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AI3STKAC'1' 

The study was conducted at the Iärm of BSMRAU. Gazipur during the period or November 

to December. 2010 to enhance the production of spinach (Bela vulgans cv. 13AR1 spinach I) 

through the improvement of growth and yield of spinach by optimizing the appropriate levels 

of nitrogen fertilizer. The experiment was laid out in a Randomi,.ed Complete Block Design 

(RCI3I)) comprising six treatments with four replicates each. The treatment combinations 

were T(0 kg N ha"). T1  (50 kgN ha4). 12 (75kg N haj.T(1o0 kg N ha"). ts (125 kg N 

ha")and T5  (I 50kg N ha") respectively. Amounts of N. P. K and S applied from urea. TSP. 

MOP and gypsum were 68. 23. 17 and 4 kg ha-', respectively on being calculated by the 

methods of I3ARC (2008). Obtained data on plant height., leaf number. root-shoot growth and 

yield encompassing nutrient accumulation both in root and shoot revealed that nitrogen 

fertilization has a positive effect on the short term growth and yield of spinach. Further 

relationship found between N. P. K. S. Ca, Mg. Fe and Zn uptake and applied N doses 

lollowed by the study of highest 13CR (benefit cost ratio) indicated that nitrogen fertilizer 

applied at the rate of 75 kg N ha" has a better potential for the production of spinach. 
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SPINACH (;RowrH IN RESPONSE TO NITROGEN FERTiLIZATION 

CHAPTER I 

INTROI)UCTION 	 - 
Spinach (Beta vulgaris Cv. BARI Spinach I) locally called pa/ong sak is an animal 

dioecious plant belonging to the family Chenopodiaceae. Spinach is one of the most 

important highly nutritious green leat' winter vegetables grown in Bangladesh on a large 

scale (Rashid. 1999). In general for spinach, the area of production and total yield are 

5668 ha and 27000 metric tons (MT). respectively (Anon.. 1998). Though spinach is a 

winter crop it may he groii through out the year (Ahmed. 1995). 

The leafy vegetables are emphasized in every plan for better nutritional standards, and 

spinach and cabbage are the leadeN among those that are cooked. Spinach ranks high in 

minerals and vitamins (Work. 1997). Spinach isa very rich source of vitamin A (9000-

10000 lU/IOU g). It also contains appreciable amount of vitamin C (30-60mg/10g) and 

iron (10— 16 mgIlOO g) (Rashid. 1999). Hundred (100) g leaves supply as much essential 

amino acids as 100 g of any non-vegetarian food like meat and fish as reported by Nath 

(1976). Spinach also has some medicinal values (Pandita and Lal. 1993). Considering its 

potentialities spinach is a major vegetable crop but it is still a less advanced crop. 

Bangladesh today is almost self-sufficient in matter of food grains. However, self-

sufficiency in the true sense can he achieved only when each individual of the country is 

assured of balanced diet. Fruits and vegetables are the only natural sauces of protective 

food as they supply nutrients, vitamins and minerals. The annual production of vegetable 

is 1.56 million tons (Anon.. 1998), which is far below its actual requirement of 8.13 



million metric tones. The average per capita vegetable consumption in Bangladesh is only 

50g. against the FAO recommendation of 200 g (Anon.. 1991) which is the lowest among 

the countries of South and South East Asia (Rekhi. 1997). lhere is a big gap between the 

need and supply of vegetables in Bangladesh. The shortage of' vegetables is about 6.83 

million metric tons (Anon.. 1998). As in a devcloping country, malnutrition is a common 

feature of Bangladeshi people. Thousands of children of this country die annually because 

of malnutrition. Availability is the major constraint of consumption and the availability of' 

vegetables may be increased by enhancing production and minimizing post harvest losses. 

J'along sak is a lea vegctable which requires more of nitrogen tor crown (leaves) 

growth and higher yield (Pandita and Lal. 1993). The yield is closely related to available 

nitrogen and it was increased by applied nitrogen in combination with potash (Cervato 

1969 and Stanilova ci at 1972). Nitrogen application also influenced the yield of spinach 

under saline condition (Pandita and Lal, 1993). 

The quality of spinach is also influenced by fertilization. Nitrogen application increased 

the protein. a-Carotene. reducing sugars, ascorbic acid (Pandita and Lal. 1993) and oxalic 

acid contents in spinach (Leskove and 1)obersekurhanec. 1972: Macreke. 1973). 

In Bangladesh. lèrtilizer specially the nitrogenous is the most critical input for increasing 

crop production and had been recognized as the central element 11w agricultural 

development (Monira. 2007). More over, nitrogen is essential for building up of 

protoplasm and protein which induce cell division and initial meristcmatic activity when 

applied in optimum quantity. Available data indicate that the fertility of most of our soils 

has been deteriorated over years (Kader. 1992 and Anelli etal.. 1985) which is responsible 



for stagnation and in some cases. even decline crops yield (Cervato. 1969). The use of 

chemical lèrtilizers as a supplement source of nitrogen has been steadily increasing in 

Bangladesh but they are not usually applied in balanced proportion by most of our farmers 

(Anon. 1997). 

So economically beneficial, technically sound and ceo-friendly use of nitrogen tbrtilizers 

is needed to minimize the environmental risks and to secure the optimal physical. 

chemical and biological properties of soil lhr cmp production as well. These facts suggest 

that there is ample scopes of increasing spinach yield per unit area with appropriate use of 

nitrogen fertilizers. Thus the economic and eco-friendly use of nitrogen fertilizers 

particularly urea encompassing the profitable vegetable yield and unacceptable loss to the 

soil environment is a long waited demand both in agriculture and horticulture. Aside, 

intbrmation on the use of urea doses with particular reference to short temi spinach 

cultivation under diversitied agro-cliniatic conditions is not well developed so far. So the 

objectives of the current investigation were as Ibllows: 

I. To measure the variations in plant height with different nitrogen doses during the 

growing period 

To quantify the yield of spinach related to short term growth period 

To determine the nutrient accumulation in leaves, stem and root of spinach 

3 



CHAPTER II 

REVIEW OF LITERATURE 

Studies on growth. yield. and nutrition of spinach have been conducted in different parts 

of' the world. Among the research works on nutrition relevant to short term growth and 

yield of spinach against nitrogen fertilization is scanty so far. Some of the inlbrmatiori 

relevant to the study is cited in this chapter under the following headings. 

2.1 Nitrogen and the yield and yield contributing characters of spinach 

As spinach is a leaI\ vegetable it requires more nitrogen for crown (leaves) growth. 

Various recommendations on maturing and fertilization have been made by different 

workers. According to Pandita and l.al (1993) the average leaf yield of spinach rose with 

increasing N rate from 20.4 ton/ha at zero N to 41.2 ton/ha at the highest N rate of 90 

kg/ha as urea. 

Pandia and 1al (1993) reported that in cultivar Park Green Bloomsdale and Matador. 

application of N as calcium ammonium nitrate with PK basal dressing at 100:100 kg/ha 

increased yield with increasing N rates to 150 kg/ha and then in sonic cases it declined. 

Thompson and Doerge (1995) conducted three field experiments using subsurface trickle 

irrigation with various rates of target soil water tension (SW1) and N fertilizer application 

during 1990-93. The experiments were conducted with the lealS' vegetables collard IKalel 

cv. Vates. mustard (Brassica juncea) cv. Southern Giant and spinach cv. Indian summer. 

The interactive aflècts of water and N treatments on crop yield. N uptake and unutilized 

lèrLilizer N were studied. Yields of all crops increased with increasing rate of N fertilizer. 

El 



In general. excessive irrigation (SWT <5.6 kPa) resulted in reduced yields and N uptake 

and high rates of unutilized fertilizer N. optimum SWTs were 9 KPa for collard. 8 kPa for 

spinach and 6-10 kPa for mustard. 

