Peter von Gan’s experiments with group plantings

In this section we give experimental results which belong to one of the authors, Peter von Gan
, concerning plantings of сосны обыкновенной in a mountain region of Kirgizia (north-east of средняя Asia, mountain systems Tyan-Shan and Altai).

In this work we present results of наблюдения for tree mortality in the age from 20 to 50 years and tree diameter distributions
 for planting trees in a group way.

The question of group (or гнездовой) way of tree planting for creating artificial forests was discussed many times [???]. Group tree distribution in forest was examined by many authors. For example, in rather detailed review [], the author made conclusion, analyzing horizontal structure of xвойных forest, that it is necessary to выделять of “elementary” tree groups, which play significant role in creating and maintaining ordered state of  forest environment and other plants”.

Very briefly and емко the statement about the group way of tree planting was formulated by Georgievsky []: “Forest requires simultaneously густой and rare conditions of growth”, i.e. густой in group of trees and rare between groups.

Together with studying of natural forests, many лесоводы (even in 19th century) believed that creating of forests using tree groups provides better устойчивость of their growth.

Higher stability and productivity of group plantings in mountain regions of Kirgizia made them, starting from 1954, the main method of лесоразведение. First group plantings of pines in Kirgizia, and, in particular, at Teploklyuchenskoe forestry of the Forest Department of Kirgizia Academy of Science, were made by Petrov in 1937 year2. He used pine saplings in 3-year age. 

The plantings were made at the north-north-east склон, at 2400m height above уровень моря. Крутизна склона was 15-20(. The soils were deep and чернозем.

A year before the planting time, terrace-like площадка of 1x2m were prepared on the склон. Слой of дернина of 15-20 cm thickness was срезан and уложен at the bottom side of площадка, making валик. The площадка was made approximately horizontal and перекопать. After that two rows of saplings were pit-planted on it, 5 saplings in a row (totally 10 saplings).

The inter-row space was approximately 60cm, the distance between trees in row was 40cm. The площадки were organized in rows themselves, with inter-row distance of 3m, and 2m distance in rows. Totally 25 rows with 20 площадок in every row, 500 площадок on 1 hectare or 5000 trees on 1 hectare square.

In 1949 Peter von Gan made a permanent 1 ha experimental square with trees in their 15-year age. All trees were enumerated and every 5 years they were re-enumerated and measured, that made possible to take into account changes in the growth conditions of every tree.

Here we give experimental results of the initial tree diameter distribution in 20-year age and of the tree mortality and the changes of tree numbers in diameter classes after 30 years (50-year trees), see Table1.

During this 30-year period, in the 2cm diameter class (23% of the mean diameter), 97,3% of trees died, in 3cm diameter class (36% of the mean diameter) – 94,0%, in 4cm diameter class (48%) – 71,6%, in 5cm diameter class – 71,1%. Total tree mortality was about 36% of trees. Thus, we can state that in 20-year artificial forest, trees with relative diameter less then 0,4 (of the mean diameter) are doomed to death. In the diameter classes with relative diameters 0,5-0,6 the mortality is still high: about 70%.

Thus, жизнеспособность of trees is genetically determined, and facilitates differentiation and self-thinning of the forestry. Without this, the whole population would be suppressed, and, possibly, risks to погибнуть. Those trees that отстать in growth have the least жизнеспособность, but in higher diameter classes (with relative diameter > 1,3) there is 6-10% of trees which at the 50 years age выполнить their предназначение in development of population and отмирать. While growing, those trees which were initially in the same diameter class, were differentiated, and formed new diameter distribution, close to Gaussian.

The distribution inside every diameter class,  is bounded by the thinnest trees, which (in 4-10cm diameter classes) gave 2 cm diameter growth and the thickest trees in the same classes with 13-17cm diameter growth. In higher diameter classes, minimal diameter growth was 4 cm, maximum – 17 cm. Thus, the trees were re-distributed. 

As a result of high mortality of trees with the initial relative diameters 0,2-0,3, the number of trees with relative diameter 0,4-0,6 was сократиться considerably. Since thinner trees were eliminated, the average diameter became larger that had result in disappearing of trees with relative diameter > 1,7.

We think that the most stable part of young pine forestry is the trees with relative diameter >0,8. They also are the most productive part of the forestry, see Table 2.

 Most of the trees (75,5%) in 1987 had relative diameter >0,8. In addition, those trees which had in their 20 year age relative diameter < 0,6, after 30-year period, contribute only 3% in the diameter classes with relative diameter > 0,8. It means that they could be безболезненно eliminated during improvement felling, if it would not result in strong изреживание of the forest and чрезмерное освещение of the soil. Thus, the осноной number of the trees (91%) in 1987,  had relative diameter > 0,8.

It is very interesting that исследователи of natural forests gave qualitatively very similar results. It allows to suggest that the both processes have universal character, regardless of the way of planting (artificial in groups or natural).

Let’s now consider how the tree elimination process протекает in the tree biogroups. In Table 3 we give distribution of squares with respect of the number of trees on every square (initially, 10 trees were planted on every square) in 20, 30, 40 and 50 years ages.

