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                           LECTURE 1                                       Date 16.3.2020 

 

 

SILVICULTURAL SYSTEMS AND TREE (FOREST) 

PRODUCTION 

 Silviculture derives from the word Silvis. Silvics is the study of the life 

history and general characteristics of forest trees and crops, with 

particular reference to environmental factors, as the boisic for the 

practice of Silviculture.  

Silviculture has even variously defined as:  

1. Dand Smith (1962) the art of producing and tending, a forest, the 

application of the knowledge of Silvics in the treatment of a forest, the 

theory and practice of controlling forest establishments, composition and 

growth.  

2. It is also defined as the art and science of cultivating forest crops or 

that branch of forestry which deals with the establishment, development 

care and regeneration of stands. 

 

 The subject of Silvicultural practice consists of the various 

treatments of forest stands that may be applied to maintain and enhance 

their productivity. The duties of the forester with respect to Silviculture 



are to analyze the natural and economic factors of significance on each 

stand under his care and to derive and apply treatment most appropriate 

to the objective of management. Silviculture occupies a position in 

forestry that is comparable or analogous to that of agronomy in 

agriculture. This is because it is concerned with the technical details of 

crop production. It is an applied science that rest ultimately upon this 

more fundamental natural and social sciences. In  Silviculture, 

information of forest crops and technical procedures are developed for 

the scientific tending and reproducing of these crops. In a broad sense 

we thus have both the principles and practice of Silviculture. The 

principle provides the scientific basis, while the practice is the 

application of the scientific basis. The principles of Silviculture are 

concerned with the interpretation of forest vegetation as influenced by 

the environments which consist of actors of the habitat such as climate, 

soil and biotic factors. It views the forest as a complex structure with 

different biological units. It provides knowledge with the law governing 

production, on the capacity of forest stand and basis for little 

management around at forest development. The practice of Silviculture 

deals with methods used for achieving the objectives. Thus, it can be 

called applied Silvics. It deals with the relationship between cultural 

method of cutting a stand and natural regeneration which is expected to 

follow the cutting.  



 Also deals with the reduction and tending of stand e.g. thinning 

and pruning operations. 

•  Also concerned with methods of improving bole and methods of 

clearing and improving the quantity of the stand.   

• Applicability and advantages of various methods 

•  Comparison of various methods of collecting seed and other uses. 

 

 

 

 

 

 

 

 

 

 

 

 



                            LECTURE  2                                   Date 17.3.2020 

 

THE PLACE OF SILVICULTURE IN FOREST RESOURCES 

MGT.   

 

Forest resources are increasingly constituting a significant element in the 

national economies of  

many tropical countries. Unlike the past, when forests were taken for 

granted because they were  

found almost everywhere, the awareness has increased of the direct and 

for reaching influences  

of forest, as available forest area is continually diminished while the 

demand for forest goods and  

services soars.  

The use of forest resources can be classified under   

1. Major use e.g. wood as industrial raw materials.  

2. Intangible benefit such as recreation and watershed management.   

3. Minor produce e.g. food (fruits) useful plants tannins, gums etc.   



The use of plant materials as raw materials now stands next in 

importance to their uses as food  

directly or indirectly. Wood is still the world’s major structural material 

for building and other  

construction purposes. The Mahoganies of West African and the 

Meruntis of Malayan ran forest  

furnish the world with solid stocks and veneers for furniture. The 

mechanical/and chemical  

conversions of wood to pulp for the manufacture of paper and certain 

synthetic textiles consume  

enormous quantities of wood. Wood is aging treated to yield plastics, 

glues and special bonding  

agents. The distillation of wood yields a variety of valuable industrial 

chemicals such as  

methanol, acetic acids, turpentine, tanning materials and other products. 

In this age of energy  

shortages and oil politics the practice use and establishment of energy 

plantation or true  

plantation too harvest solar energy through bioconversion are being 

increasingly explored  



(Anom, 1970).  

Besides supplying industrial raw materials, forest also have the added 

value of conservation for scenic purposes, stabilization of climate, 

maintenance of water supply and prevention of erosion. The dense, 

forest canopies form good protectors of soil against radiation and 

excessive diurnal temperature fluctuations. Vegetation generally serves 

as a good conserver of soil water by encouraging percolation and 

discouraging run-off. Its humus content also augments the water storage 

capacity of the soil for future use by booth plants and animals. 

