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ABSTRACT

YIELD AND PHYSIOLOGICAL RESPONSES TO NITROGEN
LEVELS AND MICRONUTRIENTS IN CROSSANDRA
(Crossandra infundibuliformis L. (Nees))

By
P. ARUNA
Degree ; Ph.D. (Horticulture)
Chairman Dr. P. RENGASAMY

Professor and Head,

Department of Horticulture,

Horticultural College and Research Institute
Tamil Nadu Agricultural University
Coimbatore 641 003.

1999

In order to assess the inﬂuenc;e of various nitrogen levels and micronutrients on
the yield and physiological responses of.crossandra, experiments were conducted during
1997-98 at Botanic. gardens, Department \Qf Floriculture, Horticultural College and
Research - Institute, Tamil Nadu Agricultﬁréi University, Coimbatore. The. field
experiment was laid out in a split plot design with twenty five treatmental combinations

replicated twice.

Nitrogen levels viz., 0, 90, 120, 150, 180 kg ha-1 were assigned to main plots and

micronutrients to subplots viz., ZnSOq4 (25 kg ha™"), FeSO, (50 kg ha™), soil application of



ZnSOy4 (25 kg ha) along with the combination of FeSO4 (50 kg ha™), foliar spray of

ZnS04 (0.5 per cent) + FeSO4 (1.0 per cent).

The results revealed that the treatment N4Ms (Combination of nitrogen
180 kg ha' along with combination of foliar spray of ZnSO,4 (0.5%) + FeSO,4 (1.0%)
recorded increased growth and yield. Yield increase is through increase in growth and
other yield attributing characters like number of flowers per spike, number of spikes per
plant, spike length, stalk length, diameter of flower and weight of ﬂow.ers. Most of the
physiological and biochemical constituents and nutrient contents was high in the

treatment N4M, contributing significantly towards yield.

Correlation analysis revealed that yield was significantly associated with most of

the biometric characters.

Regarding multiple regression, the linear additive equations were fitted relating to
growth characters, vyield attributing characters, physiological and biochemical
constituents and nutrient contents in crossandra.!The linear additive equations are very

much useful for predicting the yield of flowers.

The study clearly revealed that the treatment 180 kg N ha™ along with foliar spray

of ZnSO4 (0.5%) and FeSO4 (1.0%) recorded the highest flower yield in crossandra.



CONTENTS

CHAPTER TITLE i)AGE NO.
NO.

1 INTRODUCTION i
I REVIEW OF LITERATURE 3
151} MATERIALS AND METHODS 21
v EXPERIMENTAL RESULTS 24
\Y% DISCUSSION 139
VI SUMMARY 165

REFERENCES
PLATES
APPENﬁICES




LIST OF TABLES

spike during 3" 6™ 9" and 12" month of planting

Table no Title Page no
—

1 Effect of nitrogen and micronutrients on plant height (cm) during’] / %5
3™ 6™ o™ and 12" month of planting

2 Effect of nitrogen and micronutrients on number of branches 33
during 3",6™ 9" and 12" month of planting

3 Effect of nitrogen and micronutrients on number of leaves during 40
3 6™ 9™ and 12™ month of planting

4 Effect of nitrogen and micronutrients on stem girth during 42
3 6" 9" and 12" month of planting

5 Effect of nitrogen and micronutrients on Leaf area (cm” ) during 4 4
3 6" 9" and 12" month of planting

é Effect of nitrogen and micronutrients on Leaf area index (cm? ) 4-6
during 3™ 6" 9" and 12" month of planting

K Effect of nitrogen and micronutrients on Specific leaf area 47
(cm*/mg) during 3™,6™ 9™ and 12™ month of planting

8 Effect of nitrogen and micronutrients on Specific leaf weight 49

' (mg/cm?) during 3",6" 9™ and 12" month of planting

9 Effect of nitrogen and micronutrients on fresh weight of shoot (g) 51
during 3",6™ 9" and 12" month of planting

10 Effect of nitro%en and micronutrients on dry weight of shoot (g) 52
during 3" 6™ 9" and 12™ month of planting

11 Effect offnlitro%en and micronutrients on fresh weight of root (g) 54
during 3™,6" 9" and 12" month of planting

12 Effect of nitrogen and micronutrients on dry weight of root (g) 56
during 3™,6" 9" and 12" month of planting

13 Effect of nitrogen and micronutrients on shoot root ratio during 57
3™ 6™ 9™ and 12™ month of planting

14 Effect of nitrogen and micronutrients on dry matter production (g) 59
3" 6™ 9" and 12" month of planting

15 Effect of nitrogen and micronutrients on time taken for spike 62
emergence (days), time taken for first flowering (days),time taken
for completion of harvest (days).

16 Effect of nitrogen and micronutrients on number of flowers per 66




17

18

19

20

22

23

24

25

26

27

28

29

30

31

32

Effect of nitrogen and micronutrients on nunber of spikes per
plant during 36" 9" and 12" month of planting

Eftect of nitrogen and micronutrients on stalk length (cm) during
37 6" 9" and 12" month of planting

Effect of nitro%en and micronutrients on diameter of flower (cm)
during 3",6" 9™ and 12" month of planting

Effect of nitrogen and micronutrients on spike length (cm) during
3™ 6™ 9™ and 12" month of planting

Effect of nitrogen and micronutrients on weight of flowers
d ot ug t & &
during 3",67,9" and 12" month of planting

Effect of nitrogen and micronutrients on flower yield (g per plant)
during 3™,6" 9™ and 12" month of planting

Effect of nitrogen and micronutrients on flower yield (kg ha™)
during 3™,6" 9" and 12" month of planting

Effect of nitrozﬁen and micronutrients on chlorophyll a (mg g )
during 36" 9" and 12" month of planting

Effect of nitro%fen and micronutrients on chlorophyll b (mg g")
during 3™,6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on total chlorophyll (mg g™)
during 3™ 6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on crop growth rate
(g m? day™) during 3™ 6" 9™ and 12" month of planting

Effect of nitrogen and micronutrients on relative growth rate
(g m™ day'yl)”during 3" 6™ 9™ and-1 2th month of planting

Effect of nitrogen and micronutrients on Net Assimilation rate
(mg cm™ day™ ) during 3",6™ 9" and 12™ month of planting

Effect of nitrogen and micronutrients on soluble rote,irﬂ mg cm™
d oth ot t P &
during 3",6" 9" and 12" month of planting

Effect of nitrogen and micronutrients on nitrate reductase activity
(ug g hr'!) during 3™,6™ 9™ and 12" month of planting

Effect of nitrogen and micronutrients on catalase activity (i moles
of H,0; utilized 100 g™ min ) during 3™,6™ 9" and 12" month
of planting

6%

13

75

A

80
83
85
87
g8
30
%
4
95
31

98




33

34

35

30

37

38

39

40

41

42

43

44

45

46

47

Effect of nitrogen and- micronutrients on IAA oxidase activity

(ug of unoxidised auxin g’ hr') during  3rd,6th,9th and 12%
month of planting

Effect of nitrogen and micronutrients on peroxidase aétiyity
(ug g hr') during 3",6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on tryptophan (u g g fresh
weight ) during 3",6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on N content in leaf (%)
during 3",6"™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on P content in leaf (%)
during 3" 6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on K content in leaf (%)
during 3™,6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on N content in flower (%)
during 3",6"9" and 12" month of planting

Effect of nitrogen and micronutrients on P content in flower (%)
during 3" 6™ 9™ and 12" month of planting

Effect of nitrogen and micronutrients on K content in flower (%)
during 3" 6™ 9" and 12™ month of planting

Effect of nitrogen and micronutrients on Fe content in leaf (ppm)
during 3",6™ 9™ and 12" month of planting

Effect of nitrogen and micronutrienfs on Zn content in leaf (ppm)
during 3" 6" 9" and 12" month of planting

Effect of nitrogen and micronutrients on available nitrogen in soil
(kg ha") during 3™,6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on available phosphorous in
soil (kg ha™") during 3,6" 9" and 12" month of planting

Effect of nitrogen and micronutrients on available potassium in
soil (kg ha™) during 3™,6™ 9" and 12" month of planting

Effect of nitrogen and micronutrients on iron content in soil
m) during 3% 6" 9" and 12" month of plantin
pp g p g

102

A04

!;
3
3

107

109

110

112

113

413

i=1

122




48

49
50
51
52
53
54
55
56
57
58

59

Effect of nitrogen and micronutrients on zinc content .in soil
(ppm) during 3" 6" 9" and 12" month of planting

Simple correlation and linear regression of growth characters on
yield

Simple correlation and linear regression of yield attributing
characters on yield

Simple correlation and linear regression of physiological and
biochemical attributes on yield

Simple correlation and linear regression of nutrient contents on
yield

Economics

Nitrogen use efficiency

Effect of micronutrients under high production system
Multiple regression equation of growth characters on yield

Multiple regression equation of yield attributing characters on
yield

Multiple‘ regression equation of physiological and biochemical
constituents on yield a

Multiplé regression equation of nutrient contents on yield

126

LR°7

12%

131

154

159

159

160

161




LIST OF FIGURES

Figure Title Page No

No

1 Field Plan. 23
la Effect of nitrogen and micronutrients on plant height 36
2 Effect of nitrogen and micronutrients on number of branches 41
3 Effect of nitrogen and micronutrients on dry matter production 60
4 Effect of nitrogen and micronutrients on time taken for spike emergence 63
5 Effect of nitrogen and micronutrients on number of flowers per spike 67
6 Effect of nitrogen and micronutrients on number of spikes per plant 69
7 Effect of nitrogen and micronutrients on stalk length 7R
8 Effect of nitrogen and micronutrients on spike length 76
9 Effect of nitrogen and micronutrients on weight of flowers 79
10 Effect of nitrogen and micronutrients on flower yield g1
11 Nitro gen use efficiency 15 1
12 Response of crossandra to the conjoint us&of\nitrogen and micronutrients 154
13 Effect of micronutrients under high production syxst‘em 155




LIST OF PLATES

View of the experimental field

Plants at sixth month of planting under different treatments
Plants at twelth month of planting under different treatments
Increased spike length — NyMy

Comparison of spike length under NsM4 with other treatments
Increased flower diameter

Comparison of flower diameter with other treatments







CHAPTERI

INTRODUCTION

Crossandra (Crossandra infundibuliformis (L.) Nees.) is one of the important
commercial flower crops cultivated in India, Tropical Africa and Madagascar. In India it
is cultivated in an area of 1,716 ha producing 4.33 million kg of flowers. It is a common
commercial flower in Tamil Nadu and Karnataka. The flowers are mainly used for
personal adornment) Though non-fragrant, flowers are very popular, because of its
attractive bright colour, light weight and good keepiﬁg quality. These are used for making

o : : N
(garland either alone or in combination with Jasmine and other flowers. |

@rossandra belongs to the family Acanthaceae. There are 20-25 species, but only
a few like Crossandra infundibuliformis, C. guineensis, C. mucronata and C. sabaculis
are cultivated. The species grown for commercial flower production is Crossandra
infundibuliformis. 1t is a small evergreen shrub producing flowers in dense sessile
spikes. Orange, D’elhi, yellow and sebaculis red are four different cultivars of the speci@‘
Orange crossandra isj '2’1 tetraploid (2n=40)i éété‘seeds profusely, breeds true due to
apomictic nature and produces bright and orange coloured flowers. The cultivar Delhi is a
triploid (2n=30) and produces more attractive flowers of bright deep orange colour.
Propagation is done by means of cuttings. The Orange and Delhi are two types cultivated
for higher flower production. (:F o obtain economic yield in crossandra, optimum

nutritional studies is more essentia9 It is necessary to maintain the fertility of the field to

provide a continuous supply of nutrients to the plants to produce sufficient growth and



flower spikes. Hence a systematic study is essential to assess the nutritional requirement
of the crossandra to maintain productivity. It is necessary to find the optimum nutritional

requirement of this high yielding variety. -

The present study is taken up in crossandra cv. Delhi With the following
objectives.
I.  To assess the effect of graded levels of nitrogen on the growth, nutrition and yield of
flowers.
2. To study the influence of micronutrients with different levels of N on the growth and
yield attributes.

3. To fix the optimum and economic level of nitrogen for crossandra.”
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CHAPTER 11

REVIEW OF LITERATURE

Proper growth and yield expression in plants are influenced by the availability of
essential macro and micronutrients. Nitrogen plays a major and important role in
metabolism, growth and reproduction. It is an important constituent of proteins, nucleic

acids, alkaloids, some vitamins and co-enzymes.

The supply of micronutrients in adequate amounts and in proper proportion is one
of the many factors which control the growth of the plants. In the absence of these
micronutrients, the plants are known to suffe; from what are called physiological
disorders which eventually lead to unbalanced growth, low crop yield and loss of quality.
The role bf micronutrients in various metabolic processes and the enzymes involved in

these processes are elucidated by Zende (1990).

Micronutrients also affect the aétivi}ies of several group of microorganisms
thereby modifying the microbial processes inﬂuencing the supply of micronutrients in
" available forms in one way ér the other. The importance of micronutrients in Indian
Agriculture is fairly well recognized and their use has significantly contributed to the
increase in crop productivity. It is necessary to recognize that micronutrients are as
essential as major nutrients. Several crops respond Well to application of micronutrients.
Micronutrients have to be necessarily taken up by plants from soil/supplemented through

soil/foliar/seed/root treatments for good growth and yield of crops and for achieving



maximum use efficiency of applied N, P and K fertilizers. According to Natesan (1995),
micronutrients though required in small quantities are as important and indispensable as
any other essential nutrient for the plant. Application of nitrogen and micronutrients are
very much essential for proper growth of the plant. The review of the available literature

on these aspects has been presented in this chapter.

2.1. Effect of nitrogen and micronutrients on growth
2.1.1. Nitrogen

Kyle (1958) reported in chrysanthemum that ample supply of N ensures adequate
size of the plant, length of stem and size of the leaf. Fernandes et al. (1974) stated in
gladiolus that ammonium sulphate (15 and 20 g/sq. m) promoted vegetative growth.
Nanjan and Muthuswamy (1974) obtained more number of shoots per plant (31.75) by
application of 90 g N/plant in Edward rose. Increasing the levels of nitrogen had greater
beneficial effect on stem height (Young et al., 1976 and Niijar and Rehalia, 1977 in rose).
Natarajan (1977) reported that application of 120 g of nitrogen per plant significantly
increased the primary shoot leaf production in Jasminum grandiflorum. Arora and Jhon

(1978) found that increased levels of nitrogen increased the plant height and production

L

in Zinnia elegans.

Arora and Jaswinder Singh (1980) obtained increased plant height (76.00 cm) in
african marigold by application of 40 g nitrogen per m®. Increased amount of nitrogen
produced large number of branches in Jasminum auriculatum (Muthuswamy and

Pappiah, 1980). Abdul Khader ef al. (1985) reported in crossandra that application of



N (62.5 kg ha™) in three split doses increased the plant height (91.36 cm) and number of .
branches per plant (6 97). Similar findings were reported by Barnett and Ornod (1985)‘
and Yadav et al. (1985) in tuberose. Pal er al. (1985) observed that plant height was
increased (68.9 ¢cm) with the highest dbse of nitrogen (35 g/sq.m) in Jasminum sambac.
Tandon (1987) registered improved growth of the plants by nitrogen application through
sheep manure (25 t ha™) and urea (75 kg ha) which significantly increased the plant
height, number of laterals and number of leaves in chrysanthemum. Similar trend
was observed by Arulmozhiyan (1988) in marigold by the application of nitrogen at

120 kg ha™'.

Hipp et al. (1988) obtained maximum growth of rooted cuttings of Salvia gregsii
in pots with 200 ppm of nitrogen which was supplied at weekly intervals. High levels of
nitrogen favourably influenced the production of flowering shoots, secondary and tertiary
shoots.

Srinivasan (1988) observed in Jasminum sambac that application of
nitrogen at 90 g per plant significantly increased the length of primary and secondary

~lateral shoots, length and width of the leaf.

Balasubramanian (1989) found ™ that the application of three fourth of
recommended dose of nitrogen (93.75 kg ha™') resulted in an increased growth in french
marigold. Srinivasan e al. (1989) reported increase in length of primary and secondary

laterals due to nitrogen at 60 g in Jasminum sambac. Anamica and Lavania (1990) were



of the opinion that application of 25 g nitrogen per plant recorded the best growth in

terms of plant height and spread in marigold.

Jayanthi and Narayana Gowda (1990) reported in chrysanthemum that the highest
plant height was recorded with 40 g of nitrogen (47.93 cm) compared to control

(35.80 cm).

Prince et al. (1990) reported in chrysanthemum cvs. Bright Golden Anne and
Torch that application of 200 ppm N produced vigorous plants with greater spread.
Sindhu and Yamdagni (1990) found that 60 g nitrogen in combination with 30 g
phosphorus gave the maximum plant height (80.80) and stem diameter (16.17). Avari and
‘Patel (1991) reported that application of 200 kg N ha™ produced maximum plant height,
stem diameter, number of lateral branches in african marigold. John et al (1991)
suggested that application of 150 kg N ha' resulted in increased plant height and
production of branches in Zinnia elegans. Narayana Gowda et al. (1991) obtained
increased plant height in tuberose with nitrogen at 120 kg ha™. Similar finding was
reported by Sigedar ’elj/fal. (1991) in Calernjlukla officinalis. Manonmani (1992) reported
that application of tWenty ﬁve‘per cent redﬁ:c-::é-d"dose of N and P increased the plant
height, number of primary, secondary and tertiary branches in Jasminum sambac.
According to Marappan (1992), maximum plant height and number of leaves were
obtained with N at 120 kg ha" in marigold. Vasanthi (1994) observed increased plant
height, number of primary, secondary and tertiary branches in Jasminum grandiflorum

with nitrogen at 45 g per plant. \



Naglaa and Hassan (1995) observed in Dracena species that slow release
fertilizer sticks (containing N, P, K, Mg, S, Fe, Zn and Cu), one stick per pot
(100 g per plant) every 6 months resulted in increased leaf number. Swaminathan (1995)
obtained increased plant height (39.20 cm), number of branches (11.33), number of
léaves (307.33), fresh weight of the shoot (281.67 g) and dry weight of the shoot
(80.37 g) by application of nitrogen at 120 kg ha™ applied once in 2 months in

crossandra.

Ryagi and Nalawadi (1996) reported in Golden Rod (Solidago canadensis L.)
that the highest level of nitrogen (100 kg N ha™) recorded the maximum plant height
(75.37 cm) and number of leaves per plant (54.40) whereas, minimum plant height
(65 cm) and number of leaves (43.60) were recorded with no nitrogen.
Suhuch et al. (1996) reported in poinsettia that leaf area and dry weight increased linearly

in response to increasing fertilizer concentrations.

According to Muhammod Qshtiaq ez al. (1998) reported maximum number of
leaves per plant (13.91), number of roots per p‘)‘lant (22), root length (34.33 c¢cm) and root
weight (2.63 g) for plants given 19 g nitrogen + 16 g phosphorus in Ficus macrophylla.

Maximum plant height (33 cm) was reported for plants given 28 g N+ 16 g P.

2.1.2. Micronutrients on growth
Sharova et al. (1977) reported in gladiolus that improvement in plant growth

including leaf size was obtained by treatment of corms and corm lets with zinc. Absence



of zinc resulted in decreased growth. Koriesh (1984) studied in chrysanthemum
cv. Forester which were sprayed 4 times at monthly intervals. The best results with regard
to growth was obtained with Fully Fertile (containing NPK + Zn + Fe and other
micronutrients) at 0.3 per cent. Abdul Khader er al. (1985) studied on the effect of
micronutrients on crossandra. The treatment T; [NPK (25:20:45 kg/acre) + FYM
(20 t/acre)+ ZnSO4 (0.5%)] was found superior. It increased the height (91.36 cm) and

number of branches (6.97 cm).

2.2. Effect of nitrogen and micronutrients on yield
2.2.1. Nitrogen

Muthuswamy (1974) reported in roses that application of 120 g nitrogen in six
split doses recorded the highest yield (1.89 kg of flower buds). Increase in size of flowers
was noticed with nitrogen at 20 g/m® in carnation cv. Marguerite Scarlet (Arora and
Saini, 1976). According to Muthuswamy and Pappiah (1976), application of nitrogen at

120 g per bush registered better yield in Jasminum auriculatum.

Muthuswamy ajnfd Pappiah (1977) Nst'ﬁdied in Jasminum grandiflorum and
found that 120 g of hitrogen pef plant per yea\;\p“roduced the maximum ﬁower yield.
Natarajan (1977) recorded highest flower yield with nitrogen at 60 g per plant applied in
12 split doses of Jasminum grandiflorum. Nijjar and Rehalia (1977) also reported in
rose cv. super star that nitrogen at 50 g significantly increased flower number, weight and

diameter of flowers.



Application of nitrogen (15 g per plant) was found optimum for 5 year old bushes

of red rose to obtain maximum flower yield of number and weight (Nanjan, 1979).

