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I:Fi'ECT OF CIRBERELLIC ACID (CA3) ON GROWTh AND 

DEVELOPMENT IN RED AMARAN1'I I (Amarwuiws sp.) 

By 

K. M. AUSAN HYDER 

ABSTRAC1' 

An experiment was conducted to Jind out the efiets of diffettnt levels of GA Ofl tile 

2rowtIl and yield of red amaranth at research farm. Sher-c-l3aitg!a Agricultural 

1.Jniversity. l)llaka.during the period from October. 2014 to January. 201 6.It revealed 

that. 500 ppm 01 6A3  was best for lengihof stell) (20.27 cm). stein diamcteii 10.1 

mm). total nuniherol leaf (28.58).length of edible te45.850cm). breath 01 edible 

leaIl2.983cm ). and ;tight of ten plants( 104.7gm). Ihe experiment also slnns that. 

maxnittni number of edible leaf was the highest 16.53. 21.04 and 24.12 in 12. 17 and 

22 DASrespeetivelv in the 400 ppm GA3  treatment. Role of C tA on growth and 

development in red amaranth had also been studied under pot culture condition. Ii 

noticed that.500 ppm GA3  gave tile highest steni length 32.1 8 emho ever control 

treatment gave the lowest 26.18 cmrcsult at 12. 17 and 22 DAS. ?vlaxitnuut number of 

edible leaf 30.01 at 22 DAS was highest in 400 ppm (IA;. However control of CA3 

uave the mini mm (17.26) result.CiA3 with 500 ppm exhibited niaxinium weight 

60.33u with maximum gain of weight (84.42%) agallst 100 ppiii which showed 

titinimtim weight gain (19.271),n). The highest stein length growth ratcl .193. stein 

diatiieter growth ratc0.4633 and stem weight growth rate 2893 were obtLIiIlel with 

500 ppm of CiA1 treatment. In pot culturecondition treatment 500 ppm C i.' ;respwidcd 

excellent in all the parameters under stud. 
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CHAPTER 1 

INTRODUCTION 

:?lntIFv;l1/11Is (.4,no,anh/iitc tricolor) shows a wide varici of morphological diversity 

among and even With iii certain species. I his conipl icate taxonomy and .•f ,nc,nu,thu has 

generally been considered among systematists as a "di lilcult genus (Costea and 

DeMason. 2001 ). Anwranthu.v (thmily: Ainoranihoceoc). col leetivelv known as amaranth. 

is 	a cosniopol i tan gen us of annual or shun-I ived peren ii jal plants. consist ii ig of 

approximately 60 species, which according to the uses for human consumption can be 

divided into grain and vegetable o,nw-a,,t/ntc ( Mlakar ci cii., 201 C)). Ainwinithus 

t,nonnu/nt tric(lor) placs an uiiportant role in nutrition among the leafy vege(ables 

grown in Bangladesh. Ihe leafy cnnarwulzus is said to be the ilLttivc oi India 

Shanmugavelu. 1989 and Nath. 1976). Among the leafy tvpes.Amwcnnhu wic(dor L. is 

the most commonly cultivated species in l3angiadesh. However. during winier. its grm iii 

and development is slow than summer and rainy season (Bose ci aL 199)). Normally 

plaiits are harvested at 20 to 30 days after sowing to consume as tender greens. Yziwalkar 

1985) reported that good green tender leaves without spines, with stem ureen. nieWtnis 

thick and tender. petioles green, inilorescence terminal and medium sized. ready tbr tirsi 

cutting after 30 days 01 sowing. Cotisuniption of plants within IS to 20 days as well as at 

the nature stages or 35 to 40 days after sowing is also not uncommon. Kader (1978)   

reported that the optimum stage of harvest in amarnathus could be lixed at the 25111 da s 

after sowing. as this stage the pertorniance of the h pes as Ibund to be superior ' ith 

ii icrease in lea 1' weight, stem 	eight. I eat lengt It. leaf bread t Ii. stem ti ia meter an (I plaill 



height. According to Vijayakumar (1980), the optimum stage of harvest in niost of the 

types ot wnaranihux could be tixed between 25-30 days alier sowing to get the highest 

vield as t eli as nutritious and palatable greens. The optimum harvestable maturity stage 

of red amaranth when grown during wmter season of Baiiuladesh is tot aaitable. 

Thereibre. the present experiment was undertaken to lind OLLL the optimum harvestable 

stage to uct maxinhtuil yield without being sacrificing the palatability. 

Amaranth was important food crop in the Aztec. Mayan. and I ican civilizations: 

however, its produeflon has declined remarkably, after col Iapsiri of the Central 

American cultures (l3ressani 2003; Schoenkchner et teL.2008: Alvarex-Jubele Cl 

(T, 201 Oh). 

The number of puhlications on various aspects oLlwcn'ani/ZILV spp.. such as cultivation. 

composition. applications, and health effects. has been steadi I) increasing: several re iet 

articles have summarized the output of expanding research. Ecu ton ico and K norr I 1985)    

reviewed the results on amaranth cotiipositiOii. properties. and applicat ions. while 

Stallknecht and Schulz-Schaeffer (1993) focused their revic\ niainlv on hotait and 

agronomy of.-finaranthus crops. Previously published review articles also discussed the 

history and uses of amaranth and revealed its potential: hoever. it lack ui sufficient 

experimental data was indicated as a problem in commercialization of amaranth 

('l'etitonico and Knorr. 1985). •l'herefore, currently amaranth cultivation renlains 

relatively 

A n'iarant Ii is a mitl ti ptirpose crop supplying high nutritional quail it) grains and ieat 

vegetables lbr fOod and animal feed: as possessing attractive infiorescenee coloration. it 

2 



also may he cultivated as an ornamental plant I Mlakar c/cs!. 2009). Now ada s amaranth 

could he classi tied as a new, forgotten, neglected. and alternative crop ol great nutritional 

value: in fact, amaranth has gained increased attention onl since the I 

Lehinann I 996). Crop importance. botany. and chemical composition were rcccntt 

briellv reviewed l'ocusing mainly on theological properties ol' hours containhiw amaranth 

and their sui ability for maldng bread (NI lakar ci a/..2009). 

