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A BSTRACT 

The experiment was conducted at Ilorticulture Research Centre. Ciazipur. 

Bangladesh. during the period of November 2011 to April 2012 to study the 

eRects of nitrogen. phosphorus, potassituli and sulphur on gro'vtli, yield and 

nutrient content of strawberry. The experiment was laid out in Randomized 

Complete Block Design (RCBD). There were 4 levels Of different nutrients. 

viz. 0.90. 115 and 140 kg N ha' 0. 20,40 and 60 kg P ha; 0.85. 110 and 135 

kg K liaH 0. 15. 25 and 35 kg S ha". Iliere was a positive impact of each 

fertilizer combinations on yield. yield parameters and nutrient contents of 

BARI Strawberry I except control treatment, the highest values of plant height 

(25.60 cm): number of leaves (21.66). flowers (125.33). fruits (12.35). 

destwyed fruits (I I ). fruit weight (2 I 5. 10 g) plant and fruit length (4.1 6 cm). 

fruit (liameter (3.4 tern), individual fruit weight (1 7.85 -,)and fruit ield (1 I .50 

t ha") were ft'und in treatment of 115-40-I 10-25 kg ha" NPKS. respectively. 

Anion2 thc t'erti lizers. the single effect of nitrogen (I I 5 kg lia' ). phosphorus 

(40 kg ha'). potassium (110 kg ha)  and sulphur (25 kg ha ') gave maximum 

growth and yield of strawberry. The highest concentration of N. P. K and S 

were found in shoot and fruit of strawberry when N-P-K-S fircilizers were used 

140-60-135-35 kg ha'. respectively. 
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CHAPTER 1 
--'Sa g a Aaricv?tura! 

L ibra ry 	 INTRODUCTiON 
iS 

Strawberry (b'rcigaria aflaflavsa) is a new fruit crop in Bangladesh which 

belongs to the lhmily Rosaceac, is videlv grown horn the low- latitude tropics 

and subtropics to the colder high-latitude areas ( l)arnehl ci (il.. 2003). The plant 

comprises a shorten stem or crown from '.hich arises leaves. runners. roots, 

aUxiliar) crowns and infloreseences (Darnell ci at, 2003). Strawberries are 

native to most of the Northern hemisphere, inclusing Europe and Britain. The 

garden (modern) strawberry is simply a hybrid ol North and South American 

varieties. The cultivated strawberry is in octoploid (2n - 56) and though to he 

.in autoployploid. The leaves typically have three leaflets thai means trifoliate. 

Strawberry fruit is non-cliniactric and ripens rapidly (Wills ci al.. 1998). 

During ripening. fruit contintie to increase in size. accumulate soluble solid 

content (SSC) and goes distinct changes on pigmentation and sollen (Spayd 

and N4orrus. 1981). 

Strawberries have been introduced in Bangladesh recently and getting 

popularity and cultivated very small scale. Dir ëmnt regions of Bangladesh are 

suitable to cultivate strawberry in terms of photoperiod, temperature and 

humidity. It is the time to research for improving strawberry varieties which are 

cultivated in our etivironiient. .Since it is adaptable strawberry has an expand 

culture in the world. On the other hand since fruits can he obtaincd early in the 

seasons where there is no Ii'esh fruit in the market as its marketability is high. 

Another important aspect is that it can bring hack the investment in a short 

period thereibre it is suitable for fhrming. Apart from these, the income per unit 

area is high in strawberry cultures. Due to all these advantages in production 

and marketing strawberry cultivation area is gradually increasing in 
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Bangladesh. To meet the increasing demand in our local market traders import 

large amount ol' strawberry from di ffereni foreign countries. 

Nitrogen, phosphorus. potassiuni and sulphur are essential nutrients for 

strawberry production. Nitrogen is use(] for proteins, nucleic acids and various 

co enzymes production. Phosphorus is ellective an energy transfer process in 

strawberry plants. Phosphorus is a maior component of the fruit size, colour 

and acidity of the fruit. It has also a great importance for niaxinlizing quality or 

the fruit. Sulphur is it constituent of essential amino acids (cysteine. 

methionine. and cvstine ) involved in chlorophyll production. plant function and 

structure. 

BAR! Strawberry 1 is one of the high yielding varieties which is suitable for 

cultivation all over the country. The average yield is very low compared to that 

in other sub-tropical countries. Most of' the soils and climatic conditions of 

Bangladesh are suitable fOr strawhe!Tv production but the crop did not show its 

potentially due to imbalance fertilization and poor agronornic practices. It is 

difficult to be specific about fertilizer recommendation because of variation in 

soil types, soil Fertility and system of cultivation. Strawberry responds well to 

manuring and Fertilizer. The appl cation of high input technologies such as 

chemical lërtiliLers, pesticides. herbicides improved the production but there is 

growing concern over the adverse etleets of the use of chemicals on soil 

productivity and environment quality (Prahhu et at. 2006). There is a scope for 

increasing yield olthis crop with combination of N. P. K and S fertilizer under 

the agro-ecological condition in Bangladesh. Soil fertility and productivity 

changes overtime and this change towards negative direction because of 

intensive cropping with modern varieties, improper and imbalance use of 

fertilizer and manure (BARC. 2005). Usually. fiLrmers use fertilizers based on 

their own idea that make the soil heterogeneous causing declination of' soil 

fertility in a long run. l'arniers also suftbr economic loss on the yield. But there 
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is enough scope to increase yield with balanced fertilization. However, research 

works on nutrient management for strawberry is scanty in Bangladesh. 

Hence the present study was. thereibre, undetiaken to evaluate the response to 

N. I'. K and S zin(] also to find out the optimum lërtilizer package for 

maximizing yield of strawberry in Grey 1'ermce soil of Jovdcbpur. Gazipur 

with tb I lowing objectives: 

To detemiine the optimum fertilizer management package for 

maximizing growth and yield of strawberry. 

To observe the N. P. K and S nutrient conwnL in shoot and fruit of 

strawberry. 

To find out the econoni ic opi i mum tërtil i icr dose lbr vie Id of.  

strawberry. 

I .. 
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CHAPTER II 

REViEW OF LJTEItA1'LJRE 

The significance of macro nutrients such as nitrogen. phosphorus. potassium 

and sulphur nutrition is well established. Numerous works have been done on 

the effect of nitrogen, phosphorus, potassium and sulphur. But information 

concerning their effect on strawberry under the climatic condition of 

Bangladesh is meager. Nevertheless, some of the important and informative 

works so far have been done abroad on these aspects have been presented in 

this chapter. 

2.1 Literatu res on nitrogen 

Alhregts and F-Inward (I 980a) conducted a Field experiment with diflbrent 

levels of nitrogen rntes of tOO. 150. or 200 lb acre" N were applied in 1976-

1977 and in the second year 1977-1978. They stated that yields were not 

affected by N rate in either season or by placement method in the second 

season. 

 

The) stated that yield highest in each season with 100 lb acre" N (2429 

and 1976 flats acre') placed at bed center. I inch below the bed stiriace. 

Yoshida (1992) conducted an experiment with strawberry and fbund that 100 

kg N ha" increased the number of Ilowers on first infloreseens. 1-lowever, fruit 

maltorniation occurred more severels- than in plants without nitrogen 

application and the increase in ratio of small FiuiLs (<20 g) resulted in reduced 

yield. 

Kopanski and Kaweci (1994) showed that N application of 90 kg N ha 

increased fruit dry weight and vitam in C content of Dukat' and 'Senga 

Sengana strawberries. The effect of N on the content of organic acids and total 

sugars was inconsistent. 
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Two experiments (E l  and 1:2) were conducted by Miner c/ aL (1997) of) a 

wagram loamy sand (Arenic Kandiudult) in 1992 and on it Northlk sandy loam 

(Typic Kandiudult) in 1993 to invesi igate the effects of fill-applied N 3,1(1 

spnng-applied N and K on Chandler' strawberr 	icid and fruit quality. E 1  

treatments included factorial combinations of fall-applied N (0, 34 and 67 kg 

ha") and drip spring-applied N (0. 0.19. 0.37. 0.56 and 0.75 kg ha" d' and 0. 

0.37. 0.75 and 1.12 kg ha" d" in 1992 and 1993. respectively). E2  treatments 

included combinations of drip spring-applied N (0.56. 1.12. 1.68 and 2.24 kg 

ha" dC ') and K (0.46. 1.39 and 2.32 kg ha" d" and 0,0.75, 1.49 and 2.24 kg ha" 

d" in 1992 and 1993. respectively). There were no significant interactions 

among main effects for any ofthe measured variables. Market yield maximized 

with total N at 120 kg ha" with one-hall handed in the fall and the remainder 

drip-applied in the spring. Fruit firmness decreased with increasing N rate. 

Fruit pH and concentrations of total acids and soluble solids were not affected 

by N treatments, hut soluble solids increased as the harvest season progressed. 

Plant crown number was not affected by N treatment hut crown yield increased 

with N rate similar to market yield. 

Nesthy (1998) reported that an average of two years. that the content of 

sucrose, glucose and fructose in the fruits of Korona and l3ounty' 

strawberries, increased when N was fertigated as NO3  with levels of N up to 

124 kg ha". starting 4 weeks beibre harvest and endine after 2 weeks in the 

harvest period. Deng and Woodward (1998) grown Strawberry plants 

(Fragaria anana,ssa l)uchesne var. Elsanta) in pots at two concentrations of 

carbon dioxide (partial lressures of 39 and 56 Pa) and with three rates of 

nitrogen suppLy (0.04, 0.4 and 4 mM as nutrient solution) to study their 

individual and interactive effects on plant growth and fruit yield. Nitrogen 

deficiency reduced total dry biomass and relative growth rate (RGR), mainly 

through reductions in leaf area ratio (FAR) and plant N concentration (PNC), 

although both the net assimilation rate (NAR) and root weight ratio (RWR) 

increased. N deficiency increased the proportion of total plant dry hioniass 
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allocated to fruits. There were no significant interactions betceri CO2  and N 

supply on yield. 

Raufet al. (1998) conducted the trial to investigate an optimum level of NPK 

for strawberry cv. Ciorella' grown in containers.. Four levels of NPK. i.e. 0. 2. 

4. and 6 g plant' were studied. [he data showed that 4 g of NPK plant' gave 

maximum number of flowers 	(29). maximum number of fruits plant' 

(19) and max imutn number of runners plant' (4.5). While m ininium number of 

fruits plant' (13.25) and minimum number of runners plant' (1.5) by 2 g NPK 

plant' and 6 g NPK plant'. I lowever larger size fruits were observed in plants 

which received NPK at the rate ofo g plant'. 

Chen ci cii. (1999) stated that contents of NPK were maintained at high 

concentrations in plants during early stages of development, and then began to 

decline. P concentrations were low in all plant parts, but were higher in fruits 

than in leaves, roots and stenis. N concentrations were higher in leaves than in 

fruits, sterns and roots. Contents of N in stcms and roots declined with 

development; there was a sharp drop in concentration in fruits. K contents were 

higher in fruits than in leaves. stems and roots, then dropped sharply. Lacertosa 

clot (1999) conducted an experiment that acid and sugar concentrations were 

inversely correlated to the content of nitrogen in the fruits, indicating that a 

pmper control ofN fertilizers could be effective in it'nproving fruit quality. 

CIariglio ci al. (2000) conducted an experiment on using nitrogen balance to 

calculate thrtilization in strawberries. Using four treatments: control ('Fe) = 

without fertilization; treatment I (F,) - N ftrtilizer 53 kg ha': treatment 2 (T2) 

N fertilizer 66 kg ha 	treatment 3 ('13) 	N fertilizer 117 kg ha 1. All N 

treatments signilicantly increased yields over the control. Yield increased to 

increasing N rates from 0 to 53 kg haS '. This response was due to an increase in 

fruit number but not in fruit weight. Hi0i N rates promoted runner growTh 

without increasing fruit yield. The use N balatice method for strawberry 
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fertilization showed satisfhctory results. Accumulated N balance (T1 ). required 

the least amount ofN ftrtilizer while producing good yield. 

Darnell and Stutte (2001) grown strawberries (flaguriu atzcznassa Duch. 

Osogrande) hydroponically with three NO3  N concentrations (3.75. 7.5. or 

15.0 mM) to determine effects of varying concentration on NO; N uptake and 

reduction rates, and to relate these processes to growth and fruit yield. Plants 

were grown for 32 weeks, and NO; N uptake and nitrate reductase (NR) 

activities in roots and shoots were measured during vegetative and reproductive 

growth. In general. NO; N uptake rates increased as NO; N concentration in 

the hydroponics system increased. Tissue NO3' concentration also increased as 

external NO3' N concentration increased, reflecting the dillërcnccs in uptake 

rates. There was no effect olexternal NO3' N concentration on NR activities in 

leaves or roots during either stage of development. Leaf NR activity avi.aged 

approximately 360 mM NO2  formed g'' Iiesli weight (EW) h" over both 

developmental stages. while NR activity in roots was much lower, averaging 

approximately 115 mM NO2  formed g1  F\\t h'. Vegetative organ FW. dry 

weight (DW), and total fruit yield were unaffected by NO; N concentration. 

These data suggest that the inability of strawberry to increase growth and fruit 

yield in response to increasing NO3  N concentrations is not due to limitations 

in NO N uptake rates. but rather to limitations in NO1  reduction and/or 

assini i lat ion in both roots and leaves. 

Singh ci tiL (2001) showed the effects of urea at 0, 15.30.45.60 and 75 g 

on the growth and fruit yield of strawberry cv. Chandler under greenhouse 

conditions were investigated in 1998-99 and 1999-2000. Urea at 75 g rn'2  

resulted in the highest number of leaves and runners per plant. Urea at 30 g m 2  

resulted in the highest number of fruits plant'1 , fruit weight and crop yield. 

Rates higher than 30 g ni'2  reduced fruit number and yield. 
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A field experiment was conducted by All ei all (2003) in Kashmir. Pakistan 

during I 999-2001 to determine the cfkcts of single or combined applications 

ofN (150 kg ha). [1 (100 kg lia') and farmyard manure (FYM: 20 t ha) oil the 

yield and yield components ol strawberry cv. Full. Combined application of 

ISO k9 N ha1. 100 kg P ha and 20 t FYM ha resulted in the highest number 

of flowers plant" (14.63), fruit set plant' (9.13). number of fruits retained 

plant' (6.40). fruit weight (.5.84 g) and yield (7 t haS '). 

Gaur and (Jangwar (2003) showed the effects of N rate (50, 100. 150 or 200 kg 

ha') on the trotli, vicid and quality of strawberry cv. Seascape which were 

studied in Kanpur, tittar Pradesh. India during 1997198. The applicalion of 200 

kg N ha resulted in the greatest number of leaves plant' (23.15) and plant 

height (19.90 em). N at 150 kg/ha gave the highest number of flowers plant 

(3.95). fruit set (68.359/0). fruit length (2.56 cm) and width (2.04 cm), number 

of fruits plant' (16.7). average fruit weight (7.90 g), and total fruit yield plant' 

(137.75 g). The N rate did not significantly affect the ascorbic aci(I content of 

flints and acidity offruh juice. 

Rana and Cliandel (2003) conducted an experiment on strawberry cv. Chandler 

in Hirnachal Pradesh. India, during 1999-2000 to determine the effect of 

nitroQen (0. 60, 80 and 100 kg N ha) and biofertilizers (Azotohacter. 