Similar result was observed by Pappiah et al. (1980) in jasmine. Rober ef al
(1980) suggested in stock plants that »optimum yield was obtained by weekly nitrogen
application of 20 mg per litre. Yasui ef al. (1980) found in carnation that the plants grew
well with nitrogen at 75-125 ppm. The best results were obtained with nitrogen at
75 ppm. In Jasminum sambac, application of 240 g of nitrogen per plant at bimonthly

interval recorded the highest flower yield of 12.19 t ha! (Natarajan ef al., 1981).

According to Muthuswamy and Shanmugavelu (1982), good yield was obtained
in Jasminum sambac with application of nitrogen and 240 g/plant/year at bimonthly

intervals.

Natarajan and Madhava Rao (1983) reported that application of 60 g nitrogen in
twelve split doses showed early flower bud emergence and maximum hundred bud
weight in Jasminum gmndz_"ﬂorum. Ramesh Kumar and Gill (1983) carried out a trial
on the application of niff;)gen to young plarﬁs of Jasminum sambac, highest yield éf

635.84 g of flower buds per plant was obtained with the application of 30 g of nitrogen

applied in 2 equal split doses.

Pal et al. (1985) concluded in Jasminum sambac that application of higher dose
of nitrogen (35 g per sq.m) increased the number of flowers and weight of flowers. Thus

application of nitrogen significantly increased the flower production.



Higher doses of nitrogen significantly increased the number of flowers in
african marigold (Rathore ef al., 1985). Arora and Khanna (1986) reported that nitrogen
| at 20 g per m? was found to be optimum which recorded flower yield of 7.06 kg pér m?,
whereas control recorded only 4.16 kg per m® in marigold of single flower significantly
in african marigold. Chezhiyan ef al. (1986) obtained highest yields of 16.85 tonnes ha™
in chrysanthemum with nitrogen at 20 g per plant. According to Mukhopadhyay and
Banker (1986), nitrogen at 20 g m” recorded an increase in flower yield of 21.42 and
51.26 per cent over control in tuberose. Ravindran ef al. (1986) obtained highest flower

yield (142.48 q ha') with the highest nitrogen rate (90 kg ha™") in african marigold.

Uma and Narayana Gowda (1987) reported that nitrogen at 16 g per plant
recorded the maximum marketable flowers in rose cv. Super Star. Anuradha ef al. (1988)
registered increased flower production under increased level of nitrogen. Nitrogen was
- found to cause earliness in flowering and maximum number of big sized flowers and
improved yield in marigold. The optimum dose recommended for crop production was

* nitrogen at 60 kg ha™.

Vijayakumar ef al (1988) suggested better response from China aster to
increasing doses of nitrogen from 180 to 300 kg ha'. Highest flower yield i.e. 7.55 t ha™
was recorded due to application of 300 kg N ha™ in China aster. Application of nitrogen
at 120 kg ha' recorded highest number of flowers per plant (152.2) and yield
(53.41 tonnes ha-1) (Arulmozhiyan and Pappiah, 1989). Balasubramanian (1989)

registered more number of spikes in tuberose with increase in the level of nitrogen up to

iU
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100 kg ha™'. Anuradha ef al. (1990) revealed that increasing levels of nitrogen increased
the number of flowers per plant, single flower weight and flower yield in african

marigold.

Banker and Mukhopadhyay (1990) studied in tuberose and found that nitrogen
had significantly ad.vancedb (24.74 days) the days to emergence of flower spike in
tuberose. Preethi (1990) opined that application of nitrogen at 37.5 kg ha™ recorded more
number of flowering shoots, less number of blind lshoots, flower diameter and increased

flower yield in Edward roses.

Yassin and Pappiah (1990) concluded in chrysanthemum that the highest flower
yield of 253.82 g per plant was obtained with plants pinched on the 60" day and fertilized
with sheep manure and urea. Nadia Roudei et al. (1991) opined that the visual grade of
chfysanthemum increased with concentration of nitrogen from 225-to 337 mg/l. The
maximum production of flowers and seeds was obtained with fhe application of 20 g N in
cosmos (Jana and Pal, 1991) in Calendula (Sigedar ef al., 1991) with 100 kg N. Parthiban
and Abdul Khader (1‘99,,1) found maximum\_ninyber of spikes/clump with 100 kg N

respectively in tuberose.

Venkatesh and Nalawadi (1991) reported that N at 150 kg/ha recorded maximum
flower yield (10.07 q/ha) on crossandra. Bhujbal er al. (1992) indicated that in rose

cv. Gladiator, number of flowers/plant increased significantly with the increase in levels
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of NPK. Highest number of flowers (yield) was obtained with the combination of
60:10:20 g NPK along with the basal dose of 10 kg FYM/sq.m. Higaki et al. (1992)
studied in anthurtum and repoited that maximum production of flowers and seeds were
obtained with application of 312 kg N/ha. Increased N influenced the ﬂow.er size and
stem length.

Mariappan (1992) observed in marigold that N at 90 kg showed higher yield with
increase in diameter. N at 60 kg ha™ showed early ﬂbwering. Berlorkar et al (1993)
reported that N at 70 kg ha'® produced the highest number of rachis ha™ (132444),
flowers per stalk (40.65) and flower yield (63.1 q ha™). Flower yield were higher with
400 kg N ha™ than with 200 kg ha™ in tuberose.

Sindhu and Gupta (1993) reported that yield of hybrid Tea Rose cv. Super Star
was maximum (12.17 g) with N at 60 g/plant. Hazan et al. (1994) found in rose that
‘flower stalk length was greater at 90 or 180 ppm N (159 and 172 cm respectively). Singh
and Gupta (1995) found in Dahlia variablis that N at 75 mg/kg produced the highest
number of tubers/plant (6.70) and the highest yield of tubers/plant (104.34 g) compared
with control. |

Swaminathan (1995) reported in crossandra increased spike length (20.67cm),
number of flowers/spike (84.33), number of spikes/plant (94.33), and hence highest yield
(192.03 g/plant) in the tréé&ﬁent 120 kg N/h;\.apﬁlied once in 2 months along with
70 kg K/ha. Zile Singh and Gupta (1995) observed in tuberose that nitrogen 75 mg/kg of
soil proved to be most effective producing more number of tubers/plant (6.7), greater

diameter (4.90 cm) and increased weight of tubers per plant (104.34 gm) as compared to
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control and other levels of nitrogen. Ryagi and Nalawadi (1996) supplied plants with
0, 25, 50, 75 or 100 kg N/ha. Flower yield was increased with increasing nitrogen
application rate in Golden Red (from 6.41 to 6.85 t/ha at 0 and 100 kg N/ha). Singh ef al.

(1996) opined that bulb yields increased as N rate increased up to 30 g/plant in tuberose.

2.2.2. Micronutrients on yield

Boyarkiya and Klebenova (1973) were of the view that yield of flowers would
decrease unless Fe-DTPA was applied at 0.3-0.4 cm’/litre nutrient solution on growing
roses in hydroponics. The application were made at 3 or 4 week intervals in the spring,
6 to 7 week intervals in the autumn and were discontinued during September.
Sharova et al. (1977) reported in gladiolus that number of corms was increased by

treatment of corms and cormlets with micronutrient solution.

Subramaniam (1982) observed in crossandra that foliar application of ferrous
sulphate was beneficial in increasing flower yield of 67‘6 per cent over control. Foliar
application was found to be more effective than the soil application. Ferric citrate
Was better than ferrous’ sulphate. Koriesh 61984) found that in chrysanthemum
cv. Forester, best flower quality was obtained with Fully Fertile at 0.3% which contains

NPK-+ Zn + Fe and other micronutrients.

According to Abdul Khader e al. (1985), increased spike length (10.70), greater

number of flowers/spike (41.00) and hence increased yield (8.68 tonnes/ha) was obtained



by application of ZnSOs (0.5%) + NPK (25:20:45 kg/acre) + FYM (20t/acre) in

crossandra.

Roy Chowdhury and Sarkar (1995) observed in gladiolus that treatmer;ts with
FeSO,4 and AgNO; hastened flower opening. Singh and Bhattacharjee (1997) opined that
ferrous sulphate (2.0%) was the best treatment for promoting early flower opening and
increased flower diameter and longevity. The plant had largest flower buds at harvest in

rose.

2.3. Effect of nitrogen and micronutrients on growth and yield
2.3.1. Nitrogen

Fernandes et al. (1974) reported in gladiolus that ammonium sulphate
(15 and 20 g/sq.m) has significantly promoted vegetative growth angi yield. According to
Jana et al. (1974), branching and flowering was increased in tuberose by increased
nitrogen and suppressed by decreased nitrogen. He also further reported that increasing
nitrogen and phosphorus increased number of leaves, bulbs, spikes and flowers.

Nijjar and Rehalia (1977) reported increased flower number (5), flower stem
length (66.32 cm), flower diameter (10.90 cm),;a;pd~ ﬂower weight (6.80 g) with increase

in levels of N (50 g per plant ) in rose.

Bose and Jana (1978) in the case of Bougainvillea and Gerbera have reported that
NPK application markedly improved the growth and flowering. Bhattacharjee (1981)

found that Dendrobium moschatum orchids grown in blocks of hardwood charcoal were

14



fertilized fortnightly with N, P,Os and K,0O at 0, S00 and 1000 ppm. He found that with
increasing nitrogen level, there was marked improvement in vegetative growth and

flowering. The earliest flower buds appeared with S00 ppm N.

Borelli (1984) observed in gladiolus that application of 30 g N/m? as NH; NO;
increased the number of flowering shoots, corms and cormlets and improved all
qualitative characters. High rates of N are needed to counteract the decline in spike
quality. Jhon et al. (1981) studied the effect of nitrogen on growth and flowering of pansy
(Viola tricolor L. var. Hiemalis). They found that the plants receiving 20 g N/m* were
taller with greater spread over 10 g N/m® or control. Diameter of flowers, increased
height and increased flower production were noted with N application at higher levels

(20 g/m?) in pansy.

Abdul khader et al. (1985) reported in crossandra that the treatment T3 (NPK +
FYM + ZnSO, (0.5%) was found superior. It increased the height, number of branches
and yield/plant. Besides a greater number of branching shoots and increased height, this

treatment recorded a greater number of flowers/ spike.

Pal et al. (1985) studied the effect of nitrogen on growth and yield of flowers in
Jasminum sambac. Increased plant height and highest flower yield were recorded by

- application of N at 350 kg/ha.
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Yadav ef al. (1985) observed in tuberose that good plant growth and highest
flower yield was obtained with N: P,Os at 300:200 kg/ha. Chaturvedi ef al. (1986) treated
gladiolus with single or double sprays of Agromin (containing Zn, Fe + 2% N) at 0, 1000,

2000, 3000 and 4000 ppm were applied to the cv. Sylvia. Application at 3000 ppm

improved plant height, increased the number of leaves and the floret size but delayed -

spike formation. Double sprays at 4000 ppm were most effective for longest duration of

flowers with the longest spikes.

Chezhiyan ef al. (1986) reported in Chrysanthemum indicum increase in number
of branches, number of flowers/plant and yield under Ny, P2y and Kog levels of fertilizer
application along with 5 kg FYM for CO-1 chrysanthemum. Ravindran er al. (1986)
reported that in local cv. of african marigold, nitrogen levels (90 kg/ha) significantly
increased the plant height (101.72cm) and earlier flowering (48.46 days). Size (7.38 cm),
fresh weight of flower (6.97 cm) and pedicel length (8.7 cm) increased with increasing
levels of nitrogen. According to Neumaier ef al. (1987), the optimum conditions for
“growth of high quality plants was with fertilizer éqmbination of 200 ppm N. Number of

buds and flowers, plant size and flower diameter was increased in hibiscus.

Anuradha ef al. (1988) revealed that high levels of N, increased the number of
flowers/plant, single flower weight and flower yield in african marigold. Jana and
Pal (1991) reported that in cv. Super Sunset, seedlings were transplanted in to sandy loam
soil and treated with N at 0, 5, 10 or 20 g/m*. Plant height (95.9 cm), number of leaves

(18.22), number of branches (16.6), number of flowers per plant (354.4), flower stalk

16



Jength (25.1 cm), flower diameter (5.8 cm), total flower weight (390.5 g/plant) and seed

yield/plant (9.1 g/ha) was greatest with 20 g N/m? in cosmos.

Sigedar et al. (1991) reported in Calendula officinalis that application of
100 kg N had shown maximum growth and higher yield. Application of 100 kg N/ha had
better effect in respect to number of leaves, height, spread, number of leaves and weight

of flowers.

Barman and Pal (1994) reported in Calendula officinalis that plant height,

number of leaves and seed yield was highest with 180 g N/plant.

Swaminathan (1995) observed in triploid crossandra, increased response to higher
doses of N expressed as increase in plant height (39.20 cm), number of branches (11.33),

number of leaves (307.33), number of flowers/spike (84.33) and spike length (20.67 cm).

El-Saeid ef al. (1996) found that the number of flowers/plant were greatest with

60 kg N/ha in french marigold.

Belgaonkar et al. (1997) studied in annual c-hrﬁémthemum that when 200 kg N
and 200 kg P,Os/ha were applied, the plant height were tallest (118.89 c¢m), had more

primary and secondary branches (34.47 and 182.95) and took fewer days for flowering.

Smith and Elliot (1998) determined the effects of Ca and nitrogen for cut flower

'production of alstroemaria cv. Parigo Pink, flower production was not affected by

17



Ca supply, but increased with nitrogen supply to a maximum of 4 stems/plant on a

weekly basis at 28.5 m mol N/litre.

2.3.2. Micronutrients
Koriesh (1984) reported that chrysanthemum cv. Forester were sprayed 4 times at
monthly intervals. The best results with regard to growth and flower quality were

obtained with Fully Fertile (containing NPK + Zn + Fe and other micronutrients) at 0.3%.

Abdul Khader ef al. (1985) observed in crossandra that application of ZnSQO,
(0.5%) + NPK (25 : 20: 45 kg/acre) + FYM (20 tonnes/acre) were found to increase the
height (91.36 cm),number of branches (6.97 cm) and yield/plant (8.68 t/ha). The spike
length (10.70 cm) and number of ﬂowers per spike (41.00) were also high in this
treatment.

Leaf growth and flowering was improved by Fe application in Vinca rosea

(Abo-Rady, 1988).

Lawfix (1997) reported in Lupinus hartweggii that foliar gpplication of Fe or the
mixture of Fe + Mn + Zn significantly in\éredéedr number of branches per plant and

yield etc.

2.4. Effect of nitrogen and micronutrients on growth, yield and physiology
2.4.1. Nitrogen
Thomas and Teoh (1983) studied in Ficus macrophylla that plants grown in peat:

sand medium receiving three nitrogen levels (225, 300 or 375 g/m?) recorded increased
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plant height, internode length, stem diameter, leaf area and foliar dry matter with
300 — 375 g N/m®. Canover and Poole (1984) found that increasing N levels from 500 to

1500 kg/ha raised numbers and fresh weight in croton stock plants.

Dahab et al. (1987) observed in Aspidistra lucida that the total number of leaves
increased steadily with increasing fertilizer rates and the highest rate (3.6 gm NPK/pot)
gave the best results. However, fresh weight and dry weight reached their highest values
when the plants were supplied with NPK at the lower rates (0.9 and 1.8 gm/pot).
Combined application of sheep manure (25 t/ha) and urea (75 kg/ha) had significantly
increased the plant height, number of laterals, number of leaves, leaf area and dry matter

production in chrysanthemum (Mohammed Yassin, 1987).

Guistianiani (1988) reported in lilium that leaf area index, net assimilation rate,
crop growth rate and uptake rates were found to be high with the application of 16 gm
N/m? and it also gave better quality flowers. According to Srinivasan (1988), application
of hitrogen at 90 g/plant significantly increased the length of primary and secondary
- lateral shoots, length and width of the leaf -and leaf area in Jasminum sambac.
Vijayakumar ef al. (19885 obtained better res;;BnSé"'from China aster by increasing doses
of N from 180-300 kg/ha at 30 x 10 cm spacing with highest yield of 75 t/ha at 300 kg/ha
and higher leaf arealeaf area index, crop growth rate, net absorption rate, relative
growth rate were the maximum with thé application of 246 kg N/ha. Anamica and

Lavania (1990) were of the opinion that application of 25 mg N/plant recorded the best

growth in terms of plant height and spread, total leaf area, stem diameter and flower
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diameter. Daniel ef al. (1992) reported in plants éf Tagetes patula L. Honey comb and
Impatiens walleriana ‘Norette Red” that 100 mg N/litre produced maximum height after
55 days of planting. Chlorophyll content was significantly higher at 200 mg N/iitre than
at 100 mg N/litre treatment. Swaminathan (1995) observed higher Leaf area, Leaf area
index, Crop growth rate and Relative growth rate in the treatment with 120 kg N/ha in

crossandra.

Micronutrients
Abo-Rady (1988) found in Vinca rosea that soil treatments containing Fe
(as EDDHA) were effective in overcoming chlorosis. Chlorophyll content, leaf growth

and flowering were improved by Fe application.

Lee et al. (1996) studied in geranium and found that plant height were not
affected by Fe until the concentration exceeding 5 mM (258 mg/litre). Fresh and dry
weights of plants remained unaffected until solution Fe concentrations exceeding 3 mM
(167 mg/litre). Leaf chlorophyll ‘a’ and chlorophyll ‘b’ as well as total chlorophyll

contents increased at a g_reafer ratio (85%) than chlorophyll ‘a’ (24%) up to 4 mM Fe.

Lawfix (1997) concluded in Lupinus hertweggi, that foliar application of Fe or
the mixture of Fe + Mn + Zn significantly increased plant dry weight, number of

branches per plant, seed yield or weight of 100 pods.
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CHAPTER III

MATERIALS AND METHODS

The experiment “Yield and physiological responses to nitrogen levels and
micronutrients in Delhi crossandra (Crossandra infundibuliformis (L.) Nees)” was
carried out at the University Botanic Garden, Department of Floriculture, Horticultural
College and Research Institute, Tamil Nadu Agricultural University, Coimbatore during

the year 1997-98. The materials and methodology adopted are described below.

3.1. Location of the experimental site

The study was conducted as field experiment in the Botanic Garden, Department
of Floriculture which is geographically situated at 11°02” north latitude and 76°57” east
longitude at an altitude of 426.76 m above mean sea level, with an average annual rainfall
of 631 mm, and mean maximum and minimum temperatures of 30°C and
26°C respectively. The relative hufnidity ranges between 75 and 89 per cent.

'The chemical analysis of the soil in the experimental plot is furnished below.

Available Nitrogen o 201.50 ppm
Available Phosphorus - ~ 10.02 ppm
"Available Potassium - 403.21 ppm

pH - 8.5
EC | - 3dsm’
Available Fe - 8.22 ppm

Available Zn - 0.32 ppm



3.2. MATERIALS
3.2.1. Cultivar

Crossandra infundibuliformis cv. Delhi was utilized for this study. It is a triploid

(2n=30) and produces more attractive flowers of deep orange colour.

3.2.2. NPK and Micronutrients

The N, P and K were applied i;l the form of urea (46 per cent N), super phosphate
(16 per cent P,0Os) and muriate of potash (60 per cent K,0). In case of micronutrients,
Fe was applied in the form of Ferrous sulphate aﬁd Zn was applied in the form of zinc

sulphate.

3.3. METHOD
3.3.1. Experimental design and layout

The experimental design and layout details are as follows.

Cultivar - Crossandra (Crossandra infundibuliformis L. (Nees))
cv. “Delhi”
“Design - Split Plot Design__ )
Number of treatments - 25
Replication - 2

3.3.2. Experimental details
Trial was laid out in Split-Plot Design with two replications. The lay out of the

experimental field is presented in Fig.1
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Nitrogen with four levels along with the recommended dose of P and K of
50 kg ha' and 125 kg ha! respectively were assigned to the main plots and
micronutrients were given as sub-plot treatments. In all, there are 25 treatment

combinations. The details of the treatments are given below.

A. Main plot — Nitrogen

- Treatments Notation
1. 0kgha' No
2. 90 kgha N,
3. 120 kgha™ Na
4. 150 kg ha' _ N
5. 180 kg ha™ N,

B. sub plot - Micronutrients

Treatments Notation

1. 0 kg ha Mo
2.ZnS04 - 25 kgha! - | M,
3. FeSO4 — 50 kg ha'! M,
4. ZnSOy (25 kg ha) + FeSO,4 (50 kg ha™) M;

5. Foliar spray of ZnSO4 (0.5%) + FeSOq4 (1.0%) My
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Treatment combinations (5 x 5 = 25)

1) NoMg 1) NoMs 21)  NgMy
2)  NeM, 12)  NoM, 22)  NaM,
3)  NoM, 13)  NoM, 23)  NaM,
4)  NoMs 14)  NoMs 24)  NaM,
5) NoMa 15)  N;Ma 25)  NaMs
6) N Mg 16)  N3My '

7 NM; 17)  NsM,

8)  NiM, 18)  NsMa

9 NM; 19)  NsMs

10)  NiMy 20)  NsM,

3.3.3. Production practices

In case of triploid crossandra cv. Delhi, plants were raised by rooting of
herbaceous cuttings in the mist chamber. The experiment was laid out as split plot design.
The rooted cuttings were planted at a spacing of 60 x 60 cm. Potassium and phosphorus
at 125 kg ha”' and 50 kg ha respectively were applied as basal dose. Nitrogen was
applied at four split doses viz., initial, third month, sixth month and ninth month afier
planting. Micronutrients were gjven as soil and foliar applications. Foliar application of
micronutfients were giQen 20 d‘ay after pléhtiﬁé.‘Two sprays were given at fortnightly
intervals. The following observations were recorded.
3.4. BIOMETRIC CHARACTERS
3.4.1. Growth parameters

The observations were recorded at third month, sixth month, ninth month and

twelfth month after planting. Five plants were selected at random and the following

observations were recorded.
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3.4.1.1. Plant height
The height of five randomly selected plants was measured at four stages as above

and the mean height was expressed in cm.