Phvsicocheniieal 	and 	digestibility 	characteristics 	of 	starch 	present 	in .1 

In'pochoncfriacus were reviewed by emphasizing the starch alter the storage ut starchy 

products, their cooking, and the potential of starch from unconventional sources in the 

production ol resistant starch-rich goods using various treatments ([3db-Perez and 

Paredes-LOpez 2009). I Icalth-pronioting attributes oL!. cnicflhiss Were hriellv reviewed 

by Pi'okopowiez (200 I ). Most recently. a comprehensive review was ptihl islied. hich is 

tbeusiiw mawR on health clThets. such as hypocholesterolemic activit, in llueiiee on the 

inhiflulle system. antitunior effect, action on blood glucose levels. elkcts on liver 

functions, hypertension, antienenhic effect, antioxidant activity. celiac disease. and 

ant ml lerstic action ( Caselato-Sousa and A may a-Farftn 2012). Plant growth honnt inc has 

great el'lect on growth and phenotypic development on leat vegetable. (.'ytol<inin gloup 

Of hormones likes BAP. KIN. CiA3  has rapid inlluence on inorpliologic;tI traits. l'he 

hormone ( Aj has positive ell'ect on growl h and development in amaranth. ('oncent rat ion 

and time oF GA3  application on leaR vegetable may increase the hioniass production of 

that speci lie crop. The application of GA3  can increase the size and phcnotv pie gro' th oF 

red amaranth. Very few I iterature has been available on application of (i,\ 3  in red 

amaranth for its yield potentiality study. Hence. considering the following importance ol 

3 



red amaranth and role of GA3  on morphological development the current experiment was 

set up tbr the below mentioned objectives: 

To idcnti' the best concentration of GA3  For growTh and development of red 

amaranth. 

To find out the edible maturity period of red amaranth. 

To determine the growth rate of red amaranth after application of G,\3. 

To study the yield potentiality of red amaranth. 

5'(Libraryii 

4 
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CHAPTER II 

REVIEW OF LITERATURE 

Red amaranth (Amaraiulzus tricolor L) is wideN used vegetable in Bangladesh. The 

number of puN ishecl scientific article attained minimum attention for red amaranth 

research basically for good quality edible leaves and plant parts. lucre was less research 

work done with CiA3  treatment on red amaranth in dilThrent seasons which eflëcis on the 

growth of that plant. The available sources of mnlormnation which was most relevant to the 

present study have been reviewed here 

A vkrovd.( 1963)    reported that edible portion of leaves and tender stems of red a ii iarai it Ii 

per 100 g fresh weight had nwisture 85.701/a. protein 4.00%. carbohydrate 6.30 g. mineral 

matter 2.70 g. [itt 0.50 e. fibre I g, calcium 397 mg. iron 25.50 mu. phosphorus $3 mu. 

nlagnesittm 247 mg, vitamin A 92001.U. and vitamin C 99 mg. 

Aeeordimui to Bressani & Garcia-Vela. (1990) red amaranth contains 5.20 g protein. 0.$0 

fat .34 I mu calcium. 76 mg phosphorus. 4. 10 mu iron. 0.37 mug rihotlav in. 77. 1 5 

carotene. 1.80 mg niacin. 5 I mg sodium. I 20 trig ascorbic acid and about 4$ calories fiod 

energy in lOt) g edible portion. 

Subbiah ci at (1983)   studied the influence of stages of harvest on crude protein, carotene. 

ascorbic acid and chlorophyll contents of red amaranth. The leaves were Sinipled am 27. 

36 and 41 das after sowing (DAS). Crude protein I 9.30% and ascorbic acid 102.60 

5 



mg/IOU g were highest at 27 DAS, and carotene 11.50 m" IOU g and cliloropli' II 1.17 

mgig at 36 and 41 DAS respectively. 

According to Makus (1984) eight accessions of .1,narant/nes tricolor I.. produced 

hetv.een lO.00tJha to 18.40 tiha of plant hioniass. Average leaF blade elemental levels 

were 3.84% poLash .3.47% calcium. 0.77% magnesium. 0.44% phosphorus. 0.16% 

sulphur. 593 ppm iron. 562 ppm aluminum. 458 ppm sodium. 282 ppm manganese. 79 

ppm zinc and 65 ppm copper. Four accessions were judged by a taste panel to compare 

with spinach for organoleptic cjualitv. 

Biochemical analysis by Mohideen ci a/..( 1985) of red aitniranili showed that ii contained 

35.90 in of ascorbic acid. 11.04 mg of carotene in IOU g of fresh matter. On dry eiglii 

basis it contained I 2.50%. 17.40% crude liber. 0.470N phosphors. 3.20% poutssittin. 

0.840/0 iron. 2.48% calcium and 1.35% niaanesium. 

Scaly ci at. (198$) reported that .'fmcnu,ztIuss tliibiitv L. CV. ibn,j/ttc..l. /nhiichec 

cultivars Quilete and Victe. A. tricolor cultivars Red and Twupula were urrnvn in (entral 

Texas and harvested 5 weeks abler sowing. Leaves were assayed lbr fl-carotene and 

oxalare content and cooked leaves were evaluated by a taste panel. l.eaf vieWs %\ere 

highest in vieta 24 t/ha. but lhonthve proved superior br pvthium resislallec and fl 

carotene content (I 5.40 mg.'g tiesh weight). It also scorei higher than vIew b' the taste 

panel (6.00 vs 4.50) but not as high as red (6.40) and lampala (6.60) or spinach (6.)(l). 

Oxalate content was lowest in quelite (10.20 mg/g) and moderate in lbondwe (16.5(/mg). 

lhondwe was recommended Ibr summer production for Fresh greens in the Deep South ut 

the U.S.A. 



According to George ci aL.( 1989) on the source and variability br various nutritive 

aspect in amaranth (Aniorunthux spp.) thirty germplasni lines belonging to three species 

VIZ. A. tricolor L.. A. (/11/', us L. and A. euwnius L. were included in the trial. Ihese. 20 

were green. 6 green-red and 4 red pigmented. .1. (n(c'enus L. had the highest di) matter 

(17.17%). Ibllowed by 'Ace 65' 4. tricolor L. (16.92%). Red eultivars Ace 59' had the 

highest crude protein (29.13 %). Out of 30 entries. 16 had 15.12 - 16.99 % crude protein. 

'Ihese 16 included all red Lypes except Acc 59'. 2 green-red and A. clubiu.v L. entries. Ihe 

(3-carotene was 14.38- 36.13 mg/lOt) g dry matter. The red and green red types sIimed 

the highest range of f3-earotene. Among the green entries. *Co.?' had the highest oxztlate 

(4.94%) content. The lowest oxalate was recorded in 'Co. I'. 3.04%). Al I the red and 

green-red types with high protein and 13-carotene also had high oxa late. 

ihon (1992) reported that seedlings of Globe amaranth (Gonzpin'enu g/obu.vc). urtnvil for 

cut flowers, were planted on 6 June in silty loam soil with a p11 of 6.8. 26.79kg available 

I' 205/ha, 31 6.80kg aailable K 20/ha and 1.08% organic C. The eliëcts of 3 spaeint 20 

X 30. 20 X 45 and 20 X 60 cm). 3 rates of N (0. 100 and 200 kgha and pinchin s.. 

non-pinching were compared. A base dressing at 25 ton manure. 100 kg P 205/ha and 

IOU k2 K 20/1a and half the N dose were applied beibre planting. The reniainiiig N as 

top- dressed. Plain width. nunther of branches/plant and nuni her and wei gIn at 

hlowers/plant increased significantly with wider spacing and increasing N rate. However. 

the total flower yield/unit area was greatest with a spacing of 20 X 30 cm. The number 

and weight of flowers were significantly. 