Azospirilluni and Azotohacter Azospirillum) on strawberry production. The 

maximum plant height (24.51 cm), number of leaves (26.20), leaf area (92.66 

cm). fruit leiigtli (35.80 nun), fruit breadth (23.24 trim), fruit weight (9.17 g). 

iSS (8.60 degrees I311x) and total sugars (7.58%) were recorded with 100 kg N 

ha . However, the maxim urn yield (74.81 qha') and number of runners plant' 

(18.60) were obtained with 80 kg N ha'. Azotohacter inoculated plants attained 

maximum plant height (24.92 cm), number of leaves plant' (26.29). leaf area 

(96.12 cm). fruit length (35.94 mm). fruit diameter (22.91 mm). fruit weight 

(9.11 g). total soluble solid (8.64 degrees Brix) and total sugars (7.65%). The 

maximum yield (73.60 (1 ha") and the number of runners plant' (18.70) was 
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also recorded in Azotohacter inoculated plants. The maximum leaf area(l02.50 

cm2), yield (79.12 q ha5. fruit length (37.32 mm). fruit diameter (23.65 mm). 

and fruit weight (10.02 g) were recorded with .Azotobaeer inoculation 

combined with 60 kg N ha". I lowever. the inaxiniuni total soluble solid (8.78 

degrees Brix) content was recorded with A7otobacter combined with SO kg N 

ha 

Neuweiler (2004) conducted a great deal of' research into the fertigation of 

strawberry plants cultivated in peat bags. In comparison there is very little 

scienti lie data from field-trials on the nutrition of outdoor plantings. Central 

interests are concentrated on nitrogen, which is easily leached out by rainflull. 

Modern strawberry cultivars may demand less nitrogen than traditional ones. 

Compared with other field-crops strawberry plants have a limited root-system, 

concentrated in the upper soil layer. The use of split applications of the annual 

nitrogen input by means of row applications at different times is important. In 

trials loT iar applications of urea (0.3%) had a positive effect on the 

development of strawberry plants on poor soils. Nitrogen fertilizing did not 

increase the fruit yield of' June-bearing eultivars on soils with medium nutrient 

reserves. Firmness and shelf-life ol' strawberry fruit decreased with increasing 

nitrogen supply. 

Ciutal er at (2005) conducted a study from 1996 to 1999 in Maharashtra. India. 

to determine the effects of fertilizer rates of N with splits through drip 

irrigation on the growth and yield of strawberries. Four levels of recommended 

dose of nitrogen (50. 75. 100 and 125 kg ha") through drip were given and 

compared with the recommended <lose of nitrogen applied as band placement. 

The recommended dose of Nl'lC was 120: 60: 60 kg had. The yields from 75 

and 100 kg ha" I  were at par with each other, and both were superior to all other 

treatments. I lowever. in terms of fertilizer savings (25%) and yield increase 

(15.6%). 75 kg ha" was the best treatment. 
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Facdi clot (2006) carried out a to years experiment on strawberry plant,; (cv. 

Idea and Onda) grown in Cesena area (Italy) was perlbrmed in order to 

evaluate the eflëcts of rate and liming of nitrogen and potassium application oti 

yield and fruit quality. Increasing N supply (0-55-I 10 kg N ha'') in spring 

increased N- availability in the soil, leaf N. vegetative growth and fruit solid 

soluble content, but decreased fruit firmness without aFfecting plant yield. 

Karlidag and Vildirim (2007) conducted field study for three years to 

determine different aspects of intercropping strawberry (1'ragwia onanacsa L. 

Duch.) with broad bean (V/rio mba i.. cv. Lara) and their similarities to 

different nitrogen concentrations. Nitrogen was applied at three difkrent rates 

(0. SC) and 160 kg ha') in both sole and intercrop plots of' strawberry. Sole 

cropping grown with no fertilizer-N application was considered the control. As 

a result Of these studies, it \as reported that the chemical characteristics such 

as ascorbic acid, total soluble solid, and titratable acidity of strawberry fruits 

were not significantly affected by either intercropping or nitrogen fertilization. 

Vhile cropping system (lid not have any negative effects on iruit weight, fruit 

weight per plant, and yield of sLrawherry, nitrogen application rate did 

significantly affect these parameters. The 80 kg ha" nitrogen application gave 

maximum amount of marketable liii its for strawberry in both sole cropping and 

intercropping. Cropping system interaction with nitrogen application showed 

sigritficant (Ii (lerences in fruit weight per plant and total fruit weight of 

strawberry. Strawberry intercropping might he more productive than sole 

cropping especially in case of8O kg ha'1  nitrogen application. 

The effects of increasing rates of N (as urea) and K on vegetative growth, 

nutrient uptake. fruit yield and quality of' strawberries (&agaria anossa Ouch.) 

was investigated by I layiies and Goh (2008) in a field trial. In the first and 

second seasons there were small increases in plant growth and yields with the 

low rate of N but higher rates caused marked redttctions in both growth and 

yields. However, increasing rates ofN raised concentrations of u amino acid N 
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and applied N tended to raise concentrations of polyphenols and reduce those 

olascorbic acid. Applications ofN had variable effects on titratable acidity and 

sugar contents of fruit and year to year differences in quality parameters were 

generally greater than those caused by N additions. With the high N rates 

accumulation of high levels of animonium and soluble salts in the soil during 

sprig of the first season was thought to have initially inhibited plant growth. 

1:01 lowing nitrification of the accumulated anunoniurii. soil acid i tication 

occurred and consequently toxicities of Al and Mn limited strawberry growth 

at high N rates. 

I lunian and Kotze (2008) field trial was conducted 01) the youngest fully 

expanded mature leaf of each plant was sampled from a factorial N and K 

fertilization on July 4. August 22, October 27 and December 4. Nutrient uptake 

was not very active during the late autumn and vinter. On the first sampling 

date no dilièrences in leaf N content were observed among the different 

fertilization treatments. During the remainder of the growing season. N 

fertilization generally aflbcted leaf nutrient values. Nitrogen content decreased 

duriiw the harvesting season to levels of about I % lbr both fertilized plants 

and unfertilized controls. indicating that either no uptake was taking place 

during the late harvesting period, or that all N was being transported to fruit. 

Kim (2009) conducted the experiment to investigate the effect of nitrogen and 

potassium sources on growth and yield of strawberry Seolhyang and 

Maehvang' in Ièrtigation culture. The plant fresh and dry weight was higher in 

urea potassitim sullitte and ammoniuni sulthte + potassium sulthte as nitrogen 

and potassium sottrces than others in both varieties. But there were no 

significant difference among nitrogen and potassium sources in other growth 

characteristics, such as plant height, no. of leaf, cro\%i) diameter etc. Also, the 

marketable yield of fruit was higher in urea f potassium sulfhte and ammonium 

sulfate ± potassium sul fate. lhe fruit qualities, such as total soluble solid. 
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hardness, acidity, vitamin C content were not significant difference among the 

treatments. 

Dar ci at (2010) was conducted an Field experiment to study the effect of' 

various organic fertilizer combinations on growlh. yield and quality of 

strasherr (Eragaria ananassa Duch) cv. Sweet Charlie comprising eight 

inorganic fertilizer treatment combinations including the control. Here authors 

used different combinations of NPK Fertilizers. The treatment nitrogen 100 kg 

ha" recorded maximum no. of' leaves (8.34). plant spread (27.52 cm). petiole 

length (6. 14 cm), plant height (I 1.50 cm). number of flowers plant' (4.45). 

fruit length (1.40 cm). specific gravity (1.20). ascorbic acid (55.85 mg 100 g'5. 

p11(3.15) and yield plant1  (367.60 g). 

Chepinski ci at (2010) carried out an experiment in 2006-2007, influence of 

different fertilizers on yield and quality of cv. Kent strawberry. Two 

combinations were tested, each consisting of",  types of fertilizers. The control 

plants remained unfertilized. In both combinations. two types of niulti-

component fertilizers were used (T . 51!lo N. 5% P205. 15% K2O and 0- 10% 

N. S% P20c. I 0?/o K20) as well as one rate of ainmonium nitrate to provide 50 

kg N ha" in the First combination and 70 kg N ha1  in the second one. The 

treatment with multi-component Ibrtilizers enhanced firmness as well as 

calciam, phosphorus and potassium content in fruit. Strawberry lèrLil ized with 

higher rate of 'I' fertilizer contained more soluble solids, total sugar and 

reducing sugar. Neither the type of' fertilizers, nor their rate affected acidity. 

vitamin C, total phenol and magnesium content in berries. The lowest nitrogen 

content was observed fbr control berries. Practically, the differences regarding 

niLrogcn content between the fruits of' the first (50 kg N ha- I) and second 

combination (70 kg N ha- I ) were neghigille. '['he usage of multi-component 

fertilizers, especially 0 type resulted in an increase of cv. Kent strawberry 

yield. 
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Jarosz and Konopinska (2010) carried out in experiment to determine the 

quantity and qtntl its of the vield of plants grown in the SOi Iless system is the 

kind of cultivation substrate used and the level of supplyin(.1 the plants with 

nutrients. Studies conducted in the years 2005-2006 were aimed at determining 

the eflëct of diiThrentiated nitrogen dose 040 and 210 nig N dni'3) upon 

yielding, chemical composition of' strawberry (&agaria anantce, Ducli.) leaves 

and fruit. cultivar "Elsanta''. grown in unheated fbi! tunnel. in the leaves of 

strawberries fertilized with nitrogen in the dose of 210 mg N drn 3  we lound 

significantly more nitrogen and phosphorus. as well as less calcium and 

magnesium. as compared to plants lèrtilized with smaller doses oithis nutrient. 

The fruit of strawberries fertilized with a higher nitrogen dose contained 

significantly more nitrogen and potassium, as well as less vitamin C and 

soluble solids, as compared to the fruit collected from plants fertilized with 

nitrogen in the dose of 140 in,,  N (Irn. In our studies no significant effect of 

dillëren(iated nitrogen fertilization upon strawberry yielding was demonstrated. 

2.2 I iteratti res on p hospho its 

Albrerts and 1-loward (1979, 1980k 1981) conducted Field investhiation on 

strawberry for maximum fruit yields, nutrients must be present in the greatest 

quantities during the second hal I' of the season (January throwzh April) to 

sustain fruiting. Nutrient analyses of dried strawberry plants sampled through 

the season revealed consistent nutrient accumulation trends among three 

sampled cultivars. The average P in the plant at midseason and end-of-season 

samplings was 3.4 and 3.4 lb acre" P. While accumulation of these nutrients in 

the plant was nearly unchanged during this period, nutrient accumulation in the 

fruit significantly increased from 1.8 to 5.0 lb acre1  P at mid and end of season 

sampling. Accumulation of P by the fruit represented 60% of the total plant 

plus fruit accumulation of these nutrients by the end of the season. Researchers 

noted, however, that only small nutrient quantities were needed late in the 
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season to replace those nutrients removed with the fruit. Excessive nutrient 

application late in the season is often unused by the plant and prone to buildup 

or lea hing from the soil. 

May and Marvin (1993) showed the main effects and interactions of soil-applied 

P. B and Zn on yield and its components were examined in the field at two pit 

levels with Earliglow' strawberries (&a.earia ananavsa Duch.). Applied 

nutrients had significant efl'ects on several yield components, but responses 

depended on the levels of other nutrients or the soil p11 at a soil pH of 5.5 .yield 

responded linearly to B and quadratically to P. At p11 6.5. P interacted with B 

and Zn. Fruit count per inflorescence was the yield component most strongly 

associated with yield Ibllowed by individual fruit weight. I lowever. these two 

yield components responded differently to soil-applied nutrients. Foliar nutrient 

levels generalls did not increase with the amount of applied nutrient. but often 

an applied nutrient had a strong etlect on the level of another nutrient. Leaf 

nutrient levels were often correlated with fruit levels, but loliar and fruit levels 

at harvest were not related to reproductive performance. 

Suckkee ci at (2002) were carried out this research to describe deficiency,  

symptoms and to deterni ne critical concentrations ol plaint and soil phosphorus 

when strawberry plants reveal phosphorus deficiency. Phosphorus deficiency 

developed first at old leaves. Dry weight began to lessen when tissue 

phosphorus concentration in dry matter was below 0.3%. and fresh weight 

began to lessen when phosphorus concentration in plant sap was about 520 mg 

kg indicating those were the critical concentrations. Phosphorus 

concentrations in soil were 94 and IOU nig L:'. respectively, in the 0.75 and I 

mM treatments. Considering the change of fresh weight. the maximum iresh 

weight proclLetion seems to be possible when phosphorus concentration in soil 

solution was around 90 nw 
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Singh et at (2003) focuses on this paper the phosphorus physiology ol' the 

strawberry plants and explores certain aspects of fruit quality that are afThcted 

by the level of phosphorus in the plant. In particular. the role of phosphorus in 

plant growth. metabolism, leaf gas exchange. chlorophyll fluorescence, dry 

matter accumulation and distribution, fruit quality and carbon and starch 

accumulation and distribution, are discussed 

Strawberries (E)-agaria anwiassa) grown in al lisols of semiarid areas iii India 

at low organic carbon and low phosphorus (P) availability, in addition to high P 

fixation, affects P availability drastically h Sharma and Adholeya (2004) to 

show (he benefit of the yield of inicropropagated strawberry I'ragana 

anana.vsa through inoculation with arbuscular mycorrhizal (AM) fungi and P 

application was examined in a held experiment conducted in early November 

1998 in I larvana. India. AM response was evaluated at 4 doses of P (50, 100. 

)SO and 200 kg P ha") in a high P-fixing capacity and P-deficient altisol, At 

harvest, all inoculated plants. except those at the highest level of applied P (200 

kg ha"), had larger fruit yields per plant. unit mass, number of runners, higher 

shoot dry matter and shoot P content. I-however, the AM response, as measured 

by yield, varied with P concentration. Inoculated plants had a significantly 

greater frtnt yield when grown at 150 kg P ha', and the sicld was comparabte 

with uninoeulated plants grown at 200 kg P ha' The external P requirements 

ere 71 kg ha- I lbr mycorrhizal and 106 kg ha" for non mvcorrhizal 

strawberry plants to obtain 900/0 of the maximum fruit yield. In terms of P 

application, this corresponds to a savings of 35 kg 	The percent 

mycorrhizal root length colonization, both in inoculated and uninoculated 

plants. was not fbund to di her sign i licantl with P application. 

'I'his study vvis carried out by Odongo (2007) to determine the influence of 

cattle manure and triple super phosphate on growth, yield and quality of 

strawberry ct,ltivar. The experiment was carried out in the horticultural 

research fiekl at Egerton University. Njoro. Kenya. The study was conducted in 

15 



three seasons from August 2003 to July 2004, February 2004 to February 2005, 

and Juts 2005 to June 2006. each in new plots. Cattle manure was applied at 

the rates of 0. L 8. 36 and 54 t ha" singly or in combination with triple super 

phosphate (TSP). corresponding to 0, 17, 34 and 68 kg 	phosphorus was 

applied to the soil before plantinQ. Leaf number and bioynass. runner number 

and hioniass, leaf chlorophvl I content, shoot arid root hiomasses. arid loot to 

shoot ratio, fruit number, weight, size, storage life and brix index, were 

determined at various weeks after planting (WAP) to monitor performance over 

time. The combination of 68 kg 	P and IS t ha" FYM in season I resulted 

in the lowest economic returns whereas 68 kg ha" P and IS t ha' J:'y\4  in 

season 2 resulted in the highest economic returns. High l'ertilizer doses do not 

always result in high economic returns, and under sim liar conditions, 68 kg 

P and 18 t ha" FYM combination is recommended lbr enhancing strawberry 

yields. 

Zargar (2008) carried out a pot experiment at Indian during 2004-05 to evaluate 

the interaction effect of inoculation of three levels of each bin-fertilizers 

(Azotohacter. P513, yAM), nitrogen, (50, 100. 225 kg ha") and phosphorus 

(50, 75. 150 kg ha'') on the soil phvsio-chemical properties and 	yield 

attributing parameters of strawberry plant. Lach treatment combination has 

shown significant efThets on most of the parameters, but the combination of 

nitrogen (225 kg ha'), phosphorus (ISO kg ha") and hio-fertilizer 

(Azotohacter) showed highest valites of average fruit weight (19 g), plant 

height (40.66 cm). leaf nitrogen (2.50%), calcium (1.621/(.). magnesium 

(0.32%). sulphur (0.68%) and available nitrogen (220 kg ha"), calcium (3985 

kg ha''). niagnesitirn (184.37 kg ha'') and sulphur (13.60 kg hi ). Similar!>', the 

treatment combination of nitrogen (225 kg ha''). phosphorus (150 kg ha'') and 

bio-fertilizers (PSU) significantly affected number of primary flowers (8.0). 

number o secondary flowers (10.00), total number of flowers plant" (18.00), 

number of primary fruits plant" (7.00), number of secondary Fruits (10,00). 
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total number of fruits (I 7.00), available phosphorus (1 I kg ha1). leaf 

phosphorus (0.30%). 

