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GROWTH AND DEVELOPMENT 

 

 Growth and development are sometimes used in similar sense. But growth and 

development are not really same. While, growth is the irreversible increase in vigour, size, 

shape, height, volume and weight (dry matter content) of an individual, development is the 

progress of an individual toward its maturity. Growth is a quantitative character and can be 

measured in terms of height, size, dry weight etc, whereas development deals with qualitative 

changes of an individual in different phases, which may be visualized but cannot be measured 

quantitatively. 

 

Differences between Growth and Development 

Growth Development 

Growth is the increase in vigour, size, shape, 

height, volume and weight 

Development is the phase wise progress of an 

individual 

Growth is irreversible Development is a continuous process 

It is a quantitative character It is a qualitative character 

It can be measured It cannot be measured but can be visualized 

  

Growth Factors  

Factors affecting growth, which can be broadly categorized as external (environmental) and 

internal (genetic), are grouped as follows:  

External Factors  

1.Climatic: light, temperature, water, day length. wind, and gases (CO2, O2, N2, SO2, nitrogen 

(N) oxides, FI, CI, and O3), These gases are often atmospheric pollutants (except for the first 

three) and can be sufficiently concentrated to inhibit growth.  

2.Edaphic (soil): texture, structure, organic matter, cation exchange capacity (CEC), pH, base 

saturation and nutrient availability. A total-of sixteen elements are required by plants.  



3.Biological: weeds, insects, disease organisms, nematodes, various types of herbivores, and 

soil microorganisms. such as N2-fixing and denitrifying bacteria and mycorrhiza (symbiotic 

fungal association with plant roots) 

Internal Factors 

1. Resistance to climatic, edaphic, and biological stresses  

2.Photosynthetic rate  

3.Respiration  

4.Partitioning of assimilate and N  

5.Chlorophyll, carotene, and other pigment contents  

6.Type and location of meristems  

7.Capacity to store food reserves  

8.Enzyme activity  

9.Direct gene effects (e.g. heterosis, epistasis, etc.)  

10.Differentiation 

Limitation of Growth Factors  

Plant response to nutrient limitation was one of the earliest subjects of scientific plant 

investigation. The classic works of Liebig, Sachs, Blackman, Mitscherlich, and others were the 

basis for the formulation of several theories on growth factor limitation and plant response. 

Some of these concepts have been elevated, erroneously, to the status of laws. Plant responses 

and the myriad possible interactions are too extensive and complex to be so predictable. 

However, a knowledge of the theories can lead to a better understanding of plant response and 

can aid in planning management strategies. 

 

Liebig’s Law of the Minimum  

The "law of the minimum," proposed by Justus von Liebig (l 862), is probably the best known 

of the limiting factor theories. He stated it as follows: "A deficiency or absence of one necessary 

constituent, all others being present, renders the soil barren for crops for which that nutrient is 

needed." It is sometimes referred to as the "barrel concept." If a barrel has staves of different 

heights. the lowest one establishes-the capacity of the barrel. Accordingly, the growth factor in 

lowest supply (whether climatic, edaphic, biological, or genetic) sets the capacity for yield. 

 

Blackman’s Optima and Limiting Factors  



F. E Blackman's theory of "optima and limiting factors" (1905) was stated as follows: "When a 

process is conditioned as to its rapidity by a number of separate factors, the rare of the process 

is limited by the pace of the slowest factor," Light and carbon dioxide are required for 

photosynthesis. The Black-man theory suggests that there is an abrupt cessation of the process, 

the “Blackman response", if one of these factors becomes limiting. However, nature seems to 

abhor angles and this type of response is seldom found, rather response lines to factors limiting 

photosynthesis are curvilinear and approach a maximum limit asymptotically. 

  

 

 Mitscherlich’s Law of Diminishing Returns  

A German soil scientist, E. A. Mitscherlich (1909), developed an equation that related growth 

to the supply of growth factors. He observed that when plants had adequate amounts of all but 

one limiting element the growth response was proportional to the limitation element. Plant 

growth increased with additional increments of a limiting factor. but not in direct proportion. 

The Mitscherlich’s law of diminishing returns states, "The increase in any crop produced by a 

unit increment of a deficient factor is proportional to the decrement of that factor from the 

maximum: The response is curvilinear instead of linear, as Blackman had suggested, resulting 

from an increment of the growth factor (dx), A is the maximum possible yield obtained by an 

unlimited supply of the growth factor in question, Y is the yield obtained with any given quantity 

of the factor x, and C is a proportionality constant that depends on the nature of the growth 

factor.  



 

Macy’s Critical Percentages  

Macy (1936) added a new dimension to these concepts by suggesting a relationship between the 

sufficiency of nutrients and plant response in terms of both yield and nutrient concentration of 

plant tissues. Macy proposed a critical percentage for each nutrient in each kind of plant. In the 

tissue minimum-percentage range, an added increment of a nutrient increases the yield not the 

nutrient percentage. In the poverty-adjustment range, added increments of a nutrient increase 

both yield and nutrient percentage. In the luxury-consumption range, added increments of a 

nutrient have little effect on yield but increase the composition percentage of the nutrient.  

Growth Correlations  

Plants acquire a characteristic shape or form by correlated growth of component parts. 

Component parts also have a characteristic shape or form that is repeatable in time and space. 

A favourable environment can enhance growth quantitatively, but the geometry of the parts and 

the whole is relatively constant effect on yield but increase the composition percentage of the 

nutrient.  

Allometry  

The relationship between the growth rates of individual parts of an organ or organism is referred 

to as allometry. The relationship between two variants (X and Y) may be expressed as Y=bxk, 

where x and y are physical parameters, and band K are constants, K being the allometric 

constant. The quantity K can be calculated from the equation log y = log b + K log x. It may be 

obtained by plotting y against x on a double logarithm scale, which produces a straight line, the 

slope of which is K. It also may be determined by linear regression-analysis of the data set y and 

x, If the length and breadth of an organ, such as a leaf, expand at the same rate, the slope of the 

regression tine (the coefficient of allometry, or K) is 1.0; the growth rates of the two parameters 

are perfectly correlated. Hammond (1941) showed that the allometry of normal and okra-type 

leaf of cotton was highly heritable and controlled by a single gene. Allometry coefficients of top 

and root relationships are based on dry weights rather than dimensions and usually exhibit a 

lower K. The harvest index (proportion of seed weight to whole plant weight) has a relatively 

high coefficient of allometry and is a stable parameter in time and space. Although allometry 

usually deals with physical parameters of the plant, it logically follows that physiological 



processes are correlated. Allometry calculations of' various correlations can provide useful 

approximations, but it can be shown mathematically that they are not exact. 

Shoot and Root Ratio  

The allometry of top growth to root growth, usually expressed as the shoot-root(S-R), has 

physiological significance, since it can reflect one type of tolerance to drought stress. Although 

the S-R ratio is under genetic control. it is also strongly influenced by environment. Murata 

(1969) showed that N fertilization had a pronounced influence on the S-R ratio of rice. Under, 

a high-N regime approximately 90% of the photosynthate was partitioned to the shoot compared 

with only 50% to the shoot under low N. New shoot growth, stimulated by N, was a stronger 

assimilate sink than were roots. A deficiency or water, while curtailing both top and root growth, 

had a relatively greater effect on top growth (Loomis 1953). Tops are favoured differentially 

when N and water are plentiful; roots are favoured when these factors are limited, as reflected 

by S-R ratios. Roots have the first access to water, N and other edaphic factors. Tops have the 

first access to light, CO2 or climatic factors.  

Apical and Lateral Growth  

Plants assume a characteristic form or geometry largely due to the extent of growth from apical 

and lateral buds. Growth from lateral buds can profoundly change plant shape and appearance. 

Lateral growth as new shoots normally arises from buds in leaf axils, frequently from the 

compacted nodal section of the basal stem referred to as the crown. New shoots can also emerge 

adventitiously from any position. The end result is that plants tend to fill the space available to 

them, an advantage in natural survival and productivity. Light is a primary factor controlling 

growth from lateral buds. 

 

CROP GROWTH ANALYSIS  

The techniques of investigating growth and yield by the use of different growth variables 

have been given a common term ‘Crop Growth Analysis’ by the British Plant Physiologists. It 

helps in predicting yield with the growth variables studied prior to maturity of the crop. One of 

the first attempts to analyze growth in terms of antecedent growth was made by Balls and Halton 

(1915) and Balls (1917) on the cotton crop in Egypt. They measured the daily growth in height 

of the main stem; daily rate of flowering and the weekly rate of production of ripen bolls 

throughout the later part of the growing period. They also studied the relationship between these 

characters. The yield of a field crop is the weight per unit area of the harvested produce or of 

some specific part of it. So, it is more logical to be an analysis of yield of weight changes that 

occur during growth than on changes in morphological characters. The first attempt in 

developing a procedure for analyzing growth in terms of dry weight changes was made by 

Balckman (1919). He pointed out that increase in dry weight can be regarded as a process of 

continuous compound interest, the increment produced in any interval added to the capital for 



further growth in subsequent period. He termed it as the Relative Growth Rate (RGR). It can be 

estimated as: RGR = (1/W) X (dW/dt) and expressed in (g/g/day). Where ‘W’ is the dry wt. of 

the plant parts at any time representing the efficiency of the plant as a producer of new material 

and ‘t’ is time interval. The dry matter yield of a plant can then be considered as dependent on 

(i) the initial capital i.e. the seed wt., (ii) the growth rate and (iii) the length of the growth period; 

and variations in yield can be analyzed in terms of these three quantities.  

However, the dry wt. of a plant is not all productive capital, for a considerable part of it 

is of skeletal material not active in growth. As dry matter increase is attributable to 

photosynthesis, apart from the small contribution of mineral nutrient uptake from soil, a better 

measure of productive capital or growing material of the plant is the leaf size. Gregory (1920) 

was the first to suggest the use of the rate of increase in dry wt. per unit leaf area per unit time 

in the growth analysis and he called it Net Assimilation Rate (NAR). The Net Assimilation Rate 

(NAR) can be obtained as:  NAR= (1/L) X (dW/dt) and expressed as g/m2/day. Where ‘W’ is 

the dry wt. of plant parts, ‘L’ is the total leaf area of the plant (a measure of the excess of the 

rate of photosynthesis over the rate of dry matter loss by respiration) and ‘t’ is the time interval. 

It is not the leaf area per plant which is important, but the leaf area supported over a given ground 

area, which is known as leaf area index (LAI). Gregory is considered as Father of growth 

analysis. 

   

Different Physiological Indices of Growth 

Leaf Area Index 

 The ratio of leaf area to ground area has been termed as Leaf area index (LAI). This 

measurement is an attempt to optimize crop production strategies to maximize light interception 

by using leaf density and spatial arrangement to cover ground area and promote rapid leaf 

expansion. Indeed, in a crop canopy, bare ground (where leaves do not fill the canopy space) 

does not trap and convert light energy.  

If leaf area and land area are expressed in the same units, LAI then becomes a pure number 

independent of the unit of area measurement. Leaf area index (LAI) can be calculated by the 

following expression. 

Leaf area index (LAI) = 
𝑳𝒆𝒂𝒇 𝒂𝒓𝒆𝒂

𝑮𝒓𝒐𝒖𝒏𝒅 𝒂𝒓𝒆𝒂
 

              
The variation in LAI depends mainly on changes in leaf area per plant if a constant spacing is 

followed. The spacing of different species, however, varies widely in agriculture practices, being 



adjusted in accordance with experience or the results of field experimentation to give maximum 

yield. Differences in LAI between species therefore depend on differences in plant population 

as well as in leaf area per plant. LAI also varies with time. The variation with time in LAI is 

mainly ascribable to change in leaf per plant, though changes in plant number also play some 

role. The initial increase in LAI in cereals is associated with tillering. During this period the 

number of meristem producing leaves increases. Shoot number reaches its maximum when LAI 

is still low and many of the young shoots subsequently die. The large increase in LAI takes place 

during the phase of stem elongation as a result of expansion of existing leaves. LAI reaches its 

maximum at about the time when shoots have attained half their final height. The decline in LAI 

is due to senescence and death of the older leaves in succession from the base of the plant 

upward. In field grown crop LAI starts increasing rapidly from its low value at establishment to 

attain the critical value as early as possible. The critical LAI is the stage at which the Ps rate of 

the lowermost leaf layer is equal to its respiratory demand (Ps=Rs). Then the LAI stabilizes 

somewhere above the critical level for some time and tends to increase further exceeding the 

ceiling LAI. The ceiling LAI is the stage at which the total Ps rate of the whole leaf layers is 

equal to the respiratory demand of the total biomass (Total Ps=Total Rs). Then LAI decreases 

gradually as the crop advances towards its maturity. 

  

Crop growth rate (CGR) 

Crop growth rate is defined as dry matter accumulation or increase in dry matter per unit of land 

area per unit of time and expressed as g/m2/day. It is the gain in weight of a community of plants 

on a unit of land over a unit of time. It is generally used in field experiments.   

It is calculated by the following way: 

 

  W2 – W1  

      CGR =                        expressed in g/m2/day 

   t2 – t1 

 

Where, W2 and W1 are the final and initial dry weights at times t2 and t1 respectively. 

 

Relative growth rate (RGR)  

Relative growth rate is defined as dry matter accumulation or increase in dry matter per unit of 

initial plant dry weight per unit of time and expressed as g/g (plant dry wt)/day. It indicates the 

dry weight increase in plant matter over a time interval in relation to the initial weight. It is a 

commonly used parameter to measure crop plant growth over time in pot experiments.  



                              Log e W2 – Log e W1      

  RGR =                             expressed in g/g/day   

     L2 – L1  

 

Relative growth rate (RGR) is the product of NAR and LAR. 

RGR = NAR x LAR = (1/L) X (dW/dt) x L/W = (1/W) x (dW/dt) 

 

Leaf are ratio (LAR)  

Leaf area ratio is defined as leaf are per unit of plant dry wt. and calculated as LAR = L/W and 

expressed as m2/g. It expresses the ratio between the leaf area (photosynthesizing tissue) and the 

total respiring plant tissues or total plant biomass. This is considered as an index of the amount 

of ‘growing material’ per unit of plant dry weight. This measurement reflects the leafiness of a 

plant, but mean values are not precise. This is most important character in the study of leafy 

crops, leafy vegetables and forage crops. 

 

Net assimilation rate (NAR)   

Net assimilation rate is defined as dry matter accumulation or increase in dry matter per unit of 

leaf area index per unit of time and expressed in g/m2/day. It is calculated as CGR/mean LAI 

during specified time. 

 

W2 – W1                Log e L2 – Log e L1      

         NAR =                       X                                                   expressed in g/m2/day 

  t2 – t1                            L2 – L1 

  

The net assimilation rate is the net gain of assimilate by the plant per unit of leaf area and time. 

Age of the plant can distort this reading as this measurement assumes that the relationship 

between plant weight and leaf area is linear and, later growth phases may have the growth rate 

of leaf area exceed that of dry matter or vice versa.  

 

 

Leaf area duration (LAD) 

Leaf area duration is defined as leaf area index integrated over time. The LAD of a crop is a 

measure of its ability to produce leaf area on unit area of land throughout its growing period 

(life). In conditions of constant NAR, dry matter production by different crops would be 

proportional to LAD. As LAD is defined as the integral of LAI over the specified growth period 

http://growth4.tripod.com/Formulae.htm
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(time); so, it may be obtained by multiplying the mean LAI over the particular time with that 

specified time.  The LAD may be calculated as: 

                          L2 – L1 

LAD=                           x (t2 – t1) expressed in days 

                  Log e L2 – Log e L1      

  

Where, L2 and L1 are the final and initial LAI at the given interval of time. 

      (L2 – L1) 

Now                                     is the Mean LAI over the specified time interval.  

 Log e L2 – Log e L1 

 

Harvest index (HI)  

Harvest index is defined as the proportion of economic yield to total plant dry weight (biological 

yield) and expressed in terms of percentage. It is the efficiency factor of the crop and indicates 

how efficiently it can partition photosynthate in to grain development. It is obtained by the 

following way: 

     Economic yield  

 HI =              x 100    

  Total plant dry wt. 

 

A crop variety having higher HI indicates its greater efficiency in partitioning greater 

amount of photosynthate for grain filling than those with low HI having same quantity of 

biomass productivity. The former variety produces greater economic yield than the other one. 

 

Grain filling efficiency (G) 

Grain filling efficiency may be defined as grain yield per unit of LAD during grain filling period. 

It is also the efficiency factor of the crop and indicates how efficiently it can produce grain yield. 

                 Grain yield 

G =                             expressed in g/m2/day 

                      LAD 

 

It indicates the direct contribution of the leaf area in producing grain yield functioning 

over the grain growth period. Higher grain growth per unit active leaf area per day ultimately 

records higher grain productivity. 

 

PARTHENOCARPY 

In botany and horticulture, parthenocarpy (literally meaning virgin fruit) is the natural or 

artificially induced production of fruit without fertilization of ovules. The fruit is therefore 

seedless. For most plants, pollination is the stimulus for the beginning of fruit development. 



Continued fruit development usually depends on seed formation. Parthenocarpic fruit develop 

without fertilization and are seedless. There are two types of parthenocarpy known to occur in 

plants. Vegetative parthenocarpy in crops like pear and fig take place even without pollination. 

Stimulative parthenocarpy requires pollination but not fertilization. Grapes are an example this 

type of parthenocarpy 

Parthenocarpic Fruit 

Nitsch (1963) had recognised three types of parthenocarpy, namely: (a) Genetic (b) 

Environmental, and (c) Chemically induced parthenocarpy. Recently, parthenocarpic plants 

have been developed by genetic engineering (Spena and Rotino, 2001). 

Types of Parthenocarpy 

Genetic parthenocarpy 

Many plants cultivated for their fruits show seeded as well as parhtenocarpic varieties. This 

type of parthenocarpy is known to arise due to mutation or hybridization. The famous navel 

oranges arose from a normal seeded Citrus variety through mutation in an auxillary bud which 

grew out into a branch bearing seedless oranges. Besides navel oranges, genetic parthenocarpy 

occurs in Citrus, Cucurbita, Eugenia, Musa, Punica and Vitis. 

Wellington and Hawthorn (1929) obtained a parthenocarpic hybrid cucumber by crossing an 

"English forcing" variety with Arlington White pine". Kihara (1951) developed a method of 

crossing tetraploids and diploids to produce triploid, parthenocarpic seedless watermelon. The 

cultivated plantain and banana (Musa sp.) are highly sterile polyploid (commonly triploid) 

plants which develop parthenocarpic fruits. At least three complementary dominant genes 

control parthenocarpy. 

