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ABSTRACT 

YIELD AND PHYSIOLOGICAL RESPONSES TO NITROGEN 
LEVELS AND MICRO NUTRIENTS IN CROSSANDRA 

(Crossandra infundibul~formis L. (Nees» 

Degree 

Chairman 

By 

P. ARUNA 

Ph.D . (Horticulture) 
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Coimbatore 641 003. 

1999 

In order to assess the influence of various nitrogen levels and micronutrients on 

the yield and physiological responses ofcrossandra, experiments were conducted during 

1997 -98 at Botanic "gardens, Departme~t of Floriculture, Horticultural College and 

Research Institute, Tamil Nadu Agricultural 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., ZnS04 (25 kg ha"\ FeS04 (50 kg ha"\ soil application of 



ZnS04 (25 kg ha- 1
) along with the combination of FeS04 (50 kg ha-1

), foliar spray of 

ZnS04 (0.5 per cent) + FeS04 (1.0 per cent). 

The results revealed that the treatment N4M4 (Combination of nitrogen 

180 kg ha- 1 along with combination of foliar spray of ZnS04 (0.5%) + FeS04 (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 flowers. Most of the 

physiological and biochemical constituents and nutrient contents was high in the 

treatment N4M4 contributing significantly towards yield. 

Correlation analysis revealed th?-t yield was significantly associated with most of 

the biometric characters. 

Regarding multiple regression, the linear additive equations were fitted relating to 

growth characters, yield 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- 1 along with foliar spray 

ofZnS04 (0.5%) and FeS04 (1.0%) recorded the highest flower yield in crossandra. 
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CHAPTER I 

INTRODUCTION 

Crossandra (Crossandra infundibul~formis (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 keeping quality. These are used for making 

\ 
~arIand either alone or in combination with Jasmine and other flowers. I 

({;:rossandra belongs to the family Acanthaceae. There are 20-25 species, but only 

a few like Crossandra infundibuliformis, C guineensis, C mucro nata and C sabaculis 

are cultivated. The species grown for commercial flower production is Crossandra 

infundibuliformis. It is a small evergreen shrub producing flowers in dense sessile 

spikes. Orange, Delhi, yellow and sebaculis red are four different cultivars of the speci~' 

Orange crossandra is a tetraploid (2n=40); sets 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, (TO obtain economic yield in crossandra, optimum 

nutritional studies is more essentiaj 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 1n crossandra cv. Delhi with the following 

objectives. 

1. To assess the effect of graded levels of nitrogen on the growth, nutrition and yield of 

flowers. 

2. To study the influence of micronuirients with different levels ofN on the growth and 

yield attributes. 

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

I 
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CHAPTER II 

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 suffer from what are called physiological 

disorders which eventually lead to unbalanced growth, low crop yield and loss of quality. 

The role of micronutrients in various metabolic processes and the enzymes involved in 

these processes are elucidated by Zende (1990). 

Micronutrients also affect the activities of several group of microorganisms 

thereby modifying the microbial processes influencing the supply of micronutrients in 

. available forms in one way or 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 

soillfoliarlseed/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 rnicronutrients on growth 

2.1.1. Nitrogen 

Kyle (1958) reported in chrysanthemum that ample supply ofN 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 glsq. 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 at., 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 
. /" 

in Zinnia elegans. 

Arora and Iaswinder Singh (1980) obtained increased plant height (76.00 cm) in 

african marigold by application of 40 g nitrogen per. m2 Increased amount of nitrogen 

produced large number of branc;hes in .lasminum auriculatum (Muthuswamy and 

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



N (62.5 kg ha- 1
) 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 et al. (1985) observed that plant height was 

increased (68.9 cm) with the highest dose of nitrogen (35 glsq.m) in lasn:tinum sambac_ 

Tandon (1987) registered improved growth of the plants by nitrogen application through 

sheep manure (25 t ha-1
) and urea (75 kg ha- 1

) which significantly increased the plant 

height, number of laterals and number of leaves in chrysanthemum. Similar trend 

was observed by Arulmozhi~n. (1988) in marigold by the application of nitrogen at 

120 kg ha- 1
. 

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 .lasminum 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. 

Balasubramanlan (1989) found-- that the application of three fourth of 

recommended dose of nitrogen (93.75 kg ha- 1
) resulted in an increased growth in french 

marigold. Srinivasan el al. (1989) reported increase in length of primary and secondary 

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

5 



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-1 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- 1 resulted in increased plant height and 

production of branches in Zinnia e!egans. Narayana Gowda et ai. (1991) obtained 

increased plant height in tuberose with nitrogen at 120 kg ha-1
. Similar finding was 

reported by Sigedar et al. (1991) in Calendu'la officinalis. Manonmani (1992) reported 
/ /_ 

that application of twenty five per cent reduced dose of Nand P increased the plant 

height, number of primary, secondary and tertiary branches in .lasminum sambac. 

According to Mariappan (1992), maximum plant height and number of leaves were 

obtained with N at 120 kg ha-1 in marigold. Vasapthi (1994) observed increased plant 

height, number of primary, secondary and tertiary branches in .lasminum grand~florum 

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 eu), one stick per pot 

(100 g per plant) every 6 months resulted in increased leaf number. Swaminathan (1995) 

obtained increased plant height (39.20 em), number of branches (11.33), number of 

leaves (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-I 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- I) recorded the maximum plant height 

(75.37 cm) and number of leaves per plant (54.40) whereas, minimum plant height 

(65 em) and number of leaves (43.60) were recorded with no nitrogen. 

Suhueh et al. (1996) reported in poinsettia that leaf area and dry weight increased linearly 

in response to increasing fertilizer concentrations. 

According to Muhammod Qshtiaq et at. (1998) reported maximum number of 

leaves per plant (13.91), number of roots per plant (22), root length (34.33 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 
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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 et al. (1985) studied on the effect of 

micronutrients on crossandra. The treatment T3 [NPK (25:20:45 kg/acre) + FYM 

(20 t/acre)+ ZnS04 (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/m2 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 .Tasminum auriculatum. 

Muthuswamy and Pappiah (1977) studied In .Tasminum grandiflorum and 

found that 120 g of nitrogen per plant per year produced the maximum flower yield. 

Natarajan (1977) recorded highest flower yield with nitrogen at 60 g per plant applied in 

12 split doses of .Tasminum grand~florum. 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 et al. 

(1980) suggested in stock plants that optimum yield was obtained by weekly nitrogen 

application of 20 mg per litre. Yasui et 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-1 (Natarajan et 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 grand~florum. Ramesh Kumar and Gill (1983) carried out a trial 

on the application of nitrogen to young plants of Jasminum sambac, highest yield of 

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. 
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Higher doses of nitrogen significantly increased the number of flowers in 

african marigold (Rathore et at., 1985). Arora and Khanna (1986) reported that nitrogen 

at 20 g per m2 was found to be optimum which recorded flower yield of 7.06 kg per m2
, 

whereas control recorded only 4.16 kg per m2 in marigold of single flower significantly 

in african marigold. Chezhiyan et at. (1986) obtained highest yields of 16.85 tonnes ha-1 

in chrysanthemum \vith nitrogen at 20 g per pJant. According to Mukhopadhyay and 

Banker (1986), nitrogen at 20 g m-2 recorded an increase in flower yield of 21.42 and 

51.26 per cent over control in tuberose. Ravindran et al. (1986) obtained highest flower 

yield (142.48 q ha- 1
) with the highest nitrogen rate (90 kg ha-1

) in african marigold. 

Vma and Narayana Gowda (1987) reported that nitrogen at 16 g per plant 

recorded the maximum marketable flowers in rose cv. Super Star. ArlUradha et at. (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- I 
. 

Vijayakumar et al. (1988) suggested better response from China aster to 

increasing doses of nitrogen from 180 to 300 kg ha-1
. Highest flower yield i. e. 7.55 t ha-1 

was recorded due to application of 300 kg N ha-1 in China aster. Application of nitrogen 

at 120 kg ha-1 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 



100 kg ha- 1
. Anuradha et 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 advanced (24.74 days) the days to emergence of flower spike in 

tuberose Preethi (1990) opined that application of nitrogen at 37.S kg ha· 1 recorded more 

number of flowering shoots, less number of blind shoots, flower diameter and increased 

flower yield in Edward roses. 

11 

Yassin and Pappiah (1990) concluded in chrysanthemum that the highest flower 

yield of253 .82 g per plant was obtained with plants pinched on the 60th day and fertilized 

with sheep manure and urea. Nadia Roude et al. (1991) opined that the visual grade of 

chrysanthemum increased with concentration of nitrogen from 225 to 337 mg/l. The 

maximum production of flowers and seeds was obtained with the application of 20 g N in 

cosmos (J ana and Pal, 1991) in Calendula (Sigedar et al., 1991) with 100 kg N. Parthiban 

and Abdul Khader (1991) found maximum __ llumber of spikes/clump with 100 kg N 

respectively in tuberose. 

Venkatesh and Nalawadi (1991) reported that N at ISO kg/ha recorded maximum 

flower yield (10.07 q/ha) on crossandra. Bhujbal et 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 FYMlsq.m. Higaki et al. (1992) 

studied in anthurium and reported that maximum production of flowers and seeds were 

obtained with application of 312 kg N/ha. Increased N influenced the flower 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-1 showed early fl~wering. Berlorkar et al. (1993) 

reported that N at 70 kg ha- I produced the highest number of rachis ha- 1 (132444), 

flowers per stalk (40.65) and flower yield (63.1 q ha-1
). Flower yield were higher with 

400 kg N ha- 1 than with 200 kg ha- 1 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 treatment 120 kg N/ha applied once in 2 months along with 

70 kg Klha. 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 



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 et at. 

(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 cm3/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 at. (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 t1984) 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 et al. (1985), increased spike length (10.70), greater 

number of flowers/spike (41. 00) and hence increased yield (8.68 tonnes/ha) was obtained 
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by application of ZnS04 (0.5%) + NFK (25:20:45 kg/acre) + FYM (20t/acre) ill 

crossandra. 

Roy Chowdhury and Sarkar (1995) observed in gladiolus that treatments with 

FeS04 and AgN03 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 and 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 

jength (66.32 cm), flower diameter (10.90 cm) a.nd' flower weight (6.80 g) with increase 

in levels ofN (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 
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fertilized fortnightly with N, P20 S and K20 at 0, 500 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 500 ppm N. 

Borelli (1984) observed in gladiolus that application of 30 g N/m2 as NH4 N03 

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/m2 were 

taller with greater spread over 10 g N/m2 or control. Diameter of flowers, increased 

height and increased flower production were noted with N application at higher levels 

(20 glm2
) in pansy. 

Abdul khader et at. (1985) reported in crossandra that the treatment T 3 (NPK + 

FYM + ZnS04 (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 

lasminum sambac. Increased plant height and highest flower yield were recorded by 

application ofN at 350 kglha. 
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Yadav et al. (1985) observed in tuberose that good plant growth and highest 

flower yield was obtained with N: P20S at 300:200 kg/ha. Chaturvedi et 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 et al. (1986) reported in Chrysanthemum indicum increase in number 

of branches, number of flowers/plant and yield under N20, P20 and K20 levels of fertilizer 

application along with 5 kg FYM for CO-l chrysanthemum. Ravindran et 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 em) and pedicel length (8.7 em) increased with increasing 

levels of nitrogen. According to Neumaier et al. (1987), the optimum conditions for 
, 

growth of high quality plants was with fertilizeE combination of 200 ppm N. Number of 

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

Anuradha et 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/m2. Plant height (95.9 cm), number of leaves 

(18.22), number of branches (16.6), number of flowers per plant (354.4), flower stalk 
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length (25.1 em), flower diameter (5.8 em), total flower weight (390.5 g/plant) and seed 

yield/plant (9.1 q/ha) was greatest with 20 g N/m2 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 ofN expressed as increase in plant height (39.20 cm), number of branches (11.33), 

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

El-Saeid et 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 chrysanthemum that when 200 kg N 

and 200 kg P20s/ha were applied, the plant height were tallest (J 18.89 cm), 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 



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 et al. (1985) observed in crossandra that application of ZnS04 

(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 III Vinca rosea 

(Abo-Rady, 1988). 