3.4.1.2. Number of branches
The number of branches was counted at four stages and the mean value was

calculated.

3.4.1.3. Number of leaves
The number of leaves was counted at four stages and the mean value was

calculated.

3.4.1.4. Stem girth
The girth of the stem was calculated for five plants at four stages and the mean

value was expressed in cm.

3.4.1.5. Leaf area
The leaf area was determined by the non-destructive method and the total leaf

+ area was computed with the total number of leaves per plant and expressed in cm?

(Swaminathan et al., 1994).

3.4.1.6. Leaf area index (LAI)
The LAI was determined using the formula of Williams (1946).

Leaf area per plant

LAL =
Spacing



3.4.1.7. Specific leaf area (SL.A)
Employing the formula of Kvet et al. (1971), SLA was calculated by using leaf
area and leaf dry weight and expressed in cm?*/mg,. .
Leaf area per plant

Leaf dry weight per plant

3.4.1.8. Specific leaf weight (SLW)
Specific leaf weight was calculated by using the formula of Pearce el al. (1968)
and expressed in mg/cm’,

Leaf dry weight per plant
SLW =

Leaf area per plant

3.4.1.9. Fresh weight of the shoot
The plants were uprooted at 3 months interval and the above ground portion was

cut and weighed. Mean was calculated and expressed in g per plant.

3.4.1.10. Dry weight of the shoot
The fresh shoots were initially sun dried and then dried in hot air oven at 60°C for
24 hours. The dry weigﬁf was recorded and mean dry weight was expressed in

g per plant.

3.4.1.11. Fresh weight of the root
The plants were uprooted at 3 months interval and below ground portion was cut

and weighed. Mean was calculated and expressed in g per plant.
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3.4.1.12. Dry weight of the root
The fresh roots were initially sun dried and then in hot air oven at 60°C for

24 hours. The dry weight of the root was recorded and expressed in g per plant. |

3.4.1.13. Shoot-root ratio
Shoot-root ratio was calculated on weight basis taking in to account the dry
weights of shoot and root.
Shoot dry weight
S/R ratio = e
Root dry weight
3.4.1.14. Dry matter production
Whole plant samples were first sun dried and then kept in an oven at 60°C for
complete drying. The dry weight of the whole plant was recorded and expressed in

g per plant.

3.4.2. Yield attributing characters
3.4.2.1. Time taken for spike emergence
The number of days taken for spike emergence from the data of transplanting was

recorded and expressed as mean number of days.”

3.4.2.2. Time taken for first harvest in a spike
The number of days taken from the date of transplanting to first harvest was

recorded and expressed as mean number of days.



3.4.2.3. Time taken for completion of harvest in a spike
The number of days taken by a spike to complete harvesting of flowers was

recorded and expressed as mean number of days.

3.4.2.4. Number of flowers per spike
The total number of flowers produced in each spike was recorded and the mean

was computed and expressed as number of flowers per spike.

3.4.2.5. Number of spikes per plant
The total number of spikes produced by the plant was recorded for five plants and

the mean was computed.

3.4.2.6. Spike length
The length of the spike was measured in the five randomly selected plants and

their mean was computed and expressed in cm.

3.4.2.7. Stalk length
The length of the flower stalk was measured in the five randomly selected plants

and their mean was computed and expressed in cm.

3.4.2.8. Weight of 100 flowers

The weight of 100 randomly selected flowers was recorded and expressed in g.
3.4.2.9. Yield per plant

The fully opened flowers were harvested from each treatment of the randomly
selected five plants and weighed. The mean value was worked out per plant and

expressed in grams. The yield per hectare was computed and expressed in kg per hectare.
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3.4.3. Physiological and biochemical constituents
3.4.3.1. Chlorophyll contents
Chlorophyll ‘a’, ‘b’ and total chlorophyll contents of leaves were estimated as per

the method suggested by Wellbern and Lichtenthaler (1984).

3.4.3.2. Crop growth rate (CGR)

The CGR was estimated by adopting the formula of Watson (1958) and expressed

in g/m*/day
W, - W;
CGR= e
P(tz-‘[l)
Wi - Whole plant dry weight at t;
W, - Whole plant dry weight at t;
P - Land area occupied by the plant
(tz-t1) - Time interval in days between stages

3.4.3.3. Relative growth rate (RGR)
The RGR was determined on the basis of the formula suggested by Williams

(1946) and expressed in g/ir;é/day.

Logc W, - loge W.l

RGR = —mmee- ----
(t—t1)
where,
W, - -Whole plant dry weight at t,
W, - Whole plant dry weight at t,

(t2-t1) - Time interval in days between stages
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3.4.3.4. Net assimilation rate (NAR)
The net assimilation rate was calculated using the formula of Williams (1946) and

expressed in mg/mz/day

Loge L, — log. L, W, - W,
NAR = oo X mmmmmmeme-
L,-Ly t -t
‘Wiand Wy - Dry weight of the whole plant at t; and t, respectively
L, and L, - Leaf area at time intervals of t; and t; respectively
t; and t; - Time in days.

3.4.3.5. Soluble protein content
Estimation of soluble protein content was carried out according to Lowry’s

method (1951) and expressed as mg/g of fresh leaf.

3.4.3.6. Nitrate reductase (NRase)
Nirtate reductase activity in leaf was determined by the method of Nicholas et al,

(1976). The enzyme activity was expressed in pg/g/hr.

. 3.4.3.7. Catalase

Catalase activity4 of the leaf was expresséd as per the method suggested by

Gopalachari (1963) and expressed in p moles of HO, 100 g of fresh weight hr'.

3.4.3.8, IAA oxidase
IAA oxidase activity was assessed calorimetricaily as proposed by Parthasarathy

et al. (1970) and expressed in 1 gm of unoxidised auxin g hr.



3.4.3.9. Peroxidase

The peroxidase activity was determined by the method suggested by Perur (1962).

The activity was expressed in pg g~ hr'.

3.4.3.10. Tryptophan content
The method outlined by Bernandez and Bates (1969) was followed and the values

. -1
were expressed inug g

3.4.4. Nutrient contents
3.4.4.1. Foliar and flower analysis
Total nitrogen, phosphorus and potassium in the leaf samples and flower samples
were estimated by the follovﬁng methods and expressed in per cent.
The estimation was done on 3™, 6™ 9™ and 12™ month of planting.

Total nitrogen - Micro kjeldhal method
(Humphries, 1956 and Yoshida ef al.,1971)

Total phosphorus - Triacid extract digestion following vanadomolybdate
: phosphoric acid yellow colour method (Jackson, 1973)
Total potassium - Triacid extract flame photometric method (ELICO),
- Jackson (1973)
Iron and Zinc . - Triacid extract fed in to atomic absorption spectrophotometer

(Lindsay and Norvell, 1978)

3.4.4.2. Soil analysis
Composite soil samples were taken from the experimental plots up to a depth of

30 cm. The samples were analysed and expressed as kg/ha. The estimations were done on

3%, 6" 9% and 12" month of planting,

32



33

Available Nitrogen (Subbiah and Asija, 1956)
Available Phosphorus (Olsen ef al., 1954)
Available Potassium (Stanford and English, 1949)
Iron and Zinc : Triacid extract fed in to atomic absorption spectrophotometer
(Lindsay and Norvell, 1978).

3.5. Economics

The economics of the different treatments were worked out in order to compare
the efficacy of the treatments and cost benefit ratio was worked out from the net return

and gross cost accounting for variable cost only.

3.6. Statistical analysis
The data collected from the above experiments were subjected to statistical

analysis as per Gomez and Gomez (1984) using the PC-AT computer.
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CHAPTER 1V

EXPERIMENTAL RESULTS

The results obtained in the study on yield and physiological responses to nitrogen
levels and micronutrients on crossandra (Crossandra infundibuliformis L. (Nees)) are

presented below

4.1. Growth characters

The growth attributes such as plant height, number of branches, number of leaves,
stem girth, leaf area, leaf area index, specific leaf area, specific leaf weight, fresh and dry
weight of the shoot, fresh and dry weight of the root, shoot root ratio and dry matter
production at four stages of growth (3" month, 6™ month, 9" month and 12" month after

planting) due to the application of nitrogen and micronutrients are presented.

4.1.1. Plant height (Table 1, Fig, 1a)
The plant height showed progressive increase during the study.
With increaSihg levels of N, there V;é‘s“,signiﬂcant increase in plant height.

Treatment Ny registered increased plant height of 19.44, 23.85, 24.91 and 32.56 cm at 3

6" 9" and 12" month of planting respectively.

Application of micronutrients recorded significant effects at all stages of crop
growth. Foliar spray of ZnSOy (0.5%) + FeSO, (1.0%) recorded increased plant height at

3 (15.64 cm), 6" (21.44 cm), 9" (22.80 cm) and 12" month (29.61 cm) respectively



39

o't 0050 LT80 L6E0 N W
0971 SHS0 008°0 LED W e N
X 9940 €70 0LE0 LLTO W
£98°0 T1€°0 11€0 ZIo N
(S0'0=AD paS (S00=d)aD pasS
JHSOE ENM ﬁﬁﬁOS 5@
¢99°0 61€°0 LIED 510 N1 N
Z5L°0 7660 89€°0 191°0 W N
867°0 €r10 1o 890°0 W
1LV 0L1°0 0vT 0 L80°0 N
(S0 0=Dad pgs (S0°0=d)ad paS
uow 9 uow ¢
10°'8C 19°67 ¥8'8¢ 05°8¢ Y9 LT 8%°6T 6€°1¢ 08'7¢ L1TT 86'1T 90°1¢ 76'81 URAN
9¢'Z¢ 0€°6€E 0S°€€ wLTE 91°Z¢ 80°6¢ 16¥T 10°L¢ , 106 80°6T 614 €9°CC "N
08'67 91°7¢ 76'1€ 1v'6¢C 7T8T STLT 8¥'TC 18°€C 19/€C 06'CT $9'1¢ €r 0T N
1€4¢ 0592 9T'LT 1682 81°8¢ 60°9T LY 1T 0¥’ 86°0T L1TC S6'1T €861 N
$$'9¢ 7082 7€9¢ 81°LT 10LT 6142 62°0T 8017 90'1¢ 91T v1°02 £CLT N
98'¢T 90°97 0T<T 99 7 £9'TC ¢L0T 8L L1 89°61 9¢'61 0181 9¢°L1 8T¥1 ON
aﬁcolﬂm £N~ JHEOE :w@
61 vy 1T 8€°0¢ _ ¢8'61 8161 v 91 LYET $9°¢T TE¥1 0T 1 8¢°€l €911 uesly
¢8'€T 8L°6T 98+ . IS A4 6€°€T 08°0¢ vr61 1T 0L°07 1€0¢ 89°61 LOST "N
CT1T 9¢°€T cLTT | 0g1T L0t 68°L1 961 0T'81 LTLY 8v 11 LY€T ShEl N
9t'61 1€71¢ L10T | 9561 05702 LL ST 06C1 6£°61 4 oy LY Tl 0501 N
vLLI 1202 Cr8l 8c61 91 ST 6V 11 Al 0T 11 Sl 6V 11 8L°6 'N
6L Y1 ¢E9Y 89°CI 8SH1 98 1 9%°C1 60701 £901 6L°6 €701 6€°01 9¢'6 ON
Sjuernnu
UBON "IN N ‘N N N UBOI N YN ‘N ' OIN -OIOTN]
Juow 9 uow ¢ /SIRAR] N

Suyuerd yo guow 71 pue 6.9 € Buump (wo) 3ySiey juejd UO SIUSINUCIOIW pue usFonIu Jo 100G ‘T 219 L




Fig.1.Effect of nitrogen and miconutrients on plant height (cm)
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followed by soil application of ZnSQy4 (25 kg ha) + FeSO4 (50 kg ha) which recorded

increased plant height of 14.31, 20.38, 22.17, 23.84 cm at different stages of crop growth

respectively.

The treatment Ny (180 kg N ha™") with M, [foliar spray of ZnSO, (0.5%) + FeSOy
(1.0%)] showed increased plant height of 21.43, 25.78, 27.01 and 35.30 cm during 3", 6",
o™ and 12" month after planting respectively. The control recorded lowest plant height
viz., 9.36, 12.46, 14.18 and 20.76 cm during 3", 6" 9" and 12" month after planting

respectively.

4.1.2 Number of branches

The data on number of branches per plant are presented in Table 2.

Application of different levels of nitrogen along with micronutrients showed
significant results on number of branches at different growth stages. Among different
levels of N, treatment Ny registered increased number of branches at 3™ month (4.20), 6®
month (12.31), 9™ month (16.45) and 12" month (17.87). Treatment M, recorded

increase in number of branches at all stagersaof* crop growth.

The treatment N4M, recorded maximum number of branches at 3 (4.80), 6"
(13.51), 9™ (17.69) and 12" month (19.60). The treatment N,M; (16.85) was statistically

on par with NyM, at 9" month (16.85).
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4.1.3 Number of leaves (Table 3, Fig. 2)
The number of leaves were high with increase in levels of nitrogen. Among
different levels of N, the treatment Ny registered increased number of leaves at 3™

(24.43), 6" (135.76), 9" (221.00) and 12" month (270.27),

Number of leaves due to the application of micronutrients varied significantly.

Treatment My recorded the highest number of leaves at different stages of growth.

The highest number of leaves was recorded in the treatment NyM, at 3 month
(25.33) followed by NaMj3 (24.56) which was on par with NyM, (24.50) and NuM; (24.26).
NMy recorded higher value at 6" month (149.80), 9" month (224.69) and 12" month
(281.95). NyM3 (222.17) and N4M, (221.80) were én par at 9" month and N4M; (273.60)

and NyM, (276.25) were on par at 12" month of plantin respectively.
p p g y

4.1.4. Stem girth
Application of nitrogen and micronutrients exhibited significant differences at all

stages of crop growth (Table 4).

Treatment N, recorded significant Tesults at 3" month (2.05 cm), 6™ (3.30 cm),

9™ (7.90 cm) and 12% month (7.96 cm).

Foliar application of Micronutrients (M) also exerted significant influence at
3 (1.91 cm), 6“"(3. 17 em), 9" (7.32 cm) and 12" month (7.34 cm). M4 was on par with

M; (7.20 cm) at 9™ month.
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The interaction between N and M did not show significant effects during
o™ month. At 3™ month and 6" month, the treatment N4M. registered increased stem girth
of 2.08 cm and 3.36 cm respectively followed by N4M3 which recorded stem girth of

th month, treatment N4yM, recorded increased stem

2.07 and 3.35 cm respectively. At 12
girth of 8.37 cm, followed by NsMs3 (8.27) and the least increase was recorded by control

(NoMo) with 5.11 cm.

4.1.5 Leaf Area
The data on leaf area per plant are presented in Table 5. Leaf area increased with

increased nitrogen and micronutrient levels.

N application influenced the leaf area at different stages of growth. At 3™ month,
the treatment Ny (543.80 cm?) recorded the highest leaf area followed by treatment
N; (52681 sz)_ Treatment N, registered the highest leaf area at 6" month

(2989.67 cm?), 9" month (4842.61 cm?) and 12" month (5890.67 cm?).

Leaf area exhibited significant differences for application of micronutrients.
Treatment My recorded the highest leaf area at _3rd month (517.14 ¢cm?), 6™ month

(2439.23 cm?), 9" month (4281.19 cm?) and 12" month (4987.66 cm?).

The plants receiving 180 kg N ha™ along with foliar spray of ZnSQ, (0.5%) +

FeSO4 (1.0%) recorded the highest leaf area of 572.15 and 3222.28 cm2 at 3 and 6"

th

month respectively. At 9" month, the treatment N4M, recorded the highest leaf area
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(4908.16 cm’) followed by NyM; (4873.85 cm?). N,My4 (6045.86 cm?) recorded the

highest value followed by NyMs (6026.64 cm®) at 12™ month.

41,6 Leaf area index
The data on leaf area index are presented in Table 6.
Application of different levels of nitrogen and micronutrients showed significant

results on leaf area index at different growth stages.

Treatment Ny recorded the highest LAI at 3" month (0.151 cm?), 6™ month

(0.831 cm?), 9" month (1.346 cm?) and 12" month (1.489 cm?).

Micronutrient application did not show significant effects at 3™ and 12™ month.
Treatment M, registered increase in leaf area index at 6™ month (0.678 cm?) and

9™ month (1.192 cm?).

The interaction effect between N x M was non significant at 3™ and 12" month.
At 6% month, N4M, recorded increased leaf area index of 0.901 cm? followed by N4M;
(0.895 cm?). At 9" month 'N'4M2 registered the highest leaf area index of 1.365 cm?

followed by N4M1r(1.355 cmz).

4.1.7 Specific leaf area
The data on specific leaf area are presented in Table 7.
Application of nitrogen and micronutrients had significant influence on specific

leaf area at 3", 9" and 12" month respectively. Among the different nitrogen levels,
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N, application recorded the highest SLA of 0.280, 0.278 and 0.277 cm” mg at 3", 9",
12" month respectively. Application of fertilizers did not show significant effects during

6" month.

Among the different micronutrients, the treatment My recorded the highest SLA

of 0.281 cm* mg™! 3 and 12" month and 0.280 cm? mg™ 9" month respectively.

Treatment N4M, recorded the highest SLA of 0.290 cm® mg™ at 3™ month and

0.288 cm®mg™ at 9" and 12" months.

4.1.8.Specific leaf weight
The specific leaf weight (SLA) as a measure of leaf assimilating efficiency was

influenced significantly by the stages of growth (Table 8).

Application of different levels of N and micronutrients showed significant results

% month. Treatment

in stages of crop growth. SLW increased from 3™ month to 12
N, registered increase in specific leaf weight at 3™ (3.65 mg cm?), 6" (3.63 mg cm™),

9" and 12™ month (3.65 mg cm™).

Treatment M, registered increase in specific leaf weight of 3.66 mg cm™ at
3" month. My recorded higher value of 3.68 mg cm? at 6", 9" and 12" months. My was

on par with M3 and M, (3.66 mg cm™) at 9" month.

Among the interaction effect, the treatment N, (180 kg N ha') with M, [Foliar
spray of ZnSO4 (0.5%) + FeSO4 (1.0%)] recorded the highest SLW of 3.73 and

3.75 mg cm™ at 3" and 6" month and 3.74 mg cm™ at 9" and 12" month respectively.

48



49

€100 900°0 8+0°0 €200 N W
€100 9000 LY00 7200 N8 N
900°0 £00°0 1200 010°0 N
) 9000 2000 1200 8000 N
(€0'0=d)ad paS (c0'0=)ad PaS
ﬁzoa £N~ ﬁmoa &m
6€0°0 6100 91070 8000 [NELAA
6€0°0 8100 6100 800°0 N1 N
L10°0 8000 L00°0 £00°0 N
6100 L00°0 €100 $00°0 N
(€0'0=d)ad Pas (so'0=ad Pas
uow 9 puowr ¢
$9'¢ 89°¢ 99°¢ L9°€ §9°¢ 65°¢ v9'¢ 89°¢ 99°€ 99°¢ v9'¢ LS€ ey
¢9'¢ 9L°¢ L9'E 9¢ 9°¢ 09°¢ ¢9'¢ vL€ '89°¢ £€9°€ 9°¢ 19°¢ N
v9'¢ €9°¢ £€9°¢ 89°¢ $9'¢ 79°¢ v9'¢ 99°¢ L9E LYE 9°¢ 09°¢ N
v9°¢ L9°€ ¥9°¢ §9°¢ ¢ 09°¢ 19°¢ $9°¢ ¥9'€ 9°¢ 9°¢ Sy N
19°¢ €9°¢ £€9°¢ v9°¢ 19°¢ ¢g'e 09°¢ 19°€ 19°¢ ¥9°¢ 9°¢ §¢'¢ N
L€ CLE b€ SLE 9L'€ 8¢°¢ 69°¢€ we €L°€ Y€ we LS'E ON
fpuow 71 yuow 6
v9'¢ 89°¢ ¢9'¢ v9°€ v9°¢ 96°¢ 8C'¢ 99°¢ 09°¢ 19°¢ v9'¢ e uBI
£€9°¢ SL'€ 9°¢ 19°¢ €9°¢ §S'¢ ¢9°¢ €L°¢ 19°¢ ¥9'¢ LS'€ ¢9'¢ "N
79°¢ +9'¢ 79°¢ €9°¢ €9°¢ 09°¢ 65°€ 6S°€ 79°¢ 09°¢ 9°¢ I¢¢ N
€9°¢ 99'¢ ¢9'¢ v9'€ 9°¢ 65°€ 09°¢ 9°¢ 09°¢ 19°¢ 6S°€ 09°¢ N
09°¢ v9'¢ £€9°¢ 19°¢ 19°¢ Sy LY'€ 09°¢ LY'E LY'€ 0L'€ e N
69°€ €L°€ SL'E we vL'€ (4% 79°¢ €L'€ YL € €L°€ SL'E cre ON
muﬁvﬂbak
L "IN ‘N ‘N N O UBSA] "IN YN W N O -OIOTN
quow 9 [puow ¢ /S1oA9] N

Sunued yo yuow 77 pue 6,9 “p:€ SuLmp (, w0 JFur) JYFrem Jeay o1yroads uo SJUSLONUOISIW PUR UsS0onTu JO 199 g 9[qBL




4.1.9 Fresh weight of shoot
The fresh weight of the shoot per plant showed increase in weight with

advancement of crop growth. The data are presented in Table 9.

