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ABSTRACT 
This study was conducted to analyze the effect of B/Zn and growth regulators (IAA, BAP 

and GA3) on-growth and yield of soybean Glycine max L (Merril) var. NARC-4 by foliar 

application. Two concentrations (C I (50ppm) and C2-C10Dppm)) .ofB, Zn, .and eC I (10-3 

M) and C2 (10-4 M) ofIAA, BAP and GA3 were tested at three growth stages; vegetative, 

flowering and pod fill stage. Analysis of variation revealed that combined foliar 

application of B/Zn and IAA, BAP and GA3 positively affected the growth and yield of 

soybean. TI6 (ZnC I + IAAC I + BAPC I) and Tl9 (BC I + ZnC I + IAAC I) produced 

maximum number of branches at pod-set stage. Significant variations were observed for 

number of leaves per plant at vegetative and pod-set stage. T21 produced maximum 

number of branches at vegetative stage and pod-set stage, Tl8 (ZnC I + BAPC I + GA3CI) 

produced maximum number of leaves at pod-set stage. Middle leaflet length was 

maximum with foliar application of T 21 at vegetative stage and pod-set stage. Middle 

leaflet width was maximum in Ts (BC I + BAPC I) at vegetative stage and in T3 (ZnC I + 

IAAC,) at pod-set stage. Maximum petiole length was recorded in T'9 (BC I + ZnC, + 

IAAC,) at vegetative stage and in T2, at pod-set stage. "Combined foliar spray of"B1Zn 

and growth regulators increa')ed shoot lengtb ..as compared to .control. T 2' .produced 

maximum shoot length at vegetative stage, pod-set stage and harvest stage stage. T 7 

(ZnC, + BAPC,) produced maximum shoot fresh weight at vegetative stage, T2 (BC2 + 

IAAC2) at pod-set stage, T 12 (ZnC2 + GA3C2) at harvest stage stage. Root maximum fresh 

weight was obtained in T 21 at vegetative stage, T 2 at pod-set stage, and T 19 at harvest 

stage stage. Root maximum length was recorded in T 7 at vegetative stage, T 10 (BC2 + 

GA3C2) at pod-set stage and in T'7 (ZnC I + IAAC I + GA3C,) at harvest stage stage. 

Maximum dry weight was recorded in T7 at vegetative stage, in T2, at pod-set stage and 

in T 20 at harvest stage stage. Root maximum dry weight was recorded in T 2' at vegetative 

stage, in T'6 at pod-set stage and T21 at harvest stage stage. Maximum number of pods 

was set at pod-set stage in T'8 and T'9. Maximum number of pods per plant at harvest 

stage stage was recorded in T19. Maximum number of empty, 1-seeded, 2-seeded and 3-

seeded pods were recorded in T2l , T20 (BC I + ZnC I + BAPC I), TI (BC] + IAAC1) and in 

TI8 respectively. MaximumlOOO-seeded weight was in T16. 

xvi 



Introduction 

Chapter 1 

Introduction 

1.1 Soybean: 

Soybean belongs to family Papilionaceae and genus Glycine L. The cultivated 

form is Glycine max L. (Merril). Soybean -in~perhaps one -ef the· o-ldest f00d crops ·of the 

world due to its good quality oil, protein contents and soil-emiching properties. The seed 

contains about 20% oil and 40% good quality protein, 23% carbohydrates, 5% minerals, 

3% crude fiber , 9% moisture and reasonable amount of vitamins and minerals (Gandhi el 

aI., 1985). Soybean is especially a food for growing children, as it facilitates their growth 

and development. Soybean is also an excellent food for diabetics, heart patients, and 

persons suffering from skin diseases and mental fatigue. 

Soybean is one of the most impOliant crops in the world, Soybean is being grown 

from time immemorial in the hills of northern palis of Pakistan i.e. Hazara, Azad 

Kashmir, Swat, Dir and introducing new ones. At present, the United States of America 

has the largest area under its cultivation. Soybean is also grown in other parts of the 

World including Brazil, Peoples Republic of China, Argentina, Indonesia, Korea and 

Japan. 

Generally, it is used in the food industry for flour, oil, margarine, cookies, biscuit, 

candy, milk, vegetable cheese, lecithin and many other products. In Pakistan soybean has 

suffered a setback and has therefore, not been able to attain a respectable position among 

the oilseed crops. Its cultivation remained limited to a very small acreage and showed 

declining trends. 

1.1.1 Potential Areas: 

Expansion of the area of soybean in ·thosel1arts'Uf'theTegion which "are~dle 't'rr "not 

used at celiain seasons of the year could produce soybean in the country. Thus. there is a 

large scope to increase the area under this crop 

~ Dobari lands in Sindh and the area of Punjab, which often lie idle between two 

summer crops of rice from September/October to May every year for one or the other 

reason. 
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~ Cotton fallow areas where no crop IS grown between two crops of cotton from 

December to May. 

~ Riverine lands, which are flooded during, summer from June to September but are 

dry during the winter from November to May. 

~ Dry land (barani) areas, which are a.vaiiabte in -part-of-summer 'during-the 'monSDon 

when moisture is abundant and most of the land is left fallow for wheat sowil}g in 

November. This land is available from June to October. 

, Area under fall (September) and spring (March) planted sugarcane is available for 

intercropping of soybean because short season soybean grow without affecting slow 

growing sugarcane plants. 

1.1.2 Proposed Cropping Pattern: 

Soybean has a vast potential as spring (Rabi) and autumn (Kharif) crop 

cultivation. Throughout the country cotton and rice 8.4 and 2.10 million hectares, 

respectively and 30 percent of this area remains fallow after each crop which could be 

brought under soybean plantation. The results of past research revealed that soybean can 

give reasonable yield in Punjab, Sindh and high yield in the foothill areas of NWFP. In 

addition, soybean also improves the soil status for ensuring crops of cotton and rice in the 

irrigated areas of Punjab and Sindh. Soybean is a very successful crop both in irrigated 

and rain fed areas without clashing any major crop like rice, cotton and wheat. Thus, the 

area, which remains fallow, can be utilized effectively. 

~ Rice Soybean Rice 

~ Cotton Soybean Cotton 

~ Wheat Soybean Wheat 

~ Wheat-Sorghum / Millet-Fallow-Soybean-Wheat 

~ Intercropping soybeans with cDm.<sorghuID, . ..cottOn., ur.sugarcane 

1.1.3 Climatic Requirements: 

Soybean can be grown successfully under a wide range of temperatures. The 

minimum and maximum soil temperatures for germination of soybean seeds are 

approximately SoC and 40°C respectively. The optimum temperature for rapid vegetative 

growth rate is about 30°C whereas; temperature above 40°C has adverse effect on flower 

initiation and pod retention. Moisture availability is particularly critical during two 
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periods of soybean germination and pod filling. However, availability of adequate 

moisture during the pod filling period is critical. Water stress during floral initiation, 

pollination, and seed development may greatly reduce the seed yield significantly. 

Latitude and time of year (sun declination) are the determents of photoperiod and 

temperature. Soybean is short day plant -(SDP) where flowering is promoted by -day 

length shorter than a critical maximum varies among varieties. Actual controllil}.g factor 

is the length of uninterrupted darkness or nyctoperiod. Photo periodically sensitive 

varieties of soybean are adapted to a narrow latitude range (200-250 km). 

1.1.4 Soil and Fertilizer Requirements: 

Soybean can be grown on almost all well-drained soils; however, crop is more 

productive on fertile loam soils. Soybean is not sensitive to acidic soils as many other 

legumes. Soil with pH 6-7 is suitable for crop growth. In this pH range, adequate calcium 

and magnesium are normally available. For efficient production, soil must be managed 

properly to allow optimum uptake of water and nutrients . Fertilizer application is 

important in the soybean production and has great effect on yield. Usually 25:50:50 

(NPK) kg ha-l at the time of sowing gives higher yields. Fertilizers are usually 

broadcasted during seed-bed preparation. Under conditions fertilizer dose may vary 

according to the soil fertility and status. Soybean in rotation with other crops (i.e. cotton, 

rice and wheat) often provides some nitrogen for the following crops and may reduce the 

need for pesticides by limiting certain disease or insect problems. Adding N fertilizer to 

soybeans usually decreases nodulation and results in smaller amounts of N being 

symbiotically fixed. Therefore, nitrogen is recommended only when adequate nodulation 

is not achieved. However, supplemental N should not be applied within 30 days of 

emergence but should be applied before flowering, which is usually early March to spring 

crop and late July to autumn crop depewiing.on .matru:ity ,gwup.ofa "Yariety. 

1.1.5 Seed Inoculum: 

The nitrogen fixing bacteria (Rhizobia) that live on soybean roots in nodules are 

not native to most soils. The best way to introduce these bacteria is to inoculate the seed. 

Once, introduced, the Rhizobia population remains active in the soil for a long time. In 

the presence of the appropriate inoculant of Rhizobium japonicum, more nodules are 

formed on roots of soybean plant which can fix atmospheric nitrogen from the air that is 

3 



Introduction 

almost as effective as nitrogen applied as fertilizer to promote growth and development 

of the plant. 

1.1.5.1 Method of Inoculation: 

Inoculum is a black powder containing nitrogen fixing bacteria which are mixed 

with ground peat or some similar carrier and applied on seed just before planting time. 

Seeds are moistened with concentrated sugar solution; inoculant is applied @ 12S0 .gm 

per lOO kg seeds and then mixed thoroughly to have a uniform coating of inoculum on 

the seeds. This process should be done in shady place. The use of fungicide in case of 

seed treatment may interfere with inoculated seed and with symbioses of Rhizobium­

soybean system. Thus, compatible fungicides (i.e. Benlate and Dithane Z-78 (Zineb) with 

no toxicity to Rhizobia should be used. Treat seed immediately before planting and use 

inoculum dose little higher than recommended. 

1.1.6 Irrigation: 

Number of irrigations varies with climatic conditions, management practices and 

length of growing season. Moisture stress during flowering, pod filling and seed 

development stages reduces yield. Usually 6-7 irrigations are required for spring soybean 

and 2-3 irrigations for autumn crop depending upon the rains. Therefore, irrigation must 

be given at the following stages: 

~ Three weeks after germination 

~ Initiation of flowering 

'y Pod filling stage 

~ Seed development stage 

1.1.7 Temperature: 

Vegetable soybean can be grown successfully under wide range of temperature 

conditions. The minimum and maximum-Boil 1em.p.e.ratille -for . .geJ;minati.on~. of soybean 

seeds is approximately SoC and 40°C, respectively. It takes about two weeks to germinate 

when minimum temperature averages 12°C. The optimum temperature for rapid 

vegetative growth rate is about 30°C. Temperature above 40°C has adverse effect on the 

rate of growth, flower initiation and retention. 
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1.1.8 Nitrogen Fixation: 

Biological nitrogen fixation is the process whereby nitrogen from the aIr IS 

converted to ammonia by the enzyme nitogenase. Each year biological nitrogen fixation 

adds about 139 million tons of nitrogen to the land surface of the earth; chemical nitrogen 

fertilizer contributes another 36 million tons (Soderland and Suenssoh, 1976). 

1.2 Micronutrients: 

Micronutrients are elements, which are essential for plant growth but they are 

required in much lesser amount than the primary nutrients i.e. nitrogen, phosphorous and 

potassium. The micronutrients include boron, copper, iron, manganese, molybdenum, 

zinc and chloride (Mauseth, 2003; Nyle, 1987). 

In spite of the best efforts and intensive research in Pakistan, per crop yields are 

low with much gap to potential yield. There is need of balance fertilizer application and 

other measures to raise the production of crops to fill the yield gap. The soil and climatic 

conditions of Pakistan appear to be quite conducive to micronutrients deficiencies in the 

plants (Chaudry and Sharif, 1975). 

Wide spread deficiency of micronutrients has been reported in various regions of 

county (Kausar et al., 1976). The use of chemical fertilizers has mainly been confined to 

the application of macro nutrients and little attention has been given to micro nutrients 

(Askari et al., 1995). Micronutrients playa vital role in the growth and development of 

plants. They carry out various metabolic processes by affecting enzyme activity, 

formation of hormones in the plant cells, electron transfer in oxidation-reduction 

reactions and in plant nutrition (Khattak et al., 1983). These deficiencies may be 

attributed to intensive cultivation, introduction of high yield crop varieties, enhance use 

of different feltilizers and certain soil conditions like calcareous nature, fine texture, high 

pH and low organic matter. The Jliberal "u'se' of nitrogenous"ami phosphatic 'fertilizers 

along with increased cropping intensity and cultivation of high yield crop varieties have 

further aggravated the problem and intensified the depletion of various micronutrients 

from local soil reserves. Even the nature of phosphatic feltilizers is known to induce Zn 

deficiency in wheat. In Western Australia continuous use of diamrnonium phosphate 

(DAP) which is the major source of phosphorous has caused Zn deficiency (Bernnan, 

1986). 
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Deficiencies of micronutrients have been increasing in some crops. Some reasons 

are: higher crops yield which increase plant nutrients demands, use of high NPK 

fertilizers containing lower quantities of micro nutrients contents and decreased use of 

farmyard manure on many agricultural soil (Mortvedt et ai., 1972). 

A brief discussion of micronutrient boron (B) and ' Zinc (Zn) functions and 

deficiency symptoms in plant and .soil conditions .. affecting. micronutrient availability. is 

given below: 

1.2.1 Boron (B): 

It is the only non-metal among the micronutrients. Although precise nmction of 

boron in plant metabolism is unclear, evidence suggests that it plays ro les in cell 

elongation, nucleic acid synthesis, hormone responses and membrane function (Shelp, 

1973). Boron deficient plants may exhibit a wide variety of symptoms, depending upon 

the species and the age of plant. A characteristic symptom is black necrosis of the young 

leaves and terminal buds. The necrosis of young leaves occurs primarily at the base of 

leaf blade stems may be unusually stiff and brittle. Apical dominance may also be lost, 

causing the plant to become highly branched; however, the terminal apices of the 

branches soon become necrotic because of inhibition of cell division. Structures such as 

the fruit, fleshy roots and tubes may exhibit necrosis or abnormalities related to the bread 

down of internal tissues. 

The total concentration of boron in the soil varies between 2-200 ppm. Less than 

5% of the total soil boron is available to plants (Samuel et ai., 1993). Boron is important 

in the process like pollen germination, cell division, nitrogen metabolism, water 

movement, carbohydrate transport, active salt absorption, harmonic metabolism and fat 

metabolism (Agarwala et ai., 1981 ; Nason and McElroy, 1963 ; Ramah et ai., 1984). 

Boron deficiency is the most wi.ctespreaci ·miCf..QFH:ltl:,ient ·deficiency.· ·In many·,.ommtries 

deficiency of boron is common during dry period. Some severe symptoms are shortening 

of stem internodes, rosetting of terminal leaves and sometimes death of growing point. 

Boron is not a very mobile element. Boron deficiency is mainly found in acid sandy soils 

in regions of high rainfall and those with low organic matter. Borate ions are mobile in 

soil and can be leached from the root zone. 
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Studies on boron nutrition that the supply of boron required for seed and grain 

production is higher than that needed for vegetative growth only. Boron has both direct 

and indirect effects on fertilization. Indirect effects are probably related to the increase in 

amount and change in sugar composition on nectar, whereby the flower of species that 

rely on pollinating insects, become more attractive to the insects (Smith and Johnson, 

1969; Erickson, 1979). Direct effects of boron . are reflected by . the c.lo.se relationship 

between boron supply and pollen producing capacity of anther, as well as, the viability of 

pollen grains, pollen germination, pollen tube growth and feltilization (Agarwala et aI., 

1981 ; Vaugn, 1977). 

Keep ing these ideas along with significance of foliar application in mind, the 

present investigation was undeltaken. 

1.2.2 Zinc (Zn): 

In most plants normal range is between 20 to 100 ppm. Roots absorb zinc as Zn2
+ 

and component of synthesis or natural organic complex absorb zinc. Zinc takes part in 

metabolism of plants as an activator of several enzymes such as dehydrogenases, 

proteinases, peptidases and phosphohydrolases. It also helps in seed and grain production 

and maturation (Ikhtiar et al., 2000). Zinc may be involved in biosynthesis of indole-3-

acetic acid (Skoog, 1940). 

Soils of Punjab are alkaline and calcareous; they are especially conducive to Zinc 

deficiency (Chaudry et al., 1973). They contain low organic matter content and receive 

heavy doses of nitrogen fertilizer for high yields. Zinc deficiency in plants is aggravated 

by nitrogen fertilizer (Lucas and Kneznk; Mortvedt et al., 1972). Zinc is not mobile in 

plants. Zinc deficiencies are mainly found on sandy soils low organic matter. Uptake of 

Zinc decreases with increased soil pH. If the level of phosphorus and iron is high in soil, 

it adversely affects the uptake of ZiFlC,b¥ <p&'lu;·{MDrtv.€dt-et-al. A 972j. 

Zinc acts as an activator of large numbers of enzymes including alcohol 

dehydrogenase (ADH), which catalyzes the hydration of Carbon dioxide to bicarbonate 

and, along with copper, super oxide dismutase. However there is general agreement that 

disorder associated with Zinc deficiency reflect disturbances in the metabolism of the 

auxin hormone indole-3-acetic acid. The precise role of Zinc in auxin metabolism 
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remams obscure, but available evidence suppolis the view that Zinc IS required for 

synthesis of the hormone precursor tryptophan (Marschner, 1986). 

1.3 Plant Growth Regulators: 

A plant hormone is an organic compound synthesized in one part of plant and 

translocated to another part where, in very low concentrations, it causes a physiological 

change/response. The response in 'the -target organ "need 41ot"'be 'Pfemoti-ve; ' 'oecatl'sc 

processes such as growth or differentiation are sometimes inhibited by hormones , 

especially abscisic acid. The phytohormones have also been termed as growth hormones , 

growth substances, growth factors and growth regulators by various workers and defined 

accordingly. There are five groups of well accepted hormones. The five include; auxins, 

gibberellins and cytokinins, abscisic acid and ethylene (Salisbury and Ross, 1985). 

Plant hormones most often regulate cell division, elongation and differentiation of 

cells, whereas animal hormones have very specific effects. Hormones are usually 

effective at very low concentrations. Plant hormones usually effective at internal 

concentrations of l/-lM or less . Plant hormones affect membrane properties, control gene 

expression and affect enzyme activity . Plant hormones have multiple effects in plants. 

There are several classes of plant hormones, which include a number of recently 

"discovered" ones. Three classes of hormones used in present research work are 

discussed briefly. 

1.3.1 Auxins: 

Auxin (indole acetic acid) was the first hormone to be identified in plant. The 

term auxin was first used by Frits Went, who, as a graduate student in Holland in 1926, 

discussed that some unidentified . compounds probably caused curvature ' of Oat 

coleoptiles towards light. As compound promoted the elongation of coleoptiles tissues, F. 

Kogel and other researchers mimed vVenf s compounCl auxin fromthe 'Greek word 

auxien, "to increase or to grow" (Taize.a.n.d Zeiger., 1998). 

It was later confirmed that indole-3-acetic acid (IAA) as the natural auxin. Many 

other chemical compounds, which are synthesized by chemists also cause many of the 

physiological responses similar to lAA and are generally considered to be auxins. Of 

these, naphthalene acetic acid (NAA), indole butyric acid (IBA), 2,4-dichlorophenoxy 

acetic acid (2,4-D), 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and 2-methyl-4-

8 



Introduction 

chlorophenoxy-acetic acid (MCP A) are the best known. Because they are not synthesized 

by plants, they are not hormones. They are classified as plant growth regulators 

(Salisbury and Ross, 1985). 

2,4-dichlorophenoxy acetic acid (2,4-D) is an important plant growth regulator. It 

is yellow crystalline powder, noninflamimible, soluble in 95% ethanol and in acetone. 

Precursor of auxin is tryptophan; ..as it is syn.thesize.d ,_tryptophan. Ihere. are.,number Df 

"synthetic auxins" too, Auxins promote growth in molar concentrations of 10-3 M to 10-8 

M (Salisbury and Ross, 1985). 

A primary site of auxin production is the apical shoot meristem. Auxin moves 

down the stem parenchyma cells by polar transport (auxin becomes negatively charged) 

using proton pumps, which is an ATP requiring process (Salisbury and Ross, 1985). 

1-----.-- CH2 - COOH 

N 
I 
H 

Figure 1.1: Structural formula ofIAA (Indole Acetic Acid) 

O-CH2-COOH 

/, 

Cl ~~ Cl 

Figure 1.2: Structural formula of Dichlorophenoxy Acetic Acid (2,4-D) 
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CH2- COOH 

Figure 1.3: Structural formula of a-naphthalene Acetic Acid (NAA). 

1.3.1.1 Functions of Auxin: 

~ It promotes elongation, cell enlargement and cell wall extensibility. 

~ Auxins are in tropic responses . They move away form a light source, which is the 

cause of uneven elongation of cells on the shaded side of a plant unevenly exposed to 

light. 

~ Auxins stimulate cambium cells to divide and secondary xylem to differentiate. Thus 

these stimulate secondary growth. 

~ Auxins have a role in apical dominance; a phenomenon in which apical bud 

dominated over the lateral buds and does not allow the later to grow. As distance 

increases form the tip, this effect is lessened. Removal of apical bud results in the 

rapid growth of lateral buds. Cytokinins which is another group of plant hormones 

acts the other way i.e. it counters the apical dominance effect of auxin (Taiz and 

Zeiger, 1998). 

~ In contrast to stem, higher concentration of auxin inhibits the elongation of root but 

the number of lateral branch roots is considerably increased. It also promotes 

adventitious root development. 

~ Auxins promote other hormone production e~pecially ethylene when aUX1l1 

concentration increases. 

~ Auxin can induce parthenocarpic fruits. In nature also, this phenomenon is not 

uncommon and in such cases the concentration of auxins in the ovaries of plants, 

which produce fruits only after fertilization. 
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~ Besides all elongation, auxins may also be active in cell division. In fact in many 

tissue cultures where the callus growth is quite normal, the continued growth of such 

callus takes place only after the addition of auxin. 

~ Natural auxins have controlling influence on the abscission of leaves, fruits etc. Loss 

of auxin initiates leaf abscission. 

~ Auxins also promote flowe::- initiation. 

~ Auxins are also required for fruit development; auxin in this case is produced by the 

developing seed (Salisbury and Ross, 1985; Taiz and Zeiger, 1998). 

1.3.2 Cytokinins: 

Cytokinins are N6 -substituted derivatives of the nitrogenous purine base adenine, 

characterized by their ability to stimulate cell division in tissue culture. Kinetin (N6-

furfury lamino purine) was the first cytokinins to be discovered. Kinetin does not occur 

naturally but was originally synthesized from hen-ing sperm DNA (Miller et at., 1956). In 

1965, skoog et at., proposed the term cytokinin. The most widely spread naturally 

occun-ing in higher plants is Zeatin. Miller 1960's, D.S. Letham 1960's, reported 

isolation of a purine with kinetin like properties from young, developing maiz seeds and 

plum friutlets. This substance was characterized as 6-(4-hroxy-3-methyl-Irams-2-

butenylamino) purine, which was given the trivial name Zeatin. Since the discovery of 

Zeatin, a number of other naturally occurring cytokinins have been isolated and 

characterized. 

The liquid endosperm of coconut (Cocos nucifera) often referred to as coconut 

milk has been found to contain some factors , which show kinetin like activity and can 

stimulate growth in many plant tissues in vitro. A number of purine compounds showing 

kinetin like properties have been isolated from coconut milk, but workers are failed to 

isolate and identify active ingre.1ient'S ··ef "Cocortutmilk. 

Benzylamino purine is also a cytokinin. Benzylamino and kinetin are highly 

active, but which are probably not formed by plants (Salisbury and Ross, 1985). Zeatin 

riboside is relatively abundant cytokinin in many plants. All cytokinins have a side chain 

rich in carbon and hydrogen attached to the nitrogen protruding from the top of the purine 

ring. Each cytokinin can exist in the free-base form or as a nucleoside, in which ribose 

group is attached to the nitrogen atom of positon-9. 
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Nt' 

H~ 
N 

Figure 1.4: Structural formula of Zeatin. 
C H 

. H{ \ 
II 

HN-CH - C CH 

2 "" / 

N~ 

H~ I 

N 

Figure 1.5: Structural formula of Kinetin (Synthetic Cytokinin). 