Hong ci at (2008) stated that opuniizing plant nitrogen (N) and phosphorus (P) 

nutrition is required in healthy propagation of strawberry nursery plants for 

Ii'uit production. Strawberry (Fragaria a,;anacsa Duch.) nutrient NPK supply 

was respectively at the rates of lOS. 145 and 165 kg ha". based on soil testing 

and regional recommendation. Results showed that strawberry nursery plant 

propagation and productivity expressed using runner and daughter-plant 

variables were signi ficantiv different among the seven eultivars (P C 0.05). 

Total nitrogen uptakc (mean ±SD) varied between 2.96±0.91 g plant" and total 

P uptake was 0.29±0.06 g plant among the seven eultivars. Whole plant P 

accumulation increased with increasing of N accumulation (up to 4.7 g plant'. 

R2 -- 0.76. I' < 0.01). IL was su2gested that strawberry nursery plant 

propagation could be enhanced with nutrition accumulation ranges of 2.47-3.26 

g N plant" and 0.25-0.34 g P plant". Runner chinningwould he an option for 

regulating strawberry plant N and P nutrition and nursery plant productivity. 

2.3 Literatures on l)otass,uIn 

Locascio and Saxena (1967) grown strawberries during three sea sans on Ona 

and Kanapaha line sands to evaluate their response to N and K rntes and 

sources of K. Fruit yields were not significantly influenced by N rates from 46 

to 180 lb acre1. Increased rates olK from 35 to ISO lb acre.!  had no signilieanc 

effect on total yield during two seasons. In the third season, a significant 

reduction in total yield occurred as the rate of applied K was increased from 0 

to 130 lb acre''. This yield reduction was associated possibly with a K-Mg 

antagonism. The N and K composition of leaf tissue was increased by 

increased rates of' applied N and K. respectively. Sulfate, chloride and nitrate 

sources of K produced the same leaf tissue composition and total fruit yields. 
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Edward ci at (1975) conducted in experiment oil strawberry plants. cv. 

Cambridge was grown (a) with 5 diflèrent levels of potassium Irom planting to 

dormancy, followed by a constant level of K in the flowering and iruiting 

phase: or (h) \itll a constant level ofK from planting to donnancy. followed by 

4 diflërcnt levels of K during the flowering and fruiting phase. Application of 

K ranging from 0.125 to 2 mEq 	in the nutrient solution over the period from 

planting to dormancy had no significant elièct on any of the components of 

yield subsequently measured. Application of K ranging from 0.25 to 2 nil q I 

over the flowering and fruiting period produced significant effects on yield. 

mainly lecause of increased flower productioi'i. Yields for difThrent rooting 

media, and even between plants grown in the same medium, varied 

considerably due to fbctors other than potassium nutrition, but the leaf 

potassium concentration at the fruit ripening stage associated with maximum 

yield of fruit (>7 g per berry) was constant at about 1.20/1., K. irrespective of the 

actual yield. 

Alhregts c/ at (1991) carried out an experiment on variations in yield, average 

fruit weight. and lealtissue K concentration were evaluated for 'Dover' and 

'Chandler strawberry cultivars grown with K rates from 0 to 240 lb acre"  K:O. 

Potassium (KCI) was applied at 0,60, 120. ISO and 240 lb acre" K20 with 200 

lb acre" N and 40 lb acre" P,04. Yields of the Florida cultivar 'Dover' 

increased linearly with increasing K rates in both seasons, while yields of the 

California eultivar 'Chandler' were not affected by K iërtilization, 

Albregts and Sutton (1991) conducted a field experiment on strawberry 

(Fragaria (mUInUSSa Duch.) for two seasons on a fine sand soil to study the 

plant and Ii'uiting response of three eultivars to K rates of 0. 56. 112, lbS and 

224 kg ha''. 'Dover' total fruit yields increased linearly with rate both seasons 

while the niaxinitini March yiekl the first season was with 170 kg K ha'1 . April 

yields increased linearly with K rate the first season. The average fruit weight 

of Dover' and 'Tufts' decreased linearly with increasing K rate for Mardi and 
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for the season in 1984. while 'Dover' gave a positive linear average fruit 

weight response to K rate during Apr. 1986. 

Albrcgts and Chandler (1993) showed that high yields occurred with saturated-

water-extracted K concentrations from soil samples from 1990-1993 taken in 

February each year. Researchers concluded that 70 ppni of saturated-water-

extracted K was sufficient tbr high yields. Soil K concentrations in saturated-

water extracts increased linearly through 252 and 275 ppm each year with 

increasing rates of applied K. Yields were unaffected by the increased soil K 

concentrations either year. 

Albregts ci at (1996) conducted a field experiment on Oso Grande' and 

Seascape'. In 1993-94 'Oso (irande' and 'Seascape' were growli in a K 

fertilization study using polyethylene-mulched and fumigated bed at 0.28. 0.56, 

0.84. 1.12 and 1.40 kg K haS ' d'1 . Early. March. and total-season marketable 

Fruit yields were not aflècted by K rate during either season. 'Ike average Fruit 

weight of'Oso Grande' for the early. March, and total-season harvest periods in 

the 1992-93 season decreased with increased K rate. For the same harvest 

periods, 'Seascape' average fruit weight increased, decreased, and did not 

change. respectively, with increased K rate. Petiole sap. whole leaC and leal 

blade K concentrations increased with increasing K rates on most sampling 

dates during both seasons. Oso (irande' and 'Sweet Charlie' produced similar 

total marketable fruit yields the First season, but 'Oso Cirande' produced higher 

total yields than Seascape' during all harvest periods of the second season. 

FruiL yield during both seasons and fruit firmness during both season were not 

affctcd by K rate. Petiolc sap, whole leaC and leaf blade K concentrations 

increased with increasing K rates on most sampling dates during both seasons. 

'Oso GrandS and 'Sweet Charlie' produced similar total marketable liuit yields 

the first season, but 'Oso Grande' produced higher total yields than'Seascape' 

during all harvest periods of the second season. 
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Ecksicin and F3lanl<e (2000) showed that potted plants of the ever-hearing 

strawberry cv. Rapella were greenhouse-grown in spring either with or without 

K nutrient supply. K-deficient strawberry showed reduced leaf growth and 

reduced uptake of K and N but increased I' and Mg uptake relative to K 

sullicient plants. 

Faedi ci at (2006) were carried out a to years experiment (in strawberry 

plants (cv. Idea and Onda) grown in Cesena area (Italy) was pertbrmed in order 

o evaluate the etiëcts of rate and timing of nitrogen and potassiulti application 

on yield and fruit quality. Potassium applications (60 or 120 kg K ha) did not 

affect leaf mineral eoneentration, fruit quality and yield of strawberry plants, 

likely as a consequence ofa high K fertility of the original soil. 

Kha vat ci at (2007) showed fruit set and quality in strawberry cv. Selva were 

influenced by salinity (NaCl) and supplementary calcium and potassium. 

Treatments applied to the root medium of plants growing in soilless culture 

tinder heated greenhouse conditions. Yield components such as primary fruit 

weight and fresh fruit weight (at harvest time) and fluit number \cre higher in 

control and there was no significant difference between control and NaCI (35 

mM) I CaSO., (10 mM). Primary fruit weight and fresh fruit weight (at harvest 

time) were decreased by salinity. Their results suggest that in saline conditions. 

CaSO.: application cause increase in fniii yield and quality ol strawberry. 

The efThets of increasing rates of N (as urea) and K on vegetative groih, 

nutrient uptake. fruit yield and quality of strawberries (Fragaria ananas.sa  

Duch.) was investigated by Haynes and Goh (200$) in a field trial. There was 

a positive growth and yield response to the addition of K in the no-N and 

low-N treatments although rate of K had no inlluence. Increasing rates of K 

generally increased concentrations of leaf K and decreased those of Mg and Ca. 

Additions of K had no effect on chew ical pamnieters of fruit quality. 

20 



I luman and Kotze (2008) conducted a field trial on the youngest fully 

expanded matUre leaf of each plant was sampled from a factorial N and K 

fertilization on July 4. August 22. October27 and December 4. Nutrient uptake 

was not very active during the late autumn and winter. Leaf K levels should not 

be higher than about I .65% at the beginning of the harvesting season, as leal' 

levels of 1.80% were associated with soil K levels of80 ppm. which resulted in 

decreased yield and fruit size. there is no single time at which leaves should be 

sampled Jbr diagnostic purposes. and different standards (or leave analyses 

should be developed 11w difierent periods during the growing season. 

Kim (2009) conducted the experiment to investigate the effect ol'nitrogen and 

potassium sourccs on growth and yield of strawberry Seolhyang and 

'Maehyang' in fertigation culture. The plant fresh and dry weight was higher in 

urea polassiuni sulfate and ammoniuni sulfate potassium sulfate as nitrogen 

and potassium sources than others in both varieties. But there were no 

significant ditThrence among nitrogen and potassium sources in other growth 

characteristics, such as plant height. no. of leaf. crown diameter etc. Also, the 

marketable yield of fruit was higher in urea + potassium sulfate and ammonium 

sulfate i potassium sulfate. The fruit qualities, such as total soluble solid. 

hardness. acidity vitamin C content were not significant difference among the 

treatments. 

Khayvat ci ciL (2009) an experiment was carried out on strawberry plants 

which were grosui in soilless culture tinder greenhouse conditions to 

investigate the effect of supplementary potassium fertilization on izrovth and 

development of plants exposed to high NaCl concentration (35 mM [;1).

Treatments included: I ) nutrient solution alone (N); 2) N f  35 ni L'' NaCl 

(NS); 3) NS 5 mM L' K,SO: (NSKI); 4) NS - IC) niM U' K-.SO4  (NSK2). 

Results showed that leaf area. ion leakage (f'.C), chlorophyll contents. hioniass 

production and water usage were negatively al'lècted by NaCI stress. Moreover. 

fruit set and fruit number decreased under stress condition. Mineral content 
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(Na. c:t, ('a and K) in various plant parts increased upon NaCl stress. Although 

supplementary potassium fertilization poSitk-ekl influenced the leaf area 

development, chlorophyll contents and reproductive parameters. it had a 

negative ellèct on l,iomass production. On the other hand, in addition to K and 

Ca supplementary potassium increased Na and Cl content. These results 

shoed that potassium reduces some negative effects of NaCI stress in 

strawlerry. 

Andriolo and l.uiz (2010) conducted an experiment in order to evaluate the 

effect ol potassium doses supplied by fertigation and oI'calciuni by foliar spray 

on plant growth. fruit yield and quality of soilless grown strawberries, plants 

were supplied with nutrient solutions at IC concentrations of 9 (T1  ): 6 (T2, 

control) and 4.28 inM L' (Ta) and with the control nutrient solution (1,) 

supplemented once a week by spraying CaCl2  on shoot at concentrations of2.5 

(14 and 5g 1: 	(1>). Plant growth was lower in the higher potassium 

concentration (1,) and the highest LAL was recorded in the higher Cad 2  dose 

(T5). Fruit yield was higher in 1. and T1, the titratable acidity (IA) was higher 

in Ip, while total soluble solids (TSS) and the ratio ITS/IA did not differ 

among treatments. Ii was concluded that high pomssiurn concentration in the 

nutrient solution reduces plant growm. fruit yield and quality and that calcium 

supplied on shoot by CaCl 2  reduces fruit production. 

Dar c/ ciL (2010) conducted a field experiment to study the effect of various 

organic fertilizer combinations on growth, yield and quality of strawberry 

(I'ragaria anwiassa Duch) cv. Sweet Charlie comprising eight inorganic 

fertilizer treatment combinations incltiding the control. I lere author used 

different combinations of NPK fertilizers. The treatment potassium 80 kg ha 

'recorded maximum no. of leaves (8.34). plant spread (27.52 cm). petiote 

length (6.14 cm). plant height (11.50 cm). no. of flowers plant-' (4.45). fruit 

length (1.40 cm), specific gravity (1.20). ascorbic acid (55.85 ins 100 g'). pH 

(3.15) and yield plant' (367.60 g). 
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Ebrahimi ci cxl. (2012) conducted this study to evaluate the effect of different 

types of substrate. concentrations of potassium and cullivars were evaluated on 

yield and quality parameters of strawberry in hydroponic system. The läcton 

were three strawberry cultivars under three potassium concentrations (200. 300 

and 400 ppm) of nutrient solution of' Kll,PO4. KNO3  and K280.1  and three 

different substrates (peat f sand 	perlite. cocopeat + perlite and sand 

perlite). Results showed that increasing the concentration of potassium to 300 

ppm in nutrient solution increased vitatninC content. TSS, fruit number, fruit 

weight, yield of plant, root weight. root dry weight and length of root. The 

highest total yield was obtained from Parus with 300 ppm potassium in 

cocopeat + perlite substrate (921 .84 g planf'). 

Souri and Eskandarpor (2012) conducted an experiment to investigate the 

response of three strawberry cultivars to different potassium to calcium ratios 

of nutrient solution, this study was conducted as factorial based on completely 

randomised design with 4 replicates under greenhouse conditions. Three 

potassium to calcium ratios of 200:200, 400:200 and 600:200 mg L on three 

strawberry cultivars (Camaraso, Silva and Parus) were applied under soilless 

culture system. The results however, showed that there was a significant 

increase on growth and physiological parameters, including root dry weight. 

pH and total acidity of fruit juice, the index of fruit flavor, fruit length, the 

number of Fruits per plant, yield and fruit dry matter with increasing the 

potassium to ca lei uni ratio in nutrient solution. 

2.4 Literatures on sulphur 

Erdal c/ at (2006) carried out this study in a ealcareous soil in Turkey to 

investiszate the efibcts of different sulfur (5) and iron (Fe) sources on Fe 

nutrition of strawberry plants (Fragaria vcsca). Elemental S and S-containing 

waste from S flictory (500 and 1000 k(Y S ha") as well as FeSO.: and 

Sequesirene Fc-138 (Fe-chelate) (20 kg Fe ha'1 ) were applied to the soil. Soil 
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pH decreased from 8.3 (without S application) to 7.7-7.9 Nkith the application 

of the S sources. The leaf IC concentration, chlorophyll content green colour 

intensity and fruit yield increased with single and/or combined applications of 

S and Fe. Both S sources showed similar effects regarding parameters 

mentioned above. The results showed that S containing waste could be used as 

an alternative to elemental S for improvement of 1:0  nutrition in calcareous 

soils tinder similar conditions. 

l3ielinski and Santos (2010) field studies were conducted 10 detcrniine effects 

of pre-plant nitrogen (N) and sttlf'ur (5) sources on Strawberry Festival' 

strawberry (Fragaria ananasa) growth and yield. Six treatments resulted from 

the pre-plant application of ammonium nitrate [AN (34% N )j.  ammonium 

sullhte [AS (21(Xo N and 24% S)], anirnonium sulthte nitrate [ASN (26% N and 

14010 5)]. polmer-coated AS IPCAS (20% N and 23% 5)] and elemental S 

(90% 5). A non treated control was added. The N was fixed at 50 lb acre1  for 

AN. AS. ASN and PCAS. which resulted in S rates ofO. 57, 27 and 57 lb acre" 

respectively. The S rate of the elemental S treatment was set at 57 lb acre''. For 

early fruit number. the highest values were Ibund in plots treated with AS and 

elemental S. while the highest total fruit numbers were obtained in plots treated 

with AS. ASN. PCAS and elemental S. Ihern was no difference in total fruit 

numbers between the non treated control and AN. Plots treated with elemental 

S. ['(,AS, ASN and AS had the highest early marketable fruit weights, whereas 

the lowest early marketable fruit weight was found in the non treated plots. In 

comparison with the non treated control plots, all the pre-plant fertilization 

programs improved early marketable fruit weight. with AN. AS, ASN. PCAS 

and elemental S. Total marketable fruit weights were maximized in plots 

treated with pre-plant AS. .ASN. PCAS or elemental S. There was no difference 

between the total Iruit weights obtained in the control and AN-treated plots. 