Different levels of N and micronutrients were found to have significant effect at
different phases of crop growth. Increased fresh weight of the shoot was noticed in
treatment Ny at 3 month (32.80 g), 6" month (246.77 g), 9" month (259.73 g) and

12" month (304.21 g).

Micronutrient applications exerted great influence on fresh weight of the shoot.
Foliar spray of ZnSO4 (0.5%) + FeSo4 (1.0%) recorded increased fresh weight of the
shoot at 3™ month (24.30 g), 6™ month (203.08 g), 9" month (230.69 g) and 12" month

(273.25 g).

Among the interaction effects, the treatment N4 showed increased fresh weight of
shoot of 34.45, 265.21, 268.25 and 324.96 g with M, at 3", 6™ 9" and 12" month

respectively.

4.1.10 Dry weight of the shoot
Data indicated that the dry weight of shoot per plant increased as the crop stage

advanced from 3™ month to 12" month (Table 10).

Application of N and micronutrients were found to register significant results at

stages of crop growth. Among different N levels, the treatment Ny registered increased

50



ol

0€'€e 8¢'1 CT8'1 SL80 NN
qury 651 6vL'1 L18°0 WEN
’ LY1 1L°0 9180 16£°0 W
€07 €L°0 89°0 €€T0 N
(s0'0=)AD pdsS (€0'0=d)ad PdS

uow 71 Juow 6
666'S 9.8'C 1960 69770 Ni1e N
181°L SIT'E L19°0 SLTO Wie N
€897 9871 120 0z1°0 W
9.8¥ 9¢L1 89€°0 €€10 N

(€0 0=aD p4s (S0 0=Dap pas

yuow 9 qiuow ¢
80'65T STELT 6v0LT | LOL9T | LSYST | +00€T 11017 | 690¢€T €L'VTT 9€°€TT 08707 | L6891 UBS
[Tvos | 96¥T€ $9°07¢ ISSIE | 0L°S0€ €THET €L°6ST €897 947997 S0'v9T 0,097 | 616£C "N
9098C | LI'10€ T9°L6T | 81°66T §9°067 |  0L'SHT 10°8€T 12092 61°C¢¢ 8L°1¢T 1782 | 99°LLY N
0€°69¢ 0L'L8T Y2987 | L1T8T 9I'TVT |  TT8TT 18°11¢ 9T 8HT €T 14T 0L 6€C 9T PLT | OL'SST N
88 V7T TTTET SL8T¢ | 6997 1L°02T 1291¢ €b°€0T 99°67T £9°07¢ 1€81C 12007 | 1€7TSI N
16¥1C 02°02¢ LI6IT | 8LSIT COCIT | 9L¢0T 9¢'LET SOI¢T 17Epl S6THI 6S0ET | 96611 ON

ﬁﬁoa £N~ ﬂuﬁoa 50
T09L1 80°€0T 11161 v csl LS VLI 16°6Z1 61T 0€4T €€ 89°C¢ 07'7T LOLT uesN
LL9VT 17°69¢ L9797 | L1°6ST 68°THT | 06'€0T 08'7¢ SPPe 17°¢€ 69°7€ ¢cze 01 1¢ N
LY LT 89°06T 96'6€7 | E€LETT 8L°91C |  61LST €1'6e €T6¢ 8187 09T 97°¢T 991 N
60°8L1 A RAYS 0€907 | 07961 ST0LT SE'S0T £€9°0¢ LTET v17T 69°1¢ by 1T ¥l !N
91°6¥1 €€7991 0L Y91 11491 0S°€91 L1'L8 60°L1 6161 70°81 96°L1 90°L1 06C1 'N
'88 9,071 7618 8h'T8 1018 06'GL v6'€1 LTST 18v1 v8b1 6911 61°01 ON
wudOE::
UBIA] W ‘N ‘N "W O] UedN "IN ‘N NN oW -OIOTIA]
uow 9 quow ¢ /STRAST N

Bunuerd jo quow 71 pue ¢ .9 € Jurmp (3) 1erd 1od 100YS JO YSIOM YSOI UO SJUSLGNUOIOTW PUB USSOINU JO 1990H "6 9[qBL




92

7960 19t°0 Y011 625°0 N1 W
: LYO'T 8910 LOO'T 6L1°0 WEN
0€v'0 9070 Y610 LETO W
€19°0 1220 €020 €L0°0 N
(€0°0=d)ad pdas (so'0=4)ad pas
yjuow 71 yuow 6
620'1 €6v°0 6L1°0 9800 N W
AN 0050 L810 $80°0 WEN
09t°0 1220 0800 8€0°0 W
£69°0 ¢ET0 6600 9£0°0 N
(S0'0=a)D PAS (s0'0=0ad PaS
puow .9 _ lpuow ¢
€19 6€ 19 LT€9 ¥9°79 80°19 €€°6¢ 00°€S 6LS ce9e LS'SS 80t 011t LS
9L CT18 1208 60°6L oL £9°€9 1€69 18°L9 6199 LS9 L9°¢9 9¢°09 "N
€0°€9 1169 ¥0°€9 TT€9 0L79 9019 LT09 1169 9 %9 LEEY 8+°€9 6t N
LO6S $T'T9 1109 £9°6S 91'LS 0T9¢ 01°sS 70°€9 90'8¢ 616 16°8¢ TL9€ N
£6°9¢ T8¢ 60°LS 8t'LS 1L°6¢ €IHs LL 6 97°9¢ 86'¥C [€¥¢ 01°0¢ 81°¢E 'N
98'I¢ IS LESS 8L°€¢C 0r'€¢ 19'1% s 0v'LE TELE LT SE ¥97€ 110¢ N
h QHEOE £N~ LEOE 5@
LOEY 62 6 €LY ANS% 17¢h og 8¢S 079 LO9 <6'¢ 79°¢ 1157 B
€T'99 88'99 80°69 6259 9629 €0'TP 018 S1'6 60°6 79'8 0’8 £p'¢ "N
0T €S 76’19 81°6¢ YL ¥ €L7€¢ 78°s¢ 759 1€ LTL 'L v'9 by N
0T 00'1¢ L9t ceey 98P Y0'LT LTS 89°¢ s 8¢S 6T'S LOY N
699¢ vS oY LT OV 98°L¢ £€T9¢ vS'8T 44 L8V 08t 8t 8t'v 0L'€ N
€0°€T 80'9¢C 6L+T 67T €707 $9°61 1253 $6'¢ 9L'¢ CLE 69'¢ LS'T N
mquMH_S:
LESIA "IN ‘N ‘N ‘N O UBIN YN W N ‘N O -OIOTIA]
f uow g qjuowr ¢ /S[9A9] N

Sunueid jo Wpuow 71 pue 26 ‘@9 *ps€ Surmp juerd sod (5) 100ys Jo ySom A1p uo sysnuoIoTLY pUR ueSonu 3o 9P (0T J[qRL




dry weight of shoot at 3" month (8.10 g), 6™ month (66.25 g), 9" month (65.31 g) and

12" month (76.12 g) of planting respectively.

Treatment My registered a higher value of 6.20, 4929, 57.92 and 64.39 g at 3“1,

6" o™ and 12" month of planting respectively.

Treatment Ny registered increase in dry weight of the shoot in interaction with My

at 3 month (9.15 g) 6" month (66.88 g), 9" month (67.81) and 12" month (81.25),

4.1.11 Fresh weight of the root

Data on fresh weight of the root at different stages of crop growth are presented in
Table 11.

The fresh weight of the root showed progressive increase during the period of
study. Increased fresh weight of the root was associated with increased N levels. Among
different nitrogen levels, the treatment Ny registered increase in fresh weight of the root

at 3" (2.98 g), 6" (46.33 g), 9" (62.85 g) and 12™ month (81.18 g).

Application of micronutrients exerted gréat significant influence on fresh weight
of the root, treatment M, recorded increase fresh weight of the root at 3™ (2.55 g), 6"

(37.73 g), 9" (51.89 g) and 12" month (62.91 g).
g g

The interaction effects showed significant results at all stages of crop growth. In
3" month, N4M, recorded the highest fresh weight of the root of 3.58 and 49.40 g at

3 and 6™ month. NyM, recorded 66.55 g at 9" month which was on par with N4M,
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(66. 50) and at 121 month, N4My recorded the highest value of 89.18 g followed by N4Mj

with 86.36 g.

4.1.12 Dry weight of the root

The dry weight of the root per plant showed an increasing trend with crop growth
(Table 12).

Application of different levels of N along with micronutrients showed significant
results on dry weight of the root at diffefent growth phases. Treatment Ny registered
increase in dry weight of the root at 3" month (0.73), 6tﬁ month (11.06 g), 9" (15.55 g)

and 12" month (20.05 g).

Treatment My [foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%)] registered
increased dry weight of the root at different stages of crop growth. It recorded a higher
value of 0.62 g, 9.38 g, 13.00 g and 15.53 g at 3, 6™ 9™ and 12™ month respectively.
N x M interaction also showed signiﬁc.;ant effects at all stages of crop growth. The
- treatment N4Mj, recorded increased dry weigh‘g of the root at 3 month (0.83g), 6™ month
(12.38g), 9" month (16.77g) and 12" month (22.\6757g). At 9" month NgM, was on par

with NyM; (16.60 g).

4.1.13 Shoot root ratio

The shoot-root ratio showed decreasing trend as the crop stage advanced

(Table 13).
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Nitrogen application showed significance effects on shoot-root ratio at different
stages of crop growth. Treatment Ny registered increased shoot root ratio of 1}.11 at 3"
month and treatment Ns recorded increased shoot root ratio of 5.36 at 6™ month.
T reatﬁlent N; recorded the highest shoot root ratio (4.86) at 9" month and af 12" month,

N, recorded the highest shoot root ratio of 4.90.

Micronutrient application showed significant effects at 3 9™ and 12" month of
planting. Treatment M; recorded the highest shoot-root ratio of 10.95 and 4.62 at 3™ and
9% month respectively. The treatment M; recorded the highest shoot root ratio of

4.43 followed by M, (4.40) at 12" month.

The interaction effect of N x M exhibited significant effects at all stages of crop
growth. At 3" month, NoM; recorded increased shoot root ratio of 13.63 followed by
NaM; (11.50). At 6™ month, the treatment N3M, registered increased shoot root ratio of
5.91 followed by N3Ms (5.87). At 9" month, treatment N,M, recorded the highest shoot
root ratio of 5.42 and at 1‘2th month NoM; recorded the highest shoot root ratio of 5.28.
4.1.14 Dry matter production (Table 14, Fig, 3)

The dry matter production also showed the same trend of increase in weight with

advancement of crop growth.

 Application of nitrogen showed significant values at different stages of crop

growth. The treatment N4 recorded the highest dry matter production of 13.30, 79.01 and
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144.03 g at 3", 6" and 12" month respectively N3 recorded the highest dry matter

production (97.66 g) during 9" month.

Micronutrients application showed significant effects at 6%, 9" and 12" month of
;S]anting. The treatment My registered increase in dry matter production during 6™ month

(61.72 g), 9" month (89.56 g) and 12" month (123.24 g).

The interaction effect of N x M was found to be non-significant during 3" month
but significant during 6", 9" and 12" month. The treatment NyM, recorded dry matter

production of 82,02, 112.95, 150.50 at 6", 9" and 12" month respectively.

4.2 Yield attributes
4.2.1. Time taken for spike emergence (Table 15, Fig. 4)

Significant results were obtained with different levels of nitrogen and
micronutrients on time taken for spike emergence. The emergence of the spike was
advanced with the application of nitrogen. The treatment Ny registered early emergence

of the spike (74.45 days).

Treatment M4 {foliar spray of ZnSO4\""(‘O‘.5%) + FeSO4 (1.0%)] recorded early

spike emergence (78.59 days).

Treatment NyMy registered earlier emergence of the spike (71.80 days) followed

by NuM; (73.09 days).
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4.2.2.Time taken for first harvest in a spike
The data on time taken for first harvesting of flowers are presented in Table 15.

N levels and micronutrients showed non significant effects on time taken for first

harvest in a spike.

The time taken for first harvest was reduced in the treatment N4 (85.31 days).
Among different micronutrients, the treatment M, (87.01 days) showed earlines in

flowering.

Among the interaction effect, the time taken for first harvest in a spike was

reduced by the treatment NsM4 (83.63 days) as compared to 91.82 days in the control

4.2.3 Time taken for completion of flowering in a spike
Significant results were obtained at different levels of N and micronutrients. on

time taken for completion of flowering in a spike (Table 15).

Among different nitrogen levels, the treatment N4 (31.75 days) recorded the
carliest of completion of flowering in a spike followed by treatment N3 (35.11 days).

N, was on par with N3 while No recorded 40.84 days.

Micronutrient application also showed significant effects. Treatment M, took
36.62 days followed by treatment M3 (37.56 days) and statistically on par with M

(37.76 days), while Mo took 43.42 days for completion of flowering in a spike.
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Treatment N4M, [application of 180 kg N ha™' along with foliar spray of ZnSOy
(0.5%) + FeSO4 (1.0%)] took 30.18 days, while the treatment without the application of
fertilizers took 49.45 days to complete flowering in a spike. N¢M4 was found statically on

par with NeMs (30.31 days) and N4M; (30.89 days).

4.‘2.4 Number of flowers per spike (Table 16, Fig. 5)

Number of flowers per spike showed a steady increase with crop growth. There
was significant effect with increasing levels of N at all stages of crop growth. Treatment
N, registered increased number of flowers per spike at 3™ month (25.23), 6™ month

(61.13), 9" month (60.68) and 12 month (62.05).

Application of micronutrients recorded increased number of flowers per spike.
Treatrﬁent My registered increased number of flowers per spike at all stages of crop
growth. Treatment M, registered 23.18,51.92,53.74 and 54.88 flowers per spike during
3" 6™ 9™ and 12™ month respectively.

N x M interaction also showed significant effects at all stages of crop growth. The
highest number of ﬂowefé was registered in the;ﬂtre?a:t"r'ﬁent N4M; at 3 month (25.85), 6"

month (64.52), 9" month (62.79) and at 12" month (64.05) respectively.

4.2.5 Number of spikes per plant (Table 17, Fig. 6)
Number of spikes per plant due to the application of nitrogen and micronutrients
varied significantly. Treatment Ny registered more number of spikes per plant for 3

month (6.25), 6™ month (43.33), 9" month (50.21) and 12" month (59.31).
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Fig.5.Effect of nitrogen and micronutrients on number of flowers per spike
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Fig.6.Effect of nitrogen and micronutrients on number of spikes per plant
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Micronutrient application also showed significant effect for this parameter at all
stages of crop growth, Treatment M, registered increased number of spikes at 3™ month

(4.36), 6" month (36.01), 9" month (42.93) and 12™ month (51.49).

The interaction effect between N and M were significant at 3", 9" and 12" month.
The treatment N4M, recorded the highest number of spikes of 6.81, 55.27 and 63.19 at

3% 9 and 12" month respectively.

4.2.6 Stalk length (Table 18, Fig. 7)
There was an increase in the length of the stalk with the application of nitrogen
and micronutrients. Treatment Ny recorded increased flower stalk length of 2.90 cm at

3 month, 2.94 cm at 6th month, 2.97 ¢m at 9" month and 3.19 c¢m at 12" months.

Micronutrient application exerted significant influence at all stages of
crop growth. Treatment My recorded increased flower stalk length at 3™ (2.57 cm),

6" (2.59 cm) 9%, (2.68 cm) and 12" month (2.75 cm) respectively.

N x M interaction also exhibited significant effects at all stages of crop growth.
The treatment NyMy recorded increased stalk length of 3.11, 3.17 3.22 and 3.28 cm at

3%, 6" 9™ and 12" month respectively.

4.2.7 Diameter of flower
The diameter of flower expressed a steady increase with crop growth. Application
of nitrogen and micronutrients had significant effect at all stages of crop growth

(Table 19).
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Fig.7.Effect of nitrogen and micronutrients on stalk length (cm)
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Treatment Ny recorded the highest diameter of flower of 3.15, 3.20, 3.21, 3.16 cm

at 3% 6 o™ and 12" month respectively.

Treatment My [foliar spray of ZnSO4 (0.5%) + FeSOQ4 (1.0%)] registered the
highest diameter of flowers at 3 (2.87 cm), 6™ (2.86 cm), 9" (2.88 cm) and 12" month

(2.92 cm).

The interaction between nitrogen and micronutrients was significant at all stages
of crop growth. Treatment N,M, [application of 180 kg N ha™ + foliar spray of ZnSO,
(0.5%) + FeSO, (1.0%)] recorded increase in diameter of flower at 3 month (3.23 cm),
6" (3.24 cm), 9" month (3.26 cm) and 12" month (3.25 cm). At 6™ month N;M, was

found to be on par with NyMj3 (3.23 cm).

4.2.8 Spike length (Table 20, Fig. 8)

The spike length increased with advancement of crop growth. Significant results
were observed with the application of nitrogen and micronutrients on spike length.

Ny recorded increase in spike length at 3" month (8.58 cm), 6" month (9.56 cm),
9" month (11.24 cm) and 12° month (12.44{11\1\)_jespectively.

Treatment My registered increased spike léngth at 3" (7.28 cm), 6" (8.96 cm),

9" (9.80 cm) and 12" month (10.51 cm).

Application of 180 kg N ha'! along with foliar spray of ZnSOy (0.5%) + FeSO4
(1.0%) resulted in increased spike length 0of 9.99, 11.07, 12.35 and 14.07 c¢m respectively

at 3, 6", 9™ and 12" month respectively.
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4.2.9 Weight of flowers

The weight of hundred flowers increased with the advancement of crop growth

(Table 21, Fig. 9).

Application of nitrogen was found to have significant influence at all phases of
crop growth. The treatment Ny registered increased weight of flowers of 4.66, 5.01, 4.67

§ ~rd oth | tl :
and 4.69 g at 3, 6", 9" and 12" month respectively.

Micronutrient application exhibited significant results on weight of flowers.
Treatment M, recorded increased weight of flowers 4.40, 4,41, 4.43 and 4.45 g at 3 et

9™ and 12" month respectively.

The interaction of N and M had significant effect at 3, 6" 9™ and 12" month of
planting. The treatment NyM, recorded increased weight of flowers of 5.03 g at 3 and

9™ month and 5.26 g at 6" month and 5.04 g at 12" month.

4.2.10 Flower yield per plant (Table 22, Fig: 10)

Flower yield per plant showed an increasiﬂg trend with crop growth. Application
of N and micronutrients showed significant effects at different stages of crop growth.
Among different levels of N, treatment N, (180 kg N ha™) recorded the highest yield of

154 g, 6043 g 99.12 g and 15931 g at 3 6" 9™ and 12" month after planting

respectively.
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Fig 9. Effect of nitrogen and micronutrients on weight of flowers (g)
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Fig 10. Effect of nitrogen and micronutrients on flower yield (g | plant)
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Micronutrient application showed significant effect at all phases of crop growth.
Among different micronutrients, My recorded the highest yield of 1.36 g and 52.88 g at

3% and 6" month and 91.58 g and 145.74 g at 9" and 12" month respectively.

Among the interaction effects, the treatment N4M, registered the highest yield of
189 g and 65.24 g at 3 and 6" month respectively. The treatment N4M, recorded the
highest vield of 105.04 g at 9" month followed by NysM; (101.25 g). The highest yield of

th

167.17 g was recorded in the treatment N4M, at 12 month followed by treatment N4Ms

(179.19 g).

4.2.11 Flower yield per hectare

The flower yield per hectare also followed the same trend as that of flower yield

per plant (Table 23).

. The flower yield increased with the advancement of crop growth. With increasing
levels of nitrogen, there was increase in flower yield per hectare. At 3™ and 6™ month,
N4 recorded the highest yield of 42.83 and\\1__§78.13 kg ha' followed by N3 with
36.18 and 1502.44 kg ha” respectively. The treatment N4 recorded the highest yield of

2752.43 kg ha' and 4426.55 kg ha™ at 9" and 12" month respectively.