Lawfix (1997) reported in Lupinus hartweggii that foliar ePplication of Fe or the 

mixture of Fe + Mn + Zn significantly increased 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/m2) recorded increased 
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plant height, internode length, stem diameter, leaf area and foliar dry matter with 

300 - 375 g N/m3
. Canover and Poole (1984) found that increasing N levels from 500 to 

1500 kglha 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 NPKlpot) 

gave ~he 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/m2 and it also gave better quality flowers. According to Srinivasan (1988), application 

of nitrogen at 90 glplant significantly increased the length of primary and secondary 

lateral shoots, length and width of the leaf ,and leaf area in Jasminum sambac. 

Vijayakumar et al. (1988) obtained better response from China aster by increasing doses 

ofN from 180-300 kglha at 30 x 10 cm spacing with highest yield of 75 t/ha at 300 kg/ha 

and higher leaf area,Leaf area index, crop growth rate, net absorption rate, relative 

growth rate were the maximum with the 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 et al. (1992) reported in plants of 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/litre 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 geramum 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 greater 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. 





CHAPTER III 

lVIATERIALS 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 humidity ranges between 75 and 89 per cent. 

The chemical analysis of the soil in the experiment,al plot is furnished below. 

Available Nitrogen 201.50 ppm 

Available Phosphorus 10.02 ppm 

. Available Potassium 403.21 ppm 

pH 8.5 

EC 3 ds m- I 

Available Fe 8.22 ppm 

Available Zn 0.32 ppm 



.3.2. MATERIALS 

3.2.1. Cultivar 

Crossandra infundibul~formis 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 in the form of urea (46 per cent N), super phosphate 

(16 per cent P20 S) and muriate of potash (60 per cent K20). In case of micronutrients, 

Fe was applied in the form of Ferrous sulphate and 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 

Design -. 

Crossandra (Crossandra iJ~fundihul~formis L. (Nees)) 
cv. "Delhi" 

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 layout of the 

experimental field is presented in Fig.l 
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Nitrogen with four levels along with the recommended dose of P and K of 

50 kg ha- 1 and 125 kg ha- 1 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. o kg ha- 1 No 

2. 90 kg ha- I 
Nl 

3. 120 kg ha-1 N2 

4. 150 kg ha-1 
N3 

5. 180 kg ha- 1 N4 

B. sub plot - Micronutrients 

Treatments Notation 

1.0 kg ha- 1 Mo 

2. ZnS04 - 25 kg ha- 1 Ml 

. 1 
3. FeS04 - 50 kg ha- M2 

4. ZnS04 (25 kg ha- J
) + FeS04 (50 kg ha- J

) M3 

5. Foliar spray ofZnS04 (0.5%) + FeS04 (l.0%) M4 
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Treatment combinations (5 x 5 = 25) 

1) NoMo 11 ) N2Mo 21 ) N4Mo 

2) NoM, 12) N2M, 22) N4M l 

3) NoM2 13) N2M2 23) NM2 

4) NoM3 14) N2M3 24) N4M3 

5) No~ 15) N3~ 25) NM4 

6) N1Mo 16) N3MO 

7) NJMI 17) N3M, 

8) N,M2 18) N3 M2 

9) N,M3 19) N3M3 

10) N,M4 20) N3M4 

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- J and 50 kg ha-1 respectively were applied as basal dose. Nitrogen was 

applied at four split doses viz.,. initial, third month, sixth month and ninth month after 

planting. Micronutrients were given as soil arrd foliar applications. Foliar application of 

micronutrients were given 20th day after planting. 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. 



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. N um ber 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 cm2 

(Swaminathan et aI., 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 
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3.4.1. 7. Specific leaf area (SLA) 

Employing the formula of K vet et al. (1971), SLA was calculated by using leaf 

area and leaf dry weight and expressed in cm2 
fmg. 

Leaf area per plant 
SLA 

Leaf dry weight per plant 

3.4.1.8. Specific leaf weight (SLW) 

Specific leaf weight was calculated by using the formula of Pearce et ul. (1968) 

and expressed in mgfcm
2 

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 an_d then dried in hot air oven at 60°C for 

24 hours. The dry weight 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. 



3.4.1.12. Dry weight of the root 

The fresh roots were initiall y 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 
SIR ratio 

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 emerge~ce 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. 
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3.4.2.3. T~me 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 

29 

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. 



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 glm2/day 

CGR= 

Whole plant dry weight at t1 

Whole plant dry weight at t2 

p Land area occupied by the plant 

Time interval in days between stages 

3.4.3.3. Relative growth rate (RGR) 

The RGR was determined on the basis Qf the formula suggested by Williams 

(1946) and expressed in gI~2/day. 

RGR 

where, 

Whole plant dry weight at t1 

Whole plant dry weight at t2 

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/m2/day 

NAR x 

Dry weight of the whole plant at tl and h respectively 

Leaf area at time intervals oft1 and t2 respectively 

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 Ilg/g/hr. 

. 3.4.3.7. Catalase 

Catalase activity of the leaf was expressed as per the method suggested by 

Gopalachari (1963) and expressed in 11 moles ofH20 2 100 g-1 of fresh weight h(l. 

3.4.3.8. IAA oxidase 

IAA oxidase activity was assessed calorimetrically as proposed by Parthasarathy 

et al. (1970) and expressed in 11 gm ofunoxidised auxin g-1 h(l. 



3.4.3.9. Peroxidase 

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

The activity was expressed in I1g g-l hr- l. 

3.4.3.10. Tryptophan content 

The method outlined by Bernandez and Bates (1969) was followed and the values 

were expressed in flg g-l. 

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 following methods and expressed in per cent. 

The estimation was done on 3rd
, 6th

, 9th and lih month of planting. 

Total nitrogen 

Total phosphorus 

Total potassium 

Iron and Zinc 

3.4.4.2. Soil analysis 

Micro kjeldhal method 
(Humphries, 1956 and Yoshida et al., 1971) 

Triacid extract digestion following vanadomolybdate 
phosphoric acid yellow colour method (Jackson, 1973) 

Triacid extract flame photometric method (ELlCD), 
Jackson (1973) 

Triacid extract fed in to atomic absorption spectrophotometer 
(Lindsay and Norvell, 1978) 

Composite soil samples were taken from the experimental plots up to a depth of 

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

12 



Available Nitrogen (Subbiah and Asija, 1956) 

Available Phosphorus (Olsen etal., 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 IV 

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 rd month, 6th month, 9th month and lih 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 increasing levels of N, there was significant increase m plant height. 

TreatmentN4 registered increased plant height of 19.44, 23.85,24.91 and 32.56 cm at 3rd
, 

6th 9th d 12th h fl· . ,an mont 0 p antmg respectIvely. 

Application of micronutrients recorded significant effects at all stages of crop 

growth. Foliar spray of ZnS04 (0.5%) + FeS04 (1.0%) recorded increased plant height at 

3
rd 

(15.64 cm), 6th (21.44 cm), 9th (2280 cm) and 1ih month (29.61 cm) respectively 
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followed by soil application of ZnS04 (25 kg ha- 1
) + FeS04 (50 kg ha- 1

) which recorded 

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

respectively. 

The treatment N4 (180 kg N ha-1
) with ~ [foliar spray of ZnS04 (0.5%) + FeS04 

(1.0%)J showed increased plant height of21.43, 25.78, 27.01 and 35.30 cm during 3rd
, 6th, 

9th and 1ih month after planting respectively The control recorded lowest plant height 

viz., 9.36, 12.46, 14.18 and 20.76 em during 3rd
, 6th

, 9th and 1ih 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 mieronutrients showed 

significant results on number of branches at different growth stages. Among different 

levels ofN, treatment N4 registered increased number of branches at 3rd month (4.20), 6th 

month (12.31), 9th month (16.45) and 12th month (17.87). Treatment M4 recorded 

increase in number of branches at all stages_~{crop growth. 

The treatment N4M4 recorded maximum number of branches at 3rd (4.80), 6th 

(13.51), 9th (17.69) and 1ih month (19.60). The treatment N4M3 (16.85) was statistically 

on par with N4M2 at 9th 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 N4 registered increased number of leaves at 3rd 

(24.43), 6th (135.76), 9th (221.00) and lih month (270.27). 

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

Treatment M4 recorded the highest number of leaves at different stages of growth. 

The highest number of leaves was recorded in the treatment N4M4 at 31d month 

(2533) followed by N4M3 (24.56) which was on par with N4M2 (24.50) and N4MJ (24.26). 

NM4 recorded higher value at 6th month (149.80), 9th month (224.69) and 1ih month 

(281.95). N4M3 (222.17) and N4M2 (221.80) were on par at 9th month and NM3 (273.60) 

and N4M2 (276.25) were on par at lih month of planting respectively. 

4.1.4. Stem girth 

Application of nitrogen and micronutrients exhibited significant differences at all 

stages of crop growth (Table 4). 

, 

Treatment N4 recorded significant re.sults at 3rd month (2.05 em), 6th (3.30 em), 

9
th 

(7.90 em) and 1 ill month (7.96 ern). 

Foliar application of Mieronutrients (M4) also exerted significant influence at 

3
rd 

(1.91 cm), 6th (3.17 em), 9th (7.32 em) and lih month (7.34 em). M4 was on par with 

M3 (7.20 cm) at 9th month. 

uu 
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The interaction between Nand M did not show significant effects during 

9th month. At 3rd month and 6th month, the treatment N4M4 registered increased stem girth 

of 2.08 cm and 3.36 cm respectively followed by N4M3 which recorded stem girth of 

2.07 and 3.35 cm respectively. At 1ih month, treatment N4M4 recorded increased stem 

girth of 8.37 em, followed by N4M3 (8.27) and the least increase was recorded by control 

(NoMo) with 5.11 em. 

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 3rd month, 

the treatment N4 (543.80 cm2
) recorded the highest leaf area followed by treatment 

N3 (526.81 cm2
). Treatment N4 registered the highest leaf area at 6th month 

(2989.67 cm\ 9th month (4842.61 cm2
) and 12th month (5890.67 cm2

). 

Leaf area exhibited significant differences for application of micronutrients. 

Treatment M4 recorded the highest leaf area at 3 rd month (517. 14 cm2
), 6th month 

(2439.23 cm2
), 9th month (4281. 19 cm2) and lih month (4987.66 cm2). 

The plants receiving 180 kg N ha-1 along with foliar spray of ZnS04 (0.5%) + 

FeS04 (1.0%) recorded the highest leaf area of 572.15 and 3222.28 cm2 at 3rd and 6th 

month respectively. At 9th month, the treatment N4M2 recorded the highest leaf area 

43 



'r) 
<l.) 