The data indicated that the strawberry Iotal yield increases can he attributed to 

the use of pre-plant fertilizer sources containing S. 
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(:IIAPTER III 

MATERIALS AND METHOI)S 

This chapter deals with the experimental aspect of' the work Ibllowed in the 

stud> contaiiiing a briel description of site. soil, climate, crop treatment, land 

preparation. experimental design, transplanting of seedlings, lertilizer 

application, intercultural operations, harvesting, data recording and soil and 

plant analyses. 

3.1 Description ofthe c perimetil al site 

3.1.1 Location of the experimental field 
çt 

The experiment was conducted at the Horticultural Research Farm. BAR!, 

Joydehpur. Ciazipur during rohi season ot20 11-2012. 

GO 
3.1.2 Characteristics of the soil 

The soil of the experimental tield was silt loam in texture belonging to the 
(c1 

04 	. 	agro-ecological zone of the Madhupur Tract (AEZ-28). The selected plot was 

()o 	medium high land that remained IhIlow during the previous winter. The 

pinsical and chemical characteristics or the soil were determined at the 

laboratory of Horticultural Research Firm, BARI. Joydehpur Gazipur. The 

characteristics of the soil are shown in Table 3.1 and 3.2. 

3.1.3 Clinniti' 

The climate of the experimental site is subtropical in nature, characterized by 

three distinct seasons. The monsoon, popularly known as rainy seasons which 

extends from May to October, the pre-monsoon period or hot season extends 

Ironi March to April and the winter season from November to February. The 
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experiment was carried out from November to April. Details of the 

meteorological data in respect oftemperature_ rainfall, relative huniiditv during 

the period of the experiment have been given in (Appendix I). 

'table 3.1 Morphological, pinsiological and rueclian ical clia racteristics of 

the soil of the experimental area 

a) Morphological characteristics 

Locality 	 I lorticultural Research Farm, BARI. Joydehpur. 

(Jazipur 

General Soil type 	Calcarious Dark Grey Flood Plain 

Pl;'.siographic unit 	NIadhupur Tract 

Topography 	 Medium High Land 

Drainage 	 AdeqUaIC  

Ilood level 	 'hove flood level 

Climate 	 H urn id, Sub-tropical 

TVetauon 	 Cropped with strawberry, tomato, brinjal vegetation 

li) Physical characteristics 

Depth in cm 	 l)escription 

0-15 cm 	 The soil is soil and feels floury. It appean 

cloddy but readily broken. When pulverized 

the soil is light brownish in color when 

pulverized. The soil is light brownish in color 

when wet, it shows finger print when pressed 

with thumb. 



c) Media nical composition of soil 

Co nstit ii tents 
	

Percent 

	

Sai id 
	

30.56 

	

Silt 
	

37.26 

	

Clay 	 .- 	 32.15 

Textural class 	 Silt loam 

Table 3.2 Initial soil nufrietil status of the experimental site of II 1W Farni, 

Joydebpur, Gazipur 
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3.1.4 Test crop 

the variety 13.ARI strawberry 1' was used as the test crop. this variety was 

developed by Rangladesh Agricultural Research Institute (I3ARI). Joydebpur. 

6a7i pur. This is a popular variety. 

3.1.5 1_antI pre)aratiOn 

The land preparation was started one month prior to transplant of the seedlings. 

Ihe land was thoroughly prepared with the help ofa power tiller. Subsequently 

the land was sutliciently irrigated and ploughed arnl crops ploughed three times 

with count,) plough followed by laddering to have a good tilt. All kinds of 

weed. stubbles and residues of previous crop were removed from the field. 

Afer u ni Ibrin ly leveling, the experiniental plots were laid out according to the 

requirement of the treatments and statistical design. 

3.1.6 Experimental design 

The held experiment as set up in a CompleteR Randomized Block Design 

(RCBD) with three replications having 14 treatment combinations. Thus the 

total number of unit plots was 42. The unit plot size was 2 ni x I m. The plot to 

plot distance was 50 cm x 50 cm. The treatments were randomly distributed to 

the plots with proper fertilization. The hunds around individual plots were 

sufficiently strong to control water movement between plots. A drain of 50 cm 

wide was provided between the unit plots. 2.5 in wide (train was provided 

around the who Fe experimental plot. 

3.1.7 Treatments 

Ihere were altogether 14 treatments consisting of nitrogen. potassium. 

phosphorus and sulfur including control (Table 3.3). The doses of lèrti lizers are 

nitrogen (0. 90. 15 and 140 kg ha'). phosphorus (0. 20. 40 and 60 kg ha'). 
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potassium (0. 85. 110 and 135 kg ha) and sulilir (0. IS. 25 and 35 kg ha") are 

used at different treatments. 

Table 3.3 The treattitent combinations 

Treatriieiits 	Levels of 	Levels of 	lcvels of 	Levels of 

Nitrogen 	l'liospliorus 	Potassium 	Sulphur 

(kg ha") 	(kg ha") 	I 	(kg ha") 	(kg ha") 

-1 	0 	 40 	 110 	- 	25 

90 	 40 	 110 	 25 

L3- 	115 	 40 	 110 	 25 

T4  - 140 	 40 	 110 	 25 

	

T5 	115 	 0 	 110 	 25 

	

T6 	115 	 20 	 110 	 25 

	

17 	 115 	 60 	 110 - 	25 

	

13 	115 	 40 	 0 	 25 

115 	 40 	 85 - 	25 

-Ti-40 	 135 	- 25 

115 	 40 	 110 	 0 

- 

	

T1 2 	 115 	 40 	 110 	- 	IS 

	

T13 	115 	- 	40 	- 	110 	 35 

14 

 

	

4 	 0 	f 	0 	 0 	 0 
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J'Iot size 	 2 in x  I in 

Plot to plot distance 	= 50cm 

114 	

1! 
Ii 

I; 

T T 	
1 

TI. TI  T;O 

Fig 3.1 Layout of the experiment 
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3.1.8 Fertilizer a l)PliCatiofl 

Ihe whole amount of ISP. gypsum. boric acid, zinc oxide, cow dung and /2 

MOP were applied and mixed up with the soil during final land preparation. 

Nitrogen and the rest or potassium were applied around the plants alter 15 days 

ottransplanting and these were applied in 4 equal installments. 

Table 3.4 Fertilizers and their (loses used in the experiment 

Fertilizers 

Urea fCC) (NIh).] 

TSP [('a (I hPO4), 11,0] 

MOP [KU! 

Gypsum ICaS0.1.14201 

Borax [Na'l3407.lO 110J 

Zinc sulphate [ZnSO.;.71 hOJ 

c:ow Dung 

3.1.9 'Fransplanting of seedling 

Fertilizer (loses 

Ireatment dose 

Freatnient close 

Treatnient dose 

Treatment dose 

2 kg  

4 kg ha - 

lOtha'' 

Thirty days old seedlings were transplanted on the I 7" November. 2011 with a 

spacing of 40 cm from plant to plant and 60 cm from row to row. Number of 

rows are 2 and number olplanis per rows were 5 which were equal in all plots. 

3.1.10 Intercultural operations 

Intercu Rural operations were done in order to ensure and maintain the normal 

growth of the plants as and when needed. Following intercultural operations 

were (lone. 
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3.1.10.1 Irrigation 

I here was not sufficient rainilill during the growing period due to the robi 

season. After transplanting four flood irrigations were needed 10 wetting soil 

but not standing waler between the rows of each plot throughout the growing 

period. 

3.1.10.2 Weeding 

The experimental plots were infested with some common weeds, which were 

removed by uprooting them from the field during the period of the experiment. 

Indeed three times weeding were needed. 

3.1.10.3 insect pest control 

Diseases can be a major factor limiting strawberry production. Experimental 

crop was infested by grey mold during the flowering stage. Disease was 

controlled by spraying \'lancozh SOWP. Fungicide was sprayed two times at 15 

days interval crop wis also attached by leaf feeder during the growing stage & 

Ilowering stage. the larvae were controlled by Phrithrum 41 1.5 mL L'. The 

insecticides were sprayed 7 days alier transplanting of runners. 

3.1.11 Harvesting 

Ripen strawberry fruits were harvested 1mm l March to I3 April. 2012. The 

necessary field data were recorded from eight selected plants at each treatment. 

The Ibllowing data were collected arid recorded. 

P lain height 

Leaves no. plani' 

Flowers no. plani' 

Fruits no. planC' 

Fruit length 
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Fruit diameter 

Damaged thu t no. plant 

S. Fruit weight plant"' 

I rid iv Id in! fruit weight 

Yield 

3.2 Collection of plant sample 

Light plants were randomly selected at each treatment for collecting the 

tot lowing data: 

3.2.IP Ia itt height 

plant height froni ground level to the tip of the plant was recorded from eight 

random lv selected plants at each treatment in ciii. 

3.2.2 Number of leaves 

Number of leaves of the selected eight plants of each plot was recorded then 

calculated the average. 

3.2.3 Number of flowers 

The number of total flowers plant' was recorded from the randomly selected $ 

plants plot', and then calculated the average number of flowers. 

3.2.4 Number of fruits 

The number of total fruits plant' was recorded from the randomis setccted 8 

plants plot.:  and then calculated the average number of fruits. 
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3.2.5 Fruit length 

Data was recorded from randomly selected fruits plani'. Then length ol' fruits 

oleight selected plants from each plot was recorded in en) and then calculated 
11 

the average nt imber ol fruits length. 

3.2.6 Fruit diameter 

Data was recorded from randomly selected fruits plant'. Then diameter of 

thiiis of eight selected plants plot" was recorded in cm and then calculated the 

average number of fruits diameter. 

3.2.7 Number of damaged fruits 

Dumaged fruits number pianf' was calculated. 

3.2.8 Fruit weight 

The number of total fruits weight plant' was recorded from the randonil 

selected 8 plants plot' and then calculated the average eight of fruits and 

expressed in gram. 

3.2.9 Individual fruit weight 

To get md iviclual fruit weight total weight of fruits plant 1  was divided by the 

number oF fruils plant and expressed in grain. 

3.2.10 Fruit yield 

The total fruits weight was recorded from each plot in kg. This weight of fruit 

was recorded which as the yield ofm and it was converted to yield in t haS '. 
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3.3 Chemical analysis of shoot anti fruits 

3.3.1 P repa ratio ii of sa mpk 

F3oth shoot and fruit samples were cleaned, oven dried at 65 C for about 72 

hours. The oen dried shoot and fruit were ground in a grinding machine and 

fruits are cut into small pieces and then both are preserved in paper bags for 

chemical analyses. 

3.3.2 Digestion of pin itt samples with nitric acid and perchloric acid 

Exactly I g of linely ground fruits and shoot were taken into a 250 niL conical 

flask and IS mL ofcli-acid mixture (l-1N01: l-iClO4  2:1) was added to it. Then 

it was placed on an electric hot plate for healing at I 80200C until the solid 

particles disappeared and white fumes were evolved from the Ilask. Then it was 

cooled at room temperature. washed ith distilled water and filtered into 100 

niL volumetric flasks through Whatman No. 42 filter paper making the volume 

up to the mark with distilled water following wet oxidation method as 

described by Jackson (1973). This digestion was used tbr detemiination of P. K 

and S. 

3.3.3 Digestion of plant samples with sulphuric acid 

An amount of I gui oven dry, ground fruit and shoot sample was taken in a 250 

nil conical flask and 0.1 g catalyst mixture ( KSO4: CuSO4.51i3O: Se 

100:10:1), 2 niL 30% 11202  and IS mL cone. liSO.1  were added. The flask was 

swirled and allowed to stand for about 10 minutes followed by heaiiitg at 

200°C. Heating was continued until the digest was clear and colorless. After 

cooling the contents were taken into a 100 ml volutnetric flask and the volume 

was made with distilled water. This digestion was used for N determination 

exclusively. 
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3.3.3.1 Determination of total nitrogen 

The total nitrogen content of the samples was determined by macro Kjeldhal 

method as described by Page ci aL (1989). 

3.3.3.2 Delermi tnt tin ii of phosphorus 

Phosphorus in the digest was determined by ascorbic acid blue color method 

with the help ofa spectrophotometer (LKI3 Novaspec, 4049). 

3.3.3.3 Determination of potassium 

Potassium content in the digested plant sample was deterniined by flame 

photometer. 

3.3.3.4 Determination of sulphur 

the concentration of sulphur in the extract of shoot and Fruit samples erc 

detain med turhkl metrically with the help of a spectiophotometer at the 

wavelength of 420 nm as described by Black (1965) 

3.4 Statistical analysis 

Data were statisLically analyzed by analysis of variance (ANOVA) technique 

using the MSTAT-C Statistical Computer Package Prograrninee in accordance 

with the principles of Randomized Complete Block Design (RCBD). Ducan's 

Multiple Range Test (DMRT) was used to compare variations among the 

Lreatrnents. 

3.5 Regression analysis 

To detennine optimum rate, a quadratic equation of the following form should 

Ii rst be fitted to the means. 

Y-a+hx±cx2  
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The optirn urn rate of iii Erogen can he computed from the equation as Goniez 

and Gorncz (1984): 

N —  -bI2c 

The N-rate that maximizes profit: 

Nr I /2c (P/Os -h) 

Where, P,—  Price of Nitrogen and 

0.— Price of output (eg. Strawberry fruit) 

N= Optimum rate ofnitrogen 

No— N-rate that maximizes profit 

The optimum rate of phosphorus can he computed from the equation as Gomncz 

and (3onicz (1984): 

P -b/k 

The P-rate that maximizes profit: 

P'i/2c (P.fO-b) 

Where. P1  Price of phosphorus and 

O 	Price of output (eg. Strawberry fruit) 

P —  Optimum rate of phosphorus 

P-rate that maximizes profit 

The optimum rate of potassium can be computed from i hc equation as (hnii ez 

and (Jomez (1984): 

Ks.' -b/2c 

the K-rate that maximizes profit: 

K 	I /2c (P!O-h) 

Where. Pr Price of potassium and 

O= Price of output (eg. Strawberry fruit) 
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Krr Optimum rate of potassium 

K K-rate that maximizes profit 

The optimum rate Of sulphur can be corn puted from the equation as Comet. and 

Gomez (1984): 

S 	-b.2c 

Ihe S-rate that maximizes profit: 

I Ic (P,/O-b) 

Vhere, P1  Price olsulphur and 

O— Price of output (eg. Straherrv ftuit) 

Sw — Opti mum rate of sulphur 

Sr— S-rate that maximizes prnfit 
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CHAPTER IV 

RESULTS AND DISCUSSION 

This chapter contains results of Ihe experiment and the tallow-up discussion. 

For convenience, the whole chapter has been divided into two sections: 

Onornie characteristics 

Chemical conslituents. 

4.1 Effects of different levels of nitrogen, phosphorus, potassium and 

sulphur on gron Iii and yield of strawberry 

4.1.1 Plant height 

Flic plant height was not signiticantiv alThcted due to the combined effects of' 

nitrogen. phosphorus. potassium and sulphur lèrtili,ers application (Table 4.1). 

However, the tallest plant (25.60 cm) was achieved at T3 treatment where 

nitrogen. phosphorus. potassium and sulphur mre applied at the rate of 115. 

40, ITO. 25 kg ha', respectively and the shortest plant (22.53 cm) grew from 

TI. treatment (control) (Table 4.1). Hong ci aL (2008) reported that optimizing 

plant nitrogen (N) and phosphorus (P) nutrition is required in healthy 

propagation of strawberry nursery plants for fruit production of strawberry 

(Eragaria anana.csa Duch.) 

The result indicates that the height of strawberry plants was not significantly 

affected due to the single effects of nitrogen. phosphorus. potassium and 

sulphur fertilizer (Table 4.2a). But the height of plants also increased 

progressively with added N fèriilizer up to 115 kg Iia'. Further uicrease in fertilizer 

tended to depress plant height (Table 4.2a). Ihe highest plant height (25.60 cm) 

was obtained from 115 kg N ha' and the lovest (23.133 cm) from 0 kg ha" N 

dose. The maximum plant height (24.51 cm) was reported bv Rana and 

Chandel (2003) were recorded with 100 kg N ha". 
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Plant height increased with increasing rate of phosphorus up to 40 kg haS '. after 

that plant height decreased (Table 4.2b). The highest plant height (25.60 cm) 

was obtained from 40 kg P ha and the lowest (22.93 cm) from 0 kg ha.:  P 

dose. 