Environmental Parthenocarpy 

Various environmental conditions such as frost, fog, and low temperatures, interfere with 

normal functioning of sexual organs and bring about parthenocarpy. Campbell (1912) observed 

that a heavy fog in the month of June caused formation of seedless olives. Lewis (1942) 

obtained parthenocarpic pears by exposing the flowers to freezing temperatures for 3-19 hours. 

Chocran (1936) increased fruit setting and obtained parthenocarpic fruits in Capsicum by 

shifting the plants from temperatures of 32-38oC to10-16oC at the time of anthesis. Low 

temperature, frost, heavy fog and severe winter appear to that induce parthenocarpy in olive, 

tobacco, pear, cucumber, tomato, Capsicum etc. Especially the night temperature in the range 

of 10-16°C, and a short day of eight hours are known to be the most favourable conditions for 

parthenocarpic induction. Hostermann noted the formation of seedless pears after a frost. 

Parthenocarpic fruits in the pears are obtained by Lewis (1942) by exposing flowers to freezing 

temperatures. Osborne and the Went were able that induce to the parthenocarpy in tomatoes 

with low and high light intensity. 

Chemically induced Parthenocarpy: 



Gustafson has reviewed the different plant species which have been chemically induced to 

produce parthenocarpic fruits. 

(a) Tomato: It responses extremely well to synthetic growth substance-sprays of 3-indole 

butryic acid and 2-naphthoxy acetic acid give excellent results. 

(b) Strawberry : Sprays of 2-naphthoxy acetic acid can increase the yield of strawberries. 

(c) Grapes: Fruits can be improved by auxin sprays. Gibberellic acid gives good result. 

(d) Peach: Gibberellic acid sprayed at full bloom can cause parthenocarpic development. 

Auxins and gibberellins at low concentrations have been successfully used to induce 

parthenocarpy in a number of plants which normally bear seeded fruits. These substances are 

applied to flowers in the form of lanolin paste or sprays. The latter is more convenient for 

commercial purposes. 

Balasubramanyan and Rangaswamy (1959) observed that as a result of artificial pollination 

most of the varieties of Psidium gujava developed into seeded fruits but a variety, Allahabad 

Round, yielded parthenocarpic fruits. 

Genetically engineered parthenocarpy 

Parthenocarpy, or fruit development in the absence of fertilization, has been genetically 

engineered in eggplant and in other horticultural species by using the DefH9-iaaM gene. The 

iaaM gene codes for tryptophan monoxygenase and confers auxin synthesis, while the DefH9 

controlling regions drive expression of the gene specifically in the ovules and placenta. 

NOVEL PLANT GROWTH REGULATORS 

1. Triacontanol 

1-Triacontanol is a fatty alcohol of the general formula C30H62O, also known as melissyl 

alcohol or myricyl alcohol. It is found in plant cuticle waxes and in beeswax. Triacontanol is a 

growth stimulant for many plants, most notably roses, in which it rapidly increases the number 

of basal breaks. 

2. Brassinosteroids  

Brassinosteroids (BRs) are a class of polyhydroxysteroids that have been recognized as a sixth 

class of plant hormones. These were first explored nearly 40 years ago, when Mitchell et al. 

reported promotion in stem elongation and cell division by the treatment of organic extracts of 

rapeseed (Brassicanapus) pollen. Brassinolide was the first isolated brassinosteroid in 1979, 

when pollen from Brassicanapus was shown to promote stem elongation and cell divisions, 

and the biologically active molecule was isolated. The yield of brassinosteroids from 230 kg 

of Brassica 

napus pollen was only 10 mg. Since their discovery, over 70 BR compounds have been isolated 

from plants. 

BRs have been shown to be involved in numerous plant processes: 

 Promotion of cell expansion and cell elongation; works with auxin to do so. 

 It has an unclear role in cell division and cell wall regeneration. 

 Promotion of vascular differentiation; BR signal transduction has been studied during 

vascular differentiation. 



 It is necessary for pollen elongation for pollen tube formation. 

 Acceleration of senescence in dying tissue cultured cells; delayed senescence in BR 

mutants supports that this action may be biologically relevant. 

 Can provide some protection to plants during chilling and drought stress. 

 Extract from the plant Lychnis viscaria contains a relatively high amount of 

 Brassinosteroids. Lychnis viscaria increases the disease resistance of surrounding 

plants. 

24-Epibrassinolide (EBL), a brassinosteroid isolated from Aegle marmelos Correa (Rutaceae), 

was further evaluated for the antigenotoxicity against maleic hydrazide (MH)-induced 

genotoxicity in Alliumcepa chromosomal aberration assay. It was shown that the percentage 

of chromosomal aberrations induced by maleic hydrazide (0.01%) declined significantly with 

24-epibrassinolide treatment. 

BRs have been reported to counteract both abiotic and biotic stress in plants. Application of 

brassinosteroids to cucumbers was demonstrated to increase the metabolism and removal of 

pesticides, which could be beneficial for reducing the human ingestion of residual pesticides 

from non-organically grown vegetables. In all Type of brassinosteroids 28-homoBL is the most 

effective type of brassinosteroids. Brassinosteroids increased tolerance to high temperature in 

Brassica juncea L. The ability of 28-homobrassinolide to confer resistance to stress in Brassica 

juncea L. has also established. Application of 24-epiBL have any protective role on shoot, root 

length, soluble protein, proline content and peroxidases along with proline content PPO and 

IAA in seedlings of B. juncea L. under seasonal stress. 

BRs have also been reported to have a variety of effects when applied to rice seeds (Oryza 

sativa L.). Seeds treated with BRs were shown to reduce the growth inhibitory effect of salt 

stress. When the developed plants fresh weight was analyzed the treated seeds outperformed 

plants grown on saline and non-saline medium however when the dry weight was analyzed BR 

treated seeds only outperformed untreated plants that were grown on saline medium. When 

dealing with tomatoes (Lycopersicon esculentum) under salt stress the concentration of 

cholophyll a and cholophyll b were decreased and thus pigmentation was decreased as well. 

BR treated rice seeds considerably restored the pigment level in plants that were grown on 

saline medium when compared to non-treated plants under the same conditions. Agricultural 

uses 

BR might reveal to have a prominent interest in the role of horticultural crops. Based on 

extensive research BR has the ability to improve the quantity and quality of horticultural crops 

and protect plants against many stresses that can be present in the local environment. With the 

many advances in technology dealing with the synthesis of more stable synthetic analogues 

and the genetic manipulation of cellular BR activity, using BR in the production of 

horticultural crops has become a more practical and hopeful strategy for improving crop yields 

and success. BR could also help bridge the gap of the consumers' health concerns and the 

producers need for growth. A major benefit of using BR is that it does not interfere with the 

environment because they act in natural doses in a natural way. Since it is a “plant 

strengthening substance” and it is natural, BR application would be more favorable than 

pesticides and does not contribute to the co-evolution of pests. 

3. Polyamines 



A polyamine is an organic compound having two or more primary amino groups –NH2. 

Low-molecular-weight linear polyamines perform essential functions in all living cells. 

Primary examples are putrescine, cadaverine, spermidine, and spermine. 

4. Karrikins 

Karrikins are a group of plant growth regulators found in the smoke of burning plant material. 

For many years smoke from wildfires or bushfires was known to stimulate the germination of 

seeds. In 2004, butenolide was shown to be responsible for this effect. Later, several closely 

related compounds were discovered in smoke, and are collectively known as karrikins. Six 

karrikins have been discovered in smoke and are designated KAR1, KAR2, KAR3, KAR4, KAR5 

and KAR6, but KAR1 to KAR4 are the most active. The butenolide part of the compound is a 5-

membered lactone ring while the other part of the karrikin compound is a 6-membered pyran 

ring. 

 

Chemical structures of the karrikins 

5. Strigolactones 

Strigolactones are plant hormones that stimulate the branching and growth of symbiotic 

arbuscular mycorrhizal fungi, increasing the probability of contact and establishment of a 

symbiotic association between the plant and fungus. Strigolactones also inhibit plant shoot 

branching, and trigger germination of parasitic plant seeds (for example Striga, from which 

they gained their name). Strigolactones are carotenoid-derived and contain a labile ether bond 

that is easily hydrolyzed in the rhizosphere, meaning that there is a large concentration gradient 

between areas near the root and those further away.  

Strigolactones were first discovered in Strigalutea (witchweed), a parasitic weed that lacks the 

ability to photosynthesize. Such plants use strigolactones exuded from the roots of host plants 

as a cue for germination. Such mechanism enables them to germinate close to a suitable host. 

 



General chemical structure and numbering scheme of Strigolactones 

MOLECULAR BASIS OF STRESS TOLERANCE IN PLANTS: ROLE OF DIFFERENT 

CELLULAR PROTEINS AND OTHER MOLECULES 

Aquaporins 

Aquaporins (AQP) are integral membrane proteins that serve as channels in the transfer of water, 

and in some cases, small solutes across the membrane. They are conserved in bacteria, plants, 

and animals. Structural analyses of the molecules have revealed the presence of a pore in the 

center of each aquaporin molecule. 

Aquaporins selectively conduct water molecules in and out of the cell, while preventing the 
passage of ions and other solutes. Also known as water channels, aquaporins are integral 
membrane pore proteins. Some of them, known as aquaglyceroporins, also transport other 
small uncharged solutes, such as glycerol, CO2, ammonia and urea across the membrane, 
depending on the size of the pore. For example, the aquaporin 3 channel has a pore width of 8-
10 Ångströms and allows the passage of hydrophilic molecules ranging between 150-200 Da. 
However, the water pores are completely impermeable to charged species, such as protons, a 
property critical for the conservation of the membrane's electrochemical potential 
difference.Water molecules traverse through the pore of the channel in single file. The presence 
of water channels increases membrane permeability to water. 

Dehydrins 

Dehydrins (DHNs), or group 2 LEA (Late Embryogenesis Abundant) proteins, play a 

fundamental role in plant response and adaptation to abiotic stresses. They accumulate 

typically in maturing seeds or are induced in vegetative tissues following salinity, dehydration, 

cold and freezing stress. The generally accepted classification of dehydrins is based on their 

structural features, such as the presence of conserved sequences, designated as Y, S and K 

segments. The K segment representing a highly conserved 15 amino acid motif forming 

amphiphilic a-helix is especially important since it has been found in all dehydrins. Since more 

than 20 years, they are thought to play an important protective role during cellular dehydration 

but their precise function remains unclear. Invitro experimental evidence from biochemical 

assays and localization experiments suggests multiple roles for dehydrins, including membrane 

protection, cryoprotection of enzymes, and protection from reactive oxygen species. 

Heat Shock Proteins (HSPs) 

Heat shock proteins (HSP) are a family of proteins that are produced by cells in response to 

exposure to stressful conditions. They were first described in relation to heat shock, but are 

now known to also be expressed during other stresses including exposure to cold, UV light, 

and during wound healing or tissue remodeling. Many members of this group perform 

chaperone function by stabilizing new proteins to ensure correct folding or by helping to refold 

proteins that were damaged by the cell stress. This increase in expression

 is transcriptionally regulated. The dramatic upregulation of the heat shock proteins is a 

key part of the heat shock response and is induced primarily by heat shock factor (HSF). HSPs 

are found in virtually all living organisms including bacteria, plants and animals. Heat-shock 

proteins are named according to their molecular weight. For 

example, Hsp60, Hsp70 and Hsp90 (the most widely studied HSPs) refer to families of heat 



shock proteins on the order of 60, 70, and 90 kilodaltons in size, respectively. The small 8-

kilodalton protein ubiquitin, which marks proteins for degradation, also has features of a heat 

shock protein. Researchers are also investigating the role of HSPs in conferring stress tolerance 

to plants, hoping to address drought and poor soil conditions for farming. Various HSPs were 

shown to be differentially expressed in the leaf and root of drought tolerant and sensitive 

sorghum plants in response to drought. 

Osmoregulators 

Osmoregulation is the active regulation of the osmotic pressure of an 
organism's body fluids to maintain the homeostasis of the organism's water 
content; that is, it maintains the fluid balance and the concentration of 
electrolytes (salts in solution) to keep the fluids from becoming too diluted or too concentrated. 
Osmotic pressure is a measure of the tendency of water to move into one solution from another 
by osmosis. The higher the osmotic pressure of a solution, the more water tends to move into 
it. 

Water stress limits the growth, productivity and quality of agricultural crops in the world. 

Water Stress is not only due to the scarcity of water but also due other factors such as salinity, 

high temperatures and severe cold that make plants not able to absorb enough water from soil 

to grow well and this is called physiological drought that leads to a series of disorders in 

physiological and biochemical processes mainly due to lack of osmotic (internal water content 

of the plant deficiency), and the toxicity of salt ions. One way to overcome the negative impact 

of water stress on plants is the use of Osmoregulator compounds such as glycine betaine, 

proline, sucrose and trehalose, formed by the plant when exposed to stress. Osmoregulators 

mainly regulate osmotic pressure within the plant to be able to absorb water and also have 

influential and effective roles on a lot of vital processes in the plant. They protect membranes 

of chloroplasts and thus increase the photosynthesis efficiency and have the ability to protect 

cell walls and membranes, which leads to stability and the organization of permeability and 

play an important role in scavenging the free radicals thus lead to mitigate the adverse impact 

of stress and improve growth, productivity and quality of plants. 

Anti-freeze proteins/ Cryoprotectants 

Antifreeze proteins (AFPs) or ice structuring proteins (ISPs) refer to a class of 

polypeptides produced by certain vertebrates, plants, fungi and bacteria that permit their 

survival in subzero environments. AFPs bind to small ice crystals to inhibit growth and 

recrystallization of ice that would otherwise be fatal. AFPs are also involved in cold 

acclimatization of plants as well animals. 

Plant AFPs 

The classification of AFPs became more complicated when antifreeze proteins from plants were 

discovered. Plant AFPs are rather different from the other AFPs in the following aspects: 

1. They have much weaker thermal hysteresis activity when compared to other 

AFPs. 



2. Their physiological function is likely in inhibiting the recrystallization of ice rather than in 

the preventing ice formation. 

3. Most of them are evolved pathogenesis-related proteins, sometimes retaining antifungal 

properties. 

SEED DORMANCY 

A physical or physiological condition of viable seed, which prevents germination even in the 

presence of favourable conditions. 

Cause of seed dormancy: 

(a) Seed coat impermeable to water i.e.water does not entered into seed coat: The seeds of 

some plants especially those belonging to the families of Fabaceae, Malvaceae, 

Chenopodiaceae, Convolvulaceaea and Solanaceae have very hard seed coats whichare 

impermeable to water. The seeds remain dormant in the soil until the impermeable layer of 

testas decayed by the action of soil micro-organisms. 

(b) Seed coat impermeable to oxygen (O2 is not entering through seed coat): These seeds 

do not germinate because oxygen cannot enter inside the seed to facilitate respiration. Non 

availability of oxygen and increased concentration of CO2 in the seed interior retards the 

respiration and hence germination. In many plants like cocklebur (Xanthium), apple, many 

grasses and some members of the compositae family dormancy is due to impermeability of 

seed coat to oxygen. 

(c) Mechanically resistant seed coat: The seed coats of certain weeds like pigweed 

(Amaranthus), shepherds purse (Capsella), water plantain (Alisma) provide mechanical 

resistance to expansion and growth of embryo. 

(d) Immaturity of embryo: In some plants like orchids, Ginkgo biloba, Anemone nemorosa, 

Fraxinus excelsior etc. the dormancy is due to immaturity of embryo. In this case the embryos 

of the seeds are not fully developed when the seeds are shed. The seeds of these plants can 

germinate after a period of rest during which the development of embryo is completed. 

(e) Seeds needing after ripening: The seeds of barley, oat, wheat etc. though contain fully 

developed embryo, but they do not germinate immediately after harvesting. There is no 

requirement of any special treatments to overcome this dormancy. These seeds can only 

germinate if kept under dry storage condition at normal temperatures for about a few weeks to 

several months. During this period probably due to certain physiological changes in the 

embryo, the seeds develop the capacity to germinate which is called as after ripening. 

(f) Presence of germination Inhibitors in seeds i.e. presence of inhibitors or release of 

inhibitors: Sometimes dormancy is caused due to the presence of some germination inhibitors 

in different parts of seed like tests, endosperm, and embryo or in structures surrounding them 

like juice or pulp of fruits like tomato and glumes like oats. 



(g) Chilling or low temperature requirement: In certain plants such as apple, rose, peach 

etc., the seeds remain dormant harvest in autumn because they have a low temperature or 

chilling requirement for germination. The chilling requirement is met under natural conditions 

in winter season. 

(h) Light sensitive seeds: The seeds of some plants like lettuce (Lactuca sativa), tobacco 

(Nicotiana tobaccum), tomato (Lycopersicon esculentum) and Shepherd’s purse (Capsella 

bursa pastoris) require exposure to light to initiate germination. The light sensitive seeds are 

called photoblastic seeds. 

(i) Seeds requiring high CO2 concentration: The seeds of subterranean clover (Trifolium 

subterraneum) is known to germinate under higher concentration of CO2, but remains dormant 

under ambient CO2 concentration. 

(j) High osmotic concentration: The seeds of the Artiplex sp. are known to have higher 

osmotic concentration, which prevents their germination. The seeds germinate only when the 

solutes are washed away by rainfall. 

Methods of Breaking Seed Dormancy 

Various methods have been used by seed scientist and technologists to break the dormancy of 

seed.Simple and widely used methods are 

(a) Scarification: Any treatment that weakness the seed coat is known as 

scarification.Scarification method is applied, when dormancy is imposed by hard seen coat as 

in legumes or by impermeability of seed coats to water and oxygen or due to presence of growth 

inhibitors or mechanical resistance. In this method there are various ways to break hard seed 

coat such as: (i) Seeds are either rubbed on a sand paper manually. At the time of rubbing care 

should be taken that not to damage the axis of the seed e.g. Green gram and subabool. (ii) When 

seed coat is too hard i.e. of woody nature, the seed coat has to be removing completely by 

breaking it. E.g. Rubber (Havea app) seed India teak wood seed. (iii) Soaking hard seed coat in 

concentrated or diluted solution of sulphuric acid for 1 to 60 minutes can remove seed coat 

impermeability. e. g. cotton seeds, India teak wood seeds etc. 