:0 
til 

[_, 

00\0\71:'--
70\M-\O 
MMt'\Oo\ 
0\\0--00 
1:'--00-trlO\ 
-- NNN 

trl trl trl N 00 
trl - trl \0 N 
I.OMMON 
OO7\OooN 
OOO-ooN 
- N N N M 

MN-\o1:'-- 00 
ool:'--~0f'! I:'--

Mootrl\Ol:'-­
'nMf'!-\O 
ooMMo\O 
I:'--trll:'--No\ 
\o-trlMoo 
M77trltrl 

I:'-- I:'-- -07 
M-trl\o\o 
tr)~1""""'If'I")\.O 

o\\oOtrlN 
070\70 
777trl\O 

N 0\ 0 
0\000 

i ;;;;~::;;s::; ::;; ..c:: 

-B ooO-\oN M I:J o -NNNM N ;2 

",t-",t 
OON 
00 'n 0 
7trl\o 

~~----}-----------------.------ ::: ~-----------------------

~ --\oMoo N ~I:'--Noo\O\O 
\0 -trl007- \0 _Ol:'--\Otrloo 

13 
::: o 

'ii 7t'0t'M",t N\O-'ntrl 
\0070\- 7 MOOl:'--7 

i 

1:'--0-\0- M O\MI:'--NO 
-NNNM N M77'n\O 

1:'--77Moo 
NI:'--OONM 
oC"i\Oo\­
\01""""'I""""'(0\'n 
1:'--0\--0 
- - N N M 

N-\o-O 
NOOI:'--M-
--",tt'",t 
M N 0-7 
I:'--OOO-M 
-- NNN 

MtrlM-O 
Ntrl70000 
oONt'\OM 
-00\N7 
7'n7'ntrl 

I:'--\OOOM'n 
\OM 1:'--1:'---
o\'nM",tC"i 
M-NMI:'--
7 trl 'n trl trl 

7 trl 0\1:'--­
OM7-N 
-M'n\07 
N - N N 7 
~ 'n In In In 

o -00 
o 
N 
N 

7 
00 
M 
o 
o 
N 

trl 
'0 
\0 
o 
·n 

7oo0trl­
NI:'--71:'--7 
-\O",tN­
OOo\Otrl­
ooNtrlNo\ 
M77'n'n 

trl-N07 
O\trl-N\o 
00-.nC"i",t 
1:'--\O'n\07 
7MO\-7 
NMMtrltrl 

0000\0\­
O~~~\O 
t'\OM7N 
0-ooM7 
M\OO\\Ooo 
MMM77 

0--\00\ 
1:'--70\1:'---
NMOC"i1.O 
OO\ooON 
\OO\NI:'--oo 
MM777 

00 
7 
o 
00 
o 
7 

0\ \0 00 \0 .n M 
--0\\0\0 M G) 
-",t 1.0 N -- M 0 

-B\OI:'--OON""'" 0-
.... 'n 00 N \0 00 N II 00 

S f----+--------------I 
OMM777 7 (l..CX:: 
S f------.---------I-B a 0 

-g 
M 

Zl 

7 0 'n \0 \0 
ONtrl\OM 
1""""'10\ 1""""'1 0 In 
-- NN 7 7 trl .n trl trl 

- trl 00 0\ trl 
\0 ---c In N""""'( 
",tM-o\oo 
NO\MNM 
7 7 7 'n trl 

0\07-M 
1:'--1:'-- I:'--N-
",t-",tMo\ 
O\I:'--OON­
M77'ntrl 

~ 0 ....... N r<') o:;t 

'_EZZZZZ 
;::l 
::: 

is 'nNMM\O 0 §u 
0\ 'n .n 00 0\ - 00 S 
~~8~~ ;g 1l 
trloo-\OO\ N M 
MM777 7 

\0 - N trl trl 
-1:'--0\-00 
t't'",tt'M 
ONOOMI:'-­
.n I:'-- 0\ \0 00 
MMM77 

--0\00 
ooNooo\N 
,........( \0 ,........( ,........( ('f/ 

-\070000 
M\OMtrll:'-­
NNM77 

o .- M M .q-

ZZZZZ 

N 
N CZl IZl 
·n Z Z 

Z::;S 

44 



(4908.16 cm
2
) followed by N,M] (4873.85 cm2

). N,M4 (6045.86 cm2
) recorded the 

highest value followed by N4M3 (6026.64 cm2
) at lih month. 

4.1.6 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 N4 recorded the highest LAI at 3rd month (0.151 cm2
), 6th month 

(0.831 cm2
), 9th month (l.346 cm2

) and 12th month (1.489 cm\ 

Micronutrient application did not show significant effects at 3 rd and 12th month. 

Treatment M4 registered increase in leaf area index at 6th month (0.678 cm2
) and 

9th month (1.192 cm\ 

The interaction effect between N x M was non significant at 3rd and 12th month. 

At 6th month, N4M4 recorded increased leaf area index of 0.901 cm2 followed by N4M3 

(0.895 cm2
). At 9th month N4M2 registered the highest leaf area index of ] .365 cm2 

followed by N4MJ (1.355 cm2
). 

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 3fd
, 9th and lih month respectively. Among the different nitrogen levels, 
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N4 application recorded the highest SLA of 0.280, 0.278 and 0.277 cm2 mg-! at 3
rd

, 9
th

, 

lih month respectively. Application of fertilizers did not show significant effects during 

6th month. 

Among the different micronutrients, the treatment M4 recorded the highest SLA 

of 0.281 cm2 mg-! 3rd and 12th month and 0.280 cm2 mg-! 9th month respectively. 

Treatment N4~ recorded the highest SLA of 0.290 cm2 mg-! at 3rd month and 

0.288 cm2 mg- I at 9th and lih 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 ofN and micronutrients showed significant results 

III stages of crop growth. SLW increased from 3rd month to 1ih month. Treatment 

N4 registered increase in specific leaf weight at 3rd (3.65 mg cm-2
), 6th (3.63 mg cm-2

), 

9th and 1 i h month (3.65 mg em-\ 

Treatment M4 registered increase in specific leaf weight of 3.66 mg cm-2 at 

3
rd month. M4 recorded higher value of 3.68 mg cm-2 at 6th

, 9th and 1 i h months. M4 was 

on par with M3 and M2 (3.66 mg cm-2
) at 9th month. 

Among the interaction effect, the treatment N4 (180 kg N ha-1
) with M4 [Foliar 

spray of ZnS04 (0.5%) + FeS04 (1.0%)] recorded the highest SLW of 3.73 and 

3.75 mg em-2 at 3rcl and 6th month and 3.74 mg em-2 at 9th and lih month respectively. 
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4.1.9 Fresh weight of shoot 

The fresh weight of the shoot per plant showed increase 10 weight with 

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

Different levels of Nand micronutrients were found to have significant effect at 

different phases of crop growth. Increased fresh weight of the shoot was noticed in 

treatment N4 at 3rd month (32.80 g), 6th month (246.77 g), 9th month (259.73 g) and 

lih month (304.21 g). 

Micronutrient applications exerted great influence on fresh weight of the shoot. 

Foliar spray of ZnS04 (0.5%) + FeS04 (1.0%) recorded increased fresh weight of the 

shoot at 3rd month (24.30 g), 6th month (203.08 g), 9th month (230.69 g) and lih 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 M4 at 3rd
, 6th

, 9th and lih 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 3rd month to lih month (Table 10). 

Application of Nand micronutrients were found to register significant results at 

stages of crop growth. Among different N levels, the treatment N4 registered increased 
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dry weight of shoot at 3rd month (8.10 g), 6th month (66.25 g), 9
th 

month (65.31 g) and 

lih month (76.12 g) of planting respectively. 

Treatment M4 registered a higher value of 6.20, 49.29, 57.92 and 64.39 g at 3rd
, 

6th, 9th and 1ih month of planting respectively. 

Treatment N4 registered increase in dry weight of the shoot in interaction with M4 

at rd month (9.15 g) 6th month (66.88 g), 9th month (67 81) and 1 i h 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 N4 registered increase in fresh weight of the root 

at 3rd (2.98 g), 6th (46.33 g), 9th (62.85 g) and lih month (81.18 g). 

Application ofmicronutrients exerteg great significant influence on fresh weight 

of the root, treatment M4 recorded increase fresh weight of the root at 3rd (2.55 g), 6th 

(37.73 g), 9th (51.89 g) and 1ih month (62.91 g). 

The interaction effects showed significant results at all stages of crop growth. In 

3
rd 

month, N4M4 recorded the highest fresh weight of the root of 3.58 and 49.40 g at 

3
rd 

and 6th month. N4M4 recorded 66.55 g at 9th month which was on par with N4M2 
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(66.50) and at Iih month, N4M4 recorded the highest value of 89.18 g followed by N4M3 

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 different growth phases. Treatment N4 registered 

increase in dry weight of the root at 3 rd month (0.73), 6th month (11.06 g), 9th (15.55 g) 

and 12th month (20.05 g). 

Treatment M4 [foliar spray of ZnS04 (0.5%) + FeS04 (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 3rd
, 6th

, 9th and 12th month respectively. 

N x M interaction also showed significant effects at all stages of crop growth. The 

treatment N4M4 recordedincreased dry weight of the root at 3rd month (0.83g), 6th month 

(12.38g), 9th month (16.77g) and 12th month (22.05 g). At 9th month N4~ was on par 

with N4M3 (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 N4 registered increased shoot root ratio of 11.11 at 3
rd 

month and treatment N3 recorded increased shoot root ratio of 5.36 at 6th month. 

Treatment Nl recorded the highest shoot root ratio (4.86) at 9th month and at lih month, 

No recorded the highest shoot root ratio of 4.90. 

. ' 1 . . 1 d" fi ff rd th d th 1 f tvhcronutncnt applIcatIon S lO\Ve Slgl11 leant e ects at 3 ,9 an 12 mont 1 0' 

planting. Treatment Ml recorded the highest shoot-root ratio of 10.95 and 4.62 at 3rd and 

9th month respectively. The treatment Ml recorded the highest shoot root ratio of 

4.43 followed by M2 (4.40) at 1ih month. 

The interaction effect of N x M exhibited significant effects at all stages of crop 

growth. At 3rd month, NoMl recorded increased shoot root ratio of 13.63 followed by 

N4M3 (1l.50). At 6th month, the treatment N3M4 registered increased shoot root ratio of 

5.91 followed by N3M3 (5.87). At 9th month, treatment N2MJ recorded the highest shoot 

root ratio of 5.42 and at 1ih month NoMJ 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 3rd
, 6th and lih month respectively.N3 recorded the highest dry matter 

production (97.66 g) during 9th month. 

Micronutrients application showed significant effects at 6th
, 9th and lih month of 

planting. The treatment M4 registered increase in dry matter production during 6th month 

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

The interaction effect ofN x M was found to be non-significant during 3rd month 

but significant during 6th
, 9th and 1 i h month. The treatment N4M4 recorded dry matter 

production of 82.02, 112.95, 150.50 at 6th
, 9th and 12th 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 

micro nutrients on time taken for spike emergence. The emergence of the spike was 

advanced with the application of nitrogen. The treatment N4 registered early emergence 

of the spike (74.45 days). 

Treatment M4 [foliar spray of ZnS04(0.5%) + FeS04 (1.0%)] recorded early 

spike emergence (78.59 days). 

Treatment N4M4 registered earlier emergence of the spike (71.80 days) followed 

by N4M2 (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 M4 (87.01 days) showed earlines in 

Dowering. 

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

reduced by the treatment N4M4 (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 Nand 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 

earliest of completion of flowering in a spik~ followed by treatment N3 (35.11 days). 

N4 was on par with NJ, while No recorded 46~84 days. 

Micronutrient application also showed significant effects. Treatment M4 took 

36.62 days followed by treatment M3 (37.56 days) and statistically on par with M2 

(37.76 days), while Mo took 43.42 days for completion of flowering in a spike. 
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Treatment N4M4 [application of 180 kg N ha-1 along with foliar spray of ZnS04 

(0.5%) + FeS04 (1.0%)J took 30.18 days, while the treatment without the application of 

fertilizers took 49.45 days to complete flowering in a spike. N4M4 was found statically on 

par with N4M3 (30.31 days) and N4M2 (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 

N4 registered increased number of flowers per spike at 3rd month (25.23), 6th month 

(61.13), 9th month (60.68) and lih month (62.05). 