Deforestation of upper parts of slopes often leads not only to increased 

evaporation of large quantities of water from the watershed but also 

alters the land use capabilities of the lower slopes trees also have an 

important function in breaking the forces of wind, thus preventing wind 

erosion. It has been shown by Haws (1959) that good wind-breaks 

induce relative calm up to twenty times the height of the trees on the 

leeward side and up to five times the height on the windward side such 

windbreaks help to increase the productivity of land by reducing the 

desiccating and abrasive of winds. Not only have these, forest provided 

food and habitat for wildlife. Wildlife management is almost impossible 

without some forms of forest management.   

Modern forestry can then be defined as scientific management of forest 

resources for the continuous production of the important goods and 

services. However, unlike all other natural resources, forest resources 



are biologically renewable; they can grow and regrow after harvesting 

on the same site.   

Hence to work effectively, forest resources management must be 

biologically as well as economically sound.  

Silviculture comes into forest resources management in the biological 

sector. Literally, it is understand to involve the formation of new or 

regeneration of old forests and caring for them until they are matured for 

the intended use. It is the science of how a forest crops can be produced 

naturally or artificially and cultured under the prevailing economic 

conditions to maturity for the projected use.  

If the object of management is for cellulose production or as habitat or 

for recreational use, it is the duty of the Silviculturist to select those 

species and cultural techniques which will meet each objective. The 

Silviculturist is thus concerned not only with deciding what ought to be 

done but also the most economical way of achieving the various 

objectives. It must be noted that economic factors ultimately decide the 

silvicultural policy to be followed on any given area as the objective is 

usually to operate so as to maximize the value of benefits.     

In recent times, the demand for land for other purposes and the general 

increase in cost of labour make intensive and efficient use of land 

available for forestry essential. It is apparent that only the most 



impressive evidence of prospective return may enable forestry areas of 

the tropics.   

The importance of sound training in silviculture to enable the forest 

establish and nurture his forest in the most profitable ways, cannot be 

over-emphasized.  

The silviculturist needs a clear understanding of the factors that govern 

the growth of forest trees, both as individual and as stands, the 

interactions between the plants and their environments and the likely 

consequences of change in parts of the forest ecosystem. 



PRODUCTIVITY OF INDIVIDUAL WOODY PLANT   

The productivity of plant on a given site is measured by its biomass. 

Biomass is the amount of weight per unit area expressed in tons/acre or 

kg/hectare. It indicates the unit of efficiency between various sites. How 

long it takes the materials to be accumulated i.e. kg/ha/year or biomass 

per unit time gives the productivity.   

  

DETERMINANTS OF DRY MATTER PRODUCTION    

Dry matter maintain in woody plant is reflected in it growth. Growth is 

irreversible increase in size. This entails cell division of the somatic cell 

(the cambium either at the tip, stem or root). Elongation of the cell  

Differentiation of the cells cambium differentiate to provide phloem and 

xylem. Usually more xylem is produced than phloem.   

      

Growth itself reflects an integrated physiological response to edaphic, 

climatic and biotic factors which by influencing the physiological 

processes. Contribute to the formation and expansion of the shoot. 

Because of this, it is extremely difficult to appraise the specific 

condition of under environmental factors to shoot growth. Among the 

most important environmental factors which affect plant growth are   

1. Light   

2. Water   

3. Temperature   

4. Mineral nutrient supply   



5. Composition of atmosphere above and below the soil   

6. Soil physical and chemical properties   

7. Biotic factors e.g. insect   

8. Other plants and animals   

9. Cultural practices   

10. Influence of genotype and age of the tree   

  

Light   

The main photosynthetic part of the plant is the shoot or leaves. In the 

case of forestry, this main  

point of conversion is in the shoot. The growth of plant shoot with 

respect to light is affected by   

a. Degree of intensity   

b. Photoperiod   

c. Quality of light  

 

 

  



          LECTURE 3                                                           Date 18.3.2020 

 

         PHYSIOLOGICAL PROCESSES IN TREE GROWTH  

 

1. Photosynthesis: This is the greatest production process on earth crust 

the amount of CHO produced by it is seldom appreciated by foresters. It 

is generally accepted as the process by which CHO are manufactured 

from CO2 and H2O in chlorophylous plant tissues exposed to light 

energy is converted into chemical energy and stored in CHO from which 

it can be released in utilizable form for vital protoplasmic activities.   

2. Mechanism of processes: The overall process of photosynthesis is an 

oxidation reduction reaction with CO2 and H2O, the photosynthetic sites 

being the chloroplasts. CO2 in reduced and water oxidized essentially 

them in the transpresence of hydrogen from water to CO2, leading to the 

formation of CHO. The energy required for these reactions is provided 

by sunlight. Chloroplasts also, visible light and use some of the energy 

to split water molecules into oxygen and hydrogen and to transfer the 

hydrogen to carbon dioxide to form compound used an (CH2O) units. 

