There was no significant difference in initial plant population among the RDF+
micronutrient treatments.

RDF+ Fe 50 ppm recorded significantly higher plant height, plant spread, number of
compound leaves, dry matter accumulation and plant population during maturity.
Number of nodules, dry weight of roots per plant and dry weight of shoots per plant
at 50% flowering stage were significantly higher in RDF+ Fe 50 ppm in comparison
to the RDF.

The effect of RDF+ Fe 50 ppm and RDF+ B 50 ppm were significantly superior on
number of seeds per pod, number of branches per plant and number of pods per
plant, 1000 seed weight and grain weight per plant.

Significantly higher grain yield was recorded in RDF+ Fe 50 ppm (1543kg/ha) in

comparison to the RDF (1160 kg/ha). Application of RDF+ Fe 50 ppm and RDF+ B



50 ppm along with RDF recorded 33.0% and 27.5% increase in grain Yield
respectively.

RDF+ Fe 50 ppm, RDF+ Zn+ Fe+ B (50 ppm each) and RDF recorded significantly
higher straw yield than RDF+ Zn 100 ppm.

Maximum Straw yield was recorded in RDF+ Zn+ Fe+ B (50 ppm each) (5506
kg/ha) and minimum was recorded in RDF+ Zn 50 ppm (4884 Kg/ha).

RDF+ Fe 50 ppm recorded significantly higher biological yield, harvest index and B:
C ratio in comparison to the RDF. For every rupee spent in the production of lentil
crop, we got Rs. 4.57 and Rs. 4.35 rupees in RDF+ Fe 50 ppm and RDF+ B 50 ppm
respectively.

RDF+ Fe 50 ppm recorded significantly higher viable seeds, first count, final count,
vigour index I, vigour index Il in standard germination test and accelerated ageing
test.

RDF+ Fe 50 ppm recorded significantly superior germination percentage, vigour
index | and vigour index 1l in cold test and cool germination test.

Significantly higher growth index and speed of germination were recorded for RDF+
Fe 50 ppm.

Mobilization efficiency, absorbance of seed hydrogenase @ 480 nm and water
sensitivity were found significantly higher in case of RDF+ 50 ppm in comparison to
the control.

RDF+ Fe 50 ppm recorded significantly lower un-germinated seeds (%) and seed

metabolic efficiency in comparison to the RDF.



Conclusion:

Based on the results of this experiment, it could be concluded that foliar spray with

micronutrients along with RDF increase plant growth, grain yield and seed quality.

In the light of results summarized above it can be concluded that, for getting higher grain
yield and seed quality of lentil (VL-126) farmers of Uttarakhand use RDF (N:P:K-
20:40:20 kg/ha) along with two foliar spray of RDF+ Fe 50 ppm at 30 DAG and 50%
flowering. On the basis of benefit cost ratio farmer can gain Rs.4.57 with every rupee

invested in case the of RDF+ Fe 50 ppm.
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Weekly average weather data during the crop period 2015-2016

Appendix- T

Relative

Soil temperature

Soil temperature

Temperature (°C) Humidity (%0) Rfrann:?” Sunshine | Evapar at5cm at 10 cm

Week Max. Min. Max. Min. (hrs) ation Min. Max. Min. Max.
27 Aug - 02 Sep 23.6 15.1 94 79 3.1 8 3.1 19 30.7 19.5 29.9
03 Sep - 09 Sep 22.8 14.2 87 86 2.9 8.1 2.9 19 32.3 19.4 31.5
10 Sep - 16 Sep 23.6 14.8 91 87 3.2 8.3 3.2 19.7 334 20.1 32.1
17 Sep - 23 Sep 23.0 14.2 88 78 2.6 5.4 2.6 18.8 27.3 19.2 26.6
24 Sep - 30 Sep 21.8 12.1 82 81 2.0 7.7 2.0 16 29.3 16.5 28.8
01 Oct - 07 Oct 23.0 12.3 70 56 2.9 8.8 2.9 16.2 32.1 16.8 31.4
08 Oct - 14 Oct 22.0 11.9 86 69 2.4 7.3 2.4 16.2 28.8 16.6 28.2
15 Oct -21 Oct 20.2 10.3 84 65 1.7 6.9 1.7 13.1 27.2 13.7 26.3
22 Oct - 28 Oct 20.3 8.2 70 50 2.3 8.4 2.3 11.9 26.2 12.7 25.2
29 Oct - 04 Nov 18.5 7.9 82 53 2.0 7.3 2.0 114 25.1 12.1 24.1
05 Nov - 11 Nov 17.8 6.3 73 49 1.9 7.8 1.9 10 23.7 10.7 22.6
12 Nov - 18 Nov 18.7 7.1 75 47 2.1 8.2 2.1 9.8 23 10.5 21.8
19 Nov - 25 Nov 18.2 7.2 84 56 1.7 8.2 1.7 9.2 21.3 9.7 20.3
26 Nov - 02 Dec 17.0 5.8 74 52 1.7 6.2 1.7 7.4 18.0 8.2 17.1
03 Dec - 09 Dec 14.9 4.6 88 65 1.2 6.5 1.2 6.5 16.2 7.1 15.7
10 Dec - 16 Dec 12.1 25 90 68 0.8 4.5 0.8 4.8 12.8 5.4 12.3
17 Dec - 23 Dec 10.6 -0.4 87 53 0.8 6.7 0.8 1.3 11.1 2.0 10.4
24 Dec - 31 Dec 14.6 2.7 62 42 1.6 7.3 1.6 2.5 13.8 3.0 12.8