Application of micronutrients recorded increased number of flowers per spike. 

Treatment M4 registered increased number of flowers per spike at all stages of crop 

growth. Treatment M4 registered 23.18,51.92,53.74 and 54.88 flowers per spike during 

3rd
, 6th

, 9th and 1 i h month respectively. 

N x M interaction also showed significant effects at all stages of crop growth. The 

highest number of flowers was registered in the treatment N4M4 at 3rd month (25.85), 6th 

month (64.52), 9th month (62.79) and at lih 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 N4 registered more number of spikes per plant for 3
rd 

month (6.25), 6th month (43.33), 9th month (50.21) and lih month (59.31). 
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Micronutrient application also showed significant effect for this parameter at all 

stages of crop growth, Treatment ~ registered increased number of spikes at 3rd month 

(4.36), 6th month (36,01), 9th month (42,93) and 12th month (51,49), 
" 

The interaction effect between Nand M were significant at 3rd
, 9th and 1ih month, 

The treatment N4~ recorded the highest number of spikes of 6,81, 55,27 and 63,19 at 

3rd, 9th and 1ih 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 N4 recorded increased flower stalk length of 2,90 cm at 

3rd month, 2,94 cm at 6th month, 2.97 c'm at 9th month and 3.19 cm at 1 i h months. 

Micronutrient application exerted significant influence at all stages of 

crop growth. Treatment M4 recorded increased flower stalk length at 3rd (2,57 em), 

6tb (2.59 cm) 9th
, (2.68 cm) and 1ih month (2.75 cm) respectively, 

N x M interaction also exhibited significant effects at all stages of crop growth, 

The treatment N4M4 recorded increased stalk length of 3.11, 3,17 3,22 and 3.28 cm at 

3rd 6th 9th d 12th h 'I , ,an mont respectIve y, 

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). 

,0 
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Treatment N4 recorded the highest diameter of flower of 3.15, 3.20, 3.21, 3.16 cm 

Treatment M4 [foliar spray of ZnS04 (0.5%) + FeS04 (l.0%)] registered the 

highest diameter of flowers at 3rd (2.87 cm), 6th (2.86 cm), 9th (2.88 cm) and Ith month 

(2.92 cm). 

The interaction between nitrogen and microllutrients was significant at all stages 

of crop growth. Treatment N4M4 [application of 180 kg N ha-1 + foliar spray of ZnS04 

(0.5%) + FeS04 (1.0%)] recorded increase in diameter of flower at 3rd month (3.23 cm), 

6th (3.24 cm), 9th month (3.26 cm) and Ith month (3.25 cm). At 6th month N4M4 was 

found to be on par with N4M3 (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. 

N4 recorded increase in spike length at 3rd month (8.58 cm), 6th month (9.56 cm), 

9th month (11.24 cm) and lih month (12.44--cm)_respectively. 

Treatment M4 registered increased spike length at 3rd (7.28 cm), 6th (8.96 cm), 

9th (9.80 cm) and 1ih month (10.51 cm). 

Application of 180 kg N ha-1 along with foliar spray of ZnS04 (0.5%) + FeS04 

(1.0%) resulted in increased spike length of9.99, 1l.07, 12.35 and 14.07 cm respectively 

3 I'd 6th 9th d 12th h . I at , ,an mont respective y. 
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i7 

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 N4 registered increased weight of flowers of 4.66, 5.01, 4.67 

. • I'd '\\' til d th I . I and 4.69 g at 3 ,(]', 9 an 12 mont 1 respectIve y. 

Micronutrient application exhibited significant results on weight of flowers. 

Treatment M4 recorded increased weight of flowers 4.40,4.41,4.43 and 4.45 gat 3rd
, 6th

, 

9th and lih month respectively. 

The interaction of Nand M had significant effect at 3rd
, 6t

\ 9th and 12th month of 

planting. The treatment N4M4 recorded increased weight of flowers of 5.03 g at 3rd and 

9th month and 5.26 g at 6th month and 5.04 g at lih month. 

4.2.10 Flower yield per plant (Table 22, Eig. 10) 

Flower yield per plant showed an increasing trend with crop growth. Application 

of Nand micronutrients showed significant effects at different stages of crop growth. 

Among different levels of N, treatment N4 (180 kg N ha· l
) recorded the highest yield of 

1.54 g, 60.43 g, 99.12 g and 159.31 g at 3rd
, 6th, 9th and lih month after planting 

respectively. 
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Micronutrient application showed significant effect at all phases of crop growth. 

Among different micronutrients, M4 recorded the highest yield of 1.36 g and 52.88 g at 

3rd and 6th month and 91.58 g and 145.74 g at 9th and 1ih month respectively. 

Among the interaction effects, the treatment N4M4 registered the highest yield of 

1.89 g and 65.24 g at 3rd and 6th month respectively. The treatment N4~ recorded the 

highest yield of 10504 g at 9th month followed by N4M3 (101.25 g) The highest yield of 

167.17 g was recorded in the treatment N4M4 at 1ih month followed by treatment N4M3 

(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 3rd and 6th month, 

N4 recorded the highest yield of 42.83 and 1678.13 kg ha- 1 followed by N3 with 

36.18 and 1502.44 kg ha-1 respectively. The treatment N4 recorded the highest yield of 

2752.43 kg ha- 1 and 4426.55 kg ha- 1 at 9th and 1ih month respectively. 

M4 recorded the highest flower yield of 37.68 kg ha- 1
, 1468.44 kg ha-1

, 

2542.99 kg ha- 1 and 4052.67 kg ha- 1 at 3rd
, 6th, 9th and 1ih month of planting. 
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The Nand M interaction showed significant results at 3rd
, 6(h, 9th and rih month 

respectively. N4M4 registered the highest yield of 52.48 kg ha- I followed by N4M3 

(46.64 kg ha- I
) at 3rd month and was on par with N4M2. Treatment N4M4 recorded the 

highest yield of 1811.71, 2916.94 and 4648.15 kg ha- I at 6th
, 9th and 12th month 

respectively The treatment N4M4 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 levels of nitrogen, treatment N4 (180 kg N ha-1
) registered the 

highest chlorophyll 'a' content of 0.215, 1.218: l.215 and 1.216 mg g"l at 3rd, 6th
, 9th and 

12th month respectively. 

Treatment M4 registered increased chlorophyll 'a' content of 0.182 and 0,918, 

0.915 and 0.924 mg g"1 at 3rd
, 6th

, 9th and 1ih month respectively, 

The interaction effect between Nand M was significant at Jfd, 6th
, 9th and 

1ih month of planting. N4 recorded the highest value for chlorophyll' a' content of 
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0.283 and 1.290 mg g-J with M4 at 3rd and 6th month. N4M4 recorded the highest value of 

1.294 mg g-l each at 9th and lih month. 

4.3.2 Chlorophyll 'b' 

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

Chlorophyll 'b' content increased with advancement of crop growth. The highest 

chlorophyll 'b' content was obtained with the application of 180 kg N ha-1 N4 recorded 

the highest chlorophyll 'b' content of 0.070, 0.388, 0.429 and 0.565 mg g-l at 3rd
, 6th, 9th 

and lih month and 9th month respectively. 

Micronutrient application had significant effect at 3rd
, 6t\ 9th and lih month 

respectively. Treatment M4 [Foliar application of FeS04 (1.0%) + ZnS04 (0.5%)] 

recorded the highest value of 0.061, 0.321, 0.380 and 0.443 mg g-l at 3rd
, 6th

, 9th and 

1ih month respectively. 

N x M interaction showed significance at different stages of crop growth. N4M4 

registered increase in chlorophyll 'b' con~e~t of 0.081, 0.462, 0.488 and 0.698. mg g-l at 

3rd
, 6t

\ 9th and lih month respectively. 

4.3.3 Total chlorophyll 

The total chlorophyll content exhibited progressive increase from 3rd month to 

lih month (Table 26). 
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Application of Nitrogen was significantly effective at all stages of crop growth. 

N4 registered the highest total chlorophyll content of 0.287, 1.558, 1.336 and 

-I 3rd 6th 9th d 12th h . I 1.763 mg g at , , an mont respective y . 

Application of micronutrients had significant effect throughout the stages of crop 

growth. Treatment M4 [foliar spray of FeS04 (1.0%) + ZnS04 (0.5%)] recorded the 

highest total chlorophyll content of 0.234, 1.197, 1.183 and 1.356 mg g-I at 3Id
, 6th

, 9th 

til 1 . 1 and 12 mont 1 respectIve y. 

The Nand M interaction was significant at different stages of crop growth. The 

interaction effect revealed that the treatment N4M4 registered the highest total chlorophyll 

content ofO.302,l.839,1.450 and 1.965 mg g-I at 3rd
, 6th

, 9th and 12th 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 

N4 recorded the highest crop growth rate of 2.118, 0.092 and 0.107 g m-z day"1 at first, 

second and last phase respectively. 

Micronutrient application also showed significant effects. The treatment M4 

registered the highest crop growth rate of 1.625 g m-z day"1 in the first phase, 0.089 and 

0.104 m-z day"1 at second and last phase respectively. 
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Among the interaction effect, the treatment N4 showed the highest CGR of 

2.195 g m-2 day-l with M4 and was on par with N4M3 (2.170 g m-2 day"l) in the first phase. 

The treatment N4M4 recorded the highest crop growth rate of 0.106 g m-2 day"l in the 

second phase and 0.114 g m-2 day"l at the last phase respectively. 

4.3.5 Relative growth rate 

The relative growth rate showed all 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-2 day"l at the first phase. Mo recorded the highest RGR (0.020 g m-2 day"l) at 

the first phase. Among the interaction effect, the treatment N3Ml recorded the highest 

RGR in the first phase (0.021 g m-2 day"l). 

In the second phase, the treatment No recorded the highest RGR of 0.005 g m-2 

day"l. Treatment M 1,M2 and M4 recorded the bighest RGR (0.004 g m-2 day"l) at second 

phase. Among the interaction effect, the tre~tment NlMo (0.006 g m-2 day"l) recorded the 

highest RGR. No (0.005 g m-2 day"l) recorded the highest RGR in the final phase. 

Treatment M4 (0.003) recorded the highest RGR and are statiscally on par with M3, M2 

and M1 respectively. 

In the final phase, NoM2 recorded the highest RGR of 0.006 g m-2 day"l and was 

on par with NoM1, NoM3 and NoM4(0.005 g m-2 day"1). 
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4.3.6 Net Assimilation Rate 

N levels and micronutrients exhibited significant effects on net assimilatidn 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-2 dail) during the first phase. Micronutrients application did not have 

significant effects in the tirst phase. The interaction effect between Nand M also showed 

significant effects on net assimilation rate. Treatment N4Mo registered increased net 

assimilation rate in the first phase (0.607 mg cm-2 dail). 

At second phase, the treatment N 1 recorded the highest net assimilation rate of 

0.112 mg cm-2 dail. Application of micronutrients did not have effect on net assimilation 

rate during the second phase. Mo recorded the highest net assimilation rate 

(0.104 mg cm-2 da/) during the second phase. Treatment NIMo recorded higher net 

assimilation rate of 0.136 mg cm-2 dai1 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). 

