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Abstract

It seems now undoubtly that a climate change will affect our future forests. When the temperature rises, it is likely that other species, e.g. larch, Douglas fir and different broadleaved species will be more interesting in southern Sweden. A positive effect in northern Sweden will be that the survival when planting rises. Another positive effect is that the possibility for seed maturation in the northernmost parts increases, which gives a possibility to establish seed orchards in more northern locations then today. A northern establishment means that the penalty of contaminating pollen will decrease. Negative factors that are likely to affect the forests are e.g. increased risk for drought and/or precipitation, occasional storms etc.
In this paper an outline of the long term procurement of improved seed for our company is presented and how the climate change affects our decisions. The rotation age in Swedish forests is between 60 and 120 years for southern and northern Sweden respectively. During this rotation age the temperature will probably rise with two degrees if the global warming continues as today. However, since the optimal life time of a Swedish seed orchard, with respect to genetic progress, only is 30 years for Scots pine and 40 years for Norway spruce it is not worthwhile to adapt the seed to the climate during the whole rotation age. Thus, the produced seed from orchards established today should be adapted to a one degree higher temperature at planting between years 2025-2045 for pine and years 2030-2055 for spruce. 

A program with establishing new seed orchards is ongoing, and ends at 2014. Approximately half of the planned orchards are already planted or started with cutting propagation or grafting. But for the remaining orchards in the program it is still possible to take the climate change into account when selecting clones. Consequently, a continuous program for establishment of new seed orchards should start directly after 2014 for replacement of the orchards established earlier. 
Introduction
Clonal seed orchards will be the main source of improved Pinus sylvestris and Picea abies seed in Sweden for a long time ahead. A seed orchard is a long-living operation; the optimal life time of a pine seed orchard is 30 years (El-Kassaby et al., 2007) and 40 years for a spruce orchard (Moriguchi et al., 2008) respectively. Thus it is necessary to manage the seed orchards to cope with different kind of changes that occur during their life time or when planning for a new establishment. Typical changes are e.g. different market demands, such as seed need for different species or growth rate vs. quality characteristics, changes in legislation, or a changed climate. Some changes are not possible to take care of within an ongoing seed orchard operation, whilst others are possible to cope with by selective harvest and/or rouging of the orchard.
The typical rotation age of Swedish forest is 60 to 120 years, the more northern sites the longer rotation age. During this period, temperature will rise approximately with two degrees if global warming continues as today (Lindgren, 2009). However, with the optimal life time of an orchard as stated above, it is not worthwhile to adapt the seed to the climate during the whole rotation age. Thus, the produced seed from orchards established today should be adapted to a one degree higher temperature at planting between years 2025-2045 for pine and years 2030-2055 for spruce.

In this paper an outline for the long term procurement of forest tree seed for the Swedish company Svenska Skogsplantor AB, with focus on climate change, will be presented. An example of how this affects one seed orchard zone is given.
Materials and methods
The total seed need in Sweden, as well as the zonal distribution of this need, is calculated by Rosvall (2003). This calculation was the base for the establishment of the third round of seed orchards in Sweden, a program that started in year 2003 and will end in 2014. Since before Sweden has seed orchards from the first round, established in the 50’ and 60’, and from the second round established from 1980-1992. Seed is still produced in first round orchards due to lack of seed in some regions or are used for selective harvest, but most of them are closed down. The second round orchards are almost all in full production today.
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The zonal need is presented by Rosvall et al. (2003), an example is given in figure 1.

Figure 1. Calculated seed need and seed production for the southernmost seed zone for Picea abies. From Rosvall et al. 2003

The seed need was calculated according to the production of seedlings in 2003. Since then, production strategy has changed; the amount of bare root seedlings has decreased while the container seedlings have increased in production. This has the effect that the seed need decreases since 2.5 times more seedlings can be produced from one kilo seed when producing container seedlings. The reduction of the seed need is shown in figure 2.
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Figure 2. Reduction in seed need in the southernmost seed zone due to changed production strategy. The figure shows also the seed production over years in orchards of different rounds. 

