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ABSTRACT

Forest coverage rate in China is only about 13. 92% and the
distribution of these forests is very uneven, most of the forests
are located in Northeast and Southwest of China. The existing
forests are unable to fulfill the demands of Chinese people for
timber production, environment protection and recreation. To
solve the problem, large areas (more than 5. 3 million hectare )
were reforested each year. Survival rate and growth of these
plantations, however, were mostly inadequate and in some
places planting have to be done many times in the same planting
site. Among reasons for the failure of the plantations, seedling
quality is one of the major aspects. Many forestry technicians in-
volved in these afforestation activities had a poor knowledge and
understanding about seedling quality, thus the management of
seedling was not efficient. Sometimes seedlings were planted
which had already lost their viability due to lack of protective
measures during the period of lifting, transporting and planting.
This is called ” a live man plants dead trees”. Therefore the tech-
nical skills about seedling quality have to be urgently improved in

order to guarantee the success of many afforestation projects in
China.

Chapter 1 Seedling quality evaluation

Traditionally, seedling morphology, especially seedling



7 ABSTRACT

height and diameter, is the most important parameter for
seedling quality evaluation. In order to understand seedling qual-
ity thoroughly, more indicators were introduced in this book,
such as height to diameter ratio, seedling weight, seedling root
system, shoot to root ratio, terminal bud, quality index etc..
Every indicator reflects a different aspect of seedling quality
which will help people when assessing seedling quality and when
culturing seedlings. After studying the relationships between
different morphological indicators, between seedling morphology
and physiology, and between seedling morphology indicators and
their effect on afforestation, it was found that the various infor-
mation given by these indicators were overlapped each other. A-
part from seedling height and diameter, the number of lateral
roots longer than 5 cm was found to be another important indica-
tor that could be used in daily practices to assess seedling quali-
ty.

Comparing to seedling morphology, seedling physiology is
more sensitive to stress and the changes of physiology are direct-
ly relating to seedling viability. The field of assessing seedling
quality by physiology indicators has been intensively studied
since the end of 70s and early 80s and hence considerable new
knowledge about seedling physiology has been accumulated
through these studies. However, most of the forestry technicians
in China are still unfamiliar with this knowledge. In this chapter
seedling physiology has been elucidated in terms of water rela-
tion, nutrient content, carbohydrate reserve, electrical resis-
tance, chlorophyll content, TTC method for testing root viabili-
ty, bud dormancy and some other physiological indicators. Ma-

jor emphasis is given to demonstrate the importance of these in-
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dicators to seedling viability, the relationships between seedling
physiology and seedling viability, and finally the influence of
seedling physiology on the success of subsequent afforestation.

Root growth potential (RGP) has been recommended as one
of the most accurate and reliable indicators for seedling quality
(viability ) evaluation. By compiling the results from the
author’s studies related to various tree species in China, this
book specially deals with topics like the test method of RGP, the
relationships between RGP and species, and seedling above
ground part, and root system, and afforestation effects. Differ-
ent species have their own special RGP pattern in relation to the
changing seasons, which has a significant influence on the capac-
ity for seedling survival after outplanting.

After thoroughly studying the seedling quality in relation to
aspects of morphology, physiology and viability, the author puts
forward a seedling quality evaluation and control system to com-
bat seedling quality problems encountered in the Chinese forestry
sector. Some main features of this system are;

1. Selecting seedlings to match the planting site. Seedlings
produced by different methods possess different quality in terms
of seedling types, morphology, physiology and stress resistance
ability. Using proper seedlings according to the planting site
condition can reduce the risk of plantation failure.

2. Assessing seedling quality through multiple indicators
and integrated measure. Though a tree seedling is a complex or-
ganism, most of the indicators are, under normal conditions,
strongly correlated among each other. However, each indicator
mainly reflect one aspect of seedling in abnormal conditions such

as drought stress, cold, nutrient deficiency. Therefore it is in-
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dispensable to use multiple indicators and integrated measure to
assess seedling quality. At present, in Chinese forestry the fol-
lowing factors need to be considered when assessing seedling
quality . seed quality, seedling type and age, seedling morpholo-
gy, seedling physiology and RGP.