My recorded the highest flower yield of 37.68 kg ha', 1468.44 kg ha’,

2542.99 kg ha and 4052.67 kg ha™ at 3, 6", 9" and 12" month of planting.
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The N and M interaction showed significant results at 3™, 6" 9" and 12" month
respectively. NaM, registered the highest yield of 52.48 kg ha' followed by NuM;
(46,64‘kg ha™) at 3™ month and was on par with NsM,. Treatment NgM, recorded the
highest yield of 1811.71, 2916.94 and 4648.15 kg ha' at 6", 9® and 12" month

respectively. The treatment NyMy recorded the highest yield at all phases of crop growth.
4.3. Physiological and biochemical constituents

4.3.1 Chlorophyll ‘a’
The chlorophyll ‘a’ content increased with. crop growth. Nitrogen and
micronutrients application had significant effect on chlorophyll ‘a’ content at all stages of

crop growth.

Among different leve’is of nitrogen, freafﬁlenf Ns ( 180 kg N ha) registered the
highest chlorophyll ‘a’ content of 0.215, 1.218; 1.215 and 1.216 mg g’ at 3" 6™ 9™ and
12" month respectively.

Treatment My registered increased chlorophyll ‘a’ content of 0.182 and 0.918,

0.915 and 0.924 mg g at 3™, 6", 9" and 12" month respectively.
The interaction effect between N and M was significant at 3", 6", 9" and

12™ month of planting. N4 recorded the highest value for chlorophyll “a’ content of

o1



89

b

$00°0

1100 $00°0 L0070 N1 W
910°0 L00°0 0100 $00°0 W B N
$00°0 200°0 £00°0 7000 W
¥10°0 $00°0 L0070 €000 N
(0'0=)ad paS (€00=d)ad pas
jjuow ﬁﬁ jjuot 5@
7100 9000 ¥00°0 2000 N e N
€100 900°0 €000 2000 W N
900°0 £00°0 20070 100°0 W
900°0 2000 ¥00°0 2000 N
(0 0=)aD p4aS (¢0’'0=4)ad pas
QEOE S@ auﬁoa Em
65870 v76°0 $06°0 L680 6580 11,0 $T8°0 €160 7680 |/ 6L80 80 965°0 UBN]
9171 v6T'1 0671 0871 6£T 1 6L6°0 S1T1 Y671 0671 | ¥LT1 6€C1 6,60 "N
0€6°0 6201 €660 0660) 6260 LOLO 6880 120°1 9L6°0 €760 0880 £49°0 N
6LL°0 0780 1180 0180 1180 €490 6.0 1180 $08°0 2080 C6L°0 €S0 N
8TL0 1180 9L°0 TSL0 889°0 929°0 6L9°0 r6L°0 ¥SL0 SHL0 089°0 ¥4 2 N
€490 0,90 0L9°0 1S90 929°0 009°0 685°0 859°0 8£9°0 ££9°0 ¥19°0 00t°0 ON
yuow 71 , yuouw 6 .
£68°0 8160 86870 €880 LS80 S0L°0 191°0 781°0 €L1°0 $91°0 891°0 911°0 LA
8171 0671 1821 0LT 1 6vT'1 200'1 S12°0 €870 €220 1220 1$2°0 0S1°0 "N
160 €701 7860 1$6°0 126°0 £89°0 9810 81770 Y170 ¢81°0 081°0 9¢1°0 N
1LL°0 7180 S08°0 9080 €080 1€9°0 191°0 9L1°0 1L1°0 691°0 £91°0 STIo N
7°L0 008°0 §SL0 6L 70 £89°0 £29°0 Wi o 791°0 S¢10 1S1°0 ¢E10 901°0 ‘N
6£9°0 999°0 $99°0 1690 629°0 ¢8¢0 001°0 €z1°0 +01°0 7010 6010 790°0 ON
sjuarnu
RSN N % W N ‘W O UBIN] "IN ‘N ﬁ N W O -OIOTA]
quow 9 quow ¢ /STeAS] N

Sunueid 30 yiuom «C1 PUB 6 ‘39 “p€ Bump (,.3 3w} e [1Aydororyo uo susLynuoIoTH puL uaFonIu Jo 109G HT SIqR.L




86

0.283 and 1.290 mg g with M4 at 3™ and 6™ month, N4M, recorded the highest value of

1294 mg g each at 9" and 12" month,

4.3.2 Chlorophyll ‘b’

The data on chlorophyll ‘b’ content are presented in Table 25.

Chlorophyll ‘b’ content increased witﬁ advancement of crop growth. The highest
chlorophyll “b’ content was obtained with the application of 180 kg N ha', Ny recorded
the highest chlorophyll ‘b’ content of 0.070, 0.388, 0.429 and 0.565 mg g at 3, 6™ 9"

and 12" month and 9" month respectively.

Micronutrient application had significant effect at 3", 6™ 9™ and 12n month
respectively. Treatment My [Foliar application of FeSO4 (1.0%) + ZnSO4 (0.5%)]
recorded the highest value of 0.061, 0.321, 0.380 and 0.443 mg g” at 3 6™ 9™ and

12" month respectively.

N x M interaction showed significance at different stages of crop growth. NyMy
registered increase in chlorophyll ‘b’ cop}efxt of 0.081, 0.462, 0.488 and 0.698 mg g at

3" 6™ 9™ and 12" month respectively.

4.3.3 Total chlorophyll
The total chlorophyll content exhibited progressive increase from 3™ month to

12" month (Table 26).
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Application of Nitrogen was significantly effective at all stages of crop growth,
N registered the highest total chlorophyll content of 0287, 1.558, 1.336 and

1763 mg g at 34 6™ 9™ and 12" month respectively .

Application of micronutrients had significant effect throughout the stages of crop
growth. Treatment My [foliar spray of FeSO4 (1.0%) + ZnSO4 (0.5%)] recorded the
highest total chlorophyll content of 0.234, 1.197, 1.183 and 1.356 mg gt at 3 6" 9"

and 12" month respectively.

The N and M interaction was significant at different stages of crop growth. The
interaction effect revealed that the treatment N4My registered the highest total chlorophyll

content of 0.302,1.839,1.450 and 1.965 mg g™ at 3", 6™ 9" and 12" month respectively.

4.3.4 Crop Growth Rate

The data on crop growth rate are presented in Table 27,

Nitrogen application exerted significant effects in the first phase. The treatment
Ny recorded the highest crop growth rate of 2.118, 0.092 and 0.107 g m™? day™' at first,

second and last phase respectively. -

Micronutrient application also showed significant effects. The treatment My
registered the highest crop growth rate of 1.625 g m? day” in the first phase, 0.089 and

0.104 m™?day™" at second and last phase respectively.
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Among the interaction effect, the treatment N4 showed the highest CGR of
2195¢g m? day” with My and was on par with N,Ms (2.170 g m™ day™) in the first phase.
The treatment NyM, recorded the highest crop growth rate of 0.106 g m? day” in the

econd phase and 0.114 g m? day™' at the last phase respectively.
S p

4.3.5 Relative growth rate

The relative growth rate showed an increase in the first phase and then decreased

in the final phase (Table 28).

Application of nitrogen exhibited significant effects at different phases of crop
growth. Among different levels of nitrogen, treatment N3 recorded the highest value of
0.021> g m? day" at the first phase. MQ recorded the highest RGR (0.020 g m™ day™) at
the first phase. Among the interaction effect, the treatment N3M; recorded the highest

RGR in the first phase (0.021 g m™day™).

In the second phase, the treatment Ny recorded the highest RGR of 0.005 g m™
day”. Treatment M;, M, and M4 recorded the highest RGR (0.004 g m™ day™') at second
phase. Among the intéféﬁ:tion effect, the treatment NiMp (0.006 g m™ day™) recorded the
highest RGR. Ny (0.005 g m? day™") recorded the highest RGR in the final phase.
Treatment My (0.003) recorded the highest RGR and are statiscally on par with M3, M,

and M respectively.

In the final phase, NoM, recorded the highest RGR of 0.006 g m? day™ and was

on par with NoM;, NoMs and NoM4(0.005 g m ™ day™).
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4.3.6 Net Assimilation Rate
N levels and micronutrients exhibited significant effects on net assimilation rate at

different phases of crop growth (Table 29).

Among N levels, the treatment N3 registered higher value for net assimilation rate
(0.515 mg cm™ day™") during the first phase. Micronutrients application did not have
significant effects in the first phase. The interaction effect between N and M also showed
signiﬁcant effects on net assimilation rate. Treatment N4M, registered increased net

assimilation rate in the first phase (0.607 mg cm™ day™").

At second phase, the treatment N; recorded the highest net assimilation rate of
0.112 mg cm™ day™. Application of micronutrients did not have effect on net assimilation
rate during the second phase. My recorded the highest net assimilation rate
(0.104 mg cm™ day™) during the second phase. Treatment N;M, recorded higher net
assimilation rate of 0.136 mg cm™ day™ at second phase. At the last phase, application of
fertilizers did not have any effect on net assimilation rate.
4.3.7 Soluble protein content

Nitrogen and micronutrient application showed significant effect for all the

treatments (Table 30).

N, recorded the highest soluble protein content of 2.53, 5.18, 525 and

541 mg cm™ at 3 6" 9" and 12" month respectively.

Jds



94

600°0 ¥00°0 67070 ¥10°0 €610 €L0°0 N1’ N
0100 $00°0 0€0°0 Y100 7910 €L0°0 W' N
¥00°0 2000 €100 900°0 SN SN W
S00°0 7000 Y100 <000 ’ 6800 7€0°0 N
(€00=D0 PHS (€CO0=DD Pas (co0=DaD pas
7800 | 6L0°0 {0800 | 9200 | €800 | THO'0 | €600 | 6L0°0 9600 | £80°0 | 2600 | ¥010 | 6¢v°0 | v1v'0 | 1260 | v¥v0 | THPO |12H0 uBaA
YLO0 | 8L0°0 [LL0°0 | 0LOO | TLOO | Z:00 | L8000 18600 | €800 | 0800 | ¥800 | 8800 | L8¥O | €570 | 1€S0 | ¥ZS0 | 61S0 [LOSO "N
SLOO | SLOO |€LOO | PLOO | LLOO | viD'0 | 6800 | Y800 | 880°0 | S800 | L600 | 7600 | SISO | STEO | £€S0 | 00SO | €1S0 [¥0SO N
8200 | S80°0 {1800 | €80°0 | ¥O1°0 | £80°0 | 9010 | 6600 | SOUO | €010 | SOUO | L1100 | €050 | 6650 | LZSO | 9LY'0 | 88F'0 |L8Y D ‘N
7800 | #L00 [$80°0 | 6900 | 8L00 | <ot'0 | TITO § +OU0 | SO0 | LOLO | LIVO {9E10 | ¥6€0 | 9%v0 | Spv 0 | €OV0 | SI¥ 0O [6520 'N
1600 | 1800 |€800 | #80°0 | €80°0 | STI'0 | 8900 | ZI0O | 860°0 | 6500 | 0600 | $80°0 | ¥6Z0 | 80£0 | 81€0 | 91€0 | LLTO {0STO N
syuaInu
ueoly | "W EN N | W YN ued | "IN N W "W UN UBN | W | N 9N W N -~OITA]
L puout 71-6 UOW -9 quou 9-¢ /STOAS N |

Y043 doIo Jo seseyd Juorsgrp Sutmp (| Aep . o Fur) oJeX WOTIB[IWISS? JOU UO SJUSLINUOIOIW pue usSonmu Jo 19977 67 2[q8L



1%0°0 0200 SN SN N® W
£70°0 0200 SN SN W1 N
810°0 6000 LETO €110 W
¥20°0 600°0 81€°0 SIT0 N
. (€0'0=)d> paS (S0°0=d)aD pds
puow 71 uow 6
7900 0£0°0 L90°0 Z€0°0 N W
6L0°0 ¥€0°0 . £90°0 0€0°0 NN
870°0 €10°0 0€0°0 $10°0 W
LS00 1200 1200 8000 N
(€0'0=Da2 paS (¢0'0=aD pas
qiuom quow | ¢
L€ Iy 86'€ 88'¢ 0L'€ L8T oy €6'¢ 9L°€ 8L'E 16°€ 08T uesiy
v 6L°S 99°¢ 9°¢ 09°¢ ov'y ¢T¢S 0L'S 1s¢ LSS 68 b 09'p N
Sy <9'f 6€Y 60t 88°¢ e 8L'€ 6€Y 98°¢ 96'¢ 16€ 08T IN
9°€ 06'€ LLE 9'¢ LS'E 73 0S¢ c9'¢ 79°¢ 09¢ |, LS€E 90°€ N
16C LTE vee 61'¢ e CL'1 L9T v0'€ L6T L6T €6C 9t'1 N
9T 67 L8'T 88C 9¢€'7 LT1 LS'T L8T £€8'C 08°¢C 92T 01T ON
LHQOE m@Na aﬁcoa &m
8t'€ 96'€ 8L°€ ¥8'¢ 6€°€ 't ¢8'{ v0'C €07 861 €81 cel UBOIA
81°¢ 1L¢ 96°¢ LY 06 61 €6C 08'C 99°C <CT e 87¢C N
LLE cey S6'€ (6¢ 68°€ 9L'C 70T 07T ST 91'C 61 €1 N
see 99°€¢ gy <c'g 5¢ 9T 691 9L1 081 LL'T €81 671 N
1L¢C €T'E 60°€ 6€°€ 0T vl 9¢°1 8L'1 69'1 L1 8¢<'1 201 'N
8€'C ¢8'7 8L'C 08°C €T STl €1 191 $S'1 89'1 6v'1 $8°0 °N |
sjuoIynu
| ueol WL N N W O UBOIN N ‘N 9N AL O -0IOTN
ﬁ yuow 9 uowr ¢ /STRAST N

Sunued yo wuom HC1 PUB 6.0 “Em Suump (1o Suwr) Jusju0o uejoid S[qNIOS UO SJUSLYAUCIOIW pue usgoIu JO 103y 0 9198 L



With regard to micronutrients, treatment My [Foliar spray of ZnSO4 (0.5%) +
FeSO4 (1.0%)] recorded the highest soluble protein content of 2.04 mg cm’? which was
~ on par with treatment M3 (2.03 mg crﬁ'z). Treatment My registered 2.04,’3.96, 3.93 and

411 mg cm? at 3, 6™ 9™ and 12" month respectively.

N x M interaction effect showed significant results at all stages of crop growth.
N.M, showed increased soluble protein content of 2.80, 5.71 and 5.79 mg cm™ at 3", 6"

and 12"™ month respectively.

4.3.8 Nitrate reductase activity
The data on nitrate reductase activity during different stages of crop growth
revealed that it increased as the stages of the crop advanced. Nitrogen and micronutrients

application showed significant effects for all treatments (Table 31).

N, registered higher nitrate reductase activity of 1.84, 1.91, 2.09 and
1.99 ug g' hr'at 3, 6%, 9" and 12" month respectively. At 3 and 12" month, treatment

M, recorded higher reductase activity of 0:87« and 1.49 pg g hr'.

Treatment N4M, showed higher nitrate reductase activity of 1.85, 1.92, 2.54,

210 ug g hr' at 3 6™ 9" and 12" month respectively.

4.3.9 Catalase activity
Effect of nitrogen and micronutrients on catalase activity at different stages of

growth are presented in Table 32.
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Considering the catalase activity there were marked differences among the
stages. Treatment Ny showed higher - catalase activity at 3 (440 p moles H,0,),
6" (4.57 p moles H,0z), 9" (8.10 i moles H,0,) and 12™ month (9.01 p moles H;0,) of

planting,

Treatment My recorded higher catalase activity at 3™ (4.70p moles H;0,),
6" (5.63 w moles Hy0,), 9" (8.01 p moles H,0;) and 12" month (8.35 p moles Hy0,)

respectively.

Regarding the interaction effect, the treatment N4My recorded higher catalase
activity of 5.90, 6.12, 9,78 and 10.55 p moles H,0; utilized 100 g fresh weight min™ at

3¢ 6" 9™ and 12 month respectively.

4.3.10 JAA oxidase activity

IAA oxidase activity differed significantly among the stages (Table 33).

Nitrogen and micronutrient applicatipn showed significant results at different
stages of crop growt'h.;l Treatment N, registered an increase in IAA oxidase activity of
2065.34,2211.19, 2334.11 and 3957.44 p g of unoxidised auxin g™ hr' at 3, 6", 9" and

12" month respectively.

Micronutrient application showed signiﬁcaﬁt effects at all stages of crop growth.
Treatment My registered increase in IAA oxidase activity of 2179.23, 2194.10, 2189.90

and 4136.56 11 g of unoxidised auxin gm™ hr' at 3, 6™ 9™ and 12™ month respectively.
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N x M interaction registered significant results for IAA oxidase activity.
Treatment N4My recorded higher value of 2458.40, 2520.50, 2586.25 and 5414.00 p g of

anoxidised auxin g hr' at 3, 6", 9" and 12® month respectively.

4.3.11 Peroxidase activity
The peroxidase activity increased as the crop stage progressed from 3" month to

12™ month of planting. Nitrogen and micronutrient application showed significant results

- at all stages of crop growth (Table 34).

Nitrogen application showed significant results on peroxidase activity.
N registered higher peroxidase activity of 0.31, 0.32, 0.33 and 0.34 pug g” hr'' at 31 6"

9" and 12" month respectively.

Among different micronutrients, the treatment My registered higher peroxidase

activity of 0.25, 0.26, 0.28 and 0.29 pg g hr' at 3™, 6™ 9™and 12" month respectively.

N x M interaction showed significant effects at 6", 9™ an'd 12" month of planting,
Treatment Ny recorded ﬁiéher peroxidase acti;\;ity'b‘f 0.35 ug g’ hr'! with M, at 6" month
and was on par with NsM; (0.34 pg g'1 hr'') and NoM; (0.33 pg g hr''). At 9® month,
treatment N4M, recorded peroxidase activity of 0.36 pg g hr'' and it was on par with
NaM; (0.35 pg g hr''). At 12‘h month, treatment N4M,4 reglstered higher peroxidase

activity of 0.37 ng g’ hi'! and it was on par with N4M2 (036 pg g hr'') and NyMs;

(035 pg g hr'').
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4.3.12 Tryptophan

The data on tryptophan content are presented in Table 35.
All the combinations of treatments had improved the tryptophan content over
control. Treatment N4 showed significant increase in tryptophan content at 3" month

(8.04 ug g™h), 6" month (12.00 ug g 9" month (11.32 pg g') and 12™ month

(1036 pg g’ ).

Among the micronutrient treatments, treatment My {foliar spray of ZnSO4 (0.5%)
+ FeSO4 (1.0%)] recorded the highest tryptophan content of 7.85, 9.55, 9.68 and

989 ug g at3, 6" 9™ and 12" month respectively.

The variations due to interaction between treatments and stages were found to be
statistically significant. Treatment NgM, registered the highest tryptophan content of
9.41 pg g at 3™ month and was found to be on par with NyMs (9.35 ug ). Treatment

N4M, recorded the highest tryptophan content at 9" month (13.29 g g and 12" month

(1213 pggh).

4.4.Nutrient contents
4.4.1 N content in leaf
Different levels of N and micronutrients exhibited significant effects on N content

in leaf (Table 36).

Among different levels of N, treatment Ny recorded higher value for N content in

leaf (128, 127, 1.33, 1.20 per cent) at 3 6" 9" and 12" month respectively.
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Micronutrient application exerted significant influence at all stages of crop growth.
Treatmient M, recorded the highest value of 1.22 at 3 6" and 9" month and

1.20 per cent at 12" month,

The interaction effect showed significant results. The highest N content in leaf
(1.41 per cent) was observed in the treatment NyMy at 3 and 9" month, 1.40 per cent

during 6" and 12" month respectively.

4.4.2 P content in leaf

The phosphorus content in leaf showed a declining trend (Table 37)..

Nitrogen application had significant effect at all stages of crop growth.
Ny recorded the highest phosphorus content of 0.130 per cent at 3™ month and

0.131 per cent at 6™, 9™ and 12" month respectively.

Micronutrient application also exhibited significant effects at all stages of crop
growth. Treatment My [foliar application of FeSOQ4 (1.0%) + ZnSO4 (0.5%)] recorded the
highest value for phosphorus content. It reeo;;d:e_d the highest phosphorus content of
0.121 per cent and 0.122 per cent at 3™ and 6™ month and 0.120 at 9th and 0.119 per cent

at 12" month respectively.

The interaction effect of nitrogen and micronutrients of leaf phosphorus was

significant. The treatment NsM, recorded the highest phosphorus content in leaf with
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0.140 per cent at 6" month, 0.139 per cent at 3™ and 9" month and 0.138 per cent at

12™ month,

4.4.3 K content in leaf
Nitrogen and micronutrient application resulted in considerable enhancement of

foliar K content in crossandra (Table 38).

The treatment N, excelled others in increasing the K content in leaf which
recorded the highest value of 3.47, 3.48, 3.45 and 3.46 per cent at 3", 6", 9" and 12"

month respectively.