<: )-C~-NH 
N 

" ~ eH 

/ 
N 

Figure 1.6: Structural formula of Benzylamino Purine (BAP) 
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1.3.2.1 Functions of Cytokinins: 

~ Cytokinesis: Cytokinins induce cytokinesis. Cytokinins are present in root meristems, 

embryos -and fruits. They move/translocate from root to shoot of plants in xylem 

tissues. 

~ Inhibition of Apical Dominance: Cytokinins inhibit effect of auxin in apical bud and 

promote the axillary bud growth. Shoot tip auxins promote apical dominance thereby 

inhibiting lateral bud growth. Cytokinins produced 111 root meristems 

move/translocate upward in xylem and in higher concentration act against the 

inhibitory effect of auxins thereby activating lateral buds. 

~ Cytokinins Delay Senescence: Senescence is a phenomenon in which a mature leaf 

when detached from a plant, it undergoes; proteins breakdown, nucleic acids and 

other macromolecules breakdown take place, a loss of chlorophyll and accumulation 

of soluble nitrogen products such as amino acids. This in normal consequences of 

aging process. Delay in senescence by cytokinins is indicated by three kinds of 

evidence: Firstly exogenous application of cytokinins to the detached leaves delays 

the onset of senescence and maintains protein level and prevent chlorophyll 

breakdown. Application of cytokinin in intact i'eaves will also ·delay senescence. 

Secondly a correlation between endogenous level of cytokinins and senescence exist. 

Third evidence came from recombinant DNA technology. 

~ Cytokinins stimulate RNA and protein synthesis and delay the degradation of 

chlorophyll (Salisbury and Ross, 1985; Taiz and Zeiger, 1998). 

~ Cytokinins promote chloroplast development and chlorophyll synthesis. 

=> High Auxin + Low Kinetin ~ Roots 

=> Low Auxin + High Kinetin -+ Buds 

~ Cytokinins increase expansion of cell in Dicot cotyledons and in leaves (Salisbury 

and Ross, 1985). 

~ Cytokinins cause growth by cell enlargement not cell division (Salisbury and Ross, 

1985). 
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~ Cytokinins induce cell division in the presence of sufficient amount of auxin (IAA), 

especially in tobacco pith cells, carrot root tissues, soybean cotyledons and pea callus 

etc. 

~ Morphogenesis: 

~ Kinetin also has the ability to cause morphogenetic changes in an otherwise 

undifferentiated callus. For instancetebacc(}-pitfi-c-aHu'S-can ·be made to devel{)p either 

buds or roots by changing the concentration of kinetin and auxin. 

~ Exogenous cytokinins can promote cell elongation in young leaves, cotyledons, wheat 

coleptiles and watermelon hypoctyles. 

1.3.3 Gibberellins: 

Ewiti Kurosawa discovered a fungus "Gibberella fujikuroi" was responsible for 

abnormal rice seedling growth called the "foolish seedling" disease. The fungus secreted 

a chemical that caused the rice plants to grow abnormally and long and then collapse 

from weakness. In 1926, he got a filtered extract of this fungus, which caused symptoms 

of foolish seedling disease. The name of gibberellins is after the name of this fungus. In 

1935, Yabuta isolated the active substance and, gave it the name gibberellin (Salisbury 

and Ross, 1985). Brain et ai., (1955) obtained pure sample of single gibberellin which 

was named "Gibberellic acid". Later on Cross et ai., (1961) established its structure. 

Many seeds contain variety of gibberellins. Over 125 different gibberellins are 

known. Gibberellins are produced in roots and younger leaves of plants (Taiz and Zeiger, 

2002). 

o 

HO 

HO 

COOH 

Figure 1.7: Structural formula of gibberellin. 
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1.3.3.1 Functions of Gibberellins: 

~ Dormancy of Buds: Dormancy of buds can be broken by gibberellin treatment. If we 

apply gibberellin to potatoes after harvest, it sprouts the eyes vigorously. 

~ Root Growth: Gibberellins have ·little or ·ne --eff-ect on -rootgr--owth. At higher 

concentrations in some plants, however, some inhibition of root growth may occur. 

~ Seed Germinatin: Certain light sensitive seeds e.g. Lettuce and tobacco show poor 

germination in dark, in light or red light germination starts vigorously. This 

requirement of light is overcome if seeds are treated with gibberellic-acid in dark. 

~ Elongation of Internodes: Gibberellins bring about the elongation of internodes, so 

much so that in many plants such as dwarf pea, dwarf maize etc they overcome 

genetic dwarfism (Phinney, 1956; Brain and Hemming, 1955) . 

~ Bolting and Flowering: Plants with rosette habit under short days and bolting (rapid 

elongation of stem with conversion into floral axis bearing flower primordia). This 

bolting can be induced under non-inductive short days by the application of 

gibberellin. In Hyoscymus niger (also a long day plant) gibberellin treatment causes 

bolting and flowering under non-inductive short days. While in long day plants 

gibberellin treatment results in early flower, and in short day ·piant vcrri-able effects of 

gibberellin are observed. 

~ Parthenocarpy: Seedless fruits can be induced by gibberellin treatment Seedless and 

fleshy tomatoes and large sized grapes are produced by gibberellin treatment on 

commercial scale. In pome and stone fruits gibberellins have proven to be successful 

inducer of parthenocarpic fruits. 

~ Fruit enlargement: gibberellins stimulate some fruit enlargement (e.g. grapes with 

longer internodes) and may counter the effects of herbicides (SalisburY and Ross, 

1985; Taiz and Zeiger, 1998). 

1.4 Foliar Application: 

In the last two decades, plant physiologists have developed the technique of foliar 

application i.e. spraying solutions of nutrients and chemical compounds (hormones) on 

the leaves of plants (Kochhar and Krishnamoorthy, 1988). In many cases, this foliar 

application method is preferred and gives quicker and better results than the soil 

15 



Introduction 

application. Under conditions when quick supply of substance is obviated or the soil 

conditions are not better for absorption, foliar application may be preferred (Jamal, 

2001). Moreover, aerial spray is more economical and less wasteful than the soil 

application. Plant physiologists, agriculturists and horticulturists are very much interested 

in knowing the effect of exogenous application of growth hormones or growth regulators 

on yield and other growth parameters in~the" pla:nts 'Of-economic importance (Salis-bury 

and Ross, 1985). 

1.5 Aims and Objective of Present Study: 

Glycine max L. (Merrill) is one of the most important oilseed crops in the world. 

It contains 18 to 22 percent oil and is highly desirable in the diet and has 40 to 42 percent 

of good quality protein. Therefore, it is the best source of protein and oil and truly claims 

the title of the meat/oil that grows on plants. Considering its importance present research 

work was carried out to know the suitable combination of micronutrients and growth 

regulators for increasing growth and yield of soybean. 

Combined foliar spray of micronutrients·tB/Znj and growth regulators '(IAA, HAP 

and GA3) were given to investig<l.te their role in growth andyield parameters like number 

of branches per plant, number of leaves per plant, middle leaflet length, middle leaflet 

width, petiole length, shoot length, shoot fresh weight, root fresh weight, root length, 

shoot dry weight, root dry weight, number of pod-set per plant, number of pods per plant, 

number of empty pods per plant, I-seeded pods per plant, 2-seded pods per plant, 3-

seeded pod5 per plant and 1 OOO-seed weight. 
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Chapter 2 

Review of Literature 

2.1 Foliar Application: 

Review of L iterature 

In the last two decades, plant physiologist has developed the technique of foliar 

application i.e. spraying solution of nutrients and chemical compounds on the leaves of 

plants (Kochar and Krishnamoorty, 1998; Noggle and George, 2002). Micronutrients are 

applied as spray on leaves. Similarly plant hormones or plant regulators are sprayed on 

foliage of plants to get greater growth and yield in plant. Plant growth regulators are 

chemical produced by plants that alter growth patterns and maintenance of .the plant. 

They can be fmmd in many cells and tissues, although plant hormones seem to be 

concentrated in meristems and buds. 

2.2 Foliar Application of Micronutrients (Boron/Zinc): 

Garg et al. observed that foliar application of boron (B) as boric acid at different 

concentrations in soybean (Glycine max L.(Merril)) grown in sandy loam soil revealed an 

increase in number of leaves, number of branches, leaf area per plant, 'a' and 'b' (mglg 

fresh weight) at different growth "Stages. A -s:harp -decline ·inflGwer drop was recorded 

through foliar application of boron at the rate of 50.0 mg/litre. However, a reduction in 

total leaf area per plant was noted at higher concentration (1 OOmg/litre) of boron. Yield 

attributes like total dry matter production, flower drop percent, pod set per plant, length 

of pod, number of seeds per plant and test weight of 100 seeds were found to be 

maximum in case of plants applied with boron at 50 mg/litre. 

Foliar application of zinc, manganese and boron alone and in vanous 

combinations were applied to sweet orange trees at 0.4, 0.2 and 0.04 kg in the presence 

l.56 kg N (urea) and 0.4 kg surflha dissolved in 400 liters. The main effects and 

interactions of foliar spray of zinc, manganese and boron in factorial design/combinations 

were studied relative to micronutrients concentrations in citrus leaves and fruit yield of 

sweet orange. Zinc significantly increased leaf Zn contents and fruit yield .as compared to 

trees where Zn was not included in foliar spray. The highest yield of 105 .3 kg/tree was 

obtained from trees sprayed with Zn alone. Application of boron significantly increased 

total yield, but did not influence total leaf boron content. Mn application significantly 
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increased leaf Mn content; fruit yield intensified the red color of skin and juice (Sajida 

Parveen and Hafeez-ur-Rahman, 1998). 

lhu et al . (1996) worked on the characteristics of micronutrients uptake by rape 

plant and the method of boron and zinc uptake were greatest between flowering and 

maturation, accounting for 52 and 54.4% respectively of the total uptake. Mn uptake was 

evenly distributed for the production of 't00t}kg-seed, ""the '-plant removed from -the ·soil 

8.8g B, 15.3g In, 199 Mn, 27g Cu and 185g Fe, Foliar application of boron at seedling 

and internode elongation stages gives better results than seed treatment or based 

application. Concentration of boron in the spray solution in the range of 0.1 to 0.25% 

increased seed yield significantly. 0.2% being the optimum concentration with a 17.8% 

yield increased over the control. Foliar application of boron and zinc in combination 

produced higher yield than the application of either element alone. 

In a fie ld experiment in 1991 irrigated sunflower were given 0-120 kg N/ha with 

or without dusting or spraying with B (0.4%) . Seed yield increased with up to 80kg N. 

Seed yield from boron treatment were 1.23 , 1.30 and 1.36 t/ha with no boron dusting or 

spraying respectively. Seed oil content was decreased by N application and was not 

affected by boron application (Rani and Reddy, 1993). 

Foliar application of urea and zinc on many mungbeans resulted in increased 

number of branches per plant, pods per plant, tallest plant and highest seed yield per plant 

(Lateef et al., 1998). 

Porter, (1993) reported that application of boron results in 6.5% increase in the 

mean seed yields in canola. At the onset of flowering plants sprayed with boron had a 

50% higher boron concentration than plants receiving no boron. Seed yield increased and 

peaked at 135 kg N decreased it higher N rates. 

Bank (2004) reported effects 'of foiiar >application of "zinc 'Sulfate ' heptahydrate 

(lnS04.7H20) on the yield component of six soybean varieties were studied at Tra!1gie, 

New South Wales, on a zinc deficient soil, zinc was applied at 0.9kg/ha, four, six and 

both four and six weeks after sowing. Zinc deficiency symptoms appeared in unsprayed 

pots of Forrest, Dare, Dodds and Bragg from five weeks after sowing and zinc 

application increased yields and foliar zinc concentrations in all these varieties. Lee and 

Ruse did not show deficiency symptoms and did not respond to zinc treatments. The 
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single zinc application six weeks after sowing was slightly more effective than that at 

four weeks and double spray gave additional benefits to Forrest, Dare and Dodds. Forrest 

was most responsive variety with zinc application increasing yields from 920 to 3220 

kg/ha through in pods/m2, seeds per pod and seed weight. Yield of Dodds increased from 

1835 to 2699 kg/ha in response to zinc by production of more pods/m2, more seeds per 

pod while yield response of Dare (17'83"'10 293A-kglh"B.) -and Bragg (1'£01 to 2292 'kg/ha) 

were due to increase in pods/m2 alone. 

Askari et al. (1995) reported that fruiting and flowering took place twenty days 

earlier in Solanum melongena L. (egg plant) and Capsicum annuum L. (Chilli pepper) by 

foliar application of essential trace elements. Treated plants bore more fruits and their 

sizes were bigger than those of the control series. Analysis of variance means revealed 

that in treated sets the growth factors were significantly different as compared with the 

control. 

Dariusz and Joe (1991) studied benefits of ZnS04 and MnS04 foliar sprays for 

four years in one 'Valencia' orange and two ruby red grape fruit applying 216 and 

168ppm metallic Zn and Mn, respectively. Zinc foliar _~prays were effective in con'ecting 

deficiency symptoms and in elevating leaf Zn content to an optimum range. However, 

both the orange and grape fruit trees failed to respond to Zn sprays in terms of yield fruit 

number, average fruit weight and canopy height and width. In all experiments leaf Mn of 

the control trees ranged from 25 to 39ppm and in neither experiment was Mn deficiency 

patterns observed. Mn sprays produced no benefits even though they increased leaf Mn 

content. In some years, Zn and Mn were translocated from sprayed to new leaves to 

increase their concentration by 2-5ppm. 

Plants of two tomato cultivars were grown in sand culture in a glass house at Zn 

concentrations of 0.15 and 7.70 }-Lmole/liter in the nutrient solution. 'Foliar ·treatments 

entailed Zn as 0,0.35 or 3.5 ).lmol ZnS.G4· . .7HzO/litre,to . .the .. tops . .ofplaRts..gro;wn at1.ow2n 

(0.15 flmole/liter) in nutrient solution twice a week. Plants treated with 0.15 flmole 

Znlliter in the nutrient solution and high levels of Zn (3.5 ).lmole/liter) applied as a foliar 

spray showed a significant decrease in the production of dry matter, chlorophyll and 

green fruit yield compared with those grown both at 7.70 ).lmole/liter in the nutrient 

solution and at 0.15 flmole Znlliter in the nutrient solution with 3.5 ).lmole Znllitre 
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applied as foliar spray. The concentration of Fe and P were significantly higher in leaves 

of plants grown in low (O .lS ~mole/liter) root zone zinc treatment, and P was also higher 

in both the leaves and fruits. of plants receiving foliar application of 3.S ~mole Znlliter. In 

the roots, concentration of Zn, Fe, P and K increased with increasing Zn concentration in 

the nutrient solution and also as a foliar spray. These results clearly indicate that foliar 

application of Zn can overcome the negative effects of iinc deficiency on plant growth 

when it is applied at an optimum range (Kaya and Higgs, 2002). 

EI-Fouly et al. (2002) conducted a pod experiment to study the effect of 

micronutrient foliar application on salt tolerance of tomato. Seedlings were sprayed with 

micronutrient mixture (Wauxal l.Sml/l) containing Fe, Mn and Zn and were irrigated 

with saline water containing different NaCI concentrations. Salinity adversely affected 

growth as dry weight and nutrient uptake. 'Spraying micronutrients could restore negative 

effect of salinity on dry weight. Effect of salinity on nutrient uptake could also be 

partially counteracted by spraying micronutrients. 

The effect of foliar application of micronutrients (Zn, Mn, Fe and/or B), applied 

30 and 60 days after transplanting, on gwwth,yjelcLatld.quality oLto.ma.to .cv_ P:usa.E..uby 

was investigated by Bose and Tripathi (1996). The best growth (plant height of 81.S6cm), 

highest number of branches per plant (19), highest number of fruits per plant (319) and 

highest yield per plant (1.407kg) was observed after combined application of 

micronutrients. This treatment reduced fruit cracking from 16.S% (control) to 4.76% low 

fruit cracking (S.3%) was also observed in plants sprayed with boron alone. 

Foliar application of zinc can increase the Ca content of apple fruits and thus 

reduce the incidence of bitter pit. A working hypothesis has been advanced as a possible 

physiological basis to account for this observation: Supplying Zn to the plant should 

improve Zn nutritional status and thereby enhance lAA biosynfhesis and increase 'IAA 

concentration in shoot apices as in small fruits. As ·a ...consequence --of these -.repor.t on 

apple, the results presented do not support the hypothesis that increased Zn nutrition 

improves Ca inflow into young tomato fruits (Rahayu et al. 2001). 

Yadav e tal . (2001) conducted to evaluate the effect of different concentrations of 

zmc and boron on the vegetative growth, flowering and fruiting of t-omato. The 

treatments comprised five levels of zinc (0, 2.5, 5.0, 7.5 and 1.0ppm) and four levels of 
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boron (0, 0.50, 0.75 and 10.Oppm) as soil application, as well as 0.5% zinc and 0.3% 

boron as foliar application. The highest value of secondary branches, leaf area, total 

chlorophyll content, fresh weight, fruit length, fruit breadth and fruit number was 

obtained with the application of7.5ppm zinc and l.Oppm boron. 

Prasad et al. 1997 conducted a field experiment on an acidic red loam soil at 

Ranchi, India. Tomato plants were given a soil boron appiication' (O.-oO,A54, 9.09,13 .63 

or 18 .18 kg Borax/ha) at final field preparation or as foliar boron application (0.0, 1.0, 

1.5,2.0 or 2.5 kg Borax/ha) at 25 days after transplanting. Boron application significantly 

increased tomato yield compared to the control treatment, with the 152.61 and 227.67 

q/ha) . Foliar application of borax also gave the highest average yield (143.06 q/ha). 

Ranganthan et al. 1996 compared the yield of tomato in pot experiments using 

inceptisol or alfisol soil. Trace elements were applied as straight micro nutrients or stanes 

micro food to the sailor leaves. The effects of applying composted coir pith (CCP) 

25t/hac and/or Azospirillum (2kg/ha) with NPK (100:50:30 kg/ha) were examined. With 

NPK, composted coil' pith, Azospirillum and foliar application of stanes micro food. In 

the alfisol the highest fruit yield was obtained by the same treatment except for stanes 

micro food being applied to the soil. 

Tomato cultivars Naveen and C03 were planted in pots with boron deficient 

calcareous soil. Boron was applied as Borax at 10, 20 and 30 kg/ha, 0.1 , 0.2 and 0.3% 

foliar sprays or boronated super phosphate. Soil treatment with 30 kg Boraxlha resulted 

in the highest N content in roots and shoots. The 0.3% foliar spray resulted in highest P, 

Mg and K contents. Ca content increased with increasing boron levels (Prabha et al. 

1996). 

Hamsaveni et al. (2003) conducted a field experiment involving foliar spraying of 

3 levels of boron (0, 0.1 and 0. 3%) 'at 5'0% 'flowering stage of tomato. 'Foliar spray of 

boron at 0.5% was found benefir.ial .in iner,easing "plant height, fruit size, fruit weight, 

number of fruits per plant, fruit yield (3182 tlha), number of seeds per fruit (14283) and 

seed yield (241.00 kg/ha) . The interaction effect of gypsum and boron was significant 

only on plant height and days to 50% flowering, which were favored by application of 50 

kg gypsum,/ha and 0.5% boron. 
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Davis et al. (2003) reported that boron deficiency in fresh market tomatoes 

(Lycopersicum esculentum) is a widespread problem. Regardless of the application boron 

was associated with increased tomato growth and the concentration of K, Ca and boron in 

plant tissues . Boron application was associated with increased N uptake by tomato in 

fie ld culture, but not under hydroponic culture. In the field culture, foliar and/or soil 

applied boron similarly increased 'fresh market tomato plant and root thy-weight, uptake 

and tissue concentrations of N, Ca, K and boron and improved fruit set, total yields, 

marke.table yields, fruit shelf life and fruit firmness . The similer growth and yield 

responses of tomato to foliar and root boron application suggest that boron is translocated 

in the phloem in tomatoes. Fruits which received boron as foliar or root-applied boron 

contained more boron and K than fruits from plants not receiving boron, indicating that 

boron was translocated from leaves to fruits and is important factor in the management of 

K nutrition in tomato. 

Rodriguez et al. (2000) studied the effects of foliar chemical treatments on the 

productivity recovery of greenhouse-grown sweet pepper at low temperature. The 

treatments evaluated were control (without treatment) ; SN (nutrient solution of N, P, K, 

Zn, Co, Mn, B, Mo and NAA); SNS (SN + sucrose) and SNSL (SNS + commercial beer 

yeast). SNSL exhibited the highest productivity of sweet pepper, which allowed a relative 

increase of 19% in fresh fruit weight and 45% in total fruit number. 

Patnaik et al. (2002) conducted field experiments to determine the effect of Zn 

and Fe on yield and quality of tomato cv. Marutham soil application of 12.5 kg 

ZnS04/ha, followed by foliar sprays of 0.2% FeS04 and thrice at weekly interval resulted 

in highest fruit yield of 39.88 tlha with a maximum yield response of 39%. The Zn and 

Fe contents in index leaves of tomato were in the range of 18.5-27.3 mg/kg and 116-160 

mg/kg, respectively. The nutrients in index leaves were higher in theireatment where Zn 

and Fe were applied either through soil ·or through foliar .spray. A similar trend was 

observed in fruits when Zn and Fe were sprayed along with soil application. Fe and Zn 

contents in fruits were less in fruits (14.1 -17.6 mg/kg) compared to leaves (37.2 to 72.7 

mg/kg). The highest uptake of Zn and Fe were recorded with 12.5 kg ZnS04 soil 

application along with 0.2% ZnS04 and 0.5% FeS04 sprays. 
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Segura et al. (1996) observed that tomato plants growmg in a sandy soil in 

greenhouse trials, spaced at 2 plants/m and irrigated by drip irrigation, showed 

significantly higher marketable yields with fo liar application of Almeria manure (100000 

kg/ha) + Auxym (5 cm3/litre applied at transplanting and 10 applications totaling 7.21 

cm3/litre, applied during flowering and fruiting) 19.75 kg/m2 than with Almeria manure 

(applied at 100000 kg/ha) 16.93' kg/m.2 and \X.! ith Organic fertilizers' Italp'ollina + Phenix 

(3000+ 1500 kg/ha). Auxym is composed of natural plant extracts containing an1ino acids, 

vitamins, auxins, cytokinins, macro and micro nutrients, phytochelates, enzymes and 

humic substances. Yield corresponded to 117.8, 103 .6 and 106.5 marketable fruit/m2 for 

3 treatments respectively. 

A greenhouse study carried out by Oliveira et al. (1995) in Espirito Santo do 

Pinhal, SP, Brazil. Tomato plants (cv. Angela Hiper) were supplied with various 

combinations of NPK (4-14.5 tlha) , dolomite (1.8 tlha) , boron (2 kg Borax or foliar 

application of 0.2% boric acid) or calcium (foliar application of 0.6% calcium chloride). 

Yields were highest in plants supplied with NPK + dolomite or NPK + dolomite + 

calcium. Calcium and dolomite application both reduced the percentage of fruits with 

stylar decay whereas boron appliation reduced yields and increased percentage of fruits 

with stylar decay. 

Shehata (1994) tested the response of seeded balady lime trees, cultiver (citrus 

aurontifolia L.) grown on a sandy calcareous soil to different sources, rates and methods 

of iron applications. Iron was supplied to the soil or to the foliage as chelate or sulfates 

individually or together with Mn and Zn chelates in thirteen different treatments. The 

vegetative growth, gross-yield and fruit quality was improved under all investigated 

treatments as compared to the check Fe-EDDHA applied to the soil gave the highest 

reponse whereas foliar application of iron as che'lates or sulfates were slightly inferior. 

Addition of Mn and Zn chelates together with .Iron failed to ,give higher .growth and yield 

response over the individual application of iron. 