Results and Discussion
When the temperature rises in the southernmost part of Sweden, the forestry is affected in at least two ways. Locations, where late spring frosts have been a problem for the establishment of forest, will decrease, thus less hardy material can be used. Along the coast in the mildest areas, pine and spruce will not be the first choice of species in the future. More broadleaves will be planted here. Totally this means that the need for pine and spruce seed will decrease with approximately 25% when temperature rises (figure 3).

When the total seed need decreases in this zone, the available seed orchards can be harvested more efficiently considering genetic gain. The oldest first round orchards can be closed down about year 2015, or as soon as the second round orchards have a high and stable seed production (area 1 in figure 3). From 2015 seed can be harvested also in the third round orchards, but their production will first be of importance for the seed procurement about year 2025. As soon as the third round orchards produce enough seed, the second round orchards can be closed down. Area 2 in figure 3 shows that the production of established third round orchards will be higher than the total seed need for this zone, if the climate changes. Thus, the orchards can be selectively harvested for maximizing gain in the wanted characters, e.g. volume production or quality traits. When the fourth round orchards (green line in figure 3) are established there are furthermore options to work with selective harvest, alternatively close down third round orchards with the lowest genetic gain.



Figure 3. Seed production and seed need in the southernmost spruce zone. The blue line illustrates decrease in seed need due to climate change. The areas 1 and 2 respectively indicate how seed procurement can be exploited in the best way (explanation in text)

Scenarios like this have been built up for each of the seed procurement zones in order to forecast the seed production until year 2100. Figure 4 illustrates how the climate change will affect the establishment of seed orchards in the year 2040. The diagram shows northern zones to the left and southern zones to the right. Compared to 2010, the establishment of seed orchards in the north will increase, while the need for seed in southern Sweden will decrease due to changed species. The increase in the north
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Figure 4. Development of pine and spruce seed orchard establishment 2010 and 2040 respectively
depends on that the timber line will raise to an higher altitude ,with increasing temperature. Thus an increased area in the northern zones will be available for forest regeneration.

Also the location of the new orchards will be affected by the climate change. Today the most northern seed orchards are located at latitude 65°30’ due to bad ripening in more northern locations. In the future it will be possible to locate them more to the north, i.e. on approximately latitude 67°. The unwanted wild pollen, of southern origin, that today decreases the adaptability of seed to harsh climates will be a minor problem if the orchard can be located more to the north. 
Conclusion

It is already today important to plan for a higher temperature in Sweden. The seed orchards not yet established in the third round should be adapted to a one degree milder climate since the seed will be used during the years 2025-2045 for pine and years 2030-2055 for spruce respectively. Also the size of the orchard for the specific zone should be recalculated. 
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Picea abies
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10

7.2

3

6

10.4
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Pinus sylvestris

Breeding zone

Hectares

11

4

7

1

2

4

2

7

4

3

3
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Mixed

		G1+T1+T2		G1+T1+T2

		G2+T3+T7		G2+T3+T7

		G3+T6+T10		G3+T6+T10

		G4+T12+T13		G4+T12+T13

		G5+T15+T16		G5+T15+T16

		G6+G8-9M+T18		G6+G8-9M+T18

		G7+G8-9S+T19+T20		G7+G8-9S+T19+T20



Spruce

Pine

Breeding zones

Hectare seed orchard

Third round seed orchards

7
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10

9

7.2

5

3

9

6

7
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3

67.7

12



Future seed orchards

		G1+T1+T2		G1+T1+T2

		G2+T3+T7		G2+T3+T7

		G3+T6+T10		G3+T6+T10

		G4+T12+T13		G4+T12+T13

		G5+T15+T16		G5+T15+T16

		G6+G8-9M+T18		G6+G8-9M+T18

		G7+G8-9S+T19+T20		G7+G8-9S+T19+T20



2010
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Breeding zone

Hectares

Development of pine and spruce seed orchard establishment

22

25

19
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12.2

14

12
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13
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23.4