An experiment was conducted by Nashrin, et cii.. (2002) at horticultural farm. Bangladesh 

Agricultural University. Mymensingh. Bangladesh to study the eflixt of di lierent levels of 

nitrogen on the Growth and Yield of Gimakalmi. Jpomoea retan.v Pair. The experiment 

revealed number of leaves was significantly intluenced by different levels of nitrogen 

applied. They reported that number of leaves increased with the increasing levels of 

nitrogen. The highest rate of nitrogen (60 kg N/ha) gave the highest number of leaves 

(158.67) and the lowest (139.03) was given by 0 N i.e., the treatment where no nitrogen 

was applied. Again the maximum fresh weight of leaves was obtained from the application 

of 60 kg N/ha and the lowest was from the control i.e.. 0 kg N/ha and the lowest yield 7.13 

tIha in control where no nitrogen was applied. 

ilie enhancement of spinach production was evaluated by varying sowing dates, row 

spacing and frequency of cuttings by Waseem and Nadeern (2001). The data were checked 

on two aspects of spinach i.e. fresh foliage yield and dried foliage yield (kg/ha). The 

analysis of the trial did not show any significant variations in case of different sowing 

dates. However, the maximum fresh foliage as well as dried weight was obtained from 

October sowing (2082.78 and 207.78 kg/ha, respectively) while both the other factors i.e. 

row spacing and different cuttings revealed significant differences for fresh and dried yield 

of spinach. Broadcast and third cuttings gave the highest fresh foliage yield (2157.59 and 

2329.44 kg/ha. respectively). Maximum dried weight of spinach (212.37 and 222.61 

kg/ha) was also obtained from these two levels. 

k 



2.2 Nitrogen and the quality of spinach 

Turkott and 1-iejnak (2001) conducted experiment on spinach, variety Pavana Ft. in micro-

plot trials in neutral soil (p!1 > 6.5) and in acid soil (p11 <4.5). They concluded that the 

graduated rates of nitrogen fertilization (50 and 100 kg N/ba) increased the energy 

contents as many as 2. 39 kJ/g of dry matter compared wtli control variant without 

nitrogen fertilizer. The total formation of dry matter during vegetative period, spinach 

yield and the total accumulation of net energy by spinach plants were higher in neutral soil 

than in acid soil. The total quantity of produced dry matter and the total accumulated 

energy by spinach plants increased by graduated rates of nitrogen kriilizer. 

Biemond. et  aL (1996) examined effects of nitrogen on accumulation and partitioning of 

dry matter of spinach cv. Trios. Greenhouse and field experiments (the latter on a sandy 

soil) were carried out with different amounts and dates of N application. Frequent 

measurements were carried out on dry matter and N accumulation in leaf blades, petiotes 

and stems. Increasing N application increased yield of dry matter and N accumulation. 

whereas splitting N applications had much smaller effects. I lowever. the partitioning of 

dry matter and N proved insensitive to N treatments. Harvest indices fhr dry matter (about 

0.67) or N (about 0.74) of crops at a marketable stage were fairly constant over treatments 

and experiments. Increasing or splitting the N application affected N accumulation more 

than dry matter production resulting in large effects on N concentrations. The lack of 

variation in response to N for difiCrent N regimes facilitate the development of N 

application techniques aimed at high yield, high quality and reduced emissions. The 

organic N concentration of leaf blades and petiotes decreased with leaf age, although in 

most experiments this decrease was smaller at higher leaf numbers. The nitrate-N 

concentration decreased with increasing teal' number at any sampling date; it was higher 
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when N was abundant. 111gb yields in autumn crops were associated with high nitrate 

concentrations hut also with potentially high losses of N. 

The quality of spinach is influenced by fertilization. Nitrogen application increased the 

protein. 13-Carotene. reducing sugars (Pandita and LaL 1993). ascorbic acid and oxalic acid 

(Leskove and Dohersekurhane. 1972: Macreke. 1973) contents in spinach. Nitrogen in 

combination with phosphorus and potash increased dry matter, crude protein and vitanìin 

C content in spinach as reported by Stanilova etal. (1972). 

Spinach and kornatsuna on an Ando soil were supplied with 0. 10, 15 or 30 g N/rn2. 

Nitrate-N contents increased with the N application rate. reaching 1.14 and 1.26 glkg iIvsli 

weight (FW) in spinach and komatsuna leaf petioles (at harvest). respectively, with 30 g 

N/rn2. In both crops. sucrose content was highest with 0 g N/rn2. glucose content was 

highest w3ith 102 N/rn2  and both decreased with increasing N application. Total ascorbic 

acid content was decreased by increasing N application, from 0.74 g/kg EW at 0 g N/ni 2  to 

0.51 g/kg flV at 30 g N/nY in spinach and from 1.00 gfkg EW at 0 g N/rn2  to 0.48 g./kg Ew 

at 30 g N/rn2  in kornatsuna. In spinach, the total (waler- soluble plus water- insoluble) 

oxalic acid content was increased in the leaf blades and decreased in the leaf petioles by 

increasing N application but whole-leaf contents were not afThcted. High plant sucrose and 

ascorbic acid contents were associated with low yield and N content and high DM content. 

It was concluded that in terrns of crop quality, the low N application rates are preferable. 

but not at the expense of growth and yield (Takebe clot, 1995). 

7 



Eflèct of nitrogen on yield and quality of spinach was studied by Anac, ci aL, 1999. In a 

Turkish field trial. N was applied at 80 or 160 kg/ha. Leaf yields were highest at the higher 

fertilizer rater but ascorbic acid contents were higher at the lower N rater. 

The eRects of the absence of nitrogen and all nutrients on the contents of' components 

related to spinach quality were investigated during the late stage of growth tinder 

hydroponics culture (Yoshida et al. 1998). Spinach plants were grown in a standard 

solution containing 100 mg NO3-N/litre until plant height reached about 25 cm, and then 

transferred to either the standard solution without N (-N solution) or groundwater tbr 10 

days. At 8 days, the sugar and ascorbic acid contents were increased about 24 times and 

1.3-2 times, respectively compared with plants grown in the standard solution The nitrate 

content decreased by 75-901/o compared with that in plants in the standard solution alIer 8 

days. but oxalic acid content was not aflCctcd. With regard to spinach quality, culture in 

groundwater was more effective than that in the-N solution. 

Zhang. c'i at (1990) reported the eflect of nitrogen concentration in the nutrient solution 

on the growth and nutrient contents of hydroponically grown spinach. Spinach cv. Daidan 

was grown in nutrient solutions with 3.3. 5.3. 8 or 16 meq nitrate- N and 1.3 meq 

amnionium- N /liter. With the lowest rate of nitrate-N. F\V was 10% lower than with 

higher concentrations. and leaves were pale in color. Ascorbic acid and sugar contents 

increased as nitrate-N decreased, with the total sugar content at the lowest nitrate-N rate 

being I.7 times that with the highest nitrate-N rater. Nitrate and oxalate contents decreased 

as the nitrate-N rate decreased, with the lowest nitrate concentration being 7.8 nig/10() g 

F\V. For production of high-quality spinach, a rater of 6.5 meq nitrate-N/litre is 

recommended which would give about 5% N in DM 

8 



CHAPTER 111 

MATERIALS AND METHODS 

3.1 Experimental site and Duration 

The experiment was carried out at the Research farm and laboratory of the department of 

Soil Science of l3angaha.ndhu Sheikh Mujibur Rahman Agriculture University 

(BSMRAIJ). Gazipur from I November 201010 December 15. 2010. The site is located in 

the centre of Modhupur Tract (24.9°N latitude and 90.26°C longitude) at 8.4 in above the 

sea level and about 40 km north of Dhaka. The site was previously under Sal forest and 

developed later tbr research purpose (Anon. 1989). 

3.2 Climate 

[he experimental site is situated in the subtropical climatic zone characterized by heavy 

rainfall during April to September and scanty rainfall during the rest of the year. [he 

monthly average maximum and minimum temperature. relative humidity and monthly 

rainfall during the field study period are presented in Table-I. 

Meteorological data of the experimental area doing the period of November. 2010 to 
January. 2011. 

Table- I. Meteorological data of the experimental area. 

Month 	Air terature (' C) - Relative 	Rainfall (turn) 
Max 	Min 	humidity  

November 	I 27.76 	23.76 	85.66 	 0.00 
December 	24.80 1 	16.58 	1 90.77 	 55.19 
Janmiarv 	_15.20 I 11.58 	1 90.80 	0.00 
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3.3 Soil 

The soil of the experimental site belongs to Salna series and has been classified as Shallow 

Red Brown Terrace soil in Bangladesh soil classification system which falls under the 

order lneeptisol in soil taxonomy (Branimer. 1978). This soil of Madhupur Tract (AIiZ 

No. 28) is characterized by clay within 50 cm from the surface and is acidic in nature. The 

soil has poor physical and chemical properties. 

3.4 Soil sampling 

Before initiation of the experirneni. composite samples were collected from 0-30cm depth 

of the soil profile. The sample was air dried, ground to pass through 2 mm sieve and used 

tbr analysis of physical and chemical properties of soil. 

3.5 Physical and chemical properties of soil 

3.5.1 Particle-size analysis 

Particle-size analysis of the soil sample was done by hydronietermethod as outlined by 

Day (1965) and the textural classes were ascertained using USDA textural triangle. 