This result also indicates that the height of strawberry plants increased 

progressively with the increasing rates of K tip to 110 kg ha aixd therefore 

decreased plant height (Table 4.2c). Ihe highest plant height (25.60 cm) was 

obtained from 110 kg K ha' and lowest (22.80 cm) from 0 kg ha' K dose. Dar 

ci al. (2010) reported that the treatment potassium 80 kg ha' recorded 

niaxi mum plant height (I I .5 cm). 

The single effect of sulphur showed that plant height of strawberry 

progressively increased tip to 25 kg ha' of S application Addition or s increased 

decreased plant height (Table 4.2d). The highest plant height (25.60 cm) was 

obtained from 110 kg K ha' and lowest (22.80 cm) from 0 kg ha' S dose. 

4.1.2 Number of leaves 

Due to the combined ellëcts of different levels of fertilizers significant 

di flërence was fbund on leaves number plant (Table 4. I). The data shows that 

F, treatment produced the highest leaves number and this is statistically similar 

with the treatment Ti. The treatment T14  produced the lowest leaves plant'. The 

second highest number of leaves plant' was found from 14  treatment where 

nitrogen. plosphortts, potassitini and sulphur doses are 140-40-110-25 kg 

respectively. It was revealed from the results that nitrogen. phosphorus. 

potassi till) and sti Iphur enhanced the number of leaves plant'. 

The result (Table 4.2a) indicates that the leaf number of strawberry plants was 

significantly affected by (lit fernnt levels of N lbrtilizer. I .eaf ntimher plant' 

increased with increasing rate of nitrogen up to I I 5 kg 111  and then decreased 
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with increasing rate. Data shows that the application of 1 I 5 kg N ha' produced 

the highest (21.66) and application of no N dose produced the lowest (19.13) 

leaves number plani' . Dar es al. (2010) reported that the treatment ii itrozen 

100 kg ha' recorded maximum number of leaves (8.34). 

The phosphor-irs had significant effect on leaf number plant'. Number of leaves 

planf increased vitli increasing. rate of phosphorus up to 40 kg ha'. after that 

decreased leaf number plant' (Table 4.2b). The highest (21.66) leaves number 

plant' was obtained from 40 kg P ha 1  and lowest (18.80) from 0 kg ha' P dose. 

This result also indicates that the leaf number planf1  was statistieaIl' 

significant with potassium closes (Table 4.2e). Number of leaves plant 

increased with increasing rate of potassium tip to 110 kg ha' and then 

decreased with increasing rate (Table 4.2c). The highest (21.66) leaves number 

plant' was obtained from 110 kg K ha' and lowest (18.40) from 0 kg ha' K dose. 

Dar c, at (2010) reported that the treatment potassium 80 kg ha' recorded 

inaxinium number of leaves (8.34). 

The single eliect of sulphur showed significant difThrences among leaf number 

plant' with different levels of sulphur <loses (Table 4.2d). leaf number of 

strawberry also increased progressively with added S fertilizer up to 25 kg 

Further increase in S firtilizer tended to depress (lie leaf number plantL Data 

shows that the application of 25 kg S ha' produced the highest (21.66) and 

application ofO kg ha' S dose produced the lowest (19.26) leaves number. 

4.1.3 Number of flowers 

Different combinations o In itrogeri. phosphorus. potassium and sulphur brought 

about significant (1)c0.05) variation in regard to number of Ilowers plant' 

(Table 4.1). The highest (125.33) number of flowers plant' lound 11Dm 13  

which is statistically sini ilar with the treatment T4  The lowest number of 
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flowers plant' (10933) ibund from control treatments and was statistically 

similar to Ts  and Ic treatments (Fable 4.1). 

Number of flowers planf' had significant difl'erence with different levels of 

nitrogen fertilizer application (Table 4.2a). Number of flowers plant' increased 

with increasing level of nitrogen up to the level of I 1 5 kg ha" and alter that 

increasing level of nitrogen application number of flowers plant' decreased 

(Table 4.2a). Data shows that the application of 115 kg N ha'' produced the 

highest (125.33) number of flowers plant' and the application of no N dose 

produced the lowest (114.33) number of' flowers plant'. Yoshida (1992) 

reported that 100 kg N ha" increased the number of flowers on first 

i ntlo reseens. 

The single effect of different levels phosphorus showed significant differences 

among the number of flowers plant'. Ilowers number of strawberry increased 

progressively with added P fertilizer up to 40 kg ha* Further increase in P fertilizer 

tended to depress the number of flowers plant'' (Table 4.2b). The highest 

(125.33) number of' flowers plant" found when P was applied at 40 kg ha" and 

the lowest number of flowers plant'' (113.66) Ibuncl when P was applied at C) kg 

ha'' dose. Ali Y. ci at (2003) reported that combined application of 150 kg N 

ha', lOU kg P ha'' and 20 t FYM 	resulted in the maximum number of 

flowers plant' (14.63). 

This result also indicates that the significant variation on number of flowers of 

strawberry plant' under different levels of potassium ('I'ahle 4.2c). Number of 

flowers increased with increasing rate of potassium up to 110 kg ha" and then 

increasing rate decreased number of' flowers plant' ('l'able 4.2c). The hiEhest 

(125.33) number of' flowers plant" found when K was applied at 110 kg ha" 

and the lowest number of flowers pIant' (113.00) found when no K was 

applied. Rauf el at (1998) showed that 4 g of NPK plant" gave maximum 

number of flowers (29) plant". 
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Table 4.1 Effects of different fertilizer treatments on plant height, leaves 

plant1  and flowers plant4  of strawberry 

Treatments Plant height Leaves plant' Flowers plant' 

N-P-K-S kg ha (cm) 
(lit).) 

 
(no.) 

Tj(0-4()R}-25) 23.13 1 	19.13g11 ,I 1433e-g 	- 

12 (90-40-1 10-25) 24.43 20.86c 122.60b 

13(115-40-110-25) 25.60 21.66a 125.33a 

14(140-401 10-25) 25.06 21.46ab 124.00ab 

T5  (115-0-110-25) 22.93 18.8001 - 113.66gh 

16(1  15-20-I 10-25) 24.06 19.40d-l' I l5.ôóc-e 

17 (115-60-110-25) 24.13 20.33c-e 	I 19.00bc 

8 ( 115-40- 0- 25) 22.80 18.409h 113.00gh 

T9  (I 15-40-85-25) 23.86 19.33d-e I 15.06c-e 

Ito (115-40-135-25) - 	24.53 20.80ccl 122.00b 

T11  (115-40-1 10-0) 23.33 19.26e-g 114.66e-g 

T12  (I 15-40-I 10-IS) 24.46 20.66ccl 120.00hc 

T13 (115-40-110-35) 20.00c-e I 17.00bd 24.10 

1 14  0-0-0 -0) 	- 109.33h 22.53 15.5311 

Significant level 	 NS - - 	* 

- 	 0.80 	 2.35 

(,-V(%) 	 4.16 	 7.53 	 7.67 

In a column means having similar lefter(s) are statistically identical and those havin 

dissimilar letter(s) are diflèr signiflcantly at 0.05 level of significance 

NS 	_- Non s ini licant 

level of signilicance 
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Table 4.2 Single effect of N. P. K and S on plant height. leaves number 

plant' and flowers number plant"  of strawberry plant 

a) 	Effect of ii itrogen on plant height, leaves number plant 1  and 
flowers number plan I  

Nutrient levels 	- 	Plant height Leaves plant,' Flowers plant' 
N kg ha S ') 	- 	(em)  

0 	 23.13 19.13d 114.33d 
90 	 24.93 20.86c - 	122.60c 

115 	 25.60 21.66a 125.33a 
140 	 25.06 - 21.46ab 124.Oab 

Significant level 	NS - * 
F 	

* 
[SD 	 . 0.80 2.35 
CV 	 4.16 7.53 7.67 

In a column means having si utilar letter(s) are statistically identical and those having 
dissimilar letter(s) are differ significantly at 0.05 level ofsigniflcance 

NS -+ Non significant 

* 	- 	5% level of signiticance 

I)) Effect of phosphorus on plant height, leaves number plant' and 
flowers number plan t 

Nutrient levels 

(P kg hi') 

() 

20 

Plant height 

(eni) 

22.93 

fIeaves plant' 

(no.) 

18.80d 

Flowers planEr 

(no.) 

1l3.66d 

— I 15.66c 

— 	125.33a 
119.00b 

24.06 19A0c 

40 25.60 - 21.661 

60 24.13 20.33b 
Significant Level NS 

- 	- 	- 
— 	4.16 

* 
0.80 

* 
2.35 

7.53  

[SI) 05 

CV(%) 

In a column means having similar letter(s) are statistically identical and those having 
dissimilar letter(s) are differ signitIcantly at (LOS level of significance 

NS— 	Non significant 

* -* 5% level olsigniticance 
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c) Effect of pota ssium on plant height, leaves nttm her plant"  a ml 
flowers ii timber plant"  

Nutrient levels 

(K kg ha") 

135 

Signifteani level 

LSD US 

C* (% 

P hint height I Leaves phi iii 	Flowers plant 

(cm) 

22.80 

23.85 

25.60 

(no.) 	-. 

- 	1$.40d 

l9.33c 

	

21.66a 	- 

(no.) 

I l3.00d 

I l5.OSc 

125.33a 

24.53 20.80b 122.00b 

NS  

2.35 - 
4.16 

0.80 

7.53 7.67 

In a column riteans having similar letter(s) are statistically identical and those having 
dissimilar letter(s) are differ significantly at 0.05 level of significance 

NS —,Non significant 

* 	-10  511* level ol'sigtiilicancc 

(i) Effect of sit 11)11111.  on plant height, teaves flu niher plant" a tid 
flowers number ta iii" 

Nutrient levels 

(S kg ha") 

0 

Is 

25 

35 

Si2nificant level 

LSD 005 

CV (%) 

Plant height 

2.,..,. 

24.46 

25.60 

24.10 	- 

NS 

4.16  

Leaves phi 

(rio.) 

t9.26e 

20.6Gb 

2l.66a 

0.80 

7.53  

Fvcrs P l3fl(7  
(no.) 

I l4.66d 

I 20.00b 

125.33a 

117.00c 
'C 

2.35 

7.67 

In a col urn n means having similar letter(s) are statistically identical and chose having 

dissimilar letler(s) are differ significantly at 0.05 level olsignificance 

NS -+ Non signi licant 

* - 	5% level ofsignilicance 
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Figure 4.1 Effect of different nitrogen levels on plant height of strawberry 

plant 
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Figure 4.2 Effect of different Phosphorus levels on plant height of 

strawberry plant 
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Figure 4.3 Effect of different potassium levels on plant height of 

strawberry plant 
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Figure 4.4 Effect of different sulphur levels on plant height of strawberry 

plant 
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Figure 4.5 Effect of different nitrogen levels on leaves no. plant" of 

strawberry 
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Figure 4.6 Effect of different phosphorus levels on leaves no. plant" of 

strawberry 
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Figure 4.7 Effect of different potassium levels on leaves no. plan(' of 

strawberry 
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Figure 4.8 Effect of different sulphur levels on leaves no. plant' of 

strawberry 
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Figure 4.9 Effect of different nitrogen levels flowers no. plant' of 

strawberry 
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Figure 4.10 Effect of different phosphorus levels on flowers no. planf' of 

strawberry 
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Figure 4.11 Effect of different potassium levels on flowers no. plait' of 

strawberry 
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Figure 4.12 Effect of different sulphur levels on flowers no. plant4  of 

strawberry 

51 



The single eRect of different levels of sulphur showed signiticant diliCrences 

among the number of flowers plant' (Table 4.2d). Number of flowers planf of 

strawberry at lirst increased with increasing rnte of sulphur up to 25 kg hi. 

alier that number of Ilowers planf' decreased with increasing rate of sulphur 

(Table 4.2d). The highest (125.33) number of flowers plant found when S was 

applied at 25 kg ha and the lowest number of flowers plant 1  (114.66) Ibund 

when no S was applied. 

4.1.4 Number of fruits 

fable 4.3 shows that the number of fruits planf' significantly (1)c0.05) varied 

due to the combined eflëcts of nitrogen, phosphorus. potassium and sulphur. 

The highest number of fruits plant4  (12.35) Ibund when the crop was fertilized 

with 115. 40. 110. 25 kg NPKS ha' respectively (13  trealment) which was 

statistically similar with the treatment 14  l', and T12  and the lowest (7.15) 

Ibund in T,4  (control). It is revealed from the results that nitrogen, phosphorus, 

potassium and sulphur enhanced the number of fruits plani' 

This result indicates that the significant variation on number of fruits 

strawberry plant under different levels of nitrogen (Table 4.4 a). l:rtlit  number 

of strawberry plani' increased with increasing level of nitrogen application UI) 

to 115 kg N hi' and then decreased number of fruits plant'. Data shows that the 

application of 115 kg N hi' produced the highest (12.35) number of fruits 

planf' and application olO kg hi' N dose produced the lowest (8.15) number of 

fruits 	(iariglio ci at (2000) reported the same result. They showed that 

increasing level of nitrogen application increased in fruit number but not in 

fruit weight. 

The single effect of phosphorus showed that the number of fruits planf' 

significantly (1)<0.05) varied due to application of phosphorus. Fruit number 

plant' of strawberry also increased progressively with added P fertilizer up to 

40 kg 	Further increase in P fertilizer tended to depress the number of fruits 
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plant' (Table 4.4 b). All ci at (2003) reported that combined application of 

150 kg N ha1. 100 kg P ha' and 20 t FY M hi' resulted in the maximum 

number of fruits retained plant (6.40). 

Ibis result also indicates that the fruit number plant' significantly (pc0.05) 

varied due to application of different levels of potassium. Fruit number plant' 

increased with increasing rate of potassium up to 110 kg ha. afler that the leaf 

number plant' decreased with increasing rate of potassium (Table 4.4c). Rauf 

ciczL (1998) showed that 4 g of NPK plant' gave niaxitnum number of fruits 

plant' (13.25). 

The single effect of sulphur showed that the significant variation on number of 

fruits plant' tinder different levels of sulphur. Fruit number plant' increased 

with increasing rate of sulphur up to 25 kg ha1, after that decreased fruit 

number plant (Table 4.4d). Data shows that the application of 25 kg S ha1  

produced the highest (12.35) number of fruits plant' and application of 110 S 

fertilizer produced the lowest (9.05) number of fruits plant' (Fable 4.4d). 

4.1.5 Fniit length 

There was a significant (pc0.05 ) variation on fruit length (cm) due to the 

combined effects of nitrogen. phosphorus, potassium and sulphur fertilizers 

application (Table 4.3). Ihe highest fruit length (4.16 cm) was Ibund with TL 

which was statistically similar with the treatment 1', T.T6 T7  'l l, T, 

and T, and the loest (3.15 cm) from 114 treatment. 

There was a significant (p<0.05) effect of nitrogen on fruit length (Table 4.4 a). 

The effect of nitrogen showed that fruit length of strawberry increased with 

increasing rate of nitrogen up to 115 kg hi'. after that increasing rate decreased 

fruit length (Table 4.4a). The highest (4.16 cm) fruit length found when N was 

applied at 115 kg hi' and the lowest fruit length (3.24 cm) found when no N 

fbrtilizcr was applied. Dat c'i at (2010) showed the same result. They showed 

53 



that the treatment nitrogen 100 kg ha' recorded maximum fruit length (1.40 

cm). 

The single effect of phcisphonis showed significant (pc0.05) effect on fruit 

length of strawberry (Table 4.4h). Length of fruits increased with incitasing 

rate of phosphorus up to 40 kg ha' and then decreased fruit length with 

increasing rate of phosphorus (Table 4.4b). The highest (4.16 cm) fruit length 

found when P was applied at 40 kg ha' and the lowest fruit length (3.26 cm) 

found when no P fertilizer was applied. 