20

79.7
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Grunddata Mixed

		G1		2		3.5		3.5		7		2008

		G2		2		2		8		10		2007

		G3		2		3		4.2		7.2		2007

		G4		2		3		0		3		2006

		G5		2		3		3		6		2006

		G6		2		5.4		5		10.4		2006

		G8-9M		2		7		3		10		2008

		G7		2		41		10.7		51.7		2003

		G8-9S		2		10		6		16		2009

		T1		1		1		10		11		2012

		T2		1		1		3		4		2008

		T3		1		1		6		7		2007

		T6		1		1		0		1		2006

		T7		1		2		0		2		2008

		T10		1		4		0		4		2007

		T12		1		2		0		2		2009

		T13		1		7		0		7		2006

		T15		1		3		1		4		2010

		T16		1		3		0		3		2011

		T18		1		2		1		3		2007

		T19		1		10		2		12		2011

		Summa				114.9		66.4		181.3

																2010		2040

		G1+T1+T2								7		15				22		25

		G2+T3+T7								10		9				19		24

		G3+T6+T10								7.2		5				12.2		14

		G4+T12+T13								3		9				12		14

		G5+T15+T16								6		7				13		15

		G6+G8-9M+T18								20.4		3				23.4		20

		G7+G8-9S+T19+T20								67.7		12				79.7		40





G7+G89S

		2000		2000		102.6				204.6

		2001		2001		102.6				204.6

		2002		2002		102.6				204.6

		2003		2003		102.6				204.6

		2004		2004		102.6				204.6

		2005		2005		181.8				283.8

		2006		2006		181.8				283.8

		2007		2007		345.8				447.8

		2008		2008		345.8				447.8

		2009		2009		345.8				447.8

		2010		2010		345.8				447.8

		2011		2011		345.8				447.8

		2012		2012		345.8				447.8

		2013		2013		345.8				447.8

		2014		2014		345.8				447.8

		2015		2015		345.8		21		468.8

		2016		2016		345.8		21		468.8

		2017		2017		345.8		21		468.8

		2018		2018		345.8		21		468.8

		2019		2019		345.8		21		468.8

		2020		2020		345.8		21		468.8

		2021		2021		345.8		21		375.8

		2022		2022		345.8		21		375.8

		2023		2023		345.8		21		375.8

		2024		2024		345.8		21		375.8

		2025		2025		345.8		102		456.8

		2026		2026		345.8		418		772.8

		2027		2027		299.2		418		726.2

		2028		2028		220		418		647

		2029		2029		164		418		591

		2030		2030		164		418		591

		2031		2031		164		418		582

		2032		2032		164		418		582

		2033		2033		164		418		582

		2034		2034		136		418		554

		2035		2035		80		418		498

		2036		2036				418		418

		2037		2037				418		418

		2038		2038				418		418

		2039		2039				418		418

		2040		2040				418		418

		2041		2041				397		397

		2042		2042				397		397

		2043		2043				397		397

		2044		2044				397		397

		2045		2045				397		397

		2046		2046				397		397

		2047		2047				397		397

		2048		2048				397		397

		2049		2049				397		397

		2050		2050				397		397

		2051		2051				316		316

		2052		2052						0

		2053		2053						0

		2054		2054						0

		2055		2055						0

		2056		2056						0

		2057		2057						0

		2058		2058						0

		2059		2059						0