One can see from the data that the trees are eliminated in all squares, but more intensively in those which had more then 7 trees. As a result of this natural mortality, the average number of trees on every square уменьшилось from 6,9 in 20-year age to 4,5 in 50-year age. Mortality level equals approximately 0,4-0,5 tree/square every 5 years and it does not change much during last 20 years. At those squares which in 20-year age had 1 or 2 trees, all trees were eliminated. It means that the most stable (in 20-50 year period) biogroups are those which initially (20-year age) had > 3 trees/biogroup density.

In order to determine how the number of trees in biogroup influences their growth, the average diameters of the three biggest trees were calculated for every biogroup (see Table 3). One can see from the data, in 50-year age the average diameter does not depend on the total number of trees in every biogroup and varies in very small interval (21,0 ​- 22,0 cm).

The most interesting point for us was to compare mortality level in artificial forests planted in a group way with natural pine forests.

Since the average tree diameters in the considered group artificial plantings are almost identical to those given in the tree growth tables for the first-class pine forests [], we will compare our results with this data (see Table 4). Thus, despite that in 20-year age the natural forest had more trees comparing to the artificial one, but in 50-year age the artificial forest had 1,8 times more trunks. The total mortality in natural forest was 2770 trees/hectare, in the artificial – only 1119 trees.

Thus, we can claim that group tree plantings are more stable and self-thinning process протекать much slower. This stability can be explained as a result of better освещенность, which is formed due to the following reasons. First, because of big distance between groups, tree crown closure happens only in the bottom. Upper crown parts are always opened for every tree in group. Second, this освещенность is усиливаться due to the ступенчатое расположение of the groups at the склон. Therefore, the main features of group plantings growth are early crown closure and formation of appropriate forest environment. Absence of crown closure at the upper parts of trees способствовать their better освещенность. Probably, in group distribution of trees, water supply conditions are also better. All these factors способствуют to the fact that more trees can survive at the square of 1 hectare.

The smaller mortality leads to bigger wood biomass value in group plantings. In the Table 4 we give the results of наблюдений of tree growth every 5 years for 500 biogroups on 1 hectare.

From graphs 1-4 one can see, that in 20-year age total biomass in the artificial forest is less then in natural forest of the same class, but then the situation changes mainly due to the lower mortality level in biogroups. As a result, at 50-year age, the artificial forest has twice bigger total biomass.

The given data allows to make following conclusions.

Pine in the Tyan-Shan region has good biometrical parameters, which makes it effective to create pine plantings in North Kirgizia. Possible height interval is 1900-2500 m above уровень моря, without strong winds during winter season.

Creating of tree biogroups is recommended as the main method of initial tree distribution with 500-1000 biogroups of 1x2m size on every hectare. The exact number of biogroups should be determined by the крутизна слона. 

In artificial pine forests, created with use of group planting method, mortality level is considerably lower comparing to the first-class natural pine forests. As a result, to the 50-year age, the total number of trunks in artificial forests with group distribution is 80% bigger, and the total wood biomass is 65% bigger, comparing to the tree growth tables of the first-class natural pine forests. 

High stability of biogroups is not only проявлятья in bigger number of banded trees, but also they are also less подвержены to вредный влияние of changing conditions (ухудшение conditions due to the crown closure and so on).

From our point of view, this stability of strands with group distribution of trees can be explained by ordered tree structure inside biogroups and between biogroups, and also by особенность of biogroup growth. Because of the order, the first tree crown closure происходит in 3-4 years age and it forms appropriate forest conditions, suppresses development of grass under the trees. Due to the big distance between biogroups, full crown closure does not happen even in 50-year age. This способствовать better crown development, photosynthesis and better проникновение осадков under the crown. But оттенение is nevertheless enough to suppress competing grass.

In other hand, not only competition exists in biogroups, but взаимопомощь also, that leads to more stable biogroup growth. Причем genetically обусловленная tree жизнеспособность plays very important role in this process.

Additionally, it is appropriate to mention here, that group plantings require much less efforts to create them. The square of обрабатываемой soil in the case of 500 biogroups on 1 hectare, is only 0,1 ha. The number of saplings is also much less then in the case of, say, in-rows planting method, and equals to 5000 saplings on 1 ha. One more advantage is smaller number of уход due to the early tree crown closure.

� Peter von Gan �– in 1954 went to Kirgizia to work as a лесовод. Under his руководство unique experimental results, described below, were collected about development of group plantings of сосна обыкновенная.


� The historical aspect of these plantings is rather interesting itself. Распоряжение about the plantings in 1930 year in mountain regions of Kirgizia  belonged to Yosif Stalin, the head of Soviet Union government. Семена for making planting were transported from Krasnoyarsk, Siberia. It happened that the number of saplings was not enough to make commonly used plantings in rows. The mistake was выяснить too late and the person, who was ответственен for the planting (master Petrov), was in very risky situation (he could even find himself  in prison). Being in отчаянный situation, he tried to plant trees in group way that demanded less overall number of saplings. Unfortunately, part of the  saplings died, but 20 years later Peter von Gan found that several planting regions contained very good forest which превосходить best natural forests in Siberia, where сосна обыкновенная is very распространена.