(b)Temperature Treatments: (i) The seeds requiring exposure to chilling temperature for 

germination can be made to germinate by artificially providing low temperature(5-10oC) in a 

moist medium for a few weeks. The dormancy of the seeds of apple, peach, plum, cherry and 

apricot can be broken through this method. The agricultural practices involving the placing of 

seeds in alternate layers of soil, sand or other suitable materials and keeping them in low 

temperature is called stratification. (ii) Some seeds required a brief period of incubation (from 

a few hours to one to five days) at 40 to 50 oC before germinating at required temperature. (in 

this method care should be taken that moisture content of the seed is not more than 15% e.g. 

paddy (Oryza sativa). (iii) Hot water treatment is also an effective method of breaking hard 

seed coat in legumes. In this method the seeds are soaked in water at 80oC temperature for 1-

5 minutes (depending up on the type of seed) before putting for germination. 

(c) Light Treatments: Exposure to red light helps in breaking the dormancy of the 

photoblastic seeds like lettuce (Lactuca sativa). 



(d) Treatments with growth regulators and other chemicals: Endogenous dormancy may be 

due to presence of germination inhibitors. Application of low level of growth regulators like 

Gibberellins, Cytokinins and Ethylene etc may break the seed dormancy.Most widely used 

growth regulators are gibberellins and kinetics e.g. presoaking the seeds of sorghum with 100 

ppm GA3helps breaking seed dormancy. Among other chemicals potassium nitrate (0.2%) and 

thiourea (0.5 to 3%) are widely used for breaking seed dormancy in oat (Avena sativa), barley 

(Hordeum vulgare), and tomato (Lycopersicon spp). 

SEED GERMINATION 

ISTA (1985) defined germination as emergence and development from the seed embryo of 

those essential structures which, for the kind of seed in question, indicates its ability to produce 

a normal plant under favourable conditions. 

Types of seed germination: 

1. Epigeal germination: Cotyledons emerges above the soil surface by elongation of 

hypocotylse.g. castor, tamarind, cucumber, cotton, gourd etc. 

2. Hypogeal germination: (Hypo: bellow, ge: earth) In some seeds such as gram, pea, 

mango, litchi, broad-bean, groundnut etc. the cotyledons are seen to remain in the soil or just 

on its surface. Here the cotyledon do not emerge above the soil, epicotyl grow first. 

3. Viviparous germination: Many mangrove plants (plants growing in salt lakes and sea 

coasts) show a special type of germination of their seeds known as vivipary.The germinates 

inside the fruit while still attached to the parent tree and nourished by it. The radicle elongates, 

swells in the lower part and gets stouter. Ultimately the seedling separates from the parent plant 

due to its increasing weight, and falling vertically becomes embedded in the soft mud bellow. 

The radicle presses into the soil, and quickly lateral roots are formed for proper anchorage e.g. 

Rhizophora sp., Heritiera sp., Sonneratia sp. In this type of germination, the generation from 

development of embryo to young seedling is continuous, without any period of rest. 

Physiology of seed germination: 

1. Imbibition: 

2. Hydration and activation: 

3. Cell division and cell expansion: 

4. Establishment of primary seedling: 

Phase I: Imbibition 

Imbibition is a precondition for the metabolic process that ultimately lead to completion of the 

germination process. However, imbibition is a purely physical process which occurs whether 

the seed is dormant or non-dormant (except physical dormancy), viable or non-viable (Bewley 

and Black 1994, Mayer and Poljakoff-Mayber, 1982). Hence, dormant or dead seed may imbibe 

normally without leading to germination. Physically dormant seed will not imbibe unless their 

seed-coat has been made permeable by pretreatment or natural processes. Even where viable 



seeds have imbibed, germination may be impeded or delayed by the presence of other types of 

dormancy or by absence of appropriate germination temperature. Seeds in soil seed banks are 

often fully imbibed unless physically dormant. 

Phase II: Hydration and activation 

The water uptake is very low during the lag phase which follows the imbibition. During this 

phase metabolic activity commences and the seed mobilizes stored food reserves such as 

protein and starch and metabolic enzymes become active. When the seeds absorb water the 

organelles and macro-molecules present in the seeds are hydrated. Due to hydrolysis of 

different organelles both aerobic and anaerobic process are initiated. The anabolic process 

includes synthesis of carbohydrates, proteins,lipids,nucleic acid etc.The enzyme required for 

catabolic and anabolic process may either be synthesized or released from zymozen 

state(enzyme precursor).Aperticular enzyme is responsible for a particular biochemical 

process.The most conspicuous change during hydration is rise in the rate of respiration. The 

respiration pathways operating in the seeds are glycolysis, pentose phosphate pathway and 

citric acid cycle.The rate of respiration increases during the initiation of germination.During 

this period the rate of absorption of oxygen also increases. Initially there may be aerobic 

respiration but it is soon replaced byaerobic one due to availability of oxygen. Mobilization of 

reserve food material occurs during this phase by the activity of hydrolytic enzymes like 

amylase, protease, lipase, nuclease etc. Carbohydrates are hydrolyzed into simple sugars like 

glucose and sucrose. Proteins are hydrolyzed into amino acids.Lipids are hydrolyzed into fatty 

acids. Nucleic acids are hydrolyzed into nucleotides and nitrogenous bases. However new DNA 

and RNAs are synthesized from the existing nitrogen bases by the help of the enzymes like 

DNA polymerase and RNA polymerase. Growth regulators like Auxin, gibberellins and 

cytokinins present in conjugated states are released during hydration process. Due to the 

activity of growth regulating substances the germination process is initiated. 

Phase III: Cell elongation and mitosis 

Cell division is facilitated by growth hormone cytokinin. The cell in the embryonic axis which 

are in the meristematic state start dividing when they are hydrated and properly conditioned 

through hydration of organelles, macromolecules and other component leading to various 

catabolic and anabolic activities. The meristematic tissue when divides prepare food materials 

or metabolites for completion of cell growth. These food materials are provided from stored 

food material in the cotyledon, endosperm and perisperm. Initially all the cells in the embryonic 

axis starts dividing but in the later stage they are differentiated. Cells stop mitotic division.The 

cells which are in the meristematic stage divide and redivide.The cell division is immediately 

followed by cell expansion.The cell expansion process is augmented by cell vacoulation. The 

cell expansion and vacoulation process is accelerated by the activity of phytohormone, Indole 

acetic acid. When the cells are expanded the radicle and the plumule come out of the seed coat 

by bursting the seed coat. No mechanical hindrance is created in coming out of the radicle and 

plumule. In case of dicots, the whole cotyledon comes out from the seed coat. The process of 

cell division and cell expansion ultimately results in the growth of young seedling. Following 

the lag phase seeds enter into a phase of cell elongation and mitosis resulting initially in 

protrusion of the radicle, later by the appearance of epicotyl, hypocotyls and cotyledons. 

Physiologically, seed germination is considered completed on protrusion of the radicle. In seed 



testing, germination is considered concluded only once a seed-ling has developed; in the 

hydrogen peroxide test germinant are evaluated after protrusion of the radicle, but this is 

considered a viability test, not a germination test. 

Phase IV: Establishment of the primary seedling 

During the process of imbibition the seeds swell and some space is created in soil for 

accommodation of embroyonic root,the radicle.The plumule(in case of monocots) and 

cotyledons (in case of dicots) come out of the soil and grow towards the sunlight.The seedling 

in the initial stage is told to be in the hypertrophic stage because its initial growth and 

development depends upon the food materials stored in the cotyledons,endosperm and 

perisperm.However when the chlorophyll is synthesized either in the cotyledons or in the young 

leaves,the young plant starts photosynthesizing.Through the process of photosynthesis the 

young seedling manufactures food material for its growth.The radicle to a full root and absorbs 

water and minerals from the soil.The seedling enters into the autotrophic phase of growth. 

Germination is the beginning of growth of a seed. The seed must have the right level of warmth 

and moisture to begin to germinate. First, the seed leaves absorb moisture which allows the 

food reserves to become available to the new plant. It can then produce a root so that it can find 

its own water, followed by a shoot which develops from the plumule, which will allow it to 

absorb light. The plant needs both water and light to grow. 

Factors influencing germination: 

(i) Moisture: For germination of a seed, protoplasm must be saturated with water. In air 

dried seeds, the water content is usually 10-15%. No vital activity is possible at this low water 

content. Water is thus necessary to bring about the vital activity of the dormant embryo; to 

dissolve the various salts and to hydrolyse many organic substances stored in cotyledons or in 

the endosperm; to facilitate necessary chemical changes and to help the embryo to come out 

easily by softening the seed coat. 

(ii) Temperature: A suitable temperature is necessary for germination of a seed. Protoplasm 

functions normally within a certain range of temperature. Within limits which vary accordingly 

to the nature of the seed, the higher the temperature the more rapid is the germination. 

(iii)Air: Oxygen is necessary for respiration of a germinating seed. By this process a 

considerable amount of energy stored in the food material is liberated and made use of by the 

protoplasm. Respiration in the germinating seed is very vigorous as the active protoplasm 

requires a constant supply of oxygen, and hence the seed sown deeply in the soil shows very 

little or no sign of germination. 

(iv)Light: Light is not essential for germination. Generally seeds germinate better in dark. 

However, some seeds like that of lettuce do not germinate in dark and light is indispensable for 

their germination. 

 

 

 

 



MINERAL NUTRITION  

 

Nutrition may be defined as the supply and absorption of chemical compounds needed for 

growth and metabolism.  

The mechanisms by which nutrients are converted to cellular material or used for energetic 

purposes are metabolic processes. The chemical compounds required by an organism are termed 

nutrients. 

 

 

Mengel’s Classification of Plant Nutrients 

Classification of plant nutrients according to biochemical behaviour and physiological function 

 

Nutrient elements  Uptake Biochemical function 

1st group 

C, H, O,  N,  S 

in the form of CO2, HCO3
-, 

H2O, O2, NO3
-, NH4

+, N2, SO4
2-

, SO2  

The ions from soil solution and 

gases from atmosphere 

Major constituent of organic 

material. Functional elements 

in enzymic processes. 

Assimilation is by oxidation 

reduction process. 

2nd group 

P, B, Si 

in the form of phosphates, 

boric acid or borate, silicate 

from the soil solution 

Esterification with native 

alcohol groups in plants The 

phosphate esters are involved 

in energy transfer reaction. 

3rd group 

K, Na, Mg, Ca, Mn, Cl 

in the form of ions from the soil 

solution 

Maintain osmotic potential. 

Bring about optimum 

conformation of an enzyme  

protein (enzyme activation). 

Bridging of reaction partners. 

Balancing anions. Controlling 

membrane permeability and 

electron potentials. 

4th group 

Fe, Cu, Zn,  Mo 

in the form of ions or chelates 

from soil solution 

Incorporated in the prosthetic 

groups, enable electron 

transport by valency change. 

 

 Plant growth and development can proceed only when plants are applied with these 

chemical elements referred to as essential elements. These nutrients are absorbed by plant roots 

from soil. The term mineral nutrition is generally used to refer to an inorganic ion obtained 

from soil and required for plant growth. 

 

 However certain higher plants grow on limbs of tress or on telephone wires obtain this 

supply of mineral nutrients from air borne dust particles which alight on their surfaces and then 

dissolve in rain water or dew. These are called epiphytes or air plants. 

 

Water culture - Growing of higher plants with their roots in dilute solutions of mineral salts, 

instead of in soils; is called as hydroponics. 

 

Sand culture  - In a modification of water culture, plants are grow with their roots anchored  in 

a soil inert aggregate such as sand, gravel, or verimiculite (heat expanded mica), which is wetted 

with a solution of mineral nutrients, also crushed quartz which is very low in available trace 

elements. 



 

 The plants grown in water culture must be provided with an adequate supply of oxygen, 

either by bubbling air around the roots or by frequent replacement of depleted solution with 

fresh solution Organic compounds that react specifically with metal ions are known as chelating 

agents. The word chelate "key – late" (greek, chela, claw) refers to the claw like binding of a 

metal ion in solution by an organic molecule. Micronutrients are mostly supplied in the chelated 

form. Eg : Ethylene diamine tetraacetic acid (EDTA). 

 

 Micro elements are essential elements that are required in small amounts. They are 

otherwise called as trace elements. Macro elements are essential elements that are required in 

large amounts. 

 

Hydrogen, 

Carbon, 

Oxygen, 

Nitrogen, 

Macronutrients  Phosphorus, 

   Potassium, 

   Calcium, 

   Magnesium, and 

   Sulphur. 

        

      

                                    Zinc, 

                                    Iron, 

                                    Manganese, 

              Copper, 

Micronutrients Boron,  

 Chlorine, 

            Molybdenum and 

                 Nickel 

  

 

Elements essential for few plant 

   Silicon 

   Cobalt 

   Selenium 

   Sodium 

   Aluminium 

Criteria of essentiality of elements (Arnon and Stout 1939): 

Definition or criteria of an essential element (Criteria proposed by Arnon and Stout in 1939) 

(i) A given plant must be unable to complete its life cycle in the absence of the mineral element   

(Life cycle = vegetative state, flower, produce seeds) 

(ii) The function of the element must not be replaceable by another mineral element 

(iii) The element must be directly involved in plant metabolism or a component of an essential 

plant constituent (e.g. Nitrogen is a constituent of proteins and chlorophyll) 

 

There are 17 essential elements for plants. The following table lists the essential elements, 

their source, concentration in the plant, whether they are a macronutrient or a micronutrient, and 

the form of the element that can be absorbed by the plant. Beneficial nutrients are nutrients that 



are not needed for the plant to complete its life cycle, but may provide other benefits such as 

disease resistance, etc. Examples of beneficial nutrients are silicon, cobalt and sodium. 

Primary Nutrients - N, P, and K- most common growth limiting nutrients-usually most deficient. 

Secondary Nutrients - S, Ca, Mg. 

 

The secondary nutrients are calcium (Ca), magnesium (Mg), and sulfur (S). There are 

usually enough of these nutrients in the soil so fertilization is not always needed. Also, large 

amounts of Calcium and Magnesium are added when lime is applied to acidic soils. Sulfur is 

usually found in sufficient amounts from the slow decomposition of soil organic matter, an 

important reason for not throwing out grass clippings and leaves. 

 

Macronutrients are usually found in plants at a concentration above 1000ppm on a dry 

weight basis and micronutrients are found in plants at a concentration below 1000ppm on a dry 

weight basis. They are also divided by the quantity or abundance of nutrients the plant needs. 

Plants need more macronutrients than micronutrients. Primary nutrients are usually limit plant 

growth the most and are the most deficient whereas secondary nutrients do not limit plant growth 

as much and are not as deficient in the soil. 

 

 

Functions of Essential Mineral Elements: 

 

Nitrogen 
1.Present in the structure of the protein molecule 

2.It is found in important molecules as purines, pyrimidines, porphyrines and co-enzymes. 

3. Purines and pyrimidines are found in the nucleic acids, RNA, DNA, which are essential for 

protein synthesis. 

4. The porphyrin structure is found in the chlorophyll and cytochrome enzymes. These are 

essential for photosynthesis. 

5. Co-enzymes are essential to the function of many enzymes. 

 

Phosphorus 

 

1.Phosphorus is found in plants as a constituent of nucleic acids, phospholipids, the co-enzymes 

NAD and NAD and constituents of ATP. 

2.Heavy concentration of phosphorus are found in the meristematic regions of actively   growing 

plants – its is involved in the synthesis of nucleoproteins. 

3.Phospholipids along with protein may be important constituent of cell membranes. 

4.Co-enzymes like NAD, and NADP are important  in oxido reduction  reactions. The    

important processes in which they involve are (i) Photosynthesis, (ii) Glycolysis, (iii) 

Respiration and (iv) Fatty acid synthesis. 

 

Calcium  

  

1. A constituent of cell walls in the form of calcium pectate. 

2. The middle lamelle of plant calls is composed primarily of calcium and magnesium 

peetates. 

3. Calcium salt of lecithin, a lipid compound is involved in the formation of cell 

membranes. 

4. Calcium is required in small amounts for mitosis. It is involved in chromatin or mitotic 

spindle organization. 

http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm#Magnesium#Magnesium
http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm#Sulfur#Sulfur
http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm#SoilpH#SoilpH


5. As an activator of enzyme, phospholipase in cabbage leaves. 

6. Also activator for the enzyme, like argininekinase, adenosine triosphosphatase, 

adenylkinase etc. 

7. As secondary messenger in metabolic regulations (extra-cellular cell signaling) 

 

Magnesium 

 

1. Essential role in photosysnthesis and carbohydrate metabolism. 

2. Magnesium is a constituent of chlorophyll molecule. 

3. Enzymes involved in carbohydrate metabolism, require magnesium as an activator. 

4. Magnesium is involved in the synthesis of nucleic acid. 

5. Co-enzymes such as ATP or ADP could become linked to the enzyme surface through a 

chelate complex involving magnesium and pyrophosphate group. Mn can substitute to 

some extent. 

6. Magnesium bind the submits in the microsomal particles containing  RNA, protein and 

magnesium i.e., as a binding agent. 

 

Potassium 

 

1. Special role of potassium is yet unknown 

2. Highest concentrations are observed in the meristematic tissue. 

3. Potassium is essential as an activator for enzymes involved in the synthesis of certain 

peptide bonds. 

4. In addition to its role as an activator in protein metabolism, K also act as an activator for 

several enzymes involved in carbohydrate metabolism. 

5. Apical dominance appears to be lacking or weak under K deficient conditions. 

6. It regulates water balance. 

 

 

 

Sulphur 

 

1. Participate in protein structure in the formation of the sulphur – bearing aminoacids, 

cystine, cystein and methionine. 

2. Sulphur bearing vitamins – Biotin, thiamine and co-enzyme A. Thus S is involved in 

metabolic activities of these vitamins. 

3. Sulphur is found as sulphydril groups which are present in many enzymes. 

 

Iron 

1. Ferrous state (Fe2+) is the metabolically active form of ion in the plant. 

2. Essential for the synthesis of chlorophyll 

3. Protoporphrryn is the intermediate in chlorophyll biosynthesis. Fe is incorporated into 

the porphyoryn structures. 

4. A component of flavoproteins (metallo flavo proteins) 

5. Iron is found in iron – porphoryn proteins viz. cytochromes, peroxxideses and catalases. 

 

Manganese 

 

1. Essential for respiration and nitrogen metabolism. Functions as enzyme activator. 

2. Essential for malic dehydrogenase (in Krebscycle) and oxalosuccinic decarboxylase. 



3. Manganese is the predominant metal ion in Krebs' cycle. 

4.Play an important role in nitrate reduction, acts as an activator for the enzyme nitrate reductase 

and hydroxylamine reductase. 