N4 recorded the highest soluble protein content of 2.53, 5.18, 5.25 and 

5.41 mg cm-2 at 3rd
, 6th

, 9th and lih month respectively. 

sa 



~ ro 
<1.l 

;;S 

i 

~ i 
0 

S 
N 
~ i , 
0\ 

i 

.si 
~ 
o 

~ 

0\ 
0 
0 

~ 

00 
O 
0 

M 
00 
0 
0 

7 
00 
0 
0 

M 
00 
0 
0 

o 

00 
\0 
o 
o 

o 
o 

00 
0\ 
o 
o 

N 
00 
0 
0 

7 
r-
0 
0 

V) 

00 
0 
0 

0\ 
\0 
0 
0 

00 
r-
0 
0 

00 
00 
0 
0 

tn 
OO 
0 
0 

~ 

00 
0 
0 

M 
00 
0 
0 

7 
0 
~ 

0 

\0 
o 

0; 
0\ 
o 
o 

V) 

o 
~ 

o 

V) 

r-
0 
0 

V) 

r-
0 
0 

M 
t-
0 
0 

7 
t-
C> 
0 

t-
t-
0 
0 

0\ 
00 
o 
o 

7 
00 
o 
o 

00 
00 
o 
o 

7 
r-
0 
0 

00 
r-
0 
0 

t-
t-
0 
0 

0 
t-
0 
0 

N 
t-
0 
0 

t­
OO 
o 
o 

00 
0\ 
o 
o 

M 
00 
o 
o 

N 
OO 
0 
0 

0\ 
t-
0 
0 

O 
OO 
0 
0 

\0 
t-
0 
0 

M 
OO 
0 
0 

M 
0\ 
o 
o 

S I-----------------------j 

0\ 

t.b::;g 

.si 
§ 

0\ 
tr, 
o 
o 

o 
0\ 
o 
o 

V) 

00 
o 
o 

00 
o 
'''' o 

00 

M 

o 

~ 

~ 

..-
o 

o 

M 
o 

tn 
o 

V) 

00 
o 
o 

t-
0\ 
o 
o 

N 
0\ 
o 
o 

o 
00 
o 
o 

7 
00 
o 
o 

00 
00 
o 
o 

t­
OO 
o 
o 

Sr-_,------------------------~ 

0\ 
~ 

'n o 
r­
o 
\0 
o 

i 

"ONN77 
~OOOO 
(/)OOC>O 

0000 

,--, 
'n 
0

7 o ~ 
Ii 0 
e:.,o 
a u 

94 



~ 

00 ....... 1rlt'--00 
("'")t'--("'")t'--­
NC'l(",")(",")ln 

In (Y) 1....0 'n .......-( 
OOC'l\O("'")t'--
C'l ("'") M "<I" In 

00 0'1 In Irl \0 
t'--01rl0'l1rl 
C'l(",")(",")(",")1rl 

In 0 C'l 0'1 0 
C'l '1: In 00 0'1 
NN('!'irr ,7 

1rl"<l"\O\OO'I 
C'l "<1", "<I" t'-- -
-< ....... C'lC'l-q: 

(",")\OO'IC'lM 
"<I"Irl\oOIrl 
r-(~...-[NN 

-00\000 
\Ot'--t'--C'lOO 
r-(~r-(NN 

0'1 00 M C'l 'n 
"<I" 'n 00 0\ M 
r-( ,_...; .--( ...-[ N 

In C'l 0'1 ....... 00 
000C'l(",")C'l 
O~"""';__'N 

t:: 0 .--- ('1 f'l 7 

'~Z Z Z Z Z 
c: 

Irl 
00 

M 
00 

\0 ....... C'l Irl -
"<1"0'1\0 ....... "<1" 
NN(",")-q:1n 

Irl t'-- 0 In 0'1 
0'1 C'l 0'1 \0 t'-­
N ("'") ("'") "<I" In 

\O-t'--OOO 
("'")-IrlOO\O 
NM("'")C""ltr, 

t'--Irl"<l"C'lO 
C'lt'--C'lt'--"<I" 
_ ....... ("'")("'")-q: 

t'-- t'-- 000 'n 
In \0 Irl t'-- C'l 
N N ("'") ("'") 'n 

t'--"<I"IrlO'lO 
OOO\OMt'--
C'lM(",")-q:1rl 

\OMt'---<O\ 
N 0\ 'n 0\ 00 
C'lC'lMM..,f 

0\0\000 
-"<1"000\0 
N ....... MN-q: 

o ,_, 01 r., "". 

ZZZZZ 

00 
00 
M 

t'--
00 
C'l 

o 
00 
N 

\0 

00 0'1 C'l 
C'l t'-- \0 
000 
6661j 

§ 
a 

-5 
C'l 

95 

. ".,.. '1~ 



With regard to micronutrients, treatment M4 [Foliar spray of ZnS04 (0.5%) + 

FeS04 (1.0%)] recorded the highest soluble protein content of 2.04 mg cm-2 which was 

on par with treatment M3 (2.03 mg C~-2). Treatment M4 registered 2.04,"3,96, 3.93 and 

4.11 mg cm-2 at 3rd
, 6th

, 9th and 1ih month respectively. 

N x M interaction effect showed significant results at all stages of crop growth. 

N4M~ showed increased soluble protein content 0[2.80,5.71 and 5.79 mg cm-2 at 3rd
, 6th 

and 1 i h 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). 

N4 registered higher nitrate reductase activity of 1.84, l.91, 2.09 and 

1.99 JJ.g g-I hr"1 at 3rd
, 6th

, 9th and lih month respectively. At 3rd and 1ih month, treatment 

M4 recorded higher reductase activity ofO.8i and 1.49 JJ.g g-I hr"1 . 

Treatment N4M4 showed higher nitrate reductase activity of 1.85, l.92, 2.54, 

2 1 0 -I h -I 3rd 6th 9th d 12th h . 1 . JJ.g g r at , ,an mont respective y. 

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 N4 showed higher' catalase activity at 3
rd 

(4.40 11. moles H20 2), 

6th (4.57 11 moles H20 2), 9Ih (8.10 11 moles H20 2) and 12th month (9.01 11 moles H20 2) of 

planting. 

Treatment M4 recorded higher catalase activity at 3 I'd (4.7011 moles H20 2), 

6th (5.63 11 moles I-b02), 9th (8.0 I 11 moles H20 2) and 12th month (835 11 moles I-h02) 

respectively. 

Regarding the interaction effect, the treatment N4~ recorded higher catalase 

activity of 5.90,6.12,9,78 and 10.55 11 moles H20 2 utilized 100 g'1 fresh weight min'1 at 

3rd
, 6th

, 9th and 1 i h month respectively. 

4.3.10 IAA oxidase activity 

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

Nitrogen and micronutrient application showed significant results at different 

stages of crop growth~ Treatment N4 registered an increase in IAA oxidase activity of 

2065.34,2211.19,2334.11 and 3957.44 11 g ofunoxidised auxin g'1 h(1 at 3rd
, 6th

, 9th and 

12th month respectively. 

Micronutrient application showed significant effects at all stages of crop growth. 

Treatment M4 registered increase in IAA oxidase activity of2179.23, 2194.10, 2189.90 

and 4136.5611 g ofunoxidised auxin gm,1 h(1 at 3rd
, 6t

\ 9th and lih month respectively. 
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N x M interaction registered significant results for lAA oxidase activity. 

Treatment N4M4 recorded higher value of2458.40, 2520.50, 2586.25 and 5414.00 11 g of 

'd' d . -1 h -I 3rd 6th 9th d 12th h . I unOXl Ise aUXIn g r at , ,an mont respectIve y. 

4.3.11 Peroxidase activity 

The peroxidase activity increased as the crop stage progressed from 3rd month to 

1 i h 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. 

N4 registered higher peroxidase activity of 0.31, 0.32, 0.33 and 0.34 Ilg g"l h(l at 3rd
, 6th

, 

9th and 1 i h month respectively. 

Among different micronutrients, the treatment M4 registered higher peroxidase 

activity of 0.25, 0.26, 0.28 and 0.29 Ilg g-l h(l at 3rd
, 6th

, 9th and 1ih month respectively. 

N x M interaction showed significant eff~cts at 6th, 9th and 1 i h month of planting. 

Treatment N4 recorded higher peroxidase acti~ityofO.35 Ilg g-I h(l with ~ at 6th month 

treatment N4M4 recorded peroxidase activity of 0.36 Ilg g-I h(1 and it was on par with 
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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 3rd month 

(8.04 !lg g-I), 6th month (12.00 !lg g-l) 9th month (11.32 !lg g-l) and 12th month 

(10.36 !lg g-1 ). 

Among the micronutrient treatments, treatment M4 [foliar spray of ZnS04 (0.5%) 

+ FeS04 (1.0%)] recorded the highest tryptophan content of 7.85, 9.55, 9.68 and 

9.89 !lg g-1 at 31'°, 6111 9111 and lih month respectively. 

The variations due to interaction between treatments and stages were found to be 

statistically significant. Treatment N4M4 registered the highest tryptophan content of 

9.41 !lg g-1 at 3rd month and was found to be on par with N4M3 (9.35 !lg g-l). Treatment 

N4M4 recorded the highest tryptophan content at 9th month (13.29 !l g g-l) and 1ih month 

4.4.Nutrient contents 

4.4.1 N content in leaf 

Different levels ofN and micronutrients exhibited significant effects on N content 

in leaf (Table 36). 

Among different levels of N, treatment N4 recorded higher value for N content in 

leaf (1.28, 1.27, 1.33, 1.20 per cent) at 3rd
, 6th

, 9th and lih month respectively. 
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Micronutrient application exerted significant influence at all stages of crop growth. 

Treatment M4 recorded the highest value of 1.22 at 3rd
, 6th and 9th month and 

1.20 per cent at 1 i h month. 

The interaction effect showed significant results. The highest N content in leaf 

(1.41 per cent) was observed in the treatment N4M4 at 3rd and 9th month, 1.40 per cent 

. 6th d I 'l Li' h . I dunng an ,,--' mont respectIve y. 

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. 

N4 recorded the highest phosphorus content of 0.130 per cent at 3rd month and 

0.131 per cent at 6th
, 9th and 1ih month respectively. 

Micronutrient application also exhibited significant effects at all stages of crop 

growth. Treatment M4 [foliar application ofFeS04 (1.0%) + ZnS04 (0.5%)] recorded the 

highest value for phosphorus content. It reGorded the highest phosphorus content of 

0.121 per cent and 0.122 per cent at 3rd and 6th month and 0.120 at 9th and 0.119 per cent 

at lih month respectively. 

The interaction effect of nitrogen and micronutrients of leaf phosphorus was 

significant. The treatment N4M4 recorded the highest phosphorus content in leaf with 
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0.140 per cent at 6th month, 0.139 per cent at 3rd and 9th month and 0.138 per cent at 

lih 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-J 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 3rd
, 6t

\ 9th and lih 

month respectively. 

Micronutrient application showed significant effect for all treatments. Treatment 

M4 recorded increased K content in leaf with 3.35 per cent at 3rd and 3.34 per cent at 

6th month. Increased K content in leaf with 3.32 per cent at 9th and lih month was 

observed in the treatment M4. 

N4M4 [combined application of nitrogen 180 kg N ha-1 + foliar spray of ZnS04 

(0.5%) + FeS04 (1.0%)] recorded higher Kcontent in leaf at 3rd month (3.54 per cent) 

and 6th month (3.48 per cent), 9th month (3.50 per cent) and 1ih 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 3rd and 6
th 

month and then decreased 

at 9th and lih month. Among different N levels, nitrogen application exhibited significant 

effects at all stages of crop growth. Treatment N4 had greater effect in increasing the 

N content significantly in flower at 3Ed 
(1.27 per cent), 6th 

month (1.23 per cent), 

9th month (1.20 per cent) and 1. 12 per cent at 12th month. 

Among the micronutrients, foliar application of ZnSOj (0.5%) + FeSQ'1 (1 0%) 

registered an increase in N content of flower at 3rd month (1.19 per cent) 6th month 

(1.18 per cent) and 1 i h month (1. 08 per cent). At 9th month it showed non significant 

effects. N4M4 recorded increase in N content in flower of 1.32, l.29 and 1.23 per cent at 

3rd
, 6th and 1ih 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 high_est P content in flower of 0.127 per cent at 
, 

3rd month and 0.129 per cent at 9th and lih month. 