Conventionally this can be summarized by the equation    

 6CO2 + 6H2O   673  Kilo Calories gradient +energy    C6H12+CO2                        

Chlorophylous Cells                            



 The process is however not as simple as equation might imply like most 

physiological processes. This is a complex series of integrated reaction 

processes which appear to fall into at least three broad stages: Two 

photochemical is light reactions which provide the  

reduced pyrimidine nucleotide (NADPH) and ATP and One biochemical 

or dark reaction for the fixation and reduction, CO2 using the reduced 

NADPH and ATP from the light reaction.   

The photochemical stage involves the transporting light energy by 

chlorophyll and subsequent use in photolysis – a photocatalysed splitting 

of water molecules into hydrogen and oxygen.   

2H2O + 2A     2AH2 + O2  

A profitable function of this reaction in the overall photosynthetic 

process is the provision of hydrogen atoms which are then stored in the 

chloroplasts by continuation with some hydrogen acceptor. This process 

is represented by the above reaction where A represents a hydrogen 

acceptor to which hydrogen is transferred from water by light energy 

absorbed by the chloroplasts. This phenomenon is known as “Hill 

reaction” after Hill (1937) who first demonstrated that illumination of a 

suspension of chloroplast in the presence of a suitable hydrogen acceptor 

resulted in the release of oxygen present evidence indications that the 

hydrogen acceptor is pyridine nucleotide which (NADP) on continuation 

with the hydrogen atom is transferred to the strong reductant, reduced 



pyridine nucleotide (NADPH2). Subsequent chemical transformations 

involving hydrogen utilize the hydrogen formed and stored in this 

manner.  

 The second light reaction is the photosynthetic phosphorylation and the 

generation of Adenosine triphosphate (ATP) five Adenosine 

triphosphate (ATP) and inorganic phosphate. These photochemical 

reactions occur very rapidly (1 x 10-5sec) and are independent of 

temperature but are influenced concentration CO2.  

The purely biochemical reaction stage (dark reaction) occurs more 

sparingly requiring about 0.04 second at 250C and is governed by 01 

treatment is independent of carbodioxide concentration. In CHO 

synthesis the energy required to cause hydrogen to combine with CO2 

comes from light in a ATP and NADPH2.experiemnt have shown that 

where this products of photochemical reaction Light Chlorophyll  are 

available, the synthesis of carbohydrate can be carried out in the dark. 

Hence the reaction of CO2 to form CHO is often referred to as dark 

reaction.   

The dark reaction involves the continuation of CO2 with a 5-carbon 

phosphorylated sugar called ribulose to form an unstable 6-carbon 

compound.  

This breaks up into two molecules of a three-carbon energy rich sugar 

called phosphor glyceral aldehyde (PGAL) or triose phosphate. This is 



usually regarded as the first product of photosynthesis being the first 

substance formed after the ATP and NADPH2 from photochemical 

reactions have participated in the reduction of the carbodioxide. 

Most molecules of the triose phosphate are used in the formation of new 

ribulose with which more CO2 can be processed. Some of them are used 

as a source metabolic energy by the all ion which it is synthesized and 

some are continued and re-arranged in glucose which is traditionally 

considered the end product of photosynthesis.   

 

 



MAGNITUDE AND EFFICIENCY OF PHOTOSYNTHESIS  

Approximately 3 x 1018 kcals of radiant energy are converted into 

chemical energy per year by terrestrial green plants through 

photosynthesis (Meyer et al., 1960). In terms of weight, this is 

equivalent to producing 470 billion tones net of organic matter a year, 

using 690 billion tones of CO2 and 280 billion tones of air. Since green 

plants use about 80 billion tones of the food produced by this in kis, their 

true psstic production is about 550 billion tones (Greulech and Adams 

1959).  

It has been estimated that two-thirds of this amount is produced by 

forests.   

The radiant energy used in this is only a small fraction of the total 

quantity of radiant energy impinging on the earth’s surface estimated to 

be about 5 x 1020 kcals annually. Greulach and Adams (1959) recorded 

that leaves commonly absorb about 83% of the light that strikes them, 

reflect 12% and transmit about 5% and that of 83% absorbed only 4% is 

trapped by chlorophyll while most of the remainder is transferred into 

heat and re-radiated or lost otherwise. Since more than 99% of the 

incident radiant energy escapes capture by this they argued that plants 

could be considered as inefficient converters of solar to chemical energy.  