		2060		2060						0

		2061		2061						0

		2062		2062						0

		2063		2063						0

		2064		2064						0

		2065		2065						0

		2066		2066						0

		2067		2067						0

		2068		2068						0

		2069		2069						0

		2070		2070						0

		2071		2071						0

		2072		2072						0

		2073		2073						0

		2074		2074						0

		2075		2075						0

		2076		2076						0

		2077		2077						0

		2078		2078						0

		2079		2079						0

		2080		2080						0

		2081		2081						0

		2082		2082						0

		2083		2083						0

		2084		2084						0

		2085		2085						0

		2086		2086						0

		2087		2087						0

		2088		2088						0

		2089		2089						0

		2090		2090						0

		2091		2091						0

		2092		2092						0

		2093		2093						0

		2094		2094						0

		2095		2095						0

		2096		2096						0

		2097		2097						0

		2098		2098						0

		2099		2099						0

		2100		2100						0



Seed need

First round

Second round

Third round

Total

Year

Kg seed

470

102

470

102

470

102

470

102

470

102

470

102

470

102

470

102

470

102

470

102

470

102

425

102

425

102

425

102

425

102

350

102

350

102

350

102

350

102

350

102

350

102

350

9

350

9

350

9

350

9

350

9

350

9

350

9

350

9

350

9

350

9

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350

350



G7 grunddata

		G7 + G89S

		Year		Need		1rd round		2nd round		3rd round		4th round		5th round		Total

		2000		470

		2010		470

		2020		470

		2030		470

		2040		470

		2050		470

		2060		470

		2070		470

		2080		470

		2090		470

		2100		470

				2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100

		EttO		102		102		102		102		102		102		102		102		102		102		102		102		102		102		102		102		102		102		102		102		102		9		9		9		9		9		9		9		9		9		9

		TvåO		102.6		102.6		102.6		102.6		102.6		181.8		181.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		299.2		220		164		164		164		164		164		136		80

		TreO																																21		21		21		21		21		21		21		21		21		21		102		418		418		418		418		418		418		418		418		418		418		418		418		418		418		418		397		397		397		397		397		397		397		397		397		397		316

		FyrO

		Total		204.6		204.6		204.6		204.6		204.6		283.8		283.8		447.8		447.8		447.8		447.8		447.8		447.8		447.8		447.8		468.8		468.8		468.8		468.8		468.8		468.8		375.8		375.8		375.8		375.8		456.8		772.8		726.2		647		591		591		582		582		582		554		498		418		418		418		418		418		397		397		397		397		397		397		397		397		397		397		316		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				470		470		470		470		470		470		470		470		470		470		470		425		425		425		425		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350		350

