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Effects of jack pine pollen on jack pine and black spruce seed germination and jack pine 
seedliog growth were investigaîed. Generaiiy, in vitro speed of seed germination and 
radicle growth of both species were negatively aected by n o d  pollen Ievels (average 
annual jack pine pollen min, i.e. 8.5 k@ha.yr). Black spruce seeds under stenlized UI vitro 

conditions gecmiLlated faster and produced longer hypocoryls when provided with jack pine 
pollen amounts equal to the annuai min. 

On minerai soil under controIled conditions, seed germination of both species was 
unafFected by jack pine pokn additions at 10x the annual jack pine pollen rain. Additions 
at 50x and lûûx the a ~ u a l  jack pine pollen raïn sipnincantly reduced radicle length- and 
resulted in up to 65% of gemillligs with infested (e.g. pathogenic fûngi) radicles. Pollen 
application, of levels equal to annual pollen rah, to potted jack pine seedlings under 
greenhouse conditions increased seedling biomass by up to 12% at the end of the hrst 
growing season. Ln mineral soil field sites of west-cenaal Manitoba, biomass and growth 

of jack pine seedlings were positively affwted by supplements of increasing pollen Ievels 
up to lOOx m u a i  pollen rab. 

Possible nutritional and hormonal effects of pollen on seed germination and seedling 
growth are discussed and topics for fùture research are identined 

Keywords: jack pine, poilen, black spmce, seeds, germination, seedling growth, Manitoba 
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Chapter 1 
Generai introduction 

1.1. Studv rationde 

Although the biology of the ecologicaLIy distinct species, jack pine (Pinus banksima 
Lamb.) and black spruce [Picea mariana (P. Mill.) B.S.P.], is generauy known, linle 
information on the effects of pine pollen on seed germination and seedling growth is 
available. This dissertation begins by considering some information known about jack pine 
and black spruce seeds and seed germination, seedhg growth of the two species, pine 
pollen production, nutrïents Erom poilen and pollen hormones. With vast regions of 
Western Canada subject to deforestation, it is essential to consider aii factors that may affect 
and promote re-forestation of the dishiraed sites. This pilot study is intended to look at the 

role of jack pine pollen in forest regeneration, and it is assumed it poses at l e s t  as many 
questions as it answers. 

In nature most jack pine seeds are developed within serotinous cones. Seed release occurs 
with exposure of cones to direct sunlight or with heat Erom a forest fire. Non serotinous 
jack pine trees are common in the southem Iimits of the range for this species, and seed 
release follows cone maturation. It is estimated that the quantity of jack pine seeds in 
serotinous cones c m  be more than 4 million seeds per hectare (Rudolph and Laidly 1990). 
Black spruce has serni-serotinous cones. Even though up to 1.2 miilion seeds per hectare 
are released each year, sufficient seeds =main in cones to assure successful regeneration of 
fire killed stands (Heinselman 1965). 

Seed dormancy and germination are affected by three classes of phytohormones (Le., 

gibbereilins, cytokinins. and inhibitors) (Khan 1975). Depending on the mix of intemally 
borne phytohormones, seeds may be dormant or may even germinate in the presence of 
inhibitors. 

Seed germination may be characterized as radicle emergence from the seed coat, or 
occurrence of the geotropic curvature of the radicle once it has emerged (Mayer and 
Poljakoff-Mayber 1989). Other characterïzations are more consecvative, and seeds are 



deemed germinated ody after the germliag has utilwd all the food resef~es in the seed and 
is capable of independent M e  (Bradbeer 1988). In my study (Chaptea 2 and 3'of this 
dissertation) a seed is considered to have germinated when its promided radicle shows 
signs of geotropic cwature- 

In laboratory snidies, jack pine seeds may be germinated in a regime of 8 hr right in every 
24 hr with 750 - 1250 lux iight intensity, and at a temperature of 20-32 'C over 7 to 14 

days (Edwards 1987). Temperature is generally held higher (-30 O C )  during the iight 

period and lower (-20 'C) during the dadc period (Edwards 1987; Fraser 1970; Jeffers 
1985; Sims 1968). Except for requirement of a longer p e n d  (21 days). similar conditions 
may be used to gemiinate black spruce seeds (Edwards 1987). 

Jack pine seed germination is epigeal a d ,  under optimum forest conditions, occurs within 
15 to 60 days of exposure to air temperature above 18 'C and favorable soi1 moisture. 
Light exclusion markedly reduces jack pine seed germination (Rudolph and Laidly 1990). 
Normaily, seed germination and seedling establishment under field conditions occur nom 
May to June on bumed and scarified areas. Depending on site and weather conditions,-at - 

least 450 seeds nom broadcast cones are required to produce one successful yeariing in a 
regeneratiag jack pine stand in southeastem Manitoba and other regions (Cayford 1958, 
1959, 196 1 ; Cayford and Dobbs 1967; Chrosciewicz 1983a, b; Chrosciewicz 1990; 

Dominy and Wood 1986; Sims 1970; Walker and Sims 1984; ). On exposed minerai soils 
after intense burning in the Riding Mountains and Pine Fails areas of Manitoba, autumn 
seeding of jack pine results in swival of over six seedlings fiom 25 cleaned seeds planted 
two years previously (Jarvis 1966)- 

Black spmce seed germination anci seedling establishment n o d y  occur in wet sites. In 

open sites it is also possible for seeds to genninate and seediings to establish in upland 
conditions during wet years. Dry season moisture is a critical factor for seedlùig survival 
(Heinselman 1965; Jarvis 1966). Successful seed germination and seediing establishment 
are generaiiy achieved by late spring seeding in the White River and Cochrane Districts of 
Ontario (Brown 1973)- 

Hypocotyl plus radicle length for jack pine may be expected to be 7.1 cm by day 12 in 
contrast to 4.2 cm for black spruce over the same petiod (Thomas and Wein 1985). Such 
information serves to partiaily explain successful regeneration of jack pine, with its 'longer' 
radicle, in dry exposed sites, and the establishment of black spruce, with a 'shorters 



radicle, on continuousIy moist substrates. Generaüy, an inability to withstand p e n d  of 
drought and desiccation confines black spruce regeueration to the relatively morr moist 
sites. 

In the end of the frst growing season. jack pine seedling height is not afEected by N. P, K 
fertilization. However, seedling diameter, as seen in Table 1 - 1, increases from 2- 1 mm at 

9.4 mg of N, 8.4 mg of P and 9.5 mg of K (nutrient quantities in a per seedling basis), to 
2.4 mm, at doubled levels of N, P, and K (Calmé et al. 1993). Taking iight as a nutrïent, 

three different sources of artifïcial Light on jack pine yeariïngs nsult in increases in height 
and shoot dry mass of approximately 20 to 25% under optimum conditions (Roberts and 
Zavitkovski 1981). Different substrate mixes (pure peat, peat mixeci with sand, perlit or 
silt) affixt the performance of jack pine yearlings by up to 56% in seedling diameter and up 
to 64% in seedling height (Govindaraju 1988). 

Optimum soi1 temperature for eight-week-old jack pine seedlings, grown in controiied 
chambers, is 27 'C (Heninger and White 1974). Over eight weeks, seedliogs grown at 
optimum temperature increase in height (nom 28 to 37 mm), diameter (fiom 0.7 to 1.3 
mm), shoot dry mass (fiom 35 to 148 mg), and root dry mass (from 13 to 87 mg). Soii 
provided to these plants included (in ppm): 8.2 NOpN, 2.4 P, 65.3 K, 3 11 Ca, and 36.5 

Mg. The soi1 used in the experiment, with a mean pH of 5.4, received amenciments 
through a complete nutrient solution (plus minor elements) as required, and by the addition 

of 0.09 g of N, 0.013 g of P, and 0.025 g of K to each 40 cm x 4.7 cm glass tube 
containing two seedlings. 

Jack pine seedlings grown in nursery beds begin to grow in height in May and complete 
their growth by the end of July. Increase in shoot mass occua over the period of June to 
rnid-October. By the end of the second growing season. shoot dry mass increases almost 
15 times over the initial mass of yearling. Black spruce seedlings from the 45th parailel 
show a tendency to grow for a relatively longer p e n d  than those f'rom the 49th pardlel, 
although root dry m a s  at the end of the second growing season is very similar for the two 
provenances (Langlois er al. 1983). 



2: 1 peat:vermlcullt substrate, 110 cm3/seedllng 

Normal fertillzalion 039 mg of Nlseedllng 
837 mg of P/seedling 
0.61 mg of Wseedllng 

2% normal fertilizatlon 

Potted medllngs, ln several 1:) substrate rnlxes 

pat:sand pH= 6,00 

150 days 

Tubed seWhgo, In soiî substrate ammended 
with chemlcel lertilkers 

P 

Table 1.1. Ranges in some jack pinel and Pini 
Growing conditions 

II 

II 

I 

s 

I 

Del 88861tno mr seedllna 
1 

28 mm 
sol1 et 15 and 30 O C  

Source 

:slmé et al, 1093 

Mhpr and White 1074 

-- 

angloia et al, 1883 



Naturaiiy estabiished jack pine seedbgs atmin a height of3  to 5 cm in the b t  year,*and up 
to 15 cm in the second (Rudolph and Laidly 1990). At the end of the k t  growing season, 
on a typical sandy soil. mt depth ranges k m  13 to 25 cm. At the end of the second year. 
jack pine seedling mou are 28 to 33 cm long. dry mass ranges h m  1 to 2 g, and seedling 

tops are 7 to 10 cm high (Rudolph 1965). 

Jack pine growth under greenhouse conditions Ïs reduced by the addition of lichen [ C M .  
srelluris (O@) Brodo, and C. r a n g ~ e e r i ~  (L.) Nyl.] mulch. Seedüng shoot dry mas, and 
nitrogen and phosphorus concentrations in seedling tissue are reduced when compared to 
seedluigs grown on a control peat-moss mulch. Such reduction may result h m  
interference in root growth. limitation in mycorrhizaï association, impeded nitrogen and 
phosphoms uptake and lowered translocation (Fisher 1979). Despite these facts reported 
for seedlings grown under greenhouse conditions, no scarification or ground vegetation 
removal was considered necessary for successfd jack pine regeneration on clear-cut sites 
with Cladina spp. and Arctostaphyios uva-ursi (L.) Spreng. ground vegeta tion in 

Saskatchewan (Jamesoa 196 1). 

15 Pine pollen ~roduction 

In general, male strobili of pine produce an average of 0.15 liter of pollen fkom each liter of 

colIected strobili. Over a 50-year penod. a single Pinus sylvestris L. tree may produce 6 
kg of pollen (Brooks 197 1). However, annual production fluctuates and a pineestand 
varies fkom 40% to 146% of the potentiai average of stand pollen production (Stanley and 

Linskens 1974). Annual pine pollen production ranges nom 0.6 kgha nom P. jefieyi 

Grev. & Balf (Stark 1972; Stark 1973) to 227 kgha from P. ellionii Engelm. (Maggs 
1985). Jack pine begins to produce male strobili at five to ten years of age (Rudolph and 
Laidy 1990). In west-central Manitoba, annual jack pine poiien production is estunated to 
average 8.5 kgiha in mature mixed boreal forest stands, and to range as high as 24.5 kgha 
in a 25-year-old regenerating pure jack pine stand (Lee 1997; Lee at al. 1996b). Such 
pollen production corresponds to a rain of 4.4 107 to 1.3 108 jack pine polien grains/m2 
ont0 the forest floor each year (e-g., Lee 1997) compared with 107 ZC4 muys L. pollen 
graindm2 .yr raining into monoculture of the species (Jiménez et al. 1983). 



Pollen rain of pine spccies occurs over a short pend  of the each year dependhg on 
c h t i c  conditions (Lee 1997; Lee et al. 19%a; RudoIph and Laidly 1990). For example, 
Pinus ellionii anthesis occurs within the month of August in Australia (Maggs 1985). 
Pollen min of P. radiata D. Don talces place in Iuiy and August in South A f k a  (Versfeld 
and Donald 1991). Pinus bankriana undergoes anthesis over a two-week period in late 
May in southem Ontario (Ho 1991; Moore and Noaolillo 199 1) and in early to mid-lune 
in west-central Manitoba (Lee 1997; Lee et al. 1996a). 

Mthough there are examples of pine polien king transported over great distances as a 
consequence of environmentai factors incIuding air turbdence and topography (Squillace 

and Long 1981). most of the pollen produced by individuais of Phus spp. is normaiiy 
deposited within 700 meters or less of the source tree (Bue1 1947; Squillace and Long 
1981; Sranley and Linskens 1974). 

1.6 Pine pIIen nutrients 

The nutrient composition of pine pollen varies with the species, the clones, the individuals 
and the region of poiien origin (Doskey and Ugoagwu 1992; Jackson and Linskens 1982; 

Larionova et al. 1977). Several authors report nutrient composition of pine pollen, and 

values for some of the macronutrients are shown in Table 1.2 (total nutcients) and Table 
1.3 (water-extractable nuuients). One third to four nfths of totai P, K, S. and Mg in pine 
pollen are water extractable with pollen nitrogen low in water solubility. Pollen analyzed 
for nutrient content after water extraction is relatively high in nitrogen, in contrast to 

detected levels of P, K, S, and M g  (Lee 1997; Lee et al 1996b). 

Total annuai litterfidl in pine ecosystems averages from 2.700 kgha (Stark 1972; Stark 
1973). to 6,480 k@ha (Maggs 1985; Spain 1973). Pine poilen contributes from 0.6 to 227 

kg of total annual Iitterf'. Poilen nutrient nchness. short periods of pollen rain (2 to 3 
weeks) and a concomitant perïod of decomposition (as short as 4 weeks) (Goldsteîn 1960) 
place the modest contribution of pollen to Iitterfaii ui a relatively important position in the 

nutrient budget of some forest ecosystems. Various workers have determined the m u a l  

macronutrient input to the forest f iwr fkom litterfidl in pine dominated ecosystems (Table 
1.4). Pollen represents an annual transfer of 3.83 k g h a  of N, 0.45 kgiha of P, and 1.39 

kgha of K to the forest fioor, which are 16.846, 30.696, and 3 1.1% of N. P and K. 
respectively, of the total annual addition of nutrients through litterfidi to the forest f lwr of a 



Table 1.2. TotaI macronutrients* h m  poiien of som pine species. 
mdu of mllen 

Pine sp, C N P K S Qi Source 

P. bankst-an8 

P. conMa 
Doug. ex Loud. 

P. contorta 

P. con tortat 
P./'effmyi 

P. elliottii 

P. mugo 
Turra 

P-radata 

P. radiata 

P. resinosa 
Soland 

P- sabhiana 
Dougl. ex Oougl. 

P. strobus 

Lee 1997; t k e t  al. 1996;;b 

Lewis et al- 1985 

Stark 1972- Stark 1973 

Stark 1972; Stark1973 

Maggs 1985 

Nielsen et al. 1955 

Todd and Bretherïc 1942 

Vemfeld and Donald 1991 

Ooskey and Ugoagwu 1992 

Todd and Bretheric 1942 

Ooskey and Ugoagwu 1992 
L. 

Blank spaces in the body of the table mean that data were not available in the indicated Merature, 



Table 13. Water-extractable macronutrients* h m  pollen of some pine species- 
mg& of pollen 

Pine sp. nitrate-N phosphate-P K+ sulphate-S Mg Source 

P. banMana 0.02 1 -8 7.4 0.5 0-5 Lee 1997; Lee et al. 1996.b 

P. contorta 1 Lewis et al. 19û5 

P. monticla 0.05 1.2 5-1 1 -3 
Dougl, ex D. Don 0.22 5.1 3.8 

P. ponderosa 0-06 1-6 0-7 
P.& C. Lawson 0.26 3.3 2-1 

Doskey and Ugoagwu-1992 
Noll and Khalili 1990 

Doskey and Ugoagwu-1992 
Nol1 and Khalili 1990 

Doskey and Ugoagwu-1992 
Noll and Khalili 1988 
Noll and Khalili 1988 

P. strobus 0-1 6 1 -4 13.5 2.3 Nol1 and Khalili 1988 

Blank spaces in the body of the table mean that data were not available in the indicated Iiteraturs. 



Table 1.4. Annual macronutrient* input (kgha) from litterfali in various pine 
ecosystems. 

P. elfiottii Litterfail 
PoUeri 

P. conforta + 
P- jeffreyi Pdlsn 

P. conforta Pollen 

P. raâÏÏta LitterfaIl 
Pollen 

Pinus spp. Pollen 

Blank spaces in the body of the 

Fovtsr 1974 (a) 

Perak and Alban 1982 @) 

Lee 1997; Lee et d- 1996.b (c) 

Mas- f 9m (4 

Stark 1972, 1973 (e) 

Stark 1972. 1973 (e) 

Venfeld and Donald 1991 (f) 

ble mean that data mrre not availabk in the i n a i t e n  
L 
1 

a- from a 30-year-oId pute, fk-regenerating P. banksiana stand in northern Ontario 
b- h m  a 40-year-old P- banksiana plantation on sandy soils in Minne ota 
c- tiom 25-year-old, pure pst-scarification y. bMksiaM stands in west-cenuai Manitoba 
d- h m  a 15 -year-old pure plantation of P. elliottii in Queensland, Australia 
e- from a P. jmeyii temperate forest in Nevada 
f- h m  a 40-year-old pure plantation of P. radirrta in Cape Rovince, South Afica 
g- fiom a grassy field in north Wisconsin surroundcd by a P- strobus, P- banksiMa and 
P. resinosa forest 



Pinus e f i t t i i  plantation (Maggs 1985). In jack pine stands. annual pollen rain cycles up to 
0.45 k g h  of N. 0.065 kgha of P, and 0.186 kgfha of K (Lee 1997; Lee et ai- 1996b). 
These values are 1.78%. 3.9996, and 1.27%. respactively. of the annual total quantity of 
N, P and K reaching the forest flwr in litterfidl in a 30-year-old jack pine stand in northem 
Ontario (Foster 1974; Foster and Gessell972; Foster and Morrïson 1976). 

Higher levels of N and P additions to the litter fermentation zone of temperate forests can 
be said to result h m  annual pollen tain. In a Pi- j e e y i  forest in Nevada, the annual 
pollen rain totals 0.6 to 3.0 k m  These amounts are considered too low to be of direct 

I 

importance to tree growth. However, pine pollen nutrienîs may be essential to 

decomposition processes in the litter fermentation zone of temperate forests (Stark 1972; 
Stark 1973). The mass loss of frrsh needle litter and the number of hyphae in the lîtter are 
generally higher with pollen (up to 30 kg of pollenha) present Also. P. jeffeyi pollen 
added to needle substrates at Leveis fiom Ox to lOOx of the annuai pollen rain positively 
affects the growth of potted P. j e m y i  seedlings (Stark 1972; Stark 1973). Seedling 
height ranges h m  12.1 to 15.6 cm at pollen levels of Ox to 100x. Shoot dry mass ranges 
from 1 -45 to 1.85 glseedling, and mot dry mass -ranges fkom 1.56 to 2.14 giseedling 
(Table 1.1). 

In an oligotrophic lake in northern Wisconsin pine pollen contributes about 45% of total 
phosphorous (0.187 kg of Pha-yr) and 20% of total potassium (0-294 kg of Whayr) from 
external nutrient loading (Doskey and Ugoagwu 1989). Nitrate and suIfate additions from 
pollen to two lakes in northem Wisconsin are estunated to be 0.28 to 0.58 kgha NO3- and 
0.45 to 1.18 kg/ha S0,-2 (Noil and Khalili 1990). In contrast, precipitation measured at 

the Trout Lake Air Monitoring Station during the thne of pollen min, provides 0.9 1 kg of 
NO,-/ha and 1.03 kg of S04-%a @TOU and Khalili 1990). Certainly, pollen adds to the 

total input of nitrate and sulfate to the environment. 

1-7 Pollen hormones 

1 -7.1 Poilen hormones in generai 
Since the eariy L9001s, parthenocarpic development of fhts has been induced in certain 
curcubit. grape and orchid species with application of polien or pollen extract to flower 
s tigmas. Such induction occurs independently of the source of pollen extracts. In other 
words, parthenocarpic development does not require polien extract h m  the plants bearing 



h i t  Furthermore, parthenocarpy results in cases where extracts h m  living or dead 
polien are applicd This suggests that the growth stimulus is chemicai in nature (Gustafson 
1937; Mitchell and Whitehead 1941)- 

Zea mays polien extract induces stem ceii elongation when applied to the cut surface of 
decapitated seedhgs or to the epidemïs of intact plants, particularly Phrrceolus sp.. This 
effect resembles that fkom tryptophan. application (Mitchell and Whitehead 1941). In 
contrast, Zea mays pollen application results in reduction in the 1engt.h of hypocotyls and 
radicles of various species [e.g., watermelon Citmllus lana- (Thunb.) Matsumura & 

Nakail. in suchcases the meristernatic tissue of the radicle is destroyed. Phenylacetic acid 
(PAA), a nonindoiic auxin, is considered to be this phytotoxic substance k m  Zea mays 
pollen. This auxin acts to inhibit electron transport in ceii respiration. Energy production 
is limited, explaining the >50% reduction in seedling mitotic activity. Some growth 

promoting substances are also present, but their action seems to be controiied by PAA 

(Anaya et al. 1992; J i i n e z  et al, 1983; Ortega et uL 1988). 

Pollen and pollen water extract fiom some species are found to drasticaiiy reduce f i t  
formation and seed set when applied to the stigma of a number of species. This reduction 

results fiom the interference of pollen substances h m  one species with pollen germination 
and poiien tube growth of another species (Kanchan and Jayachandra 1980; Murphy and 

Aarssen 1995a, b). Compounds fkom poiien not ody  affect nuit formation and seed set 
but photosynthate production cm be limited. Pollen substances from Parthenium 
hysterophorus L. are thought to cause reduction in the chlorophyll content of Phaseolus 
vulguris L. plants (Kanchan and Jayachandra 1980). 

1.7.2 Pine pollen hormones 
A number of active substances, including auxins, gïbbereIlins, cytokinin-like substances, 
and inhibitors, are known fkom pine poilen (e.g., Ivoais 1969; Kamienska and Pharis 

197 1; Kamienska and Pharis 1975; Kamienska et al. 1976; Larionova et al. 1977; 
Michalski 1967; Stanley 197 1). Sweet and Lewis (197 l), who studied the dynamics of the 
hormone substances in poiien of Pinus radiota during the fmt 72 hr of pollen germination, 
show presence of  five auxins, three inhibitors, four gibbedins and one compound with 

some properties characteristic of both gibberellins and cytokinins. As polien germiaates, I 
vitro, quantities of some of  these substances vary. For example, after 72 hr of  poilen 
germination on agar, suffkient auxins (Le.. Aq 1, AEF 2 or NEF 4) are extracted fiom 12 
mg of germinating pollen to cause an increase in Avem sp. coleoptile Iength h m  0.24 to 



0.41 mm; In con- application of the same auxins extracted pnor to poilen germination 

results in only a 0.07 to 0.20 mm coleoptile inmase. By cornparison, 0.05 pg of pure 
IAA increases Avem sp. coleoptile length by 0-39 to 0.47 mm under the same bioway 
conditions. The hormone Aq 1 is unique in its ability to diffuse h m  pollen grains into an 

agar substrate. This indicates a possible extemal role of this particula. poiien hormone, 

possibly one of triggering ovule development (Sweet and Lewis 1969). 

Sweet and Lewis (1971) also extracted 1Wg of kinetùi-like substance from 100 mg of 

Pinus radiata polien- It is unclear whether this substance is kinetin, but its effect on P- 

radinta poilen tube growth is remarkably simiIar to that of pure k i n e ~ .  It is known that the 

gibbereh effect on pollen tube growth differs from that of pure kinetin and the kinetin-Iike 

substance extracted h m  pollen. 

Gibbereilic aciWGA, and GA2), IAA- (IiidoIeacetic acid) and M- (indoleacetonitde) like 
substances are reported fiom Pinus sylvesrris L.. The IAA- and MN-like substances 

produce chromatographic Rfi and Avenu sp. coleoptile section elongation similar to pure 
IAA and IAN, used as controls (Michalski 1967). Ivonis (1969) detected three dBerent 

GAs in fernale cone extracts of Pinus sylvestris, while t h e  other GA-like substances are 
identified from pollen extract In bioassays with pea (Ptsum sp.) shoots, a i l  the above 

extracts cause significant increases in shoot length. 

Larionova et al. (1977). investigating the auxin and inhibitor substances from pollen of 8 

different individuals of Phus  sibirica Du Tour, report presence of 0-indolacetonitrile (B- 

IAN). They also report exaaction of one phenoiic inhibitor fiom among the 8 pine 
individuals that sometimes acts as a weak promoter. The authors explain opposite actions 

resulting fiom differences in concentration of this inhibitor. They determine that pine 
individuals with low levels of pollen auxïns also have low levels of pollen phenolic 

inhibitors. Individuals with high levels of polien auxïns have a conesponding high Ievel of 
pollen inhibitors. 

Some fomis of gibbereilic acid (GA) peak during the poilen germination process. In PVIus 
anenuata pollen, 0.03 15 pg of GA-iike substances (mainly GA,) is present in each gram 

prior to germination, and 0.3358 pg of that substance is detected after 15 hr of 

germination. Ln contrast, no GA-like substance is found 72 hr after the beginning of 

germination (Kamienska and Pharis 1975). Other forms of GA are in greater 

concentrations prior to germination than at any tirne during or after germination. Again in 



P. a#enr<ara poilen, 0.0007 pg of G& and 0.0002 jtg of GA, are found in each gram 15 
hr after germinatiou. Prior to germination these concentrations are 0.001 1 and 0.0013 
pgg, respectively (Kamienska et al- 1976). It is shown that some gibberellin-lilre 
substances (amund 0.0025 pglg of polien) diffuse out of the germinating pollen into the 

surrounding medium, and rernain stable throughout the germination period (Kamienska and 
Pharis 197 1). 

1.8 Working -theses and nl,-iectives 

In light of M t e d  knowledge of the effects of pine pollen on jack pine and black spruce 
seed germination and jack pine seedIing growth, as weU as the relatively large production 
of pine pollen in the b o r d  forest environment, as exhibited in the literature, various pilot 

studies were undertaken to determine possible roles of pollen in seed germination and 
seedling growth. Due to the probable hormonal load in jack pine pollen, and its nutrient 
composition, it was taken that various substances from the pollen may affect seed 
germination aud plant growth. Specificaiiy. it was thought that jack pine poilen may affect 
jack pine and black spmce seed germination, as well as the growth of jack pine yearlings. 

To address the working hypothesis above. studies were conducted with the following 
objectives: 

1. to detennine if b s h  whole jack pine pollen grains, sonicated polien remains and 
poilen aqueous extract affect germination of jack pine and black spruce seeds under in vitro 

conditions; 

2. to examine if the in vitro responses by jack pine and black spruce seeds to jack 
pine poilen were modined by germination on minerai soit; 

3. to ascertain the effects of various loads of jack pine polien on jack pine yearlings 
planted on lichen mat, mineral soi1 and needle litter substrates, under greenhouse 
conditions; and 

4. to study the effects of various polien levels on jack phe yearlings planted on 
lichen mat, exposed mineral soii and needle litter substrates in the field. 



In vitro eEects of jack pine poiien substances on 
jack pine [Pinus banksim Lamb.] and black spruce [Picea marimia (P. Mill.) B.S.P.] 

seed germination 

Pollen has a reproductive hinction. However, pollen graios h m  one species rnay reduce 
seed and fnut set of other species (Kanchan and Jayachandra 1980; M q h y  and Aacssen 

1995a, b). Also, the chiorophyll content of pollen dusted leaves (Le., pollen from the 

weed Parthenium hysterophoms L.) of Phuseolurs vulgaris L. plants is decreased (Kanchan 
and Jayachandra 1980). Zca mays L. poilen (10 to 200 mg/Petri dish) reduces the speed 
of seed germination and depresses by 25 to 90% the initial radicle and shoot growth of 
Cussiu jalapensis (Britton) Lundeii. (Jiménez et al- 1983) and CitnrIlus lanatus (Thunb.) 
Matsumua and Nakai, cv. Peacock improved (i-e., watermelon ) (Ortega et al. 1988). In 
contrat, treatment of young Phaseulus sp. -seediings with ether extract £iom Zea mays 

pollen promotes ceil elongation resulting in longer stems, as if the seedlings had been 
treated with tryptophan (Mitchell and Whitehead 1941). 