rQibrary 
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CFIAPTER HI 

MATERIALS AND METHODS 
The experinlent was conducted to find mit the efThcts of di lThrent levels (if GA.;  on Ihe 

growth and yield ol red amaranth at research farm Sher-e-Bangla Agricultural It nivcr4t\ 

and Dhaka during the period from October. 2014 to Januar . 2016. The ;iiaterials and 

methods of the research program is organised in di fierent sub-headlines as noted beto 

3.1. ('limale 

the climate is subtropical. the experimental period was from October. 2014 to January 

2016 characterized by plenty of sunshine and scarce rainljill. 1 he average max mum and 

mininitifll temperatures were 29.30t and I 5.97<'C respectivel during the experimental 

period. Ihe maximum and minimum temperatures. humidity. rain lii It and soil 

temperature during the study period 'ere collected Ironi the lianglaclesh \1ctcoruloicaI 

Department as per the tot lowings: 

Morphological features 

I ocation 

A El 

General soil type 

land type 

Soil series 

1 oporaph v 

Flood level 

Drainage 

Cro pp i rig pat tern 

Cli a racterist ics 

Agronomy tam). SA U. Dliaka. 

Modhupur lraet (28) 

Shallow red bro n soil 

II iuh land 

lej gaon 

Fairly te'eled 

Above flood level 

Well drained 

Fellov - red amaranth 



3.2. Soil 

The soil of the experimental area belongs to the Modhupur Tract (IINDP. lOSS). The 

analytical data of the soil sample collected from the experimental area determined in soil 

testing laboratory. SR[)I. Kharnarahari. Dhaka is presented below: 

Cia racteristiesjjnr' 	 - 

l'artical size analysis 27 

%Sand 43  

lit 

%Clay 30 

rexwral class Siltv-cla 

Fl! 5.6 

Organic carhone (%) 0.45 

Organic matter (%) 0.78 

Iota! N (%) 0.03 

Available P. (ppm) 	 ak 20  

I xchangeable K (me/I 00 g soil) 0. I 

Available S (ppm) 45 

The experimental site was medium high land and pH of the soil 	was 5.6. The 

morphological characters of soil of the experimental plot as according to FAO (2010) is 

shown as AEZ No.-28. Soil Series.-Tejgaon, General Soil.-Non calcareous dark grey. 
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3.3. Plant Materials 

The seed of red amaranth belongs to the study was collected from Lal leer Seed Lid.. 

Dhaka. and named Altapeti 20. 

3.4. Plant growth regulator 

Plant growth regulator Gibberellic Acid (GA3) with diliërent concentrations were used 

lbr (his experiment. 

3.5. Trea(ments of the experiment 

Experiment was carried out with single factor. The concentration oF (IA; is given belm. 

Analytical grade GA3  was collected from Merck Germany Company. 

I) To = control 

ii) 11= looppni 

iii)T- = 200 PPU1 

T; = 300 ppm 

- 400  PP' 

1', = 500 ppill  

3.6. Experimental design and layout 

lorty-eiht treatments (4 x 4 x 3) were accommodated Followed by randomized eonplete 

block design with three replications. Four doses ofGA3(including  control) nere assi2ned 

in the plots. The area of the experimental land was 20.5 in x 9.5 in. l'he size at each ploL 

was 2 ni x I in and the distance between two blocks and two plots was kept 0.5 in. A 

layout of the experiment has been shown in (Plate. I.) 

10 



Design of the Fieki 

Land - (20.5 x Q.5 II in 

No. of Plot (4 x Ax 3) 

Plot = (2 x I) in 

B lock to B lock 0.5 m 

liol to Plot 0.5 m 

Plate. 1. I- icld design of the experi itieni 
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3.7. ]..and prcparation 

The selected land was opened on I 5th September 2014 with the help of a power tiller and 

then it was kept open to stili for 7 (seven) days prior to liirther ploughing. .Atienards it 

was prepared by ploughiug and cross ploughing Ibllowed In ktddering. The weed and 

stebbles were removed from the plots afler each laddering. Simultaneously the clods 

were broken and the soil was made in to good cilth. Finally, the plots were raised up to IS 

cm from the ground level. 

3.8. Seed sowing and germination 

The seeds of red amaranth (Amaranihus tricolor L.) were mixed with sands soil just to 

increase the volume then it was sown in well prepared experimental plot. The date of 

seed sowing was 10 October. 2014. 2nd June. 2015 and 22nd November. 2015 Ibr Iirst. 

second and diird experiment respectively. 

3.9. Application of manures and fertilizers 

Following manures and fertilizers were used lot this experiment: 

('ow dung 
	

0 L/ha 

NI uriate 01' potash (M P) 	 200 k Wha 

Triple super phosphate (TSP) 	 IOU kg/ha 

[he sLandard doses of manures and fertilizers were applied to the experimental pUn 

except urea. The entire quantity of above mentioned cow dung. muriate of potash and 

triple super phosphate s crc applied during final land prepaLioi. 1 he lotal amount ol' 

urea was applied as top dressing in three equal installments at Ii. 20 and 15 days alter 

sowing. 

12 



Iwo experiments were conducted to fulfill the nientioned objeci Re under di it,rent 

en vi ron men La! cond it I otis. 

Sub-experiment 1. 

Itole of GA3  on red amaranth under Field condition. 

Sub-experiment 2. 

ElThct of GA 3  in red amaranth under pol culture in net house condition. 

3.10. Preparation of GA3: 

Stock solution of different treatments or GA3  were prepared by following methods. 

I. 	500 ppm GA3: 500 nig of (IA3  powder was dissolved in 0.1% NaOl-I and then the 

vol uire s as made upto 1000 nil. 

2. 400 ppm GA3: 400 in-, of GA3  powder was dissolved in 0.1% NaOH and then the 

volume was made upto 1000 nil. 

300 ppm GA3: 300 mg olGA3  powder was dissolved in 0.1%  NaUl I and then the 

vol unie was made upto 1000 1111. 

200 ppm CiA3: 200 nig of GA3  powder was dissolved in 0.1% NaOFI and then the 

volume was made upto 1000 ml. 

lOt) ppm GA3: 100 nig of GA3  powder was dissolved in 0.1% NaUl I and then the 

volume was made upto 1000 ml. 

3.11. C1 3  Spravino 1, 

First treatment was sprayed after 2 days oF 80% germination. With every $ days interval 

rest of the treatments were applied and within 22 days of the application of th\ was 

completed. 

13 



3.13. Data collection 

The morphological traits tinder study of two sub-experiments were similar and the 

parameters were as follows: stem length (cm), stem diameter (cm), number of total Ical 

number of edible leaK length of edible leaf (cm). breath of edible leaf tein . eight of 10 

selected plant (g), percentage of edibility of plant (%) and crop gro\%th rate at 12. I? and 

22 DAS for both the experiments. 

3.13.1. Plant height (cm) 

Plain height was measured in centimeter (cm) by usinu it scale 12. 17 and 22 days alier 

sowing trom the point of ground level to (lie tip of the plant leaf. Randonil ID plants 

were selected and data was recorded on average basis. 