Micronutrient application showed significant effect for all treatments. Treatment
M, recorded increased K content in leaf with 3.35 per cent at 3* and 3.34 per cent at
6™ month. Increased K content in leaf with 3.32 per cent at 9" and 12" month was

observed in the treatment My,

NsMy [combined application of nitrogen 180 kg N ha + foliar spray of ZnSO,
(0.5%) + FeSCy4 (1.0%)] recorded higher K content in leaf at 3™ month (3.54 per cent)

th

and 6™ month (3.48 per cent), 9" month (3.50 per cent) and 12" month (3.57 per cent).
4.4.4 N content in flower
The data on N content in flower under different treatments and stages of crop are

presented in Table 39.
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N content in flower increased significantly at 3™ and 6™ month and then decreased
at 9" and 12" month. Among different N levels, nitrogen application exhibited significant
effectsi at all stages of crop growth. Treatment N4 had greater effect in iﬁcreasing the
N content significantly in flower at 3" (1.27 per cent), 6" month (1.23 per cent),

% month.

o™ month (1.20 per cent) and 1.12 per cent at 12
Among the micronutrients, foliar application of ZnSO,4 (0.5%) + FeSO,4 (1.0%)
registered an increase in N content of flower at 3 month (1.19 per cent) 6" month

™ month it showed non significant

(1.18 per cent) and 12" month (1.08 per cent). At 9
effects. NaM, recorded increase in N content in flower of 1.32, 1.29 and 1.23 per cent at

3™ 6™ and 12" Month respectively.

4.4.5 P content in flower
Data on P content in flower are presented in Table 40. Application of nitrogen and

micronutrients exhibited significant effects for all the treatments.

Among N levels, N4 recorded the highest P content in flower of 0.127 per cent at

3 month and 0.129 per cent at 9" and 12" month.

In case of micronutrients, the treatment M, recorded the highest phosphorus

" month, treatment M

content in flower of 0.125 per cent at 3" month. At 6
[soil application of ZnSO4 (50 kg ha™) + FeSO4 (25 kg ha)] recorded higher value

(0.127 per cent) followed by M, (0.123 per cent). Treatment My recorded higher value of
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0.130 per cent at 9" month and treatment M, and M3 recorded higher phosphorus content

in flower (0. 122 per cent) at 12" month respectively.

The interaction effect also showed significant results. Treatment NiM,
[application of nitrogen 180 kg per hectare + foliar application of ZnSQO4 (0.5%) + FeSO4
(1.0%)] registered increased ‘P” content in flower at 3" month (0.130 per cent), 6" month

(0.132 per cent), 9™ month (0.133 per cent) and 12" month (0.131 per cent).

4.4.6 K content in flower

K content in flower as influenced by nitrogen and micronutrient applications and

on stages of crop are presented in Table 41.

Treatment Ny registered increase in K content in flower of 3.20, 3.18, 3.16 and

. 3.14 per cent at 3, 6™ 9" and 12™ month respectively.

Micronutrient applications also showed significant effects over all the treatments.

These was a rise in K content in flower with the treatment Ms which registered

3.04 per cent at 3™ and 6" month, 3.01 per cent at 9" and 12" month respectively.

The interaction effect of N and micronutrients exerted significant results. Treatment

th

NuM, registered increase in K content in flower of 3.36 per cent at 3" and 9" month and

" month and 3.26 per cent at 12" month,
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4.4.7 Fe content in leaf

The data on Fe content in leaf are presented in Table 42.

Application of nitrogen and micronutrients had significant inﬂuencé at different
stages of crop growth. Treatment N, recorded higher values at 6" (519.24 ppm),

o™ (519.23) and 12" month (553.78 ppm).

Micronutrient application had significant influence at different stages of crop
growth. My recorded higher value of 522.98, 522.95, 530.81 and 511.15 ppm at 34 6™

o" and 12" months respectively.

The interaction effect between N and M showed significance at different.stages of
crop growth. The treatment N,M, registered increased Fe content in leaf of 573.50,

57564, 576.56 and 579.50 ppm at 3™, 6", 9™ and 12" month respectively.

4.4.8 Zn content in leaf
The Zn content in leaf showed an increasing trend with crop growth Table 43.
There was a steady increase in Zn co»rlte‘r‘yt in leaf during different stages of crop
growth. Treatment N4 recorded higher value of 18.78, 18.87, 19.30 and 19.54 ppm at 3"

6™ 9™ and 12™ month respectively.

Micronutrient application registered significant effects for all the treatments.

Treatment M4 recorded increase in Zn content in leaf (18.14 ppm) at 3™ month and

115



116

09¢°1 0590 09567 IL1¥1 Nie
06¢'1 $69°0 86L'1€ SSTHI N ®EN
] 0190 Y670 617¢1 LEE9 W
LSOT 18€°0 PI1°81 ¥Z$9 N
(0'0=d)ad PAS (s0'0=aD pas
;uzoa ﬁmﬁ QHGOE ﬁ@
LEL'T 7€8°0 SN SN Nie W
¥60°C 9060 SN SN NN
LLLO LE0 16€°L9 LOETE W
€Erl 91$°0 SN SN N
(s0°0=)aD PaS (SO0=d)ad PaS
fﬁoa 5@ QHEOELEM
LOE8Y | ST'TIS |  6£70S v6'€TS €099 YOIy | 6ELLY 18°0€S | €00TS 81 8hY €L86Y | TT68E | U
|
8L°€SS | 0S6LS | 00°LLS RYAS 70796 YTLLY | €TEIS | 96°9LS | 09°€9C | SOT'LLY | 0STSS | 8€9T "N
€VL8Y | 60°05S STy | 9T0LS | L969v | 6LTTY | 9T01S | 09°0LS | 80°S9¢ TTLYY | €ULTS | LTITH N
TLT0S | 90TSS | 91 1SS | LTLES | 61°9bp 00°CCt | €668F | 9TvSS | $ISEC | OLpvh | SLPOS | 060T% N
€9°0SY | SL69% | Ov'Ser | OT'v8y | TLI8Y 81°78¢ | 9T6Sy | SOy | ¥9 I8y | 896LF | PO6SH | E€HTSE N
6L 1Y | SEVIY | L6T9F 17¢Sh EFILE | L6WVSE | O8OV | O0L6SY {  1L¥SH 172LE | TTOSh | 91°C0E ON
quowr 71 quow 6
€9°1LY | S6TTS ¢8TTS | 0S9Py | T6'10€ T6'€9€ | 67197 | 86TTS | 96CI¢S PLISY | LVLSP | 1€8TE | UBON
YT6IS | v9'SLS | 0189S | TLWLY | 09°0SS 91LZV | 9€SLY | 0C€LS | SCOLS €L'89¢ |° 01 11€ | 067TSE "N
STOIS | €IvLS | L9L9S €9°09% | ¥S'8TS 1€0TF | 9£750¢ CSI9S | SOSHS 19°0v¢ WLES | 61 THE EN
b0 €8 11°L8S SIsES 0608y | LL'LOS 0LvEE | 10718F | SEVEC | <c0gs ¢0°00¢S €890¢ | STEEE !N
0Stby | 0S0SK | SO68F | 0SL8Y | 0L 69% CLSTE | w8y | 9868v | 0818y | 0€9Lv | <LT8y | 0STIE IN
6010V | 8ELSY | 8TVSHP | 91'6ZE | 86TSH 89'11€ | 0€96€ | S9¢sy | S81ch €0°€TE | STeby | SL10E ON
mwﬁoﬂbﬂﬁ
LN N L N | N N N weN | I N TN N N -0
1 yuour 9 puout ¢ /S19A9 N |

Sunueid Jo yyuow «wC 1 PUR 6“9 ° ¢ Guimp (mdd) Jeo] Ul JuSIUCO YOI UO SIISLGNUOIII PUR uaFoxnnr yo 1055 "7 9[QBL



117

vIT0 €010 £90°0 0£0°0 NN
1520 0110 8800 LEOO NIe N
9600 900 820°0 ¥10°0 W
. LT 090°0 890°0 €700 N
(S0°0=d)aD pas (€0'0=)ad pds
Juow 5N~ Jruow am
8€€0 791°0 00¥0 761°0 NN
vZE0 1ST°0 2010 ¥81°0 W N
1510 7L00 6L1°0 980°0 W
611°0 €700 881°0 890°0 N
(co0=ad pas (S00=ad Pas
yuow 9 juom ¢
9¢°¢1 9,81 18°L1 LOLT ¢8€l €6 7Tsl ¥S 81 OLLT .| 8691 SLEl | vI6 uBay]
¥S61 9L bT 98'CT LY 1T 9p 91 9171 0€'61 614C 8°TT 6€°1¢ 8€791 v0'Tl "N
8T L1 88°0¢ g6l <S8l 8%°91 1711 SOLT 8%°0C sz 6l '8l LO91 LOT1 N
7Tl 9L L1 WLl 791 9pcl CO'T1 S0'ST €9'LT PELI €€91 el 0$°01 IN
0011 191 1091 0L Sl 09Tl 9¢'6 v6'€l 1191 66°ST 6S°S1 8¢l Sr6 N
8L°01 vl 8¥ '€l LT <ol L97 LLOY 8TH1 1§23 61°€l €01 £9°C ON
puow 7] yuow 6
10°¢T 781 Ll 1691 9¢¢l 8’8 8L b1 v1°81 €SLT 6991 68°C1 L9'8 uBaN]
L3881 7€ 1T 87°1¢ Y7ol 0Z'11 8L°81 60°€T CE'TT Zrie $T91 01’11 "N
6991 6102 6981 0E'81 Say| 08701 $E91 20°0T €16t 69°L1 0T vl 0L01 N
86'¥1 9¢°LT LTLL LE9T 8ECT €601 284! vrLl 1T°L1 1€91 7€l 9101 N
p8 €l 7091 68°S1 Lycl 0571 €6 6v €l v0'91 1861 1761 9111 126 'N
8901 vIvl €e€l €1 El [441)! 65T LY 01 11¥1 97°€1 Zrel €96 07T ON
munoESn
won | Wl W bR W uBa W W oW ‘W oW ~OI0NN
ﬂuﬁocm fo Luﬁoa Em \m~o>®~ Z

Suneid yo yyuowr 71 pue

< <
Em 5@ ‘P!

¢ Surmp (wdd) Jesy U JUSJUOD OUIZ UO SUSLHNUOISIW pue usFonIu J0 1997 "€f S[qBL




18,22 ppm at 6™ month. It recorded a higher value of 18.54 ppm and 18.76 ppm at 9" and

12 month respectively.

The interaction effect between nitrogen and micronutrients showed significant
results for Zn content in leaf. Treatment N4M, recorded increase in Zinc content in leaf of
23.09, 23.21, 24.19 and 24.76 ppm at 3" 6™ 9™ and 12" month respectively.

. 4.4.9 Available nitrogen in soil
The data on available nitrogen in the soil are presented in Table 44.
Nitrogen application showed significant effect on available N in the soil at 3 6t

o™ and 12" months. Ny registered the highest available nitrogen of 305.50, 305.21,

304.43, 303.83 at 3™, 6™ 9" and 12" month respectively

Application of micronutrients also showed significant effect at all stages of crop
growth. Treatment My registered the highest available nitrogen in soil (261.18 kg ha™)
followed by M; (254.04 kg ha™) at 3" month. My registered the highest available nitrogen

0f 261.18, 260.89 and 260.48 kg ha™ at 6™, 9™ and 12" month respectively.

The interaction effect of N and M showed significant values. The treatment N4M;
registered the highest available soil nitrogen of 325.05, 325.60, 324.18 and 323.66 kg ha

at 3" 6™ 9" and 12" month respectively

4.4.10 Available phosphorus in soil

The available phosphorus in soil decreased with the advancement of crop growth

(Table 45). Significant results were observed at different stages of crop growth.
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N; registered the highest value of 15.81, 15.78, 15.77 15.75 kg ha™ at 3%, 6", 9" and 12"

month respectively.

Micronutrient application showed significant effects. M3 recorded the highest
value of 13.81 kg ha™ at 3™ month and 13.79 kg ha at 6" month and 13.78 kg ha'! at ofh

and 12™ month respectively.

The nteraction effects of N and M exhibited significant effects for available
phosphorus in soil. NyMj registered increase in available phosphorus soil of 16.24 and

16.20 ppm at 3" and 6" month and 16.19 kg ha™ at 9™ and 12" month respectively.

4.4.11 Available potassium in soil
Nitrogen and micronutrients exhibited significant effects on available potassium

in soil (Table 46).

Among N levels, treatment Ny increased the available K in soil at 3" month
(608.39 kg ha') 6" month (610.47 kg ha™), 9" month (609.66 kg ha') and 12" months

(615.77 kg ha'™").

Micronutrient application also showed significant effects. Among different
micronutrients, M3 recorded the highest available potassium in soil of 572.49, 574.46,

574.24 and 575.71 kg ha'' during 3", 6" 9™ and 12" month of planting respectively.

N x M interaction also showed significant effects. Increased available potassium
in the soil was registered by the treatment N4Ms at 3™ month (620.55 kg ha™), 6th month

625.00 kg ha™), 9" month (624.45 kg ha™") and 12™ month (626.30 kg ha™").
g
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4.4.12 Tron content in soil

The data on Fe content in soil is presented in Table 47,

Application of nitrogen and micronutrients exhibited significant .results at all
stages of crop growth. Treatment Ny registered increase in Fe content of soil of 12.36,

12.33,12.40 and 12.41 at 3, 6", 9" and 12" month respectively.

Treatment Mj recorded increase in Fe content of soil of 12.82, 12.81, 12.88 and

Ard

12.89 ppm at 3", 6", 9th and 12" month respectively.

Treatment N4M; recorded increase in Fe content in soil of 14.15 ppm at

th

3 month, 14.10 ppm at 6" month, 14.08 ppm at 9™ month and 14.07 ppm at 12" month

respectively.

4.4.13 Zinc content in soil

Zinc content as influenced by nitrogen and micronutrient application are

presented in Table 48.

Treatment N4 recorded increase in Zn content in soil with 1.56 ppm at 3 and 6"

th

month and 1.59 ppm at 9" month and 1.61 ppm at 12" month respectively.

Micronutrient application played a significant role in Zn content in soil. At
3 month, treatment Ms recorded higher value (1.46 ppm) for Zn content in soil followed
by My (1.43 ppm). Treatment M3 recorded increased Zinc content in soil with 1.46 ppm

at 3 and 6™ month and 1.49 and 1.51 ppm at 9" and 12" month respectively.
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N x M interaction showed significant effects at all stages of crop growth.
Treatment NsMs recorded increased Zinc content in soil with 1.82, 1.81, 1.89 and

1.92 ppm at 3™, 6™ 9™ and 12" month respectively.

4.5. Association of characters

Simple correlation, Linear regression and multiple regressions were carried out to
find out the association of yield with Growth characters, yield attributing characters,
physiological and biochemical constituents and nutrient contents at third, sixth, ninth and

" 12" month of planting with yield.

4.5.1. Simple correlations
The data on correlation coefficient (r value) and linear regression equation

(y = a + bx) are presented in tables 49, 50, 51 and 52.

Growth characters viz., plant height, number of branches, number of leaves, fresh
and dry weights of shoot and root, leaf area index and dry matter production exhibited
significant and positive correlation with yield at third, sixth, ninth and twelfth month of

planting respectively. However, specific leaf\'v‘v‘eight and shoot-root ratio exhibited

non-significant correlation towards yield at all stages of crop growth.

Regarding yield attributes, the time taken for spike emergence, time taken for first
harvest in a spike and time taken for completion of harvest in a spike exhibited negative
and non-significant correlation towards yield at all stages of plant growth. The

contributions were highly significant at third, sixth, ninth and twelfth month for number
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of flowers per spike, number of spikes per plant, spike length, stalk length, diameter of

flower and weight of flowers.

Physiological and biochemical constituents viz., chlorophyll ‘a’, chlorophyll ‘b’,
“total chlorophyll, soluble protein content, crop growth rate, IAA oxidase activity, nitrate
reductase activity, catalase activity, peroxidase activity and tryptophan content at third,

sixth, ninth and twelfth month of planting.

Relative Growth rate recorded highly significant positive correlation during third
month, whereas highly significant negative correlation was recorded during sixth, ninth
and twelfth month, Net assimilation rate recorded highly significant positive correlation

during third month and non-significant effects during sixth, ninth and twelfth month.

In case of nutrient contents, NPK content in leaf, available NPK in soil, Fe and
Zn content in leaf and soil exhibited a highly significant positive association with yield at
third, sixth, ninth and twelfth month of planting.

N content in flower recorded highly significant positive correlation towards yield
during third, ninth and twelfth month, while sixth month recorded negative and non-

significant correlation.
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In case of P content in flower significant positive association was recorded during
twelfth month. However non-significant effects were recorded during third, sixth and

ninth month.

4.6. Economics

Based on the annual production expenses, the economics was worked out in this
experiment(Table 53). The hectare yield of flowers ranged between 3056.91 kg and
4648.00 kg and the highest yield was recorded in the treatment NyM, [N at 180 kg ha™
along with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%)]. The cost ranged between
Rs. 162398.74 in NgM, and Rs. 164214.86 in treatment NyM,. The revenue ranged from
Rs. 183360 applied in NoMp to Rs. 278880 in NsMy4 which also recorded the highest

cost benefit ratio of 1:1.70 and the lowest of 1:1.13.



Table 53. Economics

e

_
Treatment Yield Revenue Cost C /B ratio
-
NoMo 3056.91 183414.6 162398.74 1:1.13
C NoM 317131 190278.6 16289874 111.16
NoM; 3230.02 1938012 162798.74 11,19
NoM- 328269 196961 4 163298 74 1121
NoMvs 3332.95 199977.0 162798 34 1:1.23
Ny Mo 3419 87 2051922 163106.99 111,25
NM, 358997 215398 2 163606.99 1:1.32
CNM, 3723 81 223428 6 163506.99 1.1.36
NiM; 3745.06 224703 6 164006.99 1:1.37
N, M, 3782.69 226961 .4 163506.59 1:1.38
NaMo 3641.04 218462.4 163343.09 111,33
NoM, 3865.97 231958 2 163843 09 1:1.42
NoM, 189377 2336262 163743.09 1:1.43
NoM, 3937.09 236225 4 164243.09 1:1.44
NoM, 4032.32 2419392 163742.69 1.1.48
NaM, 3771.86 226311.6 163579.19 1:1.38
NoM, 405997 2435982 164079.19 1:1.48
N,M, 414148 248488 8 . 163979.19 11,52
NoM, 419784 | 2518704 164479.19 11,53
NyM, 4467.20 268032.0 16397879 1:1.53
NM, 3891.00 233460.0 163815.26 11143
NJM, 4476.13 268560.0 164315.26 1:1.63
NoM, 453320 271980.0 16421526 1:1.66
NM, 4584.00 275040.0 164715.26 1:1.67
NaMq 4648.00 278880.0 164214.86 1:1.70
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CHAPTER V
DISCUSSION

The results of the study on yield and physiological responses to nitrogen levels
~and micronutrients in Crossandra (Crossandra infundibuliformis (L) Nees) are discussed

in this chapter.

Crossandra infundibuliformis  produces flowers throughout the year. The
- demand for the flower is high due to its majestic colour, light weight and good keeping
quality. It has a great economic potential. Standardization of optimum nutrient
management holds promise for improving the production and productivity and also will
help in extending the economic life of the plant. Hence, studies were carried out in Delhi
crossandra to find out the optimum nutritional requirement with varying levels of

nitrogen and micronutrients.

The field experiment was carried out at Botanic gardens, Horticultural College
and Research Institute, Coimbatore. Obse;rv‘a\t‘ions on growth and floral characters,
physiological and biochemical constituents and éstimation of NPK and micronutrients
and yield were recorded. The experiment consisted of five levels of nitrogen (0, 90, 120,
150 and 180 kg ha™') and application of micronutrients in'é split plot design with a total

of 25 treatments. The results of the experiments are discussed below.
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Growth characters

Different levels of nitrogen and micronutrients had significantly influenced the
growth characters in crossandra. In the present study, the growth of c'rossandra as
influenced by various treatments have been elucidated through plant height, number of
“pranches, number of leaves, leaf area, leaf area index, specific leaf area, specific leaf
weight, fresh and dry weight of the shoot and root, shoot-root ratio and dry matter

production.

(Applica,tion of nitrogen increased the plant height significantly. It increased as the

th

age of the crop progressed from 3™ month to 12 month. The highest plant height was

observed by the ;?tppli/cation of 180 kg N ha™ along with foliar spray of ZnSO4 (0.5%) +
FeSO4 (1:0%). Tfle reaso;l for better growth might be due to stimulation of root system
with consequent help in greater absorption and translocation of nutrients and due to the
favourable and additive effect of nitrogen and micronutrients on balanced nutritional
requirements for plant height) Maheswar (1980) reported increasea plant height with
highest dose of nitrogén (100 kg N ha™) in china aster. Similar results were reported by
Bhaskaraiah et al. (1991), Halepyati et al ‘(1995), Amarjeet Singh et al. (1996) in
tuberose and Belgoankar er al. (1997) in Chryéénthemuxn‘ The number of branches
per plant was signiﬂcantly increased by the application of nitrogen and micronutrients.
Number of branches produced per plant directly inﬂuénced the yield in crossandra
because more number of branches contributed for more flower bearing spikes. In the
present investigation, application of 180 kg N ha™ along with the combination of foliar
spray of ZnSQOy (0.5%) + FeSO4 (1.0%) resulted in maximum number of branches. This

O

]
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might be due to the activation of lateral buds due to better N nutrition and micronutrients.
Mohir (1985) reported maximum number of branches in marigold by the ap.pli;ation of
100 kg N ha''. Similar results were repérted by Avari and Patel (1991) that application of
200 kg N ha™' recorded more number of lateral branches in african marigold. The present

findings also corroborate with the earlier works of Kozik (1992) in aster.