3.5.2. Bulk density 

Bulk dcnsiiy was determined by obtaining a known volume of undisturbed soil cores by 

using core sampler. II was determined by dividing the oven-dried 005 °C) mass of the soil 

core with the inner volume of the sampler (Black. 1965). 
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3.5.3. Particle density 

Particle density of the soil was determined by Pyenomeer method as described by Black 

(1965). 

3.5.4. Porosity 

Porosity of the soil was calculated by the relation between bulk density and particle 

density as Outlined below: 

Bulk density 
% Porosity (I - 	 )X 100 

Particle density 

3.5.5. Soil p11 

Soil pH was determined by Glass electrode p1I meter in soil - water suspension having 

soil; water ratio oil: 2.5 as outlined by Jackson (1973). 

3.5.6. Organic carbon 

Organic carbon in soil was estimated by wet oxidation method described by W'alkcy and 

Black (1935). 

3.5.7. Total nitrogen 

Total nitrogen was determined by micro-kjeldahl method following concentrated sulphuric 

acid digestion and distillation with 40% NaOl-I. The ammonia evolved was collected in 

boric acid indicator and was titrated against 0.02 N II2SC.1  (Black. 1965). 



3.5.8. Available phosphorus 

Extraction for available phosphorus in the soil sample was made with 0.5 M NaFICO.; 

solution at a nearly constant p11 of 8.5 tbllowing the method described by Olsen (1965). 

Speclronic 21 D spectrophotometer was used to measure the intensity of the color 

developed by ascorbic acid (John. 1970). 

3.5.9. Exchangeable potassium 

Exchangeable potassium was extracted with neutral IN 1IN03  as described by Jackson 

(1973) and was measured by Atomic Absorption Spectrophotometer. 

3.5.10. Available sulphur 

Available sulphur of' the soil was extracted by calcium chloride solution (0.15%) as 

described by Page et al. (1982) and sulphur was determined by spectrophotomcter (Hitachi 

Model 200-20). 

Table 2. Physical propertics of soil of the expernuental site 

Soil characteristics Analytical value 	- 
17:6  %Sand 

% Silt 47.3 

%CJay 35.1 

Textural class Silty clay loam 

Bulk density (glee) 1.40 

Particle density (glee) 2.62 

Porosity (%) 46.56 
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Tahle 3. Some chemical properties of soil of the experimental site 

Soil characteristics 
	

Analytical value 

Soil pH (soil; water 1: 2.5) 
	

6.1 

Organic carbon (%) 
	

0.87 

Total N (%) 
	

0.10 

Available 1' (ppm) 
	

(2.10 

Exchangeable K (meq/100 g soil) 	1 	 0.56 

Available S (qglg soil) 
	

10.02 

3. 6. Land preparation 

The field was well prepared by deep ploughing with a tractor followed by harrowing and 

laddering. Clods were broken and weeds were removed from the field to obtain good tilth. 

The basal doses of manures and fertilizers were added during linal land preparation. Plots 

were prepared according to design and layout. Drains were made around each plot and the 

excavated soil was used for raising the plots about 10 em high from the soil surface. 

Ridges were made around each plot to restrict the lateral run-off of irrigation water. Raised 

plots of size 2 in x I .75m were made accommodating 56 holes per plot. 

3. 7. 1)esign and layout of the experiment 

The experiment was laid out in a Randomized Complete Block Design (RCBD) with Ibur 

replications. An area of' 15m xl3m was divided into four blocks. Each block was divided 

into six plots where six treatment combinations were allotted at random. There were 24 

unit plots altogether in the experiment. The size of each unit plot was 2m x I .75rn. The 

space between two blocks and two plots were I m and 0.5m. respectively. The layout of 

the experiment is shown in Figure I. 
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Figure 1. Lay out of the experiment 

N 

W 4  

Plot size: 2.m x 1.75m 

Plot spacing: 0.5tn 

Ikiween replication: I .Oni 

Treatment: 

I. 	N,(No nitrogen dose) 

N(A nitrogen dust of 50 kg ha') 

N,, (A nitrogen dose of 75 kg ha') 

T- N11(A nitrogen dose or 100 kg ha') 

-N III  (A  nitrogen &sc of 125 kg ha') 

T, = N,(A nitrogen dose of ISO kg hi) 
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3. 8. Raising of seedlings 

The seeds were dibbled on 1st November 2010. 2 seeds being placed in each hole 

(Choudhury ci cit. 1974). Seeds were used @ 5 kg per heetare (Waseem and Nadeem. 

2001). Before dibbling seeds were soaked in water for 48 hrs. Germination was completed 

within ID days afler dibbling. Aller the completion of germination thinning was done 

leaving one seedling in each hole. 

3.9. Treatments 

l:ollosving  six treatment combinations were imposed 

'Fr N 0 (No nitrogen dose) 

T 1= N,(, (A nitrogen dose of 50 kg N ha') 

Tff N75  (A nitrogen dose of 75 kg N ha") 

13= Nloo nitrogen dose of 100 N kg ha") 

= N 2  (A nitrogen dose of 125 N kg ha") 

= N 150  (A nitrogen dose of'] 50 N kg hi') 

3.10. Application of fertilizers 

Amount of N. P. K and S applied from urea. TSP. MOP and gypsum were 68, 23. 17 and 

4 kg ha'. respectively on being calculated by the methods of' 13MW (2008). Other than 

urea fertilizers were thoroughly mixed with soil for three days prior to seed sowing. 

According to treatment, five nitrogen doses were applied in three splits at 10. 20 and 30 

days after sowing as top dressing. 
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3.11. Plant material 

Ihe 	plant material was Spinach (Beiti t'ulgaris cv. BAR! Spinach I). Common 

characteristics of this variety are production of uniform tender leaves, providence of 

multiple cuttings at 15 to 20 clays interval, furnishes a heavy yield of 125 quintalgreen 

leaves and in winter, it produces seed stalk in 75 days. Seeds were collected from 

Bangladesh Agricultural Research Institute (BARd). Gazipur. 

3. 12. (;ap filling 

Necessary gap filling was done within a week after seedling emergence. 

3.13. Intercultural operation 

Weeding was done as per requirement. Irrigation was given whenever required. Ihe crop 

was protected mainly from cut worm by applying Durshan-20 EC. Hand removal of cut 

worm was also practiced. 

3.14 Harvesting 

harvesting of the crop was completed on 15th  December. 2010 when the plant growth was 

maximum for use as vegetable. 

3.15 Data Collection 

Data on the folloting parameters were recorded during the course of experiment. All of 

the data were collected at the harvesting period. len planuts from each plot were selected 

randomly in such a way, that the border effect was avoided for the highest precision. 
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3.15.1. Plant height (em) 

The mean value of height randomly selected 10 plants in each plot was measured 45 days 

after sowing (DAS). The height was measured in centimeters from the ground level to tip 

of the highest leaf (in normal condition). 

3.15.2. Number of leaves 

Number ol' leaves in each plant was counted from the randomly selected to plants in each 

plot after 45 days of sowing (DAS) in normal condition and the mean value was 

calculated. 

3.15.3. Petiole breadth 

The breadth of the petiole was measured with a slide Calipers from randomly selected ten 

plants at 45 DAS. The diameter of the petiole breadth was measured in centimeter after 

harvest at the middle portion of the petiole and the mean value was calculated. 

3.15.4. Petiole length 

The length of the petiole was measured with a centimeter scale from randomly selected ten 

plants at 45 DAS and the mean value was calculated. 

3.15.5 Root length (cm) 

The root length of the randomly selected 10 plants in each plot was measured after 45 days 

aller sowing (DAS). The length was measured in centimeters and the mean value was 

calculated. 
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3.15.6 Shoot diameter (mm) 

To measure the shoot diameter of a plant a slide calipers was used. The diameter of the 

plant was measured in centimeter after harvest at the upper, middle and lower portion of 

the plant and the mean value was calculated. 

3.15.7 Fresh root weight (g) 

Fresh weight of the roots of ten plants was measured in gram (g)  after harvest and 

averaged as well 

3.15.8 Dry root weight (g) 

After harvest, root of ten plants was washed with tap water and dried in the oven at 5511C 

to remove the outer moisture and measured in gram (g) and averaged as well. 

3.15.9 Fresh plant weight (g) 

Fresh weight often plants was measured in gram (g) after harvest and averaged as well. 

3.15.10 Dry plant weight (g) 

Alter harvest, ten plants were washed with tap water and dried in the oven at 55"C for 

three days to remove the outer moisture and measured in gram (g) and averaged as well. 

3.16. Plant sampling 

Destructive samplings were made at 40 DAS. At each sampling tive plants were randomly 

taken form each plot. The plant materials were oven dried at 70°C for 72 hours to a 
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constant weight and dry weight was recorded. The plant samples were gsounded and 

preserved in a dissector for chemical analysis. 