3.13.2. Stern diameter of plant (nun) 

Randomly It) plants were selected and measured each stem of the plant against it digital 

micrometer. then the sum of stem diameter was divided by 10 to record stein diameter of 

plant. 

3.13.3. Number of total leaf 

Randomly tO plants were selected and measured, then the stun of number of leaf was 

divided by 10 to record number of leaf of plant. 

14 



3.13.4. Number of edible leaf 

Randomh 10 plants were selected and measured, then the suiti of number of edible leaf 

was divided by 10 to record number of edible leaf of plant on the basis of freshness and 

SoUlless of leaf. 

3.13.5. Length of edible leaf (tin) 

Randomly 10 plant's length of edible leaf (cm) were selected and measured 1w tiSili 

scale. then the sum of number of leaf length was divided by 10 to record length of edible 

lea lo f plant. 

3.13.6. Breath of edible leaf (ciii) 

Randomly 10 plant's breath of edible leaf (cm) were selected and measured U using 

scale. (lien the sum ot'number of breath of leaf was divided by 10. 

3.13.7. weight of JO selected plants (g) 

Randomly 10 plants were selected and measured by isrng balance. then the stun Of  

number of weight ol' plants was divided by 10 to recorded weight nfl 0 selected plant in 

gIll. 

3.13.8. Percentage of edibility (%) 

Randomly 10 plant were selected. then the fresh part of plants ere isolated and eiglied. 

Then the percentage of edibility was measured by using the following formula: 

0/ edibility of plant { Fresh weight which is edible (g) -TotaI weight (g) } 	11110 

15 



3.13.9. Growth rate 

At the date of harvesting. randomly selected 10 plants from each unit plot was nicustired 

against a roller having em scale and individual sum of plant length. diameter and plant 

vt. were divided by tolal growing period (22 days). The growth rates were calculaied hy 

using the following lbrmula. 

Stem length growth rate Length of stem (en)) at harvest - Total growing period 

(22 days) 

:• Growth rate of stern diameter = Diameter of the stein (mm) at harvest -- Total 

growing period (22 days) 

> Weight growth rate 	Weight of plant (g) at harvest - Total growing period 

(22dayS) 

3.14. Data analysis: 

The collected data on different parameters were analyzed by using MS .A'l'-C computer 

package statistical software programme. Mean Separation was also done using I .Sf) 

values with the help of the same computer package. The percentage data were considered 

to appropriate cransftrmation like square root according to DMRf (Goniex and (ionic,. 

1984.) 

(Library) 
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CHAPTER IV 

RESULT AND DISCUSSION 

the role of GA3 on morphological parameter were suidied in the present experiment. 

I )i iferent concentration of GA3 has great influence on phenoty pie traits on red uiiiarunih. 

The finding ol different trealmetus are presented in the chapter. 

Snb-cxperiment. 1. 

Role oft; A 3  in red ama ra at Ii ii ode r field condit ion 

4.1.1. Length of Stern: 

Length of stem was studied alley application of G\ in dillërent concentration, three 

applicaiion was done at 12. 17 and 22 [MS. It revealed that. when the cone, of (;A 

increase then the length of' stem also increased in all the treatment. 500 ppm of' ( iA 

showed highest length (13.90. 16.42 and 20.27 em) ('laNe. I) (Plate. 2) respecLivel\ at 

12. 17 and 22 DAS. 

F:ihle. I. EIi,et ot'(iibberellic ;icid (Ct\) on stem lcnith 	it'red ainaraiith 

Trcatnienls Stem length (em) 

12 EMS 17 l)AS 22 1MM 

lu 7.1971 9.233 V 12.95 U 

1 e 1ft53e 13.62 U 

10.12 d 4 	I 1.65 U 	IF 15.15 e 

12.12c l3.OSc 155"c 

14 13.1$ b 'J 15.37 h l&37 h 

13.91) a 16.42 a 20.27 a 

l.SD005  0.5753 0.6169 0.7231 

(\' (%) 6,324 5.276 8.529 
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to e 

litre, 
a= LOU ppm 
b200 ppm 
e = 300 ppm 
ii = 400 ppm 
e = 500 ppm 

I 

Plate.2. Stern length of red amaranth in the treatment 500 ppm (iA application at 22 DAS. 

100 ppm GA3  

200 ppm GA3  

300 ppm GA3  

400 ppm GA3 
	 (L ibra ry) 

500 ppm GA3  
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4.1.2. Diameter of stem (mm) 

Diameter of stein in red amaranth was measured in millimeter (mm). It is observed that. 

higher cone. olGA 3  has positive effect of diameter. When the cone. increase the diameter 

also increase. It is noticed that 500 ppm GA3  showed highest diameler 5.93, 8.9I and 

10.13 mm on 12, 17 md 22 DAS respectively. The lowest data 4.023. 4.727 and 6.113 

were recorded in 100 ppm GA3. (Table. 2) 

Iahle.2. FiThet olGibberellic acid (GA) on stem diameter(mm) of red amaranth 

Stem diameter (nun) 

Ireatments 

12 DAS 17 DAS 22 DAS 

To 4.023f 4.7271' 6.113f 

T 4.770 d 6.090 d 7.570 d 

T2  4.320 e 5.483 e 7.227 c 

5.040 c 7.347 c 8.123 c 

T4  5.277 b 7.623 b 8.477 b 

5.933 a 8.883 a 10.13 a 

LSD005  0.05753 0.09965 0.1151 

CV (%) 7.993 6.471 6.831 
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4.1.3. Total Number of Leaf: 

Total number of leaf of red amaranth which was counted after 12, 17 and 22 DAS in 

amaranth with applying 100 ppm, 200 ppm, 300 ppm, 400 ppm and 500 ppm of GA3 

revealed statistically significant variation. It showed that 500 ppm GA3 gave the higlwst 

result at 12, 17 and 22 DAS and it were 17.48, 24.05 and 28.58 respectively. The lowest 

data 11.97, 13.02 and 14.90 were observed in control treatment. (Fig. I) 

35 

30 

25  
I I 

I I 

20 ..., - 

I: 
dii ii r ui ii 

Control 100 ppm 200 ppm 	300 ppm 41)) ppm 500 psm 

12 DAS 11.97 12.38 13.6 	 14.34 17.14 17.48 

17 DAS 13.02 17.2 20.05 	2 1.05 23.65 24.05 

22 DAS 14.9 21.29 25.1 	25.03 28.2 28.53 

Treatment 

12 DAS 	17 DAS 	22 DAS 	Linear (17 DAS) 

Fig. I. Effect of Ciibberellic acid (GA3) on number of total leaf 
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4.1.4. Number of edible Leaf: 

Total number of edible leaf is an important trait for human consumption. Data were 

recorded on each treatment of GA3 application. It was observed that 400 ppm GA3  

showed the highest number of edible leaf 16.53, 21.04 and 24.12 respectively on 12, 17 

and 22 DAS. The control treatment showed the lowest result in three intervals of 

spraying. (Fig. 2) 

