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Om hyggesgranen och dess betydelse for de nort-
lindska granskogshyggenas féryngring

Under det goda granfrédret 1942—43 erbjod sig ett lampligt tillfille att
unders6ka beskaffenheten hos fréet fran den pd hyggen i Norrland kvar-
limnade granen, samt att bilda sig en férestillning om den av dessa granar
producerade fromingden. Bada dessa frigor dro av stort intresse, emedan
den naturliga féryngringen av gran i mellersta och &vre Norrland till stor
del ombestrjes av de ursprungligen i regel till dimensionen klena granar,
som kvarstillts pd hyggena. Vi kalla i fortsdttningen dessa granar for hygges-
granar. De dro ett slags frotrad eller »fréspridares. Icke sdllan dro de uppblan-
dade med marbuskar av déligt slag och dro ofta sjdlva allt annat 4n vackra.
De bendmnas i sidana fall understundom »restgran». Enligt utférda under-
sokningar (TIREN, 1945, 1950) fungerar hyggesgranen i sjdlva verket som fro-
trad, dven om dess effektivitet ofta synes vara ritt obetydlig. Av den pa gran-
skogshyggena uppkommande nyféryngringen torde trots allt dndd det mesta
hédrréra fran hyggesgranen, medan bidraget fran eventuellt omgivande skogs-
kanter i genomsnitt dr relativt ringa (jfr HESSELMAN, 1938—39), ehuru i all-
minhet dock icke negligerbart. '
"~ Genom stort tillmétesgdende fran Kramfors AB, Mo och Domsjé AB och
Sundsvallsbolagen insamlades pa vintern 1943 det erforderliga underséknings-
materialet. Forf. frambér harfor ett varmt tack. Vid undersékningen har dess-
utom en del av det material, som genom Kungl. Skogsstyrelsens férsorg in-
samplats for vissa utredningar &ver 1942—43 ars granfroskords grobarhets-
férhdllanden, kommit till anvindning. Materialet harstammar fran Vister-
bottens, Visternorrlands och Jdmtlands lin och omfattar sammanlagt 73
lokaler med kottprov fran 6ver 700 trid. Hyggesaldrarna ha varierat frin 2
till 28 ar och hoéjdldgen fran 2o till 650 m. 6. h. iro foretridda i materialet.
Fran varje lokal har kott fran 8—12 provtrad undersckts. I fraga om hygges-
granen uttogos provtridden representativt inom en viss utstakad yta. Skogs-
styrelsens material omfattar pa varje lokal 8—12 trad, uttagna bland de béttre
av de fér avverkning 1942—43 stimplade triden i bestinden. Antalet prov-
trad per lokal har nistan alltid varit 10; 8 eller 12 provtrad férekommo endast

undantagsvis.
1% _ Medd. fran Statens skogstorskningsinstitut. Band 3a:8.
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Beskaffenheten av hyggesgranens fro

Grobarheten efter 30 dygn hos hyggesgranens fré visade sig vara lika hog
som grobarheten hos den avverkningsmogna skogens fré. Detta framgar tyd-
ligt av nedanstdende uppstillning tab. I, som visar medelgroningsprocenten
inom fyra olika héjdligen. Grobarheten har bestimts pé fréet sidant det fal-
ler ur kotten, alltsd utan bortblisning av tomfrdet.

Tab. 1. Granfroets grobarhet 1942—43.
Germinating capacity of Spruce seed 1942—43.

Hojd 6ver havet, meter

Material Height above sea level, metres
0—299 300—399 400—499 500—
Hyggesgran .............. 65,5 59,0 51,4 13,4

Clearing Spruce

Avverkningsmogen gran . ... 66,7 62,1 47,0 14,6
Exploitable Spruce

De obetydliga skillnaderna mellan hyggesgran och avverkningsmogen gran
inom samma hojdlige sakna alldeles signifikativ betydelse. Man synes sa-
lunda komma till den slutsatsen, att dtminstone detta ar hyggesgranen pro-
ducerat ett lika grobart fré som den gamla skogen i motsvarande hojdlige.
Om hyggesgranen som frotrdad icke star i hogsta klass, sa synes detta foljakt-
ligen icke i allmidnhet bero pa dalig grobarhet hos dess fr6.

I detta sammanhang 4r det icke utan intresse att dven undersdka I1000-
kornvikten och fréutbytet per hl kott. Tooo-kornvikten i olika héjdligen
framgéir av tab. 2. .

Ej heller 1000-kornvikten ger anledning till misstro mot hyggesgranens fré.
Liksom grobarheten sjunker den med stigande h6jd 6ver havet, vilket ar en
fullt normal féreteelse, men nér icke oroande ldga virden férrdn ovanfdr 500
m 6. h.

Tab. 2. 1000-kornvikten hos hyggesgran och avverkningsmogen gran 1942—43.
1000-seed weight for Clearing Spruce and exploitable Spruce 1942—43.

Ho6jd over havet, meter
Material Height above sea level, metres .

0—99 |100—199 200——299]300—399 400—499I 500—

Hyggesgran .............. 3,59 3,91 4,11 l 3,77 3,28 2,53
Clearing Spruce

Avverkningsmogen gran ... 3,76 4,03 3,88 3,49 3,32 2,89
Exploitable Spruce




308 HYGGESGRANEN 5
Froutbytet 1 kg per hl kott framgdr av f6ljande tab. 3.

Tab. 3. Froutbytet hos hyggesgran och avverkningsmogen gran 1942—43.
Seed-quantity of Clearing Spruce and exploitable Spruce, 1942—43.

Ho6jd 6ver havet, meter
Material Heigt above sea level, metres

0—99 [100—199 200—299' 300—399,400-—499 500—

Hyggesgran .............. 0,471 0,98 0,92 I 0,88 0,85 0,55
Clearing Spruce

Avverkningsmogen gran ...| I,33 0,96 0,98 I,09 0,98 0,67
Exploitable Spruce ,

1 Starka insektsskador.
Bad insect damage.

Aven om vi utesluta hojdliget 0—9gg m 6. h., dir hyggesgrankotten var starkt
insektsskadad, skulle tabellen méjligen kunna ge anledning till misstanken, att
hyggesgranen givit ett genomsnittligt ligre fréutbyte 4n den avverknings-
mogna granen. Medelutbytet inom omraden &ver roo m 6. h. dr for hygges-
gran 0,833 och for avverkningsmogen gran 0,951 kg/hl med en skillnad av
0,118 kg/hl. :

Spridningsundersékningar visa, att denna skillnad i nistan precis 5 fall pa
100 skulle kunna ha uppkommit av en slump, om de bada serierna utgjort
stickprov ur en granpopulation med samma fréutbyte per hl. Skillnaden ir
saledes »signifikativy, men kan icke fastslas som stélld utom allt rimligt tvivel.
For de enskilda h('jjdlégesgrupperna dr skillnaden i intet fall signifikativ,
ehuru den f6r héjdlaget 300—399 m 6. h. 4r mycket nira 5-procentsgrinsen.
Med tab. 3 som enda informationskélla kan vi sdledes knappast siga mer
an foljande: Det 4r mojligt, men icke i mycket hog grad sannolikt, att hygges-
granen i medeltal givit ett ndgot lidgre froutbyte &n den avverkningsmogna
granen.

Hyggesgranens kottproduktion

Kottproduktionen har matts i kilogram farsk kott. DA 1 liter kott av hygges-
gran oberoende av héjden 6ver havet vigde i medeltal 0,325 kg, kan omfdr-
ning frdn kilogram till liter ske genom multiplikation av kottvikten i kg
med 3,08.

Med kottvikten per trid som beroende variabel utférdes en korrelation, i
vilken som oberoende primédra variabler forekommo héjden 6ver havet i m,
antalet ar efter avverkningen, brosthéjdsdiametern p. b. i cm och en kombina-
tion mellan denna och antalet ar efter avverkningen. Resultatet blev, att en-
dast sambandet mellan kottvikten och diametern var signifikativt (jfr nedan).
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Medelfelen f6r samtliga andra koefficienter blev 100 %, eller mer av koefficien-
tens védrde. Med bibehdllande endast av diametern erhélls f6ljande funktion
for berdkning av den per trdd producerade kottvikten.

K =0,317 (D/IO)»85 . ... (1)

K Dbetyder alltsd kottvikten i kg och D diametern p. b. i cm vid brésthéjd.
Funktionens tillimpningsomrade stricker sig fridn 5 till 30 cm diameter. Fig. 1
visar kurvan och materialets punkter, av vilka de helsvarta hirréra fran hyg-
gesgran och de andra fran avverkningsmogen gran. Anslutningen mellan den
ena och den andra gransorten i skarven mellan 16 och 20 cm diameter sker
otvunget, vilket visar, att hela materialet kan ut]amnas av en och samma
kurva.