						ha		kg/ha		kg		start		Start skörd		slut

		G7 Lilla Istad				16.2		5		81		2010		2025		2050

		G7 Larslund				39.2		5		196		2011		2026		2051

		G89S Runesten				10		5		50		2011		2026		2051

		G89S Gälltofta				14		5		70		2011		2026		2051

		G7 Söregärde				4.2		5		21		2000		2015		2040

		G89S Gåtebo				0		5		0		2013		2028		2053





Maximized genetic gain

		2000		102		102.6				204.6

		2001		102		102.6				204.6

		2002		102		102.6				204.6

		2003		102		102.6				204.6

		2004		102		102.6				204.6

		2005		102		181.8				283.8

		2006		102		181.8				283.8

		2007		102		345.8				447.8

		2008		102		345.8				447.8

		2009		102		345.8				447.8

		2010		102		345.8				447.8

		2011		79.2		345.8				425

		2012		79.2		345.8				425

		2013		79.2		345.8				425

		2014		79.2		345.8				425

		2015		0		329		21		350

		2016		0		329		21		350

		2017		0		329		21		350

		2018		0		329		21		350

		2019		0		329		21		350

		2020		0		329		21		350

		2021		0		329		21		350

		2022		0		329		21		350

		2023		0		329		21		350

		2024		0		329		21		350

		2025		0		248		102		350

		2026		0		0		418		418

		2027		0		0		418		418

		2028		0		0		418		418

		2029		0		0		418		418

		2030		0		0		418		418

		2031				0		418		418

		2032				0		418		418

		2033				0		418		418

		2034				0		418		418

		2035				0		418		418

		2036						418		418

		2037						418		418

		2038						418		418

		2039						418		418

		2040						418		418

		2041						397		397

		2042						397		397

		2043						397		397

		2044						397		397

		2045						397		397

		2046						397		397

		2047						397		397

		2048						397		397

		2049						397		397

		2050						397		397

		2051						316		316

		2052								0

		2053								0

		2054								0

		2055								0

		2056								0

		2057								0

		2058								0

		2059								0

		2060								0

		2061								0

		2062								0

		2063								0

		2064								0

		2065								0

		2066								0

		2067								0

		2068								0

		2069								0

		2070								0

		2071								0

		2072								0

		2073								0

		2074								0

		2075								0

		2076								0

		2077								0

		2078								0

		2079								0

		2080								0

		2081								0

		2082								0

		2083								0

		2084								0

		2085								0

		2086								0

		2087								0

		2088								0

		2089								0

		2090								0

		2091								0

		2092								0

		2093								0

		2094								0

		2095								0

		2096								0

		2097								0

		2098								0

		2099								0

		2100								0



Seed need

First round

Second round

Third round

Total

Year

Kg seed

Maximizing genetic gain
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350

350
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G7 klimatförändring

				2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100

		EttO		102		102		102		102		102		102		102		102		102		102		102		79.2		79.2		79.2		79.2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		TvåO		102.6		102.6		102.6		102.6		102.6		181.8		181.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		329		329		327.59		326.13		324.67		323.21		321.75		320.29		318.83		317.37		234.91		0		0		0		0		0		0		0		0		0		0

		TreO																																21		21		21		21		21		21		21		21		21		21		102		418		418		418		418		418		418		418		418		418		418		418		418		418		418		418		397		397		397		397		397		397		397		397		397		397		316

		FyrO																																																																																										10		30		50		70		90		130		170		230		260		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		280		260		240		150		75		0

		Total		204.6		204.6		204.6		204.6		204.6		283.8		283.8		447.8		447.8		447.8		447.8		425		425		425		425		350		350		348.59		347.13		345.67		344.21		342.75		341.29		339.83		338.37		336.91		418		418		418		418		418		418		418		418		418		418		418		418		418		418		418		397		397		397		407		427		447		467		487		527		567		546		260		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		300		280		260		240		150		75		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				470		470		470		470		470		470		470		470		470		470		470		425		425		425		425		350		350		348.59		347.13		345.67		344.21		342.75		341.29		339.83		338.37		336.91		335.45		333.99		332.53		331.07		329.61		328.15		326.69		325.23		323.77		322.31		320.85		319.39		317.93		316.47		315.01		313.55		312.09		310.63		309.17		307.71		306.25		304.79		303.33		301.87		300.41		298.95		297.49		296.03		294.57		293.11		291.65		290.19		288.73		287.27		285.81		284.35		282.89		281.43		279.97		278.51		277.05		275.59		274.13		272.67		271.21		269.75		268.29		266.83		265.37		263.91		262.45		260.99		259.53		258.07		256.61		255.15		253.69		252.23		250.77		249.31		247.85		246.39		244.93		243.47		242.01		240.55		239.09		237.63		236.17		234.71		233.25		231.79		230.33		228.87		227.41





G7 klimatförändring
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First round

Second round

Third round

Total

Seed need

Fourth round

Year

Kg seed

Possible seed need with respect to climate change
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G7 grunddata max genetik

				2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100

		EttO		102		102		102		102		102		102		102		102		102		102		102		79.2		79.2		79.2		79.2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		TvåO		102.6		102.6		102.6		102.6		102.6		181.8		181.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		345.8		329		329		329		329		329		329		329		329		329		329		248		0		0		0		0		0		0		0		0		0		0

		TreO																																21		21		21		21		21		21		21		21		21		21		102		418		418		418		418		418		418		418		418		418		418		418		418		418		418		418		397		397		397		397		397		397		397		397		397		397		316

		FyrO

		Total		204.6		204.6		204.6		204.6		204.6		283.8		283.8		447.8		447.8		447.8		447.8		425		425		425		425		350		350		350		350		350		350		350		350		350		350		350		418		418		418		418		418		418		418		418		418		418		418		418		418		418		418		397		397		397		397		397		397		397		397		397		397		316		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0
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