This result also indicates that the fruit length of strawberry signi licantly 

(pc0.05) varied due to application ofdiftbrent levels of potassium (Fable 4.4c). 

Fruit length increased with increasing rate of potassium tip to 110 Ig ha' .aticr 

that decreased fruit length (Table 4.4c). [he highest (4.16 cm) fruit length 

found when K was applied at II C) kg ha' and the lowest fruit length (3.35 cm) 

found when 110 K fertilizer was applied. Dar ci at (2010) shoed that the 

treatment potassium 80 kg ha" recorded maximum fruit length (1.40 cm). 

The single effect of sulphur showed significant variation on the fruit length of 

stravberry (Table 4.4d). Fruit length of strawberry Fruit yield increased 

progressively with the increasing rates of S up to 25 kg ha' and therefore 

decreased (Table 4.4d). The highest (4.16 cm) fruit length found when S was 

applied at 110 kg ha' and the lowest fruit length (3.35 cm) lbund when no S 

fertilizer was applied. 

4.1.6 Fruit diameter 

Fruit diameter varied signilieantly due to combined effects of nitrogen, 

phosphorus, potassium and sulphur fertilizers application (Table 4.3). I; 

treatment produced the highest fruit diameter (3.41 cm) and the lowest (2.16 

cm) was obtained from T,j  treatment (control). 'l'. T, T- T,0  T17  and T 

treatments were statistically Sun ilar with T treatment where got higher fruit 
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diameter. It is revealed from the results that nitrouen. phosphorus, potassium 

and sulphur enhanced the fruit diameter. 

The present study indicates significant variation due to application ofdilThrent 

levels of nitrogen on fruit diameter (Table 4.4a). Fruit diameter increased with 

increasing rate of nitrogen up to 115 kg ha 1 .atter that increasing rate decreased 

fruit diameter (Table 4.4a). Data shows that the application of ItS kg N ha" 

produced the highest (3.41 cm) fruit diameter and application of no N fertilizer 

produced the lowest (2.35 cm) fruit diameter. (ilaur and Gangwar (2003) 

reported that N at 150 kg ha" gave the highest fruit width. 

the single effect of different levels of phosphorus showed significant variation 

on the fruit diameter plant (Table 4 .4b). Fruit diameter increased with 

increasing rate of phosphorus up to 40 kg ha' and then decreased fruit diameter 

with increasing rate (lable 4.4 h). Data shows that the application of' 40 kg P 

ha" produced the highest (3.4 cm) fruit diameter and application of no P 

fertilizer produced the Io\\est  (2.4$ cm) fruit diameter. 

The result also indicates that the fruit diameter of' strawberry significantly 

(p<0.05) varied due to application oldifl'erent levels olpotassiuni (Table 4.4c). 

Fruit diameter increased with increasing level of potassium (loses up to 110 kg 

ha". tiller that increasing rate decivased fruit diameter (Table 4.4e). Data shows 

that the application of 110 kg K ha' produced the highest (3.41 ciii) fruit 

diameter and application of no K Fertilizer produced the lowest (2.55 cm) Fruit 

diameter. 
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Table 4.3 Effects of different fertilizer treatments on fruits no. plant'. fruit 

length and fruit dia meter of strawberry 

Treatments 	Fruits plant' 	- 	Fruit length 	Fruit 

N-P-K-S Kg ha 4 	 (no.) 	 (em) 	
(ha meter 

I 	
(ciii) 

1' (0-40-1 10-25) 	 8.l5g 	 3.24cd 	2.35gb 

T2 (9040-110-25) 	- - 11.55b 	 3.97a-e 	3.25ab 

1 3 (11540-110.25) 	 12.35a 	 4.16a 	 3.41a 

14 (140-40-110-25) 	 I l.SSah 	 4.08ah 	3.29ab 

T5 (115-0-110-25) 	- 	8.4511i 	 3.26cd 	2.48f-h 

To (115-20-I [0-25) 	 9.95c-e 	 3.48a-d 	2.88b-f 

17 (115-60-110-25) 	 10.65b-d 	- 	3.65a-d 	- 3.08a-d 

Tg(l 15-40- 0-255 	 9.05e-g - 	3.35h-d 	2.55e-h 

1 9 (115-40-85-25) - 	9.65d-f 	 3.45a-d 	175c-g 

T 1 0 (115-40-135-25) 	I 1.25a-c 	- 	3.90a-d 	3.18a-c 

'[' I 1  015-40-I 10-0) 	 9.35d-g 	 3.41a-d 	2.68d-g 

1'17 (115-40-110-15) 	I I.05a-c 	 3.78a-d 	3.12a-d 

T13  (11540-110-35) 	10.35c-e 	 3.56a-d 	2.95a-e 

1 14 (0000) 	 7.15h 	 3.15d 	 2.16h 

Significant level  

[SD 	 1.017 	 0.17 	 0.22 

CV(%) 	 - - 	6.42 	 8.85 	- 7.25 

In a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level of significance 

* 	: 	5% level of significance 

56 

' V?rY 



laMe 4.4 Single effect of N, P, K and S fertilizers on fruits no. plant', fruit 

length and fruit diameter of strawberry 

a) Effects of nitrogen fruits no. platil', fruit length and fruit diameter 

Nutrient levels 	Fruits plant 	Fruit length 	Fruit diameter 
(N kg ha4 ) 	 (rini 	 (rn, 

	

0 
	

RISc 	 3.24e 	 2.35c 

	

90 
	

ll.SSb 	 3.97bc 	3.251 
115 	- 12.35a 	- 	4.16a 	 3.41a 	- 
140 	— tl.SSah 	4.08ab 	 3.29ab 

Significant level 
	* 	* 	* 

	

[SD 
	

1.017 	 0.17 	 0.22 
CV(%) 
	

6.42 	 8.85 	 7.25 

In a column iueans having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level ofsignif,cance 

* 	—P 5% level of si,r,i ticaricc 

b) Effects of pliosplio ms fruits no. pb iii', fruit length and fruit diameter 

N itt rient levels 

(P kg haS ') 
0 

Fruits pla iii' 	Fruit length 

(rio.) 	- 	(em) 

8.45d 	 6c 3.2 

9.95c 	13.48bc 

Fruit diameter 

(cm) - 
2.48c1 

2.88c 

3.41a 

20 

40 - 	12.35a 4.16a 

3.65b 60 10.651, 

SigniFicant level  
3.08h 

0.17 LSL)5 

C\' (%) 

1.017 0.22 

7.25 6.42 8.85 

In a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level ofsignilicance 

* —P 5% level ofsignilicance 
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c)Effeets of potassium fruits no. plant, fruit length and fruit 

diameter 

N utrient 	Fruits phi ut 	Fruit  length 	Fruit clia meter 
levels 	 (no.) 	 (em) 	 (em) 

(K kg haSh) 

0 	I 9.05d - 3.35cd - 2.55d 

85 	 9.65c 	 3.45e - 2.75c 

110 	- 	12.35a 	 4.16a 	- 	3.41a 

135 	1 	11.25h 	 3.90b 	 3.18h 

Significant level 	* 	 * 	 * 

LSD 005 	 1.017 	 0.17 	 0.22 

CV(%) - - 	6.42 	 8.85 	 7.25 

In a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level ofcigniflcance 

; 50 b level olsignilicance 

(1) Effects of sulphur fruits no. plant", fruit length and fruit diameter 

Nutrient levels Fruits f)Iant' Fruit diameter Fruit length 

(S kg lia ') (no.) (cm) (cm) 

0 	- 9.35d r 3.41<1 2.68d 

15 11.05h 3.78b 3.12h 

25 12.35a 

35 

 4.16a 3.41a 	- 
10.35e 3.56c 2.95c 

Significant level * * * 

0.17 LSD 005  1.017 0.22 	- 
CV(%) 6.42 8.85 7.25 

In a column means having similar 	letter(s) 	are statistically 	identical and (hose having 

dissimilar letter(s) are diflr significantly at 0.05 level of significance 

* - 	5% level otsignilicance 
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Figure 4.13 Effect of different nitrogen levels on fruits no. plani' of 

strawberry 
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Figure 4.14 Effect of different phosphorus levels on fruits no. plan(' of 

strawberry 

59 



'4 

12 

1" 

C 

U 	 S5 	 I Ii' 

Potassiuiai level kg/ha 

Figure 4.15 Effect of different potassium levels on fruits no. plant" of 

strawberry 
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Figure 4.16 Effect of different sulphur leveLs on fruits no. plani' of 

strawheny 



-I 5 

-I 

- 35 

2 

('5 
I) 

U 	 115 

Nitrogen level kg/ha 

Figure 4.17 Effect of different nitrogen levels on fruit length of strawberry 
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Figure 4.18 Effect of different phosphorus levels on fruit length of 

strawberry 
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Figure 4.19 Effect of different potassium levels on fruit length of 

strawberry 
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Figure 4.20 Effect of different sulphur leveLs on fruit length of strawberry 
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Figure 4.21 Effect of different nitrogen levels on fruit diameter of 

strawberry 
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Figure 4.22 Effect of different phosphorus levels on fruit diameter of 

strawberry 

63 



X5 	 II 

Potassium level kWha 

Figure 4.23 Effect of different potassium levels on fruit diameter of 

strawberry 
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Figure 4.24 Effect of different sulphur levels on fruit diameter of 

strawberry 

91 



Study shows significant variation due to the application of different levels of 

sulphur on fruit diameter (Table 4.4d). Fruit diameter increased with increasing 

level of sulphur doses UI) to 25 kg S ha and thereibre decreased (Table 4.4d). 

The highest (3.4 I em) fruit diameter found when S was applied at 25 kg ha' 

and the lowest fruit diameter (2.68 cm) was found at no S retlilizer application. 

4.1.7 Number of damaged frui(s 

Number of damaged fruits plant' of I3ARI Strawberry 1 varied significantly 

(p<0.05) due to the combined effects of nitrogen, phosphorus. potassium and 

sulphur (Table 4.5). The highest number of damaged fruits planf' (II) 

achieved when nitrogen. phosphorus, potassium and sulphur was applied at the 

rate of 115. 40. 110. 25 kg ha1  respectively (i treatment) and statistically 

similar to those given by T'2  (10.33), I., ( 10.66).and I (10.30) treatments. The 

lowest (6) was achieved at Ti.; (control) treatment. 

Number of damaged fruits plant1  of BAR! Strawberry I varied significantly 

(p<z0.05) by the application of different levels of nitrogen (Table 4.6a).The 

present study indicates that destroyed fruit number plant1  increased with 

increasing level of nitrogen but up to I I 5 kg h:i'. after that decreased number 

of destroyed fruits plant" (Table 4.6a). The highest (Ii .00) number of 

destroyed fruit plant' Ibund when N was applied at 115 kg ha'1  and the lowest 

number of destroyed fruit plant'' (9.32) found when no N fertilizer was applied. 

Data indicates that damaged fruit number plant ' varied significantly (p<0.05) 

by the application of different levels of phosphonis (Table 4.6b). Only 40 kg P 

ha' gave the highest (II) number of damaged fruits plant''. Less than or more 

than that linearly gave lower damaged fruits (Table 4.6h). The lowest number 

of damaged fruits plant1  (9.00) Ihund when no F' fertilizer was applied and the 

highest (11.00) number of damaged fruits planf' found when P was applied at 

40kg ha1. 
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The ellëct of di fterent levels of potassium showed significant variation on the 

number of damaged fruits planf' (Table 4.6c). There was an increasing trend in 

the number oldamaged fruits plani' with the increased dose of potassium up to 

I 10 k ha' after that decreased number of damaged fiuit phmf. The highest 

(II .00) number of damaged fruit plant I  Ibund when K was applied at 110 kg 

haS ' and the lowest number of damaged fruit planf' (8.00) found when no K 

fertilizer was applied. 

Data shows that the application of sulphur had a signilicant variation at 5% 

level of probability regarding the number of damaged fruits planf' (Table 

4.6d). Number of damaged fruits also increased with S doses (25 kg S Iia'). 

l.ess than or more than that linearly gave lower destroyed fruits. The highest 

(11.00) nuniler of damaged fruits plant' Ibund when S was applied at 25 kg ha 

and the lowest number of damaged fruits plant1  (9.33) fbund when no S 

lèrtilizer was applied. 

4.1.8 Individual fruit weight 

Table 4.5 showed a significant (p<0.05) variation in individual fruit weight (g) 

by the combined application of nitrogen. phosphorus. potassium and Sulphur 

fertilizers. The highest fruit weight (17.85 g) was found in T 3  treatment and 

was statistically similar to those given by 12. T.I. T. T,0. TI?  and T,. 

treatments. The lowest (11.10 g) individual fruit weigh was recorded from 114  

(control) treatment. 

The single effect ufdilièren( levels of nitrogen showed significant variation on 

the individual fruit weight (Table 4.6a). Individual fruit weight linearly 

increased with increasing level of nitrogen doses tip to 115 kg ha S' and after 

that the increasing dose of nitrogen gave lower individual fruit weight (Table 

4.6a). No nitrogen application gave lower individual fruit weigh (12.80 g) and 

the highest (17.85 g) individual fruit weight found when N was applied at 115 



kg ha''. Gaur and Ganewar (2003) reported that N at 150 kg ha' gave the 

highest average fruit weight. 

Individual fruit weight was signilicantly (p'C0.05)  affected by application of 

dillerent levels of phosphorus (Fable 4.0b). there was an increasing trend in 

the individual fruit weight with the increasing dose of phosphorus. Individual 

truit weight linearly increased with increasing level of phosphorus doses up to 

40 kg ha'' and after that the increasing dose of nitrogen gave lower individual 

fruit weight (Table 4.6b). The highest (17.95 ) individual fruit weight Ibund 

when P was applied at 40 kg ha" and the lowest (13.20 g) was found when no P 

lërtilii.er 'sas applied. Suckkee ci al. (2002) reported that the maximum fresh 

weight production seems to be possible when phosphorus concentration in soil 

solution was around 90 mg L' in hydroponic strawberry culture. 

Table 4.6c showed a significant (1)<0.05) variation in individual fruit v..eight (g) 

by the application of diftèrent levels of potassium. There was all increasing 

trend in the individual fruit weight with the increasing dose of potassium. 

Individual fruit eight linearly increased with increasing level ott doses tip to 

110 kg ha'1  and after that gave lower individual fruit weight (Fable 4.6e). The 

highest (17.85 g) individual fruit weight found when K '.as applied at 40 kg ha 

and the lowest (13.75 g) was lound when no K fertilizer was applied. 

The single effect ofditlercnt levels ofsulpliur showed significant variation on 

the individual Ii'uit weight (Table 4.6d).There was an increasing trend in the 

individual fruit weight with the increasing dose of sulphur. Individual fruit 

weight linearly increased with increasing level of S doses tip to 25 kg ha'.and 

alter that the increasing dose of nitrogen gave lower individual fruit weight 

(Table 4.6d). The highest (17.85 g) individual fruit weight Iburid when S was 

applied at 25 kg ha" and the lowest (14.35 g) was found when no S fertilizer 

was applied. 
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4.1.9 Entit weight pta itt' 

Fruit weight plant' (fl was signilicantiv (p'c0.05) alleeted due to the combined 

application of' nitrogen, phosphorus. potassium and sulphur fertilizers (Table 

4.5). The highest (215.10 g) fruit weight was found when the crop received 

115. 40. ItO and 25 kg NPKS ha" respectively 013  treatment) and is 

statistically similar to those given by 12 (199.65 g). 'I'., (205.95 g). T (180.95 

g). 'F, (195.80 g) and T,2  (1585.75 g) treatments. The Iov.est (125.35 g) Fruit 

weight was found when no additional nitrogen, phosphorus. potassium and 

sulphur (T,i  trcatnient) was applied. 