Relative . Soil temperature | Soil temperature
Temperature (°C) Humidity (%) Rainfall Sunshine | Evapar at 5pcm at lg cm
week : : (mm) (hrs) ation . :

Max. Min. Max. Min. Min. Max. Min. Max.
01 Jan - 07 Jan 14.0 3.0 69 54 0 6.3 1.5 34 135 4.0 12.8
08 Jan - 14 Jan 125 1.2 83 55 0.1 6.8 1.3 2.8 13.3 2.8 12.7
15 Jan - 21 Jan 11.3 0.6 81 50 0.6 6.1 1.3 2.4 13.6 2.4 12.8
22 Jan - 28 Jan 11.2 1.8 82 51 0 75 1.4 2.3 15.0 2.3 13.9
29 Jan - 04 Feb 13.6 4.7 72 46 0.5 7.2 1.8 8.6 17.9 8.5 16.6
05 Feb - 11 Feb 14.7 4.7 79 58 28.7 7.2 1.9 11.1 16.2 10.8 15.2
12 Feb - 18 Feb 13.2 3.9 75 50 25.5 7.0 1.6 9.3 16 9 14.7
09 Feb - 25 Feb 17.6 8.0 77 60 14.1 6.5 2.3 13.0 19.1 12.6 17.8
26 Feb - 04 Feb 17.4 75 85 47 0 8.6 2.2 11.3 22.8 11.3 21.3
05 Mar -11 Mar | 17.7 8.2 73 56 5.2 6.7 2.5 8.9 20.6 9.4 19.6
12 Mar - 18 Mar | 15.1 6.3 83 66 38.5 4.0 2.1 7.6 17.7 8.4 16.9
19 Mar - 25 Mar | 19.7 9.3 56 44 1.9 7.8 3.2 8.7 24.1 9.2 22.8
26 Mar - 01 Apr | 22.1 11.6 64 42 0 7.8 35 12,5 27.8 13.1 26.7
02 Apr - 08 Apr 23.4 13.0 62 43 12.8 6.2 4.0 14.2 26.9 14.8 26
09 Apr - 15 Apr 23.5 12.4 45 29 0 9.7 4.5 13.6 29.7 14.2 28.7
16 Apr - 22 Apr 26.4 15.0 52 33 0.7 8.5 5.0 17.2 33.4 17.7 31.2
23 Apr - 29 Apr 25.1 12.7 34 19 1.8 10.4 55 15.2 34.6 16.2 31.7
30 Apr-06 May | 26.4 14.3 48 36 25.5 8.0 4.7 17.1 33.3 17.9 31.1




Appendix- IT

Mean data obtained during seed metabolic efficiency and mobilization efficiency

10 seeds Dry weight | Dry weight | Respired
Treatments weight () of shoot of root food_

(mg) (mQ) material
RDF 0.227 0.061 0.031 0.081
RDF+ Zn 50 ppm 0.231 0.069 0.028 0.041
RDF+ Zn 100 ppm 0.232 0.067 0.032 0.019
RDF+ Fe 50 ppm 0.220 0.061 0.024 0.054
RDF+ Fe 100 ppm 0.237 0.056 0.021 0.099
RDF+ B 50 ppm 0.231 0.076 0.035 0.035
RDF+ B 100 ppm 0.232 0.056 0.029 0.059
Ea[;rf; Zn+ Fer B (50 ppm | 409 0.050 0.025 0.051

Appendix- IIT

Analysis of variance for plant population (number of plant per meter row length) and
mortality (%)

Mean sum of squares
Source of D. Population studies

variation F. Initial plant Plant population at Mortality
population maturity percentage