Pollen from many different plants has proven to stimulate pathogenic fun@ spore 
germination and increase the number of leaf iesions by a factor of 3 to 20 (Borecka et al. 
1969; Borecka and Millikan 1973; Chou and Preece 1968; Fokkema 1971; Warren 1972% 

b; Warren 1976; Wrlliams and Colotelo 1975). The stimulation of spore germination is 
probably non-nutritional (Warren 1976). and may be due to polien hormones (Borecka et 

al. 1969; Bonzcka and Millikan 1973; Chou and Preece 1968). Furthemore, spore 
germination of CIoviceps purpurea Fr. (Tul.), a fimgai pathogen of rye (Secule cereale L.), 
is stimulated more by S. cereale pollen than by poiien from non-host species (w-iams and 
Colotelo 1975)- 

Seed gennination rnay be affecteci by many factors, such as Light, temperature, and 
moisture. Changes in these factors trigger physiological processes. which are mediated, in 
many cases, by plant hormones. The application of exogenous hormones, such as 
gibbereilins, is used to accelerate and irnprove germination of seeds of several species 
(e-g., Bulard 1985; Crozier et al. 1970; Devlin et al. 1976). Ginkgo (Ginkgo biloba L.) 
seeds normaiiy need a period of cold temperature to germinate. The stratification pend  is 



not necessary if seeds are immersed in a 120 ppm g'bbereh solution for 40 hr (West et al. 
1970). At least thùtoen active growth hormones and hormone-like substances (inc. auxins, 
gibbereliïns, phenolic inhibitors, and cytoltinin-Like substances) are known nom pine 
poilen (e-g., Ivonis 1969, LarÏonova et al. 1977. Michalski 1967; Sweet and Lewis 1971). 

Pine polien is also nch in nutrients (Tables 12-13). and may contribute up to one third of 

the nutrients cycled in some pine forest ecosystems (Maggs 1985). Jack pine polien, 
specificaliy, is rich in nutrients (e-g., 2% nitrogen, in a polien dry mass basis). that are 
readily water-extractable (e-g., phosphorus, potassium and sulphur) (Lee 1997). 

However, it remains to be detennined if pollen has an effect on seed germination and 

seedling growth. 

Normally, successful jack pine ( P i n u  brrksiana Lamb.) seed germination and seedling 

establishment in southeastem Manitoba occur h m  May to lune, coinciding partïally with 
the time of jack pine poiien release. Depending on site and weather conditions, as many as 
450 seeds may be required to produce a single year old seedling in a regenerating jack pine 

stand (Cayford 1958; Cayford 1959; Cayford 1961; Cayford and Dobbs 1967; 

Chrosciewicz 1983a, b; Chrosciewicz 1990; Dominy and Wood 1986; Sims 1970; Wallcer 

and Sims 1984). Successful black spruce seed germination and seedling establishment also 

coincide partîaiiy with the time of jack pine pollen release. Black spruce seeds nonnaiiy 
germinate and establish themselves in wet sites. or in upland dryer sites during wet years, 
as dry season moisture is a criticai factor for seedling sumival (Heinselman 1965; Jarvis 

1966)- 

Jack pine and black spruce are generally found in distinct habitats (upland dry sites x wet 

boggy sites, respectively), and differences in moisture level in each habitat are considered 

an important factor in determinhg the clear boundary between habitats (e-g., Thomas and 
Wein 1985). However, jack pine pollen may reach sites favoring black spruce due to air 
movements or water mn off, as low sites altemate regularly with upland, jack pine- 

dorninated sites. Thus, it is possible that jack pine poilen interferes with the development 

of the two species. Together with moisture and other factors. poilen may even help to 

delimit the boundaries between the sites occupied by these hHo species. 

In boreal forest sites, coniferous species account for over 90% of the pollen rain observed 

in May and June (Lee 1997; Lee er al. 1996a). The annual min of airborne pollen ranges 
fmm L 1.7 to 24.6 kgha and averages 8.5 kgha in mixed mature stands in west-central 



Manitoba Regionaliy, jack pine sheds its polien in early to mid Iune and it accounts for 
approximately haif, and in some Iocal sites nearly 100%. of the annuai pollen rain (L,ee 

1997; Lee et d. 1996.b). In general. pollen production by Pinus spp. may range h m  0.6 

to 227 kghayr, representing up to one third of the total of some nutrients cycled in a forest 
ecosystem (Doskey and Ugoagwu 1989; Doskey and Ugoagwu 1992; Jackson and 
Linskens 1982; Lee 1997; Lee et al. 1996b; Lewis et al. 1985; Maggs 1985; Nielsen et al. 

1955; Stadc 1972; Stark 1973; Versfeld and Donald 199 1). 

As pine pollen is potentially rich in nutrients and active growth substances, and is present 
in large quantities in the boreal forest, its role in seed germination, seedling establishment, 

and forest developmenr requins detailed study. The objective of this study is to determiae 
if whole fresh jack pine pollen. pollen aqueous extracts and sonicated poilen remains aBect 
germination of jack pine and black spruce [Picea marimia (P. Mill.) B.S.P.] seeds in Petri 
dish systems. 

2.2.1 Jack pine pollen çollectio~ handliw, gnd s t o r w  

Jack pine pollen cones were collected in Sandilands Provincial Forest, 100 km south east 

of Winnipeg, in early May 1998, dong Traiis 17, 18, and 3 1. Young trees (10 to 15 years 

old), exposed to direct sunlight and heavily laden with male cones, were preferentially 
chosen for cone collection. Male cones were picked fiom branches a few days prior to 
anthesis (Stanley and Linskens 1974). Subsequent to picking, the cones were spread on a 
large Cotton cloth in the shade of the forest floor for five to six hours. Then, the picked 
cones were nansported in boxes fiom the field to University of Manitoba laboratories. 

Collected cones were spread on duminum foi1 in the Iaboratory and lefi to dry at room 
temperature (18 io 21 'C ) for 4 to 6 days. After air drying, cones were sifted on a coarse 
#12 (1.7 mm aperture) sieve. Poilen derived from the cones was passed through a 140 

mesh (105 pn aperture) sieve for cleanïng and subsequentiy lefi to air dry for 3 days 
(Stanley and Linskens 1974). Water content of the cleaned pollen, gravimetrically 
deterrnined after drying at 100 'C for 48 hr in a focced air oven. was 6%. The air dried 
and cleaned pollen was stored in tightly closed 500 ml glas  bottles in a cold room at 3 to 5 
"C, after Johnson ( 1943) and Brarnlett and Matthews (199 1). 



2.2.2 Jack @eq  ess si^ 

Initial experiments on seed germination utiiized unstegüzed pine pollen. Sonication- and 
aqueous extraction procedures, developed for processing ~sterilized pollen, were also 
applied in a second set ofexperiments with propylene oxîde sterilized poiien. 

Prior to preparing water extracts. 4.5 g of the stored poilen was steriked for 12 hr in a 
desiccator with an atmosphere nom 10 ml propylene oxide (see Appendix 1). Sterilized 
pollen was de-gassed by repeated mixing of the matenal for half an hour in the open air and 

subsequent air exposk for 6 to 8 hr in the Iabofatorjr. Next, a sIurry of ste-d and de- 

gassed pollen, prepared by adding the 4.5 g sterilized pollen to 165 mi sterilued distilled 
water, was sonicated. Pollen was sonicated for 15 min at 80 kc (afier Jii6nez et al. 1983; 

McLntyre and Norris 1964). using a Biosonik II sonicator with nominal output of 385 
watts. The polien slurry was protected nom over heating in an ice bath. In the sonication - 

process, pollen grains, initially floating on the water surface, sank to the bottom of the 

beaker. Next, the sonicated slurry was stirred for f 5 min at rom temperature. The slurry 

was then fiitered thmugh sterilized Whatman #1 filter paper into a steriie vacuum flask, and 

the aqueous extract restored to 165 mi with sterile distilled water. The sterile extract was 
immediately used in seed germination experirnents. 

Sonicated pollen remains were drïed at 50 to 60 'C for 3 hr in a forced air oven. Mter 
drying, the rernains were sterilized and de-gassed using the same techniques described for 
pollen used in the water extract preparation. A similar amount, Le., 4.5 g, of air dried and 
cleaned pollen (new pollen) was sterilized and de-gassed concornitantiy with the sonicated 

pollen remahs. Sterile pollen remains and unsonicated new pollen were applied in seed 
germination experiments immediately upon preparation. 

2.2.3 Seed germination tests 

2.2.3 .a Seed s t o w ,  sources md stenIization 
Subsequent to collection and maintenance at the Pineland Nurseries, seeds used in 
germination tests were stored at 3 to 5 OC for 3 to 6 months at the University of Manitoba 

(during the course of the experiments). The jack pine seeds were from the Northem 
Region, seed zone 4-6. seed lot 532. collection year 1994-1995, and the black spmce seeds 

were fiom the Northem Region. seed zone 11-7, seed lot 477. collection year 1994-1995. 



In the fmt set of expiments ('block 0' for jack pine, and 'block 0' for black spmce) 
neither materials (filter paper, Petri dishes, pollen, distilied water, etc.) nor jack pine and 
black spruce seeds were sterilized. However, in the last four blocks (two blocks for jack 
pine, and two blocks for black spmce) all materiais were sterilized by autoclaving or by 
propylene oxide in the case of pollen. Just before the experiments were estabkhed, the 

seeds were shaken in a 3% sodium hypochlonte solution for 30 seconds, and then ~ s e d  
three to five times in sterilized distilleci water. 

2.2.3.b && germination in v& 
Seed germination experïments were conducted in 9 cm diameter Petn dishes, with ten seeds 

scattered on moistened filter papa disks (Edwards 1987). One nIter paper disk (Whatman 
#1) per Petri dish was provided in the k t  set of experiments (two 'blocks' O), and two in 

the second set of experiments (two additional blocks for each species) (see Appendix I). 
The h t  set of experiments consisted of one round of data collection for each species (jack 

pine and black spruce), conducted under usterile conditions. The second set of 
experiments, consisted of two rounds (two blocks) of data collection for each species, in 

which ail materials were sterilized, including Petri dish set-ups, seeds, pollen and distilled 
water. 

With the exception of controls, each Petri dish was supplied poilen or aqueous pollen 

extract, accorcüng to the treatment assigneci to i t  AU dishes, irrespective of treatment, were 
provided 4.0 ml of water, either as aqueous extract of pollen (20 times normal seasonal 
pollen deposition on a unit area basis) (normal pollen deposition = 8.5 h@a.yr) (Lee 

1997), 0.2 ml aqueous extract plus 3.8 ml distilled water (1 times pollen), or 2.0 aqueous 
extract plus 2.0 ml distilled water (10 times pollen). Control Petri dishes, as weil as those 

ones that received additions of b h  pollen or sonicated poilen remaios, received 4.0 ml 
distilled water. Pollen quantities ( h s h  pollen or sonication remnants) applied to each Petri 
dish were: 5 mg, 54 mg, and 108 mg. respectively for the lx, 10x and 20x the normal 
seasonal pollen deposition amounts, on a unit area basis. After pollen treatment and 
addition of water, dishes were sealed with paranlm and placed in a growth chamber under a 
light regime of 8 hr of Light and 16 hr of darkness. Light was provided by four 160 watt 

cool white fluorescent lights in a 78 cm by 185 cm growth chamber in the first set of 
experiments, and by six 215 watt cool white fluorescent lights in a 135 cm by 255 cm 
growth chamber in the second set of experiments. In each case the lights were positioned 
1.4 m above the Petri dishes. In both sets of experiments, temperature was maintained at 
28 "C during the Iight period, and at 20 OC during the dark p e n d  (Edwards 1987). 



2.2-4 Data coilecbion 

Data coilection occumd over 12 to 13 days. Total number of germùiated seeds was 
recorded daily and at the end of the germination tests every germinated seed (i.c., every 
seed with at l e s t  a protruded, bending radicle) was taken out of the Petri dish and 
measured for radicle and hypocotyl length. Also, the number of germlings with a damaged 
radicle was scored. (Some radicles were so severely damaged that virtuaiiy nothing 
remained.) The mot collar, identified by the transition h m  a discolored tip to a pigmented 
region on the radicle-hypocotyl axis, was coasidered the staaiog point for determination of 
radicle and hypocotyl length and the end points were taken, respectively, as the tip of the 

radicle and the base of the cotyledon whorl. Length was measured with a plastic d e r  to 
the nearest millimeter. The speed of germination was measured by the speed of 
germination index (S) (see Appendix I). According to Bradbeer 1988, this index is 
calculateci by the formula: 

where Ni stands for the proportion of seeds that germioated on day ni, and ni = 1,2,3, .. N 
days after experimental initiation. 

2.2.5 Exnerimentai design 

Both sets of experiments were c e e d  out in a factorial design, with two factors: jack pine 
pollen substances levels (the equivalent of lx, 10x and 20x the expected 8.5 kgha annual 
jack pine poilen deposition on mixed mature stands, on a unit area basis), and sources 
(fkesh jack pine poilen, sonicated jack pine poilen remains, and aqueous jack pine pollen 
extract) (see Appendices II, III and IV for raw data, means and standard errors for both 
sets of experiments). The pollen substance levels were chosen to span a wide range of 
pollen min in multiples of annual jack pine pollen min of mixed mature forest h m  West- 

central Manitoba (i.e., 8.5 kgha-yr = lx) (Lee 1997). and after preliminary tests that 
showed pollen at 20x level, in in vitro conditions, as alrrady toxic to seed germination. 
The use of sonication was meant to break extemal and interna1 components of poilen grains 
cells in order to make stronger and clear the effects of pollen substances on seed 

germination. Aqueous extract resultïng b m  the sonication process may give an idea of the 
degree of pollen degradation resulting fkom the sonication process and of water solubility 



of poilen-substances during the 30 minutes in whïch pollen grains were suspended in water 
solution. 

In the £ k t  set of experiments, each one of the nine combinations of the three levels for each 

factor had ten repkates (i-e-, ten Petn dishes) dong with the ten control replicates. This 
totaled 100 Petri dishes for the fint expriment on jack pine seed germination and la0 Petri 
dishes for the fint experiment on black spruce seed germination. The k t  set of Petri 
dishes for each species is refemd as 'block O' in the analysis of variance (ANOVA) layout 
(Snedecor and Cochran, 1967; Underwood, 1997) shown in Table 2.1, although the 

design was actuaiiy a completely randomized design. In the second set of experiments. the 

same factor combinations were tested in two bIocks of Iûû Petri dishes for each species, so 
that the number of replications for each one of the nine combinations of the t h e  levels of 
each factor was doubled to 20. The block (B) factor was intmduced in the design as an 
artifact to isolate the effect of two successive batches of Petri dishes that were not 
accommodated at the same time in the growth chamber. Polien substance levels (L) and 
sources (S) were considered fixed factors, whiIe the bLock (B) factor was considered 
random (see ANOVA design in Table 2.1). The 100 Petri dishes for each species in each 
block (blocks '0'. 1 or 2) were randomized at the same t h e  in the same growth chamber, 
although the results for each species were analyzed separately. 

Values from control Petri dishes were used to calculate a control mean for each variable in 

each block, and subsequently applied as divisors to germination results of each species and 
block variable. Although al l  these control divisors have an inherent error component that 
was not accounted for, the analyses, run through DataDeskB 4.1 (Vellernan 1992), were 

performed on data expressed as a proportion of the control rneans. This results in 
differences between means being interpreted as more significmt than they should be (Mead 
1988). 

Significance levels (p) of 10% ,596 or 1% for the F test are indicated by one, two or three 
asterisks, respectively. Significance Levels for the Least Significant Difference (LSD) 
(Snedecor and Cochmn 1967) test refer to the l e s t  pronounced difference of individuai 
pairwise comparisons between means witb p<10%. Although relatively high, the 
~ i g n ~ c a n c e  level of 10% may be considered acceptable. According to Snedecor and 
Cochran 1967, the use of the LSD test may be advised if the F statistic of the analysis of 
variance is significant. Also, this test should not be applied to specific comparisons that 
attracted attention after a preliminary data examination. LSD test is applied in my study as 



Table 2.1. Designs of the ANOVAs performed on jack pine and black spruce in vitro seed germination data. 

SV Maximum DF* F divisor 
'block' O blocks I plus 2 'block' O blocks 1 plus 2 

Pollen substance level (L) 2 2 Emor MS** (B x L) MS 
Pollen substance source (S) 2 2 Emr MS (B x S) MS 
L x S  4 4 Error MS (B x L x S) MS 
Blocks (B) 1 Error MS 
BxL 2 Error MS 

B x L x S  4 Error MS 



an additional tool for data analysis. dong with the presentation of ANOVA resuits, mean 
values. and graphitai display of the information considered relevant for the understanding 
of the effect of pollen substances on germling characterïstics. 

The standard exror for each pollen substance level means in each pollen substance source 
was estimated by q('Error Mean SquarellO), in the case of the unsterilized system 
experiments, and by d[(~lock x Pollen substance level) Mean Square/20], in the case of the 
sterilized system experhents. The standard emr of polien substance level means in each 

pollen substance source, in either block 1 or block 2 of the sterilwd system experiments, 
was estirnated by d-or Mean SquarellO) (Underwood 1997). These estimates were 
used in the LSD tesL 

No ANOVA was performed on the variable number of germlingslreplicate as many 
replicate values have shown no numerical variation. According to Mead (1988). the 

inclusion in the ANOVA of data that present no quantitative variation results in a pooled 
variance that is too Iow and not suitable for treatment comparisons. Mead advises a special 
anaiysis (which was not performed) on the data set that presents variation or simply the - 

presentation of the data. When the interaction between block and the other factorCs) was 
non signincant, means, standard errors and graphs were based on values obtained aftzr 
pooling together the blocks. This improved the number of replicates of each mean, 
decreased the standard ewr, and avoided the need of plotting too many points in each 

araph. Although there could be Merences between blocks, the trends of the effects of 
levels a d o r  sources of pollen substances were deemed statisticdy similar in each block, 
as indicated by the non significant interactions. 

Jack ~ i n e  seed germination 

Speed of germination of jack pine seeds in sterilized Petri dishes was significantly afTected 
by pollen substance levels (lx, 1Ox and 20x) interacting with the pollen sources (fresh 
pollen, sonicated pollen remains and aqueous extract of fresh pollen) (Table 2.2). Addition 

of any level of any source of pollen substances reduced the speed of germination below the 

value of the control mean (Table 2.3). Specificaiiy, the proportion means for levels Lx and 
10x of fresh pollen were similar (p>0.10), and both were higher than the 20x mean. 



Table 2.2. ANOVA~ results of jack pine pollen substance effects on in vitro jack pine 'and black spruce seeds over a 12-day 
germination neriod. 

unsterilized Petri dlshes 
Variable Factors CF F 

Speed of Pollen subst, level (L) 
germination Pollen subst, source (S) 

LAS 
Block (0) 

BxL 
B36 

Bxlns 

no data 
collection 

Hypocotyl length Pollen subst, level (L) 2 37.Sb** 
Pollen subst, source (S) 2 9.51 "* 

LwS 4w 2.70" 
8 Block (0) 

Radkle length Pollen subst. level (L) 2 85,9**' 
Pollen subst, source (S) 2 20,l"" 

Lits 4 6.27'" 
Block (6) 

BnL 
BPGS 

&LxS 

ack pine 
;terilized Petri dlshes 

DF F 

no data 
colledlon 

iterilized Petri dishes t 

cç F 



Table 2.3. LSD~ test of jack pine pollen substance effects on ni vitro jack pine seeds over a 12-day germination period under sterile 
conditions, 
VARIABLE CONTROL MEANS (SE) 1 

in the oriainat scale 

Speed of both blocks 
germination 

block 1 
17.02 (0.94) 

block 2 
15,26 (0.90) 

Number of block 1 
germllngs 9.00 (0.80) 

2 block 2 
7,70 (0.40) 

Hypocotyl both blocks 
length 

bloclc 1 
163.7 (9,O) 

block 2 
122.1 (10.4) 

Radicte both blocks 
length 

block 1 
144,O (15.6) 

block 2 
114.2 ( 1 1 3  1 1 

2 No LSD test was periormed on this variable, 

1 
1 Least Signlticant Ditletence (LSD) test peformed on means expressed as proportions of control averages, 



Sonicated pollen remains results showed significant differences in aU three means 
(p4.01). and the 20x mean value was markediy reduced to 28% of the control. Increases 
in aqueous pollen extract h m  Lx to 10x to 20x did not affiect significantly the speed of 
germination of jack pine seeds (Figure 2. L .a). 

The number of jack pine germlings per replicate (i-e., each Petri dish) was affected 
interactively by blocks and pollen substance levels and sources, under steriüzed conditions. 
In unsterilized Petri dishes, pollen substance Ievels and sources affected marginaliy the 
number of germiings (Table 2.4) (Figure 2-23). With exception of 10x and 20x levels in 

s t e m e d  sonicated pollen remains. ail means of the number of jack pine germiings were 
less than 10% variant k m  the controls (Tables 2-4 and Table 2.5). The numbers of jack 
pine germüngs in blocks 1 and 2 of the sterilized treatments basicaily àid not differ fkom 
each other when considering each combination of poiien substances level and source, 
except for the quite nduced blofk means for sonicated poilen remains at level20x. auci, to 
a lesser extent, for the mean of aqueous extract at level L0x in block 2 cable 2.3). 

Jack pine hypocotyl length per repiicate was interactively affected (p<0.01) by levels and 
sources of jack pine pollen substances (Table 2.2). There was also a sigaificant effect 
(pe0.05) on hypocotyl length due to interaction between pollen sources and blocks. Sterile 
additions of pollen substances, at any level of fksh pollen and at levels 10x and 20x of 
sonicated poilen remains, reduced hypocotyl length significantly from the hypocotyl length 
of control g e d i n g s  (Table 2.3). At levels 10x and 20x of jack pine poilen substances, 
jack pine hypocotyl growth was negatively affected. especiafiy by fiesh pollen and 
extracted pollen (Tables 2.3 and 2.4). Hypocotyl lengths in stede Petri dishes were 
panicularly shortened by treatments of fksh pollen at 20x (53% of control length) and 
sonicated poilen remains at 10x (54% of control length) and 20x (12% of control length) 
(Table 2.3). Under unsterilized treatment conditions. additions of pollen substances at Ix 
did not affect the hypocotyl length when compared with the control means (Table 2.4). 

Total hypocotyl lengthdreplicate in unsteriiized Petri dishes were notably shorter for fresh 
poiien additions at 20x (7296 of control length) and for sonicated pollen remains treatment 
at 20x (63% of control length). Although no formal measurements were made, hypocotyls 
also reacted to high levels of jack pine polien substances by perceptible coiling growth and 
propensity to breakage if straightened. 

Radicle lengths of the germlings were significantly affected (p<0.05) by interaction of 
levels and sources of jack pine pollen substances (Table 2.2). Blocks and pollen sources 



a) Jack Pine 

O t O  20 
LEVEL OF JACK PlNE POLLEN SUBSTANCES 

(muitipk. of annual pollen min) 

b) Black spnice 

O 10 20 
LEVEL OF JACK PlNE POLLEN SUBSTANCES 

(multiples of annual pollen min) 

Figure 2.1. Effects of fiesh jack pine pollen (squares), sonicated poilen 
remains (circles), and aqueous poiien extract (triangles) on the speed of 
germination of jack pine and black spruce seeds, in two blocks (different 
symbol sizes) under steriie conditions. 



Table 2.4. LSD~ test of jack pine pollen substance effects on in vitro jack pine seeds over a 12-day germination period under unsterile 
conditions. 

VARIABLE 
glot total basi 

Number of 
germlings 

2 

5ONICATED POLLEN MEANS AQUEOUS EXTRACT MEANS 
1 x 1 Ox 20x 1 x 1 Ox 2 0 x  

CONTROL MEANS (SE) 
In the orialnal scale 

I I 
ant Difference (LSD) test waa pedocmed on means e~pmswd as proporlions of control aversges, 

,FRESH POLLEN MEANS 
1 x 1 Ox 20x 

petformed on means of this variable, 
- 



a) Jack pine 

O 10 20 
LEVEL OF JACK PlNE POLLEN SUBSTANCES 

(multiples of annual pollen min) 

b) Black spnice 

O I O  20 
LEVEL OF JACK PIN€ POLLEN SUBSTANCES 

(multiple8 of annual polkn rafn) 

Figure 23. Effaits of f i e 4  jack pine pollen (fidi Line) and sonicated polien 
rernahs (dotted line) on the number of gerxnlings/replicate, under unsterile 
(squares) and sterile (cirdes) btock conditions. 



Table 2.5. L S D ~  test of jack pine pollen substance effects on in vitro black spmce seeds over a 12-day germination period under 
sterile condi ti 
VARIABLE 

Speed of 
germination 

% 
Hy pocotyl 

length 

T 
length 

ns. 
BUXA< 

Block 1 

Block 2 

CONTROL MEANS (SE) 
n the origlnal scale 

8.62 (0.95) 

1 1.93 (0,541 

Block 1 

Block 2 

Block 1 

Block 2 

2 No CS0 tes was perlormed on this variable. 



showed s i m c a n t  interaction (p4.01) in detennining radicle length under sterilued 
conditions. Block effect was seen in the results of the aqueous extracc treatment in 
sterilued Petri dishes (Table 2.3) where radicle Iengths values were affected in different 
ways in block one and two (LSD test results ABB in block one and AAB in block two). 
Results fkom sterilued k s h  poilen and sonicated pollen remains did not manifest similar 

block differences- 

Poiien substance additions at al1 levels and from aIl sources under sterile and unsterile 

conditions significantly reduced radclle length if compared to the control means, except for 
aqueous extract at level lx in unsterilized conditions (Table 2.4). In both types of 

experiments (Le., those with steriiized and unsterilized Petri dish set-ups), a i l  pairwise 
comparisons of raâicle length means were signincantly merent wïthh each pollen source, 

except for comparisons in sterilued conditions, as follows: the 10x to 20x cornparison for 
sonicated pollen remains, and the 10x to 20x and lx to 1Ox comparisons for aqueous 
extract, in block one and block two, respectively (?'ables 2.3) (Figure 2.3a). 

In both sterilized and unsterilized Petri dish experiments; radicle lengths were generaliy 
shorter than the control values (around less than 50% at LOx, and ~ 4 0 %  at 20x fresh 

pollen; ~ 4 0 %  at 10x and 40% at 20x with sonicated pollen remaias; and 40% at 10x and 
~ 4 0 %  at 20x with application of aqueous polien extract). On average, increases in the 

pollen substance levels in aqueous extracts affected radîcle length less than increased leveis 
of fresh pollen and sonicated poilen remains (Figure 2.3 .a). Practicaiiy no radicle was 
formed by seeds genninated at 20x application of fresh pollen and sonicated poilen 

remains. 
1 

Black smuce seed ggminatios 

Experimentd blocks, and sources and quantity of pollen substances interacted to affect the 

speed of germination of black spruce (Table 2.2). At lx sterile pollen substance additions, 
proportion means for black spruce germination characteristics in any one of the sources of 
poilen substance were higher than the control mean. and at Ix fresh poilen treauneat up to 
50% higher than the speed of germination of the controls (Table 2.5). Sterile fksh poilen 

additions at Ix and 10x (in blocks 1 and 2) stimulated more rapid germination of black 
spnice seeds, and aqueous pollen extract may have stimulated (level lx in block 2) or 
decreased (level ZOx block 2) the speed of germination, but in general aqueous extract 

seemed to have a non significant effect . In contrast, the speed of gem-nation was 



a) Jack Pine 

O 10 20 
LEVEL OF JACK PINE POLLEN SUBSTANCES 

(multiples of annual pollen min) 

b) Black spmce 

O 10 20 
LEVEL OF JACK PlNE POLLEN SUBSTANCES 

(multiples of annual pollen min) 

Figure 2.3. Effects of fiesh jack pine pollen (full he), sonicated polien 
remains (dotted iine), and aqueous pollen extract (dashed line) on radicle 
length of jack pine and black spmce germhgs. under uasterile (squares) and 
sterile (circles) block conditions. 



significantly below the control (one third to one twentieth of the control) when treated with 

sonicated pollen remains at levels 10x and 20x (Figure 2.Lb). 

The number of black spruce germinated seeds was most affected by the poilen substances 
in unsterilized Petri dish set-ups (Table 2.5). In the sterilized Petri dish experiment, 
additions of stede frcsh pollen and aqueous extract of pouen at Lx, lOx, and 2ûx generaILy 
increased the number of black spruce genninated seeds above the control means, or 
resulted in equivalent numbers with the controls, when blocks 1 and 2 were considered 
together (Table 2.5). Exception was seen under steriiïzed fnsh pollen treatment at 20x 
(biock 1) where germinated seeds were approximately 90% of the control mean. Witit 

treatment by sterilued sonicated pollen rem-, the numbers of germinated seeds were 
greater than the control mean at l x  and mduced at 10x and 20x pollen additions. In 
conuast, in unsterilized Petri dishes the proportion of gemiinated seeds was around the 
control mean level across ali three pollen sources and levels with exception of frcsh polien 
and sonicated poiien remains at 20x (Table 2.6) (Figure 2.2.b). 

In unsteriïized Petri dishes, pollen substances sources and levels interacted to determine 
hypocotyl length of the developing germlings. In stenlized Petri dishes, blocks interacted 
with polien substances source and levels (Table 2.2). One times addition of sterilized 
poiien substances generally increased hypocotyl length when both blocks were considered 
(Table 2.5). With few exceptions, hypocotyl length was around 85% or less of the control 
mean lengths for a l i  three sterilued polien substances at 10x and 20x additions. Hypocotyl 
lengths of developing germlings treated with unstedized pollen substances at level lx were 
around 90% to 95% of the control mean length, and hypoco~i/.replicate length at levels IOx 
and 20x of any source of pollen substance was reduced to around 75% or less of the 

contml mean (Table 2.6). Reductions in hypocotyl length below 70% occurred with 
treatments by steriüzed sonicated pollen remains at 10x (~15%) and 20x (b%), 
unsterilized sonicated poIlea remains at 20x (55%) and 10x (-65%), unsterilized fkesh 
poiien at 20x (35%), sterilized k s h  pollen at 20x (-60%) (block 1), and aqueous extract of 
pollen at 20x (-65%) (block 2). Although no f o d  measurements were made, hypocotyls 
also reacted to high levels of jack pine poilen substances by a perceptible coiling growth 
and propensity to breakage if straightened- 

In unsterilized Petri dishes, radicle length of developing germlings was significantly 
affected by pollen substance levels and sources, and in sterilized Petri dishes there was 

significant interaction between blocks and pollen substance levels and sources (Table 2.2). 



Table 2.6. LSD~ test of jack pine pollen substance effects on in vitro blsck spruce seeds over a 12-dsy germination period under 
unsterile conditions. 

VARIABLE 
plot totat basis 

Number of 
germlings 

2 

- - -  

H ypocotyl 
length 

Radicle 
length 

1 Least Significan 
2 No LSD test wa 

CONTROL MEANS (SE) ,FRESH POUEN MEANS 
in the original scale 1 x t O x  20n 

I 
Difierence (LSD) test was perforrned on means express 
perfomed on thls variable, 

~d as proportions of control n 



In general. the pairwise comparÏsons between means of levels lx, 10x and 20x of each 
polien substance source, sterilued or unstetilized, àrere signincant (@-01) (Table 2.5 and 

2-6).  

Nearly aIl Ievels and sources of jack pine pollen substances tested in this study reduced 

radicle length of black spruce germijngs to Iess than 95% of the control means fiables 2.5 
and 2.6). Sterilized f k h  pollen treatmeat at lx (block 1) with radic1es -1.25 longer than 
the control mean was the exception. Fresh pollen and sonicated pollen remains additions at 

20x reduced radic1e growth to less than 25% of the means of the control germlings under 
sterilized conditions and to -15% in unsterilized conditions. Under sterfied conditions, 
the most pronounced reduction in radicle Iengths ( 4 0 %  of conaol lengths) was seen in 
10x and 20x additions of sterilized sonicated poilen remains, while sterilized aqueous 
extract at any Ievel resdted, in generai. in less drastic radicle reduction (Table 2.5) (Figure 

2-3b)- 

Cornparison Pf jack pine and bIack smuce seed ennination 

As a percentage of control means, speed of germination and radicle length of jack pine and 
black spruce seeds were negatively affected by sterilized fresh polien additions in 
increasing amounts. i-e.. lx  to 10x to 20x normal pollen rain (Figure 2.4). AIthough 

initially stimulated by propylene oxide sterilued fiesh pollen addition at lx. the decline in 
speed of germination and radicle length percentages from level Lx to 20x of fresh pollen 
observed in black spruce appeared greater than for jack pine. Fuaher, in unsterilized h h  

pollen levels, total radic1e lengthlreplicate ofjack pine was reduced 2.5 times nom thevox to 
the 20x pollen levels (germinated seeds basis: reduction of 2.5 times). In contrast, total 
blac k s pmce radicle length/~plicate was reduced by 6.0 times from unsterilized fresh 
pollen level Ox to 20x (germinated seeds basis: reduction of 4.5 times, data no shown) 

(Figure 2.5.a, b). However, in sterilized fresh pollen treatment, total jack pine radicle 

lengthlreplicate was reduced in leagth by 7.0 times (germinated seeds basis: reduction of 8 

times) in block 1 results, and 13 times (gemlinated seeds basis: reduction of 15 times) in 
block 2, while total black spruce radicle length/repIicate was 4 times shorter at the 20x than 
in the Ox fresh pollen level for both blocks 1 and 2 (germinated seeds basis: reductions 
from 3 to 5 times). With no pollen additions and in unsterilùed Petri dishes, jack pine 
radicles (replicate total or germinated seed basis) were double the length of black spruce 

radicles grown under the same conditions (Figure 25a, b). In sterïiïzed treatments wiih no 



a) Speed of germination 

O 10 P 
LEVEL OF FRESH JACK PlNE POLLEN 

(multiples of urnuil p o l h  min) 

b Radicle length 

O 10 P 
LEVEL OF FRESH JACK PINE POLLEN 

(multiples of annual polkn min) 
Figure 2.4. ~ffects  of fksh jack piae pollen on the speed of germination and 
radicle length of jack pine (open square) (means after pooling the 2 blocks) 
and black spruce (solid square) germlings (means fiom each block), under 
stede conditions, 



a) Unsterile block conditions 

O 10 P 
LEVEL OF FRESH JACK PlNE POLLEN 

(muitipk. of annual polkn min) 

b) Sterile block conditions 

O iO P 
LEVEL OF FRESH JACK PlNE POLLEN 

(muitiples of annual polkn min) 
Figure 2.5. Effecu of fkesh jack pine pollen on radicle length of jack pine 
(open symbols) and black spmce (solid symbols) germiings. under unsteriie 
and sterile block conditions. 



pollen addition, total black spruce radicles/repiicate were one tenth to one fouah the jack 
pine total. Based on germinated seeds. black spruce radicles/repIicate were one eighth to 

one third, as long as jack pine radicles (Figure 2.5,b). Finaily, with 10x and 20x 

unsterilized and sterilized neSh pollen additions, the d c l e  ofeach jack pine germling was 
at, or less than, 1.0 cm long (appmximately one half or l e s  of the control length) and black 

spmce radic1es were at, or Iess than, 0.3 cm long (approximately one half or less of the 

control length) (Figure S.%). 

2.4 Discussion 

The results of my study show that jack pine pollen substances affect jack pine and black 

spruce in vitro seed gemiioation. Pollen effectç on seed germination are reported in a series 

of related papers by Anaya et al. (1992). Jiménez et al. (1983), and Ortega et al. (1988). 

These authors show that Zea mays pollen negatively affects seed germination of some 

species. The negative effects are due to the prtscnce of phenylacetic acid which disrupts 
the electron transport pathway in cellular respiration. The authors conclude that îèu mays 

pollen may play a role in the control of cornpethg weeds. In contras& several other authors 

(Borecka et al. 1969; Borecka and Millikan 1973; Chou and Preece 1968; Fokkema 1971; 

Warren 1972 a, b; Warren 1976; Williams and Colotelo 1975) observe a positive effect of 

pollen substances from severai species on the germination of spores and growth of 

pathogenic fungi, due to nutritionai and non-nutritional factors fiom poilen. 

Light, temperature and moisnire (Edwaràs 1987) trigger a chah of physiological processes 

in seeds, which is mediated by a dynamic balance of endogenous hormones (Khan 1975): 
Various workers demonstrate mimicry of endogenous seed hormone effects with 

exogenous applications of hormones to seeds (e-g., Anderson and Widmer 1975; 

Ballington et al. 1976; Bulard 1985; Crozier et al. 1970; Devlin et al. 1976; Dweikat and 

Lyrene 1989; Scott and Leopold 1967; West et al. 1970). 

Bioassays involving application of growth substances fiom pine pollen of various species 

to sensitive test plants, as weii as chromatographic separations, show that pine poiien is 

rich in hormones, such as auxins (e-g., Michaiski 1967, from Pinus sylvestris L., and 
Sweet and Lewis 1971. from Pinus radiata D. Don), gibberellins (e-g., Ivonis 1969, from 

Pinus sylvestris, and Kamienska and Pharis 1975, h m  Phus attenucrta Lernrn-, P. coulteri 

D. Don, and P. ponderosa Laws.. var. ponderosa), kinetin (e-g., Sweet and Lewis 197 1. 



h m  Pinus radiata ), and phenolic compounds acting as inhibitors (e-g., Larionova et al. 

1977, fkom Pinas sibirica Du Tour). 

Pine and spnice seeds are sensitive to hormones detected in pine poilen. Sandberg (1988) 
observed that seeds of PVULF sylvestrk and Picea dies  (L.) Karst are negatively aEected 
by indole-3-acetic acid and indole-3-butyric acid at concentrations from 1 to 1ûûû W. 
Gibberellin improves speed of germination andlot percent germination in PUucs r d  L. 
(100 to 2888 pM) (Biswas et al. 1972) and in some seed lots of P i n u  syfvestris (10 to 100 

pM) (Sandberg 1988). Gibberehs may aiso k beneficial to Picea abies (10 to 100 pM) 
(Sandberg 1988) and Picea mithiana (WalI.) Boiss. (up to 2888 pM) (Singh 1989). 

Kinetin (at 46 p.M) positively affects Puius tae& seed gennination (Biswas et al. 1972) 
and, at 1 to 1Oûû pM, it negatively affects Pinus sylvestn's seed germination (Sandberg 

1988). Pinus monticoïa Dougl. ex D. Don seed germination is improved by the 

simultaneous use of kinetin (at 4.6 IrM) and gibberek (at 114.3 pM) (Pite1 and Wang 
1985). Picea abies seed germination is also negatively affected by kinetin (1 to 1000 CLM) 

(Sandberg 1988)- 

Based on the amounts (5 to 108 mg) of jack pine pollen added to 4 ml of water in the Petri 

dishes in my experiments, and assuming the hormone concentrations hom jack pine pollen 
to be equivalent to honnone levels h m  other pine species, an auxin concentration range of 
2.97 x 1 0 2  to 6.62 x 10.1 @A (Sweet and Lewis 197 1). a joint gibbereiiïn concentration 

range of 1.1 x104 to 2.5 x 10-3 pM (Kamienska and Pharis 1975), and a kinetin-like 
substance concentration range of 6 to 125 pM (Sweet and Lewis 1971) might be expected. 
The predicted concentrations of auxin and kinetin from added jack pine pollen are close to 
the levels of hormones demonstrated to affect pine and spruce seed germination in the 

literature. 

The instances in my study of enhanced germination of black spme at the equivalent to lx  
and 10x the annuai rain of fresh jack pine pollen (e-g-, speed of germination) (Figure 

2.l.b), under stenle conditions, contrast with the generaiiy negative effect auxin and 

kinetin have on spruce seed germination (Sandberg 1988). However, Sandberg (1988) 
also reports a positive effect of etephone (an ethylene precursor) on gennination of some 

seed lots of Picea dies. Possibly, an ethylene-like product is present in my experïments in 
sufficient quantity to enhance black spruce speed of germination, number of germinated 
seeds, and hypocotyl growth at poilen levels equivalent to lx and 10x the annual jack pine 
pollen min. 



Burg and Burg (1966) report a model in which ethylene formation by plant tissues is 
induced by exogenously applied auxin at concentrations of 1 to 10 pM. Ethylene reduces 
cell elongation by up to 50% and interferes in radial auxin diffbsion through plant tissues 
(Burg and Burg 1966) . In VigM radiafa (L.) R. WïIczec. var. radiata (syn. Phaseolus 
rudiatus ) seedlings, ethylene promotes a hypocotyl coiling response due to its effect on 
auxin distribution through the hypocotyi axis (Sankhla and Shukla 1970). This auxin 
induced ethylene formation model rnay expIain, in part, hypocotyl growth inhibition in jack 

pine. the obbserved coiling hypocotyl growth of the germlings, and also the improvement in 
the speed of germination of black spmce seeds. Furthemore? it is b o w n  that pollen of 
some other species is rich in an ethylene precursor (e.g., HiII et ai. 1987). Fhaily, organic 
soi1 £iom spruce forests may produce a substantial amount of ethylene (Lindberg et al. 

1979; Sexstone and Mains 1990). Seed germination of several species is aec ted  by 
ethylene and other volatüe compounds in the soil (Holm 1972; Taylorson 1979). The 
positive response (e.g., increased speed of germination) of black spruce observed in vitro 
in the sterilized conditions of my experiments may actuaiiy refiect the adaptation of this 
species to the presence of this gas in the natural substrate. -- 

It is also possible that, after pollen sterilizatioa, some propylene oxide residue was lefi in 

fresh pollen and sonicated polien remaias. Although propylene oxide may be hamiful to 
seed (Ramakrishna et al. 1991). it is possible that this residue makes the seed especidy 
sensitive to ethylene in the same way as ethylene oxide has k e n  shown to increase tissüe 
sensitivity to ethylene (Beyer 1985). 

The negative poilen effect on radicle length is of special importance. In m y  snidy, a normal 
level of jack pine polien (Le., lx) reduced, in vitro, radicle length of jack pine and black 
spmce developing germlings by up to 30%. The normal variation in the pollen rain 
deposition shows an upper Limit of 18.9 kgha-yr, in mature, mixed forest, and 28.7 
kgiha.yr in a pure regenerating jack pine stand (Lee 1997, Lee et al. 1996b). These figures 
are 2 to 3 tirnes higher than the average annual pollen min per unit area ( ie- ,  8.5 kgha-yr) 
(Lee 1997) level used in lx  additions in my study. Such variation indicates the possibility 
of encountering microsites in the field with a significant potential for radicle reduction. In 
contrast to the post fire establishment of jack pine. the recmïtment of black spruce may also 
occur over a long period of time and under the intluence of already established jack pine 
trees. Black spruce genniings may be exposed to the negative effect of jack pine pollen on 
radicle growth. It is known that radicle length of black spruce is considered one of the 



factors confinïng this species to moist sites Womas and Wein 1985). Further reductions 
in an aiready short radicle would restnct black spnict to moist environments and might 
even impact on successful establishment of seedlings h the natural environment, 
Furthermore, the e f f i  of jack pine polien on seed germination reported in my shldy are 

possible effects on seeds of other b o r d  plant species. This might be addressed in future 

sîudies. 

There certainly are merences in polien hormone composition among species (e.g., 

Kamienska and Pharïs 1975). It may be that jack pine pollen substances. as well as jack 
pine and black spmce responses to hormones, are Merent fiom those descnbed for other 
species in the literature. Studies orî jack pine pollen hormone composition are necessq to 
validate the suggested effects on seeds and germlings, Development of a model ?O M y  

explah the role of jack pine poiien on seed germination of jack pine and black spruce. as 
weU as on seeds of other boreal forest plant species, is necessaxy. Mechanisms involved in 
such a model remain to be studied. Furthermore, the effoct of jack pine pollen substances 
on seed germination should be tested on soil to detennine if in vitro trends also occur on 
soils, which is the subject of the next chapter. 



Efkcts of jack pine pouen on jack pine [Pinus bankrha Lamb.] and 
black spnice [Piïcea nuin'- (P. Mill.) B.S.P.] seed germination on minera1 soil 

Seed germination is frequentiy tested with plant extracts However, in situ eEects of these 
extracts may m e r  from resuits observed in vitro (i-e., in bioassays run on nIter paper in 

Petri dishes) (Stowe 1979)- Fdtered water extract of Empetntm hermaphrodinmi Hagemp 
reduces radide Iength, produces necroses of Puius syIvestrLF L. and Popdus nemula L. 
seedling radicles and may even suppress germination of seeds of these species. in vitro 
(Zackrisson and Nilsson 1992). In contrast, these authors also observed that humus 

soaked with aqueous Empetrum leaf extract shows no negative effect on aspen seed 

germination and seedling growth. Leachate fiom the washed humus also shows no 
negative effect on aspen seeds and seediings. However, if microorganisms are inactivated 

(Le., sterilized humus), aspen seed germination is strongly and negatively affected by 
E m p e t m  leaf extract, 

Similarly, Zea mays L. poiien (10 to 2 0  mgPetri dish) nduces radicle length of Cassîu 

jalupensis (Britten) Lundeil. by 25 to 90%. in vitro. When this poilen is mixed with soil 

(0.7 g of pollen to 120 g of soil) radicles are reduced by 25% in unsterilized soi1 and by 
50% in sterilized soil (Jiménez et al. 1983). 

High levels oPnuuients (e.g., 2% of nitrogen, by weight) (e-g., Doskey and Ugoagwu 

1992; Stark 1973). and at least thirteen growth active substances, such as auxins and 
phenolic inhibitors (ivonis 1969; Lanonova et al. 1977; Michaiski 1967; Sweet and Lewis 

197 l), are known fiom pine pollen. Pine species may release a ~ u a I i y  0.6 to 227 kg of 

pollenhectare (e-g., Maggs 1985; Stark 1972; Stark 1973; Versfeld and Donald 1991). In 
central-west Manitoba, the annual min of airbome pollen in May and June ranges from 

1 1.7 to 24.6 kghectare. and over the range of forest microsites jack pine (Pinus banhiana 
Lamb.) alone accounts for more than haif of that min* In a mature, mixed stand of the 

region, annual pollen min provides an average of 8.5 kg of jack pine pollenha, in early to 

rnid June of each year (Lee 1997; Lee et al. f996b). 



As descrÏbed in the previous chapter. jack pîne pollen h~ been S~OWII to affect jack pine 
and black spmce (Picea morim>a 8. Mill.) B.S.P.) seed germination Ui vitro. However, it 
remains to be determined if the same is tme when pollen is present on soii at the time of 
seed germination. Normdly. successful jack pine and black spnice seed germination and 
seedling establishment in southem Manitoba and Ontario occur h m  May to Iune (e-g., 

Brown 1973; Cayford 1961). For every successfûiiy hplanted one-year old jack pine 
seedluig in regenerating stands in southeastem Manitoba, at k t  450 se& h m  broadcast 

cones are necessary (Cayford 1958; Cayford 1959; Cayford 1961; Cayford and Dobbs 
1967; Chrosciewicz 1983% b; Chrosciewicz 1990; Dominy and Wood 1986; Heinselman 
1965; Sims 1970; Walker and Sims 1984). When jack piat seeds are deaneh 

approximately every four seeds wiiI produce a successfki seedliog (Jacvis 1966)- BIack 
spruce seed germination and seedling establishment occur nonnaliy in wet sites or in 
upland dryer sites during wet years. Successful germination and seedling establishment 
also coincide partidy with the tirne of jack pine poilen release (Heinselman 1965; Jarvis 
1966)- 

It is generally known that adequate iight. temperature and mois- regimes trigger the 

physiological processes of seed germination (Edwards L987; Rudolph and Laidly 1990). 

Aithough these processes are generaIly mediated by hormones endogenous to the seed, the 

application of exogenous hormones, such as gibberellins, is used to accelerate and improve 
germination of seeds of several species (e-g., Bulard 1985; Devlin et al. 1976) (see 
Appendix 1, item 5). Exogenous gibbereIiin is h o w n  to reduce or replace the cold 
stratifkation period necessary for Picea srnithiana (Wali.) Boiss. (Singh 1989) or ginkgo 
(Ginkgo biloba L. ) seed germination (West et al. 1970). respectively . 

Jack pine and black spruce are generaily found in distinct habitats (upland dry sites vs. wet 

boggy sites, respectively). In any case, jack pine pollen reaches black spruce prone sites 
due to air movements and water run off as low sites alternate regularly with upland, jack 
pine-dorninated sites. Thus, it is possible that jack pine pollen interferes with black spruce 
establishment as it is shown to reduce black spruce radicle length (see Chapter il). 

As pollen is rich in active growth substances, and is present in Large quantities in the boreal 
forest, its role in seed germination, seedling implantation, the early stages of forest re- 
establishment and seasonal phases in tree growth requires detailed study. The objective of 
this study is to examine if the in vitro responses of jack pine and black spnice seeds to 
fiesh jack pine pollen are modifed by seed germination on minerai soil. 



3 -2 Methods angl materials 

Jack pine poilen collection, handling and storage, seed sources and storage are describeci in 
the Methods and materiais section of Chapter II. 

Plastic containers (7.1 cm diameter, and 4 cm deep) (Le., bottom of plastic soft drink 
bottles) were med with 85 ml (-100 g, air dried basis), uasterilized, sieved mineral soi1 
fkom the Payuk Lake region ( 54'39' N, 101'28' W) (see soil charactenstics in section 
3.3). Although jack pine and black spruce were hown to occupy sites with distinct 
characteristics (jack pine in sandy soils with low organic matter content, and black spruce 
in organic, boggy soils), both jack pine and black spruce seed germination were tested on a 

sandy loam, after Edwards (1987)- 

No pollen or the equivaient of lx  (3 mg), 10x (34 mg), 50x (168 mg) or lOOx (337 mg) 
the annual jack pine pollen min (8.5 kgha-yr) (Lee 1997) was added, on a pollen 
mass/container area basis, to each repiicate (Le-, each container), and mixed into the 
sürface of the SOL Prior to adding 32 ml of distilleci water to each replicate, 10 seeds of 
jack pine or black spruce (nine seeds of black spruce/replicate in the last five blocks) were 
scattered on the soil surface. The replicates were placed in plastic trays (25 cm x 50 cm x 
10 cm), and covered with a transparent plastic sheet to prevent soi1 desiccation. 

The plastic trays were placed in a growth chamber (135 cm by 255 cm) under a 8 hr light : 
16 hr darkness regime (six 215 watt white cool fluorescent Light, positioned 1.4 m above 
the trays), for 12 to 13 days. The temperature was kept at 28 OC, during the light period, 
and at 20 OC, during the dark period (Edwards 1987). Five trays for each species were 
placed in the growth chamber from August 3 1 to September 12, 1998 (13 day s). A m e r  
set of five trays for each species stayed in the growth chamber from October 24 to 
Novernber 5, 1998 (12 days). 



3 -2.2 Data coiiectioq 

Each germinated seed (Le., with a protruded and bending radicle) (Mayer and PoljaLoff- 
Mayber 1989) was measured individudy for root and shoot length, to the nearest 
millimeter, by means of a plastic der.  Furiher data on the total number of germlings and 
number of germhgs with radicle infestation were collected. Radicles were considered 
infested when demonstrating a brownish/black ma, generdy just below the root collar 
region. 

The root collar, identined by transition from a discolored to a pigmented region on the 
radîcle-hypocotyl axis, was the initial point for measurement of the radide and shoot 
length. The end points for shoot and radicie Iength measurements were the tip of the 

radicle (or what was left) and the base of the cotyledon whorl, respectively. 

Each one of the 10 plastic trays (blocks - B) contained two xeplicates of each one of the five 
pollen levels (PL) (Ox, lx, IOx, 5Ox and lûûx the annual jack pine pollen min of 8.5 kgiha 
in mïxed mature boreal forests in west-central Manitoba) (Lee 1997). totaling 20 replicates 
for each pollen level for jack pine and black spruce (raw data sets, means and standard 
errors are shown in Apperidix V). [These polien levels were chosen to cover critical polien 
level values, such as control (Ox), normal polien rain (lx) (Lee 1997), a moderately high 
level (lox), shown to promote enhanceci fungal activity in the substrate (Stark 1972; Stark 

1973), and high levels of pollen (50x and 1ûûx) to test for possible pollen toxicity.] 

Pollen level (PL) factor was considered a fixed factor, while the block (B) factor was 
considered random. Data of each species were analyzed separately through DataDeska 4.1 

software (Velleman 1992), using the pneral ANOVA design (Snedecor and Cochran 1967; 

Underwood 1997) shown in Table 3.1. When the PL x B interaction was deemed to be 

non significant in the F test of the analysis of variance, the means for each variable were 
usually estimated after pooling together ail the 20 replicates of the 10 blocks for each pollen 
Level. This procedure increased the number of replicates of each mean, decreased the 
standard emr, and satisfactorily summarized the statistically simila. effects of pollen levels 
among blocks, as detected by the F test. 



Table 3.1. Designs of the ANOVAs performed on data of seed germination of jack pine 
and black spmce on minerai soi1 substrate. 

Poilen level (PL) 4 B x PL mean square 
Block (B) 9 Eiror rnean square 
B xPL 36 Error mean square 



Log transformation (base 10) was used for diameter and Iength variables. Data 
transformation was performed independently of any test for hornogeneity of variance or 
data distribution, Such transformation does not dter the reliability of the data and 

contributes toward împrovement of homocedasticy (Mead 1988). Mead (1988) 
recommends the regular use of log transformaton on continuous data to ensure cornpliance 
to the assumptions of the ANOVA d e l .  The opposite transformation (Le., 10lOg) was 
used on each transformed mean shown in tables in order to get means of the original 
measures. Pnor to transformation, diameter and Iength variables were on a Wreplicate 
basis or on a mm/germinated seed basis, as indicateè The vanables number of gernnlings 

and number of germlings with infested radicles are shown on a replicate total basis. No 
analysis of variance was performed on these two variables, nor was a multiple comparison 
test applied to them. Accotding to Mead (1988). the inclusion in the ANOVA of data that 

presents no quantitative variation results in a pooled variance that is too low and 
inapproprîate for treatment comparîsons. Simple visual inspection of such data may be 
used for decisions, especiaiiy if the trends are cleac Thus, means for these variables are 
shown in graphs and in a table, dong with the log transformed means of the varîables 
diameter and length variables, on which ANOVAs and LSD test were applied. 

Significance levels (p) of 10% ,5% or 1% for the F test are indicated by one, two or three 
asterisks, respectively. In the Least significant Difference W D )  test results, si-came 
levels refer to the ieast pronounced individual painvise cornparison between means with 
pc0.10 (see comments on signincance level in the previous chapter). Some restrictions 
apply to LSD test (Snedecor and Cochran 1967) (see comments on this multiple 

comparison test in the previous chapter). However, this test was used for data 
interpretation, complementing the ANOVA procedure, the use of numencal information 
fiom tables, and the visual display of data in graphs. 

The standard error for each pollen level mean, caiculated after pooiing the 20 replications 
frorn al1 10 blocks, was estimated by d[(B~ock x Pollen Level) Mean S q u d O ]  

(Underwood 1997), and used in the LSD test. 

For black spruce variables, additional ANOVAs were performed on the log of the total 

length of each replicate divided by the actual number of gemilings/replicate. These 
ANOVA results are reproduced in Appendîx VI, and are cited in the Results section. 



3.3 Results 

Soii analysis showed that the sandy soil used in my experiments had the following nutrient 

content: cl pprn nitrate N, %O pprn of phosphate P. 45 ppm K, 2 pprn sulphate-S, 303 
ppm Ca, 17 pprn Na, 30 pprn Mg. 84 pprn Fe, 0.7 ppm Cu. 7.2 pprn Zn, 0.8 pprn B. 7.8 
pprn Mn. and 2 pprn Cl. The soi1 pH was 5.6, the organic matter content was 1.6%. and 

the total cation exchange capacity was 8.05 meq11OOg. 

According to the ANOVA results in Table 3.2, the effect of pollen Ievels on germling 

variables of both species was statisticdy s i d a r  in aIi bIocks (non significant PL x B 
interaction). Block effects were non significaut for jack pine (Table 3.2). Block effects 

observed for black spruce flable 3.2) were mainly a result of the different number of seeds 

used in the fint five (10 seedslrepficate) and the number of seeds used in the last five (9 
seeds/repiicate) blocks (see Appendùr VI). Pollen level (PL) affectecl sipnincantiy jack pine 
length variables and the number of seedlings with infested radicles. In black spruce seed 

germination, pollen level significantly affected the number of germluigs with infested 

radicles and radicle lengths. 

The number of jack pine gemilings was not considered to be afTected by jack pine pollen 
applied to the soil (Table 3.3). By contrast, the number of germlings with infested 

radicles, for both species, seemed to get sigaincantly higher at pollen levels 50x and 100x, 

especiaily for jack pine. At these levels, one third to two thirds of the jack pine germhgs, 
and 20 to 25% of black spruce gennlings had infested radicies ('ïable 3.3, Figure 3. la, b). 

Hypocotyl length of jack pine germlings was negatively affected by jack phe pollen at 50x 
and lûûx the annual pollen rain pable 3.3). Based on means fiom 10 blocks, jack pine 

hypocotyl length may be significantly reduced by 11 to 13% (30 to 35 mmlreplicate) 

(caiculations done on data from Table 3.3 after re-transformation to the original scale) 
(Figure 3.2a). Considering just those germinated seeds, hypocotyl reduction was fIom 5 

to 8% (1.3 to 2.2 mdgemiling) (data shown in Figure 3.2b). 

Compared to the ilx mradicle mean nom 10 blocks. jack pine radicles were reduced by 20 to 
37% (57 to 82 rnmlreplicate) (Figure 3.3a) (caiculations done after re-transformation of 
data on Table 3.3), or 4.6 to 7.7 rnm/germling (data shown in Figure 3.4a) at pollen levels 

50x and 1Ox. Radicle reduction for black spnice at 50x and lOOx was approximately 9 to 



Table 3.2. ANOVA~ resuits of k s h  jack pine polien effects on jack pine and black 
s p c e  seed germination on mineral SOL 

I C Variable 

Hypocotyl 
length 

Factor 5 

Pollen leveI (PL) 4 
Block (B) 9 

P L x B  36 
Error 50 

Radicle 
length 

1 
1 ANOVAs were perfamed on log transfo 

Pollen level (PL) 4 
Block (6) 9 

P L x B  36 
Error 50 

Hypocotyl plus 
radicle length 

ned data [log(mm/replici 

Pollen level (PL) 4 
Block (B) 9 

P L x 8  36 
Error 50 

Black spruce 
MS F 

'. ". "' significance levels of 10%. 5% and 1%. respectively. 



germination on 

Variable 
Number of 

germlings per 
replicate 

Jack pine 9-65 9-25 9 -75 9 -05 9-1 5 

Black spruce 8 8.1 5 8 -25 8.25 8.35 

Number of 
germlings 

with 
infested 

radicles .per 
fepIicate 

- - - - 

Jack pine O O O -4 3.4 5 -6 

Black spruce O 0.1 O -2 2 2-5 

Hypocotyl 
length 

Jack pine 2.434 2-41 2 2-425 2.382 2.374 
A pe0.09 A 6  A BC C 

Black spruce 2.1 7 2-166 2.164 2.1 67 2.1 68 
A p>0.10 A A A A 

Radicle 
length 

Table 3.3. L S D ~  test of nesh jack pine pollen effects on jack pine and blaek spruce seed 

Jack pine 2.345 2343 2.35 2.21 5 2,144 
A pcO-O1 A A 6 C 

1 Least Significant 
2 No LSD test was 

Black spruce 1.786 1.791 1.81 1,746 1,728 
AB ~ ~ 0 . 0 7  AB A 8C C 

minerai mil, 
Level of fresh pollen 

Species Ox 1 x 1 Ox SOx 1 oox 

II 

I 

I 

3 1  

I 

.I 

E 

Difference (LSD) test was perfomed on log transformeci means (log(mm/replicate)J. 
perfomed on this variable- Means are expressed on a repliCate total basis. 

Hypocotyl 
plus radide 

length 

Jack pine 2.693 2-68 2.691 2-609 2.578 
A pc0.01 A A 6 8 



NUMBER OF GERMLINGS 



Plot total basis 

LEVEL OF FRESH JACK PINE POLLEN 
(multiples of annuul polkn min) 

b) Germinated seed basis 

O 90 1QO 

LEVEL OF FRESH JACK PINE POLLEN 
(mulples of annual pollen min) 

Figure 3.2. Effects of b s h  jack pine pollen on hypocotyl Iengths of jack pine 
gennlings, 



a) Jack pine 

LEVEL OF FRESH JACK PlNE POLLEN 
(muhiples of annual polkn min) 

b) Black spruce 
"1 

LEVEL OF FRESH JACK PINE POLLEN 
(multipkr of annul polkn min) 

Figure 3.3. Eflects of fiesh jack pine pollen on radicle lengths of jack pine 
and black spruce germhgs. 



a) Jack pine 

O m 100 
LEVEL OF FRESH JACK PlNE POLLEN 

(multipb of annual polbn min) 

b) Black spruce 

O 90 1w 
LEVEL OF FRESH JACK PlNE POLLEN 

(muhiples of annual polkn min) 

Figure 3.4. Individuai jack pine and black spmce radicle lengths h m  seeds 
genninated in the presence of various levels of fresh jack pine pollen. 



13% (5.4 to 7.6 xndreplicate) (Table 3.3) (Figure 3.3b). or Il to 17% (0.8 to 1.3 
mmlgermling) (data shown on Figure 3-4b). 

There was a non signincant trend of increase in d c l e  length h m  poilen level Ox to lx  or 

10x for both species. For jack pine, the non signifïcant trend represented 2.5 mm of 

additional d c I e  length in each replicate, and 3.5 mmlrepIicate for black spruce fiable 3.3) 

(Figures 3.3a and 3.3b). Based on individual gemilings the increase was 0.9 mm for jack 

pine, and 0.2 mm for black spruce (data shown on Figures 3.4a and 3.4b). 

Signincant reductions in total gennliLlg length (i.e-, hypocotyl plus radicle) were observed 
for jack pine germlings at pollen Ievels 50x and 10x.  These reductions were, 

respectively, 18 and 23% (i.e., 86.7 and 1 14.7 drepl ica te ,  respectively) p a l e  3.3) 

(Figure 3.5a). Total black spruce germlùig length was not afEected by increases in poilen 
levels, although there were non significant increases fiom pollen level Ox to lx  to 10x 
(Figure 3 Sb). 

3.4 Discussion 

Light, temperature and seedbed moisture are wideiy known to affect seed gennination. 

Pollen may also play a role in seed germination of some species. Successful jack pine and 
black spruce seed germination and seedling establishment in scarified soi1 occur after 
broadcast seeding at the end of May through to mid Iune (Brown 1973; Cayford 1961). 

This coïncides with pollen release by many species (e-g., Lee et al 1996a). Jack pine, in 

particular, contributes half or more of the total poilen rain in late May, in the Deep River, 

Ontario region (46'0' N, 77'3' W) (Moore and Nozzolillo 1991). 

Jack pine pollen is known to negatively affect jack phe  and black spnice seed germination, 
in vitro (see Chapter I Q  This is especially the case for speed of germination and radicle 

length at one or more times the annual jack pine poilen rab. However, black spruce seeds 

may benefit fiom low levels of jack pine pollen, in vitro. At l x  and 10x poilen additions 

under sterile in vitro conditions, germination is faster, there are increased number of 
g e d n g s  and longer hypocotyls are produced. 

The in vitro positive effect of low levels (lx to IOx) of polien on black spruce hypocotyl 

length (and other variables) is accompanied by a non significant positive trend on radicle 



a)Jack pine total length 

LEVEL OF FRESH JACK PlNE POLLEN 
(multiples of annual pollen min) 

b)Black spruce total length 

LEVEL OF FRESH JACK PINE POLLEN 
(multiples of annual pollen min) 

Figure 3.5. Effects of fresh jack pine pollen on hypcotyl (upper portion of 
the bars) plus radicle (lower portion of the bars) length of jack pine and black 
spruce germlings. 



length ofboth species when polien is appIied to minera1 soil at those same levels (le.. Ix to 
10x) (Figures 33,3.4). Thus. the negative effect of jack pine polien substances on radicle 
length observed in vitro at aii polien levels m e r  h m  effects on radicle length with seed 

germination on mineral soil. This non significant increase in radicle length may be 
important for seediing establishment. especidy for black spmce. as its characteristic short 
radicle is considered one of the factors confining this species to pennanently moist sites 
(Thomas and Wein 1985). 

On the other hand, the magnitude of jack pine and black spruce radicle reduction by jack 

pine pollen on soii at lûûx normal jack pine pollen rain is comparable to radicle reduction in 

Cussia jalape11si.s brought about by almost six times more Zea nurys pollen/soil quantity 
(Jiménez et al. 1983) than jack pine pollen used in my study. Also, radicle infestation of 
both jack pine and black spruce germlings, at pollen leveis 50x and 100x, has the potential 
to be even more restrictive than the concomitantly occulTing radicle Iength reduction. Also, 
during data collection most of the germiings with infested radicles could be identified 
before rernoval fkom the substrate by partial wiit of the cotyledons, suggesting impairment 
of water absorption by the infested radicle (unpublished data). Tissue infestation can 
prevent, respectively, the estabiishment of 3565% and 20-2546 of the jack pine and black 
spruce germlings that germinate on sites where jack pine pollen accumulates. 

Enhancement of activity and infectivity of pathogenic fun@ by pollen is reported by several 

authors (Borecka et al. 1969; Borecka and MilIikan 1973; Chou and Preece 1968; Fokkerna 
197 1; Warren 1976; W0iatns and Colotelo 1975). Sometimes, pollen can prornote fungal 
infection in the very plant that produced the pollen ( W i a m s  and Colotelo 1975). This 
might explain radicle contamination of both species, as weiI as the higher level of radicle 
infestation of jack pine germlings. Perhaps, soi1 moisture and air hurnidity were elevated in 

the experimental set-up, and, therefore, deaimental to the dry site colonizer, i-e., jack pine, 
as opposed to black spruce, which is known to be adapted to wetter sites (Thomas and 
Wein 1985). 

Apart from the nutrient content of polien, supposedly of a greater importance at a later stage 
of seedling development, pollen hormones could be important to seed germination and 

establishment of seedlings. Based on polien hormonal concentrations of other pine 
species, jack pine pollen min potentidy delivers at least 35 mg of auxinma (Sweet and 
Lewis 1971), 268 pg of gibbereilinsha (Kamienska and Pharis 1975) and 8.5 g of 

Enetidha (Sweet and Lewis 197 1) annually. In pure, young jack pine stands these 



hormone levels might be two to thme tiws higher- However, as no signincant effect on 
seed germination and initial phases of seedhg development is observed in up to lûx pollen 
addition in my midy. the soil complex might somehow neutralize the effect ofmost of the 
growth active substances in polien. 

Microsite variability in jack pine pollen aiFbome deposition obsemd in a mature mixed 
forest in west-central Manitoba (Lce 1997) ranges from 3.4 to 18.9 kg/hayr, and nom 18 
to 28.7 kg/hayr in a pure regenerating jack pine stand. These figures are within the levels 
of jack pine pollen (Ox to LOx = O to 85 kg of pollenha) in which no significant negative 
effect codd be observed on seed gemiiaafïon and g e d g  g r o ~  Although most of the 

forest floor environment receives Iess than 10x normal poilen rain, and therefore is not 
restrictive to seed germination and initial phases of seedhg establishment, it remairis to be 

determined if jack pine poilen is present in certain microsites at levels much higher than 
10x. Also, it should be kept in mind that in a mature, mixed forest, jack pine contributes 
no less than 50% of the annual poiien min, and spruce and hardwoods the other half or less 
(Lee 1997, Lee et al. 1996a, b). Studies involving the whole pollen rain mix might iead to 
development of a mode1 showing cumulative or antagonistic effects-of pollen h m  different 
tree species on seed germination. 



Effêcts of jack pine poiien on jack pine (Phus bmtksiana Lamb.) seedliog growth 
under labotatory conditious 

The boreai forest environment receives a thin layer of poilen grains every year (e.g., 

Brooks 1971; Ho 1991; Moore and Nozzolillo 1991). Among the species with 

anemophilous poilen, puie species, and jack pine (Pinus banks6m Lamb.) in particular in 
west-central Manitoba, are expected to contribute 50-9096 of this pollen min, estimated tu 
be around 8.5 to 24.5 kgiha.yr. T6e a ~ u d  pine pollen min h m  a pure regenerating jack 

pine stand in west-centtal Manitoba represents up to 1.3 x 10'2 poilen graindha (Lee 1997; 

Lee et al- 1996b). 

Certainly, pine pollen is conspicuous in the forest environment, and it is efficient in 

carrying the male gamete into close proximity with its female counterpart. An average of 2- 

3 polien grains may be expected to arrive in each ovule of Pinus sylvestris L. (Sarvas 
1962). Pinus elliottii Engelm. (Bramlett 1981), and Phus radictu D. Don. (LX and Sweet 
1977) seed cones. Fertilization of the egg ceils in these cones results in seed development 
in 90% of the viable ovules (Bramlett 1981). It is estimated that semtinous cones of mature 
jack pine stands contain and store more îhan four million seeddha (Rudolph 1965; Rudolph 
and Laidly 1990). Such seed set numbers suggest need for less than 20 million poilen 
grains to produce seeds, leaving most of the poilen grains as an excess available to other 
components of the b o r d  forest ecosystem. 

Pine polien is rich in nutrients, especiaily nitrogen (approximately 2% of N, by weight) 
(e-g., Lee 1997; Stark 1973; Versfeld and Donald 199 l), as weU as gibberelhs and auxins 
(e-g., Kamienska and Pharis 197 1; Kamienska and Pharis 1975; Sweet and Lewis 197 1). 

Upon deposition, pollen acts on the surrounding environment to enhance microbial activity 
in the needIe fermentation zone (Stark 1973) and on the phyiioplane of host plants (e-g., 

Borecka and Millikan 1973; Fokkema 1971). Stark (1973) observes that Pinus jefieyi 

Grev. & Baif. poilen enhances hingai activity. resulting in increased nutrient cycling rates 
in a Nevada temperate pine forest. Aside from the effects of pollen on microbes, it has 
other roles. For example, Zea mays L. pollen is indicated as a means of weed control by 
Jiménez et ai. (1983). 



Arnong a number of possible pollen interactions with other organisms (see Appendix 1). the 

direct or indirect action of pollen on the early stages of the growth offorest seedlùigs is of 
partïcular interest in my studies. It is possible that pollen deriveci processes are occ- 
in jack pine stands in west-central Manitoba, a region of signincant pollen rain, affecting 

litter accumulation and weed cornpetition. Three common substrate sudaces. excluding 
bare rock and bog peat, are present in the region (Le.. iïchen mat, exposed mineral soil, 
and needie litter) and pollen is present on. and certainly interactive with thern- Greenhouse 
experiments were undertaken with the objective to detemine the effects of jack pine pollen 
deposited on lichen mat, exposed mineral soi1 and needle litter substraîes on jack piae 
seedliogs during their k t  growing season. 

4.2 Methods and matends 

4.2- 1 PoIIen, mineral soil. lichen mat. and pedle litter 

Jack pine pollen coXiection, handling and storage are describeci in the Methods and materials 
section of Chapter II. 

4 

Mineral soii for each experiment was removed nom a single site in the Payuk Lake region 
(54'39' N. 10 1'28' W) and transported to the University of Manitoba. The soi1 was air 
drÏed and sifted to remove Stones and coarse organic materials before use in laboratory 
(greenhouse) experimen ts. 

Lichen mat and needle litter monofiths Cafter Hea and Duchesne 1995). 25 cm wide x 50 
cm long x 10 cm deep, were removed intact nom the forest floor, placed into plastic trays 
and transported nom the Payuk Lake region to laboratones at the University of Manitoba. 

4.2.2 Seed 0- 9nd ,~e_e_dJine P- 

Jack pine seeds used for seedling production in 1997 were fiom the oorthem region. sesd 
zone 4-6, seed lot 532, collection year 94-95. For the 1998 seediings. seed identification 
was 98033403 Pj Repap. In both years, seeds were provided by Manitoba Forestty. 



The seedüngs used in the experiments were grown at the Pineland Forest Nursery in 
Hadashviile, MB in plastic trays of 200 slots (15/16' square at the top by 1 ln" deep each 
slot) (10 cmVsIot). The nursery substrate was peat moss, and the seeds were sown on 
Apriï 15, 1997 and 1998, nspectively. Seedlings were kept under gnenhwse conditions 
until transplantation to pots in late lune. 

Between May 18 and May 25, 1997, 120 pots (25 cm diameter, 19 cm deep) were prepared 
for seedling transpht. First, each one of the pots were med with 4.5 Iiters of sieved soil. 
A 3 cm thick by 24 cm diameter layer of Iichen mat was pIaced on the surface of 40 of these 
pots. These pots were considered the fkst block of the lichen substrate experiment To 
another 40 pots, a covering of mineral soii of around 2 cm was added. These constituted 
the h t  block of the minerai soil substrate expriment. A 4 cm thick by 24 cm diameter 
layer of needle Iitter mat was placed on the remainùig 40 pots, and forrned the first block of 
the needle b e r  substrate experiment These prepared pots remained undisturbed for over a 
month in the greenhouse, and were kept moist by watering every other day. 

Nine seedhgs were transplanted to each pot on June 28,1997, into holes made previousIy 
in the substrate, in a 7 cm x 7 cm grid. Jack pine poiien was added to the pots on July 3, 
1997, by mixing poilen at dfierent levels with 100 ml of reverse osmosis water and 
spreading the slurry on the top layer of the substrate in each pot. Reverse osmosis water 
only was added to the control pots that received no poilen. Pollen levels were estabiished 
to represent Ox (O g poiienlpot), lx (0.042 g poUen/pot), 10x (0.417 g pollen/pot), 50x 

(2.086 g poiien/pot), and lOOx (4.172 g poilenfpot) the average annual jack pine poilen rain 
in the Payuk Lake region (8.5 kg/ha.yr) (Lee 1997, Lee et 01- 1996b). Every pot received 
an average of 130 ml of reverse osmosis water every 3 days, during 1997. 

The experiments were repeated (Le., the second block of each substrate experiment) in 
June 1998. In the 1998 experimental mn the seecfiings were watered with an average of 
2 15 ml of reverse osmosis water every four to five days. 

The pots were randomized within each substrate type at the beginning of the experiments, 
and re-randomized every two to three weeks. 



No artsciai light was appiied to the seediings, and direct sunlight was attenuated by a 
bamboo screen rolied down over the greenhouse g l a s  roof during most of the time the 

seedlings were kept in the greenhouse. Mean maximum and minimum temperatures 
recorded for each month in the greenhouse are shown is Table 4.1. 

Seedlings were harvested on October 20, 1997 (at 157 days age, and 83 days after 
transplanting). and on ûctober 7. 1998 (at 144 days age, and 76 days after transplantuig). 
On harvesting, soil was washed away h m  the seedling mots with tap water. Excess 
water was toweled from the seedlings, and they were stored in paper envelopes at rmm 
temperature untii rneasurements were made. 

The mot coiIar, characterized as a slight S-shaped protuberance at the junction between 
radicle and hypocotyl, usually at the point of germination at ground level (Anonymous - 

1983), was used as the reference point for measurernent of seedling diameter and height, 
and the point where the seedling, just d e r  diameter measurement, was cut hto two 

separate pieces (root and shoot) for biomass determination. Seedling diameter was 
measured at 50 tirnes magnification. Seedling height (Le., the length h m  the root coilar to 
the base of the apical bud) was measured by means of a plastic d e r ,  and rounded to the 

nearest millimeter. Shoot length and root coliar diameter rneasurements were completed 
within a week of harvesting. 

After 24 hr in a forced air circulation ove% at 80 OC, seedling root and shoot dry mass were 
determined gravimetricaliy using an electronic balance accurate to one thousandth of a 

gram. Biomass measurements were completed by the middie of November of each year. 

4.2.6 Expriment4 desien and data anaivsis 

Greenhouse experiments were conducted in a block design (years as biocks and labeled as  

B) for each substrate type, with eight repücateslblock for each one of the five pollen levels 
(labeled PL) (Ox, lx, LOx, SOx, and 100x) (raw data sets, means and standard errocs are 
shown in Appendices W, VIII and M). These pollen levels cover critical pollen level 
values, such as controi (Ox), normal pollen rain (lx), pollen level in which pollen is 



Table 4.1. Mean maximum and minimum temperatures recorded for each month in the 
greenhouse during the p e n d  of the expriment 

1997 1998 

June NA* NA 11.9 "C 30.0 "C 

J ~ Y  NA NA 13-4 OC 33.3 "C 

August NA NA 13.4 "C 33.6 OC 

September 8.4 OC 25.0 OC 9.8 OC 30.9 OC 

October 10.3 OC** 23.0 OC** 13-1 O C * * *  26.0 O C * * *  

'NA = Not AvailabIc * * h m  On 1 to Oct, 19,1997 ***Fmm Oct 1 to On, 6.1998 



expected to be optimum to fimgal activity in the substrate (10x) (Stadr 1972; Stark 1973). 
and bïgh levels of pollen (50x and 100~). These high pollen levels may not be conmon in 
the forest environment, but gives an indication of seedling response in unexpectedly high 
pollen levels. 

DataDesk@ 4.1 soflware (Veiieman 1992) was used to perfomi analyses of variance 
(ANOVAs) (Snedecor and Cochran 1967; Underwood 1998) on data of each substrate 
experiment, as shown in Table 4.2. PL was considered a fixed factor, and B a -dom 
factor. Mean square of the interaction between PL x B was pooled with the error mean 
square when the interaction showed a significance Ievel 93-25 (Underwood 1997). 

Resuits of the pooled analyses axe seen in Appendix X 

Log transformation (bue 10) was applied to the seedbg diameter, height, shoot dry mass, 

root dry mass, and shoot plus mot dry mass variables (Mead 1988) (see comrnents on log 
transformation in the previous chapter). The opposite transformation (Le., 1M) was used 

on each transformed mean to derive original means. Pnot to log transformation, diameter, 
height and mass were expressed in mmlmeasured seedling or mg/measured seediiag. 

Signifkance levels (p) of 1046,5%, and 1 % in the F test are indicated by one, two or three 
asterisks, respectively. Significance level in the h a s t  Significmt Difference (LSD) test 
(Snedecor and Cochran 1967) refers to the least pronounced individuai pairwise 
comparison betareen means with p 4 . 1 0  (see commena on significance levels in Chapter 
. According to these authors. some restrictions apply to LSD test (see comments on this 

multiple comparison test in the previous chapters). However, this test was used as an 
additional twl for data interpretation, complementing the M A  procedure, the use of 
numerical information h m  tables, and the visual display of data in graphs. 

The standard error of each pollen level mean, calculated after p o h g  the two blocks 
together, was estimated by d~(~ollen Level x Block )Mean Squaref 161, or by d(~oo1ed 
Error Mean Squarell6) when the Pollen level x Block and Error Mean Squares were pooled 
together. The standard error of each pollen level mean in either block 1 or block 2 was 
estimated by 'J(Error Mean Square/8) (Underwood 1997). These estimates were used in 
the LSD test. 



Table 4.2. Designs of the ANOVAs of fksh jack pine pollen effects on jack pine 
seedlings after the first growing season under greenhouse conditions. 

Source of Degrees of F F divisor 
Freedom n>F) Variation after mean sauare ~oo l ine  - - 

Pollen level (PL) 4 PL xB MS* Pmled Error MS 
BIock (B) 1 Error MS Pooled Enor MS 
PLxB 4 Error MS 

70, or 74 after MS poline Error 
To ta1 
*MS- Mean Squah 

79 



No formal analyses were performed on the number of swiv ing  seedlingdpot, as 
numerical variation could be observeci in ody  twelve plots, out of the total of240 pots over 
the blocks and substrates. hdusion in the ANOVA of data that present no quantitative 
variation results in a pooled variance that is too low and not suitable for treatment 
comparisons (Mead 1988). However, mean values for this variable are available in the 
Results section together with tte traasformed means of the variables on which analysis of 

variance and multiple test comparisons were pedormed. 

4.3 Results 

Analysis performed by NorWest Labs indicated the following nutrient contents in the soil 
used in the experiments: < 1 pprn nitrate N, 3 0  ppm of phosphate P, 45 ppm K, 2 pprn 
sulphate S. 303 pprn Ca, 17 pprn Na, 30 pprn Mg, 84 pprn Fe, 0.7 pprn Cu, 7.2 pprn Zn, 

0.8 pprn B, 7.8 pprn Mn, and 2 pprn Cl. Soi1 pH was 5.6, the organic matter content 
1.6%, and the total cation exchange capacity 8.05 meq/lûûg. 

Generally, pollen levels signincantly affeçted seedlings growing on lichen and mineral soi1 
substrates (Table 4.3). Over the thrce substrates, the mean number of  surviving 
seedlings/pot ranged nom 8.38 to 9.0, out of nine seedlings transplanted to each pot at the 

beginning cf the growing season (Tables 4.4 to 4.6). Although pollen levels and blocks 
interacted over aU variables in mineral soil substrate, and over height in the lichen substrate. 
1 considered that the general trends were quite similar for al l  variables in both blocks 
(Tables 4.4 and 4.5) (e-g.. Figure 4.la, b, c). For this reason, the graphs in Figures 4.2- 
4.4 were plotted with the 2-block pooled means for each pollen level. 

Two-block means for diameter, shoot dry mass and shoot plus root dry mass of seedling 
grown in lichen substrate with nomal (lx) poilen additions were, in general, higher than 
the means at levels Ox and 10x flable 4.4) (Figures 4.2 to 4.4). Mer re-transformation to 

the original scde, diameter means were (mmkedling) 1.20 at Ox poilen additions, 1.28 at 
lx polien additions, and 1.25 at 10x poilen additions. Shoot dry mass means were, 
respectively, 265.5,306.9 and 289.1 mglseedling at Ox, lx and 10x pollen additions, and 
shoot plus rw t  dry mass means (mglseediing) were 391.7 at Ox, 438.5 at lx, and 414.0 at 

IOx. This represented a 6% increase in diameter, 16% in shoot dry mas, and 12% in 



Table 4.3. ANOVA~ resuits o f h h  jack pine polien effects on jack pine seedlings after 

Variable Factors 

Diameter 
Pdbn kvsl (PL) - (B) 

PLxB 
Enor 

-- 

Height 
P o i ~  lavel (PL) 

el- (BI 
PLx6 
Error 

-- -- - - - -  -- 

Shoot dry 
m a s  Polien bvef (Pt) 

Block (BI 
PCx8 
Emr 

Root dry 
mass Polien kvel (PL) 

sr- (6) 
PîxB 
Enor 

Shoot plus Roo t 
dry m a s  Pollen lever (PL) 

B w c  (BI 
PLxB 
Error 

ldt - 
OF - 
4 
1 
4 

7 0  - 
4 
1 
4 

7 0  - 
4 
1 
4 

7 0  - 
4 
1 
4 

7 0  - 
4 
1 
4 

7 0  - 
n ot 

prrenhouse COI 

T 



Table 4.4. L S D ~  test of frrsh jack pine pollen effefts on jack pine seedluigs after the 

Variable 

Number of 
surviving 

seedlings per 
replicate 

2 

Diameter 

Height 

Shoot dry 
mass 

Root dry 
mass 

3 

Shoot plus Root 
dry m a s  

1 Least Signifiant Di 

Block 1 

Blod<2 

60th blocks 

Block 1 

Block 2 

Both blocks 

Block 1 

B h k  2 

Both blocks 

Block 1 

Block 2 

Both blocks 

Lever of pollen 
Ox l x  1 Ox 5ox 1 oox 

appiïed on log transformed mmns @og(mmlseedling) or iog (mglreedling)]. 
2 No LSD test was performed on th& variabie. 
3 No LSD tes was performeâ on this variable. althou* F irr sign&ant abr  pod i  PLr 6 and Error MS (me &p- X). 
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Variable Block 

Number of 
surviving 

seedlings per 
replicate 

2 

Diameter 

Block 1 

Block 2 

Block 1 

Bock 2 

Height 
Block 1 

Block 2 

-- - 

Shoot dry 
m a s  

- 

Block 1 

Block 2 

Root dry 
mass Block 1 

Block 2 

Shoot pius Root 
dry mass Block 1 

Block 2 

erence (LSD) at applied on log tansfomied data [bg(mmimedling) or log(mglseediing)], 

Table 4.5. 
b t  growing 

2 No LSD test was 

L S D ~  test of fksh jack pine pollen effects on jack pine seedliags after the 
seasoc on minerai mil substrate. 

Level of pollen 

m. 

I 

I 

e 

I 

I 

I 

lifi 
amlied on this 

Ox 1 x 1 Ox 50x 1 oox 

variable, 



Variable 

Number of 
surviving 

seedlings per 
rapt icate 

2 

Blodc 1 

Bladt 2 

Both blocks 

Height 

3 

- - 

Block 1 

Block 2 

Both blocks 

Shoot dry 
mass 

3 

Table 4.6. LSD' test of fksh jack pine poilen effects on jack pine seedlings after the k t  

Block 1 

Block 2 

60th blocks 

- 

Root dry 
mass 

3 

- - 

Block 1 

Block 2 

90th blocks 

on needIe litter 

m m  

m. . 

m 

I 

Shoot plus Root 
dry mass 

substrate- 
Level of pollen 

Ox l x  10x Sox 100x 

m. 

m 

I 

.1 

Block 1 

Block 2 

Both bloclts 

I I  . 

- -- 
Oifference (GD) test was applied on means lrom the needle îîîer suktate experirnent. 

2 Means are expressad in a number of suMving sedlingsipot baus 
3 Means are expressed as log (rnmlseedling) or Iog (mglseedîing), 

I 

- 



LEVEL OF JACK PlNE POLLEN 
(multipîeso(annuilpoYmnln) 

a) Diameter b) Shoot dry mass c) Shoot plus root dry mass 

LEVEL OF JACK PlNE POLLEN 
(-W-f-polkn-) 

lm 

LEVEL OF JACK PlNE POLLEN 
(-pk."f-pol«iM) 

I 

Figure 4.1. Effects of fresh jack pine pollen on diameter, shoot dry mass and shoot plus mot dry mass of one-season old 
jack pine seedlings, in two blocks (circles of different sizes) from the mineral soi1 substrate expriment. 

I 
O 50 lw O lw O 



LEVEL OF JACK PlNE POLLEN 
(multipk. of annual poikn min) 

Figure 43. Effects of fkesh jack pine pollen on diameter of one-season old 
jack pine seedlings grown on lichen (squares), minerd soi1 (circles) or neede 
litter (triangles) substrates. 



LEVEL OF JACK PlNE POLLEN 
(multiples of annual pollen min) 

Figure 4.3. Effects of fksh jack pine poilen on shoot dry mass of one-season 
old jack pine seedlings grown on lichen (squares), mineral soi1 (cûcles) or 
needle Litter (triangles) substrates. 



LEVEL OF JACK PlNE POLLEN 
(multiples of annual polkn min) 

Figure 4.4. Effects of fiesh jack pine poilen on shoot plus mot dry mass of 
one-season old jack pine seedlings grown on lichen (squares), minerai soi1 
(circles) or needle litter (triangles) substrates. 



shoot plus root dry m a s  h.om pollen levels Ox to lx. and decnases of296 in diameter, 6% 

in shoot dry mas, and 6% in shoot plus mot dry mass h m  pokn levels Ix to 10x. 

Two-block means for diameter, shoot dry mass and shoot plus root dry mass mean of 

seedlings grown in lichen substrate (Table 4.4) were hîgher at 50x and Iûûx poilen 

additions than the values observed at Ix normal pollen. After re-transformation to the 

original scale, diameter means (dseedling) were 1.28 at lx pollen additions, 1.29 at 5Ox 

polien additions, and 1.37 at lOOx pollen additions (Figure 4.2). Shoot dry mass means at 
lx, 50x and lOOx pollen additions were, respectively, 3069.3 19.2 and 357.3 mglseedling 

Figure 4.3), and shoot plus rmt  dry mass means were, respectively, 438.5,457.1 and 

510.5 mg/seediing (Figure 4.4). This represented increases of 7% in diameter, 16% in 

shoot dry mass and 16% in shoot plus rwt dcy mass h m  pollen levels lx to 1OOx. 

Similarly for seedlings grown in mineral soi1 substrate (Table 4.9, hm-block means for 

diameter (mdseedling) were 1.05 at Ox pollen additions, 1.14 at lx pollen additions, and 

1 .O7 at 10x pollen additions (Figure 4.2). For shoot dry mas,  means at Ox, 1x and 10x 

pollen levels wert, respectively, 154.5, 173.4 and 169.8 rng/seedling (Figure 4.3). and for 

shoot plus root dry mass the means were 296.5, 320.6 and 320.6 mgkeedling, 

respectively (Figure 4.4). This represented increases of, respectively, 9% in diameter, 

12% in shoot dry mass and 8% in shoot plus mot dry mass, f3om polien levels O r  to lx, 

and decreases of 7,2 and 0% respectively, in diameter, shoot dry mass and shoot plus root 

dry mass, fiom polien levels Lx to LOx. 

In mineral soil substrate (Table 4.3, two-block means (mmlseedling) for diameter were 

1-14 at 1 x poilen additions, 1.16 at 50x pollen additions, and 1.16 at 1OOx pollen additions 
(Figure 4.2). For shoot dry mas,  means at the same poilen levels were, respectively, 

173.4, 183.2 and 2 13.3 mglseedling (Figure 4.3). and for shoot plus root dry mass the 

means were, respectively, 320.6, 345.9 and 401.8 mglseedling (Figure 4.4). This 
represented increases of 2% in diameter, 23% in shoot dry mass and 25% in shoot plus 

root dry mass, from pollen levels lx  to 100x. 

ANOVA results (Table 4.3) generaiiy showed a non signifcant eEect of pollen levels on 

seedling growing on needle litter substrate. However, the values of mean diameter, shoot 

dry mass and shoot plus root dry mass means (Table 4.6) showed a generai trend of lower 

means at pollen levels lx, 10x and 50x, resulting in an asymmetric U-shaped seedling 



response to jack pine pollen. The lowest point for each of the t h  variables cocre~ponded 

to means at lx poilen addition Figures 4.2-4-4) 

The general response of jack pine seedüngs to increashg jack pine polien levels is positive 
when polien is added to lichen or minerai soil substrates. Jack pine seedlings respond to 
various levek of chernicai fertilization (Cairn6 et al, 1993), type and chernical characteristics 
of growth media (Govindaraju 1988), soi1 temperature (Heainger and White L974), and to 

many other factors (Fisher 1979; Langlois et al. 1983; Wïïght et al. 1992) (see Table 1.4 in 

Chapter I). For example, the diameter of jack pine seedlings treated with 9 to 18 

mg/seedling of N, P and RE, growing in a 2:l peat-vemYculite substrate, is increased by 

- 16% by the end of the £ k t  growing season, while height is not signincantly affected by 
N. P, K fertilization ( C M  et al. 1993). Aiso, after one-growing-season, jack pine 

seedlings of four families on four substrates differ in diameter by a maximum of 57% 
(fiom a mean diameter of 1.19 mrn/seedling- in a peat and sand substrate at pH= 6.00 to 

1.87 mmkedling in a peat and perlit substrate at pH= 4.52). 

Pine polien is known to be rich in nutrients (e-g., Lewis et al. 1985; Maggs 1985). A gram 

of jack pine polien contains 20.1 mg of N, 2 9  mg of P, 8.4 mg of K, and other nutrients 
as weii (Lee 1997; Lee et al. 1996b). From the normal pollen rain level (lx) to lOOx 

addition of pollen the amounts of these nutrients range fiom 4.09 to 9.30 mg/seedliBg, for 

nitrogen; from 0.014 to 1.35 mglseedling, for phosphoms; and from 0.039 to 3.92 

mgkeedling. for potassium. Poilen nitrogen addition at level l OOx is on the same order as 
the basic nitrogen addition used by Calmé et al. (1993) in their experiments. Increases in 

jack pine diameter due to polien additions (100~) to the lichen or mineral soil substrates, as 
high as 16% are in the same order of magnitude as the increases in jack pine diameter 

produced by the levels of N. P. K additions reported by Calmé et al. (1993). Diameter 

differences among the three substrates (up to 34%) from my expenments are also 

comparable to the 57% Merence in jack pine diameter seen over four different substrates 
by Govindaraju (1988). Increases in seedling total biomass from poiien additions to the 

Lichen or mineral soi1 substrates. as high as 12% with lx jack pine poiien level addition 

(Table 4.4) or as high as 45% with lOOx pollen addition (Table 4.5). suggest that pollen 

may act as an effective a fertilizing agent as N, P, K additions. As nitrogen is one of the 

most lirniting nuvients in soil, nitrogen addition from pollen may contribute to the general 



positive r q o n s e  of jack pine seedluigs to increasing jack pine pollen levels applied in my 
s tudy . 

Aiternaüvely. and perhaps additionaiiy to the nutritional component of pollen. jack pine 
seedling growth pattern in Iichen and mineral soii resembles a hormonal-like response to 
substances nom pollen at l x  addition. In those substrates, there is a relatively sharp 
increase in seedling diameter, shoot dry mass and shoot plus root dry mass h m  no pollen 
addition (Ox) to normal pollen addition (lx), foliowed by a decrease fiom pollen level Ox to 

10x. Pine p o k n  is known to be rich in hormones (Ivonis 1969; Kamienska and P h e s  
197 1 ; Kamienska and Pharis 1975; Larionova et al, 1977; Michalski 1967; Sweet and 

Lewis 1971). Based on the hormonal composition of poiien of other pine species, 42 mg 
of jack pine pollen (te., the amount of pollen added to the substrate in each pot in my 
experiments to simulate the no- lx-annuai jack pine pollen min) might provide 1.3 x 10- 

3 pg of gibberellic acid-Ue substances (Kamienska and Pharis 1975), and perhaps up to 

1.75 x 10' pg of one of the five auxins detected in pine pollen by Sweet and Lewis (197 1). 

Assuming the poilen effect on seedlings exposed to l x  pollen additions to be a resuit of 
homon& action, it is interesting that seedling growth rcsponses are not negative at higher 
Ievels (50x and 1OOx) in iichen and mineral substrates. Nutritional factors might 
predominate at higher pollen levels, as nutrient added to the substrates in pollen are 
sufnciently high to promote jack pine seedling growth (Calmé et al. 1993). 

Two lichen species, cl ad^ srellaris (Opiz) Brodo and C. rangifenm &.) Nyl., are known 

to reduce jack pine seedling growth over a period of 17 to 52 weeks (Fisher 1979). Lichen 
muIch negatively affects jack pine seedling growthPin a sand substrate of pH 5.1 and 

organic carbon content of 1.89, when cornpared with growth in a peat mulch washed into 
the saad medium. Lichen mulch reduces shoot dry mass in 17-week old seedlings to 0.28 

mg, as cornpared to 0.53 mgkeedluig in the peat moss mulch control. Reductions in the 

biomass of the root system can also be observed. Cladina ground covers reduce the 

growth of jack pine seediings, probabiy due to impairment of root system development, 
and reduction in N aad P uptake by the seedlings (Fisher 1979). 

In my study, lichen substrate did not seem to limit the growth of jack pine seedlings. 
Seedling means in diameter, shoot dry m a s  and shot plus rwt dry mass on the lichen 
substrate were higher than the equivalent means on rninerai substrate. These differences in 

totd seediing rlry mass may have been due to the use of Lichen mulch removed from the 



field (Fisher 1979), versus the use of 'intact' monoiiths of soi1 with a supposedly active 
lichen mat, in my study. 

The pattern of jack pine seedling growth nsponse on neede litter with increasing additions 

of jack pine pollen is a decrease fkom polkn level Ox to lx. a gradua1 recovery h m  pollen 

levels lx  to 50x and the retum to previous Ox mean levels at pollen addition 100x. A 

possible explanation for this seedling growth pattern might involve the immobilization of 
litter nutrients and the deactivation of polien substances by the wide range of micmbial 

functional groups present in needle Litter (Miiiar 1974). Also, the high water holding 

capacity of needle litter that favors microbiai activity (Dickinson 1974) and results in 

generdy rapid Sestation and breakdown of pollen with immobilization of nutrients. and 
the duration (one growing season) of my experiment are other factors that may contribute to 

the decrease in seedling response at poilen level lx. 

Indeed, pollen of severai species is known to stimulate fimgal growth morecka et al. 1969; 

Borecka and Millikan 1973; Chou and Preece 1968; Fokkema 1971; Stark 1972; Stark 
1973; Warren 1972% b; Warren 1976; Williams and Colotelo 1975). Pollen effect on 

fungi may be nutritional, as suggested by Fokkema (1971) and Stark (1973), or it may also 
be hormonal as suggested by Borecka et al. (1969), Borecka and Millikan (1973) and 
Warren (1976). 

Aiso, Pinus jefieyi p o k n  enhances microorganism activity in the litter fermentation zone 

(Stark 1972; Stark 1973). Microorganisms intercept substances from pollen and 
temporariiy immobilize pollen and Litter nutrients during litter decomposition. A buiid up of 

available nutrients in the substrate is expected h m  both enhanced Iitter decomposition and 
the decrease in microorganism populations to 'normal' levels at the end of the favorable 

p e n d  of decomposition. However, these extra nutrients are most WreIy to be available for 

seedling growth in the following growing season- Ln my study, seedlings grown in needle 

Iitter pots that receive no polien addition perform initiaily better than the seedlings grown in 
needle litter pots receiving polien. Were my seedlings grown for another year with poliea 

additions, they may weli be expected to grow taller and heavier than the seedlings in pots 
receiving no polien additions. This added growth, in part, would result fiom the pool of 

nutrients remaining in the soil after the preceding decomposition seasm. 

Thus, the pattern of one-season old jack pine seedling response to jack pine pollen 

additions on the needle litter substrate, observed in my study. shows the same general 



positive response of two-year oid Pinus jmeyi seedhgs to P. j m i  poilen additions to 

needle Litter substrate of Ox, 10x and IOOx the 3 kg/hayr pollen rab for this pine species, 
reported by Stark (1973). Furthermore, the pattern of seedlùig growth h m  my study 
complements Stark's wodc The detected a n d  of- in seedling growth at lx pollen 
level, seen in my work, suggests that the micmorganism population from needle litter is 
somehow aected by the normal pollen rain. Differences in the duration of the experimnts 
and the suggested cumulative effect of pollen on iitter decomposition and nutrient cycling 
make it possible to conclude that pollen may have a positive long-term effect on seedling 
growth in needle Litter, as weii as an immediate effect on seedling growth on Iichen and 
minera1 soil substrates. 



Effects of jack pine pollen on jack pine (Pmur bmrkiciana Lamb.) seedling growth 

under field conditions 

Pines annually produce millions of poilen grains per hectare. There are an estimated 1.3 x 

1012 pollen graindha produced in young regenerating jack pine (Pinus bmubsiann: Lamb.) 
stands in west-central Manitoba (Lee 1997). It is thought that the production of such large 
numbers of pollen grains insiues seed production by pine species. hdeed, an average of 

1.9 to 2.5 pine pollen grains are encountered in each ovule of Pinui sylvestris L. (Sarvas 

1962), P. elliottii Engelm. (Bramlett 1981). or P. radiata D. Don. (Lill and Sweet 1977) 
seed cones. Such numben of pollen grains in the ovules result in seed development in 
90% of the viable ovules (Bramlett 198 1). 

More than four million seeddha (Rudolph 1965; Rudolph and Laidly 1990) may be stored 
in serotinous cones in a mature jack pine stand. Assuming as 90% pohation eficiency in 

jack pine from appcoximately two poilen grains per ovule chamber, less than 30 million 
pollen grains are required to produce that number of seeds. After the reproductive 
requirements, there remain more than 1.2 x 10'2 pollen grains per hectare. Thus, 
practicaily aiI the produced pollen grains with their nutrient cantents (e-g., Doskey and 
Ugoagwu 1992; Lee 1997: Stark 1973) and active growth substances (e-g-, Ivonis 1969; 
Kamienska and Pharis 1975; Sweet and Lewis 197 1) are made availabIe to other forest 
ecosystem processes. 

Generaily, pollen affects seed production. leaf chlorophyil, growth of gemiinating 
seedlings, and stem growth. Free pollen fiom one species may reduce seed set of other 
species (Kaochan and Iayachandra 1980; Murphy and Aarssen 1995a, b). Poilen from a 
weed species, Parîheniwn hysterophorus L.. is known to decrease the chïorophyli content 
of leaves of Phereolus vulgaris L. plants (Kanchan and Iayachandra 1980)- Zea moys L. 
pollen, in quantities of 10 to 200 mg per Petri dish, diminishes the growth of radicles and 

hypocotyis of Cassia jalapensis (Britton) Lundell. and Citrullus kmatus (Thunb.) 
Matsumura and Nakai (Jiménez et al. 1983; Ortega et ai. L988). Cell elongation and, 
hence, longer stems are repocted (Mitchell and Whitehead 1941) for young Phaseolus sp. 
seedlings treated with Zeo m y s  pollen extract 



Seedling growth of various species is h s o  affected by the presence of poilen on the 

substmte. Zea muys poiien mixed into soil (0.7 g in 120 g of soil) reduces Cassia 
jalapensis radide p w t h  by up to 54% after 20 days of germination in sterilized soil 
(Jiménez et al. 1983). Radicle growth reduction in unsteriiîzed soi1 with the same LeveL of 
polien addition is 28%. Potted Pinus jefieyi Giev. & Balf. seedlings grown for two 
years in needle Litter on mineral soil are taller and heavier with application of P. jeffreyi 

poilen equivalent to 30 to 300 kgha (Stark 1972; Stark 1973). Stark suggests that P. 

jefieyi poiien rain acts indirectiy, through enhanced microorganism activity and litter 
decomposition, to promote seedlIng and me growch- 

Jack pine pollen seems to be richer in such nutrients as nitrogen than P h  jmeyi  pollen 
(Lee 1997; Stark 1972; Stark 1973). The annuai jack pine pollen rain, in west-ceotral 
Manitoba, is thne to nine times greater than the pollen rain h m  P. jeffeyi, in Nevada. 
Possibly, the annual jack pine poilen rain has an equal or p a t e r  effect on the growth of 
seedlings of the species and the seedlings of other species than detected for P. jefleyr' . 
Thus, in my study, thrce experiments were conducted under field conditions, to determine 
the effect of several levels of pollen on jack p i w  seedling growth during the finit growing 
season on lichen, mineral soi1 and needle litter substrates. 

5.2 Methods i d  materiais 

5.2.1 Site descri~tions a pollen 

Two experimental sites (A and B) were chosen as representatives of the three general 
substrates surfaces present in the region (Le., lichen, mineral soil, and needle Iitter 
substrates). Site A was located south of the Twin Lakes access road (Figure 5.1, site A), 

outside of an AC transmission line right-of-way that cross the study area The second site 
(B) was on the noah side of the Payuk Lake access road (Figure 1, site B). 

Site A was characterized by scattered jack pine individuals. seedlings and adults, and 
clumps of ArctostaphyIos uva-ursi (L.) Spreng. in a dense C l d m  spp. dominated. herb 
layer. The nutrient content in the top 15 cm of the mineral portion in the lichen dominated 
site was determined to be: <1 pprn nitrate N, >60 pprn of phosphate P. 48 pprn K, 7 pprn 
sulphate S, 210 pprn Ca, 12 pprn Na, 24 pprn Mg, 80 pprn Fe, 0.6 pprn Cu, 5.7 ppm Zn, 





0.5 ppm B, 4.6 ppm Mn, and 2 ppm Cl. The soil pH was 5.6, the organic matter content 

was 1.696 and the total exchange capacity was 6.82 meq/lOog. 

Experimental plots in site B were located at a position 50 m on the south-west side of an 

abandoned grave1 pit The expetimental site and the area around it had been clear cut five 
years previously. Major woody species in the regenerating clear cut jack pine ridge site 
included jack pine, Picea glauca (Moench.) Voss., Pupufur balsamifera L. Mill- and P, 
tremulocdes Michx. Arctos;aphylos ma-ursi and Vaccinüun vitis-i&ea L. were common 
as low shnibs. No appreciable Living iichen or moss layer was seen in the site, however 
dead materid of these organisms on the sdace of the mineral soil was common. Nutrients 
in the top 15 cm of the mineral portion of the soil included: (1 pprn nitrate N, %û pprn of 

phosphate P. 45 pprn K, 2 pprn sulphate S. 303 pprn Ca, 17 pprn Na, 30 pprn Mg, 84 ppm 
Fe, 0.7 pprn Cu, 7.2 pprn Zn, 0.8 pprn B, 7.8 pprn Mn, and 2 ppm Cl. The soil pH was 
5.6, the organic mattet content was 1.6%, and the total cation exchange capacity was 8.05 

meq/lûûg. 

Jack pine polien colIection, handling and storage are d e s c n i  in the Methods and materials 
section of Chapter IL 

5.2.2 Preparatio~ pf gx-perimenta plots 

Experiniental plots were estabiished in an undisturbed Lichen mat (site A). No cleaning or 
perturbation occwed prior to the two seedling plantings in 1997 and 1998. The plots of 

the lichen substrate expriment were placed where the soil was at least 15 cm deep, by 

probing the soit depth with a steel nail, pnor to the set up of the expeNnent. 

Prior to transplanting seedlings into the grave1 pit plots (site B), contiguous areas were 
cleaned of debns, roots, shnibs and regenerating trees afier the period of forest tree 

anthesis. Bouldea were removed when detected during systematic spading of the mineral 
soil to a 25 cm depth. Subsequent to cleaning and spading, and prior to seedling 

transplanting. freshiy cut rnonoliths (Hem and Duchesne 1995) of needle iitter from the 
floor of a nearby mature jack pine stand were placed side by side on half of the cleaned 

area. These plots were coosideced to be representative of needle litter substrate. The other 
half of the cleaned area was lefi bue and taken to represent mineral soil plots. Site 

cleaning, spading and plot monolith provision were undertaken in each of two years during 
the course, 1997 and 1998, of my experiments. 



5.2.3 Seedling md field ûansnlanting 

For details on seedling sources and transplanting the reader may wish to consult sections 
4.2.2 and 4.2.3, in the previous chapter. 

The 1997 plots measured 49 cm by 49 cm, in which 49, 2-month-old seedlings were 

transplanted to them (lune 19 to 22,1997). on a 7 by 7 seedüng grid, spaced 7 cm between 
and within rows. At the time of transplanting soil moisture fiom rainfd was deemed 
sufficient for the seedhgs and no watering occurred. The 1998 plots measured 28 cm by 

49 cm, in which 28,2-month-old seedlings were transpIanted to them (June 12 to June 14, 

1998), on a 7 by 7 seedling grid, spaced 7 cm between and within rows. Due to dry 

conditions, the 1998 plantings were waîered with untreated weU water. 

The first two blocks (fkom 1997) of the minerd soi1 substrate and needle litter substrate 
field experiments were protected by a garden wire fence. No fence protection was 
provided to the lichen mat substrate experiment, nor to the last two blocks (1998) in the 
minera1 and needle litter substrace experhents. 

- - 
5.2.4 Pollen applrcations 

Pollen quantities added as a slurry in 250 ml of weii water, to the 49 cm by 49 cm field 
plots (1997) were O mg for plots with no pollen addition, and 2.041 g, 10.204 g, and 
20.409 g for plots receiving the equivaient of 10, 50 and 100 times, respectively, the 
annual jack pine pollen rain. For the 28 cm by 49 cm plots (1998), polien additions, as a 
sluny in 500 ml weli water, were O g, 1.166 g, 5.831 g and 11.662 g for plots supplied 
with the equivalent of 0, 10, 50 and 100 times, respectively. the annual jack pine pollen 
rain. Two-week old pollen, with around 6% moishire content, was provided to the 
seedlings of both blocks in each year, two to five &ys afier seeùling transplanting. 

5.2.5 Seedling harvesting, -, a measurement characteristics 

Seedlings were harvested in early October, 1997 and late September, 1998. In the 1997 

harvest, surviving seedlings from two of the 5 imer rows (always the same inner rows) of 
each plot were harvested, while in 1998 the surviving seedlings from the two inner rows 
were collected. Each harvested seedling was washed with water and dried on paper 



towehg. Cleaned seedlings were stored at room temperature prior to measmments of 
seedling diameter, shoot length. shoot biomass, anci root biomass. Seedüng diameter at the 

root collar was measured using a dissecthg microscope at 50X magnification and an 
eyepiece micrometer. Seedling height was detennined by unaided eye using a plastic d e r  
with milIimeter divisions. Height was taken to m from the root coiiar to the base of the 

apical bud. After drying for 24 hr at 80 OC. mot and shoot dry masses were detennined 
gravimetricaily using an electronic balance (Mettier PE 360 Delta Range) accurate to one 
thousandth of a gram. 

Many seedlings were browsed (e.g., by snow shoe hare), particdarly in the unfenced plots 
of 1998. Browsing o c c ~ d  in the minera1 soil and needie liner substrate experiments and 

not in the lichen mat experiment. Seedling height and biornass are reduced f i e r  grazing 

and it seemed reasonable to correct each plot value by a multiplication factor 5 1 .  By 
factoring in the browsed and non-browsed seedüngs in each plot, general estimates of the f 
factor for height and biomass correction, derïved from the fonnula f= mean of the non- 
browsed seedlings divided by the mean of the browsed seedlings, were possible from the 

1998 results on mineral soil and needle litter. (The procedure to estimate the f factor can be 
exemplified using data nom AppendU W. In the left haif of that appendix there are 4 

columns headed 'Number of browsed shootdplot', 'Number of non-browsed shootdplot', 
Height of browsed shoots - mmlplot', and 'Height of non-browsed shoots - rnrdpiot'. 
The four columns totals are, respectively, Tl = 95, T2 = 657. T3 = 2907, and Tq = 30703. 
Then, the correction factor for height, considered as the correction value for biomass 
variables as well, in the mineral soil substrate is estimated by the formula (Tq I T2) / 
(T31T1) = 1.527.) This value for mineral soii was approximated to 1.5. Similady for 

height and biomass corrections in needie litter. the f value was approximated to 1.3. The 
approximated f values for diameter are f= 0.95 and f= 0.92, respectively for the mineral 

soii and needle iitter substrate experiments (see footnote in Appendix MI for examples of 
application of the f correction to plot values). 

5.2.6 Experimenta d e s w  md data andvsis 

The field experiment on each substrate type was set in a block (B) design (two blocks for 
each of the two years), with 10 randomized replicates/bIock for each one of the four pollen 
levet (PL) additions (Ox, LOx, 50x, and lûûx) (raw data sets, means and standard errors 
are shown in Appendixes XI, XII, and Xm). The natural pollen rain may be considered 
and added to the pollen artifciaiiy added to plots, resulting in poilen levels of Lx, 1 lx. 51 



and lOlx the annual jack pine pollen min. However, poilen leveis are refemd throughout 
this chapter as the actuai pollen addition to each pIot 

In order to improve the power of the F test for the PL factor, the mean square of the 
interaction between PL and B was pooled with the error mean square when the interaction 
showed a significance level p>0-25 (Wnderwood 1997). The data from each substrate 
{corrected by the f factor in the case of the mineral soi1 and needle Litter substrate 
experiments) were analyzed separately, according to the ANOVA mode1 (Snedecor and 
Cochran 1967; Underwood 1997) in Table 5-1, where PL was considered a fixed factor, 
and B a random factor (the reader may wish to see the uncorrected ANOVAs for the data 

h m  the mineral soil and n d e  litter expeanients in Appendix XIV). 

No anaiysis of variance and multiple comparison test were pedormed on the variable 
number of surviving seedlings, as the inclusion in the ANOVA of data that present no 
quantitative variation results in a pooled variance that is too low and not suitable for 
treatment cornparisons (Mead 1988). Log (base 10) transformation was used on diameter, 
height, shoot dry mass, mot dry mass, and shoot plus rmt dry mass (Mead 1988) before 
analyses of variance (see cornments on the use of log transformaton in Chapter III). Prior 
to log transformation, diameter and height variables were expressed as mm/surviving 
seedling, and biornass variabIes were seen as mg/surviving seedling. 

Significance levels (p) of 10%,5% and 1% in the F test are indicated by one, two or three 
asterisks, respectively. Significance level in the Least Significant Difference (LSD) test 
(Snedecor and Cochran 1967) refers to the least pronounced individual pairwise 
comparison between means with Iy0.10 (see comments on signif~cance level in Chapter 

Some restrictions apply to the LSD test (see commentsi on this multiple comparison test 
in the previous chapters). However, this test was used as an additional tool for data 
interpretation, complementing the ANOVA procedure, the use of numerical information 
from tables, and the visual display of data in graphs. 

The standard error of each pollen level mean caiculated over the four blocks considered 
together was estimated by d[(~olIen Level x Block) Mean Square/40], fiom the regular 
ANOVA. or by d(~ooied E m r  Mean Square/40), when the Pollen Level x Block and the 

Error Mean Squares are pooled If it would be necessary to estimate the standard error of 
each pollen level mean in each one of the four blocks. it would be estimated by d(~rror 
mean Square/ 10). 



Table 5.1. Designs of the ANOVAs of the effects of jack pine pollen levels on the 
growth of jack pine seedlings, under field conditions. 

- - - -  

Source of MaximumDegrees F F 
Variation of Freedo@O r m~an square ming 

Polien level (PL) 3 PLxB MS* PooIed Enor MS 
Block (B) 3 Error MS Pooled Error MS 
PLxB 9 Error MS 

Total . MS= Mean Square 
159 



The mean number of surviving jack pine seedlingdplot was higher on minerai soi1 than on 
Iichen and needle litter substrates, at any polien level flable 5.1). Approximately 90% of 
the seedlings nansplanted to the field in mid June remained alive at the end of the growing 
season on minera1 soil, 80% on lichen substrate, and 70% on neede litter substrate- 

ANOVA (TabIe 5.2) shows that there was no significant PL x B interaction for al l  

variables, except for diameter and mot dry mass (pcû.10) on Jichen substrate. In contrast, 
there was a signifïcant (generaiiy p 4 . 0  1) block e&ct for aü variables, except for shoot 
dry mass on needle litter. On lichen substrate poilen level effects, taken independently of 
blocks, were not signincant for any of the measured seedling growth characteristics. On 
mineral soil substrate, poilen level effect was sigriincant for seedling height (p43.05). 
shoot dry mass (p<0.01), and shoot plus root dry mass (p<0.05). On needle litter 
substrate, polien level effect was significant (p<0.05) for height -and shoot dry mass. 
However, after pooling PL x B and error mean squares in the cases when PL x B 
interaction significance level was p0.25  (Le., aii the ANOVAs from mineral soi1 and 

needle litter subs trates) (Table 5.3). poilen levels significantly affected height, shoot dry 
mas,  root dry mass, and shoot plus root dry mass on mineral soil, while on needle litter 
substrate pollen level was not significant- 

The significant PL x B interactions on lichen subsmte were the result of the negative 
response of jack pine seedling diarneter and root dry mass to increasing pollen levels in 

blocks 1 and 2, which contrasts with the positive response in blocks three and four. After 
re-transformation to the onginal scale, diameter and root dry mass means at polien level 
lOOx were. in general, significantiy lower than means at pollen level Ox, in blocks 1 and 2. 
For example, seedling diameter at polien level lûûx was up to 0.05 mm lower (Figure 
5.2a) and root dry mass was up to 14.3 mg lighter (Figure 5.2b) than in pollen level Ox. In 
contrast, in bloclcs 3 and 4, diarneter and root dry mass means at pollen level lOOx were 
higher than means at pollen level Ox. At polien level lOOx diameter was up to 0.05 mm 
thicker (Figure 5.2a) and mot &y m a s  was up to 8 mg heavier (Figure 5.2b) than at pollen 
level Ox. Simüar trends were also observed for the other measured seedling characteristics. 
although to a Lesser extent, 



Table 5.2. Number of surviving* jack pine seedlingdplot after one growing season on 
three different substrates 

Mineral soi1 1 9 9.3 9.1 

Substrate 

Needle litter 1 6.9 7 6.8 6-8 1 6-9 
* surviving seediings, out of the 10 collecteci seedlingdplot at the end of the first growing season- 

Pollen level 
Ox 1 Ox 50x 1 OOx 

Substrate 
average 



Table 5.3. ANOVAI results of fresh jack pine pollen effects on jack pine seedlings after the first growing season under field 
conditions. 

Variable 

Diameter 

- 

Helght 

Shoot dry 
maSS 

Root dry 
mass 

Shoot plus root 
dry mass 

1 Data were cortecte 
ami anaîyzed, 

Lichen substrate 
Faclors OF (2) MS F 

Pollen level (PL) 3 0.000751 0.58 
Block (B) 3 0,004559 6.77"' 
FLxB 9 0,001 304 1.94' 
Error 144 0.000673 

Pollen level (PL) 3 0,001 73 0,88 
Blmk (8) 3 0,156195 105,9"" 
PLxB 9 0.001 965 1.33 
Error 144 0,001 475 

Pollen level (PL) 3 0,008493 2 
Block (B) 3 0,042072 12.8**' 
PL x B 9 0,004246 1.3 
Erroi 144 0,003278 

Polen level (PL) 3 0,015149 0.23 
%ck (6) 3 0,443915 1 10.6"' 
FLxB 9 0,006681 1,66' 
Error 144 0,004015 

Pollen level (PL) 3 0,003858 0,84 
B b k  (8) 3 0.1 €823 1 56.8'"' 
PLRB 9 0,00461 3 1,56 
Error 144 0,002962 

by the number of browsed seedlingdplot, log transformed [ 

uîineral soi1 substrate 
M3 F 

Jeedle litter substrate 
m F 

2 There were three 'missing' plols in the lichen subslrate expriment, and Ae actuel Error DF for the lkhen substrale etcperiment ls141, 





On mineral soil substrate, height, shoot dry mass. root dry mass, and shoot plus mot dry 
mass means at pollen level Ox were signincantly lower than means at pollen levels 50x, 
100x, and, specincally for mot dry mass, it was ais0 lower than the mean at poiien level 
10x (Table 5.4 and TabIe 5.5). Mean height increased mm 38.7 to 39.7 to 41.1 to 41.5 

mdseediing, xespectively for pollen levels Ox, 10x, 50x and lOOx (Figure 5.3a). Shoot 
dry mass averaged 175.8, 182.0. 197.7 and 204.2 mgkeedling, respectively at poiien 

levels Ox, 10x, 50x and 100~. Root dry mass Ox mean was 118.3 mgfseedling. This 
mean was significantly (p4.06) lower than the mglseedling means 141.6 at 10x pollen 
level, 146.2 at SOx, and 142.6 at LOOx (Figure 5.3~). Shoot plus mot dry mass increased 
from 309.0 mg/seedling at ûx to 33 1.9 at 10x to 354.3 at 50x to 357.3 at Iûûx (Figure 

5.3d). For this seedlùig characteristic these responses represented a non signifi.cant 
increase in seedliag biomass by approximately 7% corn pollen leveIs Ox to 10x, and 

sipifkant increases by approximately 15% fkom the Ox pollen level compared with shoot 

plus mot dry m a s  at the 50x or lOOx pollen levels. 

Although non sipnincant, as indicated by the ANOVA (Table 5.3). on needle litter there 

was a trend of positive pollen effect on seedling variables, in general. 

5.4 Discussion 

In my study, response of jack pine seedlings to pollen additions may be directly related to 

nutrients derived from poilen, as the soils of the experimenüd sites are deficient in nitrogen. 
Considering the jack pine pollen nutrient composition (Lee 1997) (Table 1.1, Chapter 0, 
pollen additions at levels 50 or lOOx the annual jack pine pollen rain could provide 

approximately 4 to 8 mg nitrogedseedling. Nitrogen available in jack pine polien rain is at 

about the same level as nitrogen levels show to produce a positive growth response in jack 

pine seedling diameter previously (Calmé et ai. 1993). 

As seen in my study, pollen effects on seedling characteristics on lichen substrate differ 

from blocks 1 and 2 (1997) to blocks 3 and 4 (1998). Pollen effects are, in general, 
negative in 1997 and positive in 1998. Probably. many factors are acting simultaneously in 
the lichen substrate. For example, shmb and tree mots were lefi undisturbed at the time of 

seedling transplant. Perhaps, these undisturbed roots differentiaiiy take up nutrient from 

pollen and introduce a source of variation in the growth characteristics dam 



Variable 

Diameter Pollen lever (PL) 3 
Block (B) 3 

PLxB pooled 
Enor 153 - f 

0.003282 
0.338594 

pooled 
0.001 798 

Height Pollen level (PL) 3 
BIock (6) 3 

PLxB pooled 

0.007602 
0.229737 

pooled 

'Shoot dry 
niass 

0,0023t 9 1.32 
0,092443 52.6"' 

pooled 
0.001 759 

0.003296 1-05 
0-1 25543 40-1 "* 

pooled 

Pollen level (PL) 3 0-035538 
Block (B) 3 0.427993 

PL x 6 pooled pooled 
Enor 153 0.017384 

0.023429 0.87 
0.051 918 1-92 

pooled 
0,02707 

Table 5.4. Pooled ANOVAl results of fksh jack pine pollen effects on jack pine 
:the first gmwïnps season un&r fieId conditions- 

Root dry 
mass 

Needle Iiîter substrate 
MS F Factors OF 

0.002489 0-2 
0.1 0845 8-51 "' 
pooled 

0.01 2738 

Mineral soi1 substrate 
Ai6 F 

I 

Pollen îevel (PL) 3 
Block (6) 3 

PLxB pooled 
Enor 153 

Shoot plus root 
dry m a s  

i 

1 Date were conected 

0,070944 
2.90543 
pooled 

0-030766 

- -  - -  - - -- - -- 

Pollen level (PL) 0.034144 
Block (8) 1.09072 

PLxB pooled pooled 
Enor 153 0.0 1 2474 

I I  

i 

I 

I 

by the number of orowsed seedlingslpiot and log transfomed @og(mmlseedling) or kg(mg/seedling)] 

0.01 0086 0.82 
0.060595 4.93"' 

pooled 
0.01 23 

prior 10 analyses. 



Table 55. LSD~ test, comcted for the number of browsed seedIingdpiot, of frcsh jack 
pine polien effects on jack pine seedlings aftet the f h t  pwing season on mineral soil 
substrate. 

Variable 

Number of 
surviving 

seedlingdplot 
2 

Height 

Diameter 

3 

Btock 

4-block 
means 

Pollen tevei 
Ox 1Ox 50x 1 OOx '  

9 9.3 9.1 9 -6 

4-block 
means 

Shoot dry 
mass 

0.1 1 7 9  0 - 1 2 3 2  0-1 393 0.1 264 

Root dry 
m a s  

1 Least Signifiant Difference (LSD) test was perfomed on means ewpressed on a log tranfomed scale 
[log (mrn/seedling[ or log (mg/seedling)]- 
2 No LSD tes was perforrned, and the means are expressed in a number of surviving seedlings/plot. 
3 No LSD was perfotmed, as no significance was detected by the anaîysis of variance. 

4-block 
means 

Shoot plus root 
dry mass 

2.246 2.26 2.296 2.31 
C peO.10 BC A B  A 

4-block 
means 

2,073 2.151 2.1 65 2.154 
B pc0.06 A A A 

4-block 
means 

2-49 2.521 2.55 2.553 
B pc0-O2 A8 A A 



a) Height b) Shoot dry mass 

O s 100 O 9 100 
LNEL OF JACK PINE POLLEN LEWL OF JACK PIN€ POLLEN 
(multipk of a n n d  polkn min) (muftipima of 8nnri.l p o l h  min) 

Root dry mass d) Shoot plus rmt dry mass 

O JD 1Qb 

LEVEL OF JACK PINE POLLEN 
(muhiph of mnii.1 poîkn min) 

3 O m 1Q) 
LEVEL OF JACK PlNE POLLEN 
(multiplu of annual pollen min) 

Figure 5.3. Effects of jack pine pollen on jack pine seedling height, and 
seedhg dry masses of shoot, root, and shoot plus root, after one growing season. 
on minerai soil substmte. 



Before planting seedings on mineral soi1 the substrate was perh~bed, and the natural 
heterogeneity in the soiI environment was reduced. Ob-d increase~ of seedluig height, 
shoot dry mass, root dry mass and shoot plus mot dry mass means h m  pollen levels Ox to 
10x on mineral soil (and on needle litter to a Iesser extent) are higher ihan incnases in 
means from polien levels 10x to 50x and 100x. These trends conform with generaily 
accepted models of plant response tu feciilizer applications (Colweii 1994; Cook 1982). 

Positive seedling growth nsponse to poilen was also reported by Stark (1973). Two-year 
oId potted Pinus jeeyi  seedluigs get talier and heavier with the addition of increasing P. 
jeffeyi polien levels equivalent to LOx or lûûx the annual Ieffrey pine pollen rab of 0.3 

kgha (30 or 300 kgha-yr). At IeveIs up to 10x, pollen enhances the activity of 
microorganisms in the needle litter fermentation zone, and seedling growth thtough 
increase in the rates of litter decomposition and nutrient cycling. Thus. increases observed 
in seedhg parameters at levels higher than pollen levels quivalent to 10x the annual pollen 
rab in my study and in Stark's (1973) work are, perhaps, partly due to pollen nutrients 
fiom poilen made available to, and directly utilized by, seedlings. 

The inclusion of a tme control Ox h h  pollen level in this End of field experiment should 
be included in future work in order to check the effect of the lack of fiesh pollen on 
seedling growth. Greenhouse experiments (Chapter IV of this dissertation) and field 
results suggest that annual jack pine polien rain has the potential to sisnificantiy benefit the 

growth of jack pine seedlings in the field. Certainly this is the case on mineral soils. 



Discussion 

A ~ u a l  pine polien rain has the potential to affect forest development through various 
stages of tree seed germination through to tree maturity. In vitro results in m y  study 
suggest, in generai, that pollen prolongs the time required for seed germination and reduces 
radide length of jack pine and black s p c e  seedlings by at least 20% with poiien 
applications equal to the annual jack pine pouen rain. However, when seeds germinate on 
minerai soil, the negative effect of jack pine polien is lessened and no significant negative 
effat is observed on germioating seed characteristics with pollen applications up to 10x the 
annuai jack pine pollen raie Perhaps, at Ox to 10x additions, compounds and nutrients 
fiom pollen on soil are modined and temporarily immobilized by soil organisms, resulting 
in diminished negative pollen effect on germinathg seeds. 

Positive in vitro response to pollen is shown by black spmce speed of germination and 
gennling hypocotyl length d e r  treatment with poilen steriiized in propylene oxide. This 
resuit may be interpreted in at least two ways: 1) there were fewer microorganisms to 
directly interfere with seed germination or deactivate seed germination promoting 
substances avaiiable from poiien; and 2) the presence of propylene oxide residue in 

sterilued poiien ( k s h  poilen or pollen remains) somehow promotes speed of germination 
and hypocotyl growth. The chemicai composition of propylene oxide is similar to 
propylene, which is known to be an ethylene analog and a weak promoter of seed 
germination. This fact and other evidence h m  the Iiterature, including the knowledge of 

an ethylene precursor in pollen of various species and the formation of ethylene in organic 
soils of spruce forests, indicates the necessity of fiirther study of the role of pollen in 

controlling the distribution of jack pine and black spruce in the naturai environment. 

Slight positive response of jack pine and black spruce seeds germinating on soil exposed to 
jack pine pollen levels up to IOx the annual pollen min mirrocs positive in vitro responses 
to poilen additions observed for some black spnice germling characterïstics. Positive 
germination response on soil may be of ecologicai importance (e.g., slight increase in 
radicle length), especiaily if concomitant with other significant positive effects in advancing 
stages of seedling growth. 



Natural microsite variation in jack pine pollen deposition ranges h m  3.4 to 28.8 kflayr 
(Lee 1997). Ltvels at which jack pine poiien is detrimental to jack pine and black spruce 
seed germination and germling growth on soi1 in my studies are higher than 10x the 
average annual jack pine polien rain (the equivalent of 85 kghayr). Thus, with naairal 
microsite variation in jack pine pollen deposition below the 10x pollen level it is possible to 
conclude that in most sites of my study region pollen has no detrimental effect on the seed 
and ge rdng  characteristics which were studied. However, M e r  studies in polien 
relocation by wind and water movements, as weii as pollen deposition on open areas. are 
necessary in order to detennine if pollen concentrations at the microsite level may exceed 
the 1Ox pollen level anâ, hrefore, affect seed germination and the eariy stages of seedling 

establishment in the boteal forest. For example. points in open sites with exposed mineral 
soil, where no pollen is intercepted by branches or other plant parts, may be subject to 
fiesh poiien concentrations of 50x or more annual poiien rain. The 15930% radicle 
reduction due to levels of jack pine pollen exceedîng 1Ox annual pollen rain is also 
associated with radicle infestation by microorganÏsms in up to 65% of the seedluigs. 
Radicle infestation probably limits water uptake by developing seedhgs, resulting in 
reduced survival and, therefore, seedling implantation. 

It is already known that nutrient additions, genetics and Iight are important factors for jack 
pine seediing development. However, the inclusion of pollen among factors of such 
importance is sornething not often encountered in the fiterature. For example, the jack pine 
pollen component equivalent to m u a i  pollen rain in mixed mature boreal forests may 
significantly increase total seedling dry mass by 1042% in Iichen (Tables 4.2) and in 
mineral soi1 (Table 4.3). under greenhouse conditions. Considering additions of *lmx the 
annual jack pine pollen rain to lichen or mineral soil substrates, seedling biomass is 
increased by 2745% compared to biomass means at Ox. These increases are comparable to 
the effects of heavy nitrogen fertilization on adult jack pine trees (36% wood volume 
increase) (Weetman et al. 1995), or to iïght source effects observed on jack pine seedling 
height Cup to 25%) and shoot dry mass (19 to 85%) (Roberts and Zavitkovski 198 1). 

Further studies on jack pine pollen. as well as total pollen rain (fiom pine, spruce and other 
trees) should be carried out in order to determine further effects of pollen rain on seedling 

growth and forest development. Certainly, the potential role of pollen to stimulate or 
inhibit germling, seedling and juvenile tree growth requires m e r  study. 



6.2 Laboratory and field puits 

Except for the two bIocks in the lichen expehn t ,  the field resuits show the same general 
positive trends observed in greenhouse conditions. Considering that polien added to the 

plots in the field experiments is supplemented with the naturd polien min, then the actual 
poilen level in each field plot is lx, llx. Slx and 101x. Seedling response in the field 
fkorn pollen levels Ix to 1 l x  to 5 1 to IO lx in needle litter substrate resembles response to 
equivaient pollen levels observed for seedlings on neede iitter in the greenhouse (set 
Appendix m. 

On mineral soils in t&e field, no decrease in seedling measmments is observed h m  level 
lx to 1 lx, as generally occumd on minerai soi1 in the greenhouse h m  pollen lx to 10x. 

This difference may be a resdt of field site treatments prior to the pIanting of saedliogs. In 
the spading of the minerd sofi and the removal of organic debris the poilen naturaIiy 
deposited on the ground during pollen rain was buried in a lower soil layer than that 

occupied by the root system of the transplanted seedluigs. If ttue, pollen levels in the field 
plots might be considered as Ox, 10x. 50x. and lOOn With this supposition, seedling 
responses in mineral soil substrate fiom polien levels Ox to 10x, to 50x, to 1OOx may be 

considered very similar under both field and greenhouse conditions (see Appendix XIV). 

6.3 Recommendations fpt fiture studv 

The potential effect of jack pine pollen to act in forest development, such as the 12% 
increase observed in jack pine seedling dry IMSS and the enhancement of black spmce seed 

germination at normal seasonal pollen levels, desenres m e r  analysis and study. Also. 
some of the general areas iisted below might be considered woahy of m e r  research in 

the friture: 

1) pattern of initial and final pollen deposition on the forest flwr and on the surface 
of exposed sites; 

2) hormone content and nature in jack pine pollen; 

3) effect of pollen on soil organisms; 



4) effect of propylene oxide, propylene and ethyIene on jack pine and bIack spruce 
seed germination; 

5) effect of the pollen mix of pine. spnice and other trees on seed germination and 

seedling growth; and 

6) long tem snidies on the cumulative effect of the pollen rain on seedling growth 
and forest devehprnent. 

1) effects of jack pine poilen on Picea glauca (Moench) Voss (white spruce) seed 
germination, germling growth and seediing development; and 

2)  effects of the pollen of various b o r d  plant specics on jack pine seed germination, 
germling growth and scedluig development 
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Additionai inf01mation fkom the Literature 



1 Poilen and its pducts in a environment 

1.1 Poilen interactions with fWi@ othef &sm 

Increased levels of N and P in the litter fermentation zone of temperate forests are 

associated with the annual pollen min. In a Pinus jepeyi  Grev. & BaK forea in Nevada, 
the annual pollen rain totaled 0.6 to 3.0 kghi-  These amounts were considered too low to 
be of direct importance to tree growth. Kowever, pine pollen nuaients (see Tables 1.1 to 

1.3) may be essentid to the Iitter fermentation zone decomposition that occurs during the 
summer in temperate forests (Stark 1972; Stark 1973). The rate of mass loss of k s h  
needle litter is greater, and the number of hyphae in the litter are generally higher, when 

pollen (equivaient to 30 kgha) is present. 

In wet substrates, chytrïds are known to perforate pollen wails and feed on the inner 

content of polien grains (Goldstein 1960; Stark 1972; Stark 1973). Pine pollen grains are 
an especiaily f a v o ~ d  substrats for these zoosporic fun@ (Goldstein 1960). Perforation and 
imer content consumption of poilen grains occur within 30 to 60 days (Goldstein 1960; 

Stark 1973). Pine polien is known to support a number of lignicolous fungi (Hutchison 
and Barron 1997). Pollen grains are in the diet of some soi1 microorganisms, such as 

certain species of Colembola (Harding and Snittart 1974) and earthworms (Walch et al. 

1970). Some rock dwelling oribatids were found to feed aimost exclusively on Alnus 
poiien in the spring (Harding and Stuttard 1974). 

Pollen fiom several species stimulates fungal growth and infectivity by a factor of up to 20 

(Chou and Preece 1968; Warren 1972a, b; Williams and Colotelo 1975). For example, 
pouen from several species influences germination of conidia of a fungus pathogen of 
Secale cereale L. It was shown that poiien fiom host and non-host species stimulates 
germination, but the greatest effect was aiways caused by pollen nom the host species. 

Nutrients (Fokkema 1971), and hormones, such as abscisic acid present in strawberry 
pollen. or other substance present in gladiolus and bent-grass polien (Borecka er al. 1969; 

Borecka and Millikan 1973; Warren 1976) rnay stimulate h g a l  growth and infectivity. 



Fungi are the main agent of pollen degradation. Several fimgal species digest the pollen 
wali, and perforate tiny holes through it. The fungi gets nourishment nom the inner 
content of the pollen grain and leave behind an empty and chemically resistant sheii, 
composed basically by sporopollenin. In Tanu baccata L. poilen grains, after the 
assimilation by hingi of the substances easily absorbed. activity diminishes and fimgal 
hyphae are subsequently destroyed by bacteriai attack (Rohr and Kilbertus 1977). The 
same process occurs with pine poilen grains (Goldstein 1960; Stark 1972; Stark 1973). 

Polien w d  decomposition begins with its oxidaiion. Oxidation may occur when pollen is 
exposure to the air (autoxidation), to some biochemical oxidative matenal produced by 
microorganisms, and especiaiiy to ik (Havinga 1964. 1967). 

Ultrasouad may have a destructive mechanicd effect on pollen grains- Frequencies of 250 
or 500 kc is sometimes necessary to damage some types of poilen grain (Havinga 1967). 

Untreated Pinus radiata D. Don pollen is resistant to uitrasound fkequency of 40 kc at an 
average 60 watt output At an initial rate of 10% damaged grains, it took almost 30 minutes 
to reach the 50% mark of split or broken grains, and 50 minutes to reach the 80% mark. 
Jiménez et al. (1983) found that a 10-minute sonication in water or methylene chloride, in 

an unspecified frequency, extracted enough allelopathic substances fkom Zea mays pollen 

to negatively affect mot and shoot growth of Carsia jalapenFis and of other species. 

1.3 Pine pollen coIIection. roçessiqg and s t o v  

Standard collection of pine poilen involves removal of mature male strobili corn the mes a 
few days before anthesis. Male strobili are subsequently spread on trays, paper or 
cellophane sheets for air drying. M e r  dehiscence, poiien is separated by shaking the 

catkins on a sieve, and the coilected pollen is then transferred to storage containers (Stanley 

and Linskens 1974). Cryoprese~ation at -20 'C may increase in vitro germinabfity and 
pollen tube growth, and pennits long terni storage of living pollen grains (Braggio et al. 
1990). P i n u  taeda L. pollen may be stored in a living condition in a refngerator at 3 OC 
for up to one year if the moistwe content is kept beiow 10%. Optionally. this Low moisture 
(<IO%) IobloIiy pine poiien rnay be successfdy stored for 3 years in tightly closed, half 



filled, 100 ml glass botties, maintained at -20 %. hied Iiving pollen c m  aiso be s t o d  in 
vacuum-sealed ampoules at 3 T for at least 10 yeas (Bramlett and Manhews 199 1). 

Jack pine pollen can be stored in living conditions for up to one year in cotton-stoppered 
vials kept in darkness at room temperahxe at a relative humidlty between 10 and 35%. 
Altematively, jack pine is at 92% viabiüty aAcr one year of storage at 2 'C and a relative 
humidity between 5% and 75% (Johnson 1943). 

2. Seed gerrmnatron . . .  
in Iaboratorv and controlled enviro- 

Under laboratory conditions, the usual substrates used for seed germination are sand,. soi1 
or paper (Edwards 1987). Usually seeds are germinated in Petri dishes (5 or 9 cm 
diameter), which are norrndy sealed with par- to prevent desiccation during the seed 

germination process. Dependhg on seed size and study objectives, 10 to 250 seeds are 
placed in each Petri dish (Anaya et al. 1992; Bradbeer 1988; El-Khatib 1998; Jiménez et al. 

1983: Ortega et al. 1988; Wardle et al. 1991; Wardle et al. 1992: Wardle et al. 1993; 

Zackrisson and Nilsson 1992). 

3. Seed pemiination char acte ris tic^ 

Normally, percent germination, speed of germination, radicle growth. and hypocotyl 
growth are recorded dong 3 weeks of seed germination test (Anaya et al. 1992; Bradbeer 
1988 ; El-Khatib i 998; Jiménez et al. 1983: Ortega et al. 1988; Wardle et al. 199 1; Wardle 
et al. 1992: Wardle et al. 1993; Zaçlcrisson and Nilsson 1992)- 

Speed of germination is assessed by the speed of germination index (S) (8radbeer 1988), 
caiculated by: 

where Ni stands for the proportion of seeds that germinate on day ni, and ni = 1.2 3. ... N 
days following the set up of the experÏment. Valuesfor S range fiom zero, when no seed 
germinates during the germination test, to 100, when ai i  the seeds germinate on day one of 
the germination test. Intermediate S values may correspond to several sets of Ni and n,. 



Other measures of speed of germination are germination value (GV) index (Czabator 
1962). and germination energy (GE) (Sandberg 1988). The index S is the measure of 
speed of germination used in my study. 

In general, speed of germination and radicle growth are considered to be more affected by 
plant matenals or extracts than is percent germination and hypocotyl p w t h  (Anaya et aL 
1992; Et-Khatib 1998; Ortega et al. 1988; Wardle et al. L99 1; Wardle et al. 1992: WardIe et 

al. 1993; Zackrisson and NÏisson 1992). Faster seed germination is considered to- be a 
&sirable seed characteristic for many agriculniral species (Bradbeer 1988). It has been 
s*,e _ _ -. ---A- - 

shown that increased speed of germination is advantageous for growth and survival of 
seedlings of Acer sp. under broad-leaved forests in Japan (Seiwa 1998)' and white pîne 
(Thomas and Wein 1985). Also, plant substances h m  a species used in bioassays may be 
detrimental to its seed germination or seedling development (Stowe 1979; Warde et al- 
199 1). However, the deaimental effect to the species of origin may be less than the 
detrimental effect to oiher species, resulting in a 'positive net result' (Wardle et al- 1991). 

Stowe (1979) shows the effects of plant extracts fiom seven different species on seed 
germination among the species of extract origin. Autotoxicity is, in many cases, as severe 
as allotoxicity, and al1 the species studied can be shown to have active allelopathic 
substances in bioassays. Types of aiielopathy detected h u g h  the most common types of 
bioassays are not demonstrably effective under field conditions, as the species composition 
and distribution in the field were not codated to the patterns of detected toxicity- 

5 The effect of water potential and hormones pq jack ~ i n e  and black sDruce seed 

germination 

5.1 Osmotic ptentia 

Osmotic effects, primarily dehydration, are known to induce stress responses in plants 
(Slayter 1967). Significant reduction in percent germination, speed of germination and 
radicle length in seeds and seedlings of grass seeàs are due to increasing osmotic potential 



(O to 0.0439 m a )  ( W d e  et al. 1992). They conchded that in bioassays designeci to test 

plant extracts. the eventudy detected effects should not be considered due only to 
allelopathic compounds, but also due ta the osmotic potentials of plant extract 

Under controiled conbitions (20 OC, 16 hr light : 8 hr dark, in Petri dishes). germination of 

jack pine and black spniw seeds is not affected by osmotic pressuns up to 1.2 MPa, but at 

1.6 MPa the number of germinated seeds drops by 40% of the contml at O MPa . The 
estimated mean time to reach 50% of total potentid germination increases fiom 10 to 14 

days, for jack pine, and fkom 10 to 21 days for black spruce, when osmotic pressure is 
increased nom O to 1.2 MPa At 2.0 MPa practicdy no seed germination occurs momas  
and Wein 1985)- 

Ethylene is a plant hormone produced in the tissues near the lateral bucis. Tbis hormone is 
synthesized as a reaction to auxin (Burg and Burg 1966; Raven and Johnson 1992). 
Ethylene participates in many process of plant growth (Abeles et al. 1992), and it stimulates 

the germination of seeds (e.g., Abeles 1986; Abeles and Lonski 1969; Deuber 193 1; Raven 
and Jonhson 1992; Taylorson 1979). 

Exogenous supply of ethylene increases germination of non donnant, soaked lemice seeds 
from less than 20% to close to 60% germination (Abeles and Lonski 1969) . 

Indoleacetic acid (IAA) induces ethylene formation in many plant species (Bug and Burg 

1966). The reduction in growth in length of plant tissues under high Ievels of IAA results 
from high levels of auxin-induced ethylene formation by the tissue. Ethylene changes the 

IAA mediated length cell growth to radial cell growth, which is seen to cause swelhg of 
Pisun sativum L. stem section (Burg and Burg 1966). Aiso, ethylene inhibits lateral 
transport of auxin in P. sativum stem tissue, suggesting the possibility of a feedback 
mechanism in which hormones interacts to control rates of synthesis. 

In germinating seedlings of Vigna rudiata (L.) R Wilczec, var. radiata, (syn. Phaseofus 
radiatus ), ethylene lowers levels of ciiffusible auxins and reduces ceil elongation (Sanichla 
and Shukla 1970). Ethylene drastically reduces cell elongation and fkesh masses of root, 
hypocotyl and epicotyl. It does not &ect dry weight. Seedlings d s o  have a pronounceci 



hypocotyl coihg response. It is thought that the ethylene precunor, ethrel, causes 
asymmetric disaibution of auxin, resulting in locaiized surplus of auxin and consequent 
hypmotyl coiling- 

Ethylene and gibberellin cause opposite effects in plant tissues. Gibbereliin applied 
shultaneously with etbrel acts independently and limits ethrei action in growth extension. 
but not in hypocotyl coiling (Sankhia and Shukla 1970). Ethylene suppresses GA effects 

in lettuce hypocotyl growth, invertase formation in sugar beet. and the initiation of alfa- 

amylase activity in barley endospemi (Scott and Leopold 1967 ). Ethylene is also effective 
in deviating the strong negative effect of high gibberellin concentrations on Piceu d i e s  

(L.) Kant  seed germination (Sandberg 1988). In generaI, ethylene has a high hormonal 
activity, and propylene, an ethylene analog, has about 1% of the activity of ethylene 
(Abeles 1986; Abdes et al. 1992; Burg and Burg 1965; Taylorson 1979). 

Pollen of a number of species contains high levels of the ethylene precursor 1- 
aminocyclopropane- l -carboxilic acid (ACC) (e-g., S tead 1985; Whitehead et al. 1983). In 
Nicotiana tabucum L., cv. White Burley, a mean concentration of 2675 nmol of ACUg of 
pollen is encountered (Hill et al. 1987). Up to 60% of the ACC readily ciifhises from the 

poiien grains. This pollen ACC acts in post-pollination changes to tabacum flowers. 
For example, ethylene nom poiien induces de novo synthesis of ethylene by gynoecial 
tissue. 

Not only does ethylene act in post-pollination plant activity and interact with other 
hormones to affect above ground plant growth, but it also affects below-ground growth 
and activity. Sexstone and Mains (1990) demonstrate high Ievels of ethylene production 
from wet coniferous forest soils. It is known that ethylene causes adverse effects on plant 
root growth Cindberg et al. 1979). 

5.3. Cvtokinin (Kinetin) 

Germination of unstratified Pinus taeda L. seeds is no& improved by high levels (up to 465 
CLM) kinetin (Biswas et al. 1972). However, at 46.5 pM kinetin concentration, pércent 
germination of 2bday stratified seeds rose from 4696, at O M kinetin solution, to 9 L%. 
Speed of germination of stratified P. tae& seeds is aiso improved by kinetin. 



Gibberellias are synthesized în stem and mot apices. These h o m e s  promote celi 
elongation in tissues of mature trees and shmbs. Gibbereiiins also mediate mobilization of 
food reserves during seed germination (Raven and Johnson 1992) 

Exogenous gibberellins have proven to affect seed dormancy and germination of severai 

species. After seed immersion in gibberellin solutions at concentrations h m  0.1 to 500 

ppm, during 2 to 48 hr, Anderson and Widmer (1975), Ballington et al. (976), Biswas et 

al. (1972), Bulard (1985). Dweikat and Lyrene (1989), Raven and Johnson (1992), and 

West et al. (1970) report various effects on seed germination. High doses of giabereb 
result in production of unviable expded embryos (Anderson and Widmer 1975), and a 
decrease in seed germination (e.g., Biswas et al, 1972; Sandberg 1988; Singh 1989). The 

growth of the embryonic root of apple is aiso negatively affected by high Ievels of 

gibbereh (B dard 1985). 

Effects of exogenous gibbereUin applied to seeds are counienrted by other hormones, such 
as abscisic acid (e-g., Bulard 1985) or ethylene (Sandberg 1988). This suggests that the 

germination process results fkom a dynamic balance of hormones rather than the action of 
one specinc hormone alone Khan 1975). 

Seed ~ t r a ~ c a t i o n  affects the levels of endogenous hormones. Ginkgo biloba L. embryos 

of s tratifïed seeds contain 100 times more extractable GA than embryos of uns tratifiied 

seeds. Germination numbers of unstratifïed G. biloba seeds immersed for 40 hr in a 120 

ppm GA3 solution (0.346 CLM) are the same as for stratified seeds germinated under the 

same conditions (West et al. 1970). The authors suggest that the role of gibberellin on 

Ginkgo biloba seed germination may be similas to its role on seed germination of many 
gras species, although Ginkgo biloba seeds has no aleurone layer or mie endosperm. 

Pinus tae& seeds require stratif~cation for proper germination. Unstratified seeds are littie 
affected by the application of gibbeteiiin (GA,), and percent germination ranges h m  20% 
(control) to a maximum of 309, after soaking for 1 hr in a 288.6 p M  GA3 solution. 
However, after 1 hr soakuig in a 288.6 plbl GA, solution, percent germination of 21-day 

stratified seeds increases from 46% to 96%. Speed of germination of stratified seeds is 

also positively affected by exogenous gibbereiiin (Biswas et al. 1972). 



Unstratified and stratified (4 OC, 21 to 63 &YS) P i n u  mnticota Dougl. ex D. Don seeds. 

germùiated at 18-20 'Cl24 hr iight and soaked in a solution of (1 mg kinetin + 500 mg 
GA3)/liter for 24 hr. followed by soaluig in 35% (wlv) hydrogen peroxide for 1.5 hr, 
perfonned differently. Germination of unstratlfied seeds increased h m  65- 14.5%. at 18- 
20 OC. to 53% in both temperatures, after the h o m e  treatment. The simiiarly treaied 42- 

day stratified seeds increase in germination from 38-2046, at 18-20 'C. to 7483% 
germination, at 18-20 OC, after the hormone treatment (Pitel and Wang (1985). 

Effects of IAA, BA, GA1, GA3, G&, G&, kinetin, and ethrel (accordhg to Abeles et al. 

1992.2 chIoroethyIphosphonic acid) on P h u ~  sytvestrtr L- seed germination are recorded 
(Sandberg 1988). Increases of 5 to 10% in the number of seeds germinating and 
germination energy (GE) in pine seeds, after 1 hr soaking, occurs in some sensitive seed 
lots as a response to Iow concentrations (100 CiM) of GA9. In general, gibbetellins 

increase GE by up to 5%, but percent germination is reduced (Sandberg 1988). 

No positive effect on percent germination of Piceu obies seeds is detected after one hr 
soaking in auxin. GA, khetin or etephone solutions under vacuum. However, some Picea 

seed lots respond positively to GAP, GAuf andlor etephone with increases of 5 to 10% in 
GE. Germination energy is particularly increased by GA, (Sandberg 1988). By interaction 
of GA, or G A ,  with etephone GE fuaher increases by 5% Sandberg 1988). Picea 

srnithiana (Wail.) Boiss. seeds soaked in 120 to 2888 pM GA3 solutions for 24 to 72 hr 
are increased in percent germination by 20% (Singh 1989), which contrasted with no 
increase in Picea d i e s  percent germination in similar conditions (Sandberg 1988). 

# 

Experimentai materials, including filter paper and pollen, is sterilized by overnight 
exposure to 1 ml of propylene oxidelliter in a closed vessel. Prior to use, the sterilized 
matenai should be weii aerated to ailow volatiLization of propylene oxide (Johnston and 
Booth 1983). 

Seeds and microorganisrns exposed for 24 hr to high doses (400 mwter of container) of 
propylene oùde are killed. Even at lower (200 mgIliter of container) propylene oxide 
doses, seed @dey) germination may be negatively affected, aside from the fact that the 



seed microflora is not kUed and the seed surfaces are not sterilized -hna et ai. 

199 1). 



APPENDIX II 

Levels and sources of unsterilued jack pine pollen substances, 
and per replicate number of germlings, 

hypocotyl length and radicle length 



Raw data from the experiment of jack pine and black spnice in vitro seed germination in unsterilized Petri dishes 
JACK PINE DATA SET- 

Source Number of Jack pine jack pine 
of jack plne hypocotyf radicle 

Pollen pollen germlings/plot length length 
level* subst, mm/plot rnmlplot 

1= FPb* 10 192 87 

20 1 9 167 03 
In multiples of annual jack pine pollen rain. 

~LACKSPRUCE DATA SET 
Source Number of Black spruce Bleck spwce 

of black spruce hypocotyl radicle 
Pollen pollen germllngslplot length length 
levelb subst. rnrnlplot mmlplot 

1 1 10 160 82 

T F =  fwsh pollen; SR= sonbted remalns; A€= agueous extract; NP= m, pollen, 



Source ~umber of Jack pine jack plne 
of jack pine hypocotyl radicle 

Pollen pollen germlingslplot length length 
level* subst. mmfplot mmlplot 

2= SR*' 10 232 154 

20 2 9 213 57 
ln muiüples of ennual )ack pine pollen rain. 

of black spruce hypocotyl radlcle 
PoHen pollen germlingslplot length length 
levelc subst . rnmlplot mmlplot 

1 2 7 103 4 1 

"FP= Iceah pollen; SR= sonicated remains: AE= aqueous extract; NP= no pollen, 



of jack pine h ypocoty l radicle 
Pollen pollen germlingslplot length length 
level' subst, mrnlplot mmlplot 

1 3= A€'* 9 216 222 

of black spruce hypocotyl radlde 
Pollen pollen gerrnlings/plot length length 
levela subd. mmlplot mmlplot 

1 3 9 129 60 

20 3 10 220 114 
" i n  multiples of annual jack pine pollen rain, 

CONTINUED: JACK PlNE DATA SET 
Source Number of Jack pine jack pine 

*W= fresh pollen; SR= sonkateci rernalns; A€= aqueous eWIraCf; NP= no pollen. 

CONïINUED: BUCK SPRUCE DATA SFT 
Source Number of Black spruce Black spruce 

I 

1 



CONTINUED: JACK PlNE DATA SET COIVINUED: BLACK SPRUCE DATA Si3 
Source Number of Jack phe jack pine 1 Source Number of Black spnrce Bfack spruce 

of jack pine hypocotyf of black spruce hypocotyl radkle 1 Pollen Pollen pollen germllngslplot length length pollen germllngs/plol length length 

O O 5 115 82 
O O 10 234 237 
O O 10 258 179 
O O 9 199 173 
O O 9 21 1 234 
O O 1 O 267 24 1 
O O 10 218 170 
O O 10 234 162 
O O 10 243 210 

a In multiples of annual jack plne pollen raln, 
"FP= fresh pollen; SR= sonlcated remalns; AE= aqueous extract; NP= n 

level' subst. rnmlplot mmlplot 
O O= NP'. 10 231 119 

1 pollen, 

level' subst, mmlplot mmlpfot 
O O 8 119 65 





Levels and sources of sterilized jack pine pollen substances, and per 
replicate speed of jack pine seed gennhation, number of germlings, 

hypocotyl length and radicle length 



Number of 
Source Speed Numbei of germlings H ypocot yl Radicle 

Pollen of pollen of germlingsl with damaged length length 
level' sibst. Block aermln. - d o t  - radicte - mm/Plot mmhlol 

1= FP'" 17,s 9 O 160 66 

Data for JACK PtNE in vitro seed germination under sterilized conditions. 

I 

"FP= ire& pollen; SR=-sonkated pollen nmlns; A€= aqwous extract; NP= no pollen; M= misslng pbt. 

20 O rn 9.76 6 3 72 3 1 
* In multiples of ennual jack oine pollen rein. 

Number of 
Source Speed Number of gerrnlings Hypocolyl Radide 

Pollen of pollen of germlingsl wilh damaged length length 
level' subst. B W  ~rermin. n lot radkte mml~ lo t  mml~ lo t  

14.67 9 O 100 78 



Continued: Data for JACK PlNE in vitro seed germination under sterilized conditions. - 
Number of 

Source Speed Number of germlings Hypocotyl Radkle 
Pollen of pollen of germlingsl with damaged length length 

20 2 . 4.78 3 3 14 3 
a In multiples of ennual jack ptne potkn ratn. 

Nurnber of 
Source Speed Number of gerrnllngs Hypocolyl Radide 

'ollen of pollen of germtingsl with darnaged length length 
levela subst. Block aemin. d o t  radkle mml~lot  mml~ lot  

"FP= fresh polien; SR=-sonkated pollen remains; AE= aqueous extract; NP= no polkn; M= missing plot, 



Continued: Data for JACK PlNE in vitro seed germination under sterilized conditions. 
Number of 1 Number of 

Source Speed Number 01 germlings Hypocotyl FIadicîe 
Pollen of pollen of germlingsl with damaged length length 
level' subst. Block aermin. plot radicle mm/~lot  mm/~ la  

1 3= A€" 1 20,42 10 O 206 159 
1 3 1 13.61 7 O 115 99 
1 3 1 11.76 6 O 100 127 
1 3 1 14,74 9 O 145 92 
1 3 1 18,Ol 9 O 182 149 
1 3 1 18.17 9 O 182 1 09 
1 3 1 17.63 10 O 149 115 
1 3 1 20.1 10 O 192 163 
1 3 1 138 9 O 1 08 73 
1 3 1 14.17 7 O 158 145 

10 3 1 19.63 10 O 171 80 
10 3 1 15,69 9 O 143 7 1 
10 3 1 11.63 7 O 104 49 
10 3 1 16,87 9 O 156 60 
10 3 1 13.7 7 O 115 70 

C1 
W 

10 3 1 19,22 9 O 161 120 
w 10 3 1 18.35 9 1 154 112 

1 O 3 1 10,43 5 O I l7  72 
10 3 1 15.26 8 O 127 84 
10 3 1 17.58 9 O 184 87 
20 3 1 16.58 8 O 144 105 
20 3 1 14.77 8 O 119 58 
20 3 1 14S 8 1 129 5 1 
20 3 1 15.29 10 2 141 56 
20 3 1 18,2 9 1 165 113 
20 3 1 17.26 9 O 176 127 
20 3 1 18 9 O 161 92 
20 3 1 16.51 9 O 159 48 
20 3 1 18.36 O O 174 86 
20 3 1 16.62 9 O 156 62 

In multiples of annual jack pine pollen rein, 
"fP= fresh pollen; SR= sonkated pollen temains; AE= aqueous ewlract; NP= no 

Source Speed Nurnber ot gerrnlings Hypocotyl Radlde 
Pollen of pollen of germlingsl wilh damaged length length 
level' subst. Bkck aermin. do1 radkle mm/~lot  mm/olot 

1 3 2 15.43 9 O 113 57 
1 3 2 13.36 9 O 86 63 
1 3 2 11.41 7 O 5 1 3 3 
1 3 2 15.11 9 O 112 95 

1 3 2 12.61 9 O 78 36 
1 3 2 17,93 10 O 118 55 

1 1  3 2 15.68 8 1 138 117 
1 3 2 13S6 8 O 94 60 
1 3 2 10.45 7 O 6 1 28 
1 3 2 7.12 5 1 38 2 2 

1 10 3 2 11,S 6 O 88 28 
10 3 2 6,W 5 4 29 7 
10 3 2 13.67 8 O 59 
IO 3 2 13.12 8 O 100 69 
10 3 2 10.36 7 3 51 2 1 
10 3 2 13,1 9 3 105 37 
10 3 2 13,33 7 O 113 138 

1 10 3 2 4,27 4 2 9 4 
10 3 2 10.75 6 3 76 3 1 
10 3 2 16.08 0 O 106 123 
20 3 2 12.74 1 O 6 5 3 8 
20 3 2 l t , S 1  6 O 1 04 52 
20 3 2 14,18 8 2 112 38 
20 3 2 12.21 0 7 66 7 
20 3 2 16.99 O 1 116 26 
20 3 2 14.91 9 3 1 07 3 1 
20 3 2 11.93 7 1 87 34 
20 3 2 0.12 8 4 48 8 
20 3 2 7.4 6 4 3 1 6 

, 20 3 2 13.21 7 3 94 60 



Continued: Data for JACK PlNE in vitro seed germination under sterilized conditions. 
Number of 1 Number of 

Source Speed Number of germlings Hypocotyl Radkie 
Pollen of pollen of germllngsl wilh damaged tength length 
level' subst. b c k  aermin.  lot radicle m m / ~ l o l  rnrnl~lot 
O O= NP" 1 16,67 9 O 157 1 08 
O O 1 21.42 10 O 186 220 
O O 1 17,29 9 O 154 138 
O O 1 17.18 9 O 186 209 
O O 1 16,45 9 O 202 159 
O O 1 M' 8 O 166 155 
O O 1 19.5 10 O 1 90 177 
0 O 1 1 1 3  7 O 119 93 
O O 1 18.1 10 O 162 110 
O O 1 15.24 9 O 121 7 1 

In multiples of annual jack pine pollen rain. 
O0FP= fresh pollen; SR= sonbted pollen remalns; AE= aqueous extract; NP= no 1 

Source Speed Number of germllngs Hypocotyl Radlde 
Pollen of pollen of germlingsl with damaged length length 
level* subst. Block aemin.  lot radkle rnml~lot  mm/~ lo t  
O O 2 10.38 8 O 68 50 
O O 2 13,6 6 O 137 115 
O O 2 14.18 7 O 103 117 
O O 8 O 140 120 2 10.5 
O 0 2 17.33 8 1 131 158 
O O 2 12.03 7 O 83 54 
O O 2 16.08 8 O 129 118 
O O 2 16,68 8 O 135 137 
O O 2 14.66 8 O 110 113 
O O 2 19.33 10 O 185 160 

dlen; M= mlsslng plot, 





APPENDIX IV 

Levels and sources of sterilized jack pine pollen substances, and per 
replicate speed of black spnice seed germination, number of germlings, 

hypocotyl length and radicle length 



Data for BLACK SPRUCE irt vitro seed germination under sterilized conditions. 
Number Number of 

Source Speed of germlings Hypocotyl Radide 
Pollen of pollen 01 germlingsl w l  ûamaged length length 
level' subst. Block gerrnin. plot radiclestplot mm/plot mmfplol 

1 1=FPW 2 13.19 9 4 74 17 

20 1 2 3.68 3 3 11 O 
'In multiples ot annual jack pine pollen rain 

Number Number of 
Source Speed of germlings Hypocotyl FWkk 

Pollen of pollen of germtlngst w/ damaged length length 
tevel* subst. Block gerrnin. plot radicleslplot mmlplot mmlplot 

3 12,93 7 1 87 41 

- 6.71 7 M ' 10 8 

"FP= h&h pollen; SR= sorkated remains; A€= aquews extract; NP= no pollen. 



sterilized conditions. 
Number Number of 

Source Speed of germlings Hypocotyl Radicle 
Pollen of pollen of germlings/ with damaged lsngth length 
levela subst. Block germin. - plot- radicles/pÏot mm/plot mm/plo 

1 2=SWe 2 571 5 3 23 7 

- - - - - - - - 

Number Number of 
Source Speed of germllngs Hypocotyl RacWcle 

'ollen of pollen of gerniOngs/ with darnaged length length 
level* subst, Black germin. plot radlcles/plot mm/plot mm/plot 

1 2 3 14.76 8 O 93 32 

"FP= fresh pollen; SR= sonkated rerneins; AE= aqueous extraci; NP= no pollen. 



Continued: Data for BLACK SPRUCE in vitro seed ~emination under sterilized conditions. 
Number Number of 

Source Speed of germlings Hypocotyt Radlcle 
Pollen of poilen of germlingsl with damaged length length 
level* subst. Block germin. plot radicleslptot mm/plot mm/plo 

1 3= AE*' 2 4,48 4 1 20 6 

Number Number of 
Source Speed of germllnga Hypocot yt Radicle 

Pollen of pollen of germllngsl with damaged length l e~g th  
level* subst, BI& ~ermln, plot radIcles/plot mm/plot mrntplot 

1 3 3 15.5 8 1 110 46 

-FP= frish pollen; SR= mnicatd remains; AE= apwous exîcacî; NP= no pollen. 



Continued: Data for BLACK SPRUCE in vitro seed germination under sterilized conditions, 
Nurnber ~umber of 

Y 

Source Speed of germlings Hypocotyl Radide 
Pollen of pollen of germlingsl with damaged length length 

Number Number of 
Source Speed of germlings Hypocotyl Radcle 

Pollen of pollen of germlingsl wlth damaged length length 

O O 2 2.65 3 2 10 3 1 
'In multiples of annuel jack pine pollen rain 
*'FP= fresh pollen; SR= sonkateâ rernalns; AE= aqueous entract; NP= no pollen, 

level' subst. Block germln. plot radicleslplot mmlplot mmtplot 
O O= NP'* 2 2,85 3 O 12 4 

level' subst. Block germin, plot radicles/plot mmlplot mm/plot 
O O 3 9.83 6 O 58 30 





APPENDIX V 

Levels of jack pine poîlen appiied to the soil, and per replicate numbers of 
seeds, germlings, and germlings with infested radicles, hypocotyl length 

and radicle length 







COMlNUED JACK PlNE DATA 
Nurnber of 

Number of germllngs Hypocotyl Radicle 
Pollen Number ot germllngsl wlth intested Iength length 
levels' Blocks seedslptot plot radicleslplot mrnlplot mmlplot 

10 7 10 10 O 279 248 

100 10 10 9 5 247 166 
'Pollen levels in muHiples of the annual jack pine pollen raln. 

CONnNUm BUCK SPRUCE DATA 
Number of 

Number of germlings Hypocotyl Radicle 
Pollen Number of gerrnlingsl wilh infested length length 
levels' Blocks seedslplot plot radlcleslplot mmlplot rnmlplot 
10 7 9 8 O 137 6 1 



Mean and standard e m ~  (SE) of several characteristics of jack pim and black spruce seed 
germination on soil. 

Number of 
germlings per 

replicate 

Number of 
germlings 

with 
infested 

fadicles per 
replicate 

Hypocotyl 
length 

mm/replicate 

Radide 
length 

mmfreplicate 

Hypocotyl 
plus radicfe 

length 
mmfreplicate 

Level of fresh pollen 
Speads Ox lx  1 Or SOx lOOx 

-- - 

Jack pine 0 (0) 0 (0) O-40(0.22) 3-40(0.47) 6.55(0-35) 

Br- spruce* O (0) o.or(o.oi) 0.0.2(0.01) O-ai(o-os) 0-26(0-04> 

- --- - -- - - 

Jack pine 272,4(4-5) 258.8(4,1) 266-3(3.0) 2,44.3(8.4) 242-t(9.9) 

Biack spruce 150.5(6.9) 149.8(6.8) 147.9(5.5) l49.2(6-l) l48.5(4.2) 

- - -- - - - p.- - - - 

Jack pine 222.5(5.5) 221.7(5.6) 225.5(5.8) 168.3(8-3) 1 47.4(10.6) 

Black spruce 62.2(2,6) 63,4(2,9) 66-l(3.2) 57,0(2.5) 54.1 (1 -9) 

Jack pine 494.8(8-1) 480.5(8.3) 491 A(8-1) 41 2.6(15.1) 390.0(18-7) 

Black spnice 21 2,?(9.O) 213-1 (9.3) 2 1  3.9(8-4) 206.2(7.B) 202.6(5.1) 

I as proportions of the number of seeds in each replicate. 



ANOVA results of jack pine pollen effects on black spruce seed 
germination on mineral soil, corrected by the number of seeddreplicate 



Hypocotyl 
length 

Ra- 
length 

ANOVA resdts of jack pine pollen effkcts on black spruce seed germination on mineral 
soi& corrected by the number ofsecds/replicate. 

H ~ ~ O C O ~ ~ I  p r ~ s  
radicle length 

VariaMe 

Pollen levef (PL) 4 
Block (B) 9 

PLxB 36 
Error 50 

Factor OF 

Pollen level (PL) 4 
Block (8) 9 

PLx B 36 
Error 50 

Pollen level (PL) 4 
Block (B) 9 

PLXB 36 
Emr 50  



Levels of jack pine pollen application to lichen substnite, and per pot jack 
pine seedling diameter, height, shoot dry mass and mot dry mass under 

greenhouse conditions 



Pollen survlvlng measured Diameter" Helght dry welght dry welghl 
levels* Biocks seedlingl seediingl total1 mm/ mg/ mg/ 

DO 1 DO t PO( PO t DO t Dot 
O 1 9 Q 

Raw data of the effects of pollen levels on jack pine seedling characteristics under greenhouse conditions. 
Number ot Number of Shoot Root Nurnber of Number of Shoot Root 

I 
I 

100 1 9 8 278 814 3708 91 9 
In mu)liPles of annual jack plne pdlen min of 8.5 k M w ,  

Pollen survlving measured Diameter* Height dry welght dry welght 
evels' Btocks seedllngl seedling/ tolal l  mm/ mg/ mg/ 

PO1 Dot pot oot Pot oot 
282 532  1813 842 





APPENDIX VIII. 

Levels of jack pine poilen application to minerd soil substrate, and per pot 
jack pine seedling diameter, height, shoot dry mass and root dry mass 

under greenhouse conditions 



PoWer, surv)vlng mea#ned D l m e f *  tielghl dry weight dry welghl Pollen oucvlvkig nna#red P ~ e r "  Holghl dry wrlgM dry wdghl 
W* 6Iocks rssdl.tDol rsrdl . l~ol  t o t r l l ~ o l  mmloot malpot mal001 

O 2 9 Q 255 376 916 1237 

Number 01 Number ol Shoot Rool Nwnber o( Nunbdr 01 Shoot Rool 
I 
11 1 



Mean and standard error (SE) of several characteristics of jack pine seedlings growing on mineral soi1 substrate, under greenhouse 
conditions. 

Pollen leuel 
Variable Block Ox 1 x 1 On SOx 1 OOx 

Numbor 01 Block 1 8,W (0,13) 838 (0.26) 8.88 (0.13) 838 (0,13) 8,88 (0,13) 
rrurviving 
seedllnge Block 2 8.88 (0.13) 0 (0) 9 (0) 9 (0) 
Pef Pl 

9 (0) 

Diamefer Bloch 1 1,045 (0.013) 1,160 (0.011) 1.082 (0,010) 1,123 (0,037) 1.1 10 (0,024) 
rndseedling 

Block 2 1,053 (0,011) 1.129 (0,026) 1,054 (0,027) 1,197 (0,034) 1,228 (0,030) 

2-biocû mean 1 ,049 (0,008) 1014S (0,014) 1,068 (0,014) 1.160 (0,026) 1,168 (0,024) 

Shoot dry Block 1 185,8 t7,I) 224.7 (8,2) 209.8 (6.1) 221,3 (21.0) 245,3 (6.6) 
mars 

rnglmedling B W  2 130.2 (5.4) 134,6 (3.0) 1W,2 (3,6) 1674 (6,s) 186,O (4,O) 

Blodrl 342.6 (13,8) 3753 (12,2) 3793 (12,7) 3743 (26,l) 433A (1 118) 
mot dry mm6a 
mdseedllng e W r 2  258.8 (7,2) 276.0 (4.4) 273,O (7.9) 328d (7,7) 373.6 (4.6) 



Levels of jack pine pollen application to needle Iitter substrate, and per pot 
jack pine seedling diameter, height, shoot dry mass and root dry mass 

under greenhouse conditions 



Number of Nurnber of Shoot Root 
Pdkrn surviving measured Diameter" Helghl dry welght dry welgM 

levels' Blocks seedl.l~ot seedl./pot totellpol mmlpot m d ~ o t  maloot 
O 9 9 276 773 2359 879 

Numûer 01 Number of shoot Root 
Pollen survlving measured Diameterma Helght dry weighl dry welght 
evels* Blocks seedl./~ot seedl.loot tolall~ot rnmhot m a l ~ o ~  mahot 

O 2 Q 9 372 670 3036 1602 



Mean and standard error (SE) of several characteristics of jack pine seedlings growing on needle litter substrate, under greenhouse 
conditions. 

Pollen level 
Variable Block O x 1 x 1 O K  6Ox 1 O O x  

Shoot dry Blodt 1 398.8 (463) 349.2 (16,)) 372.8 (37,4) 301A (43,Q) 381.0 ( 3 8 4  
lW8B 

mglseedllng Bbck 2 314,s (18,l) 287.4 (16,Q) 287,O (1S.a) 204.0 (18,s) 346.2 ( 1 2 4  

w p k w  Block 1 491.2 (57.3) 440.0 (20.7) 462.2 (43.1) 472.7 (S4,l) 470.1 (403) 
rwt dry mrss 
mg/aeedlng Blodc2 4W7 (25.0) 435.5 (24,4) 421.8 (17,6) 430.8 (23,O) S02,B (16.1) 



ANOVA results of jack pine poilen effects on jack pine seedlings 
grown on lichen and neede litter substrates under greenhouse conditions, 

after pooling PL x B and Error Mean Squares 



ANOVA~ 
conditions. 

Variables Factors IF 
Lichen substrate Needle litter substrate 

MS F MS F 

Diameter 
Pollen level (PL) 4 

Block (6) 1 
PLx B PoOled 
Error 74  

Pollen level (Pt) 
Block (8) 

P L x B  
Erro r 

No MS 
pooling 

was 
performed 

Shoot 
dry weight 

results of jack pine polien eEccts on jack pine seedlings under greenhouse 
after pooling PL x B and Error Mean Squares- 

Pollen level (PL) 4 
Block (6) 1 

PLx B PoOled 
Error 7 4  

II 

l 

1 

Root 
dry weight 

I 

*I 

ir 

>ollen level (PL) 4 
Block (6) 1 

PLx 6 
Erro r 74  

0.02051 2-51" 0-45 
0-00843 1-03 6 1  -7"' 
W i e d  pooled 

0.0081 7 

I 

I 

Shoot plus rool  
dry weight 

.I 

1 ANOVA per 
j: f O t aollenlevel(PL) 4 

Block (B) 1 
P L x B  pooled 
Erro r 74 

0.03065 6 - 1  2"' 0.65 
0,43051 86-0" '  0.13 
pooled pooled 

0-00501 

nned on log transformed iata [log(mm/seedling) or log(mg/seedling)]. 



Levels of jack pine pollen application to lichen substrate, and per plot jack 
pine seedhg diameter, height, shoot dry mass and root dry mass 

under field conditions 



Raw data from the field experiment on lichen substrate, 
Number of Shoot dry Rool dry 

Poilen eurvlving Dlameter" Helght welght weight 
levels" Blocks seddllna/~lol totall~lat mml~lot  ms/plol m~/olot  

Number of shoot dry Rwt dry 
Pollen survivlng Diemeter" Helght welghl wetght 
evelsm Blocks seddlln~l~lot lolal/dot mmtolot maIolot mnhlot 

236 71 5 538 
, 

1 O 1 1 0  28 1 373 1317 1332 
In multlpler of mual /a& pine pollen min of 8.5 kgha, 

-L 

J 

*'For dlemobr lm mmlpot, muiîlply each value by the convenlon feclor = 0,037254901 of the 



Continued: Raw data from the field experiment on lichen substrate. 
Nurnber of Shoot dry Rooldry 

Pdlen surviving Diameter" Helght welght welght 
levels' Blocks seddlinal~lot tolallplot rnml~lot ma/~lot  rndplot 

50  9 263  347 1237 1040 

1 O0 1 4 9 9  1 1 5  372 334 
In muHiP(e8 d annuel la& pine wllen min of 8 5  kdha. 

Number of Shoot dry Rwl dry 
Pollen survlving Diameter" Helght welght welght 
0 ~ 9 1 ~ '  B ~ O C ~ S  seddllnalolot totall~lot mm/~l0t  m d ~ l 0 t  ma/~ lo l  

50 7 203 3 2 0  767 486 



Mean and standardemr (SE) of several characteristics of jack pine seedlings growing on 
lichen substxate. under field conditions. 

Variable Or 1 Or S O x  1 OOx 

4-bkk rneans 1 -024(0-009) t .006(0.009) 1.026(0-0 1 O) 1.028(0-012) 

Height Block 1 31.9 (0.5) 33-1 (12) 32-9 (0.9) 32-4 (1.3) 
mm/seedling 

Brock 2 34.5 (1.1) 31.9 (1.3) 34.1 (1.7) 31-6 (-9) 

4-block rneans 36.8 (0.8) 37.5 (0.9) 38.3 (0.9) 37.6 (1.0) 

Shoot dry Blodr 1 106-7 (3.6) 105.9 (6.0) 104.2 (5.2) 102.2 (4.3) 
rnass 

mgkeedling Block 2 110.1 (26) 98.4 (3.4) 113.2 (8.5) 98.3 (4.8) 

Root dry Bi& 1 110.1 (4.4) 102.6 (5.8) 1028 (3.6) 95.5 (3.9) 
m a s  

mg/seedling B W  2 105.4 (3.1) 99.7 (3.0) 107.0 (5-7 ) 92.6 (4.2) 

Block 3 64-1 (3.0) 68.3 (3.4) 67.1 (3-7) 66.7 (4.2) 

Black 4 64.8 (2.9) 65.4 (2.4) 64.9 (2-7) 73.1 (4.0) 

Shoot plus Block 1 216.8 (7.5) 20825 (11-1) 206.9 (7.4) 197.8 (7.9) 
root dry mass 
mgiseedling Block 2 215.6 (4.9) 198-1 (5.8) 220.2 (13-7) 190.9 (8.0) 

Blodr 3 150.0 (7.0) 154.6 (6.4) 163-1 (6.9) 1s-4  (6-0) 

Block 4 157.3 (5.5) 154.6 (5.4) 164.3 (3.5) 172.9 (6.4) 

4-block means 185-7 (5.8) 177.4 (5.6) 188.6 (5.8) 179.5 (4.3) 



APPENDIX XII 

Levels of jack pine pollen application to mineral soil substrate, and per plot 
jack pine seedling diameter, height, shoot dry mass and mot dry mass 

under field conditions 



Raw data from the field experiment on mineral soi1 r 
Numbr Numbor Numbrr 

O l o l  of 
runlving b i o ~  non-î~iowwi wdrii mdil 

Pci*i oibdllngl rhoolil rhholol Dlimrlrr" Mbhl wolghl wbighl 
Irvrlr* 9bclu plot pbt plot lol~llplot mnJpbl mmlpbl mplplol 

0 2  8 O 8 211 270 005 209 
O 1  8 O 8 256 282 1049 300 
0 2  10 O 1 O 330 377 1830 1934 
O 1  8 O 9 280 381 1755 2314 
0 2  9 O 9 245 277 976 360 
O 1 1 0  O 1 O 338 393 1959 2086 
0 2  10 O 1 O 273 319 1292 468 
0 2  7 O 7 210 226 897 271 
0 2  3 O 3 91 114 444 115 
0 1  f O 7 222 255 1163 391 
O 1 1 0  O 10 295 349 1540 1288 
O 1 1 0  O 10 284 383 1738 2159 
O 2  7 O 7 202 203 942 259 
O 1 1 0  O 1 O 310 340 1514 439 
O 1 1 0  O 10 280 337 1256 698 
0 2  O O 9 234 254 042 193,8 
O 1 1 0  O 10 264 349 1621 1400 
0 2  8 O 9 262 254 1334 625 

à! O 1 1 0  O 10 298 324 1629 1338 
cn 0 2  O O 9 240 282 965 443 

10 2 O O 9 258 321 1224 394 
10 2 9 O O 295 363 1266 787 
10 2 9 O 9 275 357 1513 910 
10 1 9 O 9 285 312 1371 879 
10 1 9 O 8 291 306 1417 1240 
10 1 9 O 9 282 335 1798 1564 
10 2 10 O 10 287 370 1502 1005 
10 2 O O 9 262 275 1107 861 
10 1 0 O 9 248 922 1 1  18 1203 
10 2 0 O 8 250 260 1071 577 
I O  1 B O 9 266 2 4  1299 1316 
10 1 10 O 1 0 348 367 2124 2261 
10 1 10 O 10 328 373 2108 2103 
10 1 10 O 10 278 338 1497 1752 
10 2 10 O 10 280 301 1430 338 
10 1 8 O 8 251 281 1369 795 
10 1 9 O 9 288 204 1302 888 
10 2 4 O 4 112 112 488 116 
10 2 10 O 1 O 272 325 1271 534 
10 2 10 0 1 O 281 306 fa15 799 

*inniuspiwdmwl/wLplnrpamrJno(8.SLbr, 
* * F ~ ~ ~ ~ ~ m * P c r v v J i w ~ i h . o a m J m l u # - O . O 3 T 1 # W 1 d ~ r r c  
"' (410 r 0,017264001(P) (1 -946 06 (ml] = 1.W7 11 #u f(~or(rdrd dirnir(r( V r L i r  ki nnili 

ibstrate. 

runlvhg b r o m d  non+rowaoâ bio*r.d non+lomid b r o m d  non-bv~wd Shoo( lby fW diy 
Pobn rrodllnd rhoolol rhholol Dlunilri" rhoolr rhoolo r b l i  rhooli *rl*l nifi( 
lavals* Bkcl~r plol pb l  dot IolaV~lol tol iU~lol  tolrualol mmhbl  mmlpkl mdpbt mmlpbl rna!aL 
0 4  8 O 8 410"' 410 444 4 4  2888 2142 
0 4  B O 8 405 406 402 402 2002 2169 
0 3  8 O 9 436 436 468 468 3654 2280 
0 4  8 O 8 370 370 366 356 2034 1702 
O 4 10 O 1 O 443 443 456 466 2709 1898 
O 3 10 O 1 O 352 352 424 424 1764 1876 
0 4  8 O 8 422 422 434 434 3190 ?166 
0 4  @ O 9 393 393 415 415 2372 1888 
0 4  7 O 7 325 325 360 360 2059 1062 
O 4 10 2 8 423 93 330 286"' 37 249 1046 2139 
O 3 10 O 1 O 334 334 413 413 1725 1491 
O 3 10 O 1 O 426 406 469 469 2190 1087 
O 4 10 1 0 O 444 444 232 232 2@1 1911 
O 3 10 O 1 O 355 365 437 437 1670 1468 
0 3  8 O 8 365 365 343 343 1660 1601 
O 4 10 O 1 0 497 497 491 491 2906 1856 
O 3 10 O 10 386 366 459 469 2068 1676 
0 3  9 O 9 329 329 381 381 1803 1204 
O 3 10 O 10 392 , 39P 399 999 2078 1668 
O 3 10 O 1 0 4 38 438 482 462 2031 2110 
10 3 9 O O 313 353 437 437 1812 1P88 
10 4 9 6 3 463 302 161 351 108 153 2019 2328 
10 4 10 7 3 372 270 108 295 183 112 610 1669 
10 4 9 O 9 402 402 386 366 1008 1668 
IO 3 10 O 1 O 397 397 448 446 1084 1970 
10 4 9 O 9 401 401 411 411 2283 1418 
10 3 10 O 1 O 444 444 506 606 3199 1826 
10 3 10 O 1 O 425 426 488 488 2428 2098 
10 4 10 O 1 O 445 446 503 503 2383 2060 
10 4 10 3 7 379 106 27S 391 O8 293 1333 1550 
I O  3 10 O 1 O 397 397 416 4 2443 2034 
10 3 10 O 1 0 395 396 481 $01 2632 1944 
10 3 10 O 1 O 492 4OP 543 513 4149 2373 
10 4 10 5 6 647 283 264 477 107 280 2741 2676 
10 4 10 O 1 O 443 449 465 485 2592 2186 
10 4 10 4 6 447 181 288 375 08 277 1807 2311 
10 3 10 5 5 431 218 213 333 137 108 1466 1907 
10 3 8 2 O 319 63 236 299 49 260 1181 1371 
10 4 0 1 0 360 40 310 343 29 314 1474 1772 
10 3 9 O 9 307 397 412 412 108B 2124 





Mean and standard emr (SE) of several characteristics of jack pine d g s  pwing on 
mineral soil substrate, under field conditions- 

Variabfe Or 1 Ox 5 O x  f OOx 

Height Block 1 3ô-O (0.9) 34-7 (0.8) 36.3 (0.6) 38.0 (1-1) 
mm/seedling 

Block 2 322 (1.1) 33.3 (1.4) 33.8 (1.3) 34.9 (0.5) 

Shoot dry Block 1 161.8 (7.3) 166-7 (9-7) 182.3 (19-7) 194.0 (15.4) 
mass 

mgfsettdling Block 2 130.3 (7.8) 138.4 (5.6) 149.0 (13-7) 161.6 (6.2) 

Root dry Block 1 129.2 (2.2) 147.4 (15.6) 139.9 (14.3) 1184.g (18-6) 
rnass 

mgkeedling Block 2 56.07 (15.8) 69-1 (8-9) 88.8 (21.1) 60.3 (7.6) 

Block 3 178-7 (1 1.8) 196.5 (8.9) 196-4 (9.1) 182.7 (12.3) 

Shoot plus Block 1 291.0 (31-1) 314.1 (23.4) 3222 (30.6) 378.9 (31.8) 
mot dry mass 
mgfseedling Blodr 2 186.4 (226) 207.5 (12.6) 237.8 (320) 221.9 (13.3) 



Levels of jack pine pollen application to needle litter substrate, and per plot 
jack pine seedling diameter, height, shoot dry mass and root dry mass 

under field conditions 



I rvdr*  Bbcha obl ~ k (  pbt  totrU~lat mmhbt mdnbt mdplol 1 levela* Bbchr plot ~ l o l  obt lo l iVpbl  4olrUolot m m l ~ b l  mnilplot mll\lDlo1 mmbbt m d ~ b t  d o l o t  

0 2  7 1 6 214 230 1225 857  1 O 3 8 8 O 359 359 227 227 724 1260 

Raw data of the field experiment on needle litter substrate. 
Numbor Numbrr Numbri 

01 01 01 
runlvlng browood w-broward 

Poim u d l l n d  r .ho t i l  i hoo t i l  h o h i *  w ym? Zio? 
Numbrt Numbri Nurnbrr ûirm.** Qlrm," 

01 01 o l  01 01 01 01 
w M t  

wwivkig b i o w i d  nan-browood b t o * r d  non.bror*ed b i o n r d  non.kowrui Shw &y dry 
~h rrodilnd mhootil rhootr l  Dlrmrtrr" rhoolr rhootr r h w t r  ihoolr M t  mkhl 



Continued: Raw data of the field expriment on needle litter substrate. 
Numbri Numbrf N u M  1 Nufnber Numb.1 hmb8i Dkm," Dlrm." HJmc Hi 

of ot 01 
iunMng browrod mbiowiod -16 (  mdiy 

Wkn rrrdlingl rhoolol ihooirl t wrlohl wilghl 
Ievrlr' Bkcki pbl  pbl  pk l  totrllplol mdplol mdplol rna!dol 
5 0 2  6 O 6 172 101 048 473 
5 0 2  4 O 4 120 141 606 100 
5 0 2 3  O 3 97 92 414 339 
5 0 2  6 O 8 t g 5  199 1114 967 
50 2 1 O 1 29 37 180 126 
5 0 1  9 O 9 282 290 1833 1393 
50 1 10 O 10 300 317 1355 1235 
60 1 10 O 10 330 356 2188 1655 
6 0 2  9 O 9 276 289 1327 1376 
5 0 1  7 O 7 249 260 1816 1328 
5 0 2  8 O 8 253 295 1347 1449 
5 0 2  3 O 3 94 97 450 419 
6 0 1  5 O 5 149 156 778 692 
5 0 1 8  O 8 261 299 1600 1584 
5 0 1  3 O 3 122 129 917 840 
5 0 2  8 O 6 207 217 1293 1249 
5 0 2  3 O 3 105 106 670 601 
5 0 1  9 O Q 291 311 2104 1708 

5 60 1 9 ' 0  9 332 374 2027 2230 
O 5 0 1 6  O 6 170 204 1312 1014 

100 2 6 O 6 174 206 761 524 
100 2 4 1 3 123 138 620 366 
100 2 5 O 5 164 185 1078 817 
100 1 7 O 7 193 244 944 531 
100 1 9 O 9 315 338 2125 1620 
100 1 7 O 7 219 230 1243 1109 
100 2 Q O 9 310 312 1945 1770 
100 2 10 O 10 337 344 2257 1912 
100 1 9 O 9 291 334 1688 1673 
100 1 7 O 7 229 247 1477 1385 
100 2 4 O 4 125 133 560 680 
100 1 8 O 8 257 278 1604 1590 
100 1 9 O 9 301 326 1008 1762 
100 1 3 O 3 108 132 881 735 
100 2 8 O 6 199 220 1104 1108 
100 2 7 O 7 247 257 1666 1369 
100 1 4 O 4 130 163 908 908 
100 2 1 O 1 31 32 155 136 
100 2 2 O 2 67 70 314 308 
100 1 5 O 5 184 POO 1420 1064 

* k r ~ d m u l ) r k p l n r p a l r n f i h d D . S I r O m i .  
n F œ ~ h i M g d , m r l l p ) l . c h v J u i b y I n a m r t J a r - i # - 0 . W 1 1 b 1 W 1 d h n r  

01 01 of 01 ol o i  a i  
iunlvha biowrd m . b t o W  Oiomd w.biornd btornd nmbformd Shoot dry fkw dry 
u d i n d  ihool i l  i o o l d  DlnnrW" ihwlm i M r  IWdM ~lwota iM.h y 

kvda* Blochr dol  pbl  pbl  lotdipbl IoloV~lol mmbbl mmlpk( minlp(ol mcnl~kl WD W~bl 
5 0 3  8 7 1 370 326 46 302 262 40 1814 1882 
6 0 4  8 6 2 332 240 92 276 198 77 13481140 
6 0 4  10 8 4 374 2 3 3 ,  141 300 167 133 1055 1204 
5 0 3  8 7 1 333 293 4 0  268 213 46 1087 1326 
6 0 4  7 6 2 200 227 83 316 234 82 1812 1386 
5 0 4  7 6 2 280 224 4 6  256 181 75 926 1244 
50 3 6 3 3 242 125 117 211 104 107 1040 1108 
5 0 3  O 8 1 377 339 38 327 271 66 1020 1768 
5 0 3  9 1 8 404 61 363 527 63 464 3685 2153 
50 4 10 5 5 408 210 198 384 156 228 1824 1932 
5 0 4  8 5 3 361 263 106 281 167 94 1196 1247 
5 0 3  9 2 7 376 93 28P 418 88 330 2483 1685 
6 0 4  8 5 3 317 198 116 270 147 132 1276 1499 
5 0 3  6 6 1 216 183 32 137 99 38 269 787 
6 0 4  7 O 7 312 313 334 334 2340 1646 
5 0 4  7 O 7 32 1 921 323 323 1907 1180 
6 0 4  8 4 4 366 180 176 296 131 166 1335 1180 
5 0 3  4 1 3 J78 50 128 180 35 164 747 737 
6 0 3  8 2 8 337 80 257 361 51 310 2008 1240 
5 0 3  9 O 9 369 368 400 400 2434 1781 
100 3 6 5 1 289 250 49 236 192 43 1282 1214 
100 4 8 6 2 289 216 73 180 117 72 871 1029 
100 3 7 7 O 346 345 236 235 1035 1346 
100 3 7 7 O 270 270 180 160 236 1039 
100 4 10 1 9 383 30 333 454 28 428 2596 1662 
100 4 9 7 2 323 252 71 260 186 74 806 1436 
100 3 10 10 O 432 432 300 300 838 1448 
100 3 8 6 O 245 246 218 219 761 1003 
100 3 7 O 7 304 304 350 360 2214 1425 
100 4 7 3 4 298 139 159 287 106 182 1380 1036 
100 4 6 4 2 227 167 70 205 129 76 BOS 703 
100 3 0 4 4 328 184 144 364 195 188 1490 1310 
100 3 9 1 8 308 JO 348 482 27 435 2244 1724 
100 4 9 4 5 300 184 216 381 143 238 2120 1380 
100 3 10 2 8 446 86 360 468 69 389 2726 2030 
100 3 10 1 O 465 58 387 573 81 492 8866 1986 
100 4 9 2 7 357 94 263 388 63 305 1643 1373 
100 4 10 2 8 476 8s 301 620 09 421 3293 2147 
100 4 7 7 O 287 287 226 226 6S3 1251 
100 4 6 4 2 275 996 79 242 147 06 1123 027 

W P l r a n i I w d l r c Y n D ~ ,  



Mean and standard emr (SE) of seved characteristics of jack phe seedlings pwing on 
needle iitter substrate, under field conditions- 

- 
Pollen kMI 

VariaMe O r  10x SOx 1 OOx 

Nurnber of Bladc1 7-1 (0-6) 7-1 (0.7) 7.6 (0-7) 6.8 (0-7) 
surviving 
seedlings Bbck 2 5.5 (0.8) S-7 (0.9) 4.9 (0.8) 5.4 (0.9) 
Pr Pot 

BlodE3 7-8 (0-4) 8.3 (0-8) 7.6 (0.5) 8.0 (OS) 

Diameter 
mmlseedling 

Height 
mm/seedling 

Shoot dry Block 1 200.6 (9-9) 215.4 (120) 219.5 (18.1) 216.3 (157) 
mass 

mgfseedling Blocû 2 172.8 (15-9) 181.2 (18-4) 170.9 (9.8) 177.6 (12-7) 

Blocû 3 153-7 (25-8) 173.2 (229) 207.6 (31.6) 199.7 (35-1) 

Root diy Block 1 1828 (10-1) 192.6 (7-4) 186-6 (15.2) 187.5 (14.6) 
mass 

mgiseedling BI& 2 164.2 (123) 155.7 (17.0) 140.6 (16.4) 156.2 (12-9) 

Shoot plus Btack 1 383.4 (19.2) 408-1 (18.8) 406-1 (32.9) 403.9 (28.9) 
mot dry m a s  
mglseedling Blodc 2 337.0 (21.6) 336.9 (33.8) 31 1.5 (24.4) 333.9 (24.5) 



Uncorrected ANOVA results of the effect of pollen levels on jack pine 
seedling diameter, height, shoot dry mass and root dry mass 

under field conditions. 



Uncorrected ANOVA results of the e f f i  of pollen Ieveîs on jack pine seding giowth 
under field conditions. 

Minerai soi1 Needle litter 
Variabie F8ctor OF F F 

Diameter ~o l len lever (PL) 3 0.0035 201 0-0025 1 -6 
log(mm/seedling) Block (B) 3 0.3525 t 94.6"' O. 1352 79.3"' 

P L x 8  9 0,001726 0.95 0.0016 0.91 
Erior 144 0-00184 1 0.0017 

Height Pollen level (PL) 3 0.0052 4.07 0.0033 8.03" 
log(rnm/seedling) Block (B) 3 0.1 574 44.9"' 0.0253 4.85"' 

PLx B 9 0.001 3 0.37 0.0004 0.08 
Enot 144 0.0085 0.0053 

Shoot dry Pollen lwel (PL) 3 0.0308 6.06" 0,0232 4-1 " 
mges Block (B) 3 0.3398 14.5"' 0-1 143 3.29- 

log(mg/seedling) PLx6 9 0.0051 0.22 010057 0.1 6 
Enor 144 0.0234 0.0348 

Root dry Pollen Ievd (PL) 3 0.0572 1.82 0.001 9 0-1 5 
mas erock (B) 3 2.631 3 88.2"- 0.0731 5.98"- 

log(mg/seedIing) - PLxB 9 0.0315 1 .O5 0.01Zt 0.99 
Enor 144 0.0298 0.01 22 

Shoot plus Pollen level (PL) 3 0.0277 2.42 0.0096 1.2 
mot dry mass Block (B) 3 0.9207 65.3"' 0.0636 4.17"' 

log(mg/seedling) PLxB 9 0.01 13 0.8 0.008 0.52 
Enor 144 0.0141 0.0152 

-* -11 

I *  Significance levels of 10%. S%, and 1%, respectively. 



APPENDIX XV 

Response of jack pine seedling shoot dry mass and shoot plus root dry mass 
to pollen additions on needle litter and minera1 soil substrate 

under greenhouse and field conditions 



a) Shoot dry mass 

"1 
b Shoot plus mot dry mass 1 
E '1 a 

Figure XIV.1. Effects of jack pine pollen on dry masses of shoot and shoot plus mot of 
one-growing-season old jack piae seedüngs, under equivalent pollen levels in needle litter 
substrate in greenhouse (squares) and field (circles) conditions. 

a) Shoot dry mass b) Shoot plus root dry mass 

8 == 
3 O 

JACK PEIiIE 9 POLLEN LEVEL lm 
(ïnmuligk.dmmalpdknriin) 

Figure XIV.2. Effects of jack pine pollen on diy masses of shoot and shoot plus mot of 
one-growing-season old jack pine seenlùigs. under equivalent pollen levels in mineral soi1 
substrate in greenhouse (squares) and field (circles) conditions. 