30 

25 

20 
- 	ti 

15  
11  

Ji: ii ii  ilU I in 
Control Wo ppm 200 ppm 	3 	pm .iX porn 

12 DAS 10.15 11.13 11.56 	12.6 15.53 

all DAS 9.867 14.07 16.89 	17.93 21.04 

022 DAS 11.19 17.19 20.35 	20.34 24.12 

Treatment 

500 cpm 

15,57 

20.18 

27.53 

12D45 	I7DAS rT22 045 	unear(l7DAS) 	Liear (22 045) 

Fig.2. Effect of Gibberellic acid (GA3) on number of edible leaf of red amaranth 
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Plate.3. Field view of experimental plot 
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4.1.5. Length (eni) and breadth (cm) of edible Leaf: 

1.engtli and breadth of edible leaf was measured at 12. 17 and 22 DAS. It recorded thai 

500 ppm GA; responded best as 3.54. 4.04 and 5.85 en' Table. 4) lenutl, and 2.27. 2.P) 

and 2.88 cm ([able. 5) breadth respectively among all other treatments. Similar trend of 

poor perlbrmance was noticed in control treatment. (Place. 4 

Iahle.3. Elket 01 ç; I)here)lic acid ((jA;) on lenuth oIcdiblc Ical (cm) Ir.d .iiiarai)II, 

Length of edible leaf (em) 
Treatments 

12 DAS 17 DAS 22 DAS 

To 1.934 d 4.367 a 3.700 I 

I 2.273 ed 3.267 ed .1060 e 

T 2.563 c 3.050 d 4.367 d 

2.530 c 3.330 C 1.813 c 

1 4 2.990 h 3.330 c 5.537 I, 

1. 3.540 a .1047 h .850 a 

LSD005  0.3684 0.2228 0.2228 

CV (%) 4.562 5.397 5.2.18 

iahle.4. Elict ol'(iihberellic acid (C.A on breadth of edible Ieai(eni) ol red ainarinih 

Breadth of edible leaf (cm) 
Trealnients 

12 DAS 17 DAS 22 DAS 

1.1131 1.6031 1.9171) 

1 1.270 e 1.790 e 2.067 h 

T1 1.407 d 2.027 d 2.557 a 

I; 1 .87 c 2.200 c 2.517 a 

2.1371 2.400 h 2.797 a 

Ic 2.273 a 2.490 a 2.883 a 

LSDn 05  0.09965 0.08136 0.4108 

('V (%) 5.831 6.793 6.482 
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Control 100 ppm 200 ppm 300 ppm 
	

400 ppm 
	

SOOppm 

Plate.4. Leaf breadth of red amaranth in different conc. of GA1 

Control treatment 

I00ppmGA3  

200 ppm GA3  

300 ppm GA3  

400 ppm GA3 

500 ppm GA3  
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4.1.6. Weight of plant (gui) over control treatment: 

Plant of' red amaranth which was calculated at 22 DAS. The restilts was statisticall' 

significant. Which showed 500 ppm GA3  exhibited maximum weight (104.7 g) with 

max nuni percent of weight 85.03 of weight against control and 100 ppm showed 

minimum percent of weight 14.16 (Fable. 5). Result showed that higher concentration ol 

GA3  gives more weight gain of red amaranth compared to less concentration of GA3. Roy 

and Amaranth (2012) showed the same consequence in cabbage. 

Tablc.5. Percent of weight increase due to application of GA3  on red amaranth 

Treatments with GA3 	Weight of ten plant (at 22 DAS) % increase of 

Cone. (p in) (gin) weight over eon t rol 

Control 56.67 d -- 

IOU 64.67c 14.16c 

200 69.67 c 23.09 be 

300 77.00 h 36.22 h 

400 103.7 a 4. II 	a 

500 104.7a 85.031) 

5.113 I 

CV (%) ________ 	7.493 	Im"  4.629 
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4.1.7. Growth rate of red amaranth: 

Growth rate of stem length. diameter and weight in red amaranth were nicastired at 22 

DAS by applying lOU. 200, 300. 400 and SOOppm of GA3  xshich were statisticalls 

signilicant. It was observed that 500 ppm GA3  gave the highest result at 12 DAS and 77 

DAS. The highest stem length growth rate. stem diameter growth rate and plant eieht 

gowth rate were obtained at 500 ppm GA3  as 1.19. 0.46 and 2.89 (Fable. 6) respectis CIN.  

It can be said that higher the GA3  concentration stimulates the stem leitgi Ii growth rate, 

stem diameter growth rate and overall plant weight growth rate. (Plate. 5) 

ai'lc.ô. iTitct ot Cii herellicac ci ((;A3) on rolii niL fj aiiianinth 

Treatments with.GA3  
Stein length 	Stern diameter 	I'la nt weight 

Cone. 
growth rate 	growth rate 	growth rate 

(ppm) 

Control 0.8567 U 0.2800 e 1.637 e 

100 0.9267c 0.3500 c 1.947 d 

200 0L9600 c 0.33(R) ci 2.067 e 

300 0.9767 c 0.3833 b 2.150 c 

400 I . I 	3 b 0.426 ub 7.793 b 

r 500 1.193 a 0.4633 a 2.893 a 

LSD 0.05753 0.0191 9 0.09797 

r 
('V (%) 4.352 5.329 4.977 
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Platc.5. Leaf and stem biomass of red amaranth in different treatments 

Control treatment 

lOOppmGA3  

200 ppm GA3  

300 ppm GA3  

c. 400 ppm GA3 

1 500 ppm GA3  
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Sub-experiment. 2. 

Effect of GA3  in red amaranth under pot culture in net house condition 

Another .set of experiment was conducted in plastic pot under net house condition to 

study the effect of GA3  in red amaranth. The same morphological traits were evaluated as 

like pre ious experiment. The major Itticling of the experimenis "crc given heIo 

4.2.1. Whole Plant height (cm): 

I .ength ol' steni in red amaranth varied significantly in all treatment under sttid led. It was 

observed that, there was a positive relation between cone. of GA 3  and length ol' stem, at 

lower cone. oi Gi\3 the length of stem also low and it was gradualk increase in relation to 

higher dose of GA 3  The 500 ppm (IA; showed the highest 10.30. 21.45 and 26.18 en) 

length respectively at 12. 17 and 22 DAS. The control treatment showed 11w lowest of 

resu It in all the treatments. (laNe. 7) (plate. 6) 

Fable.?. Effect ol Cii hherel Ic acid (GA3 ) in stem length on red aimiaranili un&k'r 01 cull tir 

condition 

'l'rcatrncnts with Stem length (cm) 

GA3  Cone. 
12 DAS 17 DAS 22 DAS 

(ppm) 