5. Hill reaction is suppressed under Mn deficient conditions. 

 

Molybdenum 

 

1. Essential functions in `N' metabolism. 

2. Also involved in P metabolism 

3. Chloroplast disorganization occurs in Molybdenum deficiency. 

4. Acts as a co-factor for nitrate reducatase and nitrogenage. 

 

Zinc 

 

1. Involved in biosynthesis of auxin Indole – 3 – acetic acid (IAA) 

2. Zinc is involved in synthesis of tryptophan a precursor of auxin i.e. tryptophan 

synthetase. 

3. i. Activator of carbonic anhydrase in the metabolism of plants. Carbonic acid Carbonic 

anhydrase CO2 + water. 

ii. Alcohol dehydrogenase and 

iii.Hexose kinase or triosphosphate dehydrogenase. 

4. It play an important role in protein synthesis. 

 

Boron 

1. Specific role of Boron in the metabolism of plants is not clear. Boron does not seem to be 

connected to any enzyme system 

2.Essential for transport of carbohydrates, auxins and maintenance of sugar starch balance, 

pectin formation, amination of sugars and protein synthesis, formation of nucleic acids, 

production of root nodules in legumes and pollen germinaion 

 

3.Boron is believed to be important in the synthesis of one of the bases of RNA (uracil) 

formation and in cellular activities (i.e. division, differentiation, maturation, respiration, 

growth  etc.) 

4.Boron has been associated  with pollen germination and growth and it improves the stability 

of pollen tubes. Relatively  immobile in plants, B is transported primarily in  the xylem. 

 

Copper 

 

1. Copper acts as a component of phenolase, lactase and ascorbic acid oxidase. 

2. Copper also functions in photosynthesis. Chloroplast is known to possess a Cu – 

containing protein called plastocyamin which is important in photosynthesis. 

 

Chlorine 

 

 Chlorine is absorbed and remains in the plant as the chloride ion.  

1.Although deficiency never occur, it is essential for the growth of tomato  

2.Cl- is absolutely required for photosynthesis in isolated chloroplasts. 

3.It is required for  cell division in leaves and roots. 

4.It is an important osmotically active solute. 

 



Nickel 

1. It is a cofactor of the enzyme urease  in higher plants. 

 

Role of other micro-nutrients: 

Silicon 

Plant species may be divided into Si accumulators and non accumulators.The accumulators 

include  paddy rice (Oryza sativa), Horse tails (Equisetum arvense) and members of the 

Pinaceae, all of which contain 10-15% SiO2 in the drymatter.Other cereals, sugarcane and  a 

number of dicots with  1 to 3% SiO2 are also included  in this category. The non-accumulators  

are most of the dicots including the legumes with less than 0.5% SiO2. 

There is little biochemical evidence to justify   Si as an essential element  for higher plants, 

however it shows  a number  of well established  beneficial effects on plant growth. Important 

silica fertilizers are are soluble silicates, sinter Phosphates and Ca silicate slags. 

1. In plants well supplied with Si, cuticular water loss is lowered because of   the epidermal 

accumulation of silica. 

2.In cereals \the presence of silicon is important for keeping the leaves erect and decreasing 

susceptibility to logging. 

3.In rice, a significant relationship is observed between the Si content of the straw  and yield of 

rice. 

4.Si especially promotes the formation of reproductive organ in rice. 

 

Cobalt 

The Co concentration in the dry matters of the plants grown in soil normally lies around 0.02 to 

0.5 ppm. In soils the content varies from 1 to 40 ppm. Cobalt is not readily mobile in the plant. 

1. Co is essential for symbiotic N2-fixation. Increasing the supply of Co increases rhizobial 

growth, N2-fixation and formation of leghaemoglobin in nodules. 

2. Cobalt is essential component of vitamin cyanocobalamin. 

 

Foliar nutrition 

 

 Foliar nutrition is a useful method of fertilizing certain crop plants which can tolerate 

the aerial spray without damage. Tolerant plants like orchard trees have a heavy waxy cuticle 

layer. 

 

1. Foliar nutrition may serve as a mean of applying supplemental macrounutrients during 

critical growth periods when it is unpracticeable to apply fertilizers to soil. Ex : Unusual 

period of dry weather. 

2. Foliar nutrition may afford a remedy for the time lag between soil applied and plant 

absorbed. Time is too long because of fast growing rates. 

3. Most economical in forest trees. 

 

Mechanism 

 

 Penetration through diffusion by cuticle – the layer of polymerized waxy esters and 

hydrocarbons which occurs on outer surface of epidermal cells of leaves. 

 

 After penetration in the cuticle, further penetration takes place mostly through fine, 

thread – like, semi microscopic structures called ectodesmata. This extends through the outer 

epidermal cell walls, from the inner surface of the cuticle to the plasma membrane. When a 



substance reaches plasma membranes of an epidermal cell it will be absorbed by mechanisms 

similar to those which operate in root cells. 

 

 

 

 

DEFICIENCY SYMPTOMS OF MINERAL ELEMENTS AND CORRECTIONAL 

MEASURES 

 Specific deficiency symptoms of various nutrient elements and their correction measures are 

given below: 

1. Nitrogen (N) 

    i. Plant growth is stunted and poorly developed (because protein content, cell division  

           and cell enlargement are decreased) 

   ii. N deficiency causes yellowing (chlorosis) of leaves. Older leaves are affected first 

  iii. Flowering and fruiting are reduced 

  iv. Protein and starch contents are decreased 

   v. Prolonged dormancy and early senescence appear 

  vi. Root gets more lengthened as in wheat 

 vii. Veins turn purple or red due to development of abundant anthocyanin pigment (e.g.  

           tomato, apple) 

viii. The angle between stem and leaves is reduced 

  ix. Plants look so sickly and conspicuously pale that the condition is called as general  

           starvation. 

   x. Symptoms first occur on the older leaves due to its mobility 

 

2. Phosphorus (P) 

    i. Young plants remain stunted with dark blue green, or some times purplish leaves 

   ii. P deficiency may cause premature leaf fall 

  iii. Dead necrotic areas are developed on leaves and fruits 

  iv. Leaves sometimes develop anthocyanin in veins and may become necrotic 

   v. Cambial activity is checked 

  vi. Tillering of crops is reduced  

 vii. Dormancy is prolonged 

viii. P deficiency may cause premature fall of leaves 

  ix. Growth is retarded 

   x. Sickle leaf disease is caused in P deficiency, which is characterised by chlorosis  

           adjacent to main veins followed by leaf asymmetry 

 

3. Potassium (K) 

     The deficiency symptoms vary with the degree of shortage of the element. 

     i. In mild deficiency cases, 

      a. thin shoots may develop and 

      b. there may be restricted shoot growth 

    ii. In acute deficiency cases, 



      a. shoots may die back, eventually plant may die 

      b. plants may become stunted with numerous tillers and 

      c. there may be little or no flowering 

   iii. Leaf will be dull or bluish green in colour 

   iv. Chlorosis occurs in interveinal regions (interveinal chlorosis) 

    v. In older leaves, browning of tips (tip burns), marginal scorching (leaf scorch), or  

           development of brown spots near the margins occur 

   vi. Necrotic areas develop at the tip and margins of the leaf which curve downward 

  vii. In broad leaved plants, shortening of internodes and poor root system are important 

 viii. Two diseases are common:  

      a. Rosette: In beet, celery, carrot, pea, potato and cereals, bushy growth or rosette  

          condition develops due to K deficiency 

      b. Die back: In acute deficiency cases, there is a loss of apical dominance and  

          regeneration of lateral buds, which results in bushy growth. In prolonged cases, die  

          back of laterals is also resulted. 

 

4. Magnesium (Mg) 

    i. Mg deficiency causes interveinal chlorosis. The older leaves are affected first and  

           proceeds systematically towards the younger leaves 

   ii. Dead necrotic spots appear on the leaves 

  iii. Severely affected leaves may wither and shed or abscise without the withering stage.   

  iv. Defoliation is quite severe. 

   v. Carotene content is reduced 

  vi. Stem becomes yellowish-green, often hard and woody 

 vii. Sand-drown disease is common in tobacco due to its deficiency, which is  

           characterised by the loss of colour at the tips of lower leaves and between the  

           veins (interveinal). The veins remain green but in acute cases, entire leaf becomes 

           nearly white. 

5. Calcium (Ca) 

    i. Ca deficiency appears on the younger leaves and near the growing points of the stem  

           and root 

   ii. Deficiency causes disintegration of growing meristematic regions of the roots,  

           stem and leaves 

  iii. Malformation of younger leaves also takes place 

  iv. Margins of leaves appear irregular in form or show brown scorching 

   v. Growing points are often killed (as in tomato)   

  vi. Thin chlorotic marginal bands develop 

 vii. Young leaves may be severely distorted with the tips hooked back and the  

           margins curled backward or forward or rolled 

viii. Roots are poorly developed, lack fibre and may appear gelatinous 

  ix. Two common diseases are found: 

a. Tip hooking: It is found in cauliflower, beet and tobacco where characteristic hooking of  

    leaf tip is found. This condition arises because of unequal growth in marginal and central  



    regions of the leaf. 

b. Blossom end rot: Commonly found in tomato; the disease is characterised by presence of 

a depressed region near the distal end of the youngest fruit. The depressed region remains  

    surrounded by dark green tissues and flesh is orange coloured. 

 

6. Sulphur (S) 

    i. Sulphur deficiency causes yellowing (chlorosis) of leaves. Young leaves are affected  

           first 

   ii. Tips and margins of leaves roll inward 

  iii. Marked decrease in leaf size, general paling with red or purple pigmentation is 

           general symptoms 

  iv. Necrosis of young leaf tips develop 

   v. Internodes are shortened 

  vi. Apical growth is inhibited and lateral buds develop prematurely 

 vii. Young leaves develop orange, red or purple pigments 

viii. Leaf tips are characteristically bent downwards. The leaf margins and tips roll  

           inwards (e.g. tomato, tobacco and tea) 

  ix. Leaf fall is rapid 

   x. Fruit formation is suppressed 

  xi. Sclerenchyma, xylem and collenchyma formation gets increased and hence the stem  

           becomes unusually thick due to S deficiency 

xii. Disease: The Tea Yellow disease is caused in tea plants growing in sulphur deficient  

            soils. 

 

7. Iron (Fe) 

  i. Interveinal chlorosis of the younger leaves occurs. The veins remain green. 

 ii. Leaf chlorosis may produce a mottled appearance  

iii. Leaf may show complete bleaching or often becoming necrotic 

iv. In extreme conditions, scorching of leaf margins and tips may occur 

 v. Lime induced chlorosis is the common disease found in fruit trees like citrus. It is also  

      found in beet, spinach, brassicas and cereals. The younger leaves become white or  

      yellowish white. 

vi. Iron deficiency leads to Khaira disease in  rice. 

 

8. Manganese (Mn) 

  i. Deficiency causes interveinal chlorosis and necrotic spots of the leaf 

 ii. Dead tissue spots are found scattered over the leaf 

iii. Severely affected tissues turn brown, the brown areas may also twist in the form of  

           spirals and they may wither also 

iv. Root system is often poorly developed and badly affected and the plants may die 

 v. Grain formation is also reduced and the heads may be blind (as in sulphur) 

vi. Four diseases are found due to its deficiency: 

      a. Grey Speck also called as grey stripe, grey spot or dry spot found in oats, barley,  



      rye and maize is the common disease of Mn deficiency. Grey spots or chlorotic spots  

      appear on the lower half of the leaf which fuse together and form elongated brown  

      streaks, found mostly in third or fourth leaves. 

      b. Pahla blight of sugarcane:  

      Chlorotic spots develop as long streaks, commonly in young leaves. These chlorotic  

      spots fuse together and turn red and coalesce to form long streaks from which lamina  

      may split. 

      c. Marsh spot of pea:  

      Brown, black spots or cavities develop on the internal surface of cotyledons and thus  

      the disease appears in the seeds. 

 

      d. Speckled yellow of sugar beet:   

      It is characterised by interveinal chlorosis in the leaves and leaf margin may curl  

      upward over the upper surface of leaf. 

 

9. Copper (Cu) 

    i. It causes necrosis of the tip of the young leaves 

   ii. Both vegetative and reproductive growth are retarded 

  iii. Wilting of terminal shoots occur which is followed by frequent death 

  iv. Leaf colour is often faded due to reduction of carotene and other pigments 

   v. Foliage shows burning of the margins or chlorosis or rosetting and multiple bud  

           formation  

  vi. Gumming may also occur (gummosis) 

 vii. Younger leaves wither and show marginal chlorosis (yellowish grey) of tips.  

           It is called as yellow tip or reclamation disease. 

viii. Following two diseases are common: 

     a. Exanthema or die back of fruit trees:  It is commonly found in citrus, plum, apple  

     and pear. The symptoms include formation of strong water-shoots bearing large  

     leaves, gummous tissue or the bark and longitudinal breaks. Fruits become brown,  

     glossy and splitted. Affected shoots loose their leaves and die back and lateral shoots  

     produce bunchy appearance. 

     b. Reclamation disease: It is also called as White Tip disease and is found in legumes,  

     cereals, oats and beet. The tips of leaves become chlorotic followed by a failure of the  

     plants to set seed. 

 

10. Zinc (Zn) 

   i. Older leaves show chlorosis, which starts from tips and the margins 

  ii. Leaves become leathery 

 iii. Plants show rosetting due to shortening of internodes and premature shedding 

 iv. Whitening of upper leaves in monocots and chlorosis of lower leaves in dicots are  

           often found 

  v. Leaf margins distorted, become twisted or wavy which later curl and look sickle  

           shaped (sickle leaf) 



 vi. Seed production and fruit size is greatly reduced 

vii. The following diseases are commonly noticed: 

      a. Khaira of paddy: The entire older leaves show rusty brown appearance (due to  

      chlorosis) and ultimately die(this disease also occurs in paddy in case of Iron deficiency). 

      b. White bud (tip) of maize: Unfolded newer leaves are often pale yellow to white.  

      There is appearance of light yellow streaks between the veins of older leaves followed  

      by white necrotic spots. 

      c. Rosette of fruit trees: It is also called as little leaf disease. Yellow mottling of  

      leaves, reduction of leaf size with rosette appearance (due to reduced internodal  

      distance) and die back of the affected branches are symptoms of the disease. 

      d. Frenching of citrus: Initially, yellow spots develop between the veins. Leaves  

      become progressively smaller and develop chlorophyll at the basal end of mid rib. 

 

11. Molybdenum (Mo) 

  i. Deficiency causes chlorotic interveinal mottling of the older leaves 

 ii. Leaves often show light yellow chlorosis and leaf blades fail to expand 

iii. In acute deficiency cases, necrosis of leaf tissues occurs 

iv. Flower formation is inhibited 

 v. Failure of grain formation occurs (as in oats) 

vi. Its deficiency cause                                                                                                                                                                 

s two diseases: 

     a. Whiptail of Cauliflower and Brassica: The symptoms begin as appearance of  

     translucent areas near the midrib which become ivory tinted or necrotic. The leaf  

     margins become ragged with upward curling. Before the death of the growing point,  

     the leaf elongates and lamina remains suppressed thus gives a typical whiptail  

     condition. 

     b. Scald of legumes: The leaf shows paling, wilting, marginal rolling or scorching. 

 

12. Boron (B) 

    i. It causes death of shoot tip 

   ii. Flower formation is suppressed 

  iii. Root growth is stunted 

  iv. Leaves become coppery in texture 

   v. Plants become dwarf, stunted with apical meristem blacken and die followed by  

           general breakdown of meristematic tissue 

  vi. Terminal leaves become necrotic and shed prematurely 

 vii. Leaves show symptoms like distortion such as cupping and curling, appearance of  

         white stripe, scorching, pimpling, splitted midrib and reduced growth. 

viii. Stem shows symptoms like die-back of apex, abnormal tillering, appearance of  

         various forms of deformities such as curling and brittle lesions, pimpling etc. 

  ix. Fruits are severely deformed and develop typical cracking or splitting. 

   x. Following diseases are commonly found due to B deficiency: 

      a. Heart rot of sugar beet and marigold 



      b. Canker and internal black spot of garden pea 

      c. Browning of cauliflower 

      d. Yellow top of lucerne 

      e. Top sickness of tobacco 

      f. Hard fruit of citrus 

 

INDICATOR CROPS 

      Some of the crops are known to be specific for the occurrence of symptoms of a particular 

deficient nutrient element exhibiting characteristic symptoms. Such crops are called as Indicator 

Crops for the deficiency of that particular element(s). This is mainly due to the greater demand 

of the element in the respective Indicator Crops. Some of the Indicator Crops are furnished in 

the following Table along with the element: 

 

                    Table. Indicator plants for deficiencies of some nutrients 

S.No

. 

Nutrient 

Element 

Indicator Crops 

01. Nitrogen Cereals like, maize, 

sorghum and pulses 

02. Phosphorus Tomato, maize, cereals, 

Leucerne 

03. Potassium Potato, banana, cotton, 

Leucerne 

04. Magnesium Cotton (leaf reddening) 

05. Zinc Maize, paddy (“khaira” 

disease), citrus, beans 

06. Sulphur Cereals, leucerne, tea 

(yellowing) 

07. Copper Citrus, cereals 

08. Iron Sugarcane, sorghum, 

citrus, ornamental plants 

09. Manganese Citrus, sunflower, 

sugarbeet 

10. Calcium Cauliflower, tomato 

(blossom end rot of fruits), 

sugarbeet 

11. Molybdenum Cauliflower (whiptail) 

 

CORRECTION OF NUTRITIONAL DISORDERS 

 

     Correction measures of deficiency symptoms of various nutrient elements are given below: 

1. Nitrogen (N) 

     For correcting N deficiency, fertilizers like ammonium sulphate, calcium nitrate, urea etc. 

are supplied. Foliar spray of 1-2% urea is a quick method of ameliorating N deficiency. 

 

2. Phophorus (P) 



     Foliar sprays of 2% DAP or application of phosphatic fertilizers will correct the deficiency. 

 

3. Potassium (K) 

      Supply of muriate of potash or foliar spray of 1% potassium chloride is commonly used to 

overcome K deficiency. 

 

4. Magnesium (Mg) 

      Magnesium sulphate is usually applied for redressing the deficiency. The malady can be 

readily corrected as foliar spray @ 2% of MgSO4. 