In case of micronutrients, the treatment M4 recorded the highest phosphorus 

content in flower of 0.125 per cent at 3Ed month. At 6th month, treatment M3 

[soil application of ZnS04 (50 kg ha-1
) + FeS04 (25 kg ha-1

)] recorded higher value 

(0.127 per cent) followed by M4 (0.123 per cent). Treatment M4 recorded higher value of 
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0.130 per cent at 9th month and treatment M2 and M3 recorded higher phosphorus content 

in flower (0.122 per cent) at 1ih month respectively. 

The interaction effect also showed significant results. Treatment NM4 

[application of nitrogen 180 kg per hectare + foliar application ofZnS04 (0.5%) + FeS04 

(1.0%)] registered increased 'P' content in flower at 3rd month (0.130 per cent), 6th month 

(0.132 per cent), 9th month (0.133 per cent) and 1ih 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 N4 registered increase in K content in flower of 3.20, 3.18, 3.16 and 

, 3.14 per cent at 3 rd, 6th, 9th and 1 i h month respectively. 

Micronutrient applications also showed significant effects over all the treatments. 

These was a rise in K content in flower with the treatment M4 which registered 

3.04 per cent at 3rd and 6th month, 3.01 per cent at 9th and 1ih month respectively. 

The interaction effect of Nand micronutrients exerted significant results. Treatment 

N4M4 registered increase in K content in flower of 3,36 per cent at 3rd and 9th month and 

3.34 per cent at 6th month and 3.26 per cent at 1 i h 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 influence at different 

stages of crop growth. Treatment N4 recorded higher values at 6
th (519.24 ppm), 

9th (519.23) and 1ih month (553.78 ppm). 

Micronutrient application had ~ignificant influence at different stages of crop 

growth. M4 recorded higher value of 522.98, 522.95, 530.81 and 511.15 ppm at 3rd
, 6th, 

9th and 1ih months respectively. 

The interaction effect between Nand M showed significance at different. stages of 

crop growth. The treatment N4M4 registered increased Fe content in leaf of 573.50, 

575.64, 576.56 and 579.50 ppm at 3rd
, 6th , 9th and 12th 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~tent 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 3rd
, 

6th 9th d 1 th h . I , an 2 mont respectIve y. 

Micronutrient application registered significant effects for all the treatments. 

Treatment M4 recorded increase in Zn content in leaf (18.14 ppm) at 3rd month and 
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18.22 ppm at 6th month. It recorded a higher value of 18.54 ppm and 18.76 ppm at 9th and 

lih month respectively. 

The interaction effect between nitrogen and micronutrients showed significant 

results for Zn content in leaf. Treatment NM4 recorded increase in Zinc content in leaf of 

23.09,23.21,2419 and 24.76 ppm at 3fq
, 6th, 9th and 1ih 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 3fd
, 6t\ 

9th and 1ih months. N4 registered the highest available nitrogen of 305.50, 305.21, 

304.43,303.83 at 3fd
, 6t

\ 9th and lih month respectively 

Application of micronutrients also showed significant effect at all stages of crop 

growth. Treatment M4 registered the highest available nitrogen in soil (261.18 kg ha- 1
) 

followed by M3 (254.04 kg ha- 1
) at 3rd month. ~4 registered the highest available nitrogen 

of261.18, 260.89 and 260.48 kg ha- l at 6th, 9th and lih month respectively. 

The interaction effect of Nand M showed significant values. The treatment N4M3 

registered the highest available soil nitrogen 0[325.05,325.60,324.18 and 323.66 kg ha- l 

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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N4 registered the highest value of 15.81,15.78,15.77 15.75 kg ha-1 at 3rd
, 6th, 9th and 1ih 

month respectively. 

Micronutrient application showed significant effects. M3 recorded the highest 

value of 13.81 kg ha-1 at 3rd month and 13.79 kg ha-1 at 6th month and 13.78 kg ha- 1 at 9th 

and 1ih month respectively. 

The interaction effects of Nand M exhibited significant effects for available 

phosphorus in soil. N4M3 registered increase in available phosphorus soil of 16.24 and 

1620 ppm at 3rd and 6th month and 16.19 kg ha- 1 at 9th and lih 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 N4 increased the available K in soil at 3rd month 

(608.39 kg ha- J
) 6th month (610.47 kg ha- J

), 9th month (609.66 kg ha- J
) and lih months 

(615.77 kg ha- J
). 

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- J during 3rd
, 6th , 9th and lih month of planting respectively. 

N x M interaction also showed significant effects. Increased available potassium 

in the soil was registered by the treatment N4M3 at 3rd month (620.55 kg ha-1
), 6th month 

(625.00 kg ha-\ 9th month (624.45 kg ha- J
) and lih month (626.30 kg ha-1

). 
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4.4.12 Iron 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 N4 registered increase in Fe content of soil of 12.36, 

12.33, 12.40 and 12.41 at 3rd
, 6t,\ 9th and 1ih month respectively. 

Treatment M3 recorded increase in Fe content of soil of 12.82, 12.81, 12.88 and 

12.89 ppm at 3'ci, 6th
, 9th and lill month respectively. 

Treatment N4M, recorded increase in Fe content in soil of 14,15 ppm at 

3rd month, 14.10 ppm at 6th month, 14.08 ppm at 9th month and 14.07 ppm at lih 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 3rd and 6th 

month and l.59 ppm at 9th month and 1.61 ppm at lih month respectively. 

Micronutrient application played a significant role in Zn content in soil. At 

yd month, treatment M3 recorded higher value (1.46 ppm) for Zn content in soil followed 

by M4 (1.43 ppm). Treatment M3 recorded increased Zinc content in soil with 1.46 ppm 

at 3rd and 6th month and 1.49 and l.51 ppm at 9th and 12th month respectively. 
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N x M interaction showed significant effects at all stages of crop growth. 

Treatment N4M3 recorded increased Zinc content in soil with 1.82, l.81, l.89 and 

1.92 ppm at 3rd
, 6t\ 9th and 1ih 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 

1ih 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, spe_cific leaf weight 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 t wclfth 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 N4M4 [N at 180 kg ha-1 

along with foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)]. The cost ranged between 

Rs. 162398.74 in NoMo and Rs. 164214.86 in treatment N4~. The revenue ranged from 

Rs. 183360 applied in NoMo to Rs. 278880 in N4M4 which also recorded the highest 

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



1;J3 .. 

Table 53. Economics 

r-
Treatment Yield Revenue Cost C / B ratio 

c.----

NoMa 3056.91 183414.6 162398.74 1:1.13 

NoMl 3171.31 190278.6 162898.74 1:1.16 

NoM2 3230.02 193801.2 162798.74 1:1.19 

NoM3 3282.69 196961.4 163298.74 1: 1.21 , 

I 
NoM4 3332.95 199977.0 162798.34 1:1.23 

N\Mo 3419.87 205192.2 163106.99 1: 1.25 

I NIM\ 3589.97 215398.2 163606.99 1:1.32 

I NlM2 3723.81 223428.6 163506.99 1: 1.36 

N\M3 3745.06 224703.6 164006.99 1: 1.37 

NJM4 3782.69 226961.4 163506.59 1: 1.38 

N2Ma 3641.04 218462.4 163343.09 1:1.33 

N2MI 3865.97 231958.2 163843.09 1:1.42 

N2M2 3893.77 233626.2 163743.09 1: 1.43 

N2M3 3937.09 236225.4 164243.09 1: 1.44 

N2M4 4032.32 241939.2 163742.69 1:1.48 

NoMa 3771.86 226311.6 163579.19 1:1.38 

N3MJ 4059.97 243598.2 164079.19 1: 1.48 

N3M2 4141.48 248488.8 163979.19 1: 1.52 -
N3M3 4197.84 . 251870.4 ._ 164479.19 1: 1.53 

N3M4 4467.20 268032.0 163978.79 1: 1.53 

N4Mo 3891.00 233460.0 163815.26 1 :1.43 

N4MJ 4476.13 268560.0 164315.26 1: 1.63 

N4M2 4533.20 271980.0 164215.26 1: 1.66 

N4M3 4584.00 275040.0 164715.26 1: 1.67 

N4M4 4648.00 278880.0 164214.86 1: 1. 70 





CHAPTER V 

DISCUSSION 

The results of the study on yield and physiological responses to nitrogen levels 

. and micronutrients in Crossandra (Crossandra infundibul~formis (L) Nees) are discussed 

in this chapter. 

Crossandra infundibu/~formis 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. Observations on growth and floral characters, 

physiological and biochemical constituents and estimation of NPK and micronutrients 

and yield were recorded. The experiment consisted of five levels of nitrogen (0, 90, 120, 

150 and 180 kg ha- 1
) and application of micronutrients in a split plot design with a total 

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



Growth characters 

Different levels of nitrogen and micronutrients had significantly influenced the 

growth characters in crossandra. In the present study, the growth of crossandra as 

influenced by various treatments have been elucidated through plant height, number of 

. branches, 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. 

( Application of nitrogen increa~ed the plant height significantly. It increased as the 

age of the crop progressed from 3rd month to 1 ill month. The highest plant height was 

observed by the application of 180 kg N ha- I along with foliar spray of ZnS04 (0.5%) + 

FeS04 (1.0%). The reason 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 increased plant height with 

highest dose of nitrogen (100 kg N ha-1
) 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 e/ at. (1997) in Chrysanthemum. The number of branches 

per plant was significantly increased by the application of nitrogen and micronutrients. 

Number of branches produced per plant directly influenced 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- 1 along with the combination of foliar 

spray of ZnS04 (0.5%) + FeS04 (1.0%) resulted in maximum number of branches. This 



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 application of 

100 kg N ha- 1
. Similar results were reported by Avari and Patel (1991) that application of 

zoo kg N ha- 1 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-1 along with foliar 

spray of ZnS04 (0.5%) + FeS04 (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 Gompltrena globosa, Parthiban et al. (1992) in 

tuberose and Kageyama and Konishi (1996) in chrysanthemum. 

Number of leaves and leaf area have contributed greatly on the growth and 

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

micro nutrients increased the leaf area. The leaf area per plant increased from 3rd month to 

lih 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 et al. (1989)). Higher level of nitrogen (180 kg N ha-1
) 

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- I
) with the combination of foliar 

spray of ZnS04 (0,5%) + FeS04 (1,0%) recorded the highest leaf area, The results 

indicated that there was a perceptible influence of nitrogen and micronutrients on the 

development of leaf area, These findings are also in agreement with Ravindran et al. 

(1986) in african marigold, Selvaraj (1988) in rose, Srinivasan and Balakrishnan (1988) 

in .lasminum sambac and Rugar and Nalawadi (1994) in .lasminum auriculatum, 

Treatment N)'vtl recorded maximum specific leaf area and specific leaf weight at 3rd
, 6th

, 

9th and 1 i h month, This indicated the vigorous photosynthetic activities of the leaf which 

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

137 

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 N4M4 [(application of nitrogen 180kg N ha- 1 along with 

foliar spray of ZnS04 (0,5%) + FeS04 (10%)] 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 uptake of nutrients under integrated nutrient management. This was in agreement 

with the findings ofNanjan (1979), Dole e_t ai. (1994) in poinsettia, Swaminathan (1995) 

in crossandra, Rummel et al. (1996), Ashok (1998) 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 N 4M4 [application of nitrogen 180 kg ha- I along with foliar spray 

of 2nS04 (0.5%) + FeS04 (1 0%)] recorded increased fresh and dry weight of the root 

followed by treatment N4M3 [application of N at 180 kg ha- I along with soil application 

of 2nS04 (25 kg ha- I
) + FeS04 (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 2n, 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 et 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] [2nS04 

(25 Kg ha- 1
)] exhibited the highest shoot-root ratio at 3rd month. At early stages of 

growth, the plants required nutrition to build up :sufficient frame work. This might be the 

cause for increased shoot-root ratio at 3rd month (Wild et aI., 1987). These results on 

shoot-root ratio were in corroboration with earlier findings of Wood House (1977). 