With respect to forest stands, this apparent low efficiency can be traced 

to several factors like variations in spacing, age, time required to achieve 

maximum by growth and canopy closure, light intensity under which the 

trees are growth and availability of moisture and CO2 among other 

factor for instance, photosynthetic efficiency is low in young stands in 

which canopies have not closed because of inefficiency in light 

interception. It is also low in or overcrowded stands of cause of poor 



light intensities for photosynthesis in shaded leaves. In such leaves and 

in senescent, the high ratio of RSS to PSS also results in low efficiency. 

These observations indicate that Photosynthetic efficiency in a tree stand 

increases with its age and reached a maximum value at the point of 

maximum leaf exposure (MLE).  

When however, the photosynthetic efficiency is based on light energy 

absorbed by chlorophyll. Photosynthesis will be seen to be a very 

efficient proverb because about 90% of the absorbed light energy is 

converted to CHO. Percentage encourage maximum efficiency, the 

forest stand has to be handled at a point where the component trees 

expose maximum number of chloroplasts  



         LECTURE 4                                                            Date 19.3.2020 

 

  ENVIRONMENTAL FACTORS AFFECTING 

  PHOTOSYNTHESIS  

  

Several environmental factors influence the rate of PSS, among which  

are : 

1) CO2 pressure surrounding the Photosynthetic cells and CO2 

availability   

2) Light intensity and light quality   

3) Temperature   

4) Water availability   

Beside these environmental factors, internal properties of the plant itself 

have some effect  

on rate of PSS, these are   

5) Age of the plant   

6) Chlorophyll content   

7)  Genotype and   

8) Some less understood anatomical and chemical features of plant . 

  

 

 



  AVAILABILITY OF CO2  

 

PSS occur only in the palisade layers (parenchyma cells) and also in the 

spongy mesophyll. The guard cells may also contain some chloroplasts 

in some species hence they do photosynthesize. Availability, CO2 to 

photosynthetic differ depends in the rate of closure and opening, stomata 

and the condition of the atmosphere. The rate of closure and opening of 

stomata depends on light and also the movements of certain within the 

plant. This is counters balanced by the movement anions accompanied 

by movement of water, the stomata because turgid and hence opnes.  

This is very effcienctat removing CO2 from the atmosphere. Initially 

penetration of CO2 into leaf is very rapid until it reaches the wet surface. 

The diffusion  of CO2 in water is about 1000 times slower than what it is 

in the atmosphere. Therefore rate of diffusion is reduced once it gets into 

the wet boundary layer. Even through the total distance between the 

cross section of leaf is very small, thus rate of diffusion from atmosphere 

to leaf seems to be the limiting factor in the supply of CO2 from 

atmosphere into the photosynthetic site.   

  

WIND   

The leaf have a boundary layer which consist of vapour. This boundary 

layers prevents the movement of CO2 into the leaf. With slight wind, the 

boundary can be destroyed, leaf become drier the rate of movement of 

CO2 become faster enhancing higher rate of PSS.   

  

 



LIGHT   

It is the intensity and photoperiod that is important. In one of PSS, the 

quantity of light limit Psstic rate. 

  Below zero (0) no light is received, no PS: -ve PSS value.  

This point where CO2 is given start is diminished by respiration above 

this point, the Pssic rate greater than rate of respiration, therefore we 

have positive Psstic values. The point where PSS = RSS is called the 

light compensation point.   

They are plant living under such condition will not grow. If RSS is 

greater than the plant will eventually die.   

With simultaneous above in light intensity, there is above in Psstiic rate. 

After this region, high in light intensity will not lead to high in Pstic rate. 

This point (a) is called light saturation point. If continue to high light 

intensity we shall have photooxidation in leave becomes destroyed due 

to excessive light intensity.  

The compensation, light saturation and photooxidation points vary with 

species. 

 

 SHADE PLANT AND SUN PLANT  

At the same light intensity, plant growing under sun have higher Psstic 

rate than plant under shade. Both may have same compensation point, 

but different saturation points.   

If plant from sun is put under shade, it will experience downward in 

Psstic rate or suppress more than plants wed to shade based on this we 

classifying plants into     



a) Sun plant: Have higher compensation point, have higher maximum 

Psstic rate, and saturated at 1/5 full sunlight.  

b) Shade plants: Have lower compensation point, saturated at 1/10 of 

full sunlight.  

Shadeplants are able to grow well under shade of taller trees. 

 

MORPHOLOGICAL AND PHYSIOLOGICAL 

CHARACTERISTICS OFLEAVES   

CHARACTERISTICS OF SHADE LEAVES   

1) Low compensation point   

2) A short range or a which light intensity stimulates PSS  

3) Leave Psstiic rate at higher saturation point.  