 

5. Calcium (Ca) 

     Calcium Ammonium Nitrate (CAN) or superphosphate is supplied in deficient soils. 

     In Indian soils, Ca deficiency is not a serious problem. 

 

6. Sulphur (S) 

     Common fertilizers used for supplying nitrogen and phosphorus contain appreciable 

amount of sulphur sufficient to meet the crop requirement.  

     In case of severe deficiency, gypsum is added to the soil @ 500 kg/ha. 

 

7. Iron (Fe) 

     Foliar spray of 0.5% ferrous sulphate along with lime (50% requirement) will remove the 

deficiency in the plant and soil. Chelated iron compounds such as Fe-EDTA, give a very good 

response in ameliorating Fe deficiency.  

 

8. Manganese (Mn) 

     Foliar spray of 0.5% manganous sulphate plus 50% lime requirement is quite effective and 

it should be applied in the early stage of the crop. Soil application of 15 - 30 kg MnSO4 per ha 

(mixed with sand) is sufficient. 

9. Copper (Cu) 

     Foliar spray of 0.5% of CuSO4 is recommended for the correction of Cu deficiency in 

crops. 

 

10. Zinc (Zn) 



     Foliar spray of 0.5% ZnSO4 twice at 7-10 days interval during early stages of growth will 

alleviate the problem. Also, soil application of 25 kg ZnSO4 per ha is also found beneficial. 

 

11. Molybdenum (Mo) 

     The Mo deficiency is commonly found in cauliflower, legumes, oats and other brassicas 

which can be corrected by soil application of 0.5 to 1.0 kg/ha sodium or ammonium molybdate 

or by its foliar spray @ 0.01 - 0.02% conc. The deficiency can be avoided with the seed treatment 

@ 0.03% sodium or ammonium molybdate. 

 

12. Boron (B) 

     Foliar spray of 0.2% borax or boric acid will be effective for quick recovery. Liming of soil 

should be strictly avoided when boron-containing fertilizers are applied. 

 

 

OXIDATIVE STRESS 

Oxidative stress reflects an imbalance between the systemic manifestation of reactive oxygen 

species and a biological system's ability to readily detoxify the reactive intermediates or to 

repair the resulting damage. Disturbances in the normal redox state of cells can cause toxic 

effects through the production of peroxidesand free radicals that damage all components of the 

cell, including proteins, lipids, and DNA. Oxidative stress from oxidative metabolism causes 

base damage, as well as strand breaks in DNA. Base damage is mostly indirect and caused by 

reactive oxygen species (ROS) generated, e.g. O2
− (superoxide radical), OH (hydroxylradical) 

and H2O2 (hydrogen peroxide). Further, some reactive oxidative species act as cellular 

messengers in redox signaling. Thus, oxidative stress can cause disruptions in normal 

mechanisms of cellular signaling.  

Reactive oxygen species (ROS) are chemically reactive chemical species containing oxygen. 

Examples include peroxides, superoxide, hydroxyl radical, and singlet oxygen. In a biological 

context, ROS are formed as a natural byproduct of the normal metabolism of oxygen and have 

important roles in cell signaling and homeostasis. However, during times of environmental 

stress (e.g., UV or heat exposure), ROS levels can increase dramatically.[2] This may result in 

significant damage to cell structures. 

 

MORPHOGENESIS 

Morphogenesis (from the Greek morphê shape and genesis creation, literally, "beginning of the 

shape") is the biological process that causes an organism to develop its shape. It is one of three 

fundamental aspects of developmental biology along with the control of cell growth and cellular 

differentiation, unified in evolutionary developmental biology. 

Morphogenesis (or the origin of form) may be thought of as consisting of two 

primary functions: growth and differentiation (or development) (See Fig. 1). Plant scientists 

use the term growth rather loosely: it may mean an increase in cell number, plant size, 

https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Detoxification
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Free_radical
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Lipid
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Cellular_respiration
https://en.wikipedia.org/wiki/DNA_damage_(naturally_occurring)
https://en.wikipedia.org/wiki/Superoxide
https://en.wikipedia.org/wiki/Hydroxyl
https://en.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Redox_signaling
https://en.wikipedia.org/wiki/Cellular_signaling
https://en.wikipedia.org/wiki/Chemical_species
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Superoxide
https://en.wikipedia.org/wiki/Hydroxyl_radical
https://en.wikipedia.org/wiki/Singlet_oxygen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Cell_signaling
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Ultraviolet_light
https://en.wikipedia.org/wiki/Reactive_oxygen_species#cite_note-Devasagayam_2004_796-2
https://en.wikipedia.org/wiki/Greek_language
https://en.wikipedia.org/wiki/Biological_process
https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Developmental_biology
https://en.wikipedia.org/wiki/Cell_growth
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Evolutionary_developmental_biology


plant  weight, or all of the above. In the context of this discussion, however, it is important 

to  distinguish growth from differentiation (or development). Differentiation may be thought  of 

as an increase in complexit y. Internal and external factors influencing cellular  differentiation 

cause cell groups to become distinct tissue types and organs through  expression of 

specific genes. The genes prescribe, according to the function, location, and  phenological stage 

of development, the manufacturing of specific enzymes. Growth and  differentiation 

are frequently associated, but this is not necessarily always the case. For instance, increase of 

dry matter can occur without any further differentiation (e.g., deposition of storage material in 

grain, stem or root) and differentiation can occur without  a concurrent increase in weight (e.g., 

germination and "growth" of seedlings in the dark). In crop physiology, the term development 

is usually employed as the sequence of periodical phenomena of plants (or phenological 

development). 

 

 

Phenology  

Phenology is the qualitative and quantitative description of a plant's life cycle from 

seed to seed. Qualitative aspects of phenology include morphological development 

and the partitioning of the life cycle into distinct stages of development, such as 

seedling emergence, flowering, and physiological maturity. Quantitative aspects of 

development include rate of development and the duration of the life cycle. Phenology differs 

among plant species and  varies among cultivars within a species. Environmental effects such 

as temperature and  photoperiod influence phenology, and genotype x environment interactions 

for phenological  development are an important factor in the selection of properly adapted crop 

cultivars (i.e., crop cultivars differ in their response of phenology to environmental factors, such 

as photoperiodsensitive vs. photoperiodinsensitive genotypes). A good understanding of 

the  phenology of a crop is essential in physiological and agronomic studies of the crop. Three 

reasons why phenology is important are:   

(1) Seasonal dry matter accumulation is a function of the duration of the life cycle of 

annual  crops. In particular, the duration of the period of maximum light  interception by 

the canopy is usually the most important determinant of seasonal dry matter  accumulation  



(2) Rates of physiological processes can vary substantially among phases of the life cycle. For 

instance, (i) dry matter partitioning to the seeds or fruits occurs during the final phase or phases 

of the life cycle of annual crops. (ii) Potential leaf photosynthesis tends to peak when  leaves 

have just fully expanded, declines gradually after full expansion, and declines rapidly  before or 

after physiological maturity has been attained. (iii) Leaf photosynthesis may be modulated by 

the demand of assimilates by the "sinks" (i.e., rate of partitioning can affect leaf 

photosynthesis).  

(3) Most crops are more susceptible to adverse environmental conditions during one or 

more  phases or stages of phenological development. For instance, (i) the impact of 

adverse conditions on crop yield is particularly large during periods when florets are initiated or 

when seed number is established. (ii) Effects of growth regulators (or herbicides) on crop 

development and yield are  highly depended on the stage of development at which the growth 

regulator (or herbicide) has been applied. 

 

                                                                                      Compiled &Edited by Debasish P. 

PLANT HORMONES AND GROWTH REGULATORS 

Introduction: 

According to Pincus and Thaiman (1948) a plant hormone is defined as organic substance 

produced naturally in higher plants, controlling growth or other physiological functions at a 

site remote from its place of production and active in minute amounts. 

 

Till date five major classes of plant hormones have been discovered namely, Auxins, 

Gibberellins, Cytokinins, Abscisic acid and ethylene. It is possible that many other growth 

regulators, present in plants may be classified as plant hormone in future. Not all plant hormones 

fit the definition of a hormone which is a chemical synthesized in one part of an organism that 

stimulates or inhibits a specific response in a target tissue elsewhere in the organism. The five 

group of natural hormones-auxin, gebberellins, cytokinins,ethylene and abscisic acid fit the 

classical definition of hormones.Synthetic chemicals used as hormones are referred to as plant 

growth regulators. 

Plant Hormone vs. Animal Hormone: 

The term hormone  in general, signifies any animal hormone, where as phytohormone  

represents plant hormones. Animal hormones normally released into blood stream, where as 

plant hormones move through vascular tissue. Animal hormones may be endocrine or autocrine 

or paracrine  in nature,where as most of the phytohormones are  endocrine in nature. Plant 

hormones are mainly aminoacid derivatives (e.g. Auxin  from tryptophan and Ethylene from 

methionine )or terpenoid derivatives(Gibberellins , Cytokinin and Abscisic acid) where as 

animal hormones are diversified compounds like protein or peptide, steroid and amino acid 

derivatives. Though the mechanism of action of most animal hormones clearly known, but the 

mechanism of action of all phytohormones is yet to be understood with precision. In animals, 

there is presence of sex hormones e.g  Androgens, Estrogens and Progestorone, where as in 

plants  there is no specific sex hormones (though some phytohormones like auxin and ethylene 

have feminine effect on dioecious plants and Gibberellins have masculine effect on some 

plants).Plant hormones may be growth promoters or inhibitors, where as  animal hormones 

normally fall in promoter category. Most plant hormones trigger highly specific responses in 

target tissue. But the response of plant hormones are quite different  as compared to animal 

hormones. The effect of plant hormone vary from one part to other part of plant, and from plant 

to plant. If in some cases they promote growth even in high concentration, in other cases, they 

retard growth at the  same conc., behaving in a bizarre  way. 



Important features of role of plant hormones in growth and development: 
(i) The hormone may initiate one response in one part of the plant and an entirely 

different response in another part. 

(ii) Quite often interaction of various hormones may elicit an expected or different 

response from what each hormone will individually produce. They may work 

synergistically or antagonistically. 

(iii) The effect of a hormone may even vary with concentration, during different times of 

the year or the developmental stages of the plant. 

AUXINS 

Auxins have been defined as organic substances which can promote elongation of shoots 

when present in low concentration of less than 0.01M . The name Auxin was given by Dutch 

Scientist F.W.Went in 1926.The word “Auxin” is derived  from greek word “Auxein” which 

means to increase. Auxin was later on chemically characterized as indole-3-acetic 

acid(IAA). 

Natural and synthetic Auxins: 

Naturally occurring auxins are Indole-3-acetic acid(IAA),4-Chloro –indole acetic acid(4-

Chloro-IAA)  which is found in the young seeds of various legumes. Another natural 

analogue of Auxin is Phenyl acetic acid(PAA),  which is frequently more abundant than 

IAA. 

Synthetic Auxins: Indole butyric acid(IBA); α-Naphthyl acetic acid (NAA),β-Naphthyl 

acetic acid (β-NAA);2,4,5-Trichloro phenoxy acetic acid (2,4,5-T); 

2,4-Dichlorophenoxy acetic acid (2,4-D) are well known synthetic auxins. These are also 

included under growth regulators. 

Anti-Auxins: 

Anti-auxins are the compounds which compete with auxins for reactive sites. Examples of 

Anti-auxins are Tri-iodo benzoic acid(TIBA), 4-chlorophenoxy isobutyric acid  and 2,6-

dichloro phenoxy acetic acid . 

Distribution of Auxins: 

Auxin is distributed through out the plant but  its relative conc. differ in different parts of 

the plant. However, it is more concentrated  in the growing  points like apical and other 

buds,tip of roots,young leaves and developing auxillary shoots. Auxin is synthesized in 

growing tips  or meristematic regions from where  it is transported to other  plant parts. 

Thimann(1934) has reported  auxin concentration to decrease progressively from the tip of 

coleoptile to its base and then rise gradually towards the tip of the root. 

In monocot seedling, the highest conc. of auxin is found in the coleoptile  tip  which 

decreases progressively towards its base .From the base of the coleoptile ,the auxin conc. 

increases progressively upto the root tip.How ever  the concentration  of auxin  at the tip of 

the root is much lower  than the coleoptile tip. 

In dicot seedlings although the pattern of auxin distribution  appears  to be complex, but 

obviously highest auxin conc. are found in the growing  regions of  shoot ,root, young leaves 

and developing auxillary shoots. 

Free and bound Auxins: 

Auxins exist in two forms – free auxins or diffusible  and bound auxins or  indiffusible.Free 

auxins are those  which can be easily extracted  by various organic solvents such as  diethyl 

ether  or those which are  easily diffusible  such as that obtained  in agar block from cut 

coleoptile tip.Bound auxins  on the other hand  need more drastic methods  for their 

extraction  from  plants such as hydrolysis ,autolysis ,enzymolysis  etc. are not easily 

diffusible.Bound auxins  occur  in plant as  complexes (conjugated auxins) usually with 

carbohydrates such as glucose,arabinose or sugar alcohols or proteins  or amino acids  such 

as aspartate , glutamate or with inositol. 



Destruction of Auxin: 
Two ways through which auxin is destroyed i.e Photo-oxidation and dark destruction. 

(i)Photo oxidation: This occurs in blue light in presence of pigments like riboflavin and 

violoxanthin. 

(ii)Dark destruction: Dark destruction  is caused by  a oxidase system called IAA oxidase  

which perhaps  not similar in all plants. The enzyme requires Manganese(Mn) and phenolic 

cofactor. 

Auxin transport: 

Auxin is synthesized in growing meristematic regions plant like shoot apex  or apical buds 

or root tips from where they are transported to other parts of the plant.The transport of 

endogenous auxins in plants is predominantly  polar. In stems polar transport of auxin is 

basipetal (from morphological  apex  towards  base).In roots also ,the auxin transport  is 

polar  but is primarily acropetal. 

However the synthetic auxin analogues do not exhibit specific mode of transport. Their 

mode of transport is non polar. 

Biosynthesis of Auxin: 

In 1935, Thimann demonstrated that fungus  Rhizopus suinus could convert an amino acid  

tryptophan into indole-3- acetic acid (IAA).Since then , it is generally held that tryptophan  

is  primary precursor  of IAA in plants. 

The indole-3-acetic acid (IAA) be formed from tryptophan by two different path ways: 

(i) By deamination  of  tryptophan  to form indole-3-pyruvic acid followed by 

decarboxylation  to form indole-3- acetaldehyde .The enzymes involved are 

tryptophan transaminase and indole pyruvate decarboxylase respectively. 

(ii) By decarboxylation  of tryptophan  to form  tryptamine followed by deamination to 

form indole–3-acetaldehyde.The enzymes involved  are tryptophan decarboxylase 

and tryptamine oxidase respectively. 

Indole-3-acetaldehyde formed by either of two ways can readily be oxidized to indole-3-

acetic acid (IAA) in presence of the enzyme indole-3-acetaldehyde dehydrogenase. 

Physiological Roles/Effects of Auxin: 

1.cell elongation or cell enlargement: The most fundamental property of  auxins is the 

promotion of  cell enlargement(except roots) or stimulation of the elongation of cells of the 

shoot.The enlargement may be in all directions or one direction. This effect of auxin is due 

to (i) loosening of wall microfibrils(ii)synthesis of more wall materials   (iii)mobilization of 

carbohydrates(iv)increased membrane permeability(v) reduction of wall pressure(vi) 

synthesis of specific DNA dependent new m-RNA and specific enzymic proteins.(the later 

bringing about an increase in cell plasticity and extension resulting ultimately in cell 

enlargement) and (vii)development of higher osmatic pressure 

2.Apical dominance: Apical dominance is the phenomenon by which the presence of apical 

bud causes a complete or partial inhibition of lateral buds. Lateral bud inhibition is thought 

to be due to diffusion of  auxin basipetally from the apical bud(Thimann,1937). 

Theories of apical dominance: 

(i)Direct inhibition theory: The lateral buds are more sensitive to higher conc. than the apical 

buds. It is known as theory of direct inhibition by auxin. 

(ii)Nutrient diversion theory: According to the nutrient diversion theory of Went 

(1936,1939) higher auxin conc. at the apical bud  causes a preferential movement of 

nutrients,cytokinins and other growth promoters towards the shoot tip(Philips,1975).It is 

also known as hormonal directed transport(HDT).This reduces their availability to the lateral 

bud.The suppressed lateral buds also contain  higher quantities  of abscisic acid and other 

growth inhibitors. 

3.Root initiation:Auxin promotes the formation of lateral roots and adventitious roots. 



4.Prevention or delay of abscission 

5.Phototropism and geotropism: Formation of more auxin in the shaded side than the 

illuminated side, causes the cells in the shaded side to elongate more rapidly causing  the 

bending of the stem towards light(Phototropism). 

Presence of gravity sensing bodies called statolith(which are probably starch grains located 

within amyloplasts), in  gravity sensing plant cells called statocytes, helps in redirecting  

auxin transport  in root cells. The unequal  lateral distribution  of auxin  in gravistimulated 

coleoptiles  has been confirmed using radioisotope labeled IAA, physiochemical methods 

and radioimmunoassay. 

 

6.Fruit development and parthenocarpy 

7.Auxin induces vascular differentiation 

8.Callus formation and organogenesis: Higher Auxin:cytokinin ratio in nutrient medium 

promotes roots in the callus where as higher cytokinin:auxin ratio promotes shoot in the 

callus , during tissue culture. 

9.Auxin regulates floral bud development 

10.Respiration:Auxin is known to stimulate respiration and there is a correlation  between 

auxin induced growth  and an increased respiration rate.According to French and 

Beevers(1953),the auxin may increase the rate of respiration  indirectly through increased 

supply of ADP by rapidly utilizing the ATP in the expanding cells. 

 

GIBBERELLINS 

Gibberellins are those growth hormones, which cause cell elongation of intact plants in 

general and increased internodal length of genetically dwarfed plants in particular. 

Chemically they have a gibbane ring structure. The name gibberellins was assigned to the 

active factor present Gibberella fujikuroi culture filtrates in 1935.Gibberellins were 

discovered by young Japanese scientist Kurosawa, while studying  the Bakanae 

disease(meaning foolish seedling disease of rice) caused by the fungus Gibberella 

fujikuroi(asexual stage Fusarium  moniliforme). In 1935 another Japanese scientist Yabuta 

isolated the active substance which was quite heat stable and gave it the name gibberellins. 