The single effect oldifferent levels of nitrogen showed significant variation on 

the of fruit tight 	(Table 4.6a). Fruit weight plant" linearly increased 

with increasing level of nitrogen doses up to 115 kg ha" then more than that 

rate decreased fruit weight plani' ( Fable 4.6a). The highest (215.10 g) frtut 

weight plant" found when N was applied at 115 kg ha" and the lowest (142.65 

g) fruit weight plant4  louncl 'hen no N fertilizer was applied. Yoshida (1992) 

reported fruit malformation occurred more severely than in plants without 

nitrogen application and the ilicrease in ratio ol' small fruits (<20 g) resulted in 

reduced yield. 

Fruit eight plant" (g) was significantly (1)<z0.05) affected due to the single 

effect of phosphorus application ('Fable 46b). There was an increasing trend in 

the fruit weight plant' with the increasing close of phosphorus up to 40 kg ha' 

aIler that increasing rate decreased fruit weight 	(Table 4.6h). The 

highest (215.10 g) fruit weight plant" found when P was applied at 40 kg ha" 

and the lowest (145.45 g) fruit weight plant" found when no P lértilizer was 

applied. Mi et at, (2003) reported that combined application of 350 kg N ha'', 

lOU kg 1' ha'' and 20 t FYM ha resulted in the highest number ll'ttit weight 

plant' H 

The single effect of different levels of,  potassium showed significant variation 

on the of frtut weight plant" (Table 4.6e). The data indicates that only 110 kg 



K ha gave the highest (215.10 (,) weight of fruit plant" and less than or more 

than that gave lower fruit weight which were significantly (p'c0.05) allèeted 

due to the application ofdiftèrent levels of potassium (Table 4.6c). 'Ihe lowest 

(15245 g) fruit weight plant" Ihund when no K fertilizer was applied. 

the single effect ofdiff'erent levels ofstilphur showed signiFicant variation on 

the of flint seight plant' (Table 4.6d). Study shows that fruit weight plant' 

increased with the increasing dose of sulphur up to 25 kg ha".and after that the 

increasing dose of sulphur gave lower fruit weight plani'. 25 kg S 	gave the 

highest (2 15. 10 g) weight of fruit plant4 . Less than or more than that gave 

lower fruit eight plant''. The lowest (155.65 g) fruit weight plant" fbund when 

no S fertilizer was applied. 

4.1.10 Fruit yield 

Fruit yield per Ilectare was significantly (pC0.05) influenced due to tile 

combined efTects of nitrogen, phosphorus, potassium and sulphur l'ertilizer 

application (Table 4.5). The highest (11.50 1 ha:') fruit yield was fbund when 

the crop received 115.40, 110 and 25 kg NPKS ha" respectively (T,i treatment) 

which was statistically similar with '12 (11.10 t ha:'). '14 (11.50 t ha''). 'I', (10.15 

ha'). 'I', (10.95 t ha''). T12  (10.68 1 ha ) and 1,; (10.70 t ha'') treatments. The 

lowest (8.20 t ha") fruit yield was found when no nitrogen. phosphorus, 

potassium and sulphur (T,4 ) Iërtilizers were applied. 

Fruit yield was significantly (p'C0.05) affected by the application of different 

levels of nitrogen fertili'ier (Table 4.7 a). Fruit yield increased progressively 

with the increasing rates of N up to 115 kg ha" and therefore decreased. (Table 

4.7a). The highest (11.50 1 hzf') fruit yield found when N was applied at 115 kg 

ha and the lowest (8.95 t ha'') fruit yield found when no N fertilizer was 

applied. (Iariglio ci at (2000) were conducted an experiment where they 

showed that yield increased to increasing N rates from 0 to 53 kg ha"'. 

I lowever. the yield dillèrence between the highest and the lowest yielding 



treatment 'as 2$% (Table 4.7a). Ciutal ci at (2005) reported that yield 

increase (15.6%) can be achieved by using 75 kg ha nitrogen. 

The single effect ofdiftèrent levels of phosphorus showed significant variation 

on the fruit yield (Table 4.7b). Iruit yield of strav.herrv also increased 

progressively with added P lbrtilizer up to 40 kg ha'. Further increase in P 

lèrtilizer tended to decrease. The yield difference between the highest and the 

lowest treatment was 26% (Table 4.7h). The highest (11.50 t ha) fruit yield 

found when P was applied at 40 kg ha' and the lowest (9.15 t ha') fruit yield 

found when no P fertilizer was applied Mi el at (2003) reported that 

combined application 01150 kg N ha . 100 kg P ha4  and 20 t FYM ha' 

resulted in the highest yield (7 t ha '). 

Fruit yield was significantly (1)C0.05) affected by application of diflerent levels 

of potassium fertilizer (Table 4.7c). Progressively increase in fruit yield up 10 

110 kg ha' of K application. Addition of potassium increased fruit yield 5. 23 

and 17% by 85. 110 and 135 kg K ha1  respectively, over the K-control. The 

highest (II .50 t ha'') fruit yield found when K was applied at 110 kg ha ' and 

the lowest (9.38 1 Im'' ) fruit yield found when no K fertilizer was applied. Dar 

ci at (2010) showed the same result. They showed that the treatment potassium 

80 kg ha' recorded highest yield planf' (367.60 g). 

Fruit yield was significantly pc0.05) alIëcted by application ofdifIerent levels 

of sulphur fertilizer (Fable 4.7d). Study shows that fruit yield increased with 

the increasing dose of su I ithur up to 25 kg ha" and more or less than that the 

fruit yield decreased. The highest (11.50 1 ha') fruit yield found when S was 

applied at 25 kg ha' and (he lowest (9.62 t ha") fruit yield found when no S 

fertilizer was applied. Sulphur increased fruit yield significantly up to 25 kg ha' 

The highest increase in fruit yield over S-control due to S application was 

20% over without sulphur fertilizer (Table 4.7 d). 

70 



1l.00a I 7.85a 

I 0.bOah I 7.40ab 

9.00e-g i 	13.201-h 

9.63b-d 15.20b-f 

9.66b-d I 5.90a-e 

13 (11540-110-25) 

14 (140-40-110-25) 

1 5 (115-0-110-25) 

1 (115-20-110-25) 

1'7 (115-60-110-25) 

IS. Wa 

205 .95ab 

i 45.4Sf-h 

165 .35 c-g 

I 80.95a-f 

Table 4.5 Effects of different fertili,er treatments on damaged fruits 

plant'. individual fruit weight, fruit weight J)Ian( 1  and yield 

of strawberry 

Treal meiits 	( 	l)a maged 	I udivid ual 	Fruit wt. 
fruits phi cii' 	fruit wt. (g) 	phi iii '(g) 

N-P-K-S Kg ha 	 (no.) 	 - 

ij (0-40-11(1-25) 	 9.32d-e 	12.80gh 	142.65gh 

12 (9040-I 10-25) 	10.33a-c 	16.80a-c 	199.65a-c 

Yield 

(t ha4) 

8.95e1 

I I.lOab 

11.)Oa 

32at, 

9.15d-f 

I0.15a-e 

1 8  (I 15-40- 0-25) 8.00h 	I 3.75e-g 

9.60h-d 	14.85c-g 

I 52.45fh 

160.35d-h 

195.80a-d 

T9 (11540-85-25) 

Ij 	(115-40-135-25) 

	

10.30a-c 	16.40a-d 

9.33d-I' 	14.35d-g 

	

10.00b-d 	lO.IOa-d 

9.61h-d 	15.55a-e 

	

6.00i 	II .lOh 

1' 

	

1.01 	 1.69 

	

8.44 	 7.9 

T1 1  (115-40-110-0) 

112(115-40-110-15) 

T13 (115-40-ll0-35) 

114(0 - 0-0-C)) 

Significant level 

LSD1 

I55.65e-h 

1$5.75a-c 

175.30b-g 

125.35h 

* 

25.24 

CV (%) 8.45 

In a column means having similar lena(s) are statistically identical anti those 

dissimilar letter(s) are (lifter significantly at 0.05 level of significance 

* 	- 	5% level of significance 

9.90h-e 

I 0.95a-c 

9.62c-I 

I 0.68a-d 

I 0.70a-e 

8.20£ 

S 

1.012 

9.95 
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Table 4.6 Single effect of N. P. K and S on damaged fruits l)laIlf', 

individual fruit weight. fruit weigh( phi 11(1  of strawberry 

a) Effects of nitrogen ott damaged fruits plant, individual fruit 
weight and fruit weight planf' 

Nutrient levels 	I)aniate(l fruits 	Fruit wt. nianf' 	Individual fruit wt. 
(N kg haS ') 	 plant' (no.)  

C) 	 O.32c 

90 	 10.33be 	- 

142.65c 12.80c 

199.65h 

215.1Oa 

205.95ab 	- 

16.801) 

115 11.00a l7.85a 

- 	140 	 10.66b 

Signilicain level 

LSD 	 1.01 

17.40ah 

* * 

25.24 

- 	8.45 

1.69 

7.9 - 	CV (%) 	 844 

In a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level olsigniticance 

* 	-+ 5% level of significance 

h) Effects of phosphorus on damaged fruits pIn nit, individual fruit 

weight and fruit weight planit  

Nutrient levels (P Damaged fruits plant 	Fruit wi. plant' individual fruit wt. 

kg haf) .0!o.i 	- (gi_______ - (g) 
0 9.00e 145.45d 13.20d 

20 9.63bc 165.35c 
j 	

15.20c 

40 ll.00a 215.1Oa 17.85a 

60 9.66b 1 8ft95b t5.90b 

Signiheant level  

LSI) Otis  1.01 25.24 1.69 

CV (%) 8.44 8.45 7.9 

In a column means having similar letter(s) are statistically identical and chose having 

dissimilar letter(s) are differ significantly at 0.05 level of significance 

* 	-0 5% level of sigtulicance 
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c) Effect of potassium on damaged fruits plant', individual fruit 

weight and fruit weight iilant4  

Nutrient levels Damaged fruits plant' Fruit wi. plant' Individual fruit wt. 

(K kg ha') (ito.) (g) (g) 

0 8.00d 152.45d l3.75d 

85 - 9.ó0c I 1.85c 	- I 60.35c 

- 	- 	Ii QUa I 7.85a JIG 	- 2 I5.lOa 

- 	135 10.301) 195.801) 16.401) 

Signiticant level * * * 

LSI) 	ç 1.01 25.24 1.69 

CV (%) 1 8.44 8.45 7.9 

In a column means having sintliar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level of significance 

* 	-, 5% level olsie.nificancc 

(1) Effect of sulphur on da maged fruits plant'. individual fruit weight 

and fruit %eiglit plant' 

Nutrient levels 

(S Ira t) k'  

IS 

35 

Damaged fruits 

(no.) 

- 	9.33c 

I 0.00ah 

II .00a 

- 9.611)  

I Fruit wt. pla 

(a) 

155 .65d 

185 .75b 

215.lOa 

175 .3 Ge 

Individual fruit wt. 

(g) 

14.3 Sd 

16. lOb 

I 7.85a 

15 .5 Sc 

Sinthcant level  

LSD 	 1.01 	 25.24 	 1.69 

cv77Y 	8.44 	 8.45 	 7.9 

In a column means havin,z similar letter(s) are statistically identical and those having 

dissimilar letter(s) are (liller significantly at 0.05 level of significance ,.. 	....... 

* 	5% level of significance  
12! 
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Table 4.7 Single effect of N. P. K and S on yield of strawberry 

a) Effect of nitrogen on yield of strawberry 

Nutrient levels 	 Fruit yield 	 % Yield increase over 

(N kg ha') 	 (I ha') 	
COn I rol 

0 	 8.95c 	 - 

90 	- 	11.10b 	- 	 24 

115 	 Il.sOa 	 28 

	

11.J2ab 
	

26 

* 

1.012 

	

- 	 - 

In a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at (LOS level of significance 

P 	 50"0 level of significance 

h) Effect of phosphonis on viel(1 ofstrawbern' 

Nutrient levels 

( P kgha4) 

0 

Fruit yield 

(I ha') 

9.l5d 

20 lO.15c 	 - 

40 

60 

ll.SOa 	 - 

10.4th 	 - 

% Yield increase over 	
1 control 

II 

26 

'5 

Signi [leant level 	 * 	 - 

LSDoo5 	 1.012 

CV% 	 9.95  

In a colu inn means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level olsignilicance 

* 	- 	51,0 level olsigniticance 
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Nutrient levels Fruit yield 

(K kg lia) (I ha t ) 

I 	 9.38d 

85 9.90c 

110 ll.50a 

135 	- 10.951) 

Sioi,ifl.mni Ivrl * 

% %'iCI(l increase over 
control 

c) Effect of potassium on yield of strawberry 

C V% 

In a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are differ significantly at 0.05 level of significance 

- 	5% level of significance 

(i) Effect of sulphur on yield of strawbern 

Nutrieni levels 	 Fruit yield % Yield increase over 

(S kg ha 5 	 (1 lu' ) 
control 

0 	 9.62c - 

15 lO.70b 10 

25 11.50a 

10.68c 

Significant  

20 

35 II 

LSD,5  1.012 

In a column means ha lug sinii ar Idler(s) are stal isticallv identical and those having 

dissimilar letter(s) are differ significantly  at 0.05 level of significance 

* 	' 	50,' level of significance 
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(I 	 110 	 115  

NitrQgen level kg/ha 

Figure 4.25 Effect of different nitrogen levels on damaged fruit plant-' of 

strawberry plant 

20 	 40 	 60 

Phosphorus level kg/ba 

Figure 4.26 Effect of different phosphorus levels on damaged fruit plant-' 

of strawberry plant 

WI 



I 

0 	 S5 	 110 

Potassium level kg/ha 

Figure 4.27 Effect of different potassium levels on damaged fruit plant-' 

of strawberry plant 

o 

Sulphur level kg/ha 

Figure 4.28 Effect of different sulphur levels on damaged fruits plant-' of 

strawberry plant 
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ci 	 ')O 	 I IA 	 140 

Nitrogen level kg/ha 

Figure 4.29 Effect of different nitrogen levels on fruit wt. plant-' of 

strawberry plant 

'Si 

.. 	<0 

0 	 20 	 40 	 60 

Phosphorus level kg/ha 

Figure 4.30 Effect of different phosphorus levels on fruit wt. plant-' of 

strawberry plant 
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Figure 4.31 Effect of different potassium levels on fruit WI plant of 

strawberry plant 
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CI, 

100 

50 

N 	 :s 	 35 

Sulphur level kg/ba 

Figure 4.32 Effect of different sulphur levels on fruit wt. plant-' of 

strawberry plant 
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Figure 4.33 Effect of different nitrogen levels on individual fruit wt. of 

strawberry plant 
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Figure 4.34 Effect of different sulphurs levels on individual fruitwt. 

of strawberry plant 
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Figure 4.35 Effect of different potassium levels on individual fruit wt. of 

strawberry plant 
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Sulphur level kg/ha 

Figure 4.36 Effect of different sulphur levels on individual fruit wt. of 

strawberry plant 
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II 	 1.141 

Nitrogen level kg/ha 

Figure 4.37 Effect of different nitrogen levels on fruit yield of strawberry 

plant 

0 	 40 	 60 

Phosphorus level kg/ha 

Figure 4.38 Effect of different phosphorus levels on fruit yield of 

strawberry plant 

82 



I-I 

12 

10 

- S 

E4 
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Potassium level kg/ha 

Figure 4.39 Effect of different potassium levels on fruit yield of strawberry 

plant 

ii 

C) 	 15 	 25 	 35 

Sulphur level kg/ha 

Figure 4.40 Effect of different sulphur levels on fruit yield of strawberry 

plant 
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4.2 Effeels of different levels of nitrogen, phosphorus, potassium anti 

sulphur on nutrient content of SI raw bern' shoot and fruit 

4.2.1 Nitrogen content in shoot and fruit 

The efl'ect of nitroc.zen on nitrogen content in shoot of stra'herrv was 

statistically sign ilicant due to the different combined (loses of N. P. K and S 

fertilizers (Table 4.8 and I able 4.91. It was Ibund that nitrogen application 

increased the nitrogen content in shoot. ftc highest N content (I .óS%) was 

obtained in T. treatment which was statistically identical to treatment T. The 

loWest (0.480/',)) N content was found in control (Table 4.8). Data shows that 

nitrogen content in shoot increased with increasing level of nitrogen 

application. Facdi ci at (2006) reported that increasing N supply (0-55-I tO kg 

N ha') in spring increased N- availability in the soil and IeafN. 