Replication 2 0.70 0.36 0.425673
Treatment 7 0.49** 0.96** 21.58298**

Error 14 0.32 0.20 0.34333

Appendix- TV

Analysis of variance for plant height (cm) at various stage of crop growth

Source of D. Mean sum of squares
variation F. 30 DAG 60 DAG 90 DAG At harvest
Replication 2 0.320 0.029 0.683 6.640
Treatment 7 0.068 NS 0.813* 0.922* 6.340*
Error 14 0.132 0.243 0.326 2.260

* Significant at 0.05 level of probability
**Significant at 0.01 level of probability




Appendix- V

Analysis of variance for plant spread (cm) at various stage of crop growth

Source of D. Mean sum of squares
variation F. 30 DAG 60 DAG 90 DAG At harvest
Replication 2 0.046 0.017 0.231 2.055
Treatment 7 0.005 NS 0.698** 0.969** 2.177*
Error 14 0.059 0.085 0.167 0.716
Appendix- VI
Analysis of variance for number of compound leaves at various stage of crop growth
Source of D. Mean sum of squares
variation F. 30 DAG 60 DAG 90 DAG
Replication 2 0.120 1.582 1.152
Treatment 7 0.154 NS 4.964* 11.994**
Error 14 0.128 1.267 2.081

Appendix- VII

Analysis of variance for Dry matter accumulation (g/m?) at various stage of crop growth

Source of D. Mean sum of squares
variation F. 30 DAG 60 DAG 90 DAG
Replication 2 0.333167 6.10467 67.0533
Treatment 7 0.755994 NS 63.9239 ** 332.152**
Error 14 1.21798 5.46057 47.0559

Appendix- VIIT

Analysis of variance for number of nodules, dry weight of roots per plant and dry weight
of shoots per plant at 50 % flowering

Source of D Mean sum of squares
. " | No of nodules per | Dry weight of roots per | Dry weight of shoots
variation F.
plant plant (mg) per plant (mg)
Replication 2 0.255 39.833 3070.620
Treatment 7 18.842** 258.770** 15599.800**
Error 14 0.741 24.463 773.563

* Significant at 0.05 level of probability
**Significant at 0.01 level of probability




Appendix- IX

Analysis of variance for yield attributing character

Source of D Mean sum of squares
- ' Branches Pods per 1000 seed | Grain weight
variation F. | Seeds/pod i
per plant plant weight per plant (g)
Replication | 2 0.01167 56.222 42.855 1.625 10504.50
Treatment 7 0.02042* 52.737* 91.615* 0.337 NS 158373.00**
Error 14 0.00595 17.648 24.172 1.196 17593.00
Appendix- X
Analysis of variance for yield
Mean sum of squares
\S/Zl:il;ct?oo: E i(esl(;a(llr(] / Straw yield | Biological Harvest B-C ratio
' y ha) g (kg/ha) yield (kg/ha) Index )
Replication | 2 62663.80 197359.00 46666.70 11.937 0.15125
Treatment 7 57107.50* | 233409.00* | 325285.00* 27.734%* 0.37658*
Error 14 18446.20 62797.10 86666.70 4.679 0.12268

Appendix- XTI

Analysis of variance for number of viable seeds, germination percentage and number of
un-germinated seeds

Mean sum of squares
Source of | D. Tetr?;;“um Standard germination test Accelerated ageing test
ariation | F. —— ——
variat Viable seeds Germinatio | No. Of hard | Germinatio | No. Of hard
n (%) seeds n (%) seeds
Treatment | 7 9.93** 26.41** 27.07** 9.93** 9.93**
Error 24 0.33 7.29 0.33 2.83 0.33

Appendix- XIT

Analysis of variance for growth index

Source of | D. Mean sum of squares

variation | F. | 4™ day 5t day 6" day 7" day 8" day

Treatment | 7 | 0.296978** | 0.789235** 3.48881** 2.302341** | 5.269507**
Error 24 | 0.081866 0.223553 0.737526 0.530521 1.302607

* Significant at 0.05 level of probability
**Significant at 0.01 level of probability




Appendix- XIII

Analysis of variance for standard germination and accelerated ageing test

Mean sum of squares
Source of | D. Standard germination Accelerated ageing test
variation | F. | First | Final Vigour index First | Final Vigour index
count | count | 1 count | count | I
* *
Treattme” 7| sowx | oewe | BT pagamun | goun | ggun | 89337 | 3gq7gun
Error |24 15 7.3 32997 15448 12 2.8 21417 9294