Number of leaves is the single most important character, since it has an important
.role in carbohydrate metabolism and photosynthetic partitioning. The number of leaves
per plant also significantly increased with increasing levels of nitrogen as that of plant
height and number of branches. Application of nitrogen 180kg N ha along with foliar
spray of ZnSO4 (0.5%) + FeSO4 (1.0%) registered the maximum number of leaves. The
increase in leaf number may be due to continuous availability of nitrogen and also due to
foliar spray of micronutrients. Similar results were reported by Mariappan (1992) in
african marigold, John and Paul (1992) in Gomphrena globosa, Parthiban ef al. (1992) in
tuberose and Kageyama and Konishi (1996) in chfysanthemum.

Number of leaves and leaf area- have cénfributed greatly on the growth and

development of crossandra plant. In the present study, application of nitrogen and

rd

micronutrients increased the leaf area. The leaf area per plant increased from 3" month to
12" month. The leaf area index also followed the same pattern. The effect of nitrogen in
enhancing the leaf area is well established and increasing levels usually have positive

relationship with growth (Sarro ef al. (1989)). Higher level of nitrogen (180 kg N ha™)

recorded the maximum leaf area, leaf area index and dry matter production. The results
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indicated that highest level of nitrogen (180 kg N ha™') with the combination of foliar
spray of ZnSO4 (0.5%) + FeSOq4 (1.0%) recorded the highest leaf area. The results
indicated that there was a perceptible influence of nitrogen and micror;utrients on the
development of leaf area. These findings are also in agreement with Ravindran er al.
(1986) in african marigold, Selvaraj (1988) in rose, Srinivasan and Balakrishnan (1988)
in Jasminum sambac and Hugar and Nalawadi (1994) in Jasminum auriculatum.
Treatment N4My recorded maximum specific leaf area and specific leaf weight at 3 6™

9" and 12" month. This indicated the vigorous photosynthetic activities of the leaf which

led to higher carbohydrate accumulation in leaves leading to highest specific leaf weight.

In this experiment, the fresh and dry weight of the shoot increased with increasing
levels of nitrogen and also with the advancement of the crop growth from third month
and twelfth month, Treatment N,M, [(application of nitrogen 180kg N ha™ along with
foliar spray of ZnSQy (0.5%) + FeSO4 (1.0%)] recorded the highest fresh and dry weight
of the shoot. This level of higher fresh and dry weight production may be due to high
level urptake of nutrients under integrated nutrient management. This was in agreement
with the findings of Nanjan (1979), Dole et a/ (1994) in poinsettia, Swaminathan (1995)
in crossandra, Hummel ef al. (1996), Ashol.(‘(‘l998) in rose and Parthiban (1998) in

Gomphrena globosa.

Proper plant growth and development can be achieved only by the supply of
optimum nutrients to the root zone and their absorption by root system. In the present

experiment with nitrogen and micronutrients, highest fresh and dry weights of the root
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was noted. Treatment N4M, [application of nitrogen 180 kg ha™ along with foliar spray
of ZnS0O4 (0.5%) + FeSO4 (1.0%)] recorded increased fresh and dry weight of the root
followed by treatment NgMs [application of N at 180 kg ha along with soil application
of ZnSQOy (25 kg ha') + FeSO4 (50 kg ha™)]. It is clear that the micronutrients either as
soil or foliar application had better effect than application of nitrogen alone. The
perceptible increase in fresh and dry weight of root may be due to the active synthesis of
tryptophan in the presence of Zn, the precursor of indole acetic acid which could have
stimulated the growth of plant tissues. Fawzi and Bussler (1980) reported that spraying
micronutrients led to increase in plant-dry matter. Similar line of works of increased fresh
and dry weight of the root by application of nitrogen and micronutrients were reported by
Saad et al (1980), Mobarek (1985), Selvaraj (1988) in rose, Hussein et al. (1989) in

Hibiscus subdariffa and Suhuch ef al. (1996) in poinsettia.

Shoot root ratio showed a declining trend with the age of the crop. Shoot root
ratio progressively reduced from third month to twelfth month. Treatment NoM; [ZnSo4
(25 Kg ha™)] exhibited the highest shoot-root ratio at 3" month. At early stages of
growth, the plants requifed nutrition to build up sufficient frame work. This might be the
cause for increased shoot-root ratio at 3™ month (Wild er al., 1987). These results on
shoot-root ratio were in corroboration with earlier fmdings of Wood House (1977).

Swaminathan (1995) also reported similar results in.crossandra.

Glass and Siddique (1984) reported that low external concentrations of nutrients

restrict the dry matter production. The biological efficiency of any species could be



reflected in the amount of dry matter it produces. Dry matter production increased with
increasing levels of nitrogen. Treatment N4 (180 Kg N ha') increased the dry matter
production. This might be due to increased photosynthetic ability which 'in turn have
favoured an increased accumulation of dry matter and also efficient partitioning of
photosynthates towards sink. In the present experiment, treatment N4My [(application of
nitrogen 180 kg ha™' along with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%)] produced
the highest dry matter production. This might be due to the fact that nitrogen and
micronutrients might be responsible for enhancing the translocation of metabolites
- and thereby increasing the growth. This is in agreement with the earlier works of
Anuradha er al. (1988) in marigold, Bankar and Mukhopodhyay (1990) in tuberose,
Sable and Kale (1990) in rose, Venkatesh and Nalawadi (1991) and Ravichandran and

Pappiah (1995) in crossandra. The results indicated that the growth characters were

enhanced due to the application of higher doses of nitrogen and application of foliar spray

~of micronutrients. The favourable effect of N in promoting the growth of plant
might be due to the fact that N application improved the transport of metabolites
(Marschker, 1983).

Nitrogen is the chief constituent of protéin ‘Which is essential for the formation of
protoplasm which leads to cell division and cell enlargement. It is also an important
constituent of aminoacids and coenzymes whi»ch are of considerable importance
(Bakly, 1974). Similar effects of conjoint application of nutrients providing better growth
were reported by Kageyama and Konishi (1996) and Belgaonkar et al. (1997) in

Chrysanthemum.

e

e



. Yield parameters

The aim of any applied research study is to get increased yield. In the present
work, earliness in flowering through early emergence of the spike was observed. Number
of spikes Per plant, number of flowers per spike, spike length, weight of 100 flowers,
stalk length and flower diameter were recorded. Application of nitrogen and
micronutrients has significantly advanced the time taken for emergence of flower spike
and time taken for first flowering. Treatment N4My [N ~ 180 kg ha along with foliar
spray of ZnSO4 (0.5%) + FeSO4 (1.0%)] followed by N4Ms [application of N at
. 180 kg ha™ along with soil application of ZnSQO4 (25 kg ha') + FeSO, (50 kg ha™)] which
exhibited earliness in spike emergence and flowering. Mukhopadhayay (1981) in

tuberose observed early emergence of the flower spike due to N application.

According to Marschker (1983), a balanced supply of nitrogen promotes the
translocation of phytohormones to the shoot which probably induces flower initiation.
Number of flowers per spike significantly increased with increase in nitrogen level.
Micronutrient application also exerted significant influence. The highest number of
flowers was obtained in-the treatment N4M4\[z;pplication of Nitrogen —180 kg ha™” along
with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%)]. Similar results were reported by
Dod ef al. (1991) in gladiolus, Bhujbal ef al. (1992) in rose and Berlokar ez al. (1992) in

tuberose.

Number of spikes per plant, spike length and stalk length was significantly
improved by the application of nitrogen and micronutrients as they boost the over all

vegetative growth. Anuradha et al. (1998) also reported lengthier flower stalk by



application of N at 90 kg ha' in marigold. Similarly Maya Gopalakrishna et al. (1995)
observed that higher dose of nitrogen (120 kg N ha') increased the length of the spike in

tube rose.

Increased flower diameter was recorded in the treatment NsMs Preethi (1990)
reported that application of nitrogen increased flower diameter in Edward rose. Similar
line of works were reported by John ef al. (1981) in pansy, Jayanthi and Narayana Gowda
(1990) in chrysanthemum and Berlorkar ez al (1992) in african marigold. Treatment
NuMy increased the weight of flowers. Mononmani (1992) reported that flower weight
was increased with the application of nitrogen at 45 g per plant in Jasminum sambac.
This is in consonance with the findings of Natarajan and Madava Rao (1983) in
Jasminum grandiflorum, Chezhyian et al. (1986) in chrysanthemum, Bhaskariah et al.
(1991) in tuberose, Jana and Pal (1991) in cosmos and Kageyama and Konishi (1996) in

Chrysanthemum.

From the present study it was inferred that flower yield increased as the age of the
brop increased. The incregged flower yield waserough the increase in number of spikes
per plant, number of ﬂéwers per spike, spike len\g.t‘rl‘a,‘l stalk length, flower diameter and
weight of hundred flowers which resulted due to increasing levels of nitrogen and
applicatioh of micronutrients. These results are in conﬁrfnity with the findings of
Farag et al (1983), Abdul Khader ez al. (1985) in crossandra, Mobarek (1985), Srinivasan

and Balakrishnan (1989) in Jasminum sambac, Singh and Sujatha (1990) in gladiolus,
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Avari and Patel (1991) in african marigold, Fawzi ef al (1993) and Hugar and

Nalawadi (1994).

High yield by the application of fertilizers was also reported by Swaminathan

(1997) in crossandra, Parthiban (1998) in gomphrena globosa and Ashok (1998) in rose.

Physiological and biochemical constituents

The efficiency of utilization of nutrients within the plant system is measured
through growth and development of the plants and the plants live in a ever fluctuating
environment. To elucidate on the environmental manifestations of plants, a study on their
physiology is essential (Clark, 1983). Hence, an attempt was made to study the
physiology and biochemical constituents of crossandra through chlorophyll contents, net
assimilation rate, crop growth rate (CGR), relative growth rate (RGR), soluble protein

content, nitrate reductase, IAA oxidase activity, catalase activity and peroxidase activity.

In the present work, chlorophyll ‘a” and ‘b’ contents were observed at 3, 6" 9"
and 12" month of planting. The chlorophylls are the ressential components for
photosynthesis and occur ilnlchloroplasts as gregn pigments in all photosynthetic plant
tissues. In general, chlorophyll ‘a’ and ‘b’ contents increased with crop growth. There
was significant differences in chlorophyll content with every increase of nitrogen level in
rcombination with micronutrients. Application of nitrogen with foliar spray of ZnSOy
(0.5%) + FeSO4 (1.0%) recorded increased chlorophyli content at all stages of crop
growth followed by treatment NyM; [(application of N at 180 kg ha™ along with soil

application of ZnSQO4 (25 kg ha™') + FeS0,4 (50 kg ha™)]. Nitrogen being the constituent of
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protein and protoplasm might have increased the chlorophyll content and hence enhanced
the photosynthetic activity of the plant. Application of Zn and Fe also increased the
chlorophyll content of the leaves. It was evident from the present stu‘dy that the
chlorophyll, a vital basic pigment for augmenting the available light for photosynthetic
function was conditioned by nitrogen and micronutrient application. Similar to
chlorophyll ‘a’ and ‘b’, total chlorophyll content was also found to be high in the
treatment N4M,. This might be due to higher synthesis of chlorophyll ‘a’ and ‘b’ in this
-treatment. This confirm the earlier findings of Sharma es al. (1974). Similar studies of
jncreasing leaves of chlorophyll due to fertilizer application was reported by Damke
(1995). He reported that application of nitrogen at 125g/1 44m*/plant resulted in the
highest leaf chlorophyll content in rose cv. Super Star. Similar results were reported by

Linder (1980), Patel and Patel (1985) and parthiban (1997) in Gomphrena globosa.

The net assimilation rate decreased as the crop stage progressed from 3™ month to
12" month. The treatment NqMo (application of nitrogen —180 kg ha') recorded the
highest net assimilation rate at third month. Net assimilation rate gives an indirect
.measure of photosynthgti/g efficiency and 1s an important factor for increasing the

biomass production. Similar results were reported by Watson (1947a).

The estimation of soluble protein content is considered as an indirect measure of
RUBP carboxylase enzyme activity, a prime enzyme for carbon fixation in
photosynthesis. RUBP carboxylase enzyme is found relatively at high concentration in

soluble protein fractions of leaves. RUBP carboxylase enzyme as the abundant protein in
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the world was observed by Noggle and Fritz (1986). In the present study, treatrﬁent NyMy
[(N at 180 kg ha + foliar spray of ZnSO4 (0.5%) + FeSOy (1.0%)] recorded the highest
soluble protein content at all stages of crop growth. The soluble protein content was
conditioned by zinc and iron supply. In general, micronutrient deficiency resulted in
reduced protein synthesis ultimately leading to low enzyme activity. It may be attributed
that application of N —=180 kg ha™' along with foliar spray of ZnSO4 (0.5%) + FeSO4
(1.0%) induced the conversion of available soluble protein in to structural proteins
resulting in the development of more lateral buds. This is in agreement with the findings
- of Naik and Asana (1970), Valler and.Wacker (1970), Del Rio et al. (1978), Ramadevi

(1986) and Durga Devi (1995).

Nitrate reductase enzyme activity occurs in cytoplasm and catalyses the
conversion of nitrate into ammonia and further utilization of nitrogen for metabolism and
physiology of plants. The nitrate reducing system consists of nitrate reductase and nitrite
reductase which catalyse stepwise reduction of nitrate to nitrite and then to ammonia.
Application of micronutrients controlled the activity of nitrate reductase enzyme.
Treatment NyM, [(N 180 kg ha’ along wiih‘ \f‘oliar spray of ZnSO4 (0.5%) + FeSOy4
(1.0%)] have improved the enzyme activity at all stages of crop growth. The nitrate

™ month. Thus application of

reductase activity was increased from 3" month to 12
micronutrients favourably regulated the nitrate reductase activity for better metabolism.
The present study confirmed it. Mishra ef al. (1978) reported increase in nitrate reductase

activity by application of nitrate and ammonium. Similar line of works was observed by

Ranjeet e al. (1976), Maskina et al. (1984) and Sachdev er al. (1987).
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At all stages of plant growth, the enzyme catalase was hastened to a greater extent
by the application of micronutrients. This enzyme activity was increased from 3 month
to 12" month. The significant enhancement in the enzyme activity was ob'served in the
treatment NsM, [(N 180 kg ha' + combination of foliar spray of ZnSO4 (0.5%) + FeSO,
(1.0%)]. The results confirmed the involvement of iron in activating this enzyme. The
decreased activity of the enzyme catalase in the control plants might be due to reduced
iron translocation. This is in agreement with the findings of Agarwala er al. (1965),

Gauch (1972) and Rahimi and Schropp (1989).

IAA oxidase activity was expressed in terms of pug of unoxidised auxin g hr'.
For maintaining the IAA levels at optimum concentration, the enzyme TAA oxidase is a
must and this regulates apical dominance and initiation of lateral vegetative and floral
buds. TAA, a premier bioregulator was influenced by the aminoacid tryptophan and zinc
level in leaves. Zn involving treatments particularly lowered its activity indicating the
hastening of growth. IAA oxidase was found maximum by the application of Nitrogen —
180 kg ha along with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%). IAA oxidase
activity was found to be high in zinci as wgll\ as iron treated crossandra plants. Foliar
spray of ZnSO, (0.5%) + FeSO4 (1.0%) increéééd the auxin synthesis of the leaves
through tryptophan metabolism. Viasyuk ef al. (1964) reported that zinc‘ was essential for
auxin synthesis through tryptophan metabolism. Similar findings were reported by

Gowthaman (1995).
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In case of peroxidase activity, there was an increase in the activity as the crop
stage progressed from third month to twelfth month. The peroxidase activity was found to
be high in the treatment NyMy [application of N —-180 kg ha' along with fc;liar spray of
7ZnSQO4 (0.5%) + FeSO,4 (1.0%)]. Low levels of peroxidase activity was recorded in
control. Increased peroxidase activity with increasing iron concentration was reported by

Linn et al. (1994).

Tryptophan, which is the precursor of TAA is activated by zinc application. In the
- present investigation, the tryptophan content was significantly enhanced by foliar and soil
application of ZnSQO, and FeSO4. Treatment NyMy [application of N at 180 kg ha™' along
with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%)] recorded the highest tryptophan
content followed by treatment N4Mj [application of N 180 kg ha'! along with soil
application of ZnSO,4 (25 kg ha') + FeSO,4 (50 kg ha™)]. Thus micronutrient treatments
significantly influenced the tryptophan content. Mehta (1995) reported that an increase in
tryptophan content was due to Zinc application. Similar findings were reported by

Durga Devi (1995).

Chemical analysis

Efficient use of fertilizers is necessary for optimum growth and yield. So a
knowledge about availability of nutrients in the soil is' very essential. To assess the
availability of various nutrients in the soil and the effect of fertilizer addition, foliar and

soil analysis of macro and micronutrients were made.
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Leaf and flower analysis

Use of plant analysis in planning a fertilizer programme has been found useful to
prevent the effects of deficiency or excess of a nutrient in many horticultur.al crops. The
concentration of nutrients in plant varies with the age of the crop, plant parts, season and
cultivars. Plant analysis serves as a diagnostic and elegant tool for understanding the

physiology of the plant at various phases of its growth.

The present study was taken up to find out the optimum requirement of fertilizers
. for higher yield in crossandra. NPK ;:ontents in leaf and flower were estimatéd. The
effect of application of nitrogen and micronutrients which produced significant results on
nutrient contents of leaf and flower were observed in the treatment NyMy. Increased N
level may be due to the non-dilution of N level in the way of accumulation of
carbohydrate which may take place gradually with advancement in the growth of the

plants.

Micronutrient application resulted in a considerable enhancement of leaf and
flower N content. Fertilizing with micronu\tri‘ents both through soil as well as foliage
enabled to accumulate more of leaf and ﬂowef N content. The application of nitrogen
and micronutrients had resulted in the enhanced absorption of nitrogen by the crop
ultimately leading to higher yield. Treatment N4M4‘[app1ic'ation of N at 180 kg ha along
with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%)] recorded the highest nitrogen content
in leaf and flower followed by treatment N4M; [application of N at 180 kg ha along with

soil application of ZnSO4 (25 kg ha') + FeSO4 (50 kg ha)]. Similar findings were
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repofted by Lunt and Kofranek (1958) in chrysanthemum, Joiner and Smith (1961) and

ghanmugam and Muthuswamy (1983) in chrysanthemum.

The relatively highest P content in leaf and flower indicated the effectiveness of
application of N ~180 kg ha” along with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%).
Similar findings were reported by Nanjan and Shanmugavelu (1979) in Edward rose and
Selvaraj and Pappiah (1988) in rose.

The K content in leaf and flower decreased as the crop stage progressed from 3™
month to 12" month. The leaf K content exhibited a similar trend as that in the case of N
and P. The combined application of zinc and iron through soil as well as foliar
application enhanced K absorption at all stages of crop growth. Treatment NsM, [N -180
kg ha' + foljar spray of ZnS04 (0.5%) + FeSO4 (1.0%)] fecorded the highest K content
in léaf and flower. The transformation reactions that took place led to greater availability
of K in soil and consequently better utilization by the plant. It is also possible that the
micronutrients have activated the physiological processes for the rapid absorption and
utilization of the nutrient for primary metabolic ‘pfocesses. Banker and Mukhopadhyay
(1990) revealed that the content of NPK in levaf‘\was significantly increased with
application of NPK in tuberose. Hazan ef al. (1994) also reported that foliar nutrient
contents increased with increased fertilizer application rate in roses. These findings are in

line with those reported by Anuradha e7 a/. (1988) in african marigold and Swaminathan

(1995) in crossandra.
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The leaf Fe status revealed that most of the treatments including the application of
ferrous sulphate registered significantly higher values for iron content at various stages.
The Fe content in leaf increased with crop growth. It was higher due to ap'plication of
nitrogen —180 kg ha'! along with foliar spray of ZnSO4 (0.5%) + FeSO4 (1.0%) at
different stages of crop growth. Treatment N4M3; was found next best to NsMy
[application of N-180 kg ha! along with soil application of ZnSOs4 (25kg ha') + FeSOy
(50 kg ha')]. Sharma ef al. (1974) also reported than an increase in iron content was due
to iron application. Vadivel (1980) reported that application of micronutrients increased
the iron content. The results are in agreement with the findings of Pandian (1980),
Subramaniam (1982) and Swaminathan (1995) in crossandra. From the results of the
study, it is evident that application of N-180 kg ha™ along with foliar spray of ZnSO,
(0.5%) + FeSO4 (1.0%) (NsMy) increased the leaf zinc content. The next best treatment
was NsMj [application of N at 180 kg ha' along with soil application of ZnSQ4 (25 kg
ha™) + FeSO4 (50 kg ha™)] which recorded highest zinc in leaf. From this, it could be
concluded that application of zinc either as soil or foliar resulted in highest Zn content.
Mann and Sidhu (1983) have made it clear that foliar spray of ZnSO, increased the leaf
iinc status. Dixit and Yamdagni (1983) have a]§oasuggested that application of Fe and Zn

increased the Fe and Zn status of the leaf.