De uteslutna variablernas oférmaga att paverka hyggesgranens kottvikt
kan askadliggéras pd féljande sdtt. For undersékning av héjden 6ver havet
samlas kottvikter och diametrar i de 6 grupperna 0—gg, 100—199 o. s. v. till
och med 500 m 6. h. De observerade och de med (1) berdknade medelkottvik-

kg kottvikt
7 —

| Il L 1 1 L ] | ]

0 4 8 12 16 20 24 28 32 36
cm diam. p.b.

Fig. 1. Sambandet mellan kottvikt per trid och brosthojdsdiameter.

Relation between cone-weight in kgs per tree (kg kottvikt) and diameter
at breast-height in cm (cm diam. p. b.).
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terna i héjdgrupperna utrdknas, varefter differenser erhallas sisom observe-
rade minus beriknade virden. Differenserna bli uttryckta i kg kott per trad
och dro for de ovannimnda héjdzonerna féljande: — 0,11, — 0,11, + 0,02,
-+ 0,02, + 0,05, +0,04. Vid konstant diameter kan siledes h6jden 6ver
havet icke sigas ha paverkat kottsdttningens riklighet. Insektsskador bidra
till minusdifferenserna inom de ligre héjdzonerna.

Efter hopsamling av hyggena i grupperna o—s5, 6—10, I1I—I5, 16—20,
21—25 och 26—30 ar efter avverkningen erhdlles pad samma sitt differen-
serna: + 0,40, — 0,06, — 0,05, -+ 0,16, -+ 0,10, — 0,12, vilka icke tyda pa,
att hyggesgranens ‘kottsittning under forutsittning av konstant diameter,
nimnvirt paverkats av fristillningstiden.

Fordelning av materialet efter tridalder i grupperna 50—g9, 100—149 och
150— ar gav till resultat differenserna: — 0,01, - 0,03 och — 0,02. Aven
tridaldern synes siledes ha saknat stérre betydelse for kottsattmngens
riklighet vid given diameter.

Andra triadvariabler, sdsom t. ex. drsringsbredd, toppskott m.m., kunna
sakerligen tdnkas ha utovat inflytande pa kottsittningen. De dro emellertid
icke observerade for det nu aktuella materialet.

Av fig. 1 framgdr, att funktionen (1) vil utjimnar materialet inom diameter-
omridet 5—30 cm. Potensformen férorsakar emellertid att funktionen vixer
alltfér hastigt for hogre diametervirden, varfor den, som ocksi synes av fig. 1,
icke kan extrapoleras at hoger utanfoér det angivna omradet. Vidare bor givet-
vis beaktas, att funktionen endast giller fér granfréskérden 1942—43 inom
de representerade omridena mellan 62° och 65° n. br. Kottskérden under
andra froédr kan mycket vil tdnkas f6lja en annan funktion 4n (I).. I sjilva
verket finns emellertid grundad anledning tro, att kottskérden per trid i me-
deltal for ett flertal ar riktigt &terges av en potensfunktion inom diameter-
-omradet 5—45 cm, ehuru moéjligen med en nagot ligre potens dn 2,65. Det
torde bli tillfalle att i annat sammanhang aterkomma till denna fraga.

I tab. 4 har kottproduktionen per trad utriknats fér vissa diametervirden
De i tredje kolumnen angivna relationstalen ha erhallits genom att dividera
samtliga kottvikter per trid med 10-cm tridets kottvikt 0,32. Relationstalen
uttrycka alltsd kottproduktionen fér trid av olika diametrar 1 ro-cm tridets
kottproduktion som enhet.

Vi finna av tabellen att kottproduktionen anmarknmgsvart snabbt okar
‘med stigande diameter hos hyggesgranen. Ett 15 cm:s trid har givit nira 3
.ganger sd mycket kott som ett 10 cmu:s trdd, ett 20 cm:s trdd mer 4n 6 gdnger
och ett 30 cm:s trid mer 4n 18 ginger si mycket. Kottproduktionen &kar
snabbare dn grundytan, vilket omedelbart framgar av potensen 2,65.i formel
(1). Kottvikten per kvadratdecimeter. grundyta i brosthéjd har utrdknats i
tab. 4, fjairde kolumnen och relationstalen med 10 cm:s tridets kottproduk-

2% __ Meddel. frin Statens skogsforskningsinstitut. Band 39:8.
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Tab. 4. Kottproduktionen 1942—43 per trid och per dm? grundyta for olika
diametrar jimte vissa relationstal.

Cone production 1942—43 per tree and per dm? basal area for various
diameters and certain indices.

Kottvikt Kottvikt
- per trad : per dm?grundyta .
Diam. p. b. , Relationstal X . Relationstal
Cone weight Cone-weight
per tree per dm? basal area
cm kg Index kg Index
5 0,05 0,16 0,26 0,73
10 0,32 I,00 0;40 - I,00
15 0,94 2,97 0,53 1,33
20 1,99 6,28 0,64 I,59
25 3,59 11,33 0,73 I,83
30 | 5,83 18,39 | 0,83 2,06 '

tion som enhet i sista kolumnen. Av denna framgar t. ex., att ett 30 cm:s
trad givit ndgot mer 4n dubbelt si mycket kott per dm? grundyta som ett
10 cms trad. Fig. 2 illustrerar den ur (1) berdknade kurvans gang genom ma-
terialets observerade medelvirden.

For att mojliggora transformering av kottvikten i tab. 4 till andra enheter
meddelas i detta sammanhang féljande uppgifter.

Kottvikt i kp per
cm? prundyta
10 r

0.8

0.6

| : ! 1 \ ] L L ] ]

0 L 8 12 16 20 24 28 32 36
cm diam. p.b.

TFig. 2. Sambandet mellan kottvikt per cm? grundyta och brésthojdsdiameter.

Relation between cone-weight in kgs per cm® basal area (kottvikt i kg per cm?
grundyta) and diameter at breast height (cm diam. p. b)..
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I medeltal vigde 1 liter kott 0,325 kg, varfér 1 kg kott motsvarar av 3,077
liter. _

Tusenkornvikten var 3,52 gram och utbytet av fr6 per hl kott 0,814 kg.
Hirur finna vi att hyggesgranen givit 0,0250 kg fré per kg kott. Vidare inne- '
haller T kg fré 286 ooo frokorn och 1 kg kott ger i utbyte 7 150 frékorn.

Hyggesgranen och granskogshyggenas foryngring -

Vid den férut citerade undersékningen av féryngringen pa obranda norrlind-
ska hyggen i granskog (TIREN, 1945, 1950), nedan kallad »hyggesundersok-
ningen», visade det sig, att antalet frétrid spelade en ej oviktig roll fér &ter-
vixtens riklighet. Det framgick vidare, att féryngringseffekten hos ett och
samma antal frotrid kraftigt avtog med stigande héjd 6ver havet. Féryng-
ringseffekten kan emellertid, som ocksi framholls, bero pa flera saker. A
ena sidan kunna frétriden i hojdldgena ge mindre och simre fré 4n i lag-
ligena. Atminstone den simre frobeskaffenheten torde fa anses bevisas bl. a..
genom Epv. WiBECKs tidigare undersskningar. A andra sidan kunna héjd-
ligenas klimatiska forhallanden missgynna féryngringens uppkomst, direkt
och indirekt via deras inverkan pa markvegetation och humuslager. Det torde
vara av ritt stort intresse att, huvudsakligen pa grundval av i denna uppsats
framlagt material samt opublicerat material frin shyggesundersékningeny
soka belysa dessa fragor nagot ndrmare. En detaljerad och fullt stringent
bearbetning kan icke nu dstadkommas; vi fa tvdrtom néja oss med ritt grova
approximationer. Méjligen kan vad nedan sédges likvil bidra att vicka intresse
for dessa viktiga norrlindska féryngringsfragor.

Till en bérjan skola vi séka visa vilka dimensioner hyggesgranen i allmin--
het hade vid huggningen. Fran »hyggesunders6kningensy storprovytor dro
granfrotridens dimensioner vid undersokningstillfallet kidnda liksom dven de
5 sista arsringarnas bredd. I brist pd noggrannare underrittelse om arsrings--
utvecklingen anta vi, att hyggesgranens arsringsbredd vid huggningen. var:
0,3 mm, vilket 4r nagot mer dn vad de sdmsta granarna uppvisade vid under--
sokningstillfillet. Efter en enkel utjdmning av arsringsbredden 6ver diametern
vid undersokningstillfillet kan darefter diametern vid huggningen beriknas..
Sirskild hinsyn till h6jdliget visade sig hdrvid obehévlig. Resultatet av denna.
berdkning framgar av tab. 5, som avser frisk mark av ristyp och ris-lag--
orttyp. .

Det visar sig att den pd hyggena kvarstéllda granen haft ungefir samma.
dimensioner inom alla héjdlidgen och inom alla hyggeséldersgrupper. Dimen-
sionerna 4ro genomgaende mycket smé och det 4r alldeles tydligt, att praktiskt:
taget endast icke avsittningsbara granar kvarlimnats att efter f6rmdga sorja.
for frobesaningen.
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Tab. 5. Berdknad diameter i cm hos huggesgranen vid hyggningen.
Calculated diameter in cm for Clearing Spruce at logging. .