Naveed (2004) observed the response of tomato (Lycopersicon esculentum Mill) 

and chilli (Capcium annum L.). Three concentrations (C I, C2 and C3) of each 

micronutrient (Fe, B, Zn, Cu, Mn and Mo) at three growth stages, tl (vegetative stage) C 1 

of each micronutrient was applied at 30days AT and repeated 5 times after 15 days 
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interval ; t2 (flowering stage) C2 of each micronutrient 45 days after transplantation 

repeated 4 times after 15 days interval; t3 (flowering plus fruit stage) 60 days after 

transplantation C3 of each micronutrient applied with 3 repetition after 15 days interval; 

were applied. 500 ppm. Fe foliar spray at t, stage and foliar plus soil same concentration 

positively affected the growth and yield of tomato fruits, while in case of chilli iron iron 

foliar (1500ppm at t3 stage) produced maximum fruits yield as compared to so'il and 

control treatment. Boron foliar treatment (50ppm) at t1 produced negative effect on 

number of fruits in tomato. Boron (50ppm) at t1 foliar treatment, zinc (l50ppm) at t3 

foliar , Copper foliar treatment (30ppm) at t3 , Molybdenum foliar (40 and 60ppm) at h 

and t3 stage, Manganese foliar treatment (150ppm) at t3 produced maximum number of 

chilli fruits. Foliar plus soil treatment of zinc (150ppm) at t3 produced maximum number 

of tomato fruits. Soil and foliar plus soil treatment of molybdenum negatively affected 

and produced minimum number of chilli fruits . Soil and foliar plus soil treatment of 

manganese produced minimum number of fruits. Mn application did not affect the 

number of tomato fruits. 

2.3 Phytohormones: 

Plant growth hormones or plant growth regulators are the chemicals, which 

influence the plant growth when applied in very minute quantity. They are reported to 

improve yield (Chatterjee et al. 1976; Ray and Choudhary, 1981). It is obvious that 

leaves are the main source of metabolites for plants. Thus manipulation of leaf 

physiological characters by a treatment with growth hormones might have influence on 

growth and yield (Thangraj et al. 1999). 

Bruinama, (1982) reported that plant growth regulators are effective in the 

regulation of photosynthesis efficiency and chemical manipulation of internal distribution 

of photosynthesis to seeds. Gifford and Evans (1981) have also supported the hypothesis 

that assimilate distribution may oe ·hoTmonaHy mediated. ·GibbereiE'llS, "Cytokinins and 

ethylene all influence the stem and leaf elongation to varying degrees (Zeroni and Hall, 

1984) and senescence is markedly effected by cyotokinins, gibberellins and abscisic acid 

(Leopold and Neodin, 1984; Dhindra et al. 1982). 
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2.3.1 Effect of Auxin (lAA, NAA) on Growth and Yield in Plants: 

IAA increased leaf numbers and leaf area as predicted by Chaudhry and Zahur 

(1992) , Tuomine et al. (1997) and Awan et al. (1999). lAA exerts influence on plant 

growth by enlarging leaves and increasing photosynthetic activities in plants. It also 

activates the translocation of carbohydrates during their synthesis (Awan et al. 1999; 

Ritenour et al. 1996). IAA also increased the dry weight of seeds (Kumar et al. 1981). 

Hye et al. (2002) reported that IAA at concentrations of 200ppm increase the number of 

leaves, leaf size, root size and weight and the yield in onion (Alliam cepa). Newaj et al. 

(2002) observed that effects of defferent concentrations of IAA on growth and yield of 

mungbean (Vigna radiata 1.) at a concentration of 300,600 and 900ppm. All growth and 

yield parameters showed an increase but 600ppm provided the best result. IAA at 

600ppm significantly increased plant height, number of branches per plant, number or 

leaves per plant, leaf area, total dry matter, crop growth rate, number of seeds per plant, 

seed yield and 1000 seed weight. Elongation and increase in number of roots was also 

observed in garlic due to foliar spray of IAA treatments (Bareen et al. 1988). 

Lallu and Dexit (1999) the .effect.of.growth .. r.egulators i..e.J AA, G~..and Kn .at 35 

days after application of hormones on yield, yield attributes, oil content and harvest index 

in mustard (Brassica juncea 1.). IAA (500 ~M) proved to be best in increasing yield. 

N umber of siliqua per plant, 1000 seed weight, oil content and harvest index increased 

under all treatments as compared to control (water spray). Oil content improvement was 

achieved by 1 0 ~M Kn. 

Naeem et al. (2001) observed that 2.85 mM (500 mg/liter) IAA showed a 

decrease in length of shoot and number of internodes . The increase in the diameter, area 

and number of leaves was also observed in Lentil (Lens culinaris). lAA induced 

branching with lush green color of leaves. The dose of IAA + kinetin (0.14 mM / 30 

mg/liter) showed a decrease in length and number ·of-internotles .. ~Ht)wever; 'exp'a:nsion ·in 

main stem diameter and increase in number and area of leaves was also observed. 

Applied IAA caused late flowering and increased number of floral buds while lAA + 

kinetin promoted late flowering with noticeable increase in number of floral buds. Mixed 

dose of IAA with GA3 produced early flowering, increase in length of shoot and 

internodes number as well as number of compound leaves. 
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Upadhyay (1994) sprayed chickpea (Gieer arietinum) with 10, 20 and 30ppm 

NAA (Naphthalenc acetic acid) and Kn. Seed yield was increased by growth regulators 

and was highest with 20ppm NAA. Foliar application ofNAA in Vigna radiata increased 

number of pods per plant, seeds per pod and 1000 seed weight (Alugukannan and Vijay 

Kumar, 1999). 30-days old mustard plants were sprayed with aquous solutions of indole-

3-acetic acid (IAA), gibberellic acid (GAi),- 'kinetin-(Kn) and abscisic acid (ABA). All the 

phytohormones with the exception of ABA improved the vegetative growth and seed 

yield at harvest compared to control. The order of response of various hormones to the 

plant was GA3> lAA > Kn> contol > ABA (Wang et al. 2001). 

2.3.2 Effect of Cytokinins on Growth and Yield in Plants: 

Cytokinins usually trigger proliferation, while in rapidly dividing meristematic 

cells, it retards division (Vant hof, 1968). Cytokinins enhanced the cell expansion in 

soybean (Makarova et ai. 1988) and increased stem thickness while kinetin reduced shoot 

length but increased the fresh weight by increasing stem diameter in morning glory (Kaul 

and Farooq, 1994) and okra (Chaudhry and Khan, 2000). There are some reports, which 

indicate that kinetin in combination ,with G..A.3-e~d,getmiIlation ,,an.d se.edling,gro-v.vtJl 

in chick pea (Kaur et ai. 1998). 

Hamberg (1972) reported that kinetin increases the aUXIn content of Coieus 

blumel though the major increase was in bound auxin. Cytokinins can increase 

endogenous GA content or prevent reduction in GA content normally associated with 

certain stages of development (Chin and Beevers, 1970; Loveys and Wareing, 1971; Reid 

and Railton, 1974). Bai and Kastori, (1990) observed that cytokinins increased plant 

height and leaf area in sunflower (Helianthus annus L) kinetin (0.14mM) i.e. 30mg/litre 

foliar spray on lens showed inhibition in length and in number of internodes. The 

increase in number and area of leaves and expansion of diameter of shoot (Naeem et al. 

2001) . 

Kinetin increased the free auxin content of mungbean hypocotyl segments which 

were exposed to IAA both by enhancing IAA uptake and supporting the conversion of 

IAA to indolacetylaspat1ic acid (Lau and Yang, 1973). 

Kinetin and other cytokinins have the ability to trigger cell division in the 

presence of auxin and also promote bud and root fOlmation (Cleland, 1996). Chaudhry 
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and Qurat-ul-Ain (2003) observed the increasing effect of Kn. on number of leaf 

primordia, leaf area, leaf fresh and dry weights by applying 50ppm Kn. 

Benzyl amino purine (BAP) promoted vegetative growth in apple (Arello et al. 1991). 

Bhat et al. (1992) noted that BAP increased shoot elongation in Citrus. Coldiz observed 

significantly increase in potato tubers with foliar spray ofBAP at 50ppmllitre. Number of 

branches has been reported to increase by foliar applicatlOn ofBAP·. Mer10 et al . (1987) 

observed increase in number of branches per plant in soybean. Daimon and Mii (1991) 

reported that number of branches increased with foliar applied BAP Podocarpous 

macrophyllus . According to Bini and Giannoni (1985) fruit size and weight in olives 

increased with application of BAP. Marin and Sowers (1991) reported that BAP 

application increased leaf area and fruit weight in apple. Ulvskovp et al. (1992) reported 

that BAP increased leaf area in sweet pepper. BAP increased number of flower buds in 

apple (Mclauglin and Greene 1991), increased boll weight in cotton and 1000 seed 

weight in Phaseolus vulgaris (Uddin, 1985), increased yield in brassica and sugar beet 

(Yadav et al. 2001). 

2.3.3 Effect of Gibberellins .o.n Gr.o.w.th . ..a.n.d.,Y.ield in,l!lants: 

GA increases auxin level either by enhancement of auxin biosynthesis (Sastry and 

Munir, 1965; Jindal and Hemberg, 1976) or by retardation of auxin destruction (Kogl and 

Elema, 1960). GA can also stimulate elongation independently of auxin (Cleland et al. 

1968; Kaufman et al. 1969; Kazama and Katsumi, 1974). In excised Avena sativa stem 

internodes, GA stimulates cell elongation (Kaufman et al. 1969) . 

Mostafa and Sharbeem (1982) recorded stimulative effect of GA3 application on 

number and weight of tomato fruits . The micronutrients accumulation was found to be 

promoted by the treatments with GA3 and CCC as reported by Ibrahim (1976) on maize 

and Abd-ul-Rahman (1983) on lemon grass. 

Das and Priesty (1968) treC'.ted brinjaLplaF}ts with. . .different .growthregul'atoJ:t-s and 

observed that GA at 100 ppm significantly affect number of fruits. 

El-Tabbakh et al. (1982) sprayed plants of sunflower cv. Ghiza with 125ppm 

GA3. The GA3 decreased days to flowering and days from flowering to maturity, while 

G A3 at 125 ppm increased lOOO-seed weight. 
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Abd EI-Fattah (1997) and Deotale et al. (1998) recorded that GA3 promote the 

germination of various seeds, stimulates stem elongation. GA3 either increase 

gelmination rates for instance in sweet orange (Burns and Coggins, 1969), Cleopatra 

mandarin and sour orange (Rawash et at. 1980) or final percentage germination as seen in 

papaya (Carica papaya) and Solnum incanum (Yashua, 1978; Yahiro and Oryoji, 1980). 

Rappoport and Wolf (1965) reported exogenous GA promoted sprouting of dormant 

potatoes. 

Kausar (1976) treated the okra plant with GA3 at a concentration of 100, 150 and 

200 ppm. GA3 increased significantly the length, leaf area, dry weight of the plant but 

increase in shoot to root ratio and dry weight of root was not significant. He reported that 

150ppm produced more flowers and high number of fruits and yield. 

Gibberellins promote cell elongation (Kaufman and Jones, 1974). GA promote 

cell elongation in either excised or intact internode tissue, while endogenous levels of GA 

con-elate well in growth rates in certain dwarf (Phinney, 1965) and normal plants (Durley 

et al. 1976). In roots GA is usually either without effect or inhibitory to elongation, 

though there are a few reports of .stimulation ·.of "r..o!~t . .gwwth,hy ,G.6,..,(Sc@tt, .. 1972j- Lov.', 

1975). Nash and Wilhelm, (1960) suggested that in nature gibberellins may be exuded in 

small amounts into the rhizosphere of young plants and play part in the germination of 

Orobanche crenata seeds. Boes et al. (1961) concluded that foliar application of GA3 at 

100, 250 and 500ppm applied on 12 weeks old tomato plants, resulted in increased cell 

size, stem height, stem thickness and number of leaves. 

Lee et al. (1999) reported that GA3 increased stem length and number of flowers 

per plant. Kabar (1990) found that GA3 accelerated bud development and stem elongation 

but the best results can be achieved if GA3 is applied in combination with kinetin. Naeem 

et al . (2001) reported that 1.5 mM (500 mg/liter) foliar spray of GA3 on Lentil (Lens 

culinaris medick) showed a marl~ed elong-ati-Gn-in --the length,,'Of :shoot -and-increase ·ifl ·,the 

number of internodes and compound leaves. 

Singh (1966) sprayed the GA3 at the rates of 50, 250 and 1000ppm to tomato 

plants. GA3 increased the stem height and length of lateral shoots and the plants flowered 

seven days earlier than untreated plants. 
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Increase in number of leaves, stem height and ascorbic acid by application of 50 

and 100ppm GA3 to lettuce crop. Dose of 1 OOppm proved to be better than 50ppm (Singh 

and Sambhi, 1967). Spray of GA3 on young plants of brussels sprout increased stem 

length, fresh weight and per unit leaf area. Among 25, 100 and 400ppm GA3, largest 

difference was obtained by application of 100ppm GA3 (Selman and Bora, 1968). 

Hoque and Hoque (2002) studied the effect of GA3 on growth and yield 

characters of mungbean (Vigna radiata L). Three concentrations used for foliar spray 

were 50, 100 and 200ppm GA3. Foliar application of GA3 at 200ppm had higher relative 

growth rate, while that of 100ppm had greater relative growth rate, while that of 100ppm 

had greater leaf area index, total dry matter, crop growth rate and net assimilation rate. 

Hye et ai. (2002) investigated effects of 50, 100 and 200ppm. GA3 increased the leaf 

numbers and size, root length and weight and yield in onion (Allium cepa). 

Kanahama et al. (1989) reported that plant height and node number of the 

inflorescence on the main shoot of small fruited tomato plants were increased by high 

gibberellins concentrations (50-100). 

Ross et ai. (1990) concluded -that- gib.B&cilins · rna:',' . be . impsrtant · ,for nodal 

elongation and leaf growth in sweet pea. GA3 increases the vegetative growth, enhances 

flowering and shorten the time of both flowering and fruit formation. 

Deosarkar et ai. (2001) reported that an investigation was undertaken in Parbhani, 

Maharashtra, India, during kharif 1999-2000 to determine the effect of micronutrients on 

seed yield of soybean. The experimental material consisted of two cultivars of soybean 

(JS-335 and MAUS-2) and eight micronutrient treatments: recommended dose of 

fertilizer (25 kg N + 50 kg P/ha (control), T t); Ti + basal application of ZnS04 (10, 20 

and 30 kglha, T2, T3 and T4, respectively); T t + basal application of boron (2, 4 and 6 

kg/ha, Ts, T6 and T7, respectively) and T t + sprays ofhamaur at 3D, 45, 60 and 75 days 

after sowing (Tg). Treatments T4 and Ts haa highly- ·sign.ifioant ·ifl:0reased -raw·seed -yieW 

over T t. Raw seed yield increased with increasing rate of zinc fertilizer. Boron treatments 

Ts, T6 and T7 showed increased response for raw seed yield, but were not statistically 

significant. T s was best among the boron treatments for increasing raw seed yield. T8 

recorded the highest raw seed yield among all treatments. JS-335 recorded a higher raw 

seed yield (25.55 q/ha) than MAUS-2 (21.72 qlha). Interaction effects (treatment x 
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cultivar) were significant for raw seed yield. For graded seed yields, T4, Ts and Ts 

recorded higher graded seed yield over Tl. JS-335 recorded higher graded seed yield 

over MAUS-2. However, the interaction effects (treatment x cultivar) were non­

significant for this character. 

Bujak et al. (2004) reported that the effect of reduced tillage systems and foliar 

nutrition on soybean seed and straw yield in mono culture on lessive loess soil (good­

wheat agricultural usefulness complex) was determined in Poland, during 1998-2003 . 

Tillage treatments were conventional (I) and 3 kinds of reduced tillage: without 

postharvest cultivation (II); chisel + cultivator instead of ploughing and postharvest 

operations (III); direct drilling (diquat 600 g ha-1 in spring prior to seed drilling, IV). 

Foliar application with 2 litre Florosol Ulha (N (12%); P (1.745%); K (4.981 %); ~.1g 

(0.1 2%); B (0.012%); eu (0.015%); Fe (0 .018%); Mn (0 .016%); Mo (0.002%); Zn 

(0.01 %)), was performed twice: at 3-4 true soybean leaf and just after flowering. The 

crop was cultivated under other agrotechnical measures adjusted to its need with 

elementary (NPK) fertilization. Weeds were controlled by soil herbicides: linuron (450 

ml) + metribuzin (210 g ha- 1
) . and in .,isGlated ·· case-s{in.~th.e 10.Q2) , ·foliar .. herbicide 

(fluazifop-P-butyl [fluazifop-PJ , 150 g/ha) was used against Echinochloa crus-galli. The 

highest seed soybean production (2.08 t ha- 1
) was obtained on conventional tillage 

treatment (I), and a tendency to a slight yield decrease was observed only (4.8%) in the 

case of plough tillage before winter (II). However, chisel + cultivator (III) and direct 

sowing (IV) decreased the yield essentially, by about 10.1 % and 26.9%, respectively, in 

comparison to I and II tillage system. The seed yield obtained under direct drilling (IV) 

was essentially lower by 23.3% and US.7% than those obtained from II and III tillage 

treatments. Two-fold nutrition of soybeans by macronutrients and micronutrients 

substantially, by 10.2%, produced the yield higher. Tillage treatments did not influence 

substantially and clearly the yield ·of st-raw;flowever, the .. str-aw pfociuc-t-i-e{'l was in-cre·ased 

by foliar nutrition of soybean plants. The straw weight amounted to 1.80-2.05 tlha in the 

consecutive years of research; only in sporadic cases it reached 1.1 2 tlha in 2002. The 

seed and straw yields were modified by variable weather conditions in the research years. 

Kothule et al. (2003) reported that a field experiment was conducted in 

Maharashtra, India during the kharif season of 2001 to investigate the effect of plant 
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growth regulators on the growth, biomass partitioning and yield of soybean cv. MAUS-

32. The foliar spray treatments included gibberellic acid (GA) at 100 and 200 ppm; NAA 

at 100 and 200 ppm; CCC [chlormequat] at 100 and 200 ppm; AA (ascorbic acid) 100 

and 200 ppm; SA (salicylic acid) at 100 and 200 ppm; and urea at 1 and 2%. All the 

growth regulators improved plant height, number of branches, leaf area and total dry 

mater; and reduced the number of days to 50% flowering. SA at 200 ppm was the most 

effective in increasing the number of branches, leaf area, total dry matter content, grain 

yield/plant (58.8 g/plant) , grain yield per ha (26 .15 q/ha) and harvest index .( 48.85%). GA 

at 200 ppm was the best for increasing plant height, while CCC at 200 ppm promoted 

earliness. 

Kothule et al. (2003) reported that effects of GA [gibberellic acid], NAA, CCC 

[chlormequat], AA [abscisic acid], SA (salicylic acid) and urea on the yield and yield 

components of soybean (cv. MAUS-32) were studied in Parbhani, Maharashtra, India, 

during kharif 2001/02 . The growth regulators were applied as foliar sprays at 35 days 

after sowing at 100 or 200 ppm each except urea (lor 2%). SA at 200ppm was the most 

effective in increasing the numher···of pods "per 'plant-{59:0) -and ··gl'ainS"'Per ' ~od '(3.0), 

weight of grains per pod (0.479g), weight of straw per plant (17.98g), 100-seed weight 

(14.10g), seed yield per plant (58.80g) and per ha (26.15 quintal), and harvest index 

(48.85%). 

Rahman et al. (2004) reported the effects of plant growth regulators on the dry 

matter production and growth attributes of soybean (cv. PB-1) were studied in 

Mymensingh, Bangladesh, in 2002. Plants were sprayed at 15 (Tj), 30 (T2) and 45 (T3) 

days after sowing (DAS) with gibberellic acid (GA3) and maleic .hydrazide (MH) at 100 

or 200 ppm. The time of application had significant effects on dry matter production in 

roots , stems and leaves; total dry matter per plant; and growth attributes such as leaf area 

index (LAI), crop growth rate (CGR),-relative "gI'o'Wthc1'ate tRGIt) emu net ils'similation 

rate (NAR). CGR and NAR increased up to 80 DAS then decreased due to maturity. LAI 

and RGR were greatest at 100 and 60 DAS, respectively. T2 resulted in the greatest LAI, 

CGR, NAR, and root, stem, leaf and total dry matter, followed by T3 and T j. All growth 

regulators had positive effect on dry matter production and growth of soybean over the 

control. GA3 was more effective than MH. However, 100 ppm GAJ was the most 
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effective in the enhancement of root, stem, leaf and total dry matter, LAI, CGR, RGR and 

NAR, followed by 200 ppm GA3. MH at 200 ppm was the least effective among the 

treatments . The combination T211 00 ppm GA3 was the most effective in the improvement 

of dry matter production and growth of soybean. 

Rahman et at. (2004) reported that a field experiment was conducted in 

Bangladesh from December 2001 to March 2003 to study the effects of plant growth 

regulators and their time of application on the morphology, yield and yield components 

of soybean cv. PB- l. Soybean plants were sprayed 3 times (T)=spraying 15 days after 

sowing (DAS), T2=spraying 30 DAS and T3=spraying 45 DAS) with gibberellic acid (0, 

100 and 200 ppm) and maleic hydrazide (MH; 0, 100 and 200 ppm). T2 followed by T3 

produced the tallest plants with the highest number of branches, leaves, flowers, pods per 

plant, number of seeds per pod, seed yield per plant, 100-seed weight and seed yield. G A3 

was more effective than MH. GA3 at 100 ppm followed by GA3 at 200 ppm produced the 

highest number of branches, leaves, flowers, pods per plant, number of seeds per pod, 

seed yield per plant, 100-seed weight and seed yield, whereas 200 ppm MH produced the 

lowest values of the parameters meascr-ed., :f.hepresent ··stuEly c1ear-ly -shows that alm0st all 

the plants treated with plant growth regulators performed better than the control. 

Interaction effects between the plant growth regulator and time of application showed 

that 100ppm GA3 treated plants sprayed 30 DAS (T2C3) recorded the best performance. 

Senthil et al. (2003) reported that a field experiment was conducted on the sandy 

loam soil of Tamil Nadu, India to investigate the effects of brassinosteroids (BR) at 0.5 

ppm, salicylic acid (SA) at 50 ppm, NAA at 40 ppm, IAA at 100 ppm and kinetin at 50 

ppm on some biochemical and physiological aspects (total chlorophyll,. nitrate reductase 

activity, soluble protein content and peroxidase activity of soybean cv. CO-5). The 

bioregulators were supplied as foliar spray 35 and 60 days after sowing (DAS) . The 

estimation of the biochemical censtituents 'Wasatme at 20, 4D,f>{) ' -anci"BD ·BAS. All 

bioregulator treatments increased the biochemical parameters of soybean. SA produced 

the highest soluble protein content and nitrate reductase (12.42 micro g/g/h) activity. IAA 

treatment resulted in the highest peroxidase activity (3.16 unitlg FW). 

Kalpana et al. (2003) reported that a field experiment was conducted at Tamil 

Nadu Agricultural University, Coimbatore, Tamil Nadu, India, during rabi (September-
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December) of 1999 to study the effect of the foliar application of nutrients and growth 

hormones either alone or in combination on the seed yield of soybean (cv. col). The 

nutrients, i.e . DAP [diammonium phosphate], KCl and boron, and NAA were applied at 

different rates and combinations. The results indicated that seed filling and, hence, seed 

yield were improved by the combined application of 2% DAP, 1 % KCl, 0.2% boron and 

40 ppm NAA through spraying at 50% flowering and a fortnight later. 

Basole et al. (2003) reported that a field experiment was conducted at Nagpur, 

Maharashtra, India during kharif 2001102 to evaluate the effects of hormones and 

nutrients on the biochemical characters and yield of soybean cv. JS-335. The treatments 

consisted of foliar application ofNAA (50 ppm) and nutrients, FeS04, KN03, ZnS04 and 

MgS04 (0.5%). A recommended dose of NPK fertilizer (RDF, 30:75:30 kg ha- I) was 

used as a control treatment. The contents of chlorophyll, N, P and K significantly 

increased in treatments 112 RDF+NAA+KN03 (Ta), 112 RDF+NAA+ZnS04 (T9) and 112 

RDF+NAA+MgS04 (TIO) over RDF (To) and other treatments. Protein and oil content in 

seed significantly increased in 112 RDF+NAA+ZnS04 (T9) and 1/2 RDF+NAA+KN03 

(Ta), respectively. Yield plant- l "'signifiefu"ltly-inereased' in -'l/2- RDF+NAA+ZnS04 (F9) 

and 1/2 RDF+NAA+KN03 (Ta) increased crop yield. 

Haq and Mallarino(2005) reported that numerous studies investigated fertilization 

effects on soybean [Glycine max L.(Merril)] grain yield, but few focused on oil and 

protein concentrations. This study determined fertilization effects on soybean grain oil 

and protein concentrations in 11 2 field trials conducted in Iowa from 1994 to 2001 . 