3.16.1. Total nitrogen content 

Total nitrogen content in plant samples was determined by micro Kjeldahl method 

following concentrated sulphuric acid digestion & distillation with 40% NaOlI. The 

ammonium cvolved was collected in boric acid indicator and was titrated against 0.02 N 

112s04 . 

3.16.2 Total phosphorus, Potassium content and Zinc 

Dried plant materials were digested with concentrated HNO3  and 11(104  mixture as 

described by Piper (1966) for determination of total phosphorus. potassium and zinc 

content. Total phosphorus content in the extract was determined by Vanado-Molybdate 

Yellow color method as described by Jackson (1973). Total potassium and zinc were 

determined by the Atomic Absorption Spectrophotometer (Model NO. 170-30. Hitachi, 

Japan). 

3.163 Total sulphur content in plant sample 

The sulphur content was determined by calcium chloride extract method. 

3.16.4 Calcium content of the plant sample 

Calcium content in plant sample was determined by complexometrie titration method 

using NU 2EDTA as a complexing agent at p11 12 where calcon was used as a indicator 

(Page et at. 1982). Exactly 5ml of sample was taken followed by 30mL water. 2mL 10% 

NaOH solution. 10 drops each of the hydroxyl amine hydrochloride (N112011.IICI), 

potassium ferrrocyanide [K4Fe(CN)h.3H20} and triethanol amine (TEA). (C(J-hNO0. as 
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masking agent. Atler the addition of calcon indicator solution the lest sample was titrated 

against Na2EDTA (0.01) solution. 

3.16.5 Iron content of the plant sample 

Iron content of the plant sample was estimated by atomic- absorption spectrnphotometer at 

the wavelength of 248 nm. Iron was extracted with DTPA extracting reagent according to 

the method of PCARR(1983). 

(:alculation 

Fe tug 	present in plant sample—  absorhanee x  total dilution factor x  Total curve factor. 

3.16.6. Magnesium content of plat sample 

Plant materials were digested with a mixture (5:1) of concentrated HNO3  (Nitric acid) and 

HC104  (Per-chloric acid) to determine total Mg. Then 5 ml of extract and ImI lanthanum 

chloride were taken in a 50 ml vol. flask and illed up to the mark by distilled water. 

Concentration of Mg was then measured in the Atomic Absorption Spectrophotometer 

(Model 170-30. hitachi. Japan) ata wavelength of 295.5 nm. 

3.17. Cross yield of plant 

A balance was used to record the weight of the harvested plants and weight of the plant 

was taken in kilogram (Kg) from each unit plot. 
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3.18. Statistical Analysis 

The collected data on various parameters under study were statistically analyzed using 

MSTAT-C computer package program. The means lbr all the treatments were calculated 

and analyses of variances for all the characters were performed by 1:_variance  test. The 

significance of the dillerences among the pairs of treatment means was evaluated by 

Duncan Multiple Range Test (DMRT) at 5% level of probability (Gomez and Gomez, 

1984) lot the interpretation of results. 
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Chapter IV 

Results and Discussion 

The plant material used in the current experiment was Spinach (Bela vulgaris cv: BAR! 

Spinach- I). The experiment was conducted to compare the effect of various nitrogen doses 

on the growth. yield, yield attributes including the nutrient concentrations and their uptake 

by spinach. Nitrogen dose effect was detemiined by gross yield of the plant. 

4.1 Plant height 

Spinach plants grew well during the growing period in all of 'I. Ii.  T2  T3  i and T5  

treatments. Plant height was measured after harvest. Plant height did not diller 

significantly among the various treatments imposed (Table 3). however, highest plant 

height (17.2 cm) was recorded at i'3  and that of the lowest (11.87 cm) was measured at l'4. 

Noticeably the highest plant height (17.2 cm) at T3 differed significantly (p40.01) from 

that ot' T0. This finding suggested that nitrogen (N) dose at T3  played a role on spinach 

growth and N doses below or above T3  did not bring any remarkable effect on plant 

growth. The results also indicates that plants grown with higher nitrogen doses received 

higher amount of nitrogen element from the soil and thus attained higher plant height and 

those grown with lower nitrogen doses showed lower plant heights with the reception of 

lower amount of nitrogen from the soil. Similar lindings were also reported by Islam et al. 

(1984) and Hamid ci al. (1986). respectively. 
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4.2 Average leaf number per plant 

As for Nitrogen doses, no significant effect on the average leaf number per plant was 

observed (Fable 3). 1 lowever. among different nitrogen doses, the highest average number 

of leaves (13.93) was obtained from T.I. All other treatments showed statistically similar 

performance of the various nitrogen doses applied. The lowest number of leaves (10.67 

was found from To  (control: no nitrogen). From this result it was clear that the leaf number 

increases with increasing nitrogen doses and the inference is similar to those reported by 

Roy (2008). 

4.3 Leaf breadth 

In the present experiment, average petiole breadth increased with the increase in nitrogen 

doses (table 3). The highest leaf breadth (6.79 cm) was Ibund in "Fq and that of the lowest 

(4.92 cm) was recorded in To  The highest petiole breadth in 15  dilIered significantly 

(p<0.0I) when compared with To  but was statistically similar to those of 'ri, 17, T3, 14, 

respectively. Such findings are indications of nitrogen dose effect on the leaf breadth 

enhancement of spinach (Ant . 2005 and Roy 2008). 
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4.4 Leaf length 

On an average, nitrogen doses had a positive clThct on the leaf length enlargement (Table 

3). The longest leaf length (10.12 cm) was observed in 15  followed by 9.58 cm. 8.79cm 

and 8.70 cm in 13, T2  and T4. respectively and the T1  produced the shortest leaves (8.00 

cm) in spinach. 1-lowever. all of To.  T .  12. 1; T4  and T5  treatments showed statistically 

identical pertbrmancc in respect of average leaf length enhancement. These findings 

suggested that no significant effect on the leaf length of spinach was found even at higher 

nitrogen doses. 

4.5 Root length 

The eliIct of ditThrent treatments on root length was signilicant(pcO.O1). The highest root 

length (9.56 cm) was recorded in T5  and that of the lowest (6.15 cm) was found in '1'. The 

highest root length in Ts was signilicant (p<0.05) only over that of the lowest. These 

highest and lowest root length of spinach lie in the generalized agreement that nitrogen 

fertilization has a positive effect on root length enhancement. However, root length in 'F0  

'l's. '1'. 13 14  showed statistically identical perlbrmancc ('Fable 3). 
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4.6 Shoot diameter 

As shown in Fable 3. shoot diameter in spinach varied significantly (pC0.0 I) in respect of 

the various nitrogen doses imposed. Namely, the highest shoot diameter (3.1 8 cm) was 

obtained in T 5  and that of the lowest (2.27 cm) was measured in TO  Based on the shoot 

diameter recorded, one could say that different nitrogen dose induced variable shoot 

diameter indicated that nitrogen doses had a considerable elièct on shoot diameter 

enlargement. 

'p 

(0 	4.7 Fresh and dry root weight 

There was no significant efthct of different treatments on the production of fresh and dry 

root weight oI'spinaeh. respectively (Table 4). As lot fresh weight, the highest value(l.23 

g) was observed in T.5  and that of the lowest (0.67 g) was recorded in T. All ofT0 TI.  T2  

T; '1*4 and T5 treatments showed statistically identical perlhrmancc in respect of fresh 

weight production. A similar trend of dry weight production was found in all ofTo T i T 2  

T3  14, •L's. 