4) It posses more chlorophyll per unit weight than similar plant grading 

under sun.  

5) Shade leaves are often thinner than those developed under sunlight, 

because sun stimulates the development of 2nd layer of palisade 

parenchyma.   

  

SUN LEAVE CHARACTERISTIC  

1) High compensation point  

2) Long range over which light intensity stimulates Psstic rate   

3) Psstic rate at high saturation point   

4) Less chlorophyll/want rot   



5) Have the development of 2nd layer palisade cells.  

Shade plants are able to tolerate shade because of their low 

compensating point.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    

 

            EFFECT OF TEMPERATURE ON PSSTIC RATE   

Temperature range for plants growth is surprisingly very large on very 

hot days, leaf OT can reach 400C with Pss taking place, optimum range 

between 20-350C 

The influence of OT in Pss depends on both CO2 availability both light 

intensity. If these two are adequate, PSS will occur faster at high OT 

than at lower OT. This OT has little or no effect on photolysis. This is 

because energy required for photolysis is derived from light intensity.   

All the reactions of the Calvin-Benzene cycle is OT dependent and in 

low rate of OT of nay of these reactors with between down the entire 

process.   

The Q10 (respiratory efficiency/Quotient/rate) for processes like this in 

the laboratory varies from 2.0-3.0.  

The rate of diffusion of CO2 to reaction site will be high by higher OT. 

Q10 for diffusion of solute water very from 1.2 to 1.4. Q10 for entire 

PSS lie between 1.0 to 2.7.  

Apart from photolysis of water, other reactions of PSS we affected to a 

limit temperature.   

 



 

WATER AVAILABILITY  

Through PSS require electron obtain from photolysis of water. This is 

not only reason why water is important. Water has 10 effects on PSS due 

to its action in closing and opening of the stomata.  Under dry condition, 

stomata are closed down in diffusion of CO2 downward in PSS.  

 LEAF AGE   

As individual leaf on a plant grow and develops ability to photosynthesis 

increases with time and decreases later decreases when leaf become old 

– senescence – less chlorophyll be loss of functional chloroplast. 

CHLOROPHYLL CONTENT   

Little correlation between amount of chlorophyll and PSS Genetic 

Constitution: Some genotype and endogenous rhythmic affects PSStic 

rate Endogenous rhythm: Some plant have diurnal variation in PSStic 

rate independent of the environment.  

 

 

 

 



 

 LECTURE 5                                                                 DATE 20.3.2020 

                                       RESPIRATION   

Photosynthesis binds energy from solar radiation into complex organic 

compounds such as glucose and compounds synthesized from glucose 

by this potential energy can be utilized in metabolism by the tree the 

huge energy rich molecule must be broken down chemically and the 

energy released. The biochemical breakdown of photosynthesis is called 

respiration. In trees as in other living things, this process is 

characteristically combined with processes that incorporate a large 

portion of the released energy into ATP the “universal energy currency”, 

which serves a readily available energy supply.  Respiration makes 

available the chemical energy  stored in sugar and other foods and 

permits the use of this energy within the tree in a variety of useful ways. 

Some of these are assimilation and other energy using process such as 

fat and protein synthesis mineral absorption and maintenance of 

protoplasma structure all require and make use of this released energy. 

An understanding of respiratory process is the necessary, for a god 

appreciation of various tree behaviours and silvicultural techniques. 

Root growth and seed germination are often hindered by soil condition 

which limit respiration, value remedial measures such as drainage and/or 



tillage are usually due to enhance respiration. Successful seed storage 

also partly depends on maintaining  environmental conditions which 

control respiration of the seed. Although some minimal level of 

respiration is essential for cell survival and to somewhat higher rate is 

needed for growth, the rate of respiration sometimes rises for above 

essential level and results in wasteful consumption of food which might 

otherwise be used in assimilation to product new tissues or accumulated 

in storage organs. Respiration can thus because competition of and 

accumulation of food, resulting in reduced growth and inadequate 

accumulation of reserves. 

As respiration occurs in all living tissues continuously all the time and 

photosynthesis occurs early in the light and directly in the leaves, the 

rate of pss must be maintained at levels several times as rapid as the rate 

of respiration pss unit tissues of any net increase in dry weight is 

expected. Hence Polster (1950) has suggested that the productivity of a 

forest stand weight be increase more by treatments which reduce 

respiration than by treatments that increase Pss. Foresters can achieve 

this for example by pruning off lower branches which tend to respire 

more than they photosynthesize.  

 