Swami nathan (1995) also reported similar results in· crossandra. 

Glass and Siddique (1984) repolied 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- 1
) 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 N4M4 [(application of 

nitrogen 180 kg ha- 1 along with foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)] produced 

the highest dry maLleI' 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 et 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 protein 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 which 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. 
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· 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 N4M4 [N - 180 kg ha- 1 along with foliar 

spray of ZnS04 (05%) + FeS04 (1.0%)] followed by N4M3 [application of N at 

180 kg ha- 1 along with soil application of ZnS04 (25 kg ha-1
) + FeS04 (50 kg ha- 1

)] 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-[application of Nitrogen -180 kg ha-1 along 

with foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)]. Similar results were reported by 

Dod et al. (1991) in gladiolus, Bhujbal et al. (1992) in rose and Berlokar et 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 
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application of N at 90 kg ha- 1 in marigold. Similarly Maya Gopalakrishna et al. (1995) 

observed that higher dose of nitrogen (120 kg N ha- 1
) increased the length of the spike in 

tube rose. 

Increased flower diameter was recorded in the treatment N4M4. Preethi (1990) 

reported that application of nitrogen increased flower diameter in Edward rose. Similar 

line of works were reported by John et al. (1981) in pansy, Jayanthi and Narayana Gowda 

. (1990) in chrysanthemum and Berlorkar et al. (1992) in african marigold. Treatment 

N4M4 increased the weight of flowers." Mononmani (1992) reported that flower weight 

was increased with the application of nitrogen at 45 g per plant in .lasminum sambac. 

This is in consonance with the findings of Natarajan and Madava Rao (1983) in 

lasminum grandiflorum, Chezhyian et at. (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 

crop increased. The increased flower yield was through the increase in number of spikes 

per plant, number of flowers per spike, spike length, stalk length, flower diameter and 

weight of hundred flowers which resulted due to increasing levels of nitrogen and 

application of micronutrients. These results are in confirmity with the findings of 

Farag et al (1983), Abdul Khader et al. (1985) in crossandra, Mobarek (1985), Srinivasan 

and Balakrishnan (1989) in .Tasminum sambac, Singh and Sujatha (1990) in gladiolus, 
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Avari and Patel (1991) In african marigold, Fawzi et 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 3rd
, 6th

, 9th 

and 1 ill month of planting. The chlorophylls, are the essential components for 

photosynthesis and occur in chloroplasts as green 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 in.crease of nitrogen level in 

combination with micronutrients. Application of nitrogen with foliar spray of ZnS04 

(0.5%) + FeS04 (1.0%) recorded increased chlorophyll content at all stages of crop 

growth followed by treatment N4M3 [(application of N at 180 kg ha- I along with soil 

application of ZnS04 (25 kg ha- J
) + FeS04 (50 kg ha- 1

)]. 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 study 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 N4M4 This might be due to higher synthesis of chlorophyll 'a' and 'b' in this 

treatment. This confirm the earlier findings of Sharma et al. (1974). Similar studies of 

increasing leaves of chlorophyll due to fertilizer application was reported by Damke 

(1995). He reported that application of nitrogen at 125g!l.44m2/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 3rd month to 

1 i h month. The treatment N4Mo (application of nitrogen -180 kg ha-!) recorded the 

highest net assimilation rate at third month. Net assimilation rate gives an indirect 

measure of photosynthetic efficiency and is 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 



the world was observed by Noggle and Fritz (1986). In the present study, treatment N4M4 

[(N at 180 kg ha- 1 + foliar spray of ZnS04 (0.5%) + FeS04 (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-1 along with foliar spray of ZnS04 (0.5%) + FeS04 

(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), Valier and Wacker (1970), Del Rio et al. (1978), Ramadevi 

(1986) and Durga Devi (1995). 

Nitrate reductase enzyme activity occurs 111 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 N4M4 [(N 180 kg ha- 1 along with foliar spray of ZnS04 (0.5%) + FeS04 

(1.0%)] have improved the enzyme activity at all stages of crop growth. The nitrate 

reductase activity was increased from 3rd month to 1 i h month. Thus application of 

micronutrients favourably regulated the nitrate red~ctase activity for better metabolism. 

The present study confirmed it. Mishra et al. (1978) reported increase in nitrate reductase 

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

Ranjeet et al. (1976), Maskina et al. (1984) and Sachdev et 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 3rd month 

to lih month. The significant enhancement in the enzyme activity was observed in the 

treatment N4M4 [(N 180 kg ha- 1 + combination of foliar spray of ZnS04 (0.5%) + FeS04 

(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 et aT. (1965), 

Gauch (1972) and Rahimi and Schropp (1985). 

IAA oxidase activity was expressed in terms of f,lg of unoxidised auxin g-l h(l. 

For maintaining the 1AA levels at optimum concentration, the enzyme 1AA oxidase is a 

must and this regulates apical dominance and initiation of lateral vegetative and floral 

buds. 1AA, 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. 1AA oxidase was found maximum by the application of Nitrogen -

180 kg ha- 1 along with foliar spray of ZnS04 (0.5%) + FeS04 (1.0%). 1AA oxidase 

activity was found to be high in zinc as wel( as iron treated crossandra plants. Foliar 
, / ..~ 

spray of ZnS04 (0.5%) + FeS04 (1.0%) increased the auxin synthesis of the leaves 

through tryptophan metabolism. Vlasyuk et al. (1964) reported that zinc was essential for 

auxin synthesis through tryptophan metabolism. Similar findings were reported by 

Gowthaman (1995). 



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 N4M4 [application of N -180 kg ha- 1 along with foliar spray of 

ZnS04 (0.5%) + FeS04 (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 lAA is activated by zinc application. In the 

. present investigation, the tryptophan content was significantly enhanced by foliar and soil 

application of ZnS04 and FeS04. Treatment N4M4 [application ofN at 180 kg ha- 1 along 

with foliar spray of 2nS04 (0.5%) + FeS04 (1.0%)] recorded the highest tryptophan 

content followed by treatment N4M3 [application of N 180 kg ha- 1 along with soil 

application of 2nS04 (25 kg ha- I
) + FeS04 (50 kg ha- I

)]. 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 horticultural 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 contents in leaf and flower were estimated. The 

effect of application of nitrogen and micronutrients which produced significant results on 

nutrient contents of leaf and flower were observed in the treatment N4M4. 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. Fertiljzing with micromgrients both through soil as well as foliage 

enabled to accumulate more of leaf and flower 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 [application ofN at 180 kg ha-1 along 

with foliar spray ofZnS04 (0.5%) + FeS04 (1.0%)] recorded the highest nitrogen content 

in leaf and flower followed by treatment N4M3 [application ofN at 180 kg ha'l along with 

soil application of ZnS04 (25 kg ha- 1
) + FeS04 (50 kg ha- 1

)]. Similar findings were 



reported by Lunt and Kofranek (1958) in chrysanthemum, Joiner and Smith (1961) and 

Shanmugam and Muthuswamy (1983) in chrysanthemum. 

The relatively highest P content in leaf and flower indicated the effectiveness of 

application ofN -180 kg ha-
j 

along with foliar spray ofZnS04 (0.5%) + FeS04 (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 3rd 

month to 12th 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 N4M4 [N -180 

kg ha- 1 + foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)] recorded the highest K content 

in leaf 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 processes. Banker and Mukhopadhyay 

(1990) revealed that the content of NPK in leaf was significantly increased with 

application of NPK in tuberose. Hazan e/ 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 et al. (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 application of 

nitrogen -180 kg ha-' along with foliar spray of ZnS04 (0.5%) + FeS04 (1.0%) at 

different stages of crop growth. Treatment N4M3 was found next best to N4M4 

[application ofN-180 kg ha-' along with soil application of ZnS04 (25kg ha-') + FeS04 

(SO kg ha-'n Sharma c/ at. (1974) also reported than an increase in iron content was due 

to iron application. Vadivel (1980) reported that application of micronutrients increased 

t.he 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 ZnS04 

(0.5%) + FeS04 (l.0%) (N4M4) increased the leaf zinc content. The next best treatment 

was N4M3 [application of N at 180 kg ha-' along with soil application of ZnS04 (25 kg 

ha-') + FeS04 (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 ZnS04 increased the leaf 

zinc status. Dixit and Yamdagni (1983) have al~o 'suggested 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 Nand 

micronutrients were noted. 
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Application of 180 kg N ha- 1 along with foliar spray of ZnS04 (0.5%) + FeS04 

(1.0%) recorded the highest available NPK in the soil, supporting the concept of 

increasing levels of nitrogen and micronutrients spray of ZnS04 (0.5%) + FeS04 (1.0%) 

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

Increased levels 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 Nand micronutrients were applied. Similar results were obtained by 

BhuJbal el [If. (1992), Carbela el ul. (1996) and Damke and Bhattacharjce (1997) in rose. 

In the current investigation, increased availability of N, P and K in soil totally 

improved the yield. This is in agreement with the results reported by Uma and 

Gowda (1987) in rose, Bhujbal et al. (1992), Parthiban and Abdulkhader (1992) in 

tuberose and Parthiban (1998) in Gomphrena g/obosa. 

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- I along with Soil application of ZnS04 (25 kg ha- I
) + FeSO'1 

(-50 kg ha- I
) recorded the highest Fe and Zn content in soil. The results indicated that 

there was significant effect on application ofNPK and micronutrients and this ultimately 
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led to better growth and yield in crossandra. Abdul khader et al. (1985) reported 

improved growth and yield by application of NPK and micronutrients. Similar findings 

were repolied 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 N2 to N4 resulted in decreased N use efficiency 

namely 4.88 at N2 and 4.63 at N4. When accompanied by zinc and iron, the response ratio 

was increased from 8.13 to 8.84. The results indicated that integration of Nand 

micronutrients such as Fe and Zn helped in enhancing the N use efficiency. The results 

generated from the present investigation clearly indicated the possibility of increasing N 

use efficiency and yield through the integration ofN with Zn and Fe. 

Response of crossandra to the conjoint use of nitrogen and micro nutrients 

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. l~'The graph 
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Table 54. Nitrogen use efficiency 

S.No Treatments Yield Response Response ratio 

(kg/ba) (Kg/ba) (Kg/kg) 
t-- 0-

1 NIMo 3419 363 4.03 

2 NIMI 3589 533 5.92 

" , NIM2 3723 667 7.41 .J 

4 NIM3 3745 689 7.65 

5 NIM4 3782 726 8.07 

6 N2MO 3641 585 4.88 

7 N2Ml 3865 809 6.74 

8 N2M2 3893 837 6.98 

9 N2M3 3937 881 7.34 

10 N2M4 4032 976 8.13 

11 N3MO 3771 715 4.77 

12 N3Ml 4059 1003 6.69 -
13 N3M2 41-41 1085 7.23 

14 N3M3 4197 1141 7.61 

15 N3M4 4467 1410 9.41 

16 N4MO 3890 835 4.63 

17 N4M l 4476 1420 7.88 

18 N4M2 4533 1477 8.21 

19 N4M3 4584 1528 8.49 

20 N4M4 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- 1 with constant 

levels ofP 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- 1 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 potential of the test crop would suggest that 

under high level of nitrogen, that is, beyond 180 kg ha- 1
, 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 ofN 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. 
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Table 55. Effect of micronutrients under high production system 

--

SI. No. Tl'eatments Response (I{g/ha) Yield increase 

1 NJ 363 -

2 N2 584 -

3 N3 715 -

4 N4 835 -

5 NJM4 726 363 

6 N2M4 976 392 

7 N3M4 1411 695 

8 N4M4 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 characters positively 

influenced the yield Lo a large extent. Similar trend of results have been documented by 

Pandey and Gritton (1975), Mishra et al. (1989) and Sendur Kumar e/ al. (1995). 