- 
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Table 4: Effect of N on vegetative growth of spinach 

'l'reatmcnt Plant 

height 

(cm) 

No. 	of 

leaves 

(plant") 

I .caf 

breadth 

(cm) 

Leaf 

length 

(cm) 

Root 

length 

(cm) 

Shoot 

diameter 

(cm) 

Fresh 

root 

weight 

plant"(g) 

Dry root 

weight 

plant" 

(g) 

11.87 32.05 4.92 8.70 6.35 2.27 0.67 0.35 

TI  15.83 13.15 5.16 tOO 6.15 2.45 0.90 0.14 

T2  34.86 33.87 5.67 8.46 6.17 2.85 0.95 0.35 

17.26 33.93 	-. 5.39 9.58 6.74 -- 2.92 0.88 0.14 

T4  3439 10.67 5.97 8.79 731 2.65 0.85 0.34 

34.72 32.30 6.79 30.32 9.56 3.38 1.23 0.35 

CV(%) 34.73 13.48 11.83 39.54 21.08 32.64 3.59 6.70 

LSD 4.046 3.022 1.216 3.380 2.722 0.625 2.294 0.057 

Level 	of 

significance 

' NS ** NS NS NS 

TO  = 0 kg N ha". T1  = 50 kg N ha". T2  = 75 kg N ha". 1; = 300 kg N ha". T4  125 kg N 
ha". Ii = 350 kg N ha" 
CV = Co-efficient of variation 
l.SI) -= Least Significant Ditièrencc 
NS Non-signilicant 

Significant at 1% level of probability 
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4.8 Fresh and dry plant weight 

The effect of different treatments on plant fresh weight was significant (p<0.01). As 

shown in Table 5, highest plant height (13.42 g) was measured in Ti that was statistically 

significant to all other treatments 0110. 'Ii l', T, 14 respectively. Conversely, lowest plant 

height (7.10 g) was recorded in To  These sorts findings indicated that increase in nitrogen 

doses had a positive efThct on the increment of plant fresh weight. On the other hand, 

increase in nitrogen dose had an influence on the increase in plant dry weight too. Namely. 

a similar trend of highest (1.10 g) and lowest (0.660g) dry weights were recorded in I'c and 

TO  treatments respectively. However, such nitrogen dose effect on plant dry weight was 

not significant (Table 5). 

4.9 Yield /plot 

Data as shown in Table 4. yielded significant (p<O.Ol)  results on spinach yield per plot. 

Spinach yield per plot increased with the increase in nitrogen dose vide T1 , 12. '[3.  'lii  and 

T5. respectively. The maximum yield (1493.33 g) per plot was found in Ti. Sequentially, 

the next measured highest yields 1366.67. 1200. 866.67. and 480.0 g per plot were 

observed in T4. Tj, 1'2 and i'. respectively. However, the minimum yield (275.00 g) was 

recorded in T,(Table 4). 

4.10 Yield ihectare 

Yield of' spinach was positively influenced by various treatments (Table 5). however. 

variation among the treatments corresponding to spinach yield per heetare was not 

significant. Generalized trend observed for yield was that yield per hectare increased with 

the increase in nitrogen dose vide T1 ,T2,T3. T3  andT5  respectively. The highest yield (3.73 

tlha) was found in [5 and the lowest yield (2.13) was recorded in 'l's  Although the 

27 



experiment was carried out only for one season but results were in perfect agreement with 

those reported by Ma (2005). 

Table 5: Effect of N on the yield attributes of spinach 

Treatment Fresh weight 

(plant 	)(g) 

l)ry weight 

(plani') (g) 

Yield (plol') 

(g) 

Yield (t hi') 

T. 7.10 0.66 275.00 2.13 

T, 9.50 0.73 480.00 

866.67 	- 

2.43 

12 - 	11.93 0.76 2.54 

T3 12.10 0.75 1200.00 3.00 

14  12.79 0.81 1366.67 3.42 

13.42 1.10 1493.33 3.73 

CV (%) 0.30 2.62 8.37 8.73 

LSD 	 0.057 2.945 144.10 5.263 

Level of

significance 

- 	NS -- ** NS 

To rO kgN hi'. 1: = 50kg N hi', T2  = 75kg N ha-1.Tj  = 100 kgN ha'.T4  = 125 kgN 
ha1. T = 150 kg N haS' 
('V = Co-efficient of variauon 
l.SD l.east Significant Diflërencc 
NS = Non-significant 
** 	Significant at 1% level of probability 
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4.11 Nutrient content in spinach shoot 

4.11. I. Nitrogen concentration (%) 

As shown in Table 6. nitrogen (N) content (%) among the treatments showed that it was 

increased remarkably with increasing the N doses. As for nitrogen concentration, 

treatments showed statistically significant (p<0.01) increase in various treatments. The 

highest (4.28 %) nitrogen concentration was Ibund in 1 5  and that of the lowest (3.92 %) 

was recorded in To. These data indicated that increase in nitrogen doses had positive effect 

on the increment of spinach shoot nitrogen content. So such findings could be presumed 

fbr two reasons namely, applied nitrogen doses were in accordance with the requirement 

for the vegetative growth of spinach and secondly, it might he speculated for harvesting 

time and harvested organ since in spinach harvested leaves are edible portions and 

harvesting period was 45 days as N accumulation in plant parts depend on N source and 

growth period (Rauf ci. al.. 2009). 

4.11.2. Phosphorus concentration (%) 

Phosphorus (P) content of spinach at harvest is presented in Table 6. The trend of 

phosphorus concentration in spinach shoot was identical. In other words, treatments 

induced variations in phosphorus content was not significant. Phosphorus concentration 

varied between 0.20 to 0.22 (%) in all of T1. T1  T2  T3  '14, i, respectively with the highest 

concentration (0.22 %) in 'l'. Flowever, the range 0.21 to 0.22 (%) lied in the generally 

agreed range suggesting these dose were appropriate for spinach growth and development 

(Marschner. 1990). 
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4.11.3. Potassium concentration (%) 

Data of spinach shoot potassium (K) concentration are shown in Fable 6. As for potassium 

concentration, no remarkable variation among the treatments was observed. Potassium 

concentration varied between 0.45 to 0.47 (%) in all of To, 'F i. T2 13, T4  'F5, with the 

highest concentration (0.47 %) in T3. This sort ol constant K concentration in all ofT0. T1  

12 13 1 4  T4 might be credited to the variety used as relations between K accumulation in 

plant parts and K supply vary from plant to plant (Marschncr. 1990). 

4.11. 4 Calcium concentration (%) 

Determined calcium (Ca) concentration of spinach shoot are shown in Table 6. The trend 

of Ca concentration in spinach shoot is identical in all treatments. in other words, 

treatments induced variations in Ca content are not significant. Further, such calcium 

concentration varies between 1.35 to 1.42 (%) in all of T. T, T2  T3. 14  and Ti.  with the 

highest concentration (1.42 %) in 14 which does not vary significandy (p<O.Ol) when 

compared to in. ii h 13•  F5. respectively. however. it remains obscure why such 

variations lie among To. T1  1213 Tcsince no relation with the increase in nitrogen doses 

and Ca accumulation in plant parts exists (Carson. 1974). 
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4.11.5. Magnesium concentration (%) 

Magnesium (Mg) content of spinach at harvest is presented in Table 6. The trend of Mg 

concentration in spinach shoot is identical. In other words, treatments induced variations 

in Mg content are not significant. Magnesium concentration varied between 0.27 to 0.28 

(%) in all of T0. T1  T2  1's. T4  Ti  with the highest concentration (0.28 %) in T1 . However, 

the range 0.27 to 0.28 (%) lies in the acceptable range (Marschner. 1990). 

4.11.6. Sulfur concentration (%) 

As shown in Table 6. sultiir (5) content (%) among the treatments not increased 

remarkably. As for sulfur concentration, treatments showed no statistically significant 

increase. The highest (.25 %) S concentration was tbund in 1 5  and that of the lowest (.23 

%) was recorded in T4  These data indicate that increase in nitrogen doses has positive 

eliect on the increment of spinach shoot S content to some cxtcnt. I lowever. such sorts of 

variations in S concentration are in full agreement with those reported by Marschner 

(1990). 

4.11.7. Iron concentration (%) 

Obtained results of iron (Fe) concentration against various treatments in shoot of spinach 

are shown in Table 6. As regards Fe concentration, no remarkable variation among the 

treatments was observed. Namely. Fe concentration varied between 0.19 to 0.22 (%) in all 

ofT0. T1 . 1' T '1 h, respectively with the highest concentration (0.22 %) in It. Such 

variation of iron concentration in spinach shoot is similar to those reported by Mohideen et 

al (1985). 
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4.11. 8. Zinc concentration (%) 

Data as presented in Table 6 shows that Zinc (Zn) concentrations among the treatments 

varies significantly (p<0.01). The highest (96.00 ppm) Zn concentration was found in T 

and that of the 1ovcst (86.67 ppm) was recorded in To These data indicate that increasc in 

nitrogen doses has positive effect on the increment of spinach shoot Zn content. Similar 

findings were also rcportcd by Mengel and Kirkby (2001). 
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Fable 6: Effect of N on nutrient content in spinach shoot 

Treatment N P K Ca 

(%)  

Mg S 	Fe Zn 

(ppm) 

TO 3.92 0.20 0.45 1.33 0.27 0.23 0.19 91.60 

3.93 0.22 0.45 1.38 0.28 0.24 0.19 90.83 

12  3.95 0.22 0.45 1.36 0.27 0.24 0.20 92.33 

13 3.50 0.22 0.47 1.35 0.27 0.24 0.19 86.67 

1* 4 4.28 0.21 0.45 1.42 0.27 0.21 0.22 95.67 

4.28 0.22 0.45 1.38 0.27 0.25 0.21 96.00 

CV (%) 018 2.29 2.23 4.82 3.15 5.12 3.50 2.26 

LSI) 0.057 0.057 0.057 0.12 0.057 0.057 0.057 3.750 

Level 	of 

significance 

' NS NS NS NS NS NS ** 

T0 = 0kg N had. T1  = 50kg N ha1. T2  = 75kg N ha1. '13  = 100 kgN ha* T4  = 125 kgN 
ha1. '15 = 150 kg N ha1  
CV = Co-efficient of variation 
ISD 	Least Significant Difference 
NS Non-signilicant 
** 	Significant at 1% level of probability 
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4.12. Nutrient content in spinach root 

4.12. 1. Nitrogen concentration (%) 

Nitrogen (N) content (%) among the treatments increased remarkably (Table 7). Treatment 

afkctcd increase in root N concentration varied significantly (p<O.Ol). ]lie highest (2.71 

%) N concentration was found in 'J' and that of the lowest (2.44 %) was recorded in T5 

These results are similar to those of Roy (2008) where the author clearly stated that no N 

application in vegetable production encourages remarkable root growth lbr nutrient N 

search and thereby paving the way of better uptake. 

