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SILVICULTURE 

The Effect of Defoliation on Conifer Seedling Root Initiation.- A 
pos itive re la tio nship between conifer seedling root growth a nd 
pho tosynthetic acti vit y has bee n suggested by severa l wo rkers (Kelle r, 
Fo rstwiss. Centra lb . 85:65-79, 1966; Ette r a nd Ca rl so n. Ca n. J. Pla nt 
Sci. 53:395-399, 1973). S ince root initia ti o n in lodgepo le pine (Pinus 
('O l1/arla Do ug l. var. laf i{o /ia Engelm .) a nd white spruce ( Pi('ea Xlauca 
[M oench] Voss) seedlings was stimu la ted by light (Ca rlso n, Bi-M on. 
Res. ' o tes, 32:2 1-22), it was sugges ted tha t the light a ffects the 
ho rmona l composition and l o r chemica l ba la nce. which di rectl y 
a ffec ts roo t initia tion. T he ex tent to which the li ght-intercepting area 
of a seedling a ffec ts roo t initia tion is the subjec t o f thi s repo rt. 

Do rma nt 2-0 lodgepole pine a nd 3-0 white spruce seedlings were 
partia ll y defo lia ted to test the effect of needle loss on roo t initia tio n. 
T hree defo liati on trea tments were used fo r pine (0, 50 , and 100% 
fo liage removed) a nd fo ur fo r spruce (0 . 25, 50, a nd 75% fo liage 
removed). In lodgepo le pine the needles were removed starting a t the 
to p until the des ired percentage o f defo lia tion was a tt a ined . Attempt s 
to remove needles fro m the spruce res ulted o nl y in ex tensive injury to 
the seedlings; therefo re, defolia t io n was a tt a ined by cutting the to ps to 
the des ired sizes. The seedlings we re po tted in sa nd and grown fo r 30 
days in the greenho use. Greenho use conditi ons were the sa me fo r a ll 
trea tments, i.e. minimum light intensity was 10 500 lux. day length was 
18 h , a ir tempera ture ra nged fro m 15 to 30° C, a nd sa nd tempera ture 
was ma inta ined a t 18.5 ± l° e. The seedlings were excava ted a fter 30 
days a nd new roo t tips counted . T he da ta a re ex pressed as means o f 80 
seedlin gs pe r trea tment. The mea ns were compa red using a modified 
range tes t (S nedeco r, Sta tisti ca l methods, Iowa State Co il. Press, 
1959, pp . 25 1-253). 

Lodge po le pine seedling tha t had 50% o r 100% of the ir needles 
re m oved p roduce d (s ignifi ca ntl y) fewer ne w roo ts th a n th e 
no nd efo li a ted contro l (T able I). Th ose tha t had 100% of the needles 
removed produced fewer new roo ts tha n th ose with 50% defo lia ti o n. 
However. o nl y when 100% of the needles were re moved did the 
number o f seedlings with new roo ts dec rease. These da ta a re sim ilar to 
th ose shown for reductio n in light intensit y fo r lodgepo le pine 
(Ca rlson, op. (' if. ). A 50% reduction in li ght intensity o r in needles did 
not result in fewer pla nt s with new roo ts. but the number o f roo ts per 
pla nt was less. A 100% reduction in li ght intens ity o r need les result ed 
in fewe r pla nt s with roots a nd fewe r roo ts per pla nt. 

In whi te spruce, 25% reducti o n in fo liage (to ps) significa ntl y 
inc reased root initia ti on. Howeve r, the tota l number of pla nt s with 
new roots rema ined uncha nged . In fact. no ne o f the defo liation 
trea tments o n white spruce a pprec iably affected the number o f plant s 
with new roo ts. Only the 75% top reduct ion resu lted in signi fica ntl y 
fewer roots per pla nt. 

In ge nera l, reduction o f the pho tosynthetic area significa ntly 
reduced root p roductio n fo r both species. However, it took a grea ter 
a mo unt o f defo li a ti on to initia ly reduce roo t production in white 
spruce tha n it did fo r pine. T he diffe rence in the white spruce respo nse 
could poss ibly be due to the method of defo liation. Increased root 
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TA BLE 1 

The d fec t of defoliation on conifer roo I initiatio n 

Spec ies Amount o f Roots per Plants with 
defoliation li ving plant new roo IS -% 

Pine None 4Q. l a* 93 .8 
50% 40.8b 93 .8 

IOOCJ'c 8.9c 68 .8 

Spruce None 41.3b 100.0 
25Cf 48.8a 100.0 
SOC( 45 .2ab 100.0 
75t;( 33. 6c 96.3 

• The Ictl ers indicate muhiple range groupings of treatmen ts which do not differ significantly 
a l the 5o/r Ic\d 

initia tio n by pa rtia l defo lia ti o n (25% a nd 50%) cou ld be re la ted to 
remova l o f the termina l bud a nd needles ra the r tha n needles only (as in 
pine) and it s effect on the ho rm ona l ba la nce. The hormonal effect o f 
bud remova l stimula ting root product ion may have obscured the effect 
o f reducing the phot osynthetic needle a rea . 

The da ta prese nted here on defo liati on and th ose on the effect o f 
li ght regimes (Ca rl so n, op . (' ir. ) show that roo t initia tio n of conifers is 
directl y re la ted to acti vi ty in the shoots. Tha t activ ity may be 
ph otosyntheti c a nd l or ho rm ona l in na ture depending o n the co nife r 
species. T he ex tent to wh ich either pho tosynthes is or hormones affect 
roo t initia tio n will need furth er inves ti ga ti on.- Les ter W . Ca rlson, 

o rthe rn Forest Research Cent re. Ed monto n, Alta. 

Germinatio n o f Black S pruce and Jack Pine Seed on Soil and 
Germination Paper Media Following Paraquat Herbicide S praying.
Severa l he rbicides have been found to have a n inhibito ry effect on the 
ge rm ina tion o f tree seed , a nd a tox ic effect o n yo ung seed lings 
(K ozlowski , Growth and development of trees. Vol. I, Acad . Press, 
197 1). T o da te, no studies. have been repo rted on the e ffects o f 
pa ra qua t (I.I '-d imethyl-4 ,4'-bipyridilium), which is repo rt ed to lose 
its effect iveness upo n cont act with soi l (Cos ten, Ont. Prof. Fo r. 
Assoc. , Herbie. Semin ., Toro nto, Ont. I I p, 1968; Winston a nd 
Haavisto , Bi-mo n. Res. Notes 30(6):37-38, 1974). The fo ll owing note 
summa ri zes the res ult s o f three tests on the effects of pa raq ua t on the 
germina tion of black spruce ( Pi('ea maria /1a [Mil 1. ] B.S.P.) a nd jac k 
pine ( Pinus hanh ia/1a Lam b.) seed . 

In the first stud y, pa raq ua t, a t ra tes equi va lent to 0.00, 0.56, 1. 12 
and 2.24 kg/ ha di ss loved in 336 Il ha of wa ter. was app lied by mist 
blower to 0.0 I ha fi eld plots in pea tla nd conditi ons. Four petri dishes 
(two cove red to act as contro ls), each containing 100 pre-imbibed black 
spruce seeds o n moistened germinati on paper, we re loca ted in each 
plot. S pray was a pplied uni for mly to drip po int. Each trea tment was 
replica ted fou r times. Immed ia tely a ft er spray ing, a ll seeds were 
subjected to a 28-day la bo ra tory ge rmina tion tes t a t 25° e. 

Significa ntl y more seed s ge rmina ted in the cont ro ls tha n in the 
pa raq ua t t rea tment s a t a ny co ncentra ti on (Ta ble I). Ge rmina tion of 
the fu ll y imbibed blac k spruce seeds on ge rmina tion pa per in petri 
di shes decreased with inc reas ing co nce nt ra ti ons of herbicides. 

In the second stud y, we a ttempted to dete rmine whether a low 
concentra tio n o f paraqua t might a ffect ge rm ina ti on of dry seeds, i.e., 
seeds not pre-imbibed . Black spruce (seed from a different source tha n 
tha t used in the fir st stud y) a nd jac k pine seed were set o ut on pre
moistened germ ination pa per in pet ri dishes (2 species x 4 replica tes x 

100 seeds per replica te) in the la bo rato ry. Pa raqua t was sprayed by 
hand-held mist spraye r a t a ra te eq ui va lent to 0.56 kgl ha di sso lved in 
336 II ha of wa ter o n each co ntai ne r. These co nta ine rs were then 
covered a nd placed in a germina to r a t 25° C. Unt rea ted cont ro ls were 
ma inta ined thro ugho ut the 28-day tes t. 

All seeds start ed to ge rmina te no rmall y a nd it a ppeared tha t the 
low concentrati on o f herb ic id e did no t affect germina tion. T he seeds, 
once germina ted (radica l length ;;' 3 mm). were no t removed from the 
containers, but were a llowed to continue growing. It soo n beca me 
a pparent that radicles in the t rea ted pet ri di shes were not continuing to 
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