Appendix- XIV

Analysis of variance for cold and cool germination test

Mean sum of squares
Source of | D. Cold test Cool germination test
variation | F. | Germination | Vigour | Vigour | Germination | Vigour | Vigour
% index 1 | index Il % index | | index Il
Treatment | 7 39.7** 82605** | 94399** 10.9** 82795** | 69586**
Error 24 10.6 19886 | 18667.29 1.7 18489 16253
Appendix- XV
Analysis of variance for speed of germination
Source of | D. Mean sum of squares
variation | F. | 4" day 5t day 6" day 7™ day gt day
Treatment | 7 | 77.55*%* 74.84** 46.50** 51.64** 42.67**
Error 24 0.46 13.63 12.75 11.92 11.55

Appendix- XVI

Analysis of variance for seed metabolic efficiency, mobilization efficiency and absorbance
of seed hydrogenase @ 480 nm.

Source of D. Mean sum of squares
variation E Seed metabolic Mobilization Absorbance of seed
efficiency efficiency hydrogenase @ 480 nm.
Treatment 7 0.86** 189.45** 56921.79**
Error 24 0.01 13.73 2372.79

* Significant at 0.05 level of probability
**Significant at 0.01 level of probability.




Analysis of variance for water sensitivity test

Appendix- XVII

Mean sum of squares

High moisture

Low moisture

Source of | D. Seedling | Seedling . Seedling | Seedling .
variation | F. fresh dry Seedling fresh dry Seedling
. . length . . length
weight weight (cm) weight weight (cm)
(mg) (mg) (mg) (mg)
Treatment 7 707.97** 5.33** 11.63** | 686.77** 20.47** | 11.81**
Error 24 180.35 152 2.04 175.90 1.71 2.16

* Significant at 0.05 level of probability
**Significant at 0.01 level of probability







TO: RDF T3: RDF+Fe 50 ppm

TO: RDF T3: RDF+Fe 50 ppm

Plate 4: Effect of micronutrinet treatment on Tetrazoilium and Cold test



Field during harvesting stage

Plate 1: Layout of the plot and crop during harvest stage of the crop



TO0: RDF T3: RDF+ Fe 50 ppm

T5: RDF+B 50 ppm T7: RDF+ Zn+ Fe+ B (50 ppm each)

Plate 2: Influence of micronutrient treatments on plant growth at 50% flowering stage



T3 RDF+ Fe 50 ppm

T4: RDF+ Fe 50 ppm T6: RDF+ B 50 ppm

Plate 3: Effect of micronutrient treatment on seedling length of lentil
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Title: “Effect of foliar sprays of boron, iron and zinc on plant growth, seed yield and seed
guality of lentil (Lens culinaris Medik.)”

Lentil (Lens culinaris Medik.) is an important rabi pulse, which is one of the oldest grain
legume known to the mankind. Continuous application of macro nutrients created deficiency of
micronutrient in lentil which ultimately cause reduction in yield and seed quality. Micronutrients
are essential nutrients required by the plant to complete their lifecycle, which are even though
required in very small amounts plays a very vital role.

In the present investigation, we used three micronutrients viz., boron, zinc and iron for
foliar application. A series of field and laboratory experiment were conducted in a randomized
complete block design at Crop Improvement Block, College of Forestry, Ranichauri, Tehri
Garhwal, Uttarakhand during rabi, 2015 to evaluate the effect of micronutrients foliar sprays on
plant growth, seed yield and seed quality of lentil. The micronutrient treatments comprised of
TO- RDF (N:P:K- 20:40:20 kg/ha), T1- RDF+ Zn 50 ppm, T2- RDF+ Zn 100 ppm, T3- RDF+ Fe
50 ppm, T4- RDF+ Fe 100 ppm, T5- RDF+ B 50 ppm, T6- RDF+ B 100 ppm and T7- RDF+
Zn+ Fe+ B (50 ppm each)

RDF (N:P:K- 20:40:20 kg/ha)+ Fe 50 ppm recorded significantly higher plant height,
plant spread, plant population at maturity, number of nodules per plant. Seed yield was recorded
maximum under RDF+ Fe 50 ppm which was statistically on par with RDF+ B 50 ppm. There
was 33% increase in seed yield in RDF+ Fe 50 ppm than the RDF. B: C ratio also registered
maximum (4.57) in RDF+ Fe 50 ppm.

All seed quality parameters like first count, final count, vigour index | and Il, growth
index, speed of germination, germination percentage in cold and cool germination test and dry
weight of seedling in water sensitivity were recorded significantly higher in case of RDF+ fe 50
ppm in comparison to the RDF.

On the basis of investigation among the treatments RDF+ Fe 50 ppm proved to be the
best micronutrient for foliar spray for enhancing the growth, yield and seed quality parameters of
lentil.
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