4.12. 2. Phosphorus concentration (%) 

As shown in Table 7. the trend of phosphorus (11 concentration in spinach root was 

rugged. In other words, treatments induced variations in phosphorus content was not 

significant. Phosphorus concentration varied between 0.14 to 0.21 (%) in all ofTo, T1 1'2  

T3  T4  and I respectively with the highest concentration (0.21 %) in T3. Nutrient 

concentrations in plant parts generally correlates with the availability of nutrient in soils 

which was observed in the present study as well. Such findings were also supported by 

Munson (1998). 

4.12. 3. Potassium concentration (%) 

Spinach root potassium (K) concentrations are shown in Fable 7. however, these 

potassium concentrations were insigni licantly afkcted by various treatments. Potassium 

concentration varied between 0.46 to 0.48 (%) in all of TO, 'ft T2, 'I' 1'4 and Is 

respectively with the highest concentration (0.4 8 %) in 13 and 0.46% K only in 13. These 

sorts of constant K concentration in all ofT0, T1  Ei lj, 15  could be due to the variety used 
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as relations between K accumulation in plant parts and K supply vary from plant to plant 

(Marschner. I990). 

4.12. 4. Sulfur concentration(%) 

As shown in Table 7, spinach root sulfur (S) content (%) among the treatment 

combinations showed a steady pattern. Namely, treatments showed no remarkable increase 

with the increase of nitrogen doses. However, he highest (.26 %) S concentration was 

found in 13  and that of the lowest (.20 %) was recorded in T4  Thus the different treatment 

combinations expressed ditIbrential effects on spinach root sulfur content and were in 

conformity with those of Marselmer (1990). 

4.12. 5. Calcium concentration (%) 

Calcium (Ca) content of spinach root at harvest is presented in Table 7. Treatments 

induced variations in Ca content was not significant. Calcium concentration varied 

between 0.55 to 0.61 (%) in all of'Fo. TL 12 13  14 and T5. respectively with the highest 

concentration (0.61 %) in T  and with those of Roy (2008). 

4.12. 6. Magnesium concentration (%) 

As shown in Table 7. data of spinach root magnesium (Mg) content did not vary 

remarkably. Magnesium concentration varied from 0.24-0.25% in all of 
10. 1111. 

' 12 T3 T4  

and 15  The highest Mg concentration (.25%) was observed in all the treatments other than 

12 In other words, a constant Mg concentration was found in various treatments. However, 

such Mg concentrations lied in the normal range (Munson. 1998). 

4.12. 7. Iron concentration (%) 

Various treatment affected iron (Fe) concentrations of spinach root are shown in Table 7. 

No remarkable variation for Mg concentration was observed among the treatments. 

Namely. Fe concentration varied between 0.13 to 0.15 (%) in all of'l',, 'ii,  'l' '1- 14 T, 
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respectively with the highest concentration (0.15 %) in T5. A credible explanation for the 

variation of such iron concentration in vegetables was given by Mohideen etal. (1985). 

4.12. 8. Zinc concentration (%) 

As shown in iab!e 7, spinach root zinc (Zn) concentrations among the treatments varied 

significantly (p<0.01). The highest (118.00 ppm) Zn concentration was found in F5  and 

that of the lowest (106.80 ppm) was recorded in T litese data indicated that increase in 

nitrogen doses had a positive effect on the increment of spinach root Zn content and were 

similar to those reported by Mengel and Kirkhy (2001). 
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'fable 7: Effect of N on nutrient content in spinach root 

Treatment N P K Ca Mg S Fe Zn 

(ppm) 

TO 2.66 0.17 0.48 0.55 0.25 0.23 0.13 106.80 

11.1 2.68 0.18 0.47 0.56 0.25 0.23 0.13 107.20 

12 2.67 0.19 0.48 0.56 0.24 0.24 0.13 107.20 

T3  2.71 0.21 0.48 0.61 0.25 0.26 0.15 115.33 

T4  2.41 0.17 0.46 0.56 0.24 0.20 0.14 118.00 

2.44 0.14 0.48 0.57 0.25 0.25 0.15 118.00 

CV (%) 0.45 1.91 2.22 1.25 3.10 2.35 3.78 OSS 

LSD 0.058 0.058 - 0.057 0.057 0.057 0.058 0.057 1.65 

Level 	of 

significance 

NS NS ** NS NS NS ** 

10=0 kgN ha4 . T, = 50 kgN ha". 12 75 kg N ha". 13  = 100 kgN ha". 14 = 125 kgN 
ha4. I's = 150 kg N ha4  
CV = Co-efficient of variation 
LSD = Least Significant Difference 
NS = Non-significant 

= Significant at 1% level of probability 
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4.13. Nutrient uptake 

There is no doubt that plants need a certain level of each essential nutrient in its tissues for 

proper growth and development. However, nutrient level is different for each of the 

nutrient in plant tissues. Usually macronutnents are present in much higher concentration 

that the mieronutrients. Nitrogen fertilization based nutrient of spinach is detailed below: 

4.13. 1. Nitrogen uptake 

Nitrogen (N) uptake of spinach is presented in Fable 8. 'l'reatment combinations induced 

variations in N uptake was statistically significant in all ofT, 12. 13 T4. 'l's respectively. 

However. N uptake varied between 51.44 to 104.98 (kg ha') in all ofF0. 1, 'F2,T3, T4,T5, 

respectively with the highest uptake 104.98 (kg ha') in T 3  and were in full agreement with 

those of Marshner (1990). 

4.13. 2. Phosphorus uptake 

The trend of phosphorus (P) uptake in spinach was remarkable. in other words, data 

presented in Table 8 indicated that treatments induced variations in P uptake was 

significant (pCO.OI). Further, such P uptake varied between 2.52 to 6.69 (kg ha") in all of 

TO. '1', T,. T1 T.I.  T5, respectively with the highest uptake (6.69 kg ha") in Tj which varied 

significantly (p40.01) when compared to '1's, 'l',•  Ta T., T 5  respectively. Evidence of this 

kind of work has been provided by Mengcl and Kirkby (2001). 

38 



4.13. 3. Potassium uptake 

Potassium (K) uptake in spinach is shown in Table 8. However, the potassium was 

significantly (p<O.Ol)affected by various treatments. Potassium uptake varied between 5.5 

to 11.65 (kg ha") in all of T. T,, T2, T3, 'I'., 15, respectively with the highest uptake (11.65 

kg ha") in T2  Such K uptake in spinach could he attributed to the variety used as relations 

between K uptake in plant parts and K supply vary from plant to plant (Marschner, 1990). 

4.13. 4. Sulfur uptake 

As shown in Table 8. sulfur(S) uptake (kg ha") among the treatments showed remarkable 

variation. Sulfur uptake variation among the treatments was statistically significant 

(pc0.01). It varied between 2.58 to 7.31(kg ha'1) in all of To. T,,T2 T3, 14,15, respectively 

with the highest uptake (7.31 kg ha") in 1; These data indicated that increase in nitrogen 

doses had a positive effect on the increment oI'spinach S uptake. However, such variations 

in S uptake are in full agreement with those reported by Marschner (1990). 

4.13. 5. Calcium uptake 

The trend of calcium (Ca) uptake in spinach was remarkable for all the treatments (Table 

8). In other words, treatments induced variations ('a uptake was significant (pc0.01). 