Control 10.03 e 14.24 d 18.8$ d 

1(R) I 1-15 d 15.55 ed 21;..7 c 

200 4- 13.31 c 16.66 be 21.08c 

300 15.38b 18.11 	b 21.48c 

400 36.28 a 20.39 a 24.52 h 

500 16.30 a 21.45 a 26.8 a 

0.4349 1.925 1.175 

('V (%) 9.337 8.299 6.45 
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Plate.6. Red amaranth under pot culture in net house condition with GA3  treatments at 12 

DAS 

100 ppm GA3  

200 ppm GA3  

300 ppm GA3  

400 ppm GA3  

500 ppm GA3  
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4.2.2. Diameter of stem (in in): 

Stern diameter of red amaranth which was measured in centimeter (mm) unit and data 

were recorded at 12. (7 and 22 DAS. The result showed significant variation among the 

treatments with 500 ppm giving the maximum outcome at 12. 17 and 22 DAS hieh 

'\ere 5.93 cm. 8.88 cm and 10.13 cm respectively whereas control of (IA3  gave the 

minimum output 4.023 cm. 4.727cm and 6.113cm respectively at all three observation 

dates. It was noted that higher concentration orGA3 applying in plants responded well in 

respect of stem diameter of red amaranth. ('Fable. 8) 

Iahle.8. EflèeI of Ci hberellic acid (('; A 3) on stem diameter of red auflaraili Ii 

Stem diameter (mm) 
Treatments wi fit 	 -- - 

(A3  Cone. (ppm) . 	12 DAS 	 17 DAS 	 22 DAS 

Control 4.053 d 4.708 e 6.107 1 

100 4.577 c 6.143 c 7.623 d 

200 4.350 ed 5.423 d 7.260 e 

300 5.223 b 7.6171) 8.127 cd 

400 5.2031) 8.347 ab 9.365 h 

500 6.300 a 8.930 a 10.22 a 

LSD305  0.4108 0.7139 0.0575:3 

CV {%) 4562  4.853 5.281 
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4.2.3. Total Number of Leaf; 

The parameter total number of leaf showed significant variation among the cone. of GA3. 

It was observed that 500 ppm GA3 gave maximum number of leaf was (20.25,28.45 and 

34.38) at three times (12, 17 and 22 DAS) of interval and the (Fig. 3) treatment showed 

minimum leaf control (14.85, 17.69 and 20.70) in the same study period. 

40 

35 
I 

30 
f 

1 
C, 

25 

I 10 

Control 100 ppm 200 ppm 300 ppm 303 ppm 500 ppm 

12 DAS 14.85 15.66 16.4 17.15 19.93 20.25 

017 DAS 17,69 21.63 24.44 25.5 28.07 28.45 

"22 DAS 20.7 27.67 30.87 30.85 33.98 34.38 

Treatment 

a 12 DAS a 17 DAS 	- 	1 22 DAS Linear(22 OAS 

Fig.3. Effect of Gibberellic acid (GA3) on number of total leaf under pot culture in net house 

condition 
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4.2.4. Number of edible leaf: 

Number of edible leaf of red amaranth was recorded at 12, 17 and 22 DAS for all the 

treatment and it showed significant variation with GA3 400 ppm giving maximum 

number of edible leaf 30.01 (Fig.4.) at 22 DAS. However control of GA3  gave the 

negligible consequence 13.21, 15.03 and 17.26 (Fig. 4) in all three times of data 

collection. 

35 

30 

I 
25 I l1 

.1 

20  

I : 
Contro' 100 ppm 200 ppm 	300 oprn 400 porn 503 porn 

12 DAS 13.21 14.11 14.85 	 15.6 17.86 18.57 • 17 DAS 15.03 18.53 21.35 	 22.41 2405 25.54 

22 DAS 17.26 23.23 26.41 	 26.43 30.01 28.59 

Treatment 

a 12 PM 	ll CM 	C -; 22 DAS Linear (22 OAS) 

Fig.4 Effect ofGibberellic acid (GA3) on number of edible leaf of red amaranth under pot culture 

in net house condition 
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4.2.5. Length (cm) and breadth (cm) of edible Leal: 

The phtolmrrnone CiA 3  regulate the major traits of red auiaranth. All the paraineLers 

showed positive effect with GA3  treatment. With the increase ol' GA 3  cone. the trait also 

increased. The 500 ppm GA1 gave maximum length 6.317cm (Table. 9) and breadth 

3.1 23cm (Fable. 10) in red amaranth at 22 DAS. The minimum resuks ere recorded in 

control treatment. 

il,Ic.9. [':l'lict ol (,ihl,erellic zLeid (Ci\ 3) on length of edible Iealciii) ol' red aiiiaramith 

Trea tuten Is - I •ength of edible leaf (cm) 

CiA3  Curie. 
12 DAS 17 DAS 22 DAS 

(ll") 
Control 2.190 e j 3.117 e 4.1331 

lOt) 2.530 d 3.477 d 4.530 e 

200 2.817 c 3.750 c 4.867 d 
a 

300 2.817 c 3.763 c 5.327 e 

100 4. 3.540 b 4.497 h 6.023 h 

500 3.827 a 4.807 a 6.317 a 

LSDx05 0.2153 0.2301 0.2153 

CV (%) 5.392 5.386 1,295 

I able. IC). kI'Ict ni Ci hberellic acid ((IA3) on breadth oledible leaf(cm) ot red amaranLh 

Trea I meats I3readth of edible leaf (cm) 

GA3  Cone, 
12 DAS 17 DAS 22 l)AS 

(tw'") 
Control 1.200 1 1.783 e 2.157 c 

100 1.373 c 1.990 d 2.407 he 

200 1.537 d 2.217 c 2.830 it 

30() 2.023 e 2.383 h 2.711) ab 

400 2.2601) 2.567 a 3.047 a 

500 2.377 a 2.660 a 3.123 a 

LSDI).oi 0.1151 0.09965 0.3773 

CV (%) 5.423 4.838 6.277 
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a. Control treatment 

lOOppmGAi 
p 200 ppm GA3  

300 ppm GA3  

400 ppm GA3  T 500 ppm GA3  

Plate.7. Leaf morphology (length and breadth) of red amaranth in different conc. of GA3  

under pot culture in net house condition 
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4.2.6. Weight of Pint: 

Weight of red amaranth was calculated at 22 D.AS. The result was statistically significant 

which showed 500 ppm GA3  exhibited maximum weight (66.3: g) and rnaxin'iuni ul 

weight (84.420%) against control. The treatment 100 ppm GA3  showed minimum eistht 

(19.271/1)) (Table. I I ) The calculated results showed that higher eonccntratioit of (iAj 

gives more weight of red amaranth compared to less concentration of GA3. Ito>  and 

Amaranth (2012) showed the same consequence in cabbage. 