In case of strawberry fruit the etiect of combined doses of N. P. K and S 

fertilizers varied significantly on N content (Table 4.9). It was observed that the 

N content gradually increased with treatment T4  the content of nitrogen was the 

highest (2.06%) and statistically similar to treatment 13. The lowest N content 

(0.28%) was found in control. I lavnes and Goh (2008) showed that with the 

high N rates accumulation of' high levels Of a nunoniuni n itroen 

4.2.2 I'hosphonis content in shoot and fruit 

The P concentration in shoot and fruit of strawberry was influenced 

significantly by the application of combined doses ofN. P. K and S fertilizers. 

The I' content in shoot varied from 0.05 to 0.84 % (Fables 4.8 and Table 4.9). 

The maximuti P content (0.48 %) was recorded in the treatment 17 which is 

statistically identical to treatment SF;. The lowest P content was ibunci in control 

(Table 4.8). Shanria and Adholeya (2004) reported that the highest level of P 

content in shoot was obtained by the application of P (200 kg ha). 
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In case of strawberry fruit the effect of phosphorus varied significantly on P 

content olfruit but diftërence is very little (Table 4.9). It was observed that the 

P content gradually increased with increasing level of phosphorus which was 

the hi2hest (0.88%) at T, treatment which was statistically similar to treatment 

T and then the lowest p content (0.38 %) was Ibund in control. (:hcn ci at 

(1999) reported that P concentratton were low in all plant pans, but were higher 

in lea \'CS. toots and stems. 

4.2.3 Potassium content in shoot and fruit 

The eiiëcts 01 difterent levels of combined doses ofN. P. K and S fertilizers on 

potassium content in strawberry shoot and fruit was statistically significant 

(1 able 4.8 and Table 4.9). The results on the K concentration in the shoot of 

strawberry have been presented in Fables 4.8. Application of potassium 

increased K content in strawberry shoot. The maximum K content (3.07%) was 

recorded in T10  treatment and second highest treatment was T3 which vvas 

statistically similar. The lowest K content (0.90%) was found in Ti4 treatment. 

Eckstein and l3lankc (2000) reported that K-deficient strawberry showed 

redttced leaf growth and reduced tipta&e of K and N. 

In case of strawberry Fruit the effect of potassium varied significantly (in K 

content (Table 4.9). It was observed that the K content gradually increased with 

level of K. T10  treatment which was the highest (1.77%) and which was 

statistically similar to treatment T. The lowest K content Cl .09%) was found in 

T14  (control) treatment. 

4.2.4 Sulph ur content in shoot and fruit 

The concentralion ofs in the shoot and fruit of strawberry was not signilieantly 

by the different levels ofcomhincd doses ofN. P. K and S fertilizers (Table 4.8 

and Table 4.9). The S content in shoot ranged from 0.1 1% to 0.31 % The 

maximum S content (0.3 1%) was found in T1  treatment and the ni in imum 

(0. I 1%) was in Tl I  treatment (Table 4.8). 
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laMe 4.8 Effects of N. P. K and S a pplicai ion on nutrient content of 

strawberry shoot 

Treatments 	 Nutrient content (%)in root 

(Iglia1) 	 N 	 P 	 K 	 S 

N - P- K - S 
(0-40-I 10-25) 	 0.58 e 	0.44c 	- 	1.67g 	0.20 

T2(9040-I 10-25) 	
- 	

1.25 cd 	- 	0.59 ed 	2.53 d 	0.22 

13  (I I54Q-I 10-25) 	1.62 a 	0.80 a 	2.99 a 	
J 	

0.30 

I (14040-I 10-25) 	1.63 a 	0.70 b 	2.72 c 	0.27 

T5 (115-0-IIO-25) 	I.32bc 	0.3Sf 	1.89e 	 0.15 

16 (115-20-1 10-25 	1.39b 	0.65c 	2.70c 	0.24 

17(115-60-110-25) 	1.47 b 	0.84 a 	2.89 b 	028 

1540- 0-25) 	
j 	

1.28 ed - 	0.46 e 	1.28 h 	0.21 

T9 (I 15-40-85-25) 	I .35b 	0.63 e 	1.33 e 	0.25 

T(ll5-4O-I35-25) 	I.44b 	0.74b - 3.07a 	0.26 

II (115-40-1104)) 	I.27cd 	0.47e 	
) 	

1.51 1' 	0.15 

112(1 1540-I 10-IS) 	1.37 b 	0.62 e 	2.52 de 	0.18 

1'13  (115-40-110-35) 	1.41 b 	0.72b 	2.82 b - 	0.31 

114(0 - 0 0 0) 	0.48c 	0M5g 	OS)0i 	0.11 

Significant level 	 * 	 I 	
NS 

$ IsD 	 6. 4 	 0.06 - 	0.08 	- - 

CV (%) 	 J -- 2.21 	 3.16 	 2.82 	 5.11 

In a column means having similar letLers) are statistically identical and those having 

dissimilar Icier(s) are differ significantly at 0.05 level of significance 

-T. NS -± Non significant 

% level ofsignilicant 



S 

0.16 

0.21 

0.32 

0.26 

0.19 

0.24 

0.14 

0.24 

0.35 

12 

Table 4.9 Effects of N, P. K alni S application on nutrient content of 

strawberry fruit 

Treat mctits ( kg Ita ) 

N - P- K - S 	N 

1(0-40-1 10-25) 	 0.42 e 

Th(90-40-lI0-25) - 	 1.1 

13 (I1540-1 10-23) -- 	 1.98a 

Nutrient content (%) in fruit 

P 	K 

0.63 cd - 	I .29g 

0.66c 	1.38 e 

0.82 a 	I .70a - 

1 4 (140-40-110-25) 	2.063 	0.71 be 	1.65 Ii 

15(115-0-110-25) 	0.96de - 0.46<1 	1.36f 

To (115-20-110-25) 	1.65 b - 	 0.74 he 	I .41 de 	I 

T7 (115-60-I I0-25) 	1.57 be 	0.88 a 	1.58 e 

18(115-40-(-25) 	0.78 de 	0.59 ed 	l.ISh 

19 (115-40-85-25)~'58 

	

42 ed 	0.62 ed 	1.45 d 

l0 (115-40-135-25) 	be 	- 0.76 h 	1.77 a 

(115-40-I 10-0) 	0.84 de 	0.61 cd 	1.34 1 

T17(115-40-110-15* 	l.45ed 	0.68e 	- l.48d 	- 

113(115-40-110-35) 	1.65 b 	0.78 b1.56 c 	- 

114(0 - 6-0-0) 	0.28f 	0.38e - 	 1.091 

Significant level 	 * 	 * 	 • 	 * 	- 

LSD 	 0.22 	0.04 	0.04 	- 

Lv (7uJ 	 I 	2.34 	
1 	

3.12 	3.43 	5.51 

In a column means having similar letter(s) are statistically identical and those having 

dissimilar letter(s) are diflir significantly at 0.05 level olsignificance 

NS - Non signi licani 

* 	-* 5% level ofsinifleance 
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In the fruit of strawberry. the S content did not significantly differ by the 

application of different levels of N. P. K and S fertilizers (Table 4.9). The 

highest S content (0.35%) was found in "15 treatment. 'Ihe lowest S content 

(0.1 2%) was Ibund in control. The result is in agreement with the findings of 

Chandal et of. (2003) that increasine S levels significantly increased S content 

UI) io45 kg S ha1. 

4.3 Correlation and regression studies 

l)irent correlation matrix and regression lines have been shown in 'Fable 

4.10. Figure 4.1 and Figure 4.2. 

4.3.1 Regression analysis 

Regression analysis of strawberry yield was done to tiE the quadratic Ibnetioris 

for estimating the opt mum levels ot' each nutrient over the diflCrent levels of 

NPKS ha4  (Fig 4.1 and Fig 4.2). Dohemtann and Fairhurst (2000) stated that 

the optimum rate of fertilizer application to a crop is that rate which produces 

the max mum economic returns at the miii imunu cost and can he derived from a 

nutrient response curve. 

l'he large and significant R 2  value in case of N. P. K and S of regression for 

strawberry indicates that the quadratic response filLed the data. Response curve 

showed that yield increased with the increasing rates of nutrient up to a certain 

level and thereafter decreased (Figure 4.1 & Figure 4.2). 

From the regression equation the agronomie and economically optimum levels 

of NPKS were estimated as 125-46-I 17-23 kg ha-1  and 12045-I 15-20 kg 

NPKS ha1  respectively (l'able 4.10). 



45 

Table 4.10 Response function of strawhern yield to N. P. K and S 

fe iii lize rs 

Nutrients 	Regression e(lUation 	
- I 	

Optimum rates ofl 

ntltrjent (kg 11) 

Agronomic - Economic 

N 	Y =8.0943 1  0.025x - 0.993 	125 	1 	120 

0.000Ix 	
I 

\' 9014 	0.092x - 0.948 

0.001 x2  

K 	Y 9J63 ± 6.0234x - 0.937 

0.000 Tx2  

S 	Y 9•557 	0.091x— 0.957 

0.002x2  

The present result indicates that judicious nutrient management in strawberry 

can ensure high persecution and profit. Application of 120-45-115-20 kg NPKS 

ha4  would be the henelicial and economically optimum for strawberry 

production in Grey Terrace Soil ol Jovdehpur under .ALZ 28. 
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Figure 4.41 Functional relationship between strawberry fruit yield and N. P 
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CHAPTER V 	 H 

SUMMARY AND CONCLUSION 

The experiment was condttcted at the horticultural Research Farm. BARI. 

Joydehptir (Jazipur during rohi season ol' 2011-2012 to evaluate the effect of 

different levels of nitrogen, phosphorus, potassium and sulphur on yield and 

nutrient content of I3ARI Strawberry I'. thirty clays old seedlings were 

transplanted on the I 7' November. 2011 with a spacing 0140 cm from plant to 

plant and 60 cm from row to row. The experiment comprised of 14 treatments 

consisting of4 levels ci nitrogen (0. 90. 115 and 140 kg N ha"), phosphorus (0. 

20.40 and 60 kg P ha"). potassium (0. 85. 110 and 135 kg K ha4 ) and sulphur 

(CL 15. 25 and 35 kg S ha'). 'l'lic experiment was laid out in the Randomized 

(:omplete Block Design (RCBD) with 3 replications. 

There was no signilicant difference on plant height of strawberry plant on the 

application diliCrent combinations of fertilizers. I lowever, the tallest plant 

(25.60 cm) was achieved at T- (115-40-110-25 kg N-P-K-S ha4  respectively) 

treatment and the shortest plant (22.53 cm) grew from 114 treatment (control). 

Due to the eflhxt of'dif'JCrent combinations of fertilizers significant differences 

were found on leaf number, flowers, fruits, destroyed fruits and fruit weight 

plant '. Ii'uit length, fruit diameter, individual fruit weight and fruit yield. 

Data showed that T treatment (115-40-110-25 kg N-P-K-S ha') prnduced the 

highest number of leaves (21.66). flowers (125.33). fruits (12.35). damaged 

fruits (I I ) and fruit weight (21 S. 10 g) plant-'. fruit length (4.16 cm), fruit 

diameter (3.41 cm), individual fruit weight (17.85 g) and fruit yieLd (11.50 t ha 

). 

The lowest number of' leaves (15.53), flowers (109.33). fruits (7.15), damaged 

fruits (6) and fruit weight plant' '(I 25.35 g). fruit length (3.1 5 cm). fruit 

92 



diameter (2.16 cm), . individual fruit weight (11.10 g) and fruit yield (8.20 t ha 
1) 

 were found from treatment T.1  (control). 

ftc single eflect of N-P-K-S fertilizers on plant height of strawberry was not 

significant. Height of strawberry plant increased progressively with added N-P-

K-S fertilizers tip to 115-40-110-25 kg ha". Further increase in N-P-K-S 

lërtilizers tended to depress the plant height. The highest plant height was 

obtained from 115 kg N ha" (25.60 cm): 40 kg P ha4  (25.60 cm): 110 kg K ha" 

(25.60 cm); 25 kg S ha" (25.60 cm) and (lie lowest 0 kg ha" N close (23.13 

cm); 0 kg ha" P dose (23.13 cm): 0 kg ha" K dose (23.13 ciii): 0 kg ha!  S dose 

(23.13 cm). 

Due to the single effect of different levels of N-P-K-S fertilizers significant 

differences were Ibund on number of leaves. flowers, fruits. darna,Ml fruits and 

fruit weight plant', fruit length, fruit diameter, individual fruit weight and fruit 

yield of strawberry plant. These growth and yield attributes increased with 

increasing rate of N-P-K-S tip to 115-40-110-25 kg ha" N-P-K-S respectively, 

after that these growth and yield attributes 'ere decreased. 

There was significant effects due to the combined application of N-P-K-S 

fertilizers in content of N. P and K nutrient in strawberry shoot and fruit. 

Whereas the content of S was not significantly affected by the application of 

combined lértilizers. 

It was Ibund that nitrogen application increased nitrogen content in shoot and 

fruit. The highest N content in shoot (1.68%) and fruit (2.060/<)) were obtained 

at L treatment whereas N fertilizer as applied at 140 kg ha" and L had no 

significant differences. The lowest N content in shoot (0.48%) and fruit 

(0.28%) were tbund in control treatment. 

The P content in shoot and fruit increased with increasing level of P ICrtihizer 

application in the combination treatment. The maximum P content in shoot 

(0.84%) and fruit (0.88%) were recorded with 17 treatment which was 
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statistically situ liar with 'l treatment and the lowest P content in shoot (0.o5%) 

and Fruit (0.38%) ere found in control treatment. 

App! i cation of increasing level of potassium fertilizer in combination doses 

increased K content in strawberry shoot and fruit. 'i'he ruaximuni K content in 

shoot (3.07%) and fruit (1.77(No) were recorded at 1; treatment which had no 

significant cli Ilerences with 16 treatment. The lowest K content in shoot 

(0.90%) and fruit (1.09%) were recorded in control treatment. 

The S content in shoot and fruit increased with increasing level of S fertilizer 

application in combined Ièrti lizatton. The maximum S content in shoot (0.31%) 

and fruit (0.35%) were found at T treatment and the in inimuni in shoot 

(0. I I %) arid fruit (0. I 2%) were in con tro I treatment. 

From the result ol present investigation it was revealed that - 

The combined fertilization of II 540-I 10-25 kg haP ' N-P-K-S 

respectively showed the better performance for most of the characters as 

well as yield of strawberry. 

N. I'. K and S content of strawberry shoot and fruit increased with 

increasing rate of N-P-K-S iërtihizer application in combination 

treatment. 

N, U'. K and S content in strawberry fruit was more than shoot at the 

same fertilizer combination. 

Considering the situation of the present experiment further studies in the 

Ibllowing areas mav be suggested 

I. Such study is needed in dillërent agro-ecological zones (AF2) of 

Bangladesh for regional adaptability and other performances. 

Another doses of N-P-K-S Iërtilizers and time of application may be 

included in the ftirther study. 

inorganic fertilizer combined with organic fertilizer can be also included 

in the program for future studs. 
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AP1EN I)ICES 

Appendix I. Monthly records of Air temperature. Relative humidity and 

Rain lii II of the experiment site during the period from 

November 2011 to April. 2012. 

Month 	* Air temperature (° C) 	*lelalive 	*Rainfall 

Maxirnuni J Minimum 
	humidity 	(mm) 

I 	 (%) 

	

I  November.201 I 	25.82 	16.04 	78 	 0 

	

December. 2011 	22.4 	13.50 	74 	 C) 

	

January. 2012 	24.5 - 	12.4 	 68 	 0 

	

February, 2012 	27.1 	16.7 	 67 	- 	30 

	

March. 2012 	31.4 	19.6 	 54 	 38 

	

ApriL2012 	33.2 	21.4 	 SI 	 52 

tMonthly Average 

Source: Bangladesh Metrological I)epartinent (climate and weather division) 

Agargaun. Dhaka- 1207 
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