3. Assess seedling quality periodically in order to consider
dynamic characteristics. The critical periods for assessing
seedling quality and viability will be: (1) before lifting to decide
whether the seedlings have reached the acceptable standard or
not; (2) after lifting, to decide how to classify seedlings; (3) af-
ter transporting and before planting, to find out seedling viabili-
ty.

4. Establishing seedling quality modification and control
system. The practice of seedling evaluation so far in China only
deals with the elimination of already raised, but unqualified
seedlings, which obviously is a passive measure for seedling
quality management. Considering that seedling quality is reflect-
ing cultural conditions and measures applied during seedling rais-
ing, it is possible to modify and control seedling morphology and
physiology according to the requirements of the planting site.
Seedling production, therefore, become a planting site oriented

and an active measure for quality evaluation and control,

Chapter 2 Seedling quality modification through
culturing measures

The following control measures for seedling morphology are dis-

cussed in this chapter.

* seed quality related to seedling quality ;
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* different seed treatments and their effects on seedling
quality ;

* how to select sowing date to modify seedling morpholo-
gy

* how to get target seedlings through modifying seedling
density;

* how to establish proper irrigation and fertilization
regimes for producing qualified seedlings;

* cultivation measures for the root system: undercutting,
wrenching, lateral pruning, and box pruning;

* top pruning;

* transplanting.

About 45 of the land area in China belong to dry and se-
mi-dry zones, which include the North and the Northwest of
China, Inner Mongolia, the Qinghai and Tibetan Plateau. Thus
drought is the first problem encountered when carrying out af-
forestation activities in these areas. To increase survival rate of
the plantations, seedlings with high quality, especially with the
characteristic of drought resistance, are needed. Therefore regu-
lation measures for seedling physiology and stress resistance are
considered very important in nursery,

The mechanism of seedling stress resistance has two as-
pects; The first is the change of seedling morphology, especially
in the aspects of growth, structure, and arrangement of leaf and
root. The second is mainly about seedling physiology reaction
and adaptability. The following measures for modifying seedling
physiology and stress resistance are discussed: seedling density,
water stress treatment, seed treatment, root undercutting, light

treatment, chemical treatment, biological treatment,
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Chapter 3 Seedling viability protection

Seedling viability protection mainly refers to the care taken
of seedlings after lifting and before planting. For seedlings, lift-
ing is a big shock and means a great change of living environ-
ment. Due to the cut of a large part of seedling roots and re-
moval of seedlings from soil, the physiological activities of
seedlings will decrease to a minimum level. Seedlings will easily
loose their viability if the protection measures are not provided
properly and promptly.

Seedling physiology change significantly after lifting.
Seedling water loss, especially from the roots, is the major
course for decreasing viability and finally leading to death.
Therefore, studies about seedling water relation and root physi-
ology after lifting and seedling physiology during storage are in-
tensively discussed in this chapter.

The techniques for effective protection of seedling viability
during lifting, grading, packing and storage, transporting, and

planting are discussed in detail.

Chapter 4 Matching stock to planting site

Seedlings produced by different methods vary in morphology
and physiology and therefore their adaptability is also different.
In order to match stock to planting site, first of all stock types
and their characteristics in relation to seedling adaptability have
to be understood. The following stock types are studied and

compared in their adaptability to planting conditions .
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Bare-root seedlings
Containerized seedlings
Transplanted seedlings
Transplanted container seedlings
Transplanted wild seedlings
Plug+1 seedlings

Seedlings produced by seed

Seedlings produced by asexual measures

© PN @ oo W

Seedlings with mycorrhizae

Beside stock types, stock size, age and others, morphology
and physiology are also important factors when selecting seedling
for a special planting site. The knowledge about the mechanism
of rooting and the effects of environment conditions on seedling
survival and growth is necessary to understand seedling and sur-
vival relationships. This is the basis for stock selection in view of
the future planting sites.

Another way to match stock to planting site is to select
stock type, age, size and seedling physiology based on the plant-
ing site condition. Appropriate sites and difficult sites are dis-

cussed in the text.
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