Fable. II. Percent or weight increase due to application of GA on red amaranth under pot culture 

in net house cond t ion 

Treatments with 

GA3  Cone. (ppm) 

Control 

100 

200 

300 

400 

500 

LSILII 

CV(%) L 

36.00c 

42.83 d 

45.50 ed 

4 7. 33 C 

61.501) 

66,33 a 

3.962 

6.428  

19.27 d 

26.82 cd 

31.91 e 

7124 b 

84.42 a 

10.13 

8.357 

Weight (at 22 DAS) 

o,o increase of weight 

over control 
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4.2.7. Growth rate of red amaranth: 

Growth rate of stem length. diameter and weight in red amaranth were measured U1 22 

1)AS by applying 100, 200. 300. 400 and SOOppin of GA3  which were statisticalI 

significant. It is observed that 500 ppm GA3  gave the highest result at 12 DAS mid 22 

I )AS. The highest stem length growth rate, stem diameter growth rate and plani weiuhr 

growth rates were obtained at 500 ppm GA3  (1.19. 0.46 and 2.89) respectivek. On the 

other hand, control olGA3  exhibited the lowest results (0.83. 0.28 and 1.63) ( lable. I 2) 

It is concluded to tell that higher the GA3  concentration enhanced the stem length urowth 

rate, stem diameter growth rate and growth rate of plants. 

Table. 12. ElThct ot'Gihberellic acid (GA) on crop growth nw ol'red aimiaranlli 

Steni length Stem diameter Plant wcittht 
'l'reatrnents 

growth rate growth rate growth rate 

I, 0.8567 ti (1.280) e 1.637 e 

TI 
0.9267 c 0.3500 c• 1.947 d 

0.9600 c 0.3300 d 2.067 c 

I) 0.9767 c 0.3933 b 2.150 c 

III) h 0..126 ab 2. 79 	h 

1.193a 0.4633a 2.893a 

0.05753 0.01819 0.09797 

CV ((YO) 4.352 5.329 4.977 
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b 

(a) 	 (b) 	 (c) 

7 C 

(d) 	 (e) 	 (f) 

Piate.8. Leaf and stem biomass of red amaranth under different treatments with GA3  

Control treatment 

IOU ppm GA3  

200 ppm GA3  

300 ppm GA3 

400 ppm GA3 

II 500 ppm GA3 
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CHAPTER V 

SUMMARY AND CONCLUSION 

Ihe experiment were conducted to study the effect of diFferent levels or (LA.; of) the 

trowtli and '. ieki of red amaranth. The experiment comprised of live levels of' GA,1 100 

ppiu. 200 ppm. 300 ppm. 400 ppm and 500 ppm concentrat ion. The experi llCitt was laid 

out in the randomized complete block design itli three repi icaL tons. GA3  were applied in 

three equal split installments at 4 day's interval that was started froni 12 days alter 

germination. The key findings were given below. 

Effect of GA3  in field condition of red amaranth 

'Flie treatment 500 plun GA3  showed the highest result in respect of stein lengih at 11 17 

and 22 DAS and it was 13.90 cm. 16.42 cm and 20.27 cm respectively whereas control of  

(itt3 gave the minimum outptit in all three times schedule. 

the same treatment 500 ppm CIA3  gave the maximum outcome after 12. 17 and 22 I).AS 

and it was 5.933 mm. 8..883 mm and 10. I 3 inni respectively whereas control of' ('A3  

gave tile minimum output 4.023 rum. 4.727 mm and 6.113 miii respectively after all 

three tinies ot data collection (late in stern diameter. 

Maximum number of edible leal' 16.53. 21 .04 and 2112 in 12. 17 and 22 I )AS v•as 

observed in 400 ppm of GA3  and it was minilnuni in control treatment 

Sot) ppm GA 3  exhibited maximum weight (104.7 g) or weight against 100 ppm shtv. ed 

minimum vei ght gain (14. I 6g). 

'11w highest steni length Gm'owtli rate, stem diameter growth rate and steni eight growth 

rate were obtained with 500 ppm or GA3  spraying those were 1.193. 0.4633 and 2.893 

respectively. On the other hand. control ol' GA.; exhibited the lowest result. 

38 



Role of CA; in pot culture of red amaranth 

Another set of experiment was conducted in pohethenc p0t under net house condil i'm. 

The key Finding were as follows. 

500 ppm GA3  gave the hi2hest stern length at 12. 17 and 22 DAS and it NN as 16.30. 21.45 

and 32.18 accordingly however control of GA3  gave the lowest consequence viz. 10.03. 

14.2.1 and 26.1 R aller all three times of data collection in respect oI'stem length. 

Maxinuni number of edible leaf 30.01 at 22 DAS was highest in .100 ppm (IA I lowever 

control of GA3  gave the minimum resuli 13.2 I. 15.03 and I 7.26) at all three times oF 

data collection. 

6A3  with 500 ppm exhibited maximum weight (66.33g) with max imuni gain oF \ eight 

84.42%) against 100 ppm shov.ed minimum weight gain (I 9.27%). 

Flie highest stein length growth rate. stern diameter grow th rate and stew eight gi'm th 

rate were obtained with 500 ppm of GA3  spraying those were 1.193. 0.4633 and 2Itfl 

respectively. On the other hand. control of 6A3  exhibited the lovest result (LS467. 0.28. 

and 1.637) in pot culture under net house condition oF red amaranth. 

(:oncliusion: 

In FliNt experiment 500 ppm of (IA1 is the best for length of stem. diameter at' stein. 

number of total leaf, length and breadth of edible leaF. \eight gain over control ol GA; 

treatment and Growth rate of red amaranth hut it showed minimal lv (or perccntam of  

edible poLlion of red amaranth. lioth the experiments show maximum nunibem' ol' edible 

leaf at 22 DAS which was the highest in 400 ppm GA.; treatment. 

L.ike first experiment, second showed the similar response with 1(R). 200.300.400 and 500 

ppm of GA2 spraying. 
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CHAPTER VI 

RECOMMENDATION 

Plant growth regulators has position effect on edible yield and biomass iuercase in lca1 

vegetable. The preseni study also reported the siniilar trends of Finding. I hence. the 

lollowing recommendation may be carried out for JUrtlier research. 

I. More specific higher dose can be applied to study the growth pattern oF red 

amaranth. 

Sonic other phvtohiomiones like BA. KIN or any ()tokinin group of groth 

regulator can be used. 

The experiment can be repeated in other growing season of the year to study the 

variation olseasonal effect. 