With respect Lo 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 et al. (1973), Natarajan and Arumugam (1980), Vadivel (1988), 

Prasad et a/. (1989) and Ianwal e/ al. (1996). 

Highly significant positive correlation was recorded for yield with physiological 

and biochemical constituents viz., chlorophyll contents, soluble protein content, nitrate 

reductase activity, catalase activity, peroxidase and tryptophan content. This is in 

consonance with 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 

Zn 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 6th month and 

9th month. 

Among physiological and biochemical constituents, RGR and NAR recorded 

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

content also exhibited signifIcant effects during 3rd month. At 1 i h month, total 

chlorophyll, RGR and nitrate reductase activity exhibited significant effects. 

Among different nutrient contents, highly significant effects for yield was 

observed for Ncontent in leaf, available phosphorus in soil and Fe content in soil at 3rd 

month. At 6th 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 9th and lih month. 

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

, 

characters, yield attributing characters, physio12gical 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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Economics 

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 N4M4 [180 kg ha- I along with foliar 

spray of ZnS04 (0,5%) + FeS04 (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. 





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 ZnS04 (0.5%) + FeS04 (1.0%) significantly increased the plant 

height at different stages of crop growth. 

2. The number of branches was highest in the treatment N4M4 [180 kg N ha-1 
In 

combination with foliar spray ofZnS04 (0.5%) + FeS04 (1.0%)]. 

3. The highest number of leaves was observed with the highest levels of nitrogen 

[180 kg N ha- I in combination with foliar spray ofZnSo4 (0.5%) + FeS04 (l.0%)). 

4. Application of stem girth increased with the application of nitrogen 

and micronutrients. Treatment N4 (180 kg N ha- I
) in combination with M4 

[(foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)] was more effective in increasing 

the stem girth. 

5. The highest leaf area was recorded with N at 180 kg ha- I along with foliar spray of 

ZnS04 (0.5%) + FeS04 (l.0%) at different stages of plant growth. 

6. The treatment N4 (180 kg N ha- I
) in combination with M4 [foliar spray of ZnS04 

(0.5%) + FeS04 (1.0%)] recorded highest leaf area index at 6th and 9th month. 

N4M4 did not have significant etIects during 3rd and 1ih month. 



7, With reference to specific leaf area, treatment N4M4 increased SLA at 3
td

, 9
th 

_and 

1ih month, Application of nitrogen and micronutrients and the interaction effect 

between nitrogen and micronutrients showed non significant effects during 

6th month, 

8, Specific leaf weight was high in the treatment combination N4M4 [N at 

180 kg ha-' along with foliar spray ofZnS04 (0.5%) + FeS04 (1.0%)]. 

9. The highest fresh and dry weight of the shoot and root was recorded by 

application ofN at 180 kg ha- 1 in combination with foliar spray ofZnS04 (0,5%) + 

FeS04 (1 0%) 

10. The shoot-root ratio increased at early stages and started declining at later stages 

of crop growth. Treatment NoM, [ZnS04 (25 kg ha-')] recorded highest shoot-root 

ratio during third month. 

11. The highest dry matter production was highest in the treatment N4 (180 kg N ha-') 

in combination with M4 [foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)]. 

12. Earliness in spike emergence, early flowering and earliness in completion of 

flowering in the spike was recorded in the treatment N4M4 [N at 180 kg ha- 1 along 

with foliar spray of ZnS04 (0.5%) + FeS04 (1 :0%)]. 

13, The highest number of flowers per spike was recorded in treatment N4 

(180 kg N ha- 1
) in combination with M4 [(foliar spray of ZnS04 (0.5%) + FeS04 

(1.0%)], while different levels of nitrogen and micronutrients individually had no 

corresponding increase in number of flowers per spike. 



14. Treatment N4 (180 kg N ha"!) increased the number of spikes per plant in 

combination with M4 [foliar spray of ZnS04 (0.5%) + FeS04 (l.0%)]. Decreased 

number of spikes per plant were noted in the control. 

15. The stalk length increased as the crop stage progressed from 3 rd month to 

Iih month. Increased stalk length was observed in the treatment N4~ [N at 

180 kg ha"! + foliar spray ofZnS04 (0.5%) + FeS04 (1.0%)]. 

16. Increased levels of nitrogen in combination with micronutrients increased the 

diameter of flower at 3rd
, 6lh

, 9lh and 12lh month. Treatment N4 (180 kg ha"!) with 

M4 [foliar spray ofZnSo4 (0.5%) + FeS04 (1.0%)] recorded increased diameter of 

flower at different stages of crop growth. 

17. Different levels of Nand micronutrients individually recorded decreased spike 

length. The treatment N4 (180 kg N ha"l) enhanced the spike length in 

combination with M4 [foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)], while the 

control had no corresponding increase in spike length. 

18. 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 ofZnS04 (0.5%) + FeS04 (1.0%) 

19. The weight of flowers which is an important yield attributing character increased 

as the crop stage progressed form 3rd month to 12lh month, the weight of flowers 

increased significantly with 180 kg N ha"! in combination with foliar spray of 

ZnSo4 (0.5%) + FeS04 (1.0%). 

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

nitrogen and micronutrients. Treatment N4 (180 kg N ha"') along with M4 



[foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)] recorded highest flower yield. The 

flower yield increased significantly with the advancement of crop gro\Yl:h. 

21. Chlorophyll 'a', chlorophyll 'b' and total chlorophyll contents was significantly 

improved due to nitrogen and micronutrients application. The highest chlorophyll 

'a', chlorophyll 'b' and total chlorophyll contents was recorded in treatment N4M4 

[(N 180 kg ha-') in combination with foliar spray of ZnS04 (0.5%) + FeS04 

(1 0%)1 

22. The soluble protein content was maximum 111 the treatment N4M4 with 

180 kg N ha-
l 

along with combination of foliar spray of ZnS04 (0.5%) + FeS04 

(1.0%). Application of the above dose of Nand micronutrients recorded highest 

soluble protein content. 

23. The crop growth rate was significant at all stages of crop growth. Application of 

180 kg N ha-' along with foliar spray of ZnS04 (0.5%) + FeS04 (1.0%) recorded 

highest crop growth rate at all stages of plant growth. 

24. The relative growth rate increased in the first phase of crop growth. The treatment 

N3Ml [N - 150 kg ha-' along with soil application of ZnS04 (25 kg ha- ' )] recorded 

highest relative growth rate during 31d month, 

25. The catalase activity was significantly improved by the application of nitrogen 

and micronutrients. Highest level of nitrogen [180 kg N ha- l in combination with 

foliar spray ZnS04 (0.5%) + FeS04 (1.0%)] recorded increased catalase activity. 

26. Similar trend was observed in case ofIAA oxidase activity which recorded higher 

value by the treatment N4M4 [180 kg N ha-' along with foliar spray of ZnS04 

(0.5%) + FeS04 (l.0%)]. 

( 



27. Application of fertilizers recorded highest peroxidase activity. Increased enzyme 

activity was recorded in the treatment N4 (180 kg N ha- I
) in combin~tion with M4 

[foliar spray ofZnS04 (0.5%) +-FeS04 (l.0%)]. 

28. Tryptophan synthesis was triggered by the application of increased levels of 

nitrogen and micronutrient~ .. The maximum tryptophan content was recorded in 

the treatment combination N4M4 [(N at 180 kg ha-1 + foliar spray ofZnS04 (0.5%) 

, F SO '1 0°;)] -t- e .:j \ I. 10 .. 

29 The foliar and flower N, P and K content was highest in the treatment N 4M4 

[180 kg N ha- 1 along with foliar spray of ZnS04 (0.5%) + FeS04 (1.0%)]. Nitrogen 

and micornutrients application showed significance at all stages of crop growth. 

30. Iron and Zinc content of leaf was highest in the treatment N4~ [N at 180 kg ha- l 

along with foliar spray to ZnS04 (0.5%) + FeS04 0.0%)] followed by N4M3 

[N at 180 kg ha- l + soil application ofZnS04 (25 kg ha- 1
) + FeS04 (50 kg ha- 1

)]. 

31. All treatments had influenced the soil available nitrogen, phosphorus and 

potassium. The available nitrogen, phosphorus and potassium was highest in the 

treatment N4M3 [application of nitrogen 180 kg ha- 1 + soil application of ZnS04 

32. Fe and Zn content in soil was highest in the treatment N4M3 [application of 

N 180 kg ha- I along with soil application of ZnS04 (25 kg ha-1) + FeS04 

33. Integration of Nand micronutrients such as Fe and Zn enhanced the N use 

efficiency. When both micronutrients were added,. the N use efficiency was 

enhanced. 



34. The correlation analysis studies revealed the existence of a highly significant and 

positive association for most of biometric characters with yield. 

35. 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. 

36. 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. 

37. 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. 

38. The highest cost benefit ratio (1: 1.70) for the yield of flowers was obtained in the 

treatment N4M4 [application of nitrogen 180 kg ha"' along with foliar spray of 

ZnS04 (0.5%) + FeS04 0.0%)]. 
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Appendix-l 
Cost of cultivation per hectare 

Particulars A B· Cost 

Cost of the planting material-Rs 3/plant, 27700 Plants 83100 

Main field 

Preparatory cultivitation 

(i) Ploughing tractor drawn - 5 hrs @ Rs 125 /hr 625 

(ii)Fonnation of ridges and furrows 25 990 

(iii)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 180AO 

Transplanting the plants in the main field 2 20 783.2 

Irrigation-36 irrigations, 2A type 1 irrigation 72 2851.2 

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 

Earthing up(2times) 30A type/earthing up 60 2376 

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 

N1-Rs. 708.25, N2 - Rs. 944.35, N3 - Rs.1180A5, N4 - Rs. 1416.52 , 
M1-Rs. 500, M2 - Rs. 400, M3 - Rs. 900, M4 - Rs. 250, Urea - Rs. 3.62/kg , 
Super phosphate - Rs 2.86/ kg, Muriate of potash - Rs 3.72 Rs 1 Kg. one kg of 
flowers sold at Rs 601-



APPENDIX-II 

WEATHER DATA (97 December -98 December) 

Average Average Average Average Total No of 

Months maximum minimum RH RH Rainfall rainy 

temperature temperatUioe Maximum Miniimum days 

December 28.9 21.8 90.0 62 37.3 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 32.7 24.2 71.0 56 57.8 6 

July 30.8 23.3 80.0 56 51.5 6 

August 31.4 22.9 85.D 60 25.4 5' 
'-

Ssptember 30.8 22.6 83.0 58 170.5 4 

October 31.2 22.3 84.0 56 30.0 3 

November 29.9 20.9 89.0 51 303.7 4 

December 27.9 20.0 90.0 61 161.6 6 





View of the experimental field 



Plants at sixth month of planting under' differ'ent treatments 



Plants at sixth month of planting under different treatments 



Plants at sixth month of planting under different treatments 



Plants at twelfth month of planting under different treatments 



Plants at twelfth month of planting under different treatments 



Plants at twelfth month of planting under different treatments 



Increased spike length - N4M4 

Comparison of spike length under N4M4 with other treatments 



Increased flower diameter - N4M 4 

_ __ C __ om_ parison of flower diameter under N"Mg and gtber treatments 