Further, such calcium uptake varied between 17.03 to 39.78 (kg ha") in all oCT0. F u 13  

14 '15, respectively with the highest uptake (39.78 kg ha") in 'I'j. However, these sorts of 

findings were similar to those reported by hanson (1984). 
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4.13.6. Magnesium uptake 

Magnesium (Mg) uptake of spinach at harvest is presented in Table 8. The trend of Mg 

uptake in spinach is significantlY (p<0.01) correlated to the treatment. In other words. 

treatments is highly effective to induce variations in Mg uptake . Magnesium uptake 

varied between 3.30 to 8.12 (kg ha1) in all ofT11. 1, lj .11 14, 'l' •  respectively with the 

highest uptake 8.12 (kg ha") in 13. however. the range 3.30 to 8.12 (kg ha") lied in 

}Cirkby and Mengel (1976). 

4.13. 7. Iron uptake 

Obtained results of iron (Fe) uptake against various treatments in spinach are shown in 

Table 8. As regards of Fe uptake. significant (pc0.01) variation among the treatments was 

observed. Namely. Fe concentration varied concentration varied between 2.66 to 5.79 (kg 

ha") in all of TO, 1L 12 T3 14 T5 respectively with the highest concentrationing 5.79 (kg 

ha1) in 13. A credible explanation for such Fe uptake in plants is detailed by Mengel and 

Kirkhy (2001). 

4.13.8. Zinc uptake 

Data as presented in Table 8 showed that Zinc (Zn) uptake among the treatments varied 

significantly (p<O.Ol). The highest (3.77 kg ha") Zn uptake was Ihund in ]'5 and that of the 

lowest was (0.66 kg ha") recorded in To These data indicated that increase in nitrogen 

doses had a positive effect on the increment of spinach Zn uptake. Similar findings were 

also reported by Mengel and Kirkhy (2001). 
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Table 8: Effect of N on nutrient uptake of spinach 

Treatrn 

ent 

N 
(kg ha4 ) 

P 
(kg ha1) 

K 
(kg hi') 

Ca 
(kg hi') 

Mg 
(kg ha1) 

S 	-. 
(kg ha') 

Fe 
(kg ha) 

Zn 
(kg ha4) 

To 80.16 4.85 9.70 27.95 5.79 4.96 3.85 0.66 

91.73 5.30 11.13 33.19 6.77 5.90 4.47 1.15 

97.42 5.71 11.65 34.24 7.01 6.10 5.09 2.08 

13 104.98 6.69 14.11 39.78 8.12 7.31 5.79 2.60 

14 51.44 	2.52 5.50 17.03 3.33 2.58 2.66 2.48 

T5 92.81 .1.70 9.75 

9.99 	- 

29.90 5.91 5.42 4.55 3.77 

CV (%) 9.29 8.71 9.36 9.64 10.8$ 10.. 9.76 

ISD 14.73 0.84 7.69 5.41 1.14 1.12 0.81 1.32 

Level 

of 

signific 

ance 

** ** ** ** ** ** ** ** 

0kg N hi'. 1, = 50kg N ha". F2 = 75 kg N ha'. 13  = 100 kg N ha* T1  = 125 kg N 

ha", T 5  150 kg N ha' 
CV = Co-efficient of variation 
I.S1) = Least Significant Difference 
NS Non-significant 
** 	Significant at M levd of probability 
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4.14. Economic performance of spinach 

The partial budget analysis on the effect of nitrogen doses applied on spinach production 

is presented in Table 9. The highest gross return (Taka 30000.00 haS ') was obtained from 

the treatment T3  which received N (tOO kg h&'), followed by the treatment •F2  (Taka 

25400.00hi1 ) which received N (75 kg ha1) and fl (Taka 24300.00 ha') which received 

N (50 kg ha1). All the treatments recorded higher gross return over the control. On the 

other hand, highest variable cost (Taka 10.608.00 ha') was recorded in the treatment Tc 

which received N (150 kg ha') and that of the lowest was observed in To  which received 

no nitrogen fertilizer. The highest cost benefit ration (3.32) was recorded in F which was 

followed by T1  (2.93) and T1 (2.89), 

42 



Fable 9: Liliëct of nitrogen on economic performance of spinach cultivation 

Treatment Gross return 

(Tkhzi') 

TVC 

(Tkha1) 

Gross margin 

(Tkha') 

13CR 

21300.00 7479.00 13821.00 2.85 

ii 24300.00 8307.00 15993.00 2.93 

1'2 25400.00 8811.00 36589.00 2.88 

300000.00 9044.00 20956.00 3.32 

14 12000.00 9826.00 2174.00 1.22 

T5  21700.00 10609.00 11091.00 2.05 

T0 =0 kgN ha1. T1  = 50 kgN ha1. 'F2  = 75kg N ha1. 13 = 300 kg N ha* T4  = 125 kg N 
ha1. Ts = 150 kgN ha1  

TVC Fatal variable Cost 

13CR' Benefit Cost Ratio 
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4.15 Relationship among yield, nutrient uptake and N doses 

Yield and N dose 

The relationship between yield and applied N doses is presented in Figure 2. The 

regression analysis indicates that the yield of spinach is linearly and positively correlated 

to the applied N doses. It is also evident from the regression equation that the increase in 

N dose results in the increase in yield and thus it coincides with the findings of Fakebe et 

al (1995). 

v 001h 1957 
g. ç1q'j, 

,73 
3.5 

3.42 

1

2.13 

a is >- 

05 

0 
0 	20 	40 	60 	30 	100 

N dose (kg ha) 

120 	140 	160 

Figure 2: Relationship between N and yield of spinach 
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4.15. I. N uptake and N dose 

The relationship between N uptake and applied N dose is presented in Figure 3. From 

regression line it is clear that N uptake increases up to T (100 kg N haj application only. 

So it is clear that the relationship between N up take and applied N doses is not positively 

correlated for all of To. I. 12 F\. 14 and 'l' treatments. In experiments with amaranths. 

similar findings were also reported by Takehe ci al.. (1995) and Roy 2008). T)ue to 

draught and other adverse condition the result oft1  showed no resemblance with other 

treatments. So the result of T is not showed in the ligure. 

120 

104.08 

100 	 91.73 	 92.81 

21) 

0 	 50 	 75 	 100 	 150 

N dose (kg ha') 

Figure 3: Relationship between N dose and uptake 
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4.15. 2. P uptake and N dose 

The relationship between P uptake and applied N dose is presented in Figure 4. From 

regression line. it is clear that P uptake increases tip to T3  (100 kg N ha") application. 

Atier that there is a decline in P uptake with the increase in N doses. So it is evident that 

the relationship between P up take and applied N doses is not positively correlated for all 

ofT0. I,  T2,T3, 14 and 'I'5  treatment combinations. P uptake trend is rather similar to that 

of N uptake. In experiments with amaranths. similar findings were also reported by 

Takebe ci at (1995) and Roy 2008). The result of T4  showed no resemblance with other 

treatments due to draught and other adverse condition. For that reason it is not mentioned 

in the figure. 

S 
6.69 

5.71 

cc 

CL 

0 	 50 	 7S 	 100 	 150 

N dose (kg ha 1) 

}:jgure 4: Relationship between N dose and P uptake 
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4.15.3. K uptake and N dose 

The relationship between K uptake and applied N dose is shown in Figure 5. From 

regression line, it is clear that K uptake increases up to l' (100 kg N hi') application. 

After that there is a decline in K uptake with the increae in N doses. So the relationship 

between IC uptake and applied N doses is not positively correlated for all of I'0. 'I,, 12. 13. 

T1  and '1' 5  treatments and the pattern of K uptake is similar to that of N and P uptake. In 

experiments with amaranths, similar results were also reported by Takebe a al. (1995) and 

Roy 2008). Due to some unfavorable condition in the field. I'4 showed a wide variation in 

comparison with other treatments. That's why the result of 'l'4  is not presented in the 

figure. 

16 	 14.11 

11.13 
14 

12 
-4 

-c 
10 

Irs 
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U. 

.1 
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0 	 50 	 P, 	 100 	 Iso 

N dose (kg hw') 

Figure 5 : Relationship between N dose and K uptake 
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4.15. 4. S uptake and N dose 

The relationship between S uptake and applied N dose is displayed in Figure 6. From 

regression line, it is clear that S uptake increases up to 1'3  (100 kg N ha*t)  application. 

After that there is a decline in S uptake with the increase in N doses. So the relationship 

between S uptake and applied N doses is not positively correlated for all of Tg.  

1 4  and T 5  treatment and pattern of S uptake is similar to those of N. P and K uptake. In 

experiments with amaranths, similar results were also reported by Takehe et al. (1995) and 

Roy 2008). Due to draught and other adverse condition the result of T4  showed no 

resemblance with other treatments. So the result 0114 is not shown in the tigure. 