IIiochicniical study of treated and non-treated leaf of red amaranth can be sttidied 

for nutritional q ia Iky ana lvs is. 
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CHAPTER VIII 

APPENDiCES 

Appendix I: Analysis of variance table for stern length (cm) 12 I)AS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	0.786 	0.393 3.9111 0.0556 

2 	Factor A 	5 	109.675 	21.935 218.3483 0.0000 

.. 	Frrnr 	10 	1.005 	0.100 

local 	17 	111.466 

Appendix If: Analysis of variance table tbr stem length (cm) 17 l)AS 

K 	l)egrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	3.247 	1.623 14.1514 0.0012 

2 	Factor A 	5 	116.570 	23.314 203.2395 0.0000 

-3 	Error 	10 	1.147 	0.115 
------------------------------------------------------------------- 

Fetal 	17 	120.964 
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Appendix Ill: Analysis of variance table for stem length (cm) .It 22 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	2.571 	1.285 	1.1104 0.3669 

2 	Factor A 	5 	119.074 	23.815 	20.5737 0.0001 

-3 	Error 	JO 	11.575 	1.158 

Foral 	I? 	133.220 

Appendix IV: Analysis of variance table for stem diameter at 12 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 
-------------------------------------------------------- 

I Replication 2 0.001 0.001 0.4459 

2 	Factor A 	5 	7.053 	1.411 1010.7270 0.0000 

-3 Error 	10 0.014 0.001 

Total 	17 	7.068 

Appendix V:Analysis of variance table for stern diameter 17 DAS 

K 	Degrees ol Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 
----------------------------------------------------------------------------- 

I Replication 2 0.001 0.000 0.1308 

2 	l:actor  A 	5 	35.351 	7.070 2189.6785 0.0000 

-3 Error 	10 0.032 0.003 

l'otal 	17 	35.384 
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Appendix VI: Analysis of variance table for stem diameter 22 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Square,,; Square Value Pith 

I Replication 2 0.001 0.000 0.1044 

2 	Factor A 	5 	27.344 	5.469 1300.3957 0.0000 

-$ lirror 	10 0.042 0.004 
----------------------------------------------------------------------

Total 	17 	27.387 

Appendix VII: Analysis of variance table for number of total leaf 12 DAS 

K 	1)egrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	2.691 	1.346 54.0362 0.0000 

2 	Factor A 	5 	77.106 	15.421 6 t9.2679 0.0000 

-3 Error 	10 0.249 0.025 

Total 	17 	80.046 
-------------------------------- 

Appendix VIII: Analysis of variance table for number of total leaf 17 DAS 

K 	Degrees of Sum of 	Mean 

Value Source Freedom Squares Square Value l'roh 

I Replication 2 0.457 0.229 0.1072 

2 	Factor A 	5 	261.639 	52.328 24.5518 0.0000 

-3 	Error 	10 	21.313 	2.131 

total 	17 	283.409 

47 



Appendix IX: Analysis of variance table for number oftoul leaf 22 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 2.156 1.078 0.3259 

2 	Factor A 	5 	384.476 	76.895 23.2395 0.0000 

-3 Error 	10 33.088 3.309 

Fotal 	I 7 	419.721 

Appendix X: Analysis of' variance table for number of edible leaf 12 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	4.137 	2.068 69.9684 0.0000 

2 	Factor A 	5 	77.475 	15.495 524.1900 0.0000 

-3 Lrror 	10 0.296 0.030 

Total 	17 	81.907 

Appendix Xl: Analysis of variance table for number oledible leaf 17 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 0.071 0.035 0.0339 

2 	Factor A 	5 	258.396 	51.679 49.5941 0.0000 

-3 	Error 	10 	10.420 	1 .042 
--------------------------------------------------------------------- 

lotal 	17 	268.887 
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Appendix Xli: Analysis of variance table for number of edible leaf 22 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	7.778 	3.889 1.4532 0.2792 

2 	Factor A 	5 	318.219 	63.644 23.7825 0.0000 

-3 Error 	10 26.761 2.676 
---------------------------------------------------------------------------- 

lotat 	17 	352.758 

Appendix XIII: Analysis ol variance table for length oledible leaf 12 DAS 

K 	Degrees of Sum of 	Mean 	I 

Value Source Freedom Squares Square Value Prob 

I Replication 2 0.060 0.030 0.7379 

2 	Factor A 	5 	4.751 	0.950 23.2556 0.0000 

-3 Error 	10 0.409 0.041 

Total 	17 	5.220 

Appendix XI'. .Analysis of variance table for length of edible leaf 17 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I 	Replication 	2 	0.118 

2 	Factor A 	5 	4.018 

-3 Error 	10 0.283 
--------------------------------------- 

iota! 	17 	4,419 

0.059 2.0842 0.1751 

0.804 28.3794 0.0000 

0.028 
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Appendix XV: Analysis of variance table for length of edible lea122 DAS 

K 	Degrees of Sum of, 	Mean 	F 

Value Source l:reedonl  Squares Square Value Prob 
----------------------------------------------------------------------------- 

I Replication 2 0.005 0.002 0.1617 

2 FactorA 	5 	10.679 	2.136 143.5462 0.0000 

-3 Error 	10 0.149 0.015 

Total 	17 	I 0.833 

Appendix XVI: Analysis of variance table for breadth of edible leaf 12 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	0.054 	0.027 8.7373 0.0064 (,
"

(L
Y 

2 	Eacior A 	5 	3.502 	0.700 228.6997 0.0000 	 ibraryP 
-3 Error 	10 0.031 0.003 

Total 	17 	3.586 

Appendix XVII: Analysis of variance table (hr breadth of edible leaf 17 DAS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	0.034 	0.017 8.0880 0.0081 

2 	Factor A 	5 	1.797 	0.359 172.4852 0.0000 

-3 	Error 	I 0 	0.021 	0.002 

Total 	17 	1.851 
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Appendix XVIII: Analysis of variance table for breadth of edible kaf22 l)AS 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 

I Replication 2 	0.113 	0.057 1.1082 0.3675 

2 FatciorA 	5 	2.265 	0.453 8.8651 0.0019 

-3 Error 	10 0.511 0.051 

Fotal 	17 	2.889 

Appendix XIX: Analysis of variance table for wt. of 10 seleded plant (g)  22 DAS 

K 	!)egrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prob 
----------------------------------------------------------------------------- 

1 Replication 2 	867.444 	433.722 33.3918 0.0000 

2 	Factor A 	5 	6184.944 	1236.989 95.2344 0.0000 

-3 Error 	10 129.889 12.989 

Total 	17 	7182.278 

Appendix XX: Analysis of variance table for % increase over control 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Pith 

I Replication 2 	171.855 	85.927 	1.5457 0.2601 

2 	Factor A 	5 	19621.353 	3924.271 	70.5920 0.0000 

-3 Error 	10 555.909 55.591 

lotal 	17 20349.116 
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Appendix XXI: Analysis of variance table for % of edible portion(wt. basis) 

K 	Degrees of Sum of 	Mean 	F 

Value Source Freedom Squares Square Value Prub 

I Replication 2 	33.333 	16.667 4.3103 0.0447 

2 FactorA 	5 	3190.500 	638.100 165.0259 0.0000 

-3 Error 	10 38.667 3.867 

Total 17 3262.500 

Appendix XXII: Analysis of variance table for wi. of edible portion from 10 selected 

plant 

K 	Degrees of Stun of 	Mean 

Value Source Freedom Squares Square Value Prob 

1 Replication 2 	523.256 	261.628 23.6917 0.0002 

2 	Factor A 	5 	1508.352 	301.670 27.3177 0.0000 

-3 Error 	10 110.430 11.043 

Total 17 2142.039 
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