Forty-two trials evaluated foliar fertilization (N-P-K mixtures with or without S, B, Fe, 

and Zn) at V5-V8 growth stages. Seventy trials evaluated preplant broadcast and bande.d 

PorK fertilization (35 P trials and 35 K trials). Replicated, complete block designs were 

used. Foliar and soi l P or K fertilization increased (P<0.05) yield in 20 trials. Foliar 

fertilization increased oil concelltratiol1 ±n -one -triai '('1 -g"kg-IJ"anti protein -in 'one-trial(5 g 

kg-I) but decreased protein in two trials (6 g kg-I) . Phosphorus fertilization increased oil 

concentration in two trials (6 g kg-I) and protein in five trials (5 g kg-I) but decreased oil 

in five trials (4 g kg-I) and protein in two trials (6 g kg-I) . Potassium fertilization 

increased oil in four trials (3 g kg-I) and protein in two trials (9 g kg'l) but decreased oil 

in two trials (4 g kg-I) and protein in two trials (11 g kg-I). Total oil and protein 
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production responses to fertilization tended to follow yield responses. Fertilization 

increased oil production in 20 trials and protein production in 13 trials. Fertilization that 

increases soybean yield has infrequent, inconsistent, and small effects on oil and protein 

concentrations but often increases total oil and protein production. 

Kalpana et al. (2003) reported that a field experiment was conducted in Tamil 

Nadu, India during 1999-2000 to study the effects of different irrigation layouts viz. flat 

beds, flat ridges + furrows and ridges + furrows, as well as of foliar nutrition on the yield, 

quality and nutrient uptake of soybean. The foliar nutrition consisted of combined 

application of nutrients (diammonium phosphate (DAP), KCI and boron) and plant 

growth regulator (1 -napthaleneacetic acid (NAA)). Grain yield was highest (1601 kg/ha) 

under ridges + fUlTows during 1999. Foliar spraying of 2% DAP, 1 % KCI, 0.2% boron 

and 40 mg NAAIlitre produced comparable results as that of foliar spraying of 2% DAP, 

1 % KCI and 0.2% boron during both seasons. The combined application of DAP, KCI, 

boron and NAA resulted in higher mean grain yield (1612 kg/ha) over application of2% 

DAP (1423 kg/ha) and water spraying (1353 kg/ha). The irrigation layouts failed to 

produce any significant effects on ·seect. 'quaHty-~'c:md -m:rtriel1t-·-uptake 'Of-the ·crop.TtIe 

protein content was significantly higher in plants receiving DAP sprayed alone or in 

combination with other foliar nutrients. The oil content increased due to foliar application 

of DAP and KCI with or without boron. 

Macedo et al. (2002) reported that In a field study in Espirito Santo do Pinhal, 

Brazil, the effects of basal B fertilizer and foliar application of Ca and B on soybean 

production were investigated. Crop yield was not significantly affected by fertilizer 

treatment. 

Phiv-ChinTheng et al . (2003) reported that Soil and foliar fertilizer applications 

offer possible means of increasing soybean (Glycine max) yield in· Thailand. However, 

little is known of appropriate foiiar fertilizer -use 'to 'suppi"emertt -soil -fenihzmion:Field 

experiments were conducted during 2001 -02, in Thailand, to determine the effects of soil 

NPK fertilizer application together with foliar fertilizers containing macronutrients and 

micronutrients on growth, yield and nutrient composition of soybean cultivars Sukhothai 

1 and KUSL 20004. Three soil fertilizer application methods were control, 18 kg N/ha at 

7 days after seeding (DAS), and 18 kg N/ha at 7 DAS+ 18-18-18 kg N-P205-K20/ha at 30 
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DAS. Foliar fertilizer contained both macronutrients and micronutrients. The three 

methods of foliar application were control, 3 applications at 34, 42 and 49 DAS and 6 

applications at 20, 27, 34, 42, 49 and 56 DAS. Throughout the studies, soil and foliar 

fertilizer applications did not significantly affect J;rowth, yield and yield components of 

soybean. The concentrations ofN, P, K, Fe and Zn in shoot at 68 DAS and N, P, K and 

Ca in leaves at 89 DAS were not consistently affected by soil and foliar applications. 

Significant effects of soil fertilizers on the concentrations of Ca, Mn and Cu in shoot, and 

Mg, Fe, Mn and Cu in leaves were observed. Foliar fertilizer applications increased Fe 

and Cu concentrations in leaves. The nutrient concentrations of soybean shoots and 

leaves were in sufficient ranges, which were agreeable with soil test results . The results 

indicated that the soil can provide sufficient nutrients for soybean growth and yield under 

this condition. Therefore, soil and foliar fertilizer applications are not economically 

feasible. 

Meschede et al. (2004) reported that a study was conducted in Maringa, Parana, 

Brazil, during 2000-01 to investigate the effect of Mo and Co as foliar application and 

seed treatment on grain yield, seed protein"ctmtentand' a:grtJ11'omic~trai:ts (number 'Df 'days 

to maturation, plant density, plant height, d~gree of plant la,yering and height of the fir.st 

pod insertion) of soybean cv. BRS 133. The treatments consisted of combination of seed 

treatment with and without Mo and Co (Comol; 12% Mo and 2% Co) and foliar 

application at different stages of development with the following commercial products: 

Comol at V4 stage, Bas-Citrus (10% N, 4% Zn, 3.7% S, 3% Mn and 0.5% B) at V4 stage, 

Bas-Citrus+Fetrilon (4% Mn, 4% Fe, 1.5% Cu, 1.5% Zn and 1 % Mo) at V4 stage, Bas­

Citrus+Fetrilon at R4 stage. A control without Mo and Co application was included. The 

Mo and Co seed treatment and the foliar application of Comol at V4 stage of 

development promoted significant increases in grain yield. The seed treatment with Mo 

and Co increased the seed protein content. The faiiar application with 'Bas­

Citrus+Fertilon at V 4 stage of development increased the plant height and degree of plant 

layering. The foliar application and seed treatment with Mo and Co had no effects on the 

rest of plant agronomic traits. 
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Chapter 3 

Materials and Methods 

3.1 Research Site and Materials Bescription 

A series of experiments were designed and conducted at the Department of 

Biological science, Quaid-i-Azam University, Islamabad to observe and evaluate the 

effects of combined Foliar application of Boron/Zinc and phytohormones/growth 

regulators IAA, BAP and GA3; in different combination; on growth and yield of Glycine 

max L.(Merril) Soybean variety NARC-4. 

Ceritified seeds of Soybean (Glycine max L.(Merril)) variety NARC-4 were 

brought from Oil Seed Program National Agricultural Research Centre, Islamabad and 

grown in pots. 

The chemicals and hormones (IAA, BAP and GA3) used in this experimental 

work were of highest grade of purity purchased from Sigma Chemical Company, USA 

and E. Merck of Germany. 

The experimental work was carried out in clay pots of 28cm height and 26cm 

diameter during the month of July, 2005. As a whole 70 pots were used in an open field 

in present experimental work. 

Soil was collected from university campus. Soil used mixed with sand in ratio of 

3: 1. 10 kg of thoroughly mixed soil was filled in each pot. Representative sample was 

taken for physical and chemical analysis of soil. 

Healthy seeds of Soybean variety NARC-4 with uniform size were randomly 

selected for soaking. Seeds were dipped in 0.1 % Mercuric Chloride (HgCh) for 3-5 

minutes for surface sterilization. Mercuric Chloride wasprepar.ed by .dissolving O.lg of 

HgCh in lOami distilled water. These surface sterilized seeds were placed on wet cotton 

in Petri dishes in an incubator at 20°C on 16th July, 2005. They were allowed to 

germinate for five days . Later on seedlings were transplanted to pots on 21st July, 2005. 

Initially 10 seedlings were transferred to each pot. After one week they were thinned to 3 

plants per pot. 

36 



Materials and Methods 

3.2 Soil Analysis: 

Soil was analyzed at the Department of Soil Sciences, National Agricultural 

Research Centre (NARC), Islamabad. Physical and chemical nature of soil was analyzed. 

Chemical analysis of soil was conducted at Land Re-sources Research Lab., NARC. 

3.2.1 Physical Analysis: 

For physical analysis of soil texture method was used. Soil texture was 

determined by Buoycous hydrometer method (Bouycous, 1962). 

3.2.2 Chemical Analysis: 

Three major nutrients Nitrogen, Phosphorous and Potassium (NPK) were 

analyzed. From micronutrients Zinc (Zn), Boron (B) , Iron (Fe), Copper (Cu), Manganese 

(Mn) and also Calcium Carbonate were analyzed. Ammonium bicarbonate-Diethylen 

triamin penta acetic acid (AB-DTPA) method was used to analyze phosphorus and 

potassium (Soltanpour, 1985). Concentration of micronutrients was determined on atomic 

absorption, employing DTP A extraction method. Soil pH, soil organic matter and 

electrical conductivity were also analyzed. 

3.3 Micronutrients Used: 

Two micronutrients that is Boron (B) and Zinc (Zn) were used during the present 

study along with growth regulators (IAA, BAP and GA3). The micronutrients were used 

in the form of H3B03 (17% B) and ZnS04.7H20 (36% Zn). 

3.4 Micronutrients Concentrations Used: 

Following micronutrients concentrations of Boron and Zinc were prepared and 

used (along with growth regulators) for foliar application to observe growth and yield in 

Soybean variety NARC-4. 

~ 1 st concentration of Boron (B) = 50ppm 

~ 2nd concentration of Boron (B) = 100ppm 

~ 1 Sl concentration of Zinc (Zn) = 50ppm 

~ 2nd concentration of Zinc (Zn) = 100ppm 

These concentrations were used along with growth hormones. 
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3.5 Hormonal Concentrations Used: 

The following concentrations of auxin (IAA), cytokinins (BAP) and gibberellin 

(GA3) were prepared and used (along with either Boron or Zinc or both) for foliar 

application to observe the growth and yield in Soybean -variety NA...l{C-4. 

);> 1 st concentration = 10-3 M 

);> 2nd concentration = 10-4 M 

3.6 Preparation of Stock Solutions: 

Different concentrations of auxin (IAA), Cytokinins (BAP) and Gibberellin (GA3) 

were prepared by calculating the weight of each hormone by following formula: 

W 
. I R . d Molarity x Molecular weight x Volume Required elg 1t eqUlre = ------'-------=-------=---

1000 
Calculated weight of each hormone was dissolved in dilute sodium hydroxide 

(NaOH) and stirred on magnetic stirrer and final volume was made up to vo lume 

required. First 10-3 M solution was prepared and solution of 10-4 M was prepared by 

dilution method. 

Table 3.1: Phytohormone Used for Growth and yield of Soybean Glycine max L. 
Hormonal Name of 

Abbreviation Solution Preparation 
-Mo'lecular 

Class Hormone weight (g) 

Auxin 
Indo le-3 -acetic 

IAA Dissolved in NaOH 175 .2 
acid 
6-

Dissolved in dilute 
Cytokinins Benzy laminopuri BAP 

NaOH 
225.2 

ne 

Gibberellin Gibberellic Acid GA3 
Freely dissolved in 

346.4 
Water 

3.7 Micronutrients Solution Preparation: 

For micronutrients Stock solution preparation (50ppm Boron, 100ppm Boron, 

50ppm Zinc and lOOppm Zinc) weight of corresponding compounds were calculated by 

unitary method to get required weights of micro nutrients in mg. They were dissolved in 

distilled water to get required volume. 
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Table 3.2: Hormonal Combination and Concentrations Used with Micronutrients 
Hormonal 

Abbreviation Concentration I Concentration II 
Class 
Auxin IAA 10.3 M 10.4 M 

-

Cytokinins BAP -. .ID·~. M - 10.4 M 

Gibberellin GA3 10.3 M 10-4 M 

3.8 Strategy for Foliar Application: 

3.8.1 Preparation of Solution for Application: 

Stock solutions of micro nutrients (Boron, Zinc) and phytohormones were mixed 

at the time of foliar spray. 30 ml of each treatment as a whole was sprayed. In treatments 

where only one hormone and one micronutrient was to be sprayed 15 mi of both were 

added in spray bottle. In treatments where either two hormones one micronutrient or two 

micronutrients one phytohormone were to be used 10 ml each was added in spray bottle. 

3.8.2 Amount of Solution Applied per Pot: 

30 ml of prepared mixture of micronutrient and phytohormone was sprayed per 

pot. Manual sprayer was used for this purpose. 

3.8.3 Treatments Applied: 

Control Treatment (To): 
One set of plants in pots was kept as control and sprayed with 30ml of distilled 

water per pot. 
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Table 3.3: Combinations and concentrations of B/Zn and lAA, BAP and GA3. 
Treatment 

Combination 
Concentration of Micronutrients and 

number phytohormone 
To Distilled water -- -- --

TI B+IAA 5Q££m 10-j M --

T2 B+IAA 100ppm 1O-4 M --

T3 Zn+lAA 50ppm 10-j M --

T4 Zn + IAA 100ppm 10-4 M --
Ts B+BAP 50ppm 10--' M --

T" B+BAP 100p~m 10-4 M --

T7 Zn+BAP 502}Jm 10-j M --

T. Zn+BAP 100ppm 10-4 M --
T9 B+GA3 50ppm 10-j M --

TIO B+ GA3 100ppm 10-4 M --
Til Zn + GA3 50ppm ' lO-j M --
TI2 Zn + GA3 100ppm 1O-4 M --
T13 B + IAA + BAP 50ppm 10-j M 10-J M 

TI4 B + IAA +BAP 50ppm 10--' M 10-J M 

TIS B + BAP + GA3 50ppm lO-J M 10-J M 

TI6 Zn + IAA + BAP 502£m 10-j M 10-J M 

Tl7 Zn+ IAA+ GA3 50ppm 10-j M 10- j M 

TI8 Zn+BAP+ GA3 50ppm 10-j M 10- j M 

TI9 B + Zn+ IAA 50ppm 50ppm 10- j M 
T20 B +Zn + BAP 50ppm 50ppm 10- j M 

T21 B + Zn + GA3 50ppm 50ppm 10-J M 

3.9 Stages of Foliar Application: 

Foliar application of micronutrients and phytohormones was carried out at three 

stages of life cycle of Glycine max L.(Merril) Soybean. These stages were: 

3.9.1 Vegetative Stage: 

First combined foliar application was carried out at 20 days after transplanta.tion 

at vegetative stage. 

3.9.2 Flowering Stage: 

Second combined foliar application of micronutrients and phytohormones was 

carried out at 40 days after transplantation at flowering stage. 

3.9.3 Pod-Set Stage: 

Third combined foliar application of micro nutrients and phytohormones was 

carried out at 65 days after transplantation at pod-set stage. 
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3.10 Irrigation: 

The pots were irrigated regularly from 21 st of July 2005 to 21 st of October 2005, 

with tap water. Weeds were removed regularly to keep the pots free from weeds. 

3.11 Harvesting: 

Plants were harvested 90 days .afier1ransplantat jnn..and 95 .day.s...after germination 

at physiological maturity stage when 90 percent of pods were dry on 2 1 sl October 2005 . 

3.12 Vegetative Stage: 

1 st data was collected after 15 days of 1 sl combined foliar spray of micronutrient 

(Boron/Zinc) and growth regulators and 35 days after transplantation. 

3.12.1 Parameters Studied at Vegetative Stage: 

The data was recovered in accordance with following parameters: 

>- Number of branches per plant. 

>- Number of leaves per plant. 

>- Shoot length (cm) 

>- Root length (cm). 

>- Middle leaflet length (cm). 

>- Middle leaflet width(cm) 

>- Shoot fresh weight (g). 

>- Shoot dry weight (g). 

>- Root fresh weight (g) . 

>- Root dry weight (g). 

3.13 Pod-Set Stage (50 DAT): 

Second data was collected at pod-set stage at 50 days after transplantation and 10 

days after second combined foliar app'licafion of m'icronutrient (Boron/Zinc) and 

phytohormones (IAA, BAP, and GA3). 

3.13.1 Parameters Studied at Pod-Set Stage: 

The data was recorded in accordance with following parameters: 

>- Shoot length (cm). 

>- Root length (cm). 

>- Number of branches per plant. 
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~ Number of leaves per plant. 

~ Middle leaflet length (cm). 

~ Middle leaflet Width( cm) 

~ Shoot fresh weight (g). 

~ Shoot dry weight (g). 

~ Root fresh weight (g). 

~ Root dry weight (g). 
"- Number of pods set/plant. ,.. 

3.14 HarvestlMaturity Stage Observations: 

The data was recorded in accordance with following parameters: 

~ Shoot length (cm). 

~ Root length (cm). 

~ Number of pods/plant. 

~ Number of seedless pods/plants. 

~ Number of 1 seeded pods/plants. 

~ Number of 2 seeded pods/plants. 

~ Number of 3 seeded pods/plants. 

~ Shoot fresh weight (g). 

~ Shoot dry weight (g). 

~ Root fresh weight (g). 

~ Root dry weight (g). 

~ 1000 seed weight (g) . 

3.15 Strategy for Parameters Studied: 

Different parameters were studied.at three .. diff.er.ent .stag.es{3 5, SO· ,and 9·0 ..days) of 

life cycle of Glycine max L. (Merril) Soybean variety NARC-4. 

3.15.1 Shoot Length and Root Length: 

Shoot length and root lengths were measured with graduated meter rod in 

centimeters. Data for shoot length and root length (height) was measured from three 

individual plants within a pot and their mean was taken, this was mean of single replicate . 

Then mean for each treatment was taken by taking mean of three replicates . 
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3.15.2 Number of Branches: 

Number of branches per plant were counted and recorded. Mean of single 

replicate was taken after recording number of branches of three plants within one pot. 

Then mean of each treatment was taken by-taking mean-ef-tr..ree -replicates . 

3.15.3 Number of Leaves: 

Number of leaves per plant were counted and recorded. Data for number of leaves 

was collected form three individual plants within a pot and their mean was taken, this was 

mean of single replicate, then mean for each treatment was taken by taking mean of three 

replicates. 

3.15.4 Middle Leaflet Length and Width: 

Middle leaflets lengths and widths were measured with scale and recorded. Data 

for middle leaflet length and width was collected from three individual plants within a pot 

and their mean was taken, this was mean of single replicate. Mean of each treatment was 

taken by taking mean of three replicates. 

3.15.5 Fresh Weight of Shoot and Root: 

Fresh weight was calculated by digging out plant from pot. Toot and shoot were 

separated. Root was thoroughly washed with water -and "put -in bolting 'paper sheets to 

absorb excess water. Shoots of three individual plants were weighed on electrical weight 

balance. Then the mean of three weights was taken. This was mean of single replicate. 

Then mean for each treatment was taken by taking mean of three replicates. Similarly 

roots of three individual plants within a pot were weighed on electrical weight balance. 

Then mean of these weights was taken. This was mean of single replicate . Then mean for 

each treatment was taken by taking mean of three replicates . 

3.15.6 Dry Weight of Shoot and Root: 

After recording fresh weight, shoots and roots were kept in oven at 60°C for 72 

hours to get dry weight. Dried weight was taken for shoot as whole including dried 

flowers and fruits (pods). Data for dry weight of shoot and root was taken for three 

individual plants within pot and their mean was taken, this was mean of single replicate. 

Then mean for each treatment was taken by taking mean of three replicates. 
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3.15.7 Number of Pod-Set per Plant: 

Number of pod-set was recorded for three individual plants within a pot, then 

their mean was taken, this was mean of single replicate. Then mean for each treatment 

was taken by taking mean of three replicates. 

3.15.8 Number of Pods per Plant: 

After harvesting the crop total number of pods, number of empty pods, number of 

I-seeded pods, number of 2-seeded pods and number of 3-seeded pods were counted and 

recorded. Data for number of pods (of all types) for three individual plants within a pot 

was taken and then their mean was taken, this was mean of single replicate. Then mean 

for each treatment was taken by taking mean of three replicates. 

3.15.9 Test Weight of 1000 Seeds: 

Weight of 100 seeds was recorded. It was mUltiplied with 10 to get 1000 seeds 

weight. Data for 1000 seeds weight was taken from three individual plants within a pot 

and their mean was taken, this was mean of single replicate. Then mean for each 

treatment was taken by taking mean of three replicates. 

3.16 Statistical Analysis: 

Experiment was conducted m randomized complete block design with three 

replicates per treatment. All the data was entered in Microsoft Excel and further tests 

were applied. The data for all parameters after compilation was subjected to analysis of 

variance (ANOVA) and mean values for all treatments were compared by applying the 

Least Significant Difference Test (LSD) by using the statistical software MST A TC 

version 2.0. 
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Chapter 4 

Results 

4.1 Soil Analysis: 

Soil used was analyzed physiGally and dwmically. T-exture ·of soil was analyzed 

by using Bouyeous hydrometer method. The results of the physical analysis showed that 

soil used in present research work was sandy loam in texture. Soil sample was analyzed 

for major and micronutrients by ammonium bicarbonate diethylene triamine penta acetic 

acid. Results showed that sample was highly deficient in P, K, B, Zn and Fe while Cu, 

Mn and N03-N in medium range. The present work values . were compared to the 

standard values CSoltanpour, 1985) for different soil nutrients soil pH value electrical 

conductivity CEC), concentration of CaC03 and soil organic matter was also recorded. 

The results showed that soil used in present research work was alkaline sandy loam in 

texture. 

Table 4.1: Physical and chemical analysis of soil sample 
Determination Value Units 

Sand 53 % 
Silt 30 % 

Clay 17 % 
Texture class Sandy loam ---

pH 7.7 ---
Ece 0.32 ds/m 

Organic matter 0.19 % 
CaC03 1.97 % 

N 11.3 mg/kg 
P D.72 mg/kg 
K 44 mg/kg 
Zn 0.25 ·mg/kg 
B 0.10 mg/kg 

Mn 0.79 mg/kg 
Fe 0.97 mg/kg 
Cu 0.47 mg/kg 
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Table 4.2: Standard values of the macro and micronutrients . 
S.NO. Element Low Medium High 

1 N <=1 0.00 11--20 2 1--30 
2 P <3 .00 04--07 08--11 
3 K <6.00 61--120 121--180 
4 Zn <=0.90 1.0-- 1.5 > 1.5 
5 Fe <=3.30 3.1--5.0 >5.0 
6 Cu <=0.20 0.3--0. 5 >0.5 
7 Mn <=0.50 0.6--1.0 > 1.0 

4.2 Number of Branches: 

The mean value for number of branches with statistical analysis at two stages (35 

DAT and 50 DAT) of Glycine max L. (Merril) is given in Table 4.5 and Figure 4.31. 

Analysis of variance (ANOV A) predicted that non-significant variations were found both 

at 35 DAT and 50 DAT for number of branches. 

4.2.1 Number of Branches at 35 DAT: 

Maximum number of branches were recorded for treatments -T1 6 (L33 ) .and Tl 9 

(1.33) at 35 DAT. Minimum number of branches were recorded for To (control) T2 

(B.C2+IAA.C2), T6 (B .C2+BAP.C2), T9 (B.C 1+BAP.C1) and T IO (B.C2+GA3.C2), (1.00). 

MS value number of branches at this stage (0.033). Most of treatments increased number 

of branches except T2, T6, T9 and T IO as compared to control (1.0) . 

4.2.2 Number of Branches at 50 DAT: 

Maximum number of branches were recorded for treatments T I3 

(B.C1+lAA.C1+BAP.C1) (1.99) and minimum number of branches were observed for T6 

(B.C2+BAP.C2) at 50DAT. Mean square value for number of branches at 50DAT was 

0.153 . Some treatments increasedm:rmber 'Of·branches: Nutnber of branches ranged from 

1.11 to 1.99 within treatments T 6 number of branches (1.11) as c.ompar.ed .to . .cDntrol 

(1.22). T 1 and T 6 produced 1.77 numbers of branches, significantly different from 

control. 
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Table 4.3: ANOYA table for number of Branches at 35 DAT. 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 0.409 
2 Factor A 21 0.700 
3 Error 42 1.261 

Total 65 2.369 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 15.33% 

Mean 
Square 
0.205 
0.033 
0.030 

Table 4.4: ANOY A table for number of Branches at 50 DA T. 
K value Source Degrees of "Sum 6f " 

Freedom Squares 
1 Replication 2 0,089 
2 Factor A 21 3.212 
3 Error 42 3.658 

Total 65 6.959 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 20.77% 

, . -Mean 
Square 
'0.045 
0.153 
0.087 

Results 

F Value Prob. 

6.8168 0.0027 
l.1099 0.3755 

''' F 'Value ' 'Prob. 