Ho6jd over havet Hyggesalder i ar
Height above sea- Clearing-age, years Medeltal
level : Mean
m 0—9 I0—I4 I15—19 20—24 25— :
100—199 11,5 12,2 12,6 8,4 10,6 II,r1
200—299 — I1.2 I1,4 10,9 — II,2
300-—399 10,8 11,9 9,0 12,0 8,4 10,4
400— 14,0 II.1 11,5 12,2 15,9 12,9
Medeltal I2,1 II,6 II,r I0,9 II,7
Mean

Tab. 4 upplyser om att dessa smagranars fréproduktion fran bérjan maéste
ha varit mycket obetydlig. Emellertid ha granarna under hyggestiden sma-
ningom oOkat i diameter och fréproduktionsférméaga. Man fragar darfér: Hur
mycket fr6 har hyggesgranen producerat fran tiden fér huggningen och fram
till tiden f6r hyggesundersdkningen?

Vi géra det schematiska antagandet, att arsringsbredden under hygges-
tiden varit konstant. Om diametern 1 decimeter vid en viss hyggesalder ¢,
betecknas med D,, diametern i decimeter vid huggningen = tiden #, med
D, samt tiden riknat fran huggningen med ¢, finna vi, att diametern D vid
en viss tid ¢ efter huggningen fas ur formeln:

(D1—Dy)
D="—2".1t4 D,.
(t1-—o) ‘
Dirur fas genom derivering:
(D1—Dy)
aD = ~ - dt
(tr—to)

och slutligen ur formel (1) summa kottproduktion mellan tidpunkterna ¢,
och #;:

() [ : |
T = oo 8L [D13’65—D03’65J ....... (2)
Det bor observeras, att diametern hir uttryckts i decimeter, medan den
i (1) uttrycktesicentimeter. Vidare dr det klart, att (2) innebir forutsittningen,
att alla ar mellan £, och ¢, varit lika goda kottér som det understkta dret 1942.
I sjdlva verket 4r i Norrland endast ungefar vart fjarde ar ett medelgott eller
gott froar, oberoende av hojdlaget (TIREN, 1935). Medelkottskorden per ar
boér ddrfér vara omkring en fjirdedel av de virden, som erhéllas ur formel

(2) (jfr nedan).
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Om vi tills vidare godta denna approximation, finna vi ur formel (2) vissa
virden pd kottskorden per tridd och ar inom olika héjdligen och hygges-
dldrar. Fjirdedelen av dessa virden ha uppforts i tab. 6 och &dro att betrakta
sdsom grova nirmevirden fér medelkottskérden per ar under hela hygges-
tiden. Med kinnedom om grobarheten enligt tab. 1 samt det forhallandet,
att 4r 1942 ett kg kott gav i medeltal 7 150 frékorn inklusive tomfrs, kan det
antal grobara frén, som motsvarar medelkottskérden per ar i de. olika hojd-
ligena, litt berdknas. Dessa vdrden ha inférts i tab. 6, nedersta raden.

-Tab. 6. Medelkottskord i kg per trid och &r i olika hojdligen och hygges-
dldersgrupper.
The average cone-yield in kg per tree and year at different height-levels and
clearing age-groups.

. Hojd 6ver havet, meter
Hyggesalder, ar Height above sea level, metres Medeltal
Clearing age, years Mean ,
100—I199 | 200—299 | 300—399 400—

O— O ittt 0,I41I — 0,121 0,229 0,764
IO—T4 +uvvveiininnnnnn 0,182 0,149 0,172 0,146 ] 0,162
I5—I0 ..t 0,219 0,175 0,103 0,178 0,169
20—24 it 0,105 0,178 0,219 0,225 0,782
25— ittt et 0,189 — 0,125 0,426 0,247 i
Medeltal .............. 0,167 0,167 0,148 0,241
Mean
Motsv. antal frén ...... 1194 1104 1 058 1723
Corresp. number of seeds
D:o grobara fron ...... 782 785 623 885
Ditto fertile seeds

Det torde vara av ett visst intresse att jaimféra ovannamnda beridkning med
HEIKINHEIMOS (1948 och tidigare) mangariga undersokningar over frofallet
i olika bestand. Dadrtill lampar sig bast fem frotrads- och skdrmstéllningar
frdn VILPPULA (62°5’ n. br.), vilka innehollo fran 36 till 196, i medeltal 76 trid
per ha, varav si vitt ur tabellerna kunnat utldsas ungefir 14 st. utgjordes av
gran. Skérden av granfré i dessa bestand var under en period av 20 ar i me-
deltal 13 frén per ar och m? markyta. Ar 1942 var skérden 72 fron per m2.
En fjardedel hdrav &dr 18 fron. Denna siffra avviker icke alltfor mycket frin
det observerade medeltalet-13. Vi kunna dirfér med ritt stor tillférsikt anta,
att fjardedelen av 1942 ars granfroskord i sjdlva verket ger en god approxima-
tion till den genomsnittliga fréproduktionen per ar under en lingre tidsperiod.

Ett ndrmare studium av tab. 6 visar nu, att kottskérden per trid nitt och
jamnt skénjbart réjer en tendens att 6ka med stigande hyggesalder. Detta
forefaller markvirdigt med hiansyn till det faktum, att trdden under sa langa
vixttider som 20—=25 ar avsevirt méste ka i diameter och pa grund hirav
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enligt formel (2) dven méste ge 6kad kottproduktion. Emellertid visar tab.
5 att hyggesgranens genomsnittliga diameter vid huggningen stadigt sjunker
fran dldersgruppen o—q till och nied gruppen 20-—24 ar, for att i gruppen 25—
dter visa nagon 6kning. Dessa skillnader i utgdngslige spela en ofantligt
stor roll fér de’ kommande kottskérdarnas storlek. Trots att diameterskill-
naderna i tab. 5 forefalla obetydliga, 4ro de likvil i:stand att i det ndrmaste
motviga den 6kning av kottskérdens genomsnittliga storlek, som 4r den néd-
vandiga foljden av diametrarnas tillvixt under hyggestiden.

Redan av tab. 4 framgar fullt klart, att det ur frébesaningssynpunkt méaste
vara-férdelaktigt att pa hyggena kvarstilla si -grova granar som foérhallan-
dena medge. Risken f6r stormfillning och grantorka drar visserligen en grins
fér dimensionen, som det &r farligt att 6verskrida. Emellertid 4r det uppenbart,
att i minga fall granar med 15—20 cm:s diameter och langa, vil utvecklade
kronor ha stora utsikter att hélla sig kvar pa hyggena.

For att vinna en forestdllning om hur mycket bittre en grévre gran dr dn
en klenare med hinsyn till den genomsnittliga froproduktionen, méste vi
som tidigare beakta granarnas diametertillvixt. Vi ha ur material fran hygges-
undersokningen funnit, att den 4rliga diameterdkningen under hela hygges-
tiden utgdr f6ljande belopp, vilka erhallits frén trid inom hojdligena 100—199
och ‘300399 m 6. h. samt alla hyggesaldersgrupper.

Diameter vid Arlig diameter-
huggningen, cm okning, cm
Diameter at felling, cm Annual increase in diameter, cm
I0 0,206
15 ’ 0,226

20 ’ 0,214

Vi berdkna nu t: ex. den genomsnittliga kottskérden per ar fran en gran,
som vid huggningen hade 10 cm diameter. Vi anta att hyggestiden 4r 22 ar.
Under denna tid vixer granen ut till 14,5 cm. Vi ha alltsd i (2) D; = 1,45 och
D, = 1,00. Vidare &r ¢, = 22 och #, = 0. Summa kottproduktion 4r d& 12,232
kg och fjirdedelen hirav 4r 3,06 kg/ar.

Fér en gran, som vid huggningen hade 15 cm diameter fir man pa samma
sitt en arlig kottproduktion under 22 &r av 7,79 kg/ar, vilket ar 2,5 génger
s& mycket som fér 1o cm:s granen. Om man med utgangsdiametern 15 cm
beriknar den arliga kottproduktionen under en hyggestid av 13 &r, finner man
virdet 3,88 kg/ar. 15-cm granen ger alltsd ndgot mer fr6 pa 13 &r 4n vad 10-cm
granen gor pa 22 r. Om hyggestiden &4r s ling som 22 ar, mdste man, {0r att
uppni samma besining som av 10 granar med I5 cm diameter, stdlla 25
granar med To cm diameter. Ar hyggestiden endast 10 ar, okas fordran frén
25 till 27 10-cm:s granar. :



3918 HYGGESGRANEN | 13

~Dessa exempel torde vara nog for att visa, att redan en sa férhallandevis
ringa Okning av hyggesgranens utgidngsdiameter som frdn 10 till 15 cm i
brosthojd i genomsnitt medfér en hogst avsevird okning av kottproduk-
tionen och dirmed ocksa av den producerade froméingden under hyggestiden.

Man kan nu stilla foljande intressanta friga: Vilken betydelse ur féryng-
ringssynpunkt har den dkade froproduktion, som blir f5ljden av att stilla
grovre granfrotrid, d4n som hittills varit vanligt? :

- For att belysa denna frdga madste vi liksom tidigare anta, att fréproduk-
tfionen i medeltal for en lingre f6ljd av ar approximativt anges av fjdrde-
delen av 1942 érs fréproduktion. Vidare méste vi forutsitta, att plantuppsla-
gets riklighet pa en viss lokal och efter en viss bestdmd tid approximativt star
i direkt proportion till besdningsintensiteten. Fér korthetens skull férbigds
ett niarmare klarliggande av det rimliga i denna férutsdttning. Vi halla oss i
fortsittningen inom de grinser, dir den kan anses vara atminstone nirmelse-
. vis riktig. '

Nyssndamnda férutsittning jamte det faktum, att stoérre granfrétrid ge
mera fro 4n mindre, visar 1 f6rsta hand att féryngringsresultatet forbdttras
genom att man stiller grovre frétrad. Den viktiga frigan dr emellertid hur
stor denna férbittring &r.

I tab. 6 har den arliga medelskérden av grobara fron berdknats inom olika
hojdliagen. Siffran avser endast frotriden. Till det fr6, som produceras av dessa
kommer emellertid ett litet tillskott av fré fran omgivande bestind. Enligt
samstimmiga frospridningsundersdkningar av HESSELMAN (1938—39) och
HEexiNHEIMO (1948) nedfaller visserligen huvudparten av fréet frin en be-
stdndskant inom det nirmaste femtiotalet meter frdn denna. Men frofallet
har icke upphért dnnu pd flera hundra meters hall, utan fortsitter med ett
nirmelsevis konstant belopp av uppskattningsvis omkring 4 frén per m?
under ett gott fr6dr. Rikna vi med fjdrdedelen hirav sisom medelbesining
per ar och med 50 9, grobarhet, f4 vi som nirmevirde 5000 grobara fron
- per ha och ar i medeltal fér en lingre tid. Detta belopp, som &tminstone pa
lagre hojd 6ver havet och fér smd hyggen torde vara lagt rdknat, bor alltsia
adderas till den frébesaning per ha och 4r, som kommer fran hyggesgranen.

Denna besdning dter kan litt berdknas ur nedersta raden i tab. 6 samt
foljande uppgifter om genomsnittsvirdena fér antal granfrotriad per ha.

Hojdlage Hyggesalder Antal granfrotrad

Height-level Clearing-age Number of Spruce seed-trees
100—IQQ m I4,4 ar 14,7
200—299 » I4,1 » 8,3
300—399 » 15,6 » 29,6

400— » 16,6 » 59,3
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I denna sammanstéllning har dven hyggesilderns genomsnittsvirden med-
tagits for att mojliggéra berdkning av fréfallet under hela hyggestiden.

Frofallet per ar och ha samt per ha under hela hyggestiden blir nu ridknat
i grobara fron f6ljande 1 tab. 7 anférda belopp, inklusive fret fran omgivande
bestand.

Tab. 7. Antal grobara fron per ha.
Number of fertile seeds per hectare.

o1 Grobara frén per D:o under hela hygges-
Hojdlage, m ar och har tiden Ve
Height-level, m Fertile seeds per

year and hectare Ditto for whole clearing-time

100—IQ9 16 500 237 500
200—299 II 500 162 400
300—399 23 400 365 700
400— 57 500 954 200

D4 nu antalet granplantor, som funnos pd marken vid hyggesundersékningen
1939—42; voro, i fallande serie med stigande héjd 6ver havet: 3 946, 1 624,
1 056 och 369, kan man berdkna det procenttal av det grobara totalutsidet,
som givit upphov till de vid undersékningen befintliga plantorna. Detta
procenttal dr ett slags »plantprocent» for obridnda granskogshyggen av frisk
ristyp eller ris-lagérttyp vid naturlig féryngring. Plantprocenten &r icke obe-

roende av hyggesaldern, vilket man litt inser av det férhallandet, att plant-
antalet pa ett hygge icke tillvixer proportionellt mot tiden, utan i langsam-
mare takt. I nedanstdende tab. 8 har den avseende pa en hyggesalder av efter
avrundning i medeltal 15 &r. Siffrorna kunna naturligtvis endast géra ansprak
PA att ge en ungefirlig forestillning om plantprocentens storleksordning.

Tab. 8. Antal behdllna granplantor per ha i procent av under hyggestiden
nedfallet, grobart fro. Hyggestid 15 ar.

Number of spruce-seedlings obtained per hectare, as a percentage of the fertile
spruce-seed fallen during the clearing-time. Clearing-time 15 years.

Hojdlage, m . Procent plantor
Height-level, m Percentage of seedlings
-100—I99 1,66
200—299 - 1,00
300—399 0,29
'400— 0,039

Man finner av tab. 8 att plantprocenten avsevirt sjunker med stigande
héjd over havet. I hyggesundersdkningen (TIREN, 1950, tab. 14) har visats,
att plantantalet av barrtrdd vid viss hyggesélder och visst antal frétrad
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aven kraftigt sjunker med stigande hojd 6ver havet. Genom att berikna me-
deltalet av plantprocenterna i tab. 8 och uttrycka de observerade virdena i
medeltalet som enhet, f4 vi de fyra observationerna &éverforda till relativa
tal. For jamforelsens skull utféres samma operation med besdningen av gro-
bara frén samt med antalet plantor av fall 4 gran enligt tab. 14 i hygges-
undersokningen f6r hyggesaldern 15 ar och 30 frétrad per ha. Vi £ hirigenom
féljande tre serier relativa tal:

Relativa tal for
Relative figures for

Hojdlage, m. Plantprocent Grobara frén  Plantantal, tall 4+ gran

Height-level, m. Seedling-percentage Fertile seeds Number of seedlings, pine4-spruce
I00—IQ9 : .2,22 0,55 2,51
200—299 I,34 0,38 1,04
300—399 0,39 0385 0,35

400— 0,05 2,22 0,09

Likheten mellan den outjimnade, observerade plantprocentserien och den
genom korrelation utjaimnade plantantalsserien 4dr pafallande. Den senare serien
innefattar 46 9, tallplantor, varav bl. a. den slutsatsen kan dras, att tall och
gran uppfora sig i huvudsak lika vid stigande hojd éver havet. De bada serierna
visa ocksa, att man vid hyggesundersokningen med all sannolikhet skulle ha
gjort en ganska obetydlig vinst genom att anvinda nigon annan frotriads-
variabel 4n frotridsantalet. A andra sidan avvika dessa tva serier avgjort
frdn den mellersta, som anger besdningsintensiteten.

Plantprocenten i tab. 8 visar, att den med stigande héjdliage starkt av-
tagande naturliga féryngringen icke i frimsta rummet kan tillskrivas en sam-
tidigt avtagande eller kvalitativt férsimrad frobesining. Detta framgir dven
vid jamforelse med grobarhetsvirdena i tab. 1 och utsidesmingderna i tab .6.
Av de senare ser man, att det storsta antalet grobara frén per trad producerats
i -hojdliget ovan 400 m. Tab. 7 och ovanstdende uppstillning visa dven, att
arsproduktionen av grobart fré 4r avsevdrt storre i detta hojdlige 4n i de
ovriga. Detta ganska ovintade férhallande férklaras av hyggesgtanens for-
hallandevis stora diameter vid huggningen (tab. 5) samt dess betydande
antal inom detta hdjdlige.

Nir nu plantprocenten, d. v.s. antalet vid 15 ars hyggesalder behdllna
granplantor i procent av det under 15 &r nedfallna, grobara granfréet, likvil
ar omkring 42 ganger sa stor i hojdliget 100—199 m som i hojdliget 400— m,
s mdste detta bero ddrpa, att betingelserna fér plantornas upp-
komst eller deras méjligheter att fortleva, sedan de vil kommit
till, eller slutligen bada delarna, 4ro oerhért mycket sdmre i
det hégre hojdldget dn i det ligre.
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Det ir foljaktligen klimatet och dess verkan pa mark, vegetation och plan-
tor, som i frimsta rummet férorsakar féryngringssvarigheterna pa de
obrinda granskogsmarkerna i héjdligena. Men man bor dirav icke alltfér
hastigt dra den slutsatsen, att féryngringsfragan i Norrland alls icke 4r en
fréfraga. Tankegangar i den riktningen ha dd och di skymtat i den skogliga
diskussionen. De innebédra emellertid en stark férenkling av problemet. Pa
de foljande raderna skola vi s6ka belysa denna och en del angrinsande fragor.
Hela tiden boéra vi vara-medvetna om, att vi réra oss med approximationer
och 1 vissa fall med ritt stela schabloner.

I fortsittningen betrakta vi problemet si, som om det endast vore frdga om
hyggesgran och granféryngring. Till en bérjan berdkna vi den arliga medel-
produktionen av kott fran en hyggesgran med 15 och en med 20 cm diameter
vid huggningen under antagande av 15 &rs hyggestid. De tva virdena bli
0,311 resp. 0,612 kg kott per ar. Med kdnnedom om antalet frékorn per kg
kott (7 150 st.), grobarhetsviardena i tab. 1, kantbesdningen (5 ooo grobara
frén per ar och ha), de observerade frétridsantalen (sid. 13) samt de out-
jamnade plantprocenterna (tab. 8) kan nu det antal granplantor per ha be-
riknas, som borde ha funnits efter 15 ars hyggestid. Vi finna f6ljande plant-
antal for en utgangsdiameter av 15 cm, varvid for jﬁmféirelsens skull de out-
jdmnade, observerade plantantalen for de i tab. 5 angivna utgédngsdiametrarna
iven anféras, ehuru dessa plantantal icke gilla exakt fér 15 ars hyggesalder
(jfr sid. 13). ‘

Plantantal
Number of seedlings

At Frotrads- observe- for 15 cm utg.
Hojdlage, m antal rat diam.
Height-level, m Number of seed-trees observed for 15 cm original diam.

100—199 14,7 3946 6574

200—299 8,3 1624 3 057

300—399 20,6 1 056 2 439

400— 59,3 369 426

Det ar hirav tydligt, att en ¢kning av utgangsdiametern frdn 10 a II cm
till 15 cm medfdr en avsevird Skning av plantantalet. A andra sidan 4r det
ocksé klart, att hur nyttig denna 6kning 4n kan vara, om vi samtidigt ta de
befintliga tallplantorna i betraktande, s rdcker den icke till att i och fér sig
ge en nojaktig foryngring ens i héjdldgen under 300 m. Med snéjaktig foryng-
ring» avses hir och i fortsittningen de plantantal, som till ledning anges 1
Kungl. Skogsstyrelsens anvisningar rérande tillimpningen av skogsvards-
lagen (1949, sid. 63).

For att né bittre och snabbare resultat dr darfér 4ven en 6kning av fro-
tradsantalet ndédvindig. Enligt hyggesunders6kningen star plantarntalet
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under konstanta férhallanden i 6vrigt i ett svagt bagformigt samband med
frétrddsantalet. Kurvan &r emellertid mycket flack och kan f6r nu aktuella
dndamal tillrdckligt vil approximeras av en rit linje intill frétridsantal av
omkring 50 st. per ha (fig. 3). Sedan effekten av kantbesaning och bes&ning
fran frotrad utanfor frétridsytorna (jfr hyggesundersskningen) franriknats,
ger denna linje en direkt proportionalitet mellan plantantal och frétridsantal
intill ndmnda grins. '

Antal barrtrads-
plantor per ha

" 4000
3000
2000

1000

0 10 - 20 30 40 50 60
- Antal barrfrotrad per ha

Fig. 3. Sambandet mellan antal barrtréidspla.ntor och antal barrfrétrid per ha.

Relation between number of coniferous seedlings (antal barrtriadsplantor) and number
of coniferous seed-trees (antal barrfrotrdd) per hectare.

Vi berdkna nu som ett exempel antalet granplantor per ha under férut-
sdttning av 15 cm utgangsdiameter och 50 hyggesgranar per ha. Resultatet
blir nedanstaende.

Hojdlage, m Plantantal

Height-level, m Number of seedlings
100—IQQ 19 400
200—299 12 I50
300—399 ' 3 600
400— . 362

Effekten i de ligre hojdlidgena dr utomordentligt stark. Siffrorna antyda,
att om tillrickligt grova och manga granfrétrid kunna kvarstillas pa de
obrinda hyggena, sd kan den naturliga granféryngringen endast dirigenom
gott och vil bringas upp &ver néjaktighetsnivdn inom héjdligen upp till
omkring 300 m 6. h. Ovanfér denna niva dro féryngringsférhallandena dar-
emot fortfarande otillfredsstdllande. ‘

Det &r visserligen icke sannolikt, att man i allmdnhet pa hyggena kan kvar-
stilla granar med sd stor diameter som 2o cm. Men det kan likvil vara av
intresse att se, vilket resultat man i genomsnitt har att vinta sig, f6r den
hindelse det skulle vara méjligt. Vi finna f6r en utgangsdiameter av 20 cm
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och 50 frotrdd per ha foljande plantantal per ha i héjdldgena ovanfsr 300 -
m 6. h.

Hojdlage, m Plantantal
Height-level, m Number of seedlings
300—399 6 400

400— 690

Inom lansgrupp III anses i hojdlaget 300—399 m en f6éryngring vid 15 &rs
hyggesélder bora halla omkring 6 500 plantor per ha for att skiligen kunna
riknas som néjaktig. Man borde féljaktligen i det ifrdgavarande omradet kunna
astadkomma en nd&jaktig, naturlig granskogsféryngring upp till nirmare
400 m 6. h. Detta ligger dock inom moéjligheternas grinser endast under syn-
nerligen gynnsamma bestdndsférhallanden. I regel torde man béra rikna
med att grinsen f6r mdjligheterna att enbart genom huggning och hygges-
rensning frambringa en ndjaktig naturlig foryngring i dessa trakter i all-
ménhet icke 16per mycket ovanfér 300 m 6. h..Sa dr med storsta sannolikhet
fallet 4ven om man tar hidnsyn ej endast till hyggesgranens fréproduktion,
utan dven till de ovanfér 300 m i allmédnhet pa de friska granmarkerna ritt -
sparsamt férekommande tallfrétridens. Aven foér att uppnd denna grins
maste all méjlig omsorg dgnas at att pd hyggena kvarstilla ett betydande
antal vil foérdelade, relativt grova och rikt kottbdrande frétrad.

Av den féregdende utredningen synes otvetydigt framga, att foryngrings-
frdgan pa de hdr avhandlade marktyperna i sj dlva verket till ganska vasentlig
del 4r en fraga om tillrdcklig frobesdning pd hyggena. Det faller av
sig sjilvt att de vinster, som vil utforda foryngringshuggningar enligt det
foregdende synas stdlla i utsikt, icke inskrdnka sig till en invinning av omkring
en hundrameters h6jdzon under de naturliga féryngringsméjligheternas rayon.
Detta 4r i och for sig mycket nog, men dessutom tillkommer inom de ligre
hojdlagena den betydande férdelen av kortare féryngringstider och mera lik-
aldriga och dirfor jamnare och kvalitativt battre dtervixter.

Bestdndsfoérhallanden, markbeskaffenhet och klimat borja emellertid redan
vid 300-metersnivin att gicka dven de bista anstrdngningar att endast med
yxans hjilp astadkomma néjaktig féryngring av den gamla granskogen. Ris-
och lagorttyperna vid denna hojd éver havet dro dock alltfor bra, fér att
detta bor fa std som ett hinder for féryngringsarbetet.

Enligt opublicerat material frdn den sista rikstaxeringen ha vi t.o. m. i
Norrbotten en genomsnittlig idealbonitet av omkring 2,5 m®/ha, mot- .
svarande JonsoNs VI bonitet, dnda uppe vid héjdligen av omkring 400
m 6. h. I Givleborgs lin nds denna genomsnittsbonitet férst upp emot 600
m 6. h. Det dr visserligen omoéjligt att med visshet siga vad dessa bonite-
ringar dro virda, men det torde 4 andra sidan knappast vara mojligt att nu
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uppbringa nagra, som &ro bittre. Om dirfor de ovan som exempel meddelade
siffrorna accepteras, maste vi dra den slutsatsen, att en mycket stor del av de
norrlindska skogsmarkerna ovanfér 300 metersnivan kunna bira kostnaden
for 4tminstone vissa mindre dyrbara féryngringsatgirder.

Enligt vad vi ovan funnit kan varken en 6kning av frétridsantalet eller
av frotridens dimensioner eller badadera i och fér sig vdntas medféra ett
tillfredsstidllande resultat ur féryngringssynpunkt i de hdogre hojdligena.
Utom atgdrder av detta slag, vilka avse att sikerstilla en si rik frébesaning
som méjligt, maste dirfér dven sddana dtgirder Svervigas, som syfta till en

~.6kning av plantprocenten.

Man har dirvid for ndrvarande tva alternativ att vilja pa, om vi ldmna
kombinationen av dem ur rikningen sidsom onddig ur diskussionssynpunkt.
Det ena alternativet 4r markberedning under frétrad, det andra brdnning
under frotrid. Bada dessa metoder dro effektiva medel att hja plantprocen-
ten. Ménga forskningsuppgifter dtersta att ldsa, innan dessa metoder under
skiftande skogliga forhallanden kunna bringas att fungera med rutinmissig
sdkerhet. Har behéver endast erinras om exempelvis traktor- och redskapspro-
blemet samt problemet om brinning under granfr6trid. Dessa ‘och en del
dirmed sammanhingande organisatoriska frigor maste fi en effektiv och
andamélsenlig 16sning, om icke stora vidder inom de norrldndska hojdligenas
granskogsmarker foér ling tid framat mer eller mindre skola bli ett ekono-
miskt impediment. Mycket talar dock for att en tillfredsstdllande 16sning av
dessa problem ligger inom rickhall. Samtidigt med de tekniska framstegen
maste emellertid, enligt vad vi ovan sokt belysa, 4ven omsorgen om f6éryng-
ringshuggningarna skirpas. I en sammantrdngd och nagot tillspetsad form
torde man kunna karakterisera liget pi foljande sitt: P4 de svagare hojd-
lagesmarkerna, som ej tdla sadd eller planteringskostnader, dro markbered-
ning och brénning meningsldsa, om man ej samtidigt sorjt for tillriackligt
ménga och goda frétrid. A andra sidan #ro frétriden meningslésa, om man
ej sérjer for en effektiv markberedning eller branning.

Litteratur

HEekINHEIMO, O., 1948. On the seeding capacity of forest trees III. — Comunicat.
Inst. Forest. Fenni®, 35:3. Aven 17:3, 1932 och 24:4, 1937.

HesserLmaN, H., 1938—39. Fortsatta studier over tallens och granens fréspridning
samt kalhyggets besining. — Medd. fr. stat. skogsférsoksanst., 31. Aven 27;

© 1932—34.

TIREN, L., 1935. Om granens kottsdttning, dess periodicitet och samband med tem-
peratur och nederbérd. — Medd. fr. stat. skogsférsdksanst., 28.

——, 1945. Erfarenheter av naturlig foryngring i Norrland. — Medd. fr. stat. skogs-
forsdksanst. Ser. Uppsatser nr 2. Aven i Sv. skogsv.féren. tidskr. nr 2.

——, 1950. Om den naturliga foryngringen p& obridnda hyggen i norrlindsk granskog.
— Medd. fr. stat. skogsforskn.inst., 38:a.



20 LARS TIREN 39:8

Abridgement

On Clearing-Spruce and its Significance to the Reforestation of
Spruce Forest Clearings in Northern Sweden

During the good spruce-seeding year 1942—43 a good opportunity arose teo
study the nature of the seed from spruce that had been left standing in clearings
in Northern Sweden, and to form some idea of the seed quantities produced by
these spruce. Both these questions are of great interest, since the natural refore-
station of spruce in middle and northern Norrland is very largely dependant
upon the spruce of poor quality which remains in the clearings. We shall hence-
forth call these spruce ‘‘clearing-spruce’’. They are a sort of seed-tree or ¢seed
dispersers’’. Not infrequently they are mixed with stunted small trees of a poor
type and themselves are often far from good quality. In such cases they are some-
times called ‘‘remnant spruce’’. According to inspections carried out by us (TIREN,
1945, 1950) the clearing-spruce functions in fact as a seeding tree, even though its
efficiency often appears to be very insignificant. Of the reforestation in the spruce
forest clearings, the greater part seems in spite of everything to stem from clearing-
spruce, whilst the contribution from any forest borders surrounding them is
on an average relatively speaking limited (cf. HESSELMAN, 1938—39), though not
in general to be ignored. , '

This study has been applied to both clearing-spruce, and also, for the sake of
comparison, to exploitable spruce in stands. From each site, cones from 8—i2
test-trees have been examined. As to the clearing-spruce, the test-trees were
selected representatively from within a certain staked-out area. The material from
the exploitable spruce comprehends 8—i12 trees within each site, selected from
among the better trees on the site, marked for felling in 1942—43.

IQualities of the Seed in Clearing-Spruce

The germinative capacity after 30 days in the seed of the clearing-spruce proved
to be as high as that of the seed from exploitable forests. This appears clearly it
Table I which shows the average germination percentage within four different
levels of altitude. The germinative capacity of the seed has been determined for
the seed as it falls from the cone, that is, without the empty seed being blown away.

The negligible differences between clearing spruce and exploitable spruce at
the same height above sealevel is entirely without significance. Thus, it would
seem that this year, at least, the clearing-spruce produced seed equally germinative
with that of the old forests at the same altitude. If the clearing-spruce does not
stand in the highest class as a seed-tree, this does not therefore seem to depend
in general on poor germination capacity in its seed.

In this connection, it is not without interest also to study the 1 ooo-seed weight
and the seed-quantity per hectoliter cones. The 1 ooo-seed weight at different
levels appears in Table 2.

Nor does the 1 ooo-seed weight give rise to any reflections as to value of the
seed of clearing-spruce. As with the germination capacity, the seed diminishes as
the height above sea-level increases, which is a prefectly normal phenomenon, but
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values so low that they become troublesome do not appear until a height of above
500 metres above sealevel is reached.,

The seed-quantity in kilograms per hectolitre cones appears in Table 3.

Even if we exclude the level 0—99 metres above sealevel, at which the clearing--
spruce had suffered from bad insect damage, it is possible that this table might
give rise to a suspicion that the clearing-spruce has produced on the average a
‘lower seed-quantity than the exploitable spruce. The average quantity in the region
above 100 metres above sealevel is 0.833 for clearing-spruce and o.gs1 kg/hl for
exploitable spruce, a difference of 0.118 kg/hl.

Statistical studies show that this difference could have arisen out of pure chance
in exactly 5 cases out of 100, if both series are random samples from a spruce
population yielding the same seed quantity per hl. The difference is thus »signi-
ficant», but cannot be said to be established beyond all reasonable doubt. For the
separate height-groups the difference is in no case significant, though the group
for the height 300—399 metres above sealevel is very near the s-percent limit. .
With Table 3 as the only source of information, it is hardly possible to say more
than that: — It is possible, but not to any high degree probable, that clearing-
spruce has on an average given a lower seed-quantity than exploitable spruce
yields.

- Clearing-Spruce’s Cone Production

The cone production has been measured in kilograms of fresh cones. Since 1
litre cones from clearing-spruce weighed on an average o.325 kg, irrespective of
height above sealevel, a conversion from kilograms to litres can be made by
multiplying the cone-weight in kilograms by 3.08.

‘With the cone-weight per tree as dependent variable, a correlation was carried
out in which the height above sealevel in metres, the number of years after logging,
the breast height diameter in cm, and a combination between this and the number
of years after logging, formed the independant primary variables. The result was
that only the relation between the cone weight and the diameter proved significant
(cf. below). The standard error for all the other coefficients was 100 9, or more of
the value of the coefficient itself. By retaining only the diameter, the following
function for calculating the cone-weight produced per tree was obtained.

K =o0.317 (Dj1o)®8%5 . ... . . .. (1)

K being the cone weight in kgs and D the diameter in cm at breast height. The
function is applicable within the range from 5 to 30 cm diameter. Fig. 1{shows
the curve and the points for the material, the totally black points referring to the
clearing-spruce and the other to exploitable spruce. The connection between the
two sorts of spruce in the joint between 16 and 20 cm diameter occurs unforcedly,
which shows that the whole material can be evened out into one and the same curve.

In Table 4 the cone production per tree has been calculated for certain diameter-
values. The relative figures in the third column have been obtained by dividing all
the cone weights per tree by the cone weight of the ro-cm tree, viz. o.32. The
indices therefore express the cone production for trees of different diameters in
terms of the ro-cm tree’s cone production as a unit.

It appears from the table that the cone production increases with remarkable
rapidity, with increasing diameter in the clearing-spruce. A tree of 15 cm yields
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nearly 3-times as much cones as a 10 cm tree, a 20 cm tree more than 6 times as
much, and a 30 cm tree more than 18 times. The cone production rises more
rapidly than the basal area, which at once appears from the power 2.65 in the
. formula (1). The cone production per square decimeter basal area at breast height
has been calculated in Table 4, fourth column, and the relative figures with 1o-cm
tree’s cone production as unit in the last column. From this appears that; e. g.,
a 30-cm tree has yielded rather more than double as many cones per dm? basal
area as a 1o-cm tree yields. Fig. 2 illustrates the trend of the curve as calculated
from. (1) through the observed mean values of the material under consideration.

To make possible a transformation of the cone weight in Table 4 into other
units, the following information is appended in the present context. '

On an average, I litre cones weighed o.325 kg, whence one kg cones corresponds
to 3.077 litres.

The 1 ooo-seed weight was 3.52 grams and the quantity of seed per hl cones,
0.814 kg. From this we find that the clearing-spruce has yielded o.0z250 kg seed
.per kg cones. Furthermore, 1 kg seed contains 286 ooo seeds, and 1 kg cones
vields a quantity of 7 150 seeds.

Clearing-Spruce and the Reforestation of Spruce Forest Clearings

In the study, cited above, of the reforestation of unburned clearings in Norr-
land’s spruce forests (TIREN, 1945, 1950), henceforth to be called the ‘‘clearing
study”’, it appeared that the number of seed-trees played a not insignificant role in
relation to the richness of the new regeneration. It further appeared, the regenera-
tive effects in one and the same number of seed-trees swiftly diminished with
rising height above sealevel. The regenerative effects may also, as stated in that
.study, depend upon various circumstances. On the one hand, seed-trees at high
levels may give poorer and less seed than at-low levels. At least, the poorer quality
of seed would seem to be proven in Epv. WIBECK's earlier studies, among others.
On the other hand, it is possible that the climatic conditions at the higher altitudes
have an adverse effect on regeneration, both directly and indirectly, via their
influence on ground vegetation and humus layer. It should be of considerable
interest, chiefly with the aid of material chosen from this essay and also unpublished
material from the “clearing study’”’, to throw some light on these questions.

To begin with, we have to find out what the dimensions of the spruce were at
logging. From the ‘“‘clearing study’s’’ large-sample plots, we know the dimensions
~of the spruce seed-trees at.the time of the study, as we know also the width of the
5 last annual rings. For want of any more exact information as to the growth-ring
development, we must suppose that the width of the growth-rings of the clearing-
spruce was 0.3 mm at logging time, which is rather more than what the worst
spruce showed at the time of the study. By simply smoothing out the growth-
ring width over the diameter at the time of the study, the diameter at the time
of logging can be calculated. It proved unnecessary to pay any special attention
to the height above sealevel in this instance. The results of this calculation appear
in Table 5, which refers to healthy forest land of Vaccinium type with and without
admixture of herbs. :

It appears that the spruce remaining on the clearings had about the same
dimensions at all height-levels and in all logging-age-groups. Throughout, the
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dimensions are very small and it is perfectly clear that virtually only unexploitable
spruce had been left standing, to take care of the reforestation to the best of
their ability. '

Table 4 informs us that the seed-production of these small spruce must have
been very insignificant from the beginning. However, during the time elapsed
since clearing the spruce increased gradually in diameter and in seeding-capacity.
One asks therefore: How much seed did the clearing-spruce produce between the
time of cléaring and the time when the clearing study was made?

Let us schematically suppose that the width of growth-rings was constant after
. the logging-year. If the diameter in decimeters at a specific clearing-age #, is indi-
cated by D,, the diameter in decimeters at felling of the stand (= the time #,), by
D,, and the time calculated from felling by ¢, we find that the diameter D at a
specific time ¢ after felling can be obtained by the formula:

(D, — Dy)
D="2_"Y.t4D
(t, — %) °

. ‘ (D1 — Do)
From which may be derived: dD = 7 ™
1 by

. dt

and finally from the formula (1) the total cone prodﬁction between the P(ﬁnts in
time £, and #;: ‘

V‘K_ooses(gll:t;) [D‘“” Do”’"""] ............ (2)

It should be observed that the diameter has been expressed in decimeters,
while in (1) it was expressed in centimeters. It is, furthermore, clear that (2)
implies the condition that all the years between #, and #, were equally good cone-
years as the year 1942, when the study was made. In point of fact, only about
every fourth year is a good or moderatély good seed-year in Norrland irrespec-
tive of height-lev(l (T1REN, 1935). The average cone-yield per year would thus be
about one quarcer or the values obtained from formula (2).

If we accept - his approximation for the time being, we find from formula (2)
certain values for the‘cone-yield per tree and year at various height-levels and
clearing-ages. A quarter of these values have been presented in Table 6 and are
to be regarded as rough approximate values for the average cone-yield per year
during the whle of the clearing-time. The germination according to Table 1 being
known, and also the condition that during the year 1942 one kg cones yielded on
an average 7 150 seed-particles, empty seed included, it is easy to calculate the
number of fertile seeds corresponding to the average cone-yield per year at different
height-levels. These values have been presented in Table 6, the last line.

A closer study of Table 6 now shows that the cone-yield per tree barely but
discernibly reveals a tendency to increase as the clearing-age rises. This must
seem remarkable when one considers the fact that, during such long periods of
as 20—=25 years, the trees must considerably increase in diameter and therefore,
according to formula (2), must also yield an increased cone-production. However,
Table 5 shows that the average diameter of clearing-spruce at logging steadily falls
from the age-group o—q¢ years to the group 20—24 inclusive; in the group 25—
showing, once again, some increase. These differences in starting conditions play
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a tremendously important part in-relation to the size of the future cone-yields.
Despite the fact that the differences in diameter in Table 5 seem to be insignificant,
nonetheless they are in a position to all but counteract the increase in the average
size of the cone-yield, which is a necessary consequence of the increase in dia-
meters during the clearing-time. ’

It already is obvious from Table 4 that, from the point of view of seeding, it
must be advantageous to leave as large spruce on the clearings as circumstances
allow. The risk of stormfall and drying certainly limits the dimension of clearing-
spruce, and it is dangerous to exceed this limit. However it is clear that in many
cases spruce with 15—20 cm diameter and long well-developed crowns have a
good chance of remaining on the clearings.

To obtain some idea of how much better a heavy spruce is than a small one,
relative to its seed production, we must once again attend to the diameter-growth
of the spruce. We have seen from the material of the ‘“‘clearing study’” that the
annual increase in diameter during the whole of the clearing-time constitutes the
figures to be found on page 12. These have been obtained from trees within the
height-levels 100—199 and 300-—399 meters above sealevel, and from all age-groups.

Let us now calculate, for example, the average cone-yield per year from one
spruce which, at logging, had a diameter of 10 cm. Let us suppose that the clearing-
time is 22 years. During this time the spruce grows to 14.5 cm. Consequently in
(2) we have Dy = 1.45 and D, = 1.oo0. Further, ¢, = 22 and #, = o. The total
cone production-is thus 12.232 kg, and a quarter of this is 3.06 kg/years.

For a spruce which at logging had a diameter of 15 cm, one obtains in the same
way an annual cone-production during 22 years of 7.79 kg/years, which is 2.5
times as much as for the 1o cm tree. If from the original diameter 15 cm, one
calculates the annual cone production during a clearing-time of 13 years, one
obtains the value 3.88 kg/years. Thus the 15-cm spruce yields somewhat mote
seed in 13 years than the 10-cm spruce yields in 22 years. If the clearing-time is
as long as 22 years, 25 spruce with 1o cm diameter, must be left standing in order
to obtain the same seeding as is obtained from 10 spruce with 15-cm diameter.
If the clearing-time is only 10 years, the requirement rises from 25 to’ 27 ro-cm
spruce.

These examples should be enough to show that even so comparatively limited
an increase in the original diameter of clearing-spruce as from 1o to 15 cm at
breast-height implies on the average a considerable increase in the cone pro-
duction, and thereby also in the seed quantity produced during the clearing-time.

One can now ask the interesting question: What significance from the point
of view of reforestation attaches to the increased production of seed, that
follows from leaving stouter spruce seed-trees than has hitherto been usual?

In order to throw light on this question we must once again assume that the
average seed-production over a long series of years is approximately given by one
quarter of the seed-production of 1942. Another condition is that the abundance
of young growth on any one site and after a certain fixed time will stand in some
approximate direct proportion to the intensity of the seeding. For the sake of
brevity we omit any more detailed exposition of this condition’s reasonableness.
From now on we shall remain within limits where it can be safely assumed approxi-
mately to apply.

This latter condition, together with the fact that a larger spruce seed-tree gives
more seed than a smaller tree, shows in the first place that the reforestation results
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are improved by leaving stouter seed-trees on the clearings. The important
question is, how great this improvement is.

In Table 6 the annual average yield of fertile seed has been estimated for various
height-levels. The figure refers only to seed-trees. To the seed which comes from
these trees, however, must be added a small quantity of seed from surrounding
stands. According to the unanimous seed-dispersal studies made by HESSELMAN
(1938—39) and HEIKINHEIMO (1948) the greater part of the seed from the border
of a stand certainly falls within some 50 metres from its limits. But the seed-fall
has not entirely disappeared even at several hundred metres’ distance; it con-
tinues with approximately constant seed-quantity, estimated to be about 4 seeds
per sq. metre in a good seed-year. If we reckon the quarter of this amount to
constitute the average annual seeding, and the germination as being 50 9,, we
obtain the approximative value of 5 ooo fertile seeds per annum per hectare as
an average figure over a longer period of time. At least for lower levels and small
clearings, this figure would certainly seem to be conservative. It should be added
to the seeding per hectare and year derived from clearing-spruce.

Again, this seeding can easily be calculated from the last line in Table 6 and
from the information given on page 13, as to the average number of spruce seed-
trees per hectare.

In this has been included also the average values for the clearing-age, making
possible a calculation of seed-fall during the whole of the clearing-time.

The seed-fall per annum per hectare, together with the seed-fall per hectare
for the whole of the clearing-time, the quantities given in Table 7, may now be
calculated, seed from surrounding stands inclusive.

Since the number of spruce-seedlings which were found on the ground in 1939—
42’s study were: 3 946, I 624, 1 056 and 369, a series falling proportionately as the
height above sealevel increases, it is possible to calculate the percentage of the
total number of fertile seeds which gave rise to the seedlings existing at
the time of the study. This percentage is a sort of ‘seedling-percentage’”
for unburned spruce forest clearings of Vaccinium type under natural reforestation.
The seedling-percentage is not independent of the clearing-age, as can easily.be
seen from the circumstance that the number of seedlings on a clearing does not
increase proportionately to the time-factor, but more slowly. The figures in Table
8 refer to a period of time amounting in round figures to 15 years. These figures
can naturally only claim to give an approximate idea of the size of the seedling-
percentages.

From Table 8 it appears that the “‘seedling-percentage’” diminished considerably
as the height above sealevel increases. In the ‘“‘clearing study’ (see particularly
TIREN, 1950, Table 14) it has been shown that the number of coniferous seedlings
for any clearing-age and number of seed-trees rapidly diminishes as the height
above sealevel increases. By calculating the average for the ‘‘seedling-percentages’
in Table 8, and expressing the observed values in terms of the mean as a unit,
we obtain the four results transformed into an index. For the sake of comparison
the same process should be carried out for the semination of fertile seeds and for
the number of seedlings of pine 4 spruce, according to Table 14 in the “clearing
study’’ for the clearing-age 15 years and 30 seed-trees per hectare. Thence we
obtain the three series of indices given on page I5.

The similarity between the un-graduated observed seedling-percentage series
and the number-of-seedlings series, graduated by correlation, is striking. The
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latter series comprises 46 9, spruce-seedlings, from which the conclusion may be
drawn, among others, that pine and spruce behave much the same as the height
above sealevel increases. Again, these two series decidedly differ from the middle
one which indicates the semination intensity.

The ‘“‘seedling-percentage’” in Table 8 shows that the rapid decrease in natural
regeneration as the height above sealevel increases cannot primarily be ascribed
to a corresponding diminution of, or deterioration in, the seeding. It is evident
from Table 6 that the greatest number of fertile seeds per tree is produced at
height-levels above 400 metres. Table 7 and the figures on p. 15 also show that the
annual production of fertile seed is considerably greater at this height than at
others. This rather unexpected circumstance is explained by the clearing-spruce’s
relatively great diameter at felling (Table 5) and the considerable number of trees
at this height.

Since the “‘seedling-percentage’” — 4. e., the number or spruce seedlings saved
at 15 years as a percentage of the fertile spruce seeds fallen during 15 years — is
also about 42 times as great at the height-level 100—199 m, as at the height-
level 400 m, this must depend on the fact that the conditions for the appear-
ance of the seedlings and their chances of survival, after they
have taken root, or finally for both of these phenomena, are tre-
mendously worse at the higher level than at the lower.

Consequently it is the climate and its influences on the soil, vegetation and
seedlings, that chiefly causes reforestation difficulties on unburned spruce forest
lands at high altitudes. But from this one should not jump to the conclusion that
the reforestation question in Norrland is not a seed-problem. Reflections tending
in that direction have from time to time cropped up in forestry discussions. Such
views seriously over-simplify the issue. In the following paragraphs we shall try
and throw some light on this and other, adjacent, problems. But it must throughout
be remembered that we are dealing with approximations and in certain cases
with very rigid ones. ' ‘

From now on we shall regard the problem as if it were purely and simply a
question of clearing-spruce and spruce regeneration. To begin with, we shall calcu-
late the annual average cone-yield from a clearing-spruce of 15-cm diameter, and
from one with 20-cm diameter, at clearing-time, it being assumed that the clearing-
time was 15 years. The two values are o0.311 and o0.612 kg cones per annum respec-
tively. The number of seed-particles per kg cones being known (7 150), also the
fertility values in Table 1, the border seeding (5 ooo fertile seeds pér annum per
hectare), the observed number of seed-trees (p. 13), and also the ungraduated
“seedling-percentages’’ (Table 8), it is now possible to calculate the number of
spruce seedlings per hectare that should be found after a 15-year clearing-time. -
On page 16 is given the number of seedlings calculated for an original diameter
of 15 cm. For the sake of comparison the ungraduated, observed seedling-figures
for the original diameters given in Table 5, are also given: although these seedling-
figures do not apply to an exact clearing-age of 15 years (cf. page 13).

From this it is clear that an increase in the original diameter, from 10—11 cm
to 15 cm, implies a considerable increase in the number of seedlings. On the other
hand it is also obvious that, however useful this increase may be, if we at the
same time take the pine seedlings also into consideration, it is not adequate in
itself to bringing about satisfactory regeneration, even for the height-levels
under 300 m. '
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In order to obtain better and swifter results it is therefore also mnecessary to
increase the number of seed-trees. According to the ‘“‘clearing study’’,
the number of seedlings shows, under constant conditions, a slightly curved .
relationship with the number of seed-trees. The curve is however very flat, and
for the present subject can well be regarded as constituting approximately a
straight line up to a seed-tree figure of about 50 trees per hectare (Fig. 3). After
the effects of border-seeding and of seeding from seed-trees outside the seed-tree
area have been deducted (cf. ‘““clearing study’’), this line yields a direct proportion
between the number of seedlings and the number of seed-trees within the above
limits.

‘We shall now calculate, for the sake of example, the number of spruce-seedlings
per hectare, on the condition that the original diameter is 15 cm and that there
are 50 clearing-spruce per hectare. The results are those given on page 17.

The effect at the lower levels is extraodinarily strong. The figures imply that,
if sufficiently stout and numerous spruce seed-trees are allowed to remain standing
on unburned clearings, by this means alone the natural reforestation can be
brought up to well above a satisfactory level, within heights up to and including
300 m above sealevel. Above this height, on the other hand, the regeneration
conditions are still unsatisfactory.’

It is certainly not probable that, in general, spruce of so great diameter as 20 cm
can be left standing on the clearings. But it can also be of interest to see what
results might be expected, were such a circumstance possible. For an original
diameter of 20 cm and 50 seed-trees per hectare, we obtain the number of seedlings
per hectare, at heights above 300 m above sealevel, given on page 18.

In the regions we are here concerned with, it is considered that, at a height of
300—399 m, a regeneration at 15 years clearing-age should yield about 6 500
seedlings per hectare in order to be regarded as reasonably satisfactory. Conse-
quently it should be possible to reach a satisfactory natural spruce reforestation
up to about 400 metres above sealevel here. But this only falls within the bounds
of possibility where specially favorable conditions obtain on the sites. As a rule,
one should reckon that the limits of any possibility of producing satisfactory
natural reforestation in these regions, merely by felling and removing timber and
waste from the cutting areas, are not much above 300 m above sealevel. This is.
also in all probability the case if one considers not only the seed-yield of clearing-
spruce, but also that of pine seed-trees, which are usually very sparse above 300 m
in the healthy spruce lands. Even to attain thus limit, every possible care must be
taken to leave on the clearings a considerable number of well-apportioned and
relatively stout seed-trees with high seed-yield..

From the foregoing enquiry it seems to appear beyond all doubt that the refore-
station question, on the sorts of land here considered, is to a very great extent
a question of adequate seeding on the clearings. It is obvious that the
gains made possible by effective regeneration fellings of the above type are not
merely a gain of about 100 metres’ height-zone added to the natural regeneration
area. This in itself is a great deal; but in addition to this there is offered the advan-
tage of shorter regeneration periods, and more even-aged and therefore altogether
more even and better quality new-growth at the lower levels.

The conditions of -the sites, the nature of the ground and the climate, however,
begins at about 300 m to vitiate even the stoutest efforts to produce a satisfactory
regeneration of the old spruce-forests with the aid of the axe alone. But the
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Vaccinium and herb-rich Vaccinium types at this height above sealevel are too
good for this fact to stand in the way of reforestation work. From the available
figures for site-class, we must draw the conclusion that in reality a great portion
of the forest lands of Northern Sweden, at a level above 300 m, would be worth
the expense of at least certain less costly reforestation measures.

From what has here been discovered, neither an increase in the number of
seed-trees, nor in their diameter, nor in both, can in itself be expected to produce
satisfactory reforestation at the higher levels. Apart from measures of this sort,
intended to secure as rich seeding as possible, other measures must also be con-
sidered, such as would tend to increase the ‘‘seedling-percentage’’.

Here there are, for the moment, two alternatives to choose between, if we leave
a combination of them out of account as being superfluous to this discussion.
One alternative is screefing under seed-trees, the other is burning-over under
seed-trees. Both these are effective methods of raising the “‘seedling-percentage’.
Many research problems have still to be solved before these methods can’ be
brought to function with routine security in the changing conditions of the forests.
It is only necessary here to refer, for instance, to the tractor and tool problem,
and the problem of burning under spruce seed-trees. These and a number of
organisational problems which go with them must be solved efficently and appli-
cably, if considerable expanses within the higher levels of the Northern Swedish
spruce forest lands are not to be more or less an economic impediment for a long
time to come. But many things indicate that a satisfactory solution to these pro-
blems is now within reach. However, simultaneously with technical progress there
must also be given greater care and attention to regeneration felling, as we have
tried to explain above. In brief and pointed form, the situation could be stated as
follows: On the poorer lands at high levels which are not worth the expense of
sowing and planting, screefing and burning is valueless if at the same time allow-
ance has not been made for sufficient and sufficiently high-grade seed-trees. On
the other hand, the seed-trees are valueless if care is not taken to see that
screefing and burning are efficiently carried out.