Soil analysis
Plant nutrient availability in the soil is very important for higher production. In
the current study, nutrient availability status due to addition of increased levels of N and

micronutrients were noted.
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Application of 180 kg N ha'! along with foliar spray of ZnSQO4 (0.5%) + FeSO.
(1.0%) recorded the highest available NPK in the soil, supporting the concept of
increasing levels of nitrogen and micronutrients spray of ZnSO4 (0.5%) + FeSO, (1.0%)

which induced promotion of growth in crossandra and hence increased yield.

Increased le;/els of nitrogen and micronutrients increased the available soil N, P
and K and thus made the plants to absorb more nutrients (Sindhu and Yamadagni, 1992).
~In the present study, increased available N, P and K was observed in the soil when higher
levels of N and micronutrients  were applied. Similar results were obtained by

Bhujbal er al. (1992), Carbera et al. (1990) and Damke and Bhattacharjee (1997) in rose.

In the current investigation, increased availability of N, P and K in soil totally
improved the yield. This 1s in agreement with the results reported by Uma and
Gowda (1987) in rose, Bhujbal ef al (1992), Parthiban and Abdulkhader (1992) in

tuberose and Parthiban (1998) in Gomphrena globosa.

Fe and Zn content in soil

The effect of application of various levels of nitrogen and micronutrients on iron

and zinc content in soil were recorded.

Fe and Zn content in soil increased with increasing levels of N. The treatment
with N at 180 kg ha' along with Soil application of ZnSO4 (25 kg ha') + FeSO,
(-50 kg ha'') recorded the highest Fe and Zn content in soil. The results indicated that

there was significant effect on application of NPK and micronutrients and this ultimately
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led to better growth and yield in crossandra. Abdul khader er al. (1985) reported
improved growth and yield by application of NPK and micronutrients. Similar findings

were reported by Subramanian (1982) in crossandra.

Use efficiency of nitrogen

Use efficiency in terms of yield was studied by calculating the response ratio
(kg of economic produce per kg of nitrogen applied). Nitrogen use efficiency increased
with increased nitrogen levels. The use efficiency was more when both Fe and Zn were

added (Table 54, Fig. 11).

When nitrogen was applied alone at any level, the use efficiency in terms of
response ratio was less. When both micronutrients was added, the N use efficiency was

enhanced.

Increasing doses of nitrogen from Nj to Ny resulted in decreased N use efficiency
namely 4.88 at N, and 4.63 at Ns. When accompanied by zinc and iron, the response ratio
was increased from 8.13-to 8.84. Tﬁe results‘\ipdicated that integration of N and
micronutrients such as Fe and Zn helped in enhanciﬁg the N use efficiency. The resulits
generated from the present investigation clearly indicated the possibility of increasing N

use efficiency and yield through the integration of N with Zn and Fe.

Response of crossandra to the conjoint use of nitrogen and micronutrients
There is a linear response by application of nitrogen. The response of crossandra

to to the conjoint use of nitrogen and micronutrients are presented in Fig. 14-The graph



Table S4. Nitrogen use efficiency

-
S.No Treatments Yield Response Response 'ratio
(kg/ha) (Kg/ha) (Kg/ke)
1 NiM, 3419 363 4.03
2 NiM, 3589 533 5.92
3 NiM; 3723 667 7.41
4 N;M; 3745 689 7.65
5 N{M, 3782 726 8.07
6 N2M, 3641 585 4.88
7 N, M, 3865 809 6.74
8 N,M, 3893 837 6.98
9 N,Mj 3937 881 7.34
10 N,M,y 4032 976 8.13 .
11 N3M, 3771 715 4.77
12 N3M; 4059 1003 6.69
13 © NsM, 4141 1085 7.23
14 N3M3 4197 1141 7.61
15 N3M4 4467 1410 9.41
16 NaM, 3890 835 4.63
17 NsM, 4476 1420 7.88
18 N4M, 4533 1477 821
19 N4M; 4584 1528 8.49
20 NsM, 4648 1592 8.84
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indicates that there is a scope for getting higher yield with increase in levels of nitrogen.

Highest yield was noticed with higher levels of nitrogen in combination with

micronutrients. Because of the linearity, the quadratic equation was not obtained and

hence the optimisation is not possible. This warrants further studies.

Effect of micronutrients under high production system

The effect of micronutrients under high level of nitrogen (production system) is
presented in Table 55, Fig. 13.

In the present study, increasing the rates of N up to 180 kg ha™ with constant
levels of P and K recorded linear response. In nature, on account of the existence of ‘Law
of diminishing returns’, the increasing rates of N will result in ‘decrimental response’. So

any increase beyond 180 kg ha™ may result in declining or plateauing of yield.

When N was applied alone, the yield increase was small as compared to that
recorded when N was integrated with Fe or Zn or both. This influence of Zn and Fe when
they accompanied N on increasing the yield pogeﬁtigl of the test crop would suggest that
under high level of nitrogen, that is, beyond 180 kg ha'], if there would be ‘decrimental
response’ that could be reduced. Under such situations, the linear response could be

expected to some more extent if there is the integrated supply of N and micronutrients.

Correlation
A knowledge of the association between yield and other biometrical characters
and the association among the component traits themselves will greatly help in predicting

the yield.



Table 55. Effect of micronutrients under high production system

SI. No. Treatments | Response (kg/ha) | Yield increase
1 Ny 363 -
2 N, 584 -
3 Ns 715 -
4 Ny 835 -
5 NiMy 726 363
6 Nz My 976 392
7 N3 My 1411 695
8 - Ny My 1592«‘ ‘ 757
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Highly significant positive correlation was recorded for plant height, number of
branches, number of leaves, fresh and dry weights of the shoot and root, leaf area index
and dry matter production. This indicates that these growth charact'ers positively
influenced the yield to a large extent. Similar trend of results have been documented by
Pandey and Gritton (1975), Mishra ef al. (1989) and Sendur Kumar ef al. (1995).

With respect to yield attributing characters, highly significant and positive
correlation with yield was recorded for number of flowers per spike, number of spikes
per plant, spike length, stalk length, diameter of flower and weight of flowers which can
be utilized as selection criteria for yield improvement. This is in agreement with the
findings of Nandpuri ef al. (1973), Natarajan and Arumugam (1980), Vadivel (1988),

Prasad et al. (1989) and Janwal e/ al. (1990).

Highly significant positive correlation was recorded for yield with physiological
and bioéhemical constituents viz., chlorophyll contents, soluble protein content, nitrate
reductase activity, catalase activity, peroxidase and tryptophan content. This is in
consonancéwith the -findings of Mathew and Ramadasan (1975), Ramadasan and
Satheesan (1980), Sivasankar and Ramadasan (‘1983) and Durga Devi (1995). It was
found that these traits had certain inherent relationship with yield suggesting their

importance in determining the yield of flowers.

Nutrient contents recorded highly significant and positive correlation with yield at

different stages of crop growth. Ravindran et al. (1986) noticed a positive and significant
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correlation between flower yield and nitrogen content of african marigold at different
stages of crop growth. Thus the NPK content in leaf, available NPK in soil; Fe and

7n content in leaf and soil contributed significantly towards yield.

Multiple regression
The multiple regression equations were worked out to relate the yield of flowers
with growth characters, physiological and biochemical constituents and nutrient contents

’at third, sixth, ninth and twelfth month of planting.

Predicting the yield of flowers from the associated parameters will be very
useful for making recommendations for the whole sequence at the beginning itself.
For predicting the yield of flowers, the linear additive model is generally used. The linear
additive equations were fitted relating the growth characters, yield attributing characters,
physiological and biochemical constituents and nutrient contents in crossandra. Fitted
equation during third, sixth, ninth and twelfth and are presented in tables 53, 54, 55

and 56.

Significant coefficients were observed for number of leaves, fresh and dry weight
of the root and shoot root ratio during third month. Dry matter production recorded
significant values during sixth month and fresh weight of shoot exhibited significant

effects during twelfth month on yield.
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Yield attributing characters viz., number of spikes per plant, spike length, stalk
length and weight of flowers exhibited significant effects towards yield at 6™ month and

9" month.

Among physiological and biochemical constituents, RGR and NAR recorded

th

significant effects during 3" and 6" month, while soluble protein content and tryphtophan

~

content also exhibited significant effects during 3™ month. At 12" month, total

chlorophyll, RGR and nitrate reductase activity exhibited significant effects.

Among different nutrient contents, highly significant effects for yield was
observed for N content in leaf, available phosphorus in soil and Fe content in soil at 3™
month. At 6" month, K content in leaf, K content in flower, available phosphorus in soil
exhibited significant ‘b’ values. Available nitrogen in soil and available phosphorus in

soil exhibited significant effects towards yield during 9" and 12™ month.

Considering the significant values in all the cases, it clearly elucidates that growth

characters, yield attributing characters, physiologi'cal and biochemical constituents and

nutrient contents with yield were adequate to describe the changes for yield of flowers.

The results are in agreement with the findings of Muthukrishnan and Arumugam

(1980), Maragatham (1995), Durga Devi (1995) and Chezhiyan and Anandhan (1998).
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F.conomics

The ultimate aim of fertilizer application is to get maximum returns with
minimum addition of external inputs. Hence in the present study, economics were worked
out in the experiment with the application of increased levels of nitrogen and
micronutrients application. The treatment N,M; [180 kg ha' along with foliar
spray of ZnSO4 (0.5%) + FeSOs4 (1.0%)] recorded the highest flower yield of
4648.60 kg per hectare with the highest returns of Rs 278880. The highest cost benefit

ratio of 1:1.70 was also recorded in this treatment.



Semmang



CHAPTER VI

SUMMARY

Investigation carried out to study on the yield and physiological responses to
nitrogen levels and micronutrients in Crossandra (Corssandra infundibuliformis (L))
Nees), were conducted at Botanic gardens, Horticultural College and Research Institute,

Coimbatore. Salient findings are presented here.

1. Application of ZnSo4 (0.5%) + FeSO4 (1.0%) significantly increased the plant
height at different stages of crop growth.

2. The number of branches was highest in the treatment NsM4 [180 kg N ha™ in
combination with foliar spray of ZnSo4 (0.5%) + FeSO4 (1.0%)].

3. The highest number of leaves was observed with the highest levels of nitrogen
(180 kg N ha™ in combination with foliar spray of ZnSo4 (0.5%) + FeSO4 (1.0%)].

4. Application of stem girth increased with the application of nitrogen
and micronutrients. Treatment Ny (180 kg N ha™) in combination with M,
[(foliar spray of ZnSo4 (0.5%) + FeSO4 (1.0%)] was more effective in increasing
the stem girth. )

5. The highest leaf area was recorded with N at 180 kg ha' along with foliar spray of
ZnSo4 (0.5%) + FeSO4 (1.0%) at different stages of plant growth.

6. The treatment Ny (180 kg N ha™') in combination with M, [foliar spray of ZnSo4

(0.5%) + FeSO4 (1.0%)] recorded highest leaf area index at 6™ and 9" month.

N,M, did not have significant effects during 3" and 12" month.



10.

11

12.

13.

With reference to specific leaf area, treatment NyM, increased SLA at 3'’, 9" _and
12™ month. Application of nitrogen and micronutrients and the interaction effect
between nitrogen and micronutrients showed non significant effects during
6" month.

Specific leaf weight was high in the treatment combination N4M4 [N at
180 kg ha™ along with foliar spray of ZnSo4 (0.5%) + FeSO4 (1.0%)].

The highest fresh and dry weight of the shoot and root was recorded by
application of N at 180 kg ha' in combination with foliar spray of ZnSo4 (0.5%) +
FeSOy4 (1.0%).

The shoot-root ratio increased at early stages and started declining at later stages
of crop growth. Treatment NoM; [ZnSo4 (25 kg ha")] recorded highest shoot-root
ratio during third month.

The highest dry matter production was highest in the treatment N4 (180 kg N ha™)
in combination with My [foliar spray of ZnSo4 (0.5%) -+ FeSO4 (1.0%)].

Earliness in spike emergence, early flowering and earliness in completion of
flowering in the spike was recorded in the treatment NyM, [N at 180 kg ha™' along
with foliar spray of ZnSoy4 (0.5%) + FeSOy4 (1:0%)].

The highest number .of flowers per s;ike- was recorded in treatment Ny
(180 kg N ha) in combination with M, [(foliar spray of ZnSos4 (0.5%) -+ FeSO4
(1.0%)], while different levels of nitrogen and micronutrients. individually had no

corresponding increase in number of flowers per spike.
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Treatment Ny (180 kg N ha'') increased the number of spikes per plant in
combination with M, [foliar spray of ZnSo4 (0.5%) + FeSQ4 (1.0%)]. Decreased
number of spikes per plant were noted in the control.

The stalk length increased as the crop stage progressed from 3™ month to
12" month. Increased stalk length was observed in the treatment NyMy [N at
180 kg ha™ + foliar spray of ZnSo4 (0.5%) + FeSO, (1.0%)].

Increased levels of nitrogen in combination.with micronutrients increased the
diameter of flower at 3, 6", 9" and 12" month. Treatment Ny (180 kg ha™) with
M, [foliar spray of ZnSo4 (0.5%) + FeSO, (1.0%)] recorded increased diameter of
flower at different stages of crop growth.

Different levels of N and micronutrients individually recorded decreased spike
length. The treatment Ny (180 kg N ha') enhanced the spike length in
combination with My [foliar spray of ZnSo4 (0.5%) + FeSOQ4 (1.0%)], while the
control had no corresponding increase in spike length.

The stalk length increased significantly with the fertilizer treatments at different
stages of crop growth. The stalk length was maximum in the treatment with
180 kg N ha™' in combination with foliar spray of ZnSos (0.5%) + FeSO, (1.0%).
The weight of ﬂov'v;rs which is an impc;rtanf yield attributing character increased

as the crop stage progressed form 3 month to 12"

month, the weight of flowers
increased significantly with 180 kg N ha™' in combination with foliar spray of
ZnSo4 (0.5%) + FeSO4 (1.0%).

The highest flower yield was recorded by the application of increasing levels of

nitrogen and micronutrients. Treatment Ny (180 kg N ha') along with My
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[foliar spray of ZnSo4 (0.5%) + FeSO, (1.0%)] recorded highest flower yield. The
flower yield increased significantly with the advancement of crop growth.
Chlorophyll ‘a’, chlorophyl! ‘b’ and total chlorophyll contents was significantly
improved due to nitrogen and micronutrients application. The highest chlorophyll
‘a’, chlorophyll ‘b’ and total chlorophyll conteﬁts was recorded in treatment NyMy
[(N 180 kg ha') in combination with foliar spray of ZnSos (0.5%) + FeSO,
(1.0%)1.

The soluble protein content was maximum in the treatment NuM, witH
180 kg N ha' along with combination of foliar spray of ZnSo4 (0.5%) + FeSO4
(1.0%). Application of the above dose of N and micronutrients recorded highest
soluble protein content.

The crop growth rate was significant at all stages of crop growth. Application of
180 kg N ha'' along with foliar spray of ZnSo4 (0.5%) + FeSO4 (1.0%) recorded
highest crop growth rate at all stages of plant growth.

The relative growth rate increased in the first phase of crop growth. The treatment
N3M; [N - 150 kg'ha'1 along with soil application of ZnSoq (25 kg ha™)] recorded
highest relative growth rate during 3'* month. ‘

The catalase activity was significantly imprO\}ed by the application of nitrogen
and micronutrients. Highest level of nitrogen [180 kg N ha™ in combination with
foliar spray ZnSo, (0.5%) + FeSO4 (1.0%)] recorded incréased catalase activity.
Similar trend was observed in case of IAA oxidase activity which recorded higher

value by the treatment N4M, [180 kg N ha! along with foliar spray of ZnSos

(0.5%) + FeSO4 (1.0%)].



27.

28.

29,

30.

31

32.

33.

Application of fertilizers recorded highest peroxidase activity. Increased enzyme
activity was recorded in the treatment Ny (180 kg N ha™) in combination with My
[foliar spray of ZnSo4 (0.5%) +'FeSO4 (1.0%)].

Tryptophan synthesis was triggered by the application of increaséd levels of
nitrogen and micronutrients. The maximum tryptophan content was recorded in
the treatment combination N4My [(N at 180 kg ha™ + foliar spray of ZnSo4 (0.5%)
+ FeSOy (1.0%)].

The foliar and flower N, P and K content was highest in the treatment NsM,
[180 kg N ha'' along with foliar spray of ZnSo4 (0.5%) + FeSOy (1.0%)]. Nitrogen
and micornutrients application showed significance at all stages of crop growth.
Iron and Zinc content of leaf was highest in the treatment NyM, [N at 180 kg ha™
along with foliar spray to ZnSos (0.5%) + FeSO4 (1.0%)] followed by N4M;
[N at 180 kg ha™ + soil épplication of ZnSo4 (25 kg ha™') + FeSO,4 (50 kg ha™h)].
All treatments had influenced the soil available nitrogen, phosphorus and
potassium. The available nitrogen, phosphorus and potassiurh was highest in the
treatment N4Mjs [application of nitrogen 180 kg ha™ + soil application of ZnSo,
(25 kg ha') + FeSO, S0 kgha™)]. - ‘

Fe and Zn content in soil was highest in t‘he treatment N4M; [application of
N 180 kg ha' along with soil application of ZnSo, (25 kg ha') + FeSO,
(50 kg‘ha'l)].

Integration of N and micronutrients such as Fe and Zn enhanced the N use
efficiency. When both micronutrients were added, the N use efficiency was

enhanced.
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The correlation analysis studies revealed the existence of a highly significant and
positive association for most of biometric charactérs with yield.

Highly significant positive correlation with yield was recorded for plant height,
number of branches, number of leaves, fresh and dry weight of the shoot and root,
leaf area, leaf area index and dry matter production.

Number of flowers per spike, number of spikes per plant, spike length, stalk
length, diameter of flower and weight of flowers exhibited highly significant and
positive correlation with yield. Most of the physiological attributes and nutrient
contents recorded positive association with yield at different stages of crop
growth,

In case of multiple regression, the linear additive equations were fitted for third,
sixth, ninth and twelfth month relating to growth characters, yield attributing
characters, physiological and biochemical constituents and nutrient contents in
crossandra.

The highest cost benefit ratio (1:1.70) for the yield of flowers was obtained in the
treatment NyM, [application of hitrogen 180 kg ha' along with foliar spray of

ZnS04 (0.5%) + FeSO4 (1.0%)].
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Appendix-1
Cost of cultivation per hectare

S no Particulars A T ®. Cost
1 Cost of the planting material-Rs 3/plant, 27700 Plants 83100
IT . | Main field
Preparatory cultivitation
(1) Ploughing tractor drawn — 5 hrs @ Rs 125 /hr 625
(1)Formation of ridges and furrows 25 990
(111)Cost of Farm yard manure-30t/ha@Rs 250/t 7500
(I) Cost of Fertilizers (Super phosphate 50 kg/ha @ 3.72 Rs/ 1668.74
kg + Murate of potash 125 kg/ha @ 3.72 Rs/kg )
Application cost 1 1 180.40
IIT | Transplanting the plants in the main field 2 20 783.2
IV | Irrigation-36 irrigations, 2A type / irrigation 72 28512
V | Plant protection
Furadon 3 G . 2 kg. 4.16 Rs/kg 8.32
Monocrotophos @ 284.26 / lit —1.25 liltre 355.33
Application cost 2 8 360,6
VI | Earthing up(2timesj 30A type/earthing up 60 2376
VII | Picking cost : 35 pickings-25 B type/picking 1750 61600
2 pickings per week _
Total 162398.74

A type — Rs 39.60/day , B type — Rs 35.20/ day.

Cost for the treatments

NI1-Rs. 70825, N2 — Rs. 94435,

N3 — Rs.1180.45, N4 — Rs. 1416.52 ,

M1-Rs. 500, M2 — Rs. 400, M3 — Rs. 900, M4 - Rs. 250, Urea — Rs. 3.62/kg ,

flowers sold at Rs 60/-

Super phosphate — Rs 2.86 / kg , Muriate of potash — Rs 3.72 Rs / Kg . one kg of




APPENDIX-II

WEATHER DATA (97 December —~98 December)

Average Average Average Average Total No of

Months maximum minimum RH RH Rainfall rainy

temperature | temperature . Maximum | Miniimum days
December 28.9 21.8 90.0 62 373 8
January 30.1 20.2 87.0 47 - -
February 32.8 20.5- 85.0 40 - -
March 35.5 22.0 82.0 80 - -

April 36.6 24.8 80.0 31 96.0 4
May - 35.5 24.8 81.0 46 52.5 3
June 327 24.2 71.0 56 57.8 6
July 30.8 233 80.0 56 51.5 6
August 31.4 229 85.0 60 25.4 5
Ssptember 308 22.6 83.0‘ 58 170.5 4
October 312 223 84.0 ‘56 30.0 3
November 299 20.9 89.0 51 303.7 4
December 279 20.0 90.0 61 161.6 6
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Plants at sixth month of planting under different treatments









Plants at twelfth month of planting under different treatments



Increased spike length — NysM,

Comparison of spike length under NyM, with other treatments



Increased flower diameter — N,M,

_ Comparison of flower diameter under NAM_and other treatments,