0.5115 
1.7565 0.0596 
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Table 4.5: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on number of branches at 35 and 50 DAT. -

35DAT 50 DAT 

Treatments No. of Ranking No. of Ranking 
Branches Branches 

TO 1.00 B 1.22 CD 
T1 1.11 AB 1.77 AR 
T2 1.00 B 1.55 ABCD 
T3 1.22 AB 1.55 ABCD 
T4 1.11 AB 1 :33 BCD 
T5 1.11 AB 1.33 BCD 
T6 1.00 B 1.11 D 
T7 1.11 AB 1.22 CD 
T8 1.11 AB 1.22 CD 
T9 1.00 B 1.22 CD 

TI0 1.00 B 1.33 BCD 
TIl 1.11 AB 1.44 BCD 
T12 1.00 B 1.33 BCD 
T13 1.22 AB 1.99 A 
T14 1.22 AB 1.44 BCD 
T15 1.11 AB 1.22 CD 
T16 1.33 A 1.77 AB 
T17 1.22 AB 1.55 ABCD 
T18 l.11 AB 1.22 CD 
T19 1.33 A 1.66 ABC 
T20 1.22 AB 1.33 BCD 
T21 1.22 AB 1.44 BCD 

LSD Value 0.2854 0.4860 
Non-Significant at 0.05 level of probability. 
Mean in a column follo~'V,ed ,by ,similar,.alpbabets{u~.e-fl6t-8ign.ificandy 

different from each other at Alpha = 0.05 
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4.3 Number of Leaves: 

Mean values with statistical analysis given in Table indicated that as compared to 

control, out of 21 treatments applied, most of treatments significantly increased number 

of leaves per plant. The statistical analysis cjf data showing the mean values for number 

of leaves per plant at 3 S and 50 DAT. has. been pr.esented ll.Iable .4.8 _and . plotted .in 

Figure 4.32. 

Analysis of variance showed that significant variations were found for number of 

leaves at 3S and 50 DA T. Maximum number of leaves were observed at 50DAT (8 .88), 

where Mean square value for treatment was 0.902 (Table 4.8) . 

4.3.1 Number of Leaves per Plant at 35 DAT: 

One treatment decreased number of leaves as compared to To (control) (S.22) and 

T 2 (B.C2+IAA.C2) (4.88) . Most of the treatments differed significantly from control 

except TI (B.CI+Zn.C I), T9 (B.CI+BAP.C I) and TID (B .C2+GA).C2). Number of leaves 

ranged from 4.88-7.00, which was significantly differed from control, T I, T2 and TID. 

This was followed by TI S (B.C I+BAP.C I+GA3.C I) (6.88) and T3 (Zn.CI +lAA.C I) (6.88). 

Minimum number of leaves were recorded for T2 (B.C2+IAA.C2)(4.88), which was 

significantly different form all other treatments inducting control. 

4.3.2 Number of Leaves per Plant at 50 DAT: 

Analysis of variance table for number of leaves at 50DAT showed significant 

effect of treatments at ex-O .OS. Maximum number of leaves was recorded for TI8 and T2 1 

(8.88) and minimum number of leaves was recorded for Ts (7.22) and T9 (7.22). TI8 

(8.88) and T21 significantly differed from all other treatments. T2, T3, Ts, T9, TID, Tl6 

(7.77) and T 20 (7.77) decreased number of leaves as compared to control. 
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Table 4.6: ANOYA table for number of Leaves at 35 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 9.36% 

Sum of Mean 
Squares S~uare 

0.535 0.267 
16.504 0.786 
14.782 0.352 
31.821 

Table 4.7: ANOYA table for number of Leaves at 50 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 7.57% 

Sum of Mean 
Squares S-.9uare 

0.066 0.033 
18.944 0.902 
16.299 0.388 
35.308 

Results 

F Value Prob. 

0.7595 
2.2330 0.0 132 

F Value Prob. 

0.0846 
2.3246 0.0099 
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Table 4.8: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on no . ofleaves at 35 and 50 DAT. 

35DAT 50DAT 

Treatments No. of Ranking No. of Ranking 
leaves leaves 

TO 5.22 DE 7.88 ABCDE 
T1 5.77 CDE 8.44 ABCD 
T2 4.88 E 7.44 DE 
T3 6.88 AB 7.77 BCDE 
T4 6.44 ABC 8.44 ABCD 
T5 6.44 ABC 7.22 1:' 

.l..J 

T6 6.66 ABC 8.77 AB 
T7 6.66 ABC 8.77 AB 
T8 6.55 ABC 8.77 AB 
T9 5.99 BCD 7.22 E 
T10 5.88 CD 7.66 CDE 
TIl 6.44 ABC 8.10 ABCDE 
T12 6.51 ABC 8.55 ABC 
T13 6.44 ABC 8.66 ABC 
T14 6.44 ABC 8.55 ABC 
TIS 6.88 AB 8.22 ABCDE 
T1 6 6.55 ABC 7.77 BCDE 
T1 7 6.22 ABC 8.44 ABCD 
T18 6.44 ABC 8.88 A 
T19 6.44 ABC 8.77 AB 
T20 6.55 ABC 7.77 BCDE 
T21 7.00 A 8.88 A 

LSD Value *0.9776 * 1.026 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly 
different from each other,at Alpha ='{) .~5 
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4.4 Middle Leaflet Length: 

The middle leaflet length of Glycine max L. (Merril) parameter was studied at 35 

DAT and 50 DA T. Data for means of middle leaflet length at different micronutrients and 

growth regulators treatments a both stages is given in Table 4.11 and plotted 'in Figure 

4.33. ANOVA results indicated ~ignificant .variations .at 35 _DAT. and non-:-significant 

variations at 50 DAT. Mean square value for different treatments was maximum at 35 

DAT, which was 0.819. 

4.4.1 Middle Leaflet Length at 35 DAT: 

All the treatments increased middle leaflet length at 35 DAT than control (To) 

except T20 (5.04 em), which decreased the middle leaflet length. Middle leaflet length 

ranged from 5.04 to 6.88. Middle leaflet length was maximum for T 21 (6.88) and 

minimum for T20 (5.04) . Middle leaflet length for T 21 (6.88) was significantly different 

from majority of treatments. Ts also increased middle leaflet length significantly than 

control (6.58). T6 also increased middle leaflet length (6.74) than control (To) (5.13). 

Overall every treatment except T20 increased middle leafl et length at this stage. 

4.4.2 Middle Leaflet Length at 50DAT: 

Results for middle leaflet length at 50 DAT showed non-significant variations for 

treatments at this stage. Five treatments recorded decrease in middle leaflet length than 

control; these were T9, T\2, Tl3, TI4 and T16 . Values were To (6.25), T9 (5.98), TI2 (6.21), 

TI3 (6 .12), TI4 (5.53) and T I6 (5 .86). T3 (6.97) and T21 (6.98) recorded maximum middle 

leaflet length at this stage. Minimum middle leaflet length was recorded at T14 (5 .53). 

Middle leaflet length ranged from 5.53 to 6.98. Sixteen treatments increased middle 

leaflet length as compared to control. 
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Table 4.9: ANOVA table for middle leaflet length at 35 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 10.94% 

Sum of Mean 
Squares Square 

0.114 0.057 
17.208 0.819 
17.613 0.419 
34.935 

Table 4.10: ANOV A table for middle leaflet length at 50 DA T. 

K value Source Degrees of . 'Sum 'of 
Freedom Squares 

1 Replication 2 0.455 
2 Factor A 21 7.751 
3 Error 42 15.642 

Total 65 23.857 
N on-Significant at 0.05 level of probability. 
Coefficient of Variation: 9.55% 

' '' 'Mean ',~--

Square 
0.'232 
0,369 
0.372 

Results 

I F Value Prob. 

0.1359 
1.9541 0.03 21 

' FValue " -Prob. 

'0.6237 
0.9910 
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Results 

Table 4.11: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on middle leaflet length at 35 and 50 DAT. 

35 DAT 50 DAT 

Treatments Mid. Leaflet I Rankin Mid. Leaflet 
Ranking length (cm) g length (em) 

TO 5.13 E 6.25 ABC 
T1 5.36 DE 6.32 ABC 
T2 5.37 DE 6.52 ABC 
T3 6.46 ABC 6.97 l\ 
T4 6.50 AB 6.71 AB 
T5 6.74 AB 6.78 AB 
T6 5.76 BCDE 6.46 ABC 
T7 6.23 ABCD 6.27 ABC 
T8 6.58 AB 6.75 AB 
T9 5.91 ABCDE 5.98 ABC 

T10 5.83 ABCDE 6.64 AB 
TIl 5.71 BCDE 6.32 ABC 
T1 2 5.69 BCDE 6.2 1 ABC 
T1 3 5.74 BCDE 6.12 ABC 
T14 5.43 CDE 5.53 C 
TIS 5.80 BCDE 6.40 ABC 
T16 5.43 CDE 5.86 BC 
T17 6.08 ABCDE 6.11 ABC 
T18 6.45 ABC 6.5 1 ABC 
T19 5.98 ABCDE 6.45 ABC 
T20 5.04 E 6.98 A 
T21 6.88 A 6.37 ABC 

LSD Value * 1.067 1.005 
*Significant at 0.05 level of'pr-obability. 
Mean in a column followed by similar alphabets are not signifi.cantly 
different from each other at A:lpha = .o(}.05 
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Results 

4.5 Middle Leaflet Width: 

The statistical analysis for middle leaflet width at 35 and 50 DAT is given in 

Table 4.14 and plotted in Figure 4.34. Analysis of variance showed that non-significant 

(P<0.05) variations were seen both at 35 aria -SODAT. Mean square for treatments at both 

stages is 0.300 and 0.250 respectively_ .It .shows that .treatro.-ents .at .35. DAT increased 

middle leaflet width as compared to control as at 50 DAT. 

4.5.1 Middle Leaflet Width at 35 DAT: 

Analysis of variance (ANOY A) showed that non-significant variations were seen 

at 35 days in middle leaflet width of Glycine max L. (Merril). Middle leaflet length 

ranged from 3.31 to 4.78 . Maximum middle leaflet width was recorded for Ts (4.78) and 

minimum middle leaflet width was recorded for T I (3.31). Five treatments i.e. T I (3.31), 

T9 (3.51), TIO (3.39), TI7 (3.50) and T20 (3.36) decreased middle leaflet width as 

compared to control (To) (3.54). All other treatments recorded an increase in middle 

leaflet width. Effect ofT4, Ts, T6, T7, Ts and T21 was most visible on middle leaflet width. 

4.5.2 Middle Leaflet Width at 50 DAT: 

Analysis of variance (ANOY A) showed that non-significant variation for middle 

leaflet width at 50 days. Middle leaflet width ranged from 3 .20 to 4.45 at this stage. All 

the treatments at this stage increased middle leaflet width of Soybean than control. 

Maximum middle leaflet width was seen T3 (4.45cm) while minimum middle leaflet 

width was seen in control (To). Some treatments showed a decrease in middle leaflet 

length as compared to treatments at 35 DAT. T4 (4.45 em), Ts (4.10 em), T9 (4.06 em), T6 

(4.02 cm) and TI 9 (4.06 cm) showed significant middle leaflet width as compared to other 

treatments . 

55 



Table 4.12: ANOVA table for middle leaflet width at 35 DAT. 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 0.261 
2 Factor A 21 6.292 
3 Error 42 11.107 

Total 65 17.660 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 13.66% 

Mean 
Sguare 
0.131 
0.300 
0.264 

Table 4.13: ANOVA table for middle leaflet width at 50 DAT 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 0.526 
2 Factor A 21 5.386 
3 Error 42 7.392 

Total 65 13.304 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 11.13% 

Mean 
Sauare 
0.263 
0.256 
0.176 

Results 

F Value Prob. 

0.4939 
1.1331 0.3549 

F Value Prob. 
I 

1.4936 0.2362 
1.4574 0.1471 
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Results 

Table 4.14: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on middle leaflet width at 35 and 50 DAT. 

At 35 DAT At 50 DAT 

Treatments 
Mid leaflet 

Ranking 
Mid leaflet 

Ranking 
width (cm) width (cm) 

TO 3.54 B 3.20 E 
Tl 3.31 B 3.87 ABCDE 
T2 3.73 B 3.63 BCDE 
T3 3.81 B 4.45 A 
T4 4.08 AB · 3.97 ABC 
T5 4.78 A 3.35 CDE 
T6 3.75 B 4.02 ABC 
T7 3.85 B 3.76 ABCDE 
T8 4.15 AB 4.10 AB 
T9 3.5 1 B 4.06 AB 
TI0 3.39 B 3.90 ABCD 
TIl 3.80 B 3.79 ABCDE 
TI2 3.85 B 3.62 BCDE 
T13 3.74 B 3.46 BCDE 
T14 3.81 B 3.27 DE 
TIS 3.70 B 3.67 BCDE 
TI6 3.60 B 3.65 BCDE 
T17 3.50 B 3.73 BCDE 
TI8 3.67 B 3.71 BCDE 
T19 3.81 B 4.06 AB 
T20 3.36 B 3.81 ABCDE 
T2I 4.00 AB 3.79 ABCDE. 

LSD Value 0.8466 0.6913 
Non-Significant at 0.05 level of probability. 
Mean in a column followed by simila·r -a-Iph,aeets ftre~.ru)t ,significantly cdiffe-r.en.t· froID 
each other at Alpha = 0.05 
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Results 

4.6 Petiole Length: 

The statistical analysis of data showing the mean values for petiole length of 

Glyczne max L. (Merril) is given Table 4.17 and plotted in Figure 4.35. Analysis of 

variance showed that significant variations (P<O.OS) were seen at 35 DA T and non­

significant variations were seen at 50 DAT .(p"<O_O.5) .Mean .square for hoth stages was 

9.814 and 3.670 respectively. 

4.6.1 Petiole Length at 35 DAT: 

Petiole length after 35 days after transplantation showed significant variations in 

treatments. Most of treatments increased petiole length of Glycine max L. (Merril) at 35 

days except T4, T5, T7 and T16. T4 (7.05 cm), T5 (6 .75 cm), T9 (6.S0 cm) and T 16 (6.67 

cm) showed a decrease in mean value for petiole length as compared to control. Petiole 

length ranged from 6.S0 cm to 14.72cm. Maximum petiole length was recorded in T 19 

(14.72 cm) and minimum petiole length was recorded in T7 (6.S0 cm). T 19 significantly 

increased petiole length than all other treatments. 

4.6.2 Petiole Length at 50 DAT: 

Non-significant variations were seen for petiole length at SO days. Petiole length 

ranged from 7.31 cm to 11.27cm. Maximum petiole "length was recorded for 121 ('11.27) 

and minimum petiole length was recorded in T7 (7.31). T21 significantly increased petiole 

length as compared to control. Mean value for To was 9.33 at this stage. T6 (10.03 cm), T3 

(10.02 cm), T12 (10.76 cm), T 13 (l0.54 cm), T 18 (10.26 cm), T 19 (10.06 cm), T20 (10 .38 

cm) and T21 (11.27 cm) showed increased in petiole length as compared to control and 

other treatments . 
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T bl 4 15 NOVA bi fi . 1 1 h 35 D T a e :A ta e or petlO e engtl at A. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 16.30% 

Sum of Mean 
Squares Square 

6.662 3.331 
206.092 9.814 
84.495 2.250 

307.249 

T bl 4 16 AN 0 V A t bl fi . 11 th t 50 DA T a e : a e or petlO e eng a 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 1.032 
2 Factor A 21 .. " 77:063 

3 Error 42 158.480 
Total 65 236.575 

Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 20.38% 

Mean 
Square 
0.516 

-- '3 .070 

3773 

Results 

F Value Prob. 

1.4804 0.2392 
4.3620 0.0000 

F Value Prob. 

0.1367 
-'0:9725 I 
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Results 

Table 4.17: Effect of foliar application of micro nutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on petiole length at 35 and 50 DA T. 

35DAT 50DAT 

Treatments Petiole Length Ranking Petiole Length Ranking 
(em) (cm) 

TO 8.40 CDE 9.33 ABC 
T1 9.98 BC 8.63 ABC 
T2 8.76 BCDE 8.58 ABC 
T3 9.83 BC 10.02 ABC 
T4 7.05 DE 8.58 ABC 
T5 6.75 DE . 9,84 API'"" 

J.J '-' 

T6 10.02 BC 10.03 ABC 
T7 6.50 E 7.31 C 
T8 8.80 BCDE 10.92 A 
T9 11.00 B 9.23 ABC 

TI0 9.95 BC 10.59 AB 
TIl 8.23 CDE 9.61 ABC 
T12 8.67 BCDE 10.76 A 
T13 10.29 BC 10.54 AB 
T14 10.91 B 9.61 ABC 
T15 9.10 BCD 7.40 BC 
T16 6.67 DE 8.52 ABC 
T17 9.73 BC 8.18 ABC 
T18 9.05 BCD 10.26 ABC 
T19 14.72 A 10.06 ABC 
T20 8.04 CDE 10.38 ABC 
T21 9.95 BC 11 .27 A 

LSD Value *2.472 3.201 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.7 Shoot Length: 

The statistical analysis of mean values for shoot length at 35, 50 and 90 days is 

gIven in Table 4.21 and plotted in Figure 4.36. Analysis of variance showed that _ 

significant (P<0.05) varieties were seen for shoot length of Glycine max L.(MeITil) 

soybean var. N ARC-4 at 35, 50 lind 90 days. after transplantation. 

4.7.1 Shoot Length at 35 DAT: 

Mean value data presented in Table indicated that as compared to control (To), all 

the treatments increased shoot length at 35 days after transplantation. Shoot length ranged 

from 22.62 cm to 40.l2cm. Maximum shoot length was observed for T21 (40.12 cm), 

which was significantly different from all other treatments. Minimum shoot length was 

observed for To (control) (22.62 cm), which was significantly different from all other 

treatments except T3, T4, Ts, T7, and T20 (P<0.05). 

4.7.2 Shoot Length at 50 DAT: 

Mean value data presented in Table indicated that as compared to control, all the 

treatments increased shoot length of Glycine max L. (MeITil) soybean var. NARC-4 at 50 

days. Shoot length ranged from 27.86 cm to 4l.92cm. Maximum shoot length was 

a bserved for T 21 (4l. 92 cm), whicb was s'ignificantly different from other treatments 

except T9 (41.41 cm), Til (40.78 cm), TIO (4l.64 cm) and TIs (40.33 cm), whi le minimum 

shoot length was observed in To (Control) (27.86 cm). As compared to shoot length at 35 

days T 20 increased shoot length more than any other treatment. 

4.7.3 Shoot Length at 90 DAT: 

Mean value for shoot length of soybean plants at 90 days presented in Table 

indicating significant variations within treatments. As compared to control, all the 

treatments increased shoot length aL90 days. Shoot .length ran,ged from 33.44 cm to 

48.82cm. Maximum shoot length was observed in T21 (48 .82cm) while minimum shoot 

length was observed in To. T2 1 differed significantly from many treatments except T9 

(42.20cm), TIO (44.49cm), TIL (41.44cm), TJ3 (40.32cm), T14 (45. 14cm), TIs (42.38cm), 

TJ7 (46.67cm), TIs (43.78cm) and T20 (45.61cm) . 
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Table 4.18: ANOV A table for shoot length at 35 DA T. 

K value Source Degrees of 
Freedom 

1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 7.60% 

Sum of 
Squares 

4.967 
1235 .788 
202.729 
1443.484 

Table 4.19' ANOV A table for shoot length at 50 DA T 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
. '. Slgmficant at 0.05 level of probability . 

Coefficient of Variation: 9.22% 

Sum of 
Squares 
31.127 

1283.912 
450.251 
1765.290 

Table 4.20: ANOV A table for shoot length at 90 DA T. 

K value Source Degrees of 
Freedom 

1 Replication 2 
2 Factor A 2~) 

3 Error 42 
Total 65 

Significant at 0.05 level of probability. 
Coefficient of Variation: 9.83% 

Sum of 
Squares 

3.344 
1120.894 
662.818 
1787.056 

Results 

Mean F Value Prob. 
Square 
2.483 0.5145 
58.847 12.1915 0.0000 
4.827 

Mean F Value Prob. 
Square 
15.564 1.4518 0.2457 
61.139 5.7031 0.0000 
10.720 

Mean F Value Prob. 
Square 
1.672 0.1059 

53.376 3.3822 0.0004 
15.781 
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Results 

Table 4.21: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on shoot length at 35, 50 and 90 DAT. 

35DAT 50DAT 90DAT 
Shoot Shoot Shoot 

Treatments Length Ranking Length Ranking Length Ranking 
(cm) (cm) (cm) 

TO 22 .62 L 27.86 J 33.44 G 
Tl 27.10 FGHIJ 34.07 EFGH 39.54 CDEFG 
T2 26.69 GHIJK 34.27 DEFGH 37.73 EFG 
T3 25.33 HIJKL 28.50 IJ 38.27 DEFG 
T4 24.12 JKL 31.36 FGHIJ 36.58 FG 
T5 23 .25 KL 29.18 HIJ 33.08 G 
T6 29.36 DEFG 33.60 EFGHI 36.12 FG 
T7 24.51 JKL 30.61 FGHIJ 39.45 CDEFG 
T8 30.59 BCDEF 34.80 DEFG 36.12 FG 
T9 33 .08 BC 41.41 A 42 .20 BCDEF 

TI0 . 33.81 BC 41.64 A 44.49 ABCD 
TIl 30.97 BCDE 

.. 
40.78 AB 41.44 BCUEF 

T12 30.25 CDEFG 35.87 BCDEF 37.03 FG 
T13 24.44 JKL 30.17 GHIJ 40.32 BCDEF 
T14 34.11 B 39.54 ABCD 45.14 ABC 
T1 5 28.28 EFGHI 38 .61 ABCDE 42.38 ABCDEF 
T16 27.42 EFGHIJ 38.49 ABCDE 40 .94 BCDEF 
T17 28.78 EFGH 35.97 BCDEF 46.61 AB 
T18 33.29 BC 40.33 ABC 43.78 ABCDE 
T19 32.89 BCD 37.26 ABCDE 40.40 BCDEF 
T20 24.90 IJKL 35.11 CDEFG 45 .61 ABC 
T21 40.12 A 41.92 A 48.82 A 

LSD Value *3.62 *5.395 *6.546 

*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.8 Shoot Fresh Weight: 

The statistical analysis for mean values of shoot fresh weight of Glycine max L. 

(Merril) soybean var. NARC-4 is given in the Table 4.25 and plotted in Figure 4.37. 

Analysis of variance showed that significarlt (P<O.DSyvariatiuns were seen at 35 

days and non-significant variations were seed both at 50 days and 90 days after 

transplantation in Glycine max. L. (Merril) Soybean var. NARC-4. Mean square value for 

shoot fresh weight for this stage i.e. 35 days is 5.688g. 

4.8.1 Shoot Fresh Weight at 35 DAT: 

Mean values for shoot fresh weight of soybean plants at 35 days are presented in 

Table shows an increase in shoot fresh weight at 35 days except T2, T4, T8 and Tlo. Shoot 

fresh weight at 35 days ranged from 3.53g to 9.51g. Maximum shoot fresh weight was 

observed in T 7 (9 .5 1 g) at 35 days, which was significantly different from all other 

treatments. Minimum shoot fresh weight was seen for T8 (3.53g), T2 (3.69g), T4 (4.06g), 

T8 (3.53g) and T lo (3.98g) all showed decrease in shoot fresh weight as compared to 

control. All other treatments showed an increase in shoot fresh weight of soybean plant at 

35 days. 

4.8.2 Shoot Fresh Weight at 50DAT: 

Mean values for shoot fresh weight at 50 days as presented in Table indicated that 

all the treatments showed an increase in shoot fresh weight of soybean plants at 50 days 

as compared to control (To). Shoot fresh weight ranged from 6.79g to 14.34g. Maximum 

shoot fresh weight was observed in T21 (14.34g), which was significantly different form 

most of the treatments except T9 (11.35g), Tlo (10.84g) and TI8 (11 .IIg). Minimum shoot 

fresh weight was observed for control (6.79g) . 

4.8.3 Shoot Fresh Weight at 90 DAT: 

Mean values for shoot fresh weight of soybean plants at 90 days as presented in 

Table indicated that most of the treatments increased shoot fresh weight at 90 days except 

T I , T2, T4, T7, T9, Til , TI4 and TIS; these treatments showed a decrease in shoot fresh 

weight at 90 days . Shoot fresh weight ranged from 8.58g to 15.94g. Maximum shoot 

fresh weight was seen in TI2 (15 .94g) followed by TI8 (15 .19g) and T21 (14.40g). 