Ci 	 50 	75 	100 	150 

N dose (kg haS') 

Figure 6 : Relationship between N dose and S uptake 
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4.15. 5. Ca uptake and N dose 

The relationship between Ca uptake and applied N dose is presented in Figure 7. From 

regression line, it is clear that Ca uptake increases up to T3  (lOU kg N ha") application. 

After that there is a decline in Ca uptake with the increase in N doses. So the relationship 

between Ca uptake and applied N doses is not positively correlated (hr all ofl. F '12 

T4  and Tc treatments and pattern of Ca uptake is similar to those of N. P. K and S uptake. 

In experiments with amaranths, similar results were also reported by Takehe a al. (1995) 

and Roy 2008). Due to sonic unfavorable condition in the field. T4  shotd a wide 

variation which can't he possible in normal condition. That's why the result ofT4  is not 

presented in the figure. 
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Figure 7: Relationship between N dose and Ca uptake 
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4.15.6. Mg uptake and N dose 

The relationship between Mg uptake and applied N dose is shown in Figure 8. From 

regression line, it is clear that Ca uptake increases up to T3  (100 kg N ha') application. 

After that there is a decline in Mg uptake with the increase in N (loses. So the relationship 

between Mg uptake and applied N doses is not positively correlated for all ofh). TI , T, T3, 

1 4  and 15 treatments and pattern of Mg uptake is similar to those of N. P. K. S and Ca 

uptake. In experiments with amaranths, similar results were also reported by 'l'akehe es all 

(1995) and Roy 2008). The result of 1'$ showed no resemblance with oilier treatments due 

to draught and other adverse condition. For that reason it is not mentioned in the ligure. 

fl 8.12 

77 7.O> 

0 	'.0 	7'. 100 	ISO 

N dose (kg ha') 

Figtire 8: Relationship between N dose and Mg uptake 
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4.15. 7. Fe uptake and N dose 

The relationship between Fe uptake and applied N dose is shown in Figure 9. From 

regression line, it is clear that Fe uptake increases up to 13 (100 kg N ha1) application. 

After that there is a decline in Fe uptake with the increase in N doses. So the relationship 

between Fe uptake and applied N doses is not positively correlated for all ofTo. T, T2 . T3. 

T.1 and 15 treatments and pattern of Fe uptake is similar to those of N., P. K, S. ('a and Mg 

uptake. In experiments with amaranths, similar results were also reported by 'lakebe ci aL 

(1995) and Roy 2008). flue to sonic unfavorable condition in the field. 'l'4  showed a wide 

variation which can't be possible in normal condition. That's why the T4  is not presented 

in the figure. 
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l:igurc 9: Relationship between N dose and Fe uptake 
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4.15.8. Zn uptake and N dose 

The relationship between Zn uptake and applied N dose is presented in Figure 10. From 

regression line. it is clear that Zn uptake increases up to 15 (150 kg N had) application. So 

the relationship between Zn uptake and applied N doses is positively correlated with all of' 

T. TI.  T T 14 and T treatments and pattern of Zn uptake is disimilar to those of N, P, 

K. S. Ca. Mg and Fe uptake. In experiments with amaranths, similar resuks were also 

reported by Takebe ci at (1995) and Roy (2008). the result 0114  showed no resemblance 

with other treatments due to draught and other adverse condition. For that reason it is not 

shown in the figure. 
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Figure JO: Relationship between N dose and Zn uptake 
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Chapter V 

SUMMARY AND CON(:LUSION 

The study was conducted at the farm of BSMRAU. Gazipur during the period of 

November to December. 2010 to enhance the production of spinach (BAld spinach I) 

through the improvement of growth and yield by optimizing the appropriate levels of 

nitrogen fertilizer. 

The experiment was laid out in a Randomized Complete Block Design (RCBD) 

comprising six treatments with lour replicates each. Be treatments were l(0 kg N ha"). 

T, (50 kgN ha
1 ).T2  (75 kg N ha").T;(lOO kgN ha").!'4 (125 kgN ha")andT5 (l 50kg 

N tui') respectively. Amounts of N. P. K and S applied from urea. 151'. MOP and gypsum 

were 68. 23. 17 and 4 kg ha". respectively on being calculated by the methods of RARC 

(2008). Plants were harvested after 45 days of dibbling. After han'esl data on ditlërent 

plant panmeters namely, plant height. leaf number, leaf breadth, leaf length. root length. 

shoot diameter, fresh and dr 	eight of root and plant, yield ha". N. P. K. Ca, Mg. S. Fe 

and Fe accumulation in root and shoot followed by their upiakes were recorded. 

Additionally. relationship among various N doses (kg ha"). yield (t ha') and N. P. K. Ca. 

Mg. S. Fe and Fe uptake were studied followed by economic analsis. 'Ihe data were 

statistically analyzed and their means were evaluated by 1.51) (Least Significant 

Difference). Highest plant height (17.26 cm), leaf number (13.93) were found in T3. 

Widest petiole breadth (6.79 cm) and longest petiole (10.12 cm), longest root length (9.56 

cm). highest shoot diameter (3.18 cm) and fresh root weight (1.23 g plant '5 were 

measured in 'l. Ilighest fresh weight (13.42 g plant "). dry weight (1,10 g plant ') and 

yield (3.73 t ha") were also recorded in l'5  Flowever, dry,  root weight in all ofT0. 1,. T2. 
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T3  . T4  and Ic were statistically identical. As regards of nutrient accumulation in shoot. 

highest N (4.28 %) was recorded in 17  followed by T4  (4.28%) Ti (3.50 %) and I (3.95 

%). respectively. As for P. highest (0.22 %) was observed in 12 which was followed by 1 

and T, respectively. Mean while, highest K (0.47 %) was recorded in T3  and the lowest 

(0.45%) was found in all of 1 T1.  12 T4  and is (0.45%). In case of Ca accumulation. 

highest (1.42 %) was quantified in Ti and the lowest (1.33%) was observed in •I'o.  In case 

of Mg, S and Fe. all of To. T. T2, 13, T4  and L showed the identical pattern of 

accumulation. 1lowever. as for Zn. highest (96 ppm) was found in 15  with that of the 

lowest (90.83 ppm) in T2. 

As for Fe, it ranged from 0.19 to 0.22%. On the contrary. for root . highest N(2. 17%). P 

(.21%). K (0.48%) .Ca (.61 %). Mg (.25%). S (.26%). Fe (.15%) were accumulated in I 

However, in case of Zn. highest (118.00 ppm) was accumulated in 1 5, As for nutrient 

uptake. highest N (1.098 kg ha"). P (6.69 kg ha1). K (14.11 kg ha1), Ca (39.87 kg ha1). 

Mg (8.12 kg ha). S (7.31 kg ha"). Fe (5.79 kg ha-) and Zn (3.77 kg ha") were recorded 

in I,. Focused on benelit cost ration (BCR). highest BCR (3.32) was ihund in T j  with that 

of the lowest BCR (2.05) in T7 

The results indicated that N doses had a positive impact on the growth parameters of 

spinach like plant height, leaf'numher, fresh and dry weight of plant. Applied nitrogen had 

also significant effect on N. P. K. Ca, Mg, S. Zn and IT accumulation both in root and 

shoot and the spinach yield although the highest yield c3.73 t ha") was recorded in T. 

Noticeable fact is that highest N. 11. K. Ca. Mg. S. Zn uptake is found in 13. In contrast 

highest Fe uptake was found in r5. Even BCR was highest (3.32) in 13  Based on data 

obtained from the current investigation it can therefore be concluded that increasing 

nitrogen doses play an important role on the growth. nutrient accumulation and yield of 
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spinach. But comparative study of various parameters in relation to their respective 

treatments followed by the 13CR study revealed that 'l' was the best treatment. 

I lowever. the present study was conducted in winter season of 2010 at BSMRAU research 

lhrrn only. Therefore, recommendation of' 13  (N 100 kg hi') as lrtilizer dose necessitates 

both regional and multi location trials. Finally, data based findings on growth parameter, 

nutrient accumulation, yield and 13CR suggest that treatment 'F has the potential to he 

recommended as suitable N dose br spinach cultivation. Moreover. this study also 

highlights the possibility of conducting physiological experiment. Namely, it would be 

interesting for one to see what type of relation exists between N content and that of the 

gross protein in plant parts when spinach is grown with T 3  as sole N source. Additionally. 

this binding revealed that further experiments on spinach production with 100 kg N ha" 

should he conducted to verify whether the application of N at 100 kg can sustain its 

productivity or not when tried at multi location as the experiment was carried out in one 

season and only in one location namely at BSMRAIJ thmt 
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