Chemical nature of Gibberellins: 

All Gibberellins are diterpenoid acids which have same basic ent-gibberellane ring structure  

but vary slightly in their structures depending upon the source from which they are isolated. 

Some type gibberellins have been identified  in Gibberella  and other in higher plants and in 

many plants both types of the above are also found.At least 20 different GAs found in the 

seeds of Cucurbits and 16 different types GAs are found in the seeds Phaseolus. All 

gibberellins have either 19 or 20 carbon atoms grouped in total of either 4 or 5 ring systems 

and all have one or more carboxyl groups.They are abbreviated as GAs with  subscript like 

GA1,GA2,GA3 etc. to distinguish them. Though all GAs could be properly be referred to as 

gibberellic acids, but GA3 has been studied much more than others(because of its 

availability, so it is commonly referred to as gibberellic acid. Commercially available 

gibberellins are GA4+ GA7 mixture. 

Distribution of Gibberellins: 

Highest concentrations of Gibberellins are found  in seeds and leaves.Three general plant 

organs synthesize gibberellins(i) shoot buds 

                                                         (ii) root tips 

                                                         (iii) developing seeds                                                                                                                                                           

Highest level of Gibberellins occur in seeds.In seed tissue,however their distribution is not 

uniform. There is difference of of distribution between maternal tissue and tissues of next 

generation.(seed coat and embryo).Fully synthesized gibberellins are absent in mature seeds, 



but  mature seeds contain GA12 Aldehyde, the immediate gibberellins precursor, which is 

converted into growth active gibberellins during the early stages of germination. 

Biosynthesis of Gibberellins:  

Gibberellins are terpenoid compounds consisting of 20 carbons, derived from 4- isoprene 

units. Gibberellins are formed from Acetyl Co A , which is first converted into Mevalonic 

acid. Mevalonic acid is the starting compound for terpenoid biosynthesis. Mevalonic acid(a 

six carbon compound) is phosphorylated by ATP, then decarboxylated to form  isopentenyl 

pyrophosphate(IPP), the first isoprenoid compound in the pathway. These isoprenoid units 

(IPP) then added successfully(condensed) to produce geranyl pyrophosphate(10C), Farnesyl 

pyrophosphate(15 C) and Geranyl geranyl pyrophosphate(20C). Upto this stage  the 

synthetic pathway is shared by all terpenoids(including essential oils,carotenoids and 

steroids),and the compounds are still linear chains of 5C compounds,although in a folded 

form.The geranyl geranyl pyrophosphate  is then cyclised to form the first product specific 

to gibberellin biosynthesis,namely ent-kaurene(the term ent- refers to the enantiomeric  form 

of (+) kaurene).The methyl group on(19 C compound) the  carbon No.19 of ent-kaurene is 

oxidized to carboxylic acid,followed by  contraction of the B-ring from a six to a five carbon 

ring to give rise to GA12 aldehyde which is the first gibberellin formed in all plants and thus 

is the precursor of all other gibberellins. 

     Acetyle CoA       Mevalonic acid      Isopentenyl pyro phosphate(IPP) 

 

    Gibberellins   GA12 – aldehyde            Kaurene               Geranylgeranyl 

pyrophosphate 

 

Anti-Gibberellins: 

A whole range of dwarfing and growth  retarding chemicals have been shown to act  by 

inhibiting gibberellin biosynthesis. For example Amo-1618,CCC and Phosphon-D  inhibit 

ent-Kaurene synthesis. 

Gibberellins transport: 

The mode of transport of gibberellins are mainly non-polar.The gibberellins move in the 

plant like other organic compounds by all three methods-simple diffusion,phloem transport 

and xylem transport. The direction of movement may be acropetal(lower to upper) and 

basipetal(from upper to lower). 

Physiological roles/effects of Gibberellins: 

1.Cell elongation of intact plants:GAs stimulate stem growth in dwarf and rosette 

plants.Gibberellins cause elongation of internodes especially dwarfed plants to overcome 

genetic dwarfism and hence they assume  normal size.The effect may  be direct or through 

enhancement of levels of  auxin.They also induce stem elongation in those plants  which 

show rosette habit  in the first seasone.g cabbage,Henbane,Sugarbeet.This phenomenon is 

known as bolting.Most of the effects of Gibberellins is on the sub-apical meristem found in 

the shoots .The rosette habit and the dwarf shoots  are formed on account of  inactivation of  

subapical meristem.Externally applied gibberellins activate the same and causes the shoot 

elongation.It is also considered that in such dwarf plants (i)the gene for producing 

gibberellins is missing or(ii)the concenration of natural inhibitors is higher .When external 

Gibberellin  applied ,the deficiency of endogenous gibberellins is compensated or the 

external gibberellin overcomes the effect of natural inhibitors. 

2.GAs help in breaking dormancy and promoting germination: Gibberellins antagonize 

the effect of Abscisic acid(ABA) 



3.Enzyme induction/de novo synthesis of enzyme α-amylase:One of the important 

functions of gibberellins is to cause de novo synthesis of  the enzyme -amylase  in the 

aleurone layer of the endosperm of cereal grains during germination.This enzyme brings 

about  hydrolysis of starch to form simple sugars which are then translocated to growing 

embryo  to provide energy source. 

4.Light effects: Seeds of some varieties of tobacco and lettuce require red light for their 

germination. Gibberellins can induce germination in these  seeds in complete darkness. 

5.Gibberellins regulate the transition from juvenile to adult phases 

6.Gibberellins influence floral initiation and sex determination:Gibberellins promote 

flowering in long day plants when applied exogenously. Application of GAs are known to 

induce male flower formation in dioecious plants. 

7.Substituting chilling effect, low temperature treatment or vernalization effect 

8.Fruit growth and parthenocarpy:Gibberellins promote fruit set and  induce 

parhenocarpic fruit development.GAs are 500 times more effective  as compared to Auxins 

in inducing parthenocarpy in tomato. Gibberellins application also induce parthenocarpy in 

some stone fruits other than cherry and plum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Difference between the physiological role/effect of Auxins and Gibberellins: 

 

Physiological roles/effect of Auxin Physiological roles/effect of Gibberellins 



1.Auxin is a derivative Aminoacid 

(tryptophan) 

2.It promotes apical dominance. 

3.It causes growth in dwarf pea stem 

sections but no effect on intact plants. 

 

4.Higher conc. of auxin inhibit root 

growth, but initiates formation of new 

root or laterals. 

 

5.No effect on bolting and flowering. 

 

 

6.No effect on seed germination and 

dormancy breaking. 

 

7.Auxins are not known to cause de novo 

synthesis of hydrolytic enzymes. 

 

8.Auxins are known to have feminizing 

effect on dioecious plants. 

 

9.Polar mode of transport of endogenous 

auxins. 

1.Gibberellins are derivative of terpenoid 

compounds. 

2.It has no effect on  apical dominance. 

3.It causes growth of intact dwarf pea plant, 

but has no effect on its stem sections. 

4.Gibberellins does not effect root  growth. 

 

 

5.Promotes bolting and flowering  in non-

vernalized biennials and long day plants. 

 

6.Promotes seed germination and helps in 

breaking dormancy. 

 

7.Causes de novo synthesis of hydrolytic 

enzymes in barley grains. 

8.Gibberellins are known to have  masculine 

effect on dioecious plants(promotes 

formation of male flowers in cucurbits). 

9.Non-polar mode of transport of 

Gibberellins. 

Role of Gibberellins in Agriculture and Horticulture: 

(including commercial uses) 

1.Fruit setting and fruit development: 

 (i)GA application has positive effect on fruit setting.Inceased fruit setting with application 

GAs was reported in Pusa seedless variety of grapes (Krishnamurthi,Randhwa and 

Singh,1959). 

A mixture of cytokinin, 6-benzyl adenine and GA4+GA7( this preparation is called 

promolin) is very effective  in stimulating apple fruits to increase in size especially in red 

Delicious type apples 

(ii)Gibberellins if applied at a proper time and at proper conc. causes grape bunches to 

elongate and less tightly packed. This helps fruits to become larger and disease free. 

(iii)GAs are also sprayed on fruits and leaves of novel oranges trees to prevent rind disorder 

during storge 

2. Malting of Barley: 

GAs are used by some breweries to increases the rate  of malting  by enhancing   the potential 

of starch digestion through the  increased production of the hydrolytic enzyme -Amylase. 

3. Increasing sugar yield: In sugar cane ,the cane sugar (sucrose) is stored in parenchyma 

cell of inter nodes. Gibberellins stimulate elongation of internodes .Spraying  the sugarcane 

crop  with gibberellins markedly increases sugarcane growth and sugar yields. It is 

commercially practised in Howaii islands and some other countries. 

. 

4. Germination and breaking of dormancy: Gibberellins are widely used in  germination 

experiments. GAs have stimulating effect on the germination of  cerals. GAs application can 

substitute the light requirement in photoblastic seeds like lettuce, to start germination. GAs 

also substitute low temperature requirement  to break dormancy  in some seeds. 



5.Flowering: GAs induce flowering in long day plants and in plants requiring inductive  cold 

period ,in general (substitutes vernalization  effect).It also promotes  formation of male 

flowers  by playing important role in the development of androecium.In maize,application 

of GA17,GA19,GA20,GA44 and GA53 known to promote development of tassels(male 

inflorescence)(Phinney,1979) 

6.Parthenocarpy: GA application induces  formation of  parthenocarpic fruits in  case 

brinjal(Mukherjee and Dutta,1962).Some parthenocarpic fruits of guava (Allahabad round 

)are known to be  produced by GA treatment.In general,  GA induces parthenocarpy in pome 

fruits(Apple and Pear) and are now used to increase  the fruit size  and bunch length of 

grapes. 

. 

7.Seed production: A mixture of GA4 and GA7 is used to enhance seed production in 

conifers. In some biennial vegetables such as beet and cabbage, gibberellin treatment 

stimulates bolting and thus time for seed production can be reduced considerably. 

 

CYTOKININS (Kinetin) 

 

 Kinetin was discovered by Skoog and Miller (1950) from the tobacco pith callus and the 

chemical substance was identified as 6-furfuryl aminopurine.  Because of its specific effect on 

cytokinesis (cell division), it was called as cytokinins or kinetin. The term, cytokinin was 

proposed by Letham (1963). Fairley and Kingour (1966) used the term, phytokinins for 

cytokinins because of their plant origin. Chemically cytokinins are kinins and they are purine 

derivatives.  

 Cytokinins, besides their main effect on cell division, also regulate growth and hence 

they are considered as natural plant growth hormones. Some of the very important and 

commonly known naturally occurring cytokinins are Coconut milk factor and Zeatin. It was also 

identified that cytokinin as a constituent of t-RNA. 

 

Naturally occurring cytokinins 

 Cytokinins can be extracted from coconut milk (liquid endosperm of coconut), tomato 

juice, flowers and fruits of Pyrus malus; fruits of Pyrus communis (Pear), Prunus cerasiferae 

(plum) and Lycopersicum esculentum (bhendi); Cambial tissues of Pinus radiata, Eucalyptus 

regnans and Nicotiana tabacum; immature fruits of Zea mays, Juglans sp. and Musa sp; female 

gametophytes of Ginkgo biloba; fruitlets, embryo  and endosperms of Prunus persica; seedling 

of Pisum sativum; root exudates of Helianthus annuus and tumour tissues of tobacco. According 

to Skoog and Armstrong (1970), at least seven well established types of cytokinins have been 

reported from the plants.     

 

Biosynthesis 

 It is assumed that cytokinins are synthesised as in the case of purines in plants (nucleic 

acid synthesis). Root tip is an important site of its synthesis. However, developing seeds and 

cambial tissues are also the site of cytokinin biosynthesis. Kende (1965) reported that cytokinins 

move upwards perhaps in the xylem stream. However, basipetal movement in petiole and 

isolated stems are also observed. Seth et al (1966) found that auxin enhances kinetin movement 

(translocation) in bean stems. 

 

Physiological effects of cytokinins 

1. Cell division 



 The most important biological effect of kinetin on plants is to induce cell division 

especially in tobacco pith callus, carrot root tissue, soybean cotyledon, pea callus etc. 

 

2. Cell enlargement 

 Like auxins and gibberellins, the kinetin may also induce cell enlargement.  Significant 

cell enlargement has been observed in the leaves of Phaseolus vulgaris, pumpkin cotyledons, 

tobacco pith culture, cortical cells of tobacco roots etc. 

 

3. Concentration of apical dominance 

 External application of cytokinin promotes the growth of lateral buds and hence 

counteracts the effect of apical dominance 

 

4. Dormancy of seeds 

 Like gibberellins, the dormancy of certain light sensitive seeds such as lettuce and 

tobacco can also be broken by kinetin treatment. 

 

5. Delay of senescence ( Richmand - Lang effect) 

 The senescence of leaves usually accompanies with loss of chlorophyll and rapid 

breakdown of proteins. Senescence can be postponed to several days by kinetin treatment by 

improving RNA synthesis followed by protein synthesis. 

 Richmand and Lang (1957) while working on detached leaves of Xanthium found that 

kinetin was able to postpone the senescence for a number of days.   

 

6. Flower induction 

 Cytokinins can be employed successfully to induce flowering in short day plants. 

 

7. Morphogenesis 

 It has been shown that high auxin and low kinetin produced only roots whereas high 

kinetin and low auxin could promote formation of shoot buds. 

 

8. Accumulation and translocation of solutes 
 Plants accumulate solutes very actively with the help of cytokinin and also help in solute 

translocation in phloem. 

 

9. Protein synthesis 

 Osborne (1962) demonstrated the increased rate of protein synthesis due to translocation 

bys kinetin treatment.  

 

10. Other effects 

 Cytokinins provide resistance to high temperature, cold and diseases in some plants.  

They also help in flowering by substituting the photoperiodic requirements. In some cases, they 

stimulate synthesis of several enzymes involved in photosynthesis.    

 

11. Commercial applications 

 Cytokinins have been used for increasing shelf life of fruits, quickening of root 

induction and producing efficient root system, increasing yield and oil contents of oil seeds 

like ground nut.  

 



ABSCISIC ACID 

 

 Addicott and coworkers observed that a large number of developing fruits of cotton 

abscise before attaining maturity. They extracted a substance from the fruit walls which cause 

abscrission when applied to debladed petioles of cotton seedlings. Later on this substance is 

known to be ABA. 

 

Occurrence – Occurs in various plant parts of mosses, ferns and a wide range of gymnosperms 

and angiosperms. ABA has been reported from the leaves of ash and birch, tuber of potato, 

rhizome of pteridium fruit constitute the richest source of ABA. In lower bryophytes, an 

anologue of ABA is found i.e. lunularic acid, which has similar role as that of it. 

 

Site of synthesis - Closely  related to carotenoids. Chloroplast is the site of ABA synthesis. 

Biosynthesis – Two pathways (i) by oxidation of xanthophylls (ii) from mevalonic acid. 

     Mevalonic acid Phascic acid 4΄-Dihydro phascic acid 

 

  

  Direct pathway  oxidation 

Farnesyl pyrophosphate Abscisic acid 

 

Caroteniods    Indirect pathway Xanthoxin conjugation 

           

        Violoxanthin Abscicic acid-β-glycosyl ester 

 

 

 

 

Physiological roles/effects: 

1. ABA levels in seeds peak during embryogenesis and ABA promotes descication 

tolerance in the embryo. 

2. ABA promotes accumulation of seed storage proteins during embryogenesis. 

3. Induce dormancy of seeds and buds: Seed dormancy is controlled by the ratio of ABA 

to GA. It also accumulates in dormant buds . 

4. ABA inhibits precocious germination and vivipary. 



5. ABA inhibits GA induced enzyme production. 

6. Inhibits stem growth and reduces apical dominance. 

7. ABA promotes root growth and inhibits shoot growth in low water potential 

(dehydrating condition). 

8. ABA promotes leaf senescence independently of ethylene. 

9.  ABA also induces abscission. 

10. ABA generally induces flowering in short day plants and inhibit flowering in long day 

plants.In certain short day plants like Ribes nigrum , Phorbitis sp. and  Fragaria sp. It 

induces flowering during long day conditions. However it is ineffective in tropical 

short day plants like Xanthium sp. 

11. ABA causes closure of stomata in response to water stress. It plays important role in  

stomatal physiology. 

12. Stress hormone: The role of ABA in freezing, salt and water stress has led to the 

characterization of ABA as stress hormone. 

13. Water uptake: Application of ABA to root tissue stimulates water flow and ion flux 

suggesting that ABA regulates turgor not only by decreasing transpiration but also by 

increasing water influx into roots. 

 

 

ETHYLENE 

 

 It was a common observation during the nineteenth century that gases present in smoke 

could modify plant growth. Naljubov (1901) was the first to show the importance of ethylene 

as a growth regulator of plants. 

 

Occurrence : More ethylene is produced in meristematic regions. The production of ethylene 

is also high in dormant buds of apple and the quantity decreases when the buds sprout. The 

leaves and flowers, which undergo senescence also have ethylene. It also increases with the 

maturity and ripening.  

 

 

 

 

 



 

 

 

 

 

 

 

Biosynthesis of ethylene: Ethylene is synthesized from its precursor amino acid, methionine. 

                         Methionine 

 

  

 SAM (S-Adenosyl methionine) 

 

 

  

Promoted by:                 Inhibited by: 

-Fruit ripening -AVG ( Aminoethoxyvenylglycine 

-Flower senescence -AOA (Aminooxyacetic acid) 

-Physical wounding 

-IAA 

-Chilling injury 

-Drought stress 

-Flooding 

   

                              ACC (1-aminocyclopropane-1-carboxylic acid) 

 

 

                            Ethylene 

 

Physiological role/effects:  

(1) Ethylene causes triple response of etiolated seedlings such as pea, which includes: 

(i) inhibition of stem elongation 

(ii) stimulation of radial swelling of stems and 



(iii) horizontal growth of stems with respect to gravity. 

(2) Ethylene promotes ripening of some fruits.  It is associated with natural ripening of fruits 

and climacteric rise. 

(2) Leaf bending or epinasty occurs when ACC (1-aminocyclopropane-1-carboxylic acid, the 

immediate precursor of ethylene, which is formed after the conversion of S-adenosylmethionine 

(SAM) from methionine) from the root is transported to the shoot.  

(3) Ethylene induces lateral cell expansion. 

(4) It causes leaf abscission. 

(5) Ethylene enhances the rate of leaf senescence along with ABA.  

(6) Hooks of dark grown seedlings is maintained by ethylene production. 

(7) Ethylene breaks seed and bud dormancy in some species e.g. peanuts and potato tubers. 

(8) Ethylene promotes the elongation growth of submerged aquatic species. 

(9) Ethylene induces roots and root hairs. 

(10)Induces flowering in pineapple family (Bromeliaceae), 

(11) Ethylene promotes degreening of citrus and banana fruits in temperate climate 

(chlorophyllase activity).  

(12) It also causes discoloration of flower petals. 

(13) Ethylene causes activation of malic enzyme and pyruvate decarboxylase. R.Q. value during 

climacteric rise is more than 1 because of release of more CO2 through decarboxylation of malic 

acid and pyruvic acid. 

  

GROWTH RETARDING CHEMICALS 

 

 Earlier several chemicals were found to reduce stem elongation. Subsequently a number 

of different kinds of compounds are found to reduce the growth. Growth retardants have other 

biological effects besides retarding stem elongatin. Leaves of treated plants are frequently darker 

green than in untreated plants. Flowering is also accelerated in some plants following treatment 

with growth retardants. No endogenous growth – retarding substances have been recognized so 

far in plants. However there are many synthetic growth retardants are available in the market. 

 

Eg : Maleic hydrozide, cycocel, Amo 1618, Phosform – D. 

 

 



 

Synthetic plant growth regulators presently in use in agriculture 

 

Common name Chemical name Use 

1. Chlormequat (cycocel) 2 – chloroethyl trimethyl 

ammonium chloride 

Dwarfing agent in wheat and 

poinsettias 

2. Ethephon 2-Chloroethyl phosphonic acid Induce flowering in pine apple, 

sugarcane ripener 

3. Maleic hydrazide 1, 2 Dihydro –3, 6- 

pyridazinedione 

Growth retardant sucker 

control on tobacco. Turf grass 

inhibition 

4. Triacontanol 1-Hydroxy triacontane General growth stimulant 

5. Gibberrellins Gibberellic acid (GA 3) Enhance berry size of grapes 

6. Diaminozide Succinic acid –2, 2- dimethyl 

hydrazine 

Enhance size and colour of 

various fruits 

7. Glyphosine N, N-Bis (Phosphonomethyl) 

glycine 

Sugarcane ripener 

 

 

DOWN WARD TRANSPORT OF MINERAL IONS 

 

TRANSLOCATION OF ORGANIC SOLUTES AND MINERAL IONS 

The movement of organic food materials or the solutes in soluble from, from one place to 

another in higher plants is called as translocation of organic solutes.  

Translocation of organic solutes is essential in higher plants because:-  

(i) In higher plants, only the green parts can manufacture food and it must be supplied to other 

non-green parts for consumption and also for storage.  

(ii) During the germination of the seeds, the insoluble reserve food material of the seed is 

converted into soluble form and is supplied to the growing regions of young seedling till it has 

developed its own photosynthetic system i.e., leaves.  

Translocation of organic solutes always takes place from the region of higher concentration of 

soluble form i.e., the supply end (source) to the region of lower concentration of its soluble form 

i.e., the consumption end (sink).  

 



 
 

 
 

PATH OF THE TRANSLOCATION OF ORGANIC SOLUTES  

Path of Downward Translocation  

Downward translocation of the organic solutes takes place through phloem.  

Path of upward translocation  

There has been controversy regarding the path of upward translocation of organic solutes in 

plants. Although translocation of organic solutes takes place through phloem, but under certain 

conditions it may take place through xylem.  

Path of Radial Translocation  

Radial translocation of organic solutes from pith to cortex takes place through medullary rays.  

 

MECHANISM OF TRANSLOCATION THROUGH PHLOEM  



Various theories have been put forward to explain the mechanism of phloem conduction but 

they are not fully satisfactory. Among them Munch's (1930) hypothesis is most convincing. 

  

MUNCH'S MASS FLOW OR PRESSURE FLOW HYPOTHESIS  

Acconding to this hypothesis put forward by Munch (1930) and elaborated by Craft (1938) and 

others, the translocation of organic solutes takes place en mass through phloem along a gradient 

of turgor pressure from the region of higher cone, of soluble solutes i.e., supply end to the region 

of lower cone. i.e., consumption end.  

The principle involved in this hypothesis can be explained by a simple physical system as shown 

in the figure. Two membranes X and Y permeable only to water and dipping in water are 

connected by a tube T to form a closed system. Membrane X contains more concentrated sugar 

solution than in membrane Y. Due to higher osmotic pressure of the concentrated sugar solution 

in membrane X, water enters into it so that its turgor pressure is increased. The increase in the 

turgor pressure results in mass flow of sugar solution to membrane Y through the tube T till the 

concentration of sugar solution in both the membranes is equal.  

If in the above system it could be possible to maintain continuous supply of sugars in membrane 

X and its utilization or conversion into insoluble form in membrane Y, the flow of sugar solution 

from X to Y will continue indefinitely.  

 

 
According to Munch's hypothesis, a similar analogous system for the translocation of organic 

solutes exists in plants. As a result of photosynthesis, the mesopbyll cells in the leaves contain 

higher concentration of organic food material in them in soluble form and correspond to 

membrane X or supply end. The cells of stem and roots where the food material is utilized or 

converted into insoluble form correspond to membrane Y or consumption end. While the sieve 

tubes in phloems which are placed end to end correspond to the tube T. Mesophyll cells draw 

water from the xylem of the leaf due to higher osmotic pressure and suction pressure of their 

sap so that their turgor pressure is increased. The turgor pressure in the cells of stem and the- 

roots is comparatively low and hence, the soluble organic solutes begin to flow en mass, from 

mesophyll through phloem down to the cells of stem and the roots under the gradient of turgor 

pressure. In the cells of stem and the roots the organic solutes are either consumed or converted 

into insoluble form and the excess water is released into xylem through cambium.  



 
 

 

 

Demerits of Munch's Hypothesis  

(1) This hypothesis accounts for the translocation in only one direction at a time, although there 

may be simulataneous upward and downward translocation of solutes.  

(2) There is considerable doubt regarding the magnitude of the turgor pressure at the supply end 

which may not be sufficient enough to overcome the resistance offered by the sieve plates in the 

translocation of solutes through sieve tubes.  

(3) Turgor pressure may not always be higher at the supply end.  

(4) This hypothesis is based on purely physical assumptions and does not take into account the 

fact that whole of the translocation process is dependent upon the plant's metabolism and the 

metabolic energy.  

PHLOEM LOADING AND UNLOADING  

As mentioned earlier, translocation of organic solutes such as sucrose (i.e., photosynthates) takes 

place through sieve tube elements of phloem from supply end (or source) to consumption end 

(or sink). But, before this translocation of sugars could proceed, the soluble sugars must be 

transferred from mesophyll cells to sieve tube elements of the respective leaves. This transfer of 

sugars (photosynthates) from mesophyll cells to sieve tube elements in the leaf is called as 

phloem loading. On the other hand, the transfer of sugars (photosynthates) from sieve tube 

elements to the receiver cells of consumption end (i.e., sink organs) is called as phloem un-

loading. Both are energy requiring processes.  

 

PHLOEM LOADING  

As a result of photosynthesis, the sugars such as sucrose produced in mesophyll cells move to 

the sieve tubes of smallest veins of the leaf either directly or through only 2-3 cells depending 

upon the leaf anatomy. Consequently, the concentration of sugars increases in sieve tubes in 

comparison to the surrounding mesophyll cells.  

The movement of sugars from mesophyll cells to sieve tubes of phloem may occur either through 

symplast (i.e., cell to cell through plasmodesmata, remaining in the cytoplasm) or the sugars 



may enter the apoplast (i.e., cell walls outside the protoplasts) at some point en route to phloem 

sieve tubes. In the latter case, the sugars are actively loaded from apoplast to  

sieve tubes by an energy driven transport located in the plasmamembrane of these cells. The 

mechanism of phloem loading in such case has been called as sucrose-H+ symport or cotransport 

mechanism. According to this mechanism protons (W) are pumped out through the 

plasmamembrane using the energy from A TP and an ATPase carrier enzyme, so that 

concentration of W becomes higher outside (in the apoplast) than inside the cell. Spontaneous 

tendency toward equilibrium causes protons to diffuse back into the cytoplasm through 

plasmamembrane coupled with transport of sucrose from apoplast to cytoplasm through su-

crose-H+ symporter located in the plasmamembrane. The mechanism of the transfer of sugars 

(sucrose) from mesophyll cells to apoplast is however, not known. Phloem loading is specific 

and selective for transport sugars.  

Both symplastic and apoplastic pathways of phloem loading are used in plants but in different 

species. In some species however, phloem loading may occur through both the pathways in the 

same sieve tube element or in different sieve tube elements of the same vein or in sieve tubes in 

veins of different sizes.  

Experimental findings have revealed certain patterns in apoplastic and symplastic loading of 

sugars in phloem, which appears to be related with the type of sugar transported to phloem, type 

of companion cells (ordinary, transfer or intermediary) and number of plasmodesmata (few or 

abundant) connecting the sieve tubes (including the companion cells to surrounding cells in 

smaller veins.  

To some extent, phloem loading is also correlated with the family of plant, its habit (trees, 

shrubs, vines or herbs) and climate such as temperate, tropical or arid climate.  

PHLOEM UNLOADING  

It occurs in the consumption end or sink organs (such as developing roots, tubers, reproductive 

structures etc.) Sugars move from sieve tubes to receiver cells in the sink involving following 

steps:  

(i) Sieve element unloading. In this process, sugars (imported from the source) leave sieve 

elements of sink tissues.  

(ii) Short distance transport. The sugars are now transported to cells in sink by a short distance 

pathway which has also been called as post-sieve element transport.  

(iii) Storage and metabolism. Finally, sugars are stored or metabolized in the cells of the sink.  

As with the phloem loading process, sucrose unloading also occurs through symplast via 

plasmodesmata or through apoplast at some point en route to sink cells.  

Phloem unloading is typically symplastic in growing and respiring sinks such as meristems 

roots, and young leaves etc. in which sucrose can be rapidly metabolized. (Young leaves act as 

sink until their photosynthetic machinery is fully developed, at which point they become 

sources).  

Usually, in storage organs such as fruits (grape, orange etc.), roots (sugar beet) and stems 

(sugarcane), sucrose unloading is known to occur through apoplast. However, according to 

Oparka (1986), phloem unloading in potato tubers from sieve elements to cortical cells is a 

symplastic passive process.  

Because, there are wide varieties of sinks in plants which differ in structure and function, no one 

scheme of phloem unloading is available.  

 

ASSIMILATES PARTITIONING  

The products of carbon assimilation or photosynthesis such as hexoses, sucrose, starch etc. (i.e., 

fixed carbon) are called as photosynthates or photoassimilates or simply as assimilates. These 

assimilates are produced in green leaves of higher plants which constitute the sources. Within 

various compartments of photosynthesizing cells (sources), these assimilates are (i) 



metabolically utilized, (ii) stored or (iii) converted into transport sugars mainly sucrose for 

export to various sinks (through phloem) such as young leaves, roots, tubers, stems, fruits and 

seeds. At the sinks, assimilates are metabolically utilized and/or stored in receiver cells of sinks. 

Depending upon the nature and specific requirement of the sinks, the photoassimilates are 

differentially distributed in. different sinks. This differential distribution of photoassimilates .n 

different sinks of plant is called as assimilates partitioning.  

Usually, the amount of assimilates transported to the harvest organ is much more in comparison 

to other organs of the plant. Therefore, transport of assimilates and their partitioning are of great 

research interest in agricultural plant physiology because of their roles in crop productivity.  

Although attempts to increase photosynthetic activities of the leaves have met with only very 

little success, but the harvest index (i.e., the ratio of the harvest yield such as grains to '1le total 

shoot yield) or yields of many crop plants such as oats, barley, wheat, cotton, soybean, peanuts 

etc., has considerably been increased during recent years by sustained plant breeding efforts in 

selecting and developing varieties with improved transport of assimilates to edible or 

economically important portions of the plant.  

 

FACTORS CONTROLLING TRANSLOCATION AND ASSIMILATES 

PARTITIONING IN HIGHER PLANTS  

Translocation of assimilates to different sink organs and assimilates partitioning are controlled 

by many factors. Some of these factors are described below:  

1. Competition Among .Sink Tissues for Available Translocated Assimilates  

Competition among various sink tissues or organs such as young leaves, stems, roots, fruits and 

seeds for transport sugars is an important factor in determining translocation pattern  

in whole plant. Experiments have shown that if a sink is removed from a plant, there is increased 

translocation of assimilates to other competing sinks.  

Reproductive tissues such as fruits and seeds for instance, can compete with growing vegetative 

tissues such as young leaves and roots. On the other hand, sudden and drastic curtailing of 

sources (such as by shading all the leaves except one) and keeping the sinks intact in sugar beet 

and bean plants, resulted in increased supply of assimilates to young leaves than to roots 

indicating thereby that young leaves are stronger sinks than roots in these plants.  

The sink strength i.e., the ability of the sink to mobilize photosynthates or assimilates toward it 

depends on sink size and sink activity:  

Sink strength = Sink size x Sink activity  

Sink size is the total weight of the sink tissue while sink activity is defined as the rate of uptake 

of assimilates per unit weight of the sink. Sink activity is in turn governed by various enzymes 

that are involved in metabolic utilization and storage of assimilates.  

2. Photosynthesis and Sink Demand  

Rate of photosynthesis (i.e., the net amount of carbon fixed per unit area of leaf per unit  

time) is strongly influenced by sink demands. A substantial increase in sink/source ratio results 

in increased rate of photosynthesis in the source leaves. Rate of photosynthesis declines when 

sink demand decreases or in other words sink/source ratio is decreased. Under such condition, 

rate of photosynthesis is markedly inhibited especially in those plants which usually store starch 

instead of sucrose during the day.  

It is believed that under reduced sink demand in plant, assimilates pile up in the leaves (sources) 

which cause product inhibition of photosynthetic reactions.  

3. Long Distance Signals Between Sources and Sinks  

The signals between sources and sinks may be physical such as turgor pressure or chemi-  

cal such as phytohormones (plant growth regulators).  

(i) Turgor Pressure  



Rapid phloem unloading results in decrease of turgor pressure in sieve elements of phloem in 

sink tissues which is transmitted to the sources via interconnecting system of sieve elements. 

Consequently, rapid phloem loading occurs in sieve elements of phloem at the sources which 

increases their turgor and the translocation of assimilates from sources to sinks is increased.  

Rate of translocation of assimilates or organic solutes would be decreased if phloem unloading 

at the sinks is slow.  

It is believed that turgor affects transport of assimilates across the plasmamembranes by 

modifying the activities of proton pumping ATPase located in the membranes.  

(ii) Phytohormones or Plant Growth Regulators  

Phytohormones such as auxin, gibberellins, cytokinins and ABA are transported throughout the 

plant in vascular system and evidences are now accumulating that these growth regulators might 

regulate source-sink relationships at least partially and affect assimilates partitioning by 

controlling growth of sinks, senescence of leaves and other developmental processes. The best 

studied cases involve remobilization of stored reserves in storage tissues such as tap roots or 

sugarcane stem parenchyma, from where they are directed to new, typically reproductive sinks. 

Formation of these new reproductive sinks is itself often under the control of growth regulators. 

These new sink tissues may in turn also synthesize and release growth regulators which act as 

strong mobilizing agents.  

According to Gifford and Evans (1981), combinations of plant growth regulators may have 

additive, synergistic or inhibitory effects on assimilates partitioning.  

4. Plasmodesmata  

Plasmodesmata play very important role in regulating all aspects of phloem translocation 

including phloem loading and unloading and assimilates partitioning. Large pressure differences 

between the cells close plasmodesmata, the degree of closure depending upon the pressure 

difference. The closure of sieve pores (or sealing of plasmodesmata) by deposition of callose, 

which in turn is regulated by cytoplasmic calcium level, markedly inhibits translocation. 

 

 

PHOTOPERIODISM  

The phenomenon of photoperiodism was first discovered by Garner and Allard (1920). The 

plants in order to flower require a certain day length i.e. the relative length of day and night 

which is called as photoperiod. Photoperiod denotes the length of the day favourable for the 

plant to flower. The response of plants to the relative length of day or photoperiod expressed in 

the form of flowering is called as photoperodism. 

  

Depending upon the duration of photoperiod, they classified plants into 3 categories. 

1. Short day plants (SDP) 

2. Long day plants (LDP) 

3. Day neutral plants (DNP) 

 

1. Short day plants 

These plants flower below a critical day length or photoperiod. These plants require a relatively 

short-day light period (usually 8-10 hours) and a continuous dark period of about 14-16 hours 

for subsequent flowering. Some of the common examples of short-day plants are Maryland 

mammoth variety of tobacco, Biloxi variety of soybean, Cocklebur (Xanthium), Stawberry, 

Winter rice, Soyabean, etc. 

These plants are also known as long-night-plants. 



 In short day plants, the dark period is critical and must be continuous.  If this dark period 

is interrupted with a brief exposure of red light (660-605 mm wavelength), the short day 

plant will not flower. 

 Maximum inhibition of flowering with red light occurs at about the middle of critical 

dark period. 

 However, the inhibitory effect of red light can be overcome by a subsequent exposure 

with far-red light (730-735 mm wavelength) 

 Interruption of the light period with red light does not have inhibitory effect on flowering 

in short day plants. 

 Prolongation of the continuous dark period imitates early flowering. 

 
2. Long day plants 

These plants generally require long photoperiods to flower which must be above a critical day 

length. These plants regime longer day light period (usually 14-16 hours) in a 2 4 hours cycle 

for subsequent flowering. Some of the common examples of long day plants are 

Hyoscyamus niger (Henbane), Spinach, Sugar beet, Oat, Barley, Winter wheat, Radish etc. 

These plants are also called as short night plants. 

 In long day plants, light period is critical 

 A brief exposure of red light in the dark period or the prolongation of light period 

stimulates flowering in long day plants. 

 

3. Day neutral plants 



These plants flower after a period of vegetative growth, regardless of the photoperiod. In other 

words, they are unaffected by the day or night lengths, and flower around the year. Some 

common examples of day-neutral plants are tomato (Lycopersicum esculentum), cucumber 

(Cucumis sativus), cotton (Gossypium hirsutum), sunflower (Helianthus annuus), Maize (Zea 

mays) and some varieties of pea, etc. These plants flower in all photoperiod ranging from 5 

hours to 24 hours continuous exposure. 

