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Overview of plant growth and 
development



Overview

1. The meaning of the terms growth, 
differentiation and development

2. The nature of plant meristems

3. The development, maturation, and 
germination of seeds

4. The pattern of development from embryo to 
adult

5. Senescence and programmed cell death



1. The meaning of the terms growth, 
differentiation and development

1.1. Growth is an irreversible increase in volume or size

1.2. Growth can be assessed by a variety of quantitative 
measures, like fresh weight, dry weight, cell number, etc.

1.3. Many parameters could be invoked to measure 
growth

1.4. There is not any special universal measure unit to 
characterize plant growth



Source: Salisbury F.B., Ross C.W. (1992): Plant Physiology. 
p. 330.

Changes in fresh and dry mass of a pea seed as it develops into a 
seedling in darkness



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. A2-2.

Growth curve of the unicellular green alga Chlamydomonas



Source: Taiz L., Zeiger E. (2002): Plant Physiology. p. 352.

The shoot apical meristem repetitively forms units known as 
phytomeres



1. The meaning of the terms growth, 
differentiation and development

1.5. Differentiation refers to differences, that arise among 
cells, tissues, and organs

1.6. Differentiation may be described as a series of 
qualitative changes

1.7. Growth and differentiation are normally concurrent 
events

1.8. Totipotency is the ability of differentiated cells to 
revert to the embryonic state



Source: Jain S.M., Ochatt S.J. (2010): Protocols for in vitro 
Propagation of Ornamental Plants. p. 113.

(a) Regeneration of shoots on leaf explants of carnation as a sign of 
totipotency

(b) Regenerated shoots can be isolated for elongation and rooting



1. The meaning of the terms growth, 
differentiation and development

1.9. Development is the sum of growth and differentiation

1.10. Development is most visibly manifested as changes 
in the form of an organ or organism

1.11. Embryogenesis, vegetative, and reproductive 
development are the stages of sporophytic development



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 455.

Major phases of sporophyte development



2. The nature of plant meristems

2.1. Plant growth is limited to discrete regions 
(meristems) where the cells continue cell division

2.2. Apical meristems located at the tips of roots and 
stems are responsible for primary growth

2.3. The root and shoot apical meristems use similar 
strategies to enable indeterminate growth

2.4. The vascular cambium is responsible for secondary 
growth



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 470.

Simplified diagram of a primary root showing the root cap, the 
meristematic zone, the elongation zone, and the maturation zone



Source: Taiz L., Zeiger E. (2002): Plant Physiology. p. 351.

The shoot apical meristem generates the aerial organs of the plant
(A) the layered appearance of the shoot apical meristem

(B) the shoot apical meristem also has cytohistological zones



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 3.

Schematic representation of the cross section of a typical dicot stem



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 272.

Transverse section of a 3-years-old stem of an ash (Fraxinus excelsior)



3. The development, maturation, and 
germination of seeds

3.1. Growth and differentiation of the zygote produces an 
embryo

3.2. Seeds bearing embryos are formed in the flowers

3.3. Seed development is characterized by extensive cell 
divisions

3.4. The first division of the zygote is transverse and 
immediately establishes the polarity of the embryo



Source: Taiz L., Zeiger E. (2002): Plant Physiology. p. 343.

Arabidopsis ovule containing the embryo sac at about 4 hours after 
double fertilization



Source: Taiz L., Zeiger E. (2010): Plant Physiology. Web
material, http://5e.plantphys.net

Schematic representation of an idealized flower of the angiosperms



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 457.

The stages of Arabidopsis embryogenesis is characterized by a precise 
pattern of cell division



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 458.

Pattern formation during Arabidopsis embryogenesis



3. The development, maturation, and 
germination of seeds

3.5. Nutrients are stored in endosperm that will support 
germination and seedling development 

3.6. Maturation is characterized by cessation of embryo 
growth and development of desiccation resistance

3.7. Germination is resumption of embryo growth

3.8. Several environmental factors are involved in seed 
germination, such as: adequate water, presence of 
oxygen, and temperature



Source: Taiz L., Zeiger E. (2002): Plant Physiology. p. 485.

Structure of a barley grain and the functions of various tissues during 
germination



Source: Campbell N.A., Reece J.B. (2008): Biology. p. 809.

Epigeal germination and seedling development of common bean



Hypogeal germination and seedling development of corn

Source: Campbell N.A., Reece J.B. (2008): Biology. p. 809.



4. The pattern of development from embryo to 
adult

4.1. Radicle is the first structure to emerge during seed 
germination

4.2. Afterwards it is followed by elongation of shoot axis

4.3. Elongation of shoot axis proceeds through a 
combination of cell division and enlargement of the cells

4.4. Final height and shape of a plant depend on 
internode elongation



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 401.

Stages in the germination and growth of Brassica napus



Source: Taiz L., Zeiger E. (2010): Plant Physiology. Web
material, http://5e.plantphys.net

Life cycle of corn (Zea mays), a monocot plant



5. Senescence and programmed cell death

5.1. Senescence is the final stage in the development of 
cells, tissues, and organs

5.2. Patterns of senescence are: increased respiration, 
declined photosynthesis, and orderly disassembly of 
macromolecules

5.3. Programmed cell death (PCD) is a specialized type of 
senescence

5.4. Many signals, both external and internal, are 
integrated to regulate senescence



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 485.

Monocarpic senescence in soybean



Source: Taiz L., Zeiger E. (2010): Plant Physiology. p. 486.

Model explaining regulation of leaf senescence by environmental 
factors throughout development



Summary
Plant growth is an irreversible increase in size of 
cells and tissues. Differentiation refers to the 
qualitative changes. The sum of growth and 
differentiation is development. Growth in plants is 
limited to primary and secondary meristems. Zygotes 
derived from fertilization go through a series of 
stages to produce mature embryo. The embryo 
renews its growth during seed germination. 
Senescence and programmed cell death are 
regulated and orderly processed to recycle nutrients 
for the benefit of future development.



Questions

• Distinguish between growth, differentiation, and 
development.

• Describe the significance of meristems.
• What is the process of seed formation from a fertilized 

egg cell?
• What is the importance of programmed cell death (PCD) 

in a dicot plant's life?



THANK YOU FOR YOUR ATTENTION

Next lecture:
Cell wall biogenesis and expansion

Regulation of plant growth and development 
by environmental factors

• Compiled by:
Prof. Vince Ördög
Dr. Zoltán Molnár
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