Minimum shoot fresh weight was seen in T2 (8.58g). 
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T bl 422 ANOVA t bl D h t fr h . ht t 35 DAT a e : a e or s 00 es weIgJ a 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 27.63% 

Sum of Mean 
Squares Square 

3.880 1.940 
119.439 5.688 
86.781 2.066 

210.100 

T bl 423 ANOVA t bl D h t fJ h . ht t 50 DAT a e : a e or S 00 res weIgJ a 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 23.331 
2 Factor A 21 166.524 
3 Error 42 326.484 

Total 65 516.338 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 29.55% 

Mean 
~quare 
11.665 
7.930 
7.773 

T bl 424 ANOVA bl D h f h . h 90 DAT a e : ta e or soot res weIgJ t at 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 59.946 
2 Factor A 21 226.187 
3 Error 42 377.450 

Total 65 663.584 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 26.26% 

Mean 
Square 
29.973 
10.771 
8.987 

Results · 

FValue Prob. 

0. 9389 
2.7526 0.0026 

F Value Prob. 

1.5007 0.2347 
1.0201 0.4624 

F Value Prob. 

3.3352 0.0453 
1.1985 0.3009 
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Results 

Table 4.25: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on shoot fresh weight at 35,50 and 90 DAT. 

35DAT 50DAT 90DAT 
Shoot Shoot Shoot Ranking 

Treatments Fresh 
Ranking 

Fresh 
Ranking 

Fresh 
Weight Weight Weight 

(g) (gl (g) 
TO 4.13 CDE 6.79 B 10.40 BCDE 
Tl 4.45 CDE 9.44 B 9.73 CDE 
T2 3.69 DE 8.90 B 8.5 8 1:' 

L 

T3 4.44 CDE 7.71 B 11.68 ABCDE 
T4 4.06 CDE 9.74 B 9.22 DE 
T5 6.32 BC 8.27 B 10.83 BCDE 
T6 7.54 AB 7.54 B 11.00 ABCDE 
T7 9.51 A 9.64 B 10.36 BCDE 
T8 3.53 E 9.81 AB 10.68 BCDE 
T9 4.3 CDE 11.35 AB 10.39 BCDE 

TIO 3.98 CDE 10:84 
.. AB 11.68 AB'CDE 

TIl 5.06 CDE 8.42 B 10.38 BCDE 
T1 2 5.13 CDE 8.98 B 15.94 A 
T13 5.23 BCDE 10.27 AB 12.25 ABCDE 
T14 5.38 BCDE 8.17 B 10.87 BCDE 
TIS 5.19 BCDE 8.36 B 9.86 CDE 
T16 5.08 CDE 9.97 AB 11.42 ABCDE 
TI7 4.74 CDE 8.58 B 13.85 ABCD 
TI8 6.15 BC 11.11 AB 15.19 AB 
T19 4.62 CDE 10.61 AB 10.40 BCDE 
T20 5.95 BCD 8.72 B 12.00 ABCDE 
T21 6.15 BC 14.34 A 14.40 ABC 

LSD Value *2.368 4.594 4.940 
*Significant at 0.05 level of probability. 
Mean in a column followed by sim.ilar alphabets ,ar.e .n.ot.signitlcantly . .diff.er..ent -from 
each other at Alpha = 0.05 
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Results 

4.9 Root Fresh Weight: 

The statistical analysis of data showing the mean values for root fresh weight of 

soybean plant at 35, 50 and 90 days is given in Table 4.29 and plotted in Figure 4.38. 

Analysis of variance showed that significant · variation-(P<O.05-) was seen at 35 

days for root fresh weight of Glycine max. L. (Merril) soybean var. NARC-4 and non­

significant variations were recorded at 50 and 90 days for soybean plants. Mean square 

value at 35 days was 0.224. 

4.9.1 Root Fresh Weight at 35 DAT: 

Mean values for root fresh weight of soybean at 35 days indicated that as 

compared to control all the treatments increased root fresh weight. Root fresh weight 

ranged from 0.726g to 1.75g. Maximum root fresh weight was recorded in T21 (1.75g), 

which was significantly different from most of treatments except TI8 (1.64g) and T20 

(1.56g). Minimum root fresh weight was seen in To (0.726g), which was significantly 

different from most of the treatments except T4 (0.796g) . 

4.9.2 Root Fresh Weight at 50 DAT: 

Mean values for root fresh weight of soybean plant presented in Table showed 

that almost all treatments increased root fresh weight at SO days but they were not 

significantly different (P<0.05) form each other. Root fresh weight of soybean plants 

ranged from 0.681g to 1.117g. Maximum root fresh weight was observed in T2 (l.117g), 

which was different from other treatments except T21 (1.107g), TI8 (1.103g), TI6 

(1.062g), T\7 (1.067g), TI8 (l.089g) and T9 (1.084g). Minimum root fresh weight was 

observed in T 8 (0.681 g) and To (0.681 g), which was different from other treatments. 

4.9.3 Root Fresh Weight at 90 DAT: 

Mean values for root fresh weight of soybean plants presented in Table showed 

that by comparing the control with treatments increased the root fresh weight at 90 days. 

Root fresh weight ranged from 1.23g to 6.61g. Maximum root fresh weight was observed 

in TI9 (2 .61g), which was significantly different from all other treatments. Minimum root 

fresh weight was observed for control (1.23g) and T2 (l.23g) . All treatments differed 

from each other but not significantly. 
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T bl 426 ANOV A bl £ f h . h t 35 DAT a e : ta e or root res weIgl t a 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
" En-or 42 .J 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 24.75% 

Sum of Mean 
Squares Square 

0:r04 , - · U.052 
4.705 0.224 
3.612 0.086 
8.421 

Table 4.27: ANOVA table for root fresh weight at 50 DA T. 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 0.348 
2 Factor A 21 1.476 
3 En-or 42 3.537 

Total 65 5.360 
Non-Significant at 0.05 level of ·probabiiity. 
Coefficient of Variation: 32.21 % 

Mean 
Square 
0.174 
0.070 
0.084 

Table 4.28: ANOV A table for root fresh weight at 90 DA T. 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 1.601 
2 Factor A 21 5.195 
3 En-or 42 8.021 

Total 65 " 14:816 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 28.90% 

Mean 
Square 
0.800 
0.247 
0.191 

Results 

F Value Prob. 

'0.6047 I 

2 .6055 0.0041 

F Value Prob. 

2.0651 0.1395 
0.8344 

F Value Prob. 

4.1906 0.02 19 
. l.2954 0.2326 
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Results 

Table 4.29: Effect of foliar application of micronutrients (B/Zn) and groV,,1:h regulators 
(IAA BAP d GA ) fj h . h 35 50 d 90 DAT , an 3 on root res weIgJ tat , an 

35DAT 50-"DAT '90DAT 
Root Root Root 

Treatments Fresh 
Ranking 

Fresh 
Ranking 

Fresh 
Ranking 

Weight Weight Weight 
(g) (g) (g) 

TO 0.726 H 0.681 A 1.23 B 
Tl 0.873 FGH 0.880 A 1.39 B 
T2 0.920 EFGH 1.117 A 1.23 B 
T3 1.03 DEFGH 0.937 A 1.37 B 
T4 0.956 EFGH 0.695 A 1.48 B 
T5 0.892 EFGH 0.782 A 1.61 B 
T6 0.796 GH 0.746 A 1.37 B 
T7 0.986 DEFGH 0.792 A 1.46 B 
T8 1.19 BCDEFGH 0.681 A 1.46 B 
T9 1.10 CDEFGH 1.084 A 1.37 B 

T10 1.23 BCDBFG . , v:<!4-8 -A ' ' .. 1.45 B 
TIl 1.44 ABCD 0.755 A 1.32 B 
T12 1.37 ABCDE 0.'851 A 1-.48 B 
T13 1.23 BCDEFG 0.815 A 1.36 B 
T14 1.29 ABCDEF 0.803 A 1.54 B 
T15 1.22 BCDEFG 0,853 A 1.42 B 
T16 1.24 BCDEFG 1.062 A 1.42 B 
T17 1.22 BCDEFG 1.067 A 1.79 B 
T18 1.64 AB 1.089 A 1.73 B 
T19 1.34 ABCDEF 1.103 A 2.61 A 
T20 1.56 ABC 0.965 A 1.37 B 
T21 1.75 A 1.107 A 1.70 B 

LSD Value *0.4832 0.4776 0.7201 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not s~gnificantly different from 
each other at Alpha = 0.05 
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Results 

4.10 Root Length: 

The statistical analysis of data showing the mean values for root length of 

soybean plant at 3S, SO and 90 days is given in Table 4.33 and plotted in Figure 4.39. 

Analysis of variance showed that significant var-iations -(P<O.GS) were -seen. at 3S ,50 -and 

90 days. MS value at 3S days is 13.220cm, at SO days is 17.S13cm and at 90 days is 

20.87Scm. 

4.10.1 Root Length at 35 DAT: 

Mean values data presented in Table indicated that as compared to control all the 

treatments increased root length. Root length of soybean plants ranged from 20.6 1 cm to 

28.43cm. Maximum root length was observed for T7 (28.43cm), which was significantly 

different form most of the treatments except TI8 (2S.63cm), T20 (24.63c,), T21 (26.44), T6 

(27.47cm) and Ts (26.4Scm). Minimum root length was observed for To (20.61cm), 

which was significantly different form T3, T4, Ts, T6, T7, TI 3 T18, T 19, T20 and Tn 

4.10.2 Root Length at 50 DAT: 

Mean value for root length of soybean plants at SO days as presented in Table 

indicated that as compared to control all the treatments increased root lengtb. Root 1ength 

ranged from 36.42cm to 44.84cm. Maximum-ro(}t length was -'Observed for Tt o{44,.g4cm), 

which was significantly different from control and TI, T2, T3, Ts, T6, T13-T I6, TI8 and T20. 

Minimum root length was observed in To (36.42cm) at SO days, which was significantly 

different from other treatments . 

4.10.3 Root Length at 90 DAT: 

Mean values for root length of soybean plants at 90 days indicated that as 

compared to control all the treatments increased root length. -Root length at 90 days 

ranged from 64.47cm to 74.S3cm. Maximum root length was observed for TI7 (74.93cm), 

which was significantly different from most of treatments except T I8 {72.S3cm), T20 

(70 .S7cm) and T21 (71.90cm) . Minimum root length was observed in To (64.47cm). 
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Table 4.30: ANOVA table for root length at 35 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 5.32 % 

Sum of 
Squares 
12.623 

279.727 
66.513 
359.863 

Table 4.3 1: ANOVA table for root length at 50 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 6.88% 

Sum of 
Squares 
41.923 
367.767 
335.089 
744.779 

Table 4.32: ANOVA table for root length at 90 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 4.35% 

Sum of 
Squares 
17.232 

438 .383 
369.683 
825.298 

Results 

Mean F Value Prob. 
Square 
6.311 3.9853 0.0260 
13 .320 6.41-11 0.0,000 
1.584 

Mean F Value Prob. 
Square 
20.961 2.6273 0.0841 
17.513 2. 1950 0.0149 
7.978 

Mean F Value Prob. 
Square 
8.616 0.9789 

20 .875 2.3717 0.0085 
8.802 
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Results 

Table 4.33: Effect of foliar application of micro nutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on root length at 35, 50 and 90 DAT. 

35DAT 50 DAT . 90 DAT 
Root Root Root 

Treatments Length Ranking Length Ranking Length Ranking 
(cm) (cm) (cm) 

TO 20.61 I 36.42 F 64.47 F 
T1 21.91 GHI 37.82 EF 64.90 EF 
T2 21.67 HI 38.78 EF 64.80 EF 
T3 23.63 DEFGH 39.11 DEF 68.96 BCDEF 
T4 22.87 FGH 40.86 ABCDEF 68.48 BCDEF 
T5 26.45 ABC 40.41 BCDEF 66.20 DEF 
T6 27.47 AB 40.30 BCDEF 69.57 BCDE 
T7 28.43 A 41.62 ABCDE 69.17 BCDEF 
T8 22.21 GHI 41.41 ABCDE 67.70 BCDEF 
T9 23.47 EFGH 43.44 ABCD 68.00 BCDEF 
TI0 22.38 GHI 44.84 AB 69.40 BCDE 
TIl 22.42 GHI 44.39 AB .662 0 ,DEF 
T12 22.28 GHI 45.29 A 67.75 BCDEF 
T13 25.45 BCDE 40.55 BCDEF ·66.26 DEF 
T14 22 .38 GHI 40.32 BCDEF 65.25 EF 
T15 22.38 GHI 40.21 BCDEF 68.45 BCDEF 
T16 22.08 GHI 37.89 EF 67.53 CDEF 
T17 22.13 GHI 43.46 ABCD 74.93 A 
T18 25 .63 BCD 39.47 CDEF 72.53 AB 
T19 23.93 DEFG 42.46 ABCDE 68.07 BCDEF 
T20 24.63 CDEF 40.41 BCDEF 70.57 ABCD 
T21 26.44 ABC 44.03 ABC 71.90 ABC 

LSD Value *2.074 *4.654 *4.889 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.11 Shoot Dry Weight: 

The statistical analysis of data showing the mean values for shoot dry weight of 

soybean plants is given in Table 4.37 and plotted in Figure 4.40 . 

Analysis of variance showed that shoot dry weight has significant variations 

(P<0 .05) 35, 50 and 90 days. MS values for treatments at 35 days are 0.350g, 0.989g and 

0.561g respectively. 

4.11.1 Shoot Dry Weight at 35 DAT: 

Mean values for shoot dry weight of soybe~ plants at 35 days indicated that as 

compared to control all treatments increased shoot dry weight except T2 and Tg. T2 and Tg 

showed a decrease in shoot dry weight as compared to control. Shoot dry weight ranged 

from l.IOg to 2.27g. Maximum shoot dry weight was observed in T7 (2.27g), which 

differed from all other treatments but not significantly (P<0.05). Minimum shoot dry 

weight at 35 days was observed in T8 (l.16g), which differed from other treatments but 

not significantly (P<0.05). 

4.11.2 Shoot Dry Weight at 50 DAT: 

Mean values for shoot dry weight of soybean plants at 50 days indicated that 

compared to control all treatments increased shoot dry weight. Shoot dry weight at 50 

days ranged from 1.45g to 3.79g. Maximum shoot dry weight 'was observed for T21 

(3.79g), which was significantly different from most of other treatments except T I9 

(3.54g), T 20 (3.3Ig) and TI7 (3 .34g). Minimum shoot dry weight at 50 days was observed 

in To (l.45g) , which was significantly different from other treatments except TI (l.85g). 

4.11.3 Shoot Dry Weight at 90 DAT: 

Mean values for shoot dry weight of soybean plants at 90 days as presented in 

Table indicated that as compared to control all the treatments increased shoot dry weight. 

Shoot dry weight at 90 days ranged from 3.50g to 4.97g. Maximum shoot dry weight was 

observed for T20 (4.97g), which was significantly different from most of treatments 

except TI7 (4.94g), TI8 (4.91g) and T 21 (4.93g). Minimum shoot dry weight was observed 

for To (control) (3.50g). Other treatments differed in shoot dry weight at 90 days. 
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T bl 4 34 ANOV A bl £ h d a e ta e or soot . h t 35 DAT ry weIgl t a 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 14.74% 

Sum of Mean 
Squares Square 

0.021 0.010 
7.358 0.350 
2.322 0.055 
9.701 

. Table 4.35: ANOV A table for shoot dry weight at 50 DA T. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 17.02% 

Sum of Mean 
Squares Square 

0.694 0.347 
20.768 0.989 
9.186 0.219 

30.647 

Table 4.36: ANOV A table for shoot dry weight at 90 DA T. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 12.47% 

Sum of Mean 
Squares Square 

0.079 0.040 
11.775 0.561 
12.282 0.292 
24.136 

Results 

F Value Prob. 

0.1880 
6.3388 0.0000 

F Value Prob. 

1.5867 0.2166 
4.5218 0.0000 

F Value Prob. 

0.1355 
1.9174 0.0360 
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Results 

Table 4.37: Effect of fo liar application of micronutrients (B/Zn) and growth regulators 
(IAA; BAP and GA3) on shoot dry weight at 35,50 and 90 DAT. 

35DAT 50DAT 90DAT 
Shoot Shoot Shoot 

Treatments 
Dry 

Ranking 
Dry 

Ranking 
Dry Ranking 

Weight Weight Weight 
(g) (g) (g) 

TO 1.20 A 1.45 F 3.50 E 
Tl 1.25 A 1.85 EF 3.73 CDE 
T2 1.10 A 3.00 BCD 4.30 ABCDE 
T3 1.25 A 2.47 DE 4.57 ABC 
T4 1.21 A 2.45 DE 4.36 ABCDE 
T5 1.54 A 2.37 DE 4.44 ABCD 
T6 2.24 A 2.26 DE 4.49 ABCD 
T7 2.27 A 2.47 DE 3.85 BCDE 
T8 1.16 A 2.77 CD 4.40 ABCD 
T9 1.35 A 3.55 AB 4.11 ABCDE 
TI0 1.28 A 3.29 ABC 4.55 ABCD 
TIl 1.58 A 2.32 DE 4.43 ABCD 
TI2 1.67 A 2.32 DE 4.67 AB 
T13 1.79 A 2.76 CD 4.13 ABGDE · 
TI4 1.65 A 2.89 BCD 3.72 CDE 
T15 1.68 A 2.74 CD 4:34 ABODE 
T16 1.58 A 2.81 BCD 4.28 ABCDE 
T17 1.74 A 2.61 CDE 4.94 A 
T18 1.85 A 3.34 ABC 4.91 A 
T19 1.64 A 3.54 AB 3.66 DE 
T20 1.96 A 3.31 ABC 4.97 A 
T21 1.99 A 3.79 A 4.93 A 

LSD Value *2.074 *0.7711 *0.8904 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.12 Root Dry Weight: 

The statistical analysis of data showing the mean values of root dry weight at 35, 

50 and 90 days is given in Table _4.41 and plotted in Figure 4.41. Analysis of variance 

showed that root dry weight of soybean plants has significant variations (P<0.05) at 35 

and 90 days and non-significant variations at 50 days. MS values for root dry weight at 

35 and days were 0.004g and 0.018g respectively and at 50 days 0.007g. 

4.12.1 Root Dry Weight at 35 DAT: 

Mean values for root dry weight of Glycine max. L. (Merril) at 35 days showed 

that as compared to control all treatments increased root dry weight. Root dry weight 

ranged from 0.227g to 0.375g. Maximum root dry weight was observed for T2l (0.375g) 

at 35 days , which was significantly different from most of the treatments except T20 

(0.339g) , T I9 (0.338g) and TIs (0.324g). Minimum root dry weight was observed for To 

(control) (0.227g), which was significantly different from most of the treatments except 

TI4 (0 .232g). Other treatments also increased root dry weight at 35 days. 

4.12.2 Root Dry Weight at 50 DAT: 

Mean values for root dry weight at 50 days as presented in Table indicated that 

compared to control all the treatments increased root dry weight. Root dry weight ranged 

from 0.245g to 0.460g. Maximum root dry weight ~at 50 'days 'was 'observed for TI6 

(0.460g), which was significantly different from most of the treatments except T2 (0.41g), 

T21 (0.373g), T3 (0.349g), T4 (0.336g) and TIO (0.348g). Minimum root dry weight at 50 

days was observed for To (control) (0 .245g), which was significantly different from other 

treatments except Til (0.262g), TI3 (0.267g), TI4 (0.269g) and TIs (0.265g). 

4.12.3 Root Dry Weight at 90 DAT: 

Mean values for root dry weight of soybean plants at 90 days as presented in 

Table indicated that as compared to control most of the treatments increased root dry 

weight. Root dry weight ranged from 0.567g to O.921g. Maximum root dry weight was 

observed for T21 (0.921g), which was significantly different from most of the treatments 

except TIs (0.832g), Tl7 (0.795g) and TI2 (0.795g) . Other treatments also significantly 

increased root dry weight. Minimum root dry weight was observed for To (control) 

(0.567g), which was significantly different from most of the treatments except T20 

(0.597g). 
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T bl 438 ANOV A t bl £ a e : a e or roo td . ht t35DAT ry weigJ a 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 11.58% 

Sum of Mean 
Squares Square 

0.002 0.001 
0.082 0.004 
0.045 0.001 
0.129 

Table 4.39: ANOV A table for root dry weight at 50 DA T. 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 0.030 
2 Factor A 21 0.157 
3 Error 42 0.241 

Total 65 0.428 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 23.85% 

Mean 
Square 
0.015 
0.007 
0.006 

Table 4.40: ANOV A table for root dry weight at 90 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
., 

Error 42 .J 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 10.20% 

Sum of Mean 
Squares Square 

0.030 0.015 
0.370 0.018 
0.231 0.006 
0.632 

Results 

F Value Prob. 

1.0639 0.3542 
3.6017 0.0002 

F Value Prob. 

2.6465 0.0827 
1.3061 0.2259 

F Value Prob. 

2.7680 0.0743 
3.2019 0.0007 
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Results 

Table 4.41: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on root dry weight at 35 , 50 and 90 DA T. 

35DAT 50DAT 90DAT 
Root Dry Root Dry Root Dry 

Treatments Weight Ranking Weight Ranking Weight Ranking 
(g) (g) (g) 

TO 0.227 F 0.245 D 0.567 F 
T1 0.310 BCD 0.293 BCD 0.772 BCD 
T2 0.263 DEF 0.410 AB 0.708 BCDE 
T3 0.276 CDEF 0.349 ABCD 0.783 BCD 
T4 0.266 DEF 0.336 ABCD 0.707 BCDE 
T5 0.261 DEF 0.297 BCD 0.665 DEF 
T6 0.273 CDEF 0.318 BCD 0.736 BCD 
T7 0.251 EF 0.296 BCD 0.757 BCD 
T8 0.275 CDEF 0.307 BCD 0.753 BCD 
T9 0.295 BCDE 0.295 BCD 0.719 BCDE 

TIO 0.256 EF 0.348 ABCD 0.697 CDE 
TIl 0.269 DEF 0.262 CD 0.669 .CDEF 
T12 0.268 DEF 0.330 BCD 0.795 ABC 
T13 0.293 BCDE 0.267 CD 0.691 CDEF 
T14 0.232 F 0.269 CD 0.744 BCD 
TI5 0.274 CDEF 0.265 CD 0.721 BCDE 
T16 0.270 DEF 0.460 A 0.656 DEF 
T17 0.302 BCDE 0.328 BCD 0.795 ABC 
T18 0.324 ABC 0.307 BCD 0.832 AB 
T19 0.338 AB 0.310 BCD 0.704 F 
120 0.339 AB 0.315 BCD 0.597 EF 
T21 0.375 A 0.373 ABC 0.921 A 

LSD Value *0.05211 0.1276 *0.1276 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.13 Number of Pod Set at 50 DAT: 

This parameter was studied at 50 days only for soybean plants. The statistical 

analysis of data showing mean values of number of pod set at 50 days is given in Table 

4.43 and plotted in Figure 4.42. 

Analysis of variance showed that number of pod set of soybean var. NARC-4 

showed significant (P<0.05) variations at 50 days and MS value for number of. pod set 

was 3.264. 

Mean values for number of pod .set at 50 days indicated that as compared to 

control most of the treatments increased number of pod set at 50 days except T3 (4.22). 

Number of pod set for Glycine max. L. (Merril) ranged from 4.22 to 7.88 . Maximum 

number of pod sets was seen for T I8 and T I9 (7.88), which was significantly different 

form most of the treatments except T2l (7.55), T20 (6.33), TIO (6.44), T7 (6.44), T6 (6.55) 

and TI (7 .55). Minimum number of pods set was observed for T3 (4.22) fo llowed by 

control (To) (4.44). 