During recent years intermediate categories of plants have also been recognized. 

They are 

1. Long short day plants 

2. Short long day plants 

 

1. Long short day plants 

These are short day plants but must be exposed to long days during early periods of 

growth for subsequent flowering.  Some of the examples of these plants are certain species of 

Bryophyllum. 

 

2. Short –long day plants 

 These are long day plants but must be exposed to short day during early periods of 

growth for subsequent flowering.  Some of the examples of these plants are certain varieties of 

wheat and rye. 

 

Photoperiodic Induction 

Plants may regime one or more inductive cycle for flowering.  An appropriate photoperiod 

in 24 hours cycle constitutes one inductive cycle.  If a plant which has received sufficient 

inductive cycle is subsequently placed under infavourable photoperiod, it will still flower.  

Flowering will also occur if a plant receives inductive cycles after intervals of unfavourable 

photoperiods (i.e. discontinous inductive cycle).  This persistence of photoperiodic after effect 

is called as photoperiodic induction. 

An increase in the number of inductive cycles results in early flowering of the plant.  For instance 

xanthium (a short day plant) requires only one inductive cycle and normally flowers after about 

64 days.  It can be made to flower even after 13 days if it has received 4-8 inductive cycle.  In 

such case number of flowers is also increased. 

Continuous inductive cycles promote early flowering than discontinuous inductive cycle. 

Some of the examples of plants which requires more than one inductive cycle for subsequent 

flowering are Biloxi soybean (SDP) – 2 inductive cycle.   

 Salvia (SDP)  - 17 Inductive cycles 

 Plantago (LDP) - 25 Inductive cycles 

 

Critical day length 

 Maryland mammoth tobacco and xanthium, both are short day plants, but Maryland 

mammoth tobacco is induced to flower when the photoperiod is shorter than 12 hours (12L/12D) 

whereas Xanthium is induced to flower when the photoperiod is shorter than 15.5 hours 

(15.5L/8.5D).  The photoperiod required to induced flowering is referred to as the critical day 

length.  The critical day length for Maryland mammoth tobacco and xanthium are 12 and 15.5 

hours respectively.  A short day plant is one that flowers on photoperiods shorter than the critical 

day length. 



 Long day plants, on the other land, are induced to flower on photoperiods longer than 

critical day length.  For example, the critical day length for Hyoscyamus niger is 11 hours 

(11L/13D) and it is induced to flower on photoperiods longer than 11 hours. 

 Suppose that, Xanthium and Hyoscyamus niger are exposed to a photoperiod of 14 hours 

of light and 10 hours of darkness (14L/10D).  It can be seen that flowering will be induced in 

both plants.  Xanthium, a short-day plant, will flower because 14,/10 D photoperiod is shorter 

than critical day length of 15.5 hours.  Hyoscyamus, a long-day plant, will flower because 

14L/10D is longer than the critical day length of 11 hours. 

 

Perception of photoperiodic stimulus and presence of a floral hormone 

 Photoperiodic stimulus is perceived by the leaves.  As a result a floral hormone is 

produced in the leaves, which is then translocated to the apical tip, subsequently causing 

initiation of floral primordia. Photoperiodic stimulus perceived by the leaves can be shown by 

a simple experiment on cocklebur (xanthium), a short day plant.  Cocklebur plant will flower if 

it has previously been kept under short day conditions.  If the plant is defoliated and kept under 

short day condition, it will not flower.  Flowering will also occur if all the leaves of the plant 

except one leaf have been removed. 

 

 

The flowering stimulus and Florigen 

 Flowering stimulus is produced in leaves and translocated to apical and lateral meristems 

where flower formation is initiated. Chailakhyan (1937) called the flowering stimulus or 

flowering hormone as Florigen. Flowering stimulus is similar in long day plants and short day 

plants.  This can be proved by a grafting experiment and can be translocated from one plant to 

another. Maryland mammoth tobacco, a short day plant and Hyoscyamus niger, a long day plant, 

are grafted so that the leafy shoots of  both the species are available for experiment.  If the 

grafted plants are exposed to either long-day a short-day conditions, both partners flower.  If 

grafting union is not formed, the flowering stimulus is not translocated from one partner to 

another partner. 

 
Flowering Hormone (Florigen): 

It is believed that the flower inducing stimulus is in the form of a chemical. It has been 
named as Florigen (L. flos- flowers, gignere- to produce) by Chailakhyan (1936). The chemical 
or hormonal nature is proved by a number of facts:  

(i) The photoperiodic stimulus is detected by the leaves.  
(ii) The stimulus is translocated from leaves to buds which produce the flowers. 
(iii) A single leaf or branch exposed to favourable photoperiods can induce flowering in the 

whole of the plant even if the remaining plant is receiving unfavourable light treatment.  
(iv) Removal of leaves at various intervals after exposure to inductive photoperiods alter 

flowering in a manner which suggests that the stimulus is being translocated out of the 
leaves.  

(v) The stimulus is translocated through phloem and other living cells. 
(vi) Hodson and Hamner (1970) demonstrated that the extract of flowering Xanthium plants 

induced flowering in non-flowering Xanthium in the presence of GA3 and directly in 
Lemna purpusilla. 

(vii) A vegetative plant receiving non-inductive or unfavourable photoperiods will come to 
flower if grafted to a plant receiving inductive photoperiod.  

 

Phytochrome 

 It has already been seen that a brief exposure with red light during critical dark period 

inhibits flowering in a short day plant and this inhibitory effect can be reversed by a subsequent 

exposure with far-red light. 



 Similarly, prolongation of the critical light period or the interruption of the dark period 

stimulates flowering in long-day plants. This inhibition of flowering in short day plant and 

stimulation of flowering in long day plants involves the operation of proteinaceous pigment 

called as phytochrome. 

 The pigment phytochrome exists in two different forms 

(a) red light absorbing form which is designated as PR and 

(b) far red light absorbing form which is designated as PFR 

 These two forms of the pigment are photochemically inter convertible (Borth wick and 

Hendricks) 

 When PR form of the pigment absorbs red light (660-665 nm), it is converted into PFR 

form. 

 When PFR form of the pigment absorbs far red light (730-735 nm), it is converted into 

PR form 

 The PFR form of pigment gradually changes into PR form in dark. 

 

 It is considered that during day time the PFR form of the pigment is accumulated in the 

plants, which is inhibitory to flowering in short day plants but is stimulatory in long day plants. 

During critical dark period in short day plants, this form gradually changes into PR form resulting 

in flowering. A brief exposure with red light will convert this form again into PFR form thus 

inhibiting flowering. Reversal of the inhibitory effect of red light during critical dark period in 

SDP by subsequent far-red light exposure is because the PFR form after absorbing far-red light 

(730-354 nm) will again be converted back into PR form. 

 Prolongation of critical light period or the interruption of the dark period by red – light 

in long day plants will result in further accumulation of the PFR form of the pigment, thus 

stimulating flowering in long-day plants. Phytochrome is present in roots, coleoplites, stems, 

lypocotyls, cotyledons, petioles, leaf blades, vegetative buds, flower tissues, seeds and 

developing fruit of higher plants. Within cell, phytochrome may be located at membrane 

surfaces.  If shows two components chromophore and protein. 

 

Some phytochrome mediated photo responses in plants  

(i) Photoperiodism  

(ii) Seed germination  

(iii) Elongation of leaf, petiole, stem 

(iv) Hypocotyl hook unfolding  

(v) Unfolding of grass leaf  

(vi) Sex expression  

(vii) Bud dormancy  

(viii) Plastid morphology  

(ix) Plastid orientation  

(x) Rhizome formation  

(xi) Bulb formation  

(xii) Leaf abscission  

(xiii) Epinasty  

(xiv) Succulency  

(xv) Enlargement of cotyledons 

(xvi) Hair formation along cotyledons  

(xvii) Formation of leaf primordia  

(xviii) Flower induction 

(xix) Differentiation of primary leaves  



(xx) Formation of tracheary elements  

(xxi) Differentiation of stomata  

(xxii) Change in rate of cell respiration.  

(xxiii) Formation of phenylalanine deaminase  

(xxiv) Synthesis of anthocyanin  

(xxv) Increases in protein synthesis  

(xxvi) Increase in RNA synthesis  

(xxvii) Changes in the rate of fat degradation  

(xxviii) Changes in the rate of degradation of reserve proteins  

(xxix) Auxin catabolism  

(xxx) Incorporation of sucrose into plumular tissue  

(xxxi) Permeability of cell membranes  

(xxxii) Lipoxygenase metabolism  
 
 

Importance of Photoperiodism:  

The knowledge of photoperiodism and its application has great economical potentialities. 

(i) The yield of tubers, corms, bulbs and rhizomes can be increased substantially by knowing 

the photoperiods most favourable to their formation. 

(ii) The vegetable crops can be made to remain vegetative for longer periods.  

(iii) Annuals may be grown twice or thrice in a year.  

(iv) By proper manipulation of light hours perennials might flower throughout the year. 

(v) Winter dormancy and autumnal leaf fall can be prevented by increasing light hours. 

(vi)  Long day treatment increases stolon formation in strawberry.  

(vii)   The knowledge of the phenomenon of photoperiodism has been of great practical 

importance in hybridisation experiments, because different varieties growing in different 

areas and flowering at different times are now made to grow and flower side by side by 

artificially controlling their photoperiods. 

(viii)  Although the floral hormone 'florigen' has not yet been isolated, the isolation and 

characterization of this hormone will be of utmost economic importance.  

(ix) The phenomenon of photoperiodism is an excellent example of physiological pre-

conditioning (or after-effect) where an external factor (i.e. the photoperiodic stimulus) 

induces some physiological changes in the plant the effect of which is not immediately 

visible. It lingers on in the plant and prepares the latter for a certain process i.e. flowering 

which takes place at a considerably later stage during the life history of the plant.  
 

 

Differences between short day and long day plants    

Sl. No. Short Day Plants Long Day Plants 

1. The plants are induced to flower 

by photoperiods below a critical 

length.  

 

The plants come to flower after 

receiving photoperiods above a 

critical length.  

2. Interruption of light during in-

ductive photoperiod does not 

prevent flowering 

Interruption of light during inductive 

photoperiods prevents flowering 

3. Short day plants are called long 

night plants because they require 

darkness, above a critical level.  

Long day plants are also called short 

night plants because they require 

darkness below a critical level 



4. Flowering is prevented if dark 

period below the critical level is 

interrupted by a flash of light.  

Flowering is stimulated if dark 

period is interrupted by light.  

 

5. Plants can come to flower in 

continuous darkness if food is 

provided.  

No flowering can occur under such 

conditions. 

6. Flowering is prevented if short 

alternating cycles of light and 

darkness provided to plants.  

Flowering occurs in short alternating 

cycles of light and darkness. 

7. Flowering is inhibited under   

long day conditions because  

the dark periods become shorter 

  

Flowering is inhibited under the 

short day conditions because of  the 

long dark periods 

8. Exogenous supply of gibberellins 

does not induce flowering under 

favourable conditions 

Exogenous gibberellins supply  

induces flowering under 

unfavourable conditions  

9. Pr favours flowering Pfr favours flowering 

 

 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TRAINING AND PRUNING 

Training and pruning are important orchard operations. Both the processes form an 

indispensable process having direct bearing on growth and vigour of plants and yield and quality 

of fruits. A properly trained and pruned plant sustain heavy crop load and produce bountiful 

harvest of quality. Both the processes of training and pruning work together in maintaining 

shape and size of tree and harvesting desirable yield.  

 

Training 

Training is a practice in which tree growth is directed into a desired shape and form. Training 

young fruit trees is essential for proper tree development. It is better to direct tree growth with 

training than to correct it with pruning. The basic objective of tree training is to direct tree growth 

and minimize cutting. Training of the perennial trees to the open vase centre is an age old 

practice to harvest the advantage of the light and ventilation. It is a potential tool to manage the 

canopy architecture of a plant with weak stem like grape vine. Training is mainly concerned 

with giving a form or shape to the plant. It determines the general character and even details of 

the plant’s outline and of its branching and framework. Training includes summer training and 

summer pruning as well as dormant pruning. Bower system of the training has been found to be 

the best in tropics throughout the world.  Some of the important objectives of training are to 

facilitate interception of sunlight and air to each and every part of tree, develop strong 

framework of tree, to expose maximum leaf surface to the sunlight, to direct the growth of the 

tree so that various cultural operations, such as spraying and harvesting are performed at the 

lowest cost, to protect the tree from sunburn and wind damage and to secure a balanced 

distribution of fruit bearing parts on the main limbs of the plant. 

Three important methods of training are Central Leader and Modified Central Leader, 

Perpendicular V and Open Centre. 

Central leader and modified central leader: In central leader training, main trunk extends from 

the soil surface to the total height of the tree. Several side branches grow at different heights in 

various directions. In this training method, the dominant upright branch (trunk) is promoted and 

other branches are allowed or forced to grow at an angle from it resembling a Christmas tree.   

The modified leader training system is most acceptable for commercial fruit cultivation. This system 

combines the best qualities of the central leader and open centre systems. A leader develops on the young 

tree until it reaches the height of 2-3 m and then the growth is restricted. Laterals are selected to ascent 

in a spiral fashion up the central trunk and are cut until the proper number and distribution of branches 

have been obtained. 

Perpendicular V: In this method, peach or nectarine trees are grown in a V shape that is 

perpendicular to the row.  This allows closer spacing and ease of management.  This system is 

similar to the open centre in that the centre is kept open through the growing season, but only 

two primary scaffold branches are developed, with no other main branches.  All the fruiting 

branches grow directly off the two main scaffolds or off short branches arising from the 

scaffolds. 

Open Centre: The open centre, or vase-shaped, system is the most commonly used on system 

and can be used on the majority of fruit trees and almonds.  The centre of the tree is kept free of 

large branches and vigorous shoots, particularly during the growing season, in order to allow 



sunlight to reach the lower fruiting branches. In this method, main trunk is allowed to grow upto 

1.0 m by cutting within a year of planting and 3-5 lateral branches are allowed to develop from 

short main stem. It is widely used for peaches and is good for mechanical harvesting. 

Some of the special methods of training are Bush System, Pyramid System, Espaliar system and 

Cordon System. The training methods used for grape vines are Head System, Kniffin System, 

Telephone System/ Overhead Trellis System, Bower System. 

Pruning 

Pruning is the judicious removal of plant part to obtain better and qualitative yield. It is a tool 

to regulate the tree size and shape to achieve a desired architecture of the canopy and also to 

reduce the foliage density by removing the unproductive branches of a tree. Pruning helps in 

entry of sunlight in to the canopy, removes unproductive branches which are producing few or 

no fruits and keeps the plant in its proper vigour, vitality and to obtain optimum yields of good 

quality fruits. The incidence of mango malformation can be reduced by reducing the foliage 

density by pruning. In mango annual topping or hedging or the combination of both, effectively 

controlled tree size but reduced the yields. There are four types of Pruning such as Thinning out, 

Heading Back, Bulk Pruning and Thin Wood Pruning. Thinning out involves removal of entire 

shoot from the point of its origin which does not allow re-growth from the cut ends. This method 

of pruning does not invigorate the tree. Heading back involves removal of the terminal portion 

of branch/shoot which encourages. Heading back promotes the growth of lower buds as well as 

several terminal buds below the cut. Thin wood pruning: refers to the removal of slow growing, 

weak, under hanging branches or shoots which are either not fruiting or producing fruits of low 

quality. Bench Cut method of pruning is used to remove vigorous, upright shoots back to side 

branches that are relatively flat and outward growing. This method is used to open up the centre 

of the tree and spread the branches outward. 

Some of the important objectives of pruning are to control the size and form (structural makeup 

of the plant) which involves number, placement, relative size and angle of branches, to obtain 

better quality fruits by better light distribution, to remove diseased, criss-crossed, dried and 

broken branches, to remove the non-productive parts in order to divert the energy into those 

parts that are capable of bearing fruits, to maintain proper proportion of root- shoot ratio, to 

regulate the fruit crop, to increase longevity of the tree and to reduce chances of insects-pests, 

diseases and winter injury.  

Trees are usually pruned annually in two ways viz. winter pruning and summer pruning. These 

operations are carried out to divert a part of the plant energy from one part to another. As trees 

grow older, they should receive relatively more of thinning out and less of heading back. 

Heading back tends to make trees more compact than thinning out. If a few of the several 

branches growing close together on the same parent limb are entirely removed or thinned out, 

the rest of the branches would grow more vigorously. Thinning out results in lesser new shoot 

growth but more new spurs and fruit bud formation than corresponding severe heading back. 

Pruning is carried out to remove surplus branches, to open the trees for maximum sun light 

interception, to train it to some desired form, to remove the dead and diseased limbs, to remove 

the water sprouts and to improve fruiting wood, to regulate production of floral buds and to 

maintain source sink relation. While pruning helps woody plants to maintain a desired size and 

shape, it improves the aesthetic quality of the ornamental plants and improves fruit quality in 

fruit trees through balanced vegetative and reproductive growth. Annual pruning of fruit trees 



always reduces yield, but enhances fruit quality. Pruning increases fruit size because excess 

flower buds are removed and pruning encourages the growth of new shoots with high-quality 

flower buds. Pruning improves light penetration into the canopy, and light is required for flower-

bud development, fruit set and growth, and red color development. Pruning also makes the 

canopy more open and improves pest control by allowing better spray penetration into the tree; 

air movement throughout the canopy is increased, which improves drying conditions and 

reduces severity of many diseases. A basic understanding of certain aspects of plant physiology 

is a prerequisite to understanding pruning. The plants continue to increase in size throughout 

their lives. There are only two ways plants can grow. Primary growth is the increase in length 

of shoots and roots, and is responsible for increases in canopy height and width. Secondary 

growth is the increase in thickness of stems and roots. Both types of growth require cell division 

followed by cell enlargement and differentiation. 

Difference Between Training and Pruning 

Training Pruning 

Mainly concerned with giving a form or shape 

to the plant. 

 

Pruning is the removal of a portion of a 

tree to correct or maintain tree structure. 

 

Determines the general character and even 

details of the plant’s outline and of its branching 

and framework. 

It has an effect on the function of the 

plant. 

Training includes summer training and summer 

pruning as well as dormant pruning. 

 

Pruning is most often done during the 

winter, commonly referred to as 

dormant pruning. It is also done during 

summers, referred to as summer pruning. 

The goal of tree training is to direct tree growth 

and minimize cutting 

 

It is meant to assist more in determining 

what the tree does in respect of fruiting. 
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