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Section 1 

EXECUTIVE SUMMARY 

A study on the environmental impact of vegetation management methods in a mixedwood 
cutover was carried out from 1985 to 1990 under the Canada-Alberta Forest Resources Development 
Agreement. The vegetation management treatments included two rates of a granular formulation of 
the active ingredient (ai) hexazinone (PRONONE lOG, 2 and 4 kg ai/ha) and mechanical methods 
[double disking (DO), disk trenching (01), brush saw (BS)] for site preparation and crop release. 
We evaluated the impact of these methods on the vegetation composition, structure and dynamics, 
developed environmental impact and residue and fate data for hexazinone as PRONONE lOG and 
residue analysis techniques. We also evaluated herbicide application technology and determined the 
influence of hexazinone application on the nutrient dynamics in plants and soil and mycorrhizae. 

Site preparation treatments were applied in the fall of 1986 and crop release treatments in 
the spring 1989. For the most part, the results presented in this report are applicable to site 
preparation treatments involving fall application of PRONONE lOG and spring application of 
mechanical treatments. Detailed results on various components of the study are presented in 
appropriate sections of the report. Some of the important conclusions and recommendations in the 
report are as follows: 

Conclusions: 

1. Upto 20% of foliar damage in aspen can result from insect and disease damage for short 
durations. 

2. Low herbicide treatment (LH, 2 kg hexazinone/ha) had marginal control of woody and 
herbaceous vegetation except Calamagrostis canadensis. The 4 kg/ha (HH) treatment 
produced herbicide damage to a range of plant species. The effect of all treatments reached 
the peak by the second growing season following the application. The efficacy of different 
treatments in controlling vegetation was in the order: DO > HH + DT > HH > DT + LH > 
LH. 

3. Based on ai release studies it is estimated that release of hexazinone from PRONONE lOG 
granules would be within 1-2 weeks in northern Alberta when applied during the label
specified time of application. 

4. Amounts of hexazinone residues found in soil leachate as well as in surface water and 
sediment in pools near the application site are unlikely to have any detrimental effect on the 
environment. They were 50,000-1,000,000 times lower than the reported LCso and LDso for 
fish and wildlife. 

5. Hexazinone and its metabolites do accumulate and dissipate in vegetation and small mammals. 
Most accumulation occurred during the first year after application. Detected concentrations 
were much below the acute toxicity levels for various animals. 

6. Hexazinone at 1 and 2 kg/ha have no or very little effect on mycorrhizal development in white 
spruce and lodgepole pine under field conditions. 
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7. No long term negative effect of hexazinone is expected on the survival of mycorrhizal 
inoculum and development of mycorrhizal infections in white spruce and lodgepole pine at 
1-4 kg/ha rates under field conditions. 

8. The effect of PRONONE lOG on the nutrient status in foliage declined by the end of the 
preliminary results second growing season (1988) and by 1989 (third growing season) there 
were no significant differences in the nutrient status of foliage from control and herbicide 
treated plots. 

9. Nutrient balance (perticularly N, S, and Ca) has been altered up to 2 years after herbicide 
application, however the implications of herbicide on site productivity are not clear at this 
time. Continuation of the study over the next 5-8 years will clarify. 

Recommendations: 

1. In assessing the effect of the fall applied PRONONE on vegetation control, first year 
assessments can be skipped for effective use of resources in high cost environmental 
assessments. Where effective control of woody species is desired, 2 kg hexazinonelha rate 
should be excluded in a fall application. 

2. The woody stem control data should be analyzed in relation to the establishment and growth 
of crop seedlings for the third, fifth and eighth years following the site and crop release 
treatments of 1986 and 1989 (1989/90, 1991192, and 1995/96) and cost/benefit analysis of 
treatments be performed to establish practical guidelines for vegetation management. 

3. All cover data and terrain disturbance data be related to crop seedling growth and possible 
losses of soil and soil nutrients before making final recommendations on vegetation 
management by mechanical methods alone or in combination with herbicides. 

4. The vegetation should be sampled for studying the successional trends in the future at 5 and 
8 years after treatments and relate these changes to nutrient dynamics in soil and crop 
seedlings growth to assess the impacts of long term vegetation changes due to vegetation 
management. 

5. The application technologies should be developed further to deliver uniformly and correctly 
calibrated amounts to ensure homogenous distribution of granular herbicides at the ground 
level. 

6. The logarithmic sprayer should be used in small plot, dosage-response trials for the liquid 
formulations of forestry herbicides with three or more replicates. 

7. In estimating the dissipation rate of a liquid herbicide in soils, that the glass-jar sampling 
method be used between zero-time immediately after spraying and the first rainfall, followed 
by the conventional corer method for subsequent soil samplings. 

8. The new analytical method should be submitted to the National Check Sample Program of 
the Canadian Association of Pest Control Officials (CAPCO) for interlaboratory evaluation 
and if found reliable, be transferred to analytical laboratories, researchers, and the federal and 
provincial regulatory agencies. 
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9. As recommended jointly by the Forestry Canada, Alberta Environment, and Alberta Forest 
Service that the soil samplings be continued until the residues of hexazinone are reduced to 
non-detectable levels in two consecutive samplings. 

10. It is recommended that soil dynamics studies be carried out at 3, 5 and 8 years intervals 
following the herbicide application. 
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Section 2 

INTRODUcnON 

A sustained supply of timber is an important element in the long-term economic health of the 
western and the northern regions and of Canada as a whole. Alberta has a well-developed softwood 
industry and must support and promote softwood reforestation aimed at maintaining the the 
coniferous forest of lodgepole pine (Pinus contorta Dougl.) and white spruce (Picea glauca (j.Lg/g) 
(Moench) Voss.). Recently, Kuhnke (1989) summarized the silviculture statistics (1975-86) of 
Canada, including Alberta. 

Site preparation and control of competing vegetation are critical on thousands of hectares of 
productive softwood sites in Alberta that are either inadequately stocked or have regenerated to less 
valued hardwoods. Aspen brush and grasses can be serious problems in some of the recent cutovers 
designated for softwood regeneration in mixedwood areas and in aspen stands that have been 
converted to softwoods. The problems exist both at stand establishment and later at stand-tending 
stages for conifer release to free-to-grow state. Unless silviculturally effective and environmentally 
acceptable methods of vegetation control are developed, the risk to future and past investments in 
reforestation are real and will increase in the future. 

At present herbicides as well as nonchemical methods of vegetation control (such as site 
scarification, prescribed burning, mechanical and manual release treatments) provide a wide range 
of options for forest vegetation management. However, information is needed on the comparative 
effectiveness of these methods, their economics and environmental impacts specific to sites and to 
target and crop species. In 1985 there was a particular lack of information on the residue chemistry 
and environmental impact of forestry herbicides (glyphosate, hexazinone, and triclopyr) and their 
metabolites under the Alberta climatic conditions. 

A fundamental part of any environmental impact study is the measurement of the stress agents, 
which in this case included manual, mechanical, and chemical methods. Such an investigation requires 
large numbers of samples for assessing growth of the crop species, target and nontarget species, and 
properties of soils and leaf litter as well as for determining the herbicide distribution, persistence, and 
movement in air, soil, soil leachate, and water and the uptake and degradation in vegetation and 
wildlife. The forest vegetation management project was undertaken within the Canada-Alberta Forest 
Resource Development Agreement (FRDA), under Project Activity B, subprogram B.3 (Forestry 
Research, Development & Demonstration). The program was a joint undertaking by Forestry 
Canada, Northwest Region, Northern Forestry Centre and the Alberta Forest Service Research 
Branch and Reclamation Branch, with shared roles in planning, management, and implementation 
with other cooperators. 

The project was started in the fall of 1985 with expected termination in 1989-90. This report 
presents the information available to date on the Environmental Impact Assessment Component of 
the selected methods of site preparation and crop release in an area designated for softwood 
production in Alberta. 
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Section 3 

OBJECfIVES 

FRDA subprogram B.3 supported research into three areas of forest vegetation management: 
1) silviculture, 2) environmental impact of herbicides used in forest vegetation management, and 3) 
economic assessment. Though the environmental impact assessment project included chemical as well 
as mechanical and manual methods of vegetation management, the environmental component was 
designed with a particular emphasis on the environmental impacts and residue chemistry of a specific 
herbicide, hexazinone1 (as PRONONE 1002 and Velpar L3 formulations), which had a potential 
for registration for forestry use in Canada. The objectives of the environmental component of the 
project were: 

1) Develop an environmental impact and residue data base on forestry herbicides with potential for 
operational use in managing vegetation in Alberta. 

2) Determine the fate of herbicides in the forest ecosystem by studying herbicide deposition; active 
ingredient (ai) release; persistence of herbicides in soil, foliage, and water; lateral and downward 
movement; degradation; and absorption-desorption characteristics in selected forest soils under 
field and laboratory conditions. 

3) Evaluate the influence of herbicide application and other silvicultural practices on the structure, 
composition, and dynamics of forest plant communities. 

4) Determine the influence of herbicide application and other siIvicultural practices on the long-term 
stability of nutrient balance and the biological (mycorrhizal associates, N-flXation, decomposition) 
control of tree nutrition. 

The major emphasis todate has been to complete pre- (1986) and posttreatment (1987-89) 
sampling of vegetation, soil and soilleachates, surface water, and sediments to assess 1) changes in 
plant species and communities as a result of treatments; 2) herbicide PRONONE lOG (a granular 
hexazinone formulation) distribution and deposition from aerial and ground application (including 
technology for application, sampling and residue analysis), hexazinone release from the formulation 
and its movement in soil, and persistence of hexazinone and its metabolites in various forest 
substrates; 3) hexazinone effects on mycorrhizae; and 4) hexazinone effects on nutrient cycling and 
dynamics. 

Significant impacts of forest vegetation management, particularly when herbicides and complete 
removal of vegetation by mechanical means are involved, on fish and wildlife are possible. In this 

1 Hexazinone: Registered trade mark of E.I. DuPont de Nemours and Co., Wilmington, DE 19898. 
Active ingredient in the formulation PRONONE lOG is hexazinone. 

2 PRONONE lOG: Registered trademark of Pro-Serve Inc., 400 E. Brooks Rd., Memphis, TN 38116. 
a granular formulation surface-coated with 10% hexazinone (ai, w/w), 

3 Velpar L: Registered trade mark of E.I. DuPont de Nemours and Co., Wilmington, DE 19898. 
Liquid formulation of hexazinone. 
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project impacts on fish were excluded by locating the study plots away from fish- bearing or other 
water bodies. Impacts on wildlife, particularly on ungulates, were limited to assessing herbicide 
residues in ungulate browse and changes in forage species. Impact of the herbicide PRONONE lOG 
on small mammal population was studied under a separate contract and is reported by Penner and 
Associates (Penner 1990). 
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Section 4 

VEGETATION CHANGES AND ENVIRONMENTAL IMPLICATIONS 

4.1 STUDY AREA 

The Grande Prairie study area was located on two cutblocks, 4004 and 4007, within the Proctor 
and Gamble Forest Management Agreement Area, about 21 km south of the Grande Prairie pulp 
mill. The area is located in Township 68, Range 6, west of the 6th meridian in Improvement District 
16 (NTS Big Mountain Creek sheet, Fig. 4-1). The site is within the mixedwood forest complex of 
Alberta. 

Cutblocks 4004 and 4007 were logged in March and July 1983 respectively. Prior to logging, 
the site supported an 80% Populus tremuloides (Aspen) dominated forest with a 20% admixture of 
Picea glauca and Pinus contorta. Cutblock 4004 consisted mainly of 19-25 m high aspen with 71-100% 
crown closure (Fig. 4-2). The aspen was 50-65 years old. After logging, aspen resprouted and 
predominated through much of the study area. 

The study area lies within the mixedwood section of the boreal forest region (Rowe 1972) on 
the Alberta plateau (Bostack 1970). Before harvest, the vegetation belonged to the Populus 
tremuloides facies of the Picea glauca-Viburnum edule-Aralia nudicaulis ecosystem described by Corns 
and Annas (1986). After logging, aspen saplings (1-2 m tall) formed an almost continuous canopy 
(Fig. 4-2). Saplings were shorter and their canopy more open in seasonally wet areas. Small numbers 
ofAmelanchier alnifolia, Alnus crispa, and Salix spp. were intermixed with P. tremuloides. Herbaceous 
vegetation was dominated by Aster conspicuus, A. ciliolatus, Epilobium angustifoluim, Aralia 
nudicaulis, and Comus canadensis. Low shrubs included Rosa acicularis, Symphoricarpos albu, and 
Spiraea betulifolia. Seasonally wet local areas had a greater abundance of Oryzopsis asperifolia, 
Vaccinium caespitosum, and Fragaria virginiana along with the mesophytic species listed above (Fig. 
4-2). The study area is a moderately sloping to nearly level (0-15% slope) glacio-Iecustrine plain 
approximately 850 m above sea level. The parent material is fine-textured clay and has a very low 
permeability. Surficial deposits in cutblock 4004 consist mainly of an undulating lacustro-till blanket, 
while cutblock 4007 is characterized by an undulating to moderately rolling lacustro-till blanket. The 
lacustro-till is characterised by clay to heavy-textured clay that is stone-free to slightly stony. 

The soils in both cutblocks consist primarily of gleyed solonetzic grey luvisols. Both orthic luvic 
gleysols and humic luvic gleysols have developed in poorly drained, level to depressional areas. The 
study area was surveyed in detail by Pedology Consultants; and details of soil descriptions, drainage 
and parent materials for each treatment plot are summarized in their report (Twardy and Dowgray 
1985). 

4.2 PLOT LAYOUT AND EXPERIMENTAL DESIGN 

The Grande Prairie study covered two major aspects of vegetation management: site 
preparation and conifer crop release. The conifer release experiment was set up on cutblock 4004, 
referred to as Method I; and the site preparation experiment was set up on cutblock 4007, referred 
to as Method II. For each method, the plots within blocks were laid out in a nonrandomized 
complete block design with three replicate blocks (Fig. 4-3). Treatments were randomly arranged 
within one block and the arrangement was repeated for the other two blocks to minimize the 
confounding consequences of the aerial application of herbicide and to facilitate the operations of 
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Figure 4-2. Vegetation in the Grande Prairie study area before application of treatments. A. General view of the 
vegetation dominated by Populus tremuloides (aspen) with admixture of Pinus eontorta. B. Vegetation following harvest 
dominated by aspen and Calamagrostis canadensis C. Closeup of other understory herbaceous and woody species (Aster 
conspicuus, A. ciliolatus, Lonicera involucrata). D. Invading species such as Taraxacum officinale, Trifolium repens, 
.B.rnnn!.§ ~ on scraped-off areas. E. Closeup of forb layer dominated by Epilobium angustifolium, Galium boreale, 
Castilleja miniata and Amelanchjer IIlