EFFECTS OF PLANTING DENSITY AND GENOTYPE ON CANOPY SIZE,
CANOPY STRUCTURE, AND GROWTH OF 25-YEAR-OLD LOBLOLLY
PINE STANDS IN SOUTHEASTERN OKLAHOMA

Thomas C. Hennessey, Rodney E. Will, Thomas B. Lynch, Robert Heinemann,
Randal Holeman, Dennis Wilson, Keith Anderson, and Gregory Campbell'

Abstract—Leaf biomass and its display within the canopy are important driving variables of stand growth because they
reflect a tree or stand’s capacity to intercept radiation, reduce carbon dioxide, and transpire water. We determined the
effects of planting density (4- by 4-, 6- by 6-, 8- by 8-, and 10- by 10-foot spacing) on annual needle fall biomass, intercepted
radiation, and canopy openness and then related these measures of canopy size to current annual increment and basal
area for 25-year-old stands planted with two loblolly pine (Pinus taeda L.) seed sources: North Carolina Coastal (NCC 8-01)
and Oklahoma/Arkansas (O/A mix 4213). The study site is located on an excessively drained, mountain site in southeastern
Oklahoma. Litter was measured using randomly located traps and summed for a phenological year (Apr. 1 to Mar. 31).
Intercepted radiation and canopy openness were measured using hemispherical photographs and the WinScanopy canopy
analysis software. After 25 years, initial planting density no longer significantly affected litterfall, intercepted radiation, or
canopy openness. Canopy openness was greater for the North Carolina Coastal than the Oklahoma/Arkansas genotypes.
Somewhat surprisingly, the measures of canopy size were not related to current annual increments. In contrast, basal area
(or standing volume) was correlated to canopy size (R? = 0.12 for litterfall, R? = 0.45 for intercepted radiation, and R? = 0.13
for canopy openness). Possible reasons for lack of a relationship between canopy size and current annual increment could
be due to varying and sometimes intense intraspecific competition, environmental variation across the site, varying and
sometimes large amounts of woody biomass relative to foliage, and previous stochastic events. Correlation between basal
area and canopy size indicates canopy variables have some ability to predict basal area.

" Professor, Associate Professor, and Professor, Oklahoma State University, Department of Natural Resource Ecology and Management, Stillwater,
OK; Superintendent, Research Staff, Research Staff, Research Staff, and Research Staff, Oklahoma State University, Kiamichi Forestry Research
Center, Idabel, OK, respectively.

497



“90UBUSJUIBL B)IS PONUIUOD IO} BIAISS }S8I04
's'N aur pue sjoid Apnjs ay) Buiysiigelse Joy sesnaeyiakopy pue Aueybnog |iud Nueul s

‘eale |eseq joipald 0} Ajljiqe awos aAey sajqelieA Adoueo sajealpul

az|s Adoued pue eale [eseq US9BM}SQ UONR|SII0D) "SJUBAS J1}SBYo0)s snolraid
pue ‘sjooJ pue youelq se yons sjusuodwod ssewolq o) Buluonied ul seoualayip
‘abeljo} 0} 9|81 SSEWOI] APOOM JO sjunowe abie| sawiawos pue Bulkien ‘e)s
BU) SSOJOE UOIELEA [BJUSWIUOIIAUS ‘uoni}adwod olj1oadseljul asusjul SaWaWos
pue Buikiea 0} anp aq p|nod diysuole|a.l e JO }oe| 0} SUOSESI B|qISSOd "SPUe)s
asuap ‘p|o-1eak-Gz asay} ul 9zis AdOUED pue JUBWSIOUl [BNUUE JUSLIND USAM}S]
diysuone|as ou punoj am ‘spuejs snoloBiA alow Jo/pue JoBunoA uj uowwod ajIYA

215200 BUY0I2D YHON
0} 51921 DON PUE SESUBXIY/EWIOUEPO O} S40}01 VO “Allsuap Bupueld o) puodsaLioo puabal ut
ssequiny “ssauuado Adoued pue ‘Adoued au) Aq paidaoielur uoeipe: ‘oo aBeio} 900Z Bl J0
SSeW JoNl PUE UOSESS BUMOJB 800Z U BUIMOII0} BaJE [Bseq Usamiaq diysuoneloy 'z einbid

(%) ssauuadQ

£10= 4
uado, 18-+ 8¢ = va

8

8

§ 8
(,98 ;1) 800Z ease [eseg

g

o
o
.
°
°
°
.

ez

3

uonerpes padeoieiul
0L S60 060 S80 080  SLO 00

S50= .
UL6'LEE + PYEL-= VE
o

8

8

]
]

8
8
(,:98 ) 800Z eaue eseg

g g
g g

eooomnas

3
&

(,.08 sq)) ssew sapy aipsaN
0009 0085 000§  00SY  000F  00SE

zro=4
JONLLEZ°0 + 8'8L =V or

g8
g
(92 21) 800 eaie feseg

socoomnan

MO ‘|ogep| ‘uonels yoseasay Alsalo- Iyoiwery| ‘sjeuoissajold yoseasal pue juspusiuiadng uoiels pue MO ‘Jerem|ns ‘Alsieaiun
9)elS ewoyepO ‘uawabeue|y pue ABoj0d0T 824n0say |einjeN '1da ‘10SS8j0id pUe ‘10SS8)0ld 9IJOSSY ‘10SS9j0ld ‘AjoAnoadsal
1ZUaioT p3a ® __wn_n__.:mO bomw._mu .:mEo_OI _Nﬁ:mm_.cow__; siuuag .:Om._oU:< (VRIE:)Y |

‘UvewduId MAqOY ‘YouAT g sewoy] ‘|IIM 3 Adupoy ‘Aassauusy ") sewoy|

210D BUII0IED) LUON O} SI3ja1
OON PUE SESUBYIV/ELIOUEINO O) SIaja1 VO “Aisusp Bunued o} puodsaLiod puaba) uf SisquinN
‘ssauuado Adoueo pue ‘Adoued au) Aq paidedsalu uolelpe: *Hoyod SBel0} 900Z 2L JO SSew 1o
puE uoseas BuMOIB §00Z BU) 0} 1UBLIBIOU [ENUUE UBLIND UBBMSq dIUSUONEIRY "L SInBld

(9) sseuuedo

ov se 0e sz 0z

ydesBojoyd |eousydsiway ajdwexg 0
B woreo @ z
-
c L. ot 3 | 2
. cizeo u H
© o a %o @ 2
s . w0 o >
AL oaon o | o 3
XY crizon o 2
B
o o H
oo s 00e §
oo E
E
L) 0o¥ )U:
8
00s <
(1930W03da90) uoperpes paideosaiu
EW«m\Am w_w\A_mE( \A&OCNO ENQWCDW 00k S6°0 060 s80 080 S0 oNoo
. . g
° o o
. A H 2
. ° " oot w
. °ao ° >
] o E
Qe oo o o [O0Z 2
° B
o H
° oog
L . g
K
L (g \‘.uw,
o
o,
00s ~
(,-08 sqJ) ssew Ja| 8jpeaN
0009 00SS 0008 00S¥ 000% 00se
o z
g
4B Juouy ur dedy sonr B H
o® €
- - . 0oL 3
~a a8 g
] 0 e z
. oo . 00z m
o o H
o, ° s looe §
° " 3
a H
] 2
L) ° =
o 00t 3
o I
. o
00s T
T T ™0 TT e T TE Tor [0 € 7o
ve  cor 20 v rest [T reL vee £ izt vo
oo eee €0 50 owel g6l rest Zu s v ke o
90 vet ro o sen iz gewe Zor ves ¢ oev vo
5 ww 70 AT TS 5w ove € @l oW
vz oo vo v sez oor oo Zez r9iz £ ol OON
521 cee 20 s sz 651 sust g8 L3 s e 20N
@6 cee 0 st sese vor oz 821 zon v oy 20N
%) yEN RN 08 &)
(o) usdovey  (5) pes (o9) BéoNo  (w%) bupowo (o) ové  u_ bupeds ouso

“aBeijoy Aq peanosqo jou Adoueo Jo uaoiad auy st uado
uep “seidouen ay) Aq paidsoialul uoperpes Jo Juaosad au Si pes juj “§00Z AIEa 0jul $381} U} UO PaulEWal pue osess Buimolb
9002 2u1 Butinp padojeAsp 12Ul oY SB.|o} SU) I 90 JaNT “SUONENJ[ED Olul YOBq PSPPE B1am Uosess Buimolb 800z 2yl Buunp
PaIp 1y} S80I} JO BWINOA) JUBWSIOU] [ENUUE JUBLING S50I6 S1.16 §0 (¥ UOSEas BUIMOIB GOOZ SU 10 JUBLLBIOUI [BNUUE JUSLIND
1u 1 Jau g0 [v0 “Uoseas BuimoIB g0z U} JO PUS BUj 1 BaJe [eseq S0 g (V) BLIOUENO/SESUBY PUE (ODN) euljoie)
yuON woyy asom sadkiouss “(Buroeds) sellisusp noj 1 pajueld (0uso) sedAlous om) woly SPUBS 10} SAINGUNE UBS 'L BideL

‘(umoys jou ejep) sawnjoA Buipuels pue

(z @unb14) eaue |eseq 0} paje|aLIod aIam sajqeliea Adoued ay} ‘JonemoH “(umoys
JOU Bjep) Juawaloul [enuue Juaund ssoub Jo (] "Bi4) Juswaioul [enuue jJualind

Jou 0} pajejal Jou a1am sa|qelien Adoued ay] [|e 18 IIM Ag Ja)sod aas ‘eale [eseq
pue awn|oA jo sisAjeue pajielap aiow Jo4] (| "qe]) sadAjousb yO 8y} ueyy DON
ay} Joj Jajealb sem ssauuado Adoue) ‘ssauuado Adoueo Jo ‘uonelpel paydeoiajul
‘|leso|paau pajoaye Apueoniubis 1abuol ou Aysuap Buiueld |eniul ‘sieah Gz Jayy

*pajoNpuod
9Jom BaJe [eseq pue JusWwaloul [EnuUE JuaLINd pue sajqeleA Adoued usamiaq
suolssalbay ‘[oAs|-jo|d au} Je paje|nojed a1om SI|qeLEA |l WS)SAS sisAleuy

Adoue) ueogung ay} Buisn Jaquiaydag ul painseaw sem uoljelpel pajdasiaju|
‘a1emyos sishjeuy Adoue) Adoueoguipy ayy pue sydesbojoyd [eousydsiway
Buisn painsesw sem ‘abeljoy Aq painasqo jou Adoued Jusolad Jo sjewnss ue

‘ssauuado Adoue) *(yotepy g 0y judy |) seak [eaibojouayd e Joy pawwns pue joid

Jad sdeuy ;w | pajedo| Ajwopues 9l Buisn painsesw sem Jaj)i| 9|peaN aWn|oA
JO S8INsSeaW UOSESS JUBLLIOP SAISSSOONS WO} Paje|Ndjed Sem Juswaloul [enuue

JuauN) "saaJ) Bululewal ay) JO SSWN|OA SY) S)B|NDJED O} PASh SI9M BaJE [eSeq

puE BWN|OA 931} [ENPIAIPUl UBaM}B] suolssalbal oloads Juswyeal) ‘Ajusnbasgng
‘paje|nojed Sem YJeq apisul SWN|OA ‘sjuswalnseaw Jybiay yum saal) 1o
‘painseaw Ajjesipouad aiem saal} Jo }osqgns e Jo sjybiay pue saay) ||e Jo sieyewelq

‘painseaw aiam uoljeuiquiod adAjousb x Buioeds

Jad sjo|d G pue ¢ usamiag ‘(|e}seod euljoleD YHON ‘SA SESUBNI-BWOYENO)
921N0s pass pue (J0oj 0 X 0} PUe ‘@ X 8 ‘9 X 9 ‘¥ X ¥) Buioeds Jo uoneuiquod

B 2JoM sjuswieal] ‘€861 Ul paysljgelsa aiem spuels ‘paljdde alem sjuswiess)
|oAs|-pue)s Jayjo ou ‘Bunueld e Buljiosgns oy 3deox3 *18qojoQ ybnodyy sunp wouy
UOWIWOD SJE UOleINP Ul SY9am 9—g sjybnoup Inq ‘Aejy ybnodyy ayenbape Ajlensn
sl |leyuiey (4,£9) D, /L S! ainjeiadwa) |enuue abeiane ayy pue ‘("ul 67) WO GZ |
S| BaJe 9y} JO ||ejules [enuue abesane ay] "Ayoeded Buip|oy-1ajem Mo Yim sweo|
J1s ‘dosys Ajejesspow ‘Ajjonelb ‘puejdn aie Yoiym ‘UolEID0SSE |[NOES—MESBUIED
—Uo)Sp|o9) 8y} Se palisse|o alam s|10S “auld A|jojqoj jo abuel aAleu ayy apIsiNo

[10s urejunow ‘AyyBnoup e s| BlOYePO ‘MOg uaxoIg Jeau ‘a)is YoJeasal ay |

‘JuswaJloul [enuue
Jua1IN0 Ways pue azis Adouend Jo sainseaw usamiaq sdiysuonelal ay) auiwlaled (z

(€12y xiw v/0)

sesuely/ewoyepiO pue (10-g DDN) [eISeo) euljoIeD YUON :S80.nos pass auid
Ajlojgo| omy yum pajueld spuejs pjo-leak-Gz Joj ssauuado Adoueo pue ‘uonelpel
paldaoislul ‘eale |eSE(] [9AS]-PUB)S ‘SSBWOI] ||e}-a|paau [enuue uo (Buioeds

100} 0L X 0L PUE ‘g X 8 ‘9 X 9 ‘¥ X ) Aususp Bunueld jo syoeye sy} suiwisleq (|

‘azis Adoueo

0} paje[allod sem (awnjoA Buipue)s Jo) eale [BSE] ‘}SBJJU0D U| "JUSWSIOUl [ENUUE
Jua.LIND 0} paje|al Jou aiam azis Adoued jo sainsesw ay) ‘ABuisudins jeymawos
‘a1emyos sisAjeuy Adoue) Adoueoguip ay) pue sydesbojoyd |eousydsiway Buisn
painseaw aiam ssauuado Adoued pue uonelpes paydacisiul “(Yosep Lg o3 judy |)
Jeak |eoibojouayd e 1oj pawwins pue sdel) pajeso| Ajwopues Buisn painseaw sem
IS} BIPSSN "BWOYEQ UJS}SEAYINOS Ul 8)IS UlBJUNOW ‘Paulep A[9AISS9IXS Ue

uo pajeoo] s| dys Apnis 8yl “(g1Zy XIW /Q) sesuexly/ewoyeo pue (10-8 DON)
|e}seo) euljole) YUoN :$301nos pass auld A||ojqo| om} yim pajueld spuejs pjo
-1eak-Gz Joj eale [ESE] PUE JUSWIOUI [BNUUE JUSLIND 0} 8IS Adoued Jo seunseaw
99U} paje|al uay) pue ssauuado Adoued pue ‘uonelpel paydaoiajul ‘ssewolq
|lej-9|paau [enuue uo (Buroeds Jooy 0| X 0 PUB ‘@ X 8 ‘9 X 9 ‘¥ X 1) Alsuap
Bunue|d jo syoaye ay) paulwialep 9N “Iajem alidsuel} pue ‘apIXolp Uogled aonpal
‘uonelpel ydaolsyul 0} Ajoeded s,puels Jo 9a1} e Jos|)a1 Aay) asnedaq ymolb puels
1o sajqenen Buiaup juepodwi aue Adoued ayj uiyum Aejdsip s) pue ssewolq jesaT

ewoyep O uidjseayinos ui spuels auid Ajjojqoj pjo-1ealk-gz jo ymmoub
pue ‘aiunjonuis Adoued ‘azis Adoueds uo adAjouab pue Ajisuap Bunue|d jo s}oayg]