T bl 4 42 ANOV A bl fi a e . : ta e or po d sets at 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 16.50% 

50DAT 
Sum of Mean F Value Prob. 
Squares Square 

2.752 1.376 1.4235 0.2522 
68.545 3.264 3.3770 0.0004 
40.596 0.967 
111.893 
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Results 

Table 4.43: Effect of fo liar application of micronutrients (B/Zn) and growth regulators 
(IAA BAP d GA ) d 50 DAT , an 3 on po sets at 

Treatments No. of Pod sets at 50 DAT Ranking 
TO 4.44 E 
TI 7.55 AB 
T2 5.11 CDE 
T3 4.22 E 
T4 5.22 CDE 
T5 5.55 CDE 
T6 6.55 ABC 
T7 6.44 ABCD 
T8 5.77 CDE 
T9 5.66 CDE 
TIO 6.44 ABCD 
TIl 5.33 CDE 
TI2 6.11 BCD 
Tl3 5.22 CDE 
TI4 4.88 DE 
TI5 5.44 CDE 
T16 5.77 CDE 
T17 5.66 eBE 
TI8 7.88 A 
Tl9 7.88 A 
T20 6.33 ABCD 
T21 7.55 AB 

LSD Value * 1.620 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.14 Number of Pods per Plant at 90 DAT: 

This parameter was studied at 90 days only for soybean plants. The statistical 

analysis of data showing mean values of number for pods per plant at 90 days is given in 

Table 4.45 and plotted in Figure 4.43. 

Analysis of variance for number of pods per plant showed significant (P<0.05) 

variations within treatments at 90 days. 

Mean values for number of pods per plant at 90 days as presented in Table 

indicated that as compared to control all treatments increased number of pods per plant. 

Number of pod per plant ranged from 7.38 to l4.1l. Maximum number of pods per plant 

were seen for T 19 (14.11), which was significantly different form other treatments except 

T20 (13.67). Minimum number of pods per plant was observed for control (To) (7 .3 8), 

which were significantly different from other treatments. 

T bl 4 44 ANOV A t bl fi d I t t90DAT a e : a e or po s per p an a 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 17.51 % 

Sum of Mean 
Squares Square 
13.457 6.729 

203.069 9.670 
128.530 3.060 
345.056 

F Value Prob. 

2.1987 0.1236 
3.1599 0.0007 
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Results 

Table 4.45: Effect of foliar application of micro nutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on no. of pods per plant at 90 DAT. 

Treatments No. of Pods per plant at 90 DAT Ranking 
TO 10.00 DEF 
Tl 9.00 DEF 
T2 7.38 F 
T3 8.00 EF 
T4 10.17 DEF 
TS 10.50 CDE 
T6 8.66 DEF 
T7 11.17 BCD 
T8 8.88 DEF 
T9 9.66 DEF 
TI0 10.56 CDE 
TIl 8.00 EF 
T l 2 8.66 DEF 
T13 8.00 EF 
T14 9.77 DEF 
TIS 9.83 DEF 
T16 9.66 DEF 
T17 10.11 DEF 
T18 13.11 ABC 
T19 10.89 BCD 
T20 13.67 AB 
T21 14.11 A 

LSD Value *2.882 
*Slgnificant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.15 Number of Empty Pods per Plant: 

This parameter was studied at 90 days. The statistical analysis of data showing 

mean values of number for empty pods per plant at 90 days is given in Table 4.47 and 

plotted in Figure 4.44. 

Analysis of variance for number of empty pods per plant showed significant 

(P<0.05) variations at 90 days . MS value for number of empty pod per plant is 1.042. 

Mean values for number of empty pods per plant at 90 days indicated that some 

treatments showed decrease in number of empty pods per plant. Number of empty pods 

per plant ranged from 0.444 to 2.55 . Maximum number of empty pods per plant was 

observed in T21 (2.55), which was significantly different from all other treatments except 

TI s (2 .33 ). Minimum number of empty pods per plant was observed in TI8 (0.444). 

T bl 4 46 ANOV A bl D b f a e : ta e or num er 0 

K value Source Degrees of 
Freedom 

1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 38.41 % 

empty po d s per p. ant at 90D T A. 
Sum of Mean F Va1ue 'Pro'b. 
Squares Square 

0.354 0.177 1.0448 0.3607 
21.892 1.042 6.1474 0.0000 
7.122 0.170 

29.369 
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Results 

Table 4.47: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAABAP dGA) b f d 1 90DAT an 3 on num er 0 empty po s per pi ant at -, 

Treatments 
No. of empty pods per Ranking 

plant at 90 DA T 
TO 0.888 DEFGHI 
T1 1.33 CDEF 
T2 1.66 CDEFG 
T3 0.66 FGHI 
T4 0.592 GHI 
T5 1.000 DEFGHI 
T6 0.999 DEFGHI 
T7 1.16 CDEFG 
T8 0.555 GHI 
T9 0.833 EFGHI 

TIO 1.55 CD 
TIl 1.50 CDE 
Tl2 0.333 I 
T13 0.333 I 
Tl4 0.666 FGHI 
T15 2.33 AB 
T16 1.11 CDEFGH 
T17 0.777 FGHI 
Tl8 0.444 HI 
T19 0.999 DEFGHI 
T20 1.77 BC 
T21 2.55 A 

LSD Value *0.6794 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.16 Number of 3-Seeded Pods per Plant: 

This parameter was studied only at 90 days. The statistical analysis of data 

showing mean values for number of 3-seeded pods per plant at 90 days for Glycine max. 

L. (Merril) is given in Table 4.49 and plotted in Figure 4.45. 

Analysis of variance results indicated non-significant (P<0.05) variations for 

number of 3-seeded pods per plant at 90 days. MS value for 3-seeded pods per plant was 

0.324. 

Mean value results presented in Table showed that some treatments increased, 

while some treatments decreased number of 3-seeded pods per plant at 90 days of 

Glycine max. L.(Merril). Number of 3-seede pods per plant ranged from 0.407 to 1.55. 

Maximum number of 3-seeded pods per plant was observed in TI (l .55), which was 

different from other treatments . Other significant treatments were TIO (1.33), TI2 (l.33), 

TI6 (1.33), TI8 (1.44), T20 (1.44) and T21 (1.33). Number of 3-seeded pods per plant in 

control was 1.11, which was greater than T2 (0.407), T4 (0.861), Ts (1.0), T6 and T7 

(0 .666), T8 (0 .777), T il (0.999), TI4 (0.777), and TIS (0.666). Other treatments showed 

increase in number of 3-seeded pods per plant. Minimum number of 3-seeded pods per 

plant was observed for T9 (0.5). 

T bl 4 48 ANOV A t bl £ b 3S dd d a e : a e or num er - ee e po 
K value Source Degrees of Sum of 

Freedom Squares 
1 Replication 2 0.098 
2 Factor A 21 6.797 
3 Error 42 13.555 

Total 65 20.449 
Non-Significant at 0.05 level of probability. 
Coefficient of Variation: 54.90% 

I t t90DAT s per pan a 
Mean F Value Prob. 

Square 
0.049 0.1513 
0.324 l.0029 0.4801 
0.323 
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Results 

Table 4.49: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on number of 3-seeded pods per plant at 90 DAT. 

Treatments 
No. of 3-seeded pods per 

Ranking 
plant at 90 DAT. 

TO 1.11 AB 
Tl 1.55 A 
T2 0.407 B 
T3 1.16 AB 
T4 0.861 AB 
T5 1.000 AB 
T6 0.666 AB 
T7 0.666 AB 
T8 0.777 AB 
T9 0.500 B 
TI0 1.33 AB 
Tll 0.999 AB 
T12 1.33 AB 
T13 1.16 AB 
T14 0.777 AB 
TIS 0.666 AB 
T16 1.33 AB 
T17 1.11 AB 
T18 1.44 A 
T 19 1.1 1 AB 
T20 1.44 A 
T21 1.33 AB 

LSD Value 0.9365 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.17 Number of I-Seeded Pods per Plant: 

Number of I-seeded pods per plant was studied at 90 days only. The statistical 

analysis of data showing mean values for number of I-seeded pods per plant is given in 

Table 4.51 and plotted in Figure 4.46. 

Analysis of variance showed significant (P<0.05) variations for number of 1-

seeded pods per plant. MS value for number of I -seeded pods per plant was l.029. 

Results of mean for number of I-seeded pods per plant as presented in Table 

indicated that most of the treatments increased number of I-seeded pods per plant except 

T I, T2, T3 and T 12. Number of I -seeded pods per plant ranged from l.66 to 4.11. 

Maximum number of I-seeded pods per plant was observed forT2o (4.11), which was 

significantly different from other treatments except TI8 (3.66) and T21 (3.55). Minimum 

number of I -seeded pods per plant was observed in T4 (1.66). 

T bl 4 50 ANOV A t bl D b flS dd d Itt 90 DAT a e : a e or num er 0 - ee e po s per pan a 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 27.94% 

Sum of Mean F V.alue 
Squares Square 

0.216 0.108 0.1883 
25.379 1.209 2.1066 
24.095 0.574 
49.691 

Prob. 

0.0198 
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Results 

Table 4.51: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on number of I-seeded pods per plant at 90 DAT. 

Treatment 
No. of I-seeded pods per Ranking 

plant at 90 DAT 
TO 2.11 DE 
Tl 2.00 DE 
T2 2.00 DE 
T3 1.66 E 
T4 3.22 ABCD 
T5 2.50 BCDE 
T6 2.55 BCDE 
T7 3.00 ABCD 
T8 2.77 BCDE 
T9 2.41 CDE 

T10 2.88 ABCDE 
TIl 2.16 DE 
T12 2.00 DE 
T13 1.99 DE 
T14 2.66 BCDE 
TIS 3.00 ABCD 
T16 3.11 ABCD 
T17 3.11 ABCD 
T18 3.66 AB 
T19 3. 11 ABCD 
T20 4.11 A 
T21 3.55 ABC 

LSD Value * 1.248 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.18 Number of 2-Seeded Pods per Plant: 

Number of 2-seeded pods per plant was studied at 90 days only. The statistical 

analysis of data showing mean values for nUII!ber of 2-seeded pods per plant is given in 

Table 4.53 and plotted in Figure 4.47. 

Analysis of variance showed significant (P<0.05) variations for number of 2-

seeded pods per plant at 90 days of Glycine max. L. (Merril) soybean. MS value for 

number of2-seeded pods per plant was 3.789. 

Results of mean for number of 2-seeded pods per plant as presented in Table 

indicated that some treatments increased number of 2-seeded pods per plant while some 

treatments decreased number of 2-seeded pods per plant as compared to control. Number 

of2-seeded pods per plant ranged from 3.13 to 7.00. Maximum number of2-seede pods 

per plant was observed in T 18 (7.00), which was significantly different from other 

treatments except T20 (6.77), T21 (6.77) and T7 (6.83). Minimum number of2-seede pods 

per plant was observed for T4 (3.13), which differed significantly for other treatments 

except Til (3.33). 

T bi 4 52 ANOV A t bl D b f2 S d d d I t t90 DAT a e : a e or num er a - ee e po s per p. an a 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 24.83% 

Sum of Mean F Value 
Squares Square 
15.548 7.774 4.9400 
79.564 3.789 2.4076 
66.094 1.574 
16l.205 

Prob. 

0.0118 
0.0076 
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Results 

Table 4.53: Effect of foliar application of micro nutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on number of 2-seeded pods per plant at 90 DA T. 

Treatments No. of 2-seeded pods per Ranking 
plant at 90 DAT 

TO 5.88 AB 
Tl 5.22 ABC 
T2 3.33 CD 
T3 4.50 BCD 
T4 3.13 D 
T5 5.33 ABC 
T6 4.44 BCD 
T7 6.83 A 
T8 4.66 BCD 
T9 5.25 ABC 

T10 5.11 ABCD 
Tll 3.33 CD 
TI2 4.66 BCD 
T13 4.25 BCD 
TI4 5.55 AB 
T15 4.16 BCD 
T16 4.44 BCD 
T17 5.00 ABCD 
T I 8 7.00 A 
TI9 5.44 AB 
T20 6.77 A 
T21 6.77 A 

LSD Value *2.067 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly different from 
each other at Alpha = 0.05 
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Results 

4.19 1000-Seed Weight: 

This parameter was studied at 90 days only. The statistical analysis of data 

showing means for test weight of 1000 seeds of Glycine max. L. (Merril) is given in 

Table 4.55 and plotted in Figure 4.48 . Analysis of variance showed significant (P<0.05) 

variations for 1000-seed weight of Glycine max. L. (Merril) at 90 days. MS value for 

lOa a-seed weight was 180.837g. 

Results showing mean for 1000-seed weight of soybean plants at 90 days 

indicated that all treatments increased 1000-seed weight as compared to control. 1000-

seed weight ranged from 130.8g to 164.4g. Maximum 1000-seed weight was recorded for 

TI6 (164.4g), which was significantly different from all other treatments and placed 

singly. TI s (160.0g) , TI4 (l57.1g), Tl3 (l54.2g) and TI2 (152.9g) also significantly 

increased 1000-seed weight as compared to control. Minimum 1000-seed weight was 

recorded for control (To). 

Table 4.54: ANOVA table for lOOO-Seed Weight at 90 DAT. 
K value Source Degrees of 

Freedom 
1 Replication 2 
2 Factor A 21 
3 Error 42 

Total 65 
Significant at 0.05 level of probability. 
Coefficient of Variation: 1.42% 

Sum of Mean 
Squares Square 
36.621 18.310 

3797.579 180.837 
184.927 4.403 

4019.126 

FValue Prob. 

4.1586 0.0225 
41.0711 0.0000 
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Results 

Table 4.55: Effect of foliar application of micronutrients (B/Zn) and growth regulators 
(IAA, BAP and GA3) on 1000-seed weight at 90 DAT. 

Treatments 1000-seed weight (g) Ranking 
TO 130.8 N 
T1 138.0 M 
T2 139.1 LM 
T3 140.3 KLM 
T4 142.3 JKL 
T5 144.5 IJ 
T6 145.7 HIJ 
T7 146.3 GHI 
T8 148.0 FGH 
T9 148.4 FGH 
T10 149.9 EF 
TIl 152.9 DE 
T1 2 153.6 D 
T13 154.2 CD 
T14 157.1 BC 
T1 5 160.0 B 
T16 164.4 A 
T17 142.7 JK 
T18 149.4 FG 
T19 149.5 EFG 
T20 140.4 KLM 
T21 146.9 FGHI 

LSD Value *3.458 
*Significant at 0.05 level of probability. 
Mean in a column followed by similar alphabets are not significantly 
different from each other at Alpha = 0.05 
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Results 

Photographs of Soybean at Vegetative Stage (35 DAT) 

-To 
Figure 4.1: From L to R To(D.W),TI(BSOppm + IAAIO 

Figure 4.2: From L to R To(D.W), T3(ZnSOppm+IAAIO 

Figure 4.3: From L to R To(D.W), T5(BSOppm +BAPI 
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Results 

Figure 4.4: From L to R To (D.W), T7 (ZnSOppm+BAPIO 
. 4M) 

Figure 4.5: From L to R To (D.W), T9 (BSOppm +GA31O-3M), TlO (BlOOppm +GA31O-
4M) 

Figure 4.6: From L to R To (D.W), TIl (ZnSOppm+GA31O-3M), TI2 
(Zn 1 OOppm+GA3l 0-4M) 
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Figure 4.7: From L to R To (D.W), TI3 (BSOppm +IAAI 
(BSOppm +IAAIO-3M+GA31O-3M) 

Figure 4.8: From L to R To (D.W), T I5 (BSOppm +BAPI 
(ZnSOppm +IAAIO-3M +BAPlO-3M) 

T,7 

Figure 4.9: From L to R To (D.W), T\7 (ZnSOppm+lAAl 
(ZnS Oppm+ B AP 1 0-3M +G A3 1 a-3M) 

Results 
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Figure 4.10: From L to R To (D .W), TI 9 (BSOppm +ZnSOppm:+lAAl 
+ZnSOppm+BAP 10·3M) 

Figure 4.11: From L to R To (D.W), T21 (BSOppm +ZnSOppm+GA310·3M) 

Results 
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Results 

Photographs of Soybean at Pod-Set Stage (50 DAT): 

Figure 4.12: From L to R To (D.W), T\ (BSOppm +IAAIO M), T2 (BIOOppm +IAAIO" 
4M) 

Figure 4.13: From L to R To (D.W), T3 (ZnSOppm +IAAlO"3M), T4 (ZnlOOppm 
+IAAIO"4M) 
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Figure 4.14: From L to R To (D.W), Ts (BSOppm+BAPl 
4M) 

Figure 4.15: From L to R To (D.W), T7 (ZnSOppm +BAPIO 
+BAPl0-4M) 

Figure 4.16: From L to R To (D.W), T9 (BSOppm+GA31 
4M) 

Results 
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Figure 4.17: From L to R To (D.W), Til (ZnSOppm +GA310 
+GAJ IO-4M) 

Figure 4.18: From L to R To (D.W), Tl3 (BSOppm +IAAI 
(BSOppm +IAAIO-3M+GA31O-JM) 

Figure 4.19: From L to R To (D.W), TIs (BSOppm+BAPl 
(ZnSOppm +IAAIO-3M+BAPIO-3M) 

Results 
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Figure 4.20: From L to R To (D.W), TI7 (ZnSOppm +IAAIO 
T18(ZnSOppm +BAP 1 O"3M+GA3 1 O"3M) 

Results 

Figure 4.21: From L to R To (D.W), T I9(BSOppm+Zn50ppm +IAAlO"3M), T2o(BSOppm 
+ZnSOppm +BAPlO"3M) 

Figure 4.22: From L to R To (D.W), T21 (BSOppm+Zn50ppm+GA31O-3M) 
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Photographs of Soybean at Harvest Stage (90 DAT) 

Figure 4.23 : To (D.W) . 

Figure 4.24: From L to R Tl (BSOppm+lAAIO-3M), T2(B1 OOppm +IAAIO-4M), 
T 3(Zn+ IAA 1 0-3M) 

Figure 4.25: From L to R T4 (Zn l OOppm+IAAI 0 
T6(B1 OOppm +BAPIO-4M) 

Results 
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Figure 4.26: From L to R T7(Zn50ppm +BAPIO 
T 9(B50ppm +GA31 0-3M) 

Figure 4.27:From L to R T IO(BIOOppm+GA31O-4M), T ll(Zn50ppm+GA310 
T l2(Znl00ppm +GA31 0-4M) 

Figure 4.28: From L to R T 13(B50ppm+IAAIO-3M+BAPIO-3M), 
T I4(B50ppm+IAAl 0-3M+GA310-3M), Tl s(B50ppm+BAP1 0-3M+GA31 0-3M) 

Results 
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Figure 4.29: From L to R T I6(ZnSOppm+IAAIO 1 
1 0-3M+GA3 1 0-3M), T 18(ZnSOppm+BAP 1 0-3M+GA31 0-3M) 

Figure 4.30: From L to R T I9(BSOppm +ZnSOppm+IAAl 
+ZnSOppm+BAP IO-3M), T21(BSOppm+ZnSOppm+GA31 0-3M) 

Results 
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Figure 4.31: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on number of branches. 
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Figure 4.32: Effect of combined foliar application of rnicronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on number of leaves. 
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Figure 4.33: Effect of combined foliar application of micro nutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on middle leaflet length. 
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Figure 4.34: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on middle leaflet width. 
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Figure 4.35: Effect of combined foliar application of micro nutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on petiole length. 
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Figure 4.36: Effect of combined foliar application of micronutrients (B /Zn) and growth 
regulators (IAA, BAP, and GA3) on shoot length. 
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Figure 4.37: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on shoot fresh weight. 
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Figure 4.38: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on root fresh weight. 

107 



Results 

I OAt35 OAT ~At50 OAT !SAt 90 OAT ! 
800r-------------------------------------------------~--------~ 

700 - -------;;;----- .:::r--=--------=------------S-------t:I- -.---- - . -E 60.0 - -- - --. -- .. _- .... 
(,) -..c:: 50.0 .... ---- --- · -ElI- S--8--J:3--8--I3-;i3--EJ--8I------,i3- -8-- - - 1---- - - --- --.. - . 

en 
s::::: 40.0 
Q) 

...J 30.0 .... 
0 
0 20.0 c:: 

10.0 

- - -

~~ 

- - I- 1- 1- --- 1----

- 1--:: -- 1- -.-

I 

~ ~ , ~ 

~= 
; ~ -

0.0 , 
'-r 

TO T1 T2 T3 

:, I 

T4 1"5 ~ T7 T8 l1l TlO Tll T12 T13 T14 T15 T16 T17 T18 T19 120' 121 I 
Treatments 

Figure 4.39: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on Toot length. 
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Figure 4.40: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on shoot dry weight. 
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Figure 4.41: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on root dry weight. 
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Figure 4.42 : Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on number of pod sets at 50 DAT. 
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Figure 4.43: Effect of combined foliar application of micro nutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on number of pods per plant at 90 DAT, 
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Figure 4.44: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on number of empty pods per plant at 90 DAT. 
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Figure 4.45: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on number of3-seeded pods per plant at 90 DAT. 
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Figure 4.46: Effect of combined foliar application of micronutrients (B/Zn) and growth 
regulators (IAA, BAP, and GA3) on number of I-seeded pods per plant at 90 DAT. 
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Chapter 5 

Discussion 

A set of pot experiment was conducted to know the effect of foliar application of 

different combinations of micronutrients (Boron and Zinc) and growth regulators (IAA, 

BAP and GA3) on growth and yield of Glycine max. L. (Merril) soybean variety NARC-4 

Most of combinations of B/Zn and growth regulators affected the growth and yield 

parameters of Glycine max. L. (Merril). 

Number of branches of soybean plants was not significantly affected by 

micro nutrients (B/Zn) and growth regulator combinations. TI6 where Zn (50ppm), IAA 

(10-3 M) were used in combination, and T 19 where Band Zn 50ppm each and IAA (10-3 

M) were used in combination produced maximum number of branches (1.33) at 35 DAT. 

T13 where B (50ppm), IAA (10-3 M) and BAP (10-3 M) were used in combination 

produced maximum number of branches at 50 DAT for soybean plants. At 50 DA T most 

of the treatments increased number of branches except T6 where B (100ppm) and BAP 

(l0-4M) were used in combination (1.11), T7 where Zn (50ppm)" andBA'P"(l{)-3 'M), 1 8 

where Zn (100ppm) and BAP (10-4 M), T9 where B (50ppm) and GA3 (10-3 M) were used 

in combination decreased or had not affected number of branches . 

No such combinations are found on previous work to compare the results. Boron 

application increased number of branches of soybean plants at 50ppm (Garg et al. 1999). 

Hatwar et al. (2003) reported that application of Zn, Fe and Bat 0.1 % was most effective, 

yielding number of branches, plant height, and diameter of stem and spread of plant. 

Naveed (2004) reported that soil plus foliar application of Zn (50ppm) produced 

maximum number of secondary braches (4.00) in tomato; in case of chilli foliar spray of 

150ppm Zn produced maximum number of secondary branches. Jadoon (2004) reported 

maximum number of branches (1.53) for foliar spray of 'NAA + Kn '4- "GA3 '(10,5 'M of 

each) at 60 days; 10-5 M NAA at 100 days (8.00) and BAP 10-3 M foliar spray at 100 

days produced maximum branches (12.00) at 130 days after sowing in Nigella sativa. 

Merlo et at. (1987) increased number of branches in soybean plants by BAP application 

Daiman and Mii (1991) reported similar results with BAP application in Podocapous 

macrophyllus by spraying BAP. Present findings are also in conformity with these 
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findings. Results indicated that IAA and BAP alone or in combination has enhancing role 

in number of branches per plant with Boron or Zinc used in combination at low 

concentration (50ppm) Cytokinins (BAP and Kn.) are responsible for lateral bud and 

shoot development. Auxins inhibit lateral bud and shoot development but their effect was 

branched by BAP in T 16 and T 13 for number of branches at 35 and 50 DA T. Boron and 

zinc at 50ppm and lAA 10-3 M also increased number of branches. Sarkar et al. (2002) 

reported that GA3 and IAA significantly increased number of branches per plant, 

especially at final stage of plant growth. IAA induced higher number of branches as 

reported by Chhipa and Lal (1988). 

Mean value for number of leaves per plant indicated that most of the combined 

foliar treatments of B/Zn and growth regulators have increased number of leaves at 35 

DA T but at 50 DA T some treatments decreased number of leaves per plant; with most 

increasing the number of leaves. Maximum number of leaves at 35 DAT is seen in T21 

(7.00) where B (50ppm), Zn (50ppm) and GA3 (10-3 M) were used in combination; same 

treatment produced with T18 where Zn (50ppm), IAA (10-3 M) and GA3 (10-3 M) was used 

in combination produced maximum number of leaves per plant (8 .88), .T-6 B (W.Qppm) + 

BAP (10-4 M), T 7 Zn (50ppm) + BAP (10-3 M), T 8 Zn (100ppm) + BAP (10-4 M) results 

for number of leaves followed the maximum number of leaves (8. 77). No such 

combinations were found for comparison. Garg et al. (1999) reported maximum number 

of leaves with 50ppm B concentration foliar spray in soybean plants. Naveed (2004) 

reported similar results with boron foliar spray for tomato and chilli plants; and zinc 

foliar (50ppm) and soil plus foliar treatment (50ppm) produced maximum number of 

leaves in tomato and with only foliar application of 50ppm zinc produced maximum 

number of branches in chilli. Similar results for zinc application were recorded by Yadav 

et al. (2001) . Jadoon (2004) reported that 10-4 M of each NAA, Kn and GA] in 

combination produced maximum number of leaves per plant at 60 days~fJ..Nige-lla sativa 

and 10-3 M of both IAA and Kn produced maximum number of leaves in Nigella sativa at 

100 days. Hye et al.(2002) got maximum number of leaves in Allium cepa by applying 

200ppm lAA and 200ppm GA3. Chaudhary and Qurat-ul-Ain. (2003) reported increased 

number of leaves in Phaseolus vulgaris using both lAA and Kn. in combinations. 

Shishido and Saito (1984) also reported increased number of leaves per plant by foliar 
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application of GA3. In present case number of leaves increased with foliar application of 

GA3 but in combination with lAA and zinc. Khurshid et al. (1992) reported decreased 

number of leaves per plant by foliar application of GA3. In present study decreased 

number of leaves were observed for T9 where B (50pm) and GA3 (10-3 M), T lo where B 

(lOOppm) and GA3 (10-4 M), TI6 where Zn (50pm) and IAA (10-3 M) + GA3 (10-3 M) 

were used in combination. These results are according to the findings of Khurshid et al. 

(1992) at 50 DA T. But contradictory to them at 35 and 50 days GA3 in combination with 

boron and zinc increased number of leaves. Zinc is known to induce auxin synthesis, 

synthesis of auxin might cause significant response along with exogenous IAA applied, 

zinc also takes part in metabolism as an activator so it can increase metabolism. Auxins 

in combination with cytokinin (IAA and BAP) increase number of leaves by rapid cell 

division and elongation. 

Middle leaflet length of soybean plants was increased by micro nutrients (B/Zn) 

phytohormonal combination at 35 days but at 50 days it was decreased by some 

combined foliar treatments. T21 where B (50ppm), Zn (50ppm) and GA3 (10-3 M) was 

used in combination produced maximum middle leaflet length (6.88crn) .f.ollow..ed.by T~ 

where B (50ppm) and BAP (10-3 M) (6.74cm) at 35 DAT. T2l also produced maximum 

middle leaflet length at 50 DAT followed by Ts (6.78cm). Cytokinins are known to 

induce cell elongation, so they in combination with one B/Zn or two micronutrients (B 

and Zn) have increased middle leaflet length. No exact report for such combinations is 

available for comparison. Considering micronutrient (B/Zn) and growth regulators foliar 

sprays; Boron as 50ppm foliar spray on soybean plant increased leaf area (Garg et al.s 

1999). Leaf area index of chilli plant was maximum with foliar spray of 50ppm boron as 

reported by Naveed (2004), also foliar spray of zinc (150ppm) produced maximum leaf 

area index in chilli plant. Yadav et al. (2001) also reported similar results for zinc. Here 

in this case boron and zinc at 50ppm in combination or separately ,with ·BAP .increased 

middle leaflet length. Naeem et al. (2002) reported 500ppm Kn showed an increased in 

the area of first five leaves in Lentil plant, which was 14.72% after 30 days . Jadoon 

(2004) reported maximum leaf length for Nigella sativa for foliar treatment of 10-4 M of 

NAA + Kn + GA3 each in combination at 60 days and 10-4 M IBA at 100 days. Bye et al. 

(2002) reported that 200ppm GA3 produced largest leaves in Allium cepa. The increase in 
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leaf length due to application of GA3 was also reported earlier (Singh et al. 1983; Saleh et 

al. 1989). Khan et al. (1996) reported maximum leaf length by 10-5 M GA3 in Brassica 

juncea. Cytokinin (BAP) can induce cell division and cell enlargement, GA3 helps in cell 

enlargement so both have increased middle leaflet length. 

Middle leaflet width of soybean plants was increased by some combined foliar 

treatments and decreased by some other treatments at 35 days. But at 50 days most of the 

treatments increased middle leaflet width as compared to control. Middle leaflet width 

was maximum for Ts (4.78cm) at 35 DAT. T5 was composed ofB (50ppm) and BAP (10-

3 M). At 50 days T3 Zn (50ppm) and lAA (10-3 M) produced maxim~m middle leaflet 

width (4.4Scm). No exact reports are available to compare the results BAP is known to 

induce cell division. IAA, BAP with boron and zinc either alone produced maximum 

middle leaflet width. This is in accordance to above discussion. 

Petiole length of soybean plants was studied. All the treatments at 35 days and 

most treatments at 50 days increased petiole length as compared to control. Maximum 

petiole length was observed at 35 days for TI9 having B (50ppm), Zn (50ppm) and IAA 

(10-3 M), at 50 days T2l having B (50ppm), Zn . .(SOppm-)-.an.d ,.QA3 {1.0-3 ·M) ''PFoduceci 

maximum petiole length (11.27cm). No exact reports for this parameter are available for 

combinations used in this research work. Boron and zinc foliar sprays increase 

metabolism and IAA and GA3 increased cell division and cell enlargement thus increase 

petiole length. 

Shoot length of Glycine max.L.(Merril) soybean plants were significantly affected 

by combined foliar treatments of micro nutrients (B/Zn) and growth regulators (IAA, BAP 

and GA3). Maximum shoot length at 35 days was observed for T21 B (50ppm), Zn 

(50ppm) and GA3 (10-3 M) (40. 12cm) followed by TI4 B (50ppm), IAA (10-3 M) and GA3 

(10-3 M) (34.11cm). At 50 days maximum shoot1ength was observed for T21 (41.92cm) 

followed by Tlo B (lOOppm) and GA3{10-4 MH41.Mcm) ·f\3U0wed by T9··B{§.Oppm)-and 

GA3 (10-3 M) (41.41cm). At 90 days maximum shoot length was observed for T21 

followed by TI7 Zn (SOppm), lAA (10-3 M) and GA3 (10-3 M) followed by T20 B 

(50ppm), Zn (50ppm) and BAP (10-3 M) (4S.01cm) followed by TI4 B (SOppm), BAP 

(10-3 M) and GA3 (10-3 M) (4S.14cm). Shoot length at all three stages showed that all 

those treatment where GA3 was present in combination with one or two micro nutrients 
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and one growth regulator (IAA or BAP) increased shoot length significantly than other 

treatments. No exact report for such combinations as used in this research work is 

available to compare the results but keeping in view the foliar application of 

micronutrients and growth regulators it can be interpreted. Naveed (2004)reported 

maximum shoot length for tomato and chilli plants with foliar spray of 50ppm Zn and 

150ppm Zn respectively,while 100ppm boron produced maximum shoot length in tomato 

and soil plus foliar spray of boron produced maximum shoot length. Hamsaveni et al. 

(2003) reported that foliar spray of boron at 0..5% was found beneficial in increasing 

plant height of tomato. Hatwar et al. (2003) reported that single spray of boric acid at 

0.1% was effective in yielding plant length in chilli plant. However Garg et al. (1999) 

reported a decrease in soybean shoot length with foliar application of SOmg/litre and 

100mgllitre boron. Hatwar et al. (2003) reported 0.1% Zn (zinc sulfate) to be most 

effective in yielding plant height. Jadoon (2004) repOlted that at 60 days maximum height 

of Nigella sativa plant was observed for 10-3 M concentration of NAA + Kn + GA3 used 

in combination. At 100 and 130 days plant height was maximum for 10-3 M GA3 sprayed 

singly. Deotale et al. (1998) in soybean and Abd-el-Fattah (1997) ·reported-that ·GA~ 

application caused a profound stem elongation. Singh (1966) sprayed GA3 on tomato 

plants and observed that it increased the plant height at 250ppm and 100ppm. Sarkar et 

al. (2001) reported that GA3 at 100ppm produced the tallest soybean plants at all growth 

stages. IAA at 100ppm was superior to 200ppm in producing taller plants,GA3 was more 

efficient in stem elongation than IAA. Naeem et al. (2003) reported GA3 + lAA seed 

soaking and later on application on hypocotyl induced significant shoot length. GA3 

induced higher plant height was reported earlier in okra (Kumar et al. 1996), sesame 

(Sontakey et al. 1991), rice (Awan and Alizai, 1989) and groundnut (Lee, 1990). Singh 

and Sambhi (1967) reported increase in plant height in Lettuce_ Brussels spout (Selman 

and Bora, 1968) increase in stem height. Similar findings were reported by Ka'tlsar{1'976) 

who treated okra plants with GA3, which increased plant height significantly. GA3 alone 

or in combination is responsible for (internodal) stern elongation. GA3 is mostly used to 

increase height in dwarf plants. But present results also suggest that it can increase plant 

height or shoot length in normal plants. Present findings are mostly in accordance with 

above cited workers. 
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Shoot fresh weight was increased by most of the combined foliar treatments as 

compared to control at 35 DAT increased by all treatments at 50 DAT and increased by 

most and decreased by some treatments at 90 DAT as compare to control. Maximum 

shoot fresh weight was recorded for Ts Zn (1 00pm) and BAP (10-4 M) (9 .51g) at 35 

DAT. At 50 DAT for T2J B (50ppm), Zn (50ppm) and GA3 (10-3 M) (14.34g) and at 90 

DAT for T12 Zn (IOOpm) and GA3 (10-4 M) (15.94g). GA3 increased plant height and 

cytokinin increased other parameters and total biomass of plant by cell division and 

elongation. No findings are available to compare the observation of present research 

work. Naveed (2004) reported maximum shoot fresh weight of tomato for foliar 50ppm 

boron, foliar + soil treatment of 50ppm zinc, soil +foliar 50ppm boron and 150ppm foliar 

spray of zinc in chilli produced maximum shoot fresh weight. The application of foliar 

fertilizer (B/Zn) + growth regulator during the periods enhanced nutrients demand could 

allow for increased growth rate and yield (Garcia and Han-Way, 1976). Yadav et aZ. 

(2001) found that 0.1 % boron as foliar spray increased plant fresh weight. 

Root fresh weight of soybean plants was increased by all treatments as compared 

to control. Maximum root fresh weight was observed at T21 B (50ppm3, z.n·{§Gppm3 and 

GA3 (10-3 M) (1.75g). Increase in root fresh weight was more in treatments where two 

phytohormones and one micronutrients was used in combination for foliar spray and in 

treatments with GA3 with one of the micronutrients. Root fresh weight at 50 DAT was 

maximum again for T 21 (1.107 g) root fresh weight showed a decreased as compared to 

first stage treatments. Maximum root fresh weight was observed for TI 9 B (50ppm), Zn 

(50ppm) and IAA (10-3 M) (2.61g) at 90 DAT. No previous report for such micronutrient 

and growth regulator combination is available for comparison. Considering 

micronutrients (B/Zn) foliar spray; Naveed (2004) reported maximum root fresh weight 

for 150ppm boron foliar and 50ppm zinc foliar for tomato, soil + foliar boron and 

150ppm foliar treatment produced maximum root fresh we~ght'in chiH:i p-lants. 

Root length of soybean plants with all combined foliar treatments of 

micronutrients (B/Zn) and growth regulators (IAA, BAP and GA3) as compared to 

control at 35 , 50 and 90 DAT. T7 Zn (50ppm) and BAP (10-3 M) produced maximum root 

length (28.43cm) followed by T6 B (100ppm) and BAP (10-4 M) (27.47cm) at 35 DAT 

and TI 2 Zn (100ppm) and GA3 (10-3 M) produced maximum root length (45.29cm) at 50 
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DAT and TI7 Zn (SOppm), lAA (10-3 M) and GA3 (10-3 M) (74.93cm) at 90 DAT 

followed by TI8 Zn (SOppm), BAP (10-3 M) and GA3 (10-3 M) (72.S3cm) at 90 DAT . No 

exact report for root length for the sort of combinations used in present research work. 

Naveed (2004) reported foliar of lS0ppm boron and soil + foliar treatment of SOppm zinc 

produced maximum root length in tomato and lS0ppm zinc foliar and soil + foliar boron 

produced maximum root length in chilli plants. Garg et al. (1999) reported reduction in 

root length of plants with boron at 50 and 100ppm. Jadoon (2004) reported maximum 

root length with 10-3 M of each NAA + Kn + GA3 sprayed at 60 days and 10-3 M GA3 

produced maximum root length at 100 days and at 130 days. Hye et at. (2002) reported 

that 200ppm GA3 increased root length in Allium cepa. 

Shoot dry weight of soybean plant increased with all combined foliar application 

of micronutrients (B/Zn) and growth regulators (IAA, BAP and GA3) combinations as 

compared to control. Maximum shoot dry weight was observed for T7 Zn (SOppm) and 

BAP (10-3 M) (2 .27g) followed by T6 B (100ppm) and BAP (10-4M) (2.24g) at 3S DAT. 

Maximum shoot dry weight was observed for T21 B (SOppm), Zn (SOppm) and GA3 (10-3 

M) (3 .79g) at SO DAT. Maximum shoot dry weight at 90 DAT was o13serverl ·ror "T2U B 

(SOppm), Zn (S Oppm) and BAP (10-3 M) (4.97g) followed by TI 7 Zn (SOppm), IAA (10-3 

M) and GA3 (10'3 M) (4.94g) and T21 B (SOppm), Zn (SOppm) and GA3 (10'3 M) (4.93g) 

and TI8 Zn (SOppm), IAA (10'3 M) and GA3 (10-3 M) (4.91g) at 90 DAT. No exact report 

is available to compare the results as no such combination of micronutrients and growth 

regulators (IAA, BAP and GA3) were used. Naveed (2004) reported that maximum shoot 

dry weight was obtained with lS0ppm boron foliar and Zn SOppm soil + foliar treatment 

in chilli plant. Rammah et al. (1998) reported that soil + foliar spray of boron increased 

dry matter yield of alfalfa. Bussler and Doring (1979) reported that the occurrence of 

significant concentrations of boron in chloroplasts and they suggested a role of boron in 

photosynthetic, which might have increased dry matter production. Kausar ·and Sharif 

reported that in case of maize plant dry matter increased remarkably due to applied Zn by 

all methods. Jadoon (2004) reported that maximum plant dry weight was obtained for 10' 

3 M of each NAA + Kn + GA3 used in combination at 60, 100 and 130 days. These 

findings are in confirmation of present findings where BAP and GA3 along with zinc 

produced maximum shoot dry weight. 
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Root dry weight of soybean plants was increased by all combined foliar 

treatments of micronutrients (B/Zn) and growth regulators (IAA, BAP and GA3) as 

compared to control root dry weight was recorded for T21 B (SOppm), Zn (SOppm) and 

GA3 (10-3 M) (0.37Sg) at 35 DAT, for T16 Zn (50ppm), lAA (10-3 M) and BAP (10-3 M) 

(0.460g) at 50 DAT and for T2l B (50ppm), Zn (SOppm) and GA3 (10-3 M) at 90 DAT. At 

3S DAT treatments in which either two micronutrients or two growth regulators were 

present with third micronutrient or growth regulator increased root dry weight. At SO 

DAT treatments with IAA or GA3 as one of its component increased root dry weight. No 

exact rep0l1 regarding present combinations of micronutrients and growth regulators is 

available for comparison. Naveed (2004), reported maximum root dry weight for chilli 

plant with foliar + soil treatment of 50ppm B, SOppm Zn foliar treatment in tomato and 

l S0ppm Zn foliar treatment in case of chilli produced maximum root dry weight. Jadoon 

(2004) obtained maximum plant dry weight with 10-3 M ofNAA + Kn + GA3 each foliar 

treatment in Nigella sativa. 

Number of pod set per plant at 50 DAT was increased by all the treatments in 

soybean plants as compared to control. Maximum number of pod set per plant·at 5.0 DA T 

was observed in TI8 Zn (SOppm) IAA (10-3 M) and GA3 (10-3 M) and T19 B (SOppm) Zn 

(SOppm) and IAA (10-3 M) (7.88). T21 B (SOppm) Zn (50ppm) and GA3 (10-3 M) also 

increased number of pod set per plant significantly as compared to control (7.S5). No 

exact report is available for present combined foliar treatments of B/Zn and IAA BAP 

and GA3. Garg et al. (1999) reported that SOppm Band 100ppm B foliar application on 

soybean plants increased number of pod set per plant as compared to control. SOppm B 

foliar spray produced maximum number of pod set per plant. Sarkar et al. (2002) reported 

increase in number of fruit (pod) set for soybean plant with 100ppm lAA and GA3 spray. 

Number of pods per plant at 90 DAT was increased by all treatments in soybean 

plants as compared to control. Maximum number of pods p~T plant was observed far T 19 

B (SOppm) Zn (50ppm) and IAA (10-3 M) (14.11) followed by T20 B (SOppm) Zn 

(SOppm) and BAP (10-3 M) (13.67). Zinc was associated with one or more growth 

regulator in combination to increase number of pods per plant. No exact report for 

present micronutrient and growth regulator combination is available for comparison. 
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Garg et al. (1999) observed that number of pods per plant was significantly increased by 

50ppm boron foliar spray followed 100ppm boron foliar spray. 

Number of seedless (empty) 3-seeded I-seeded and 2-seeded pods per plant was 

also recorded for Glycine max. L.(Merril) soybean plants at 90 DAT. Maximum empty 

pods were observed in T21 B (50ppm) Zn (50ppm) and GA3 (10-3 M). Some treatments 

increased some decreased number of empty pods per plant as compared to control. TI2 

and TI) (0. 333) product minimum number of empty pods. Maximum number of 3-seeded 

pods per plant was observed for TI B (50ppm) and lAA (10-3 M) (1.55). Number of 1-

seeded pods per plant was increased by most treatments except TI T2 T3 TI2 and T13 

which decreased number of I-seeded pods per plant. Maximum number of I-seeded pods 

per plant was observed in T20 B (50ppm) Zn (50ppm) and BAP (10-3 M) (4.11). Most of 

the treatments decreased number of 2-seeded pods per plant except T7 (6.83) TI8 (7.00) 

T20 and T21 (6.77 each). Maximum number of 2-seeded pods per plant was observed for 

TI8 Zn (50ppm) lAA (10-3 M) and GA3 (10-3 M) (7.00). No exact report for present 

treatment combinations is available for comparison. Garg et al. (1999) reported boron at 

100mg/litre as boric acid was suitable for flowering to boron at IOOmg/litre which-might 

be due to its toxic effect at the higher level. Number of seeds per pod was increased by 

50mg boron fo liar spray and decreased by IOOmg boron foliar spray showing its toxic 

nature. Boron (50ppm) in present study with IAA 10-3 M produced maximum number of 

3-seeded pods per plant. Sarkar et al. (2002) reported highest number of seeds per plant 

with IOOppm GA3, while 200ppm IAA produced lowest number of seeds per plant. They 

also reported that lower concentrations (iOOppm) of lAA and GA3 increased the number 

of pods per plant better than higher concentrations. IOOppm GA3 produced maximum 

number of pods per plant and 200ppm IAA produced minimum number of pods. Increase 

in number of pods has been reported in groundnut, rice and gram by application of 

IOOppm IAA and GA3 (Lee, 1990; Awan and Alizai, 1989; Jvicmge, -1'(71). Naveed 

(2004) reported that soil + foliar 50ppm Zn spray and foliar 50ppm Zn spray produced 

maximum number of fruit per plant in tomato and chilli, foliar spray of I50ppm boron 

and 50ppm boron produced maximum number of fruits per plant in tomato and chilli 

plants. Foliar spray of boron at 0.5% was found beneficial in increasing fruit size and 

seed yield (Hamsaveni et al. 2003). Foliar and/or soil applied boron improved fruit set, 
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total yield, marketable yields, fruit shelf life and fruit fmnness (Davis et al. 2003) . 

Hatwar et al. (2003) reported that single spray of 0.1 % boron improved number of fruits 

per plant, yield per plant of red ripe chilli. Prasad et al. (1997) reported that boron 

application significantly increased tomato yield compared to the control treatment. Kalita 

(1989) reported increase in number of pods of Vigna radiata by application of NAA. 

Some works increased fruit yield with application of single hormone. Jadoon (2004) 

reported an increase in number of fruits of Nigella sativa by phytohormonal combination. 

Maximum numbers of fruits (capsules) were observed for 10-3 M of NAA + Kn + GA3 

each in combination. Auxins and GA3 have role in fruit development. Abd-EI-Fattah 

(1996) noted that number of seed per Flax pod was increased by 10-5 M solution of IAA. 

Increased seed yield in mungbean (Vigna radiata) was also investigated by foliar 

application of 600ppm IA (Newaj et al. 200). 

1000-seed weight of soybean was increased by all of the treatments as compared 

to control. Maximum lOa a-seed weight for plant was observed in TI6 Zn (50ppm), IAA 

(10-3 M) and BAP (10-3 M) (164.4g) followed by TI S B (50ppm), BAP (10-3 M) and GA3 

(10-3 M) (160.0g) followed by TI4 B (50ppm), IAA (10-3 M) and GA3 (1O-3"M);'No 'exact 

report for these sorts of combinations is available to compare the result. Sarkar et al. 

(200 1) reported that foliar spray of 100ppm GA3 produced maximum 1000-seed weight 

and 100ppm IAA produced lowest 1000-seed weight. Application of 100ppm GA3 was 

reported to increase 100 seed weight in groundnut and sorghum (Lee 1990; Shinde et al. 

1989). Garg et al. (1999) reported that 50ppm boron increased 100 seed weight while 

100ppm boron foliar spray decreased 100 seed weight. This decrease may be attributed to 

low pollen fertilization as reported by Mishra and Patil (1987). Jadoon (2004) reported 

that most of treatments of phytohormones increased 1000-seed weight in NigeUa sativa. 

10-4 M of each IAA, Kn and GA3 in combination. In present finding GA3 either with IAA 

or with BAP in higher concentrations with one of the micronutrients showed increase in 

1000-seed weight. Lallu and Dixit (1996) got maximum 1000-seed weight in Brassica 

juncea by applying 500ppm IAA. Singh and Kumar (1991) reported similar results with 

application of NA in Indian mustard. Similarly BAP increased lOaD-seed weight m 

barley (Ehrenbergerory and Andonov 1985) and in Phaseolus vulgaris (Uddin, 1985). 
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Conclusions: 

Non-significant results were observed for combined foliar application of micro nutrients 

(B/Zn) and growth regulators (IAA, BAP and GA3) for following parameters: number of 

branches (at 35 and 50 DAT), middle leaflet width (at 35 and 50 DAT), shoot fresh 

weight (at 50 and 90 DAT), root fresh weight (at 50 and 90 DAT), shoot dry weight (at 

50 DAT), root dry weight (at 50 DAT) and number of 3-seeded pods per plant (at 90 

DA T). All other parameters like number of leaves, middle leaflet length, shoot fresh 

weight (at 35 DAT), shoot dry weight" (at 35 and 90 DAT), root fresh weight (at 35 

DAT), root dry weight (at 35 and 90 DAT), number of pod sets per plant (at 50 DAT), 

shoot length (at 35,50 and 90 DAT), number of pods per plant (at 90 DAT), number of 

I-seeded and 2-seeded pods per plant (at 90 DAT), and 1000-seed weight were 

significantly affected by combined foliar application of micronutrients (B/Zn) and growth 

regulators (IAA, BAP and GA3). T21 (B50ppm + Zn50ppm + GA31O-3M) proved to be 

most effective producing maximum: number of leaves per plant (at35 and 50 DAT), 

middle leaflet length (at 35 DAT), petiole length (at 50 DAT), shoot length (at 35,50 and 

90 DAT), root fresh weight (at 35 DAT), root dry weight (at 35 and 90 DAT), number of 

pods per plant (at 90 DAT), number of empty pods per plant (at 90 DAT). To (control) 

was the least responsive with respect to growth and yield parameters. Most of treatments 

had positive effect on growth and yield parameters of soybean, but some treatments 

decreased growth and yield parameters depending upon concentration of constituent 

micronutrient and growth regulators. Treatments having GA3 as one of its constituent had 

enhancing effect on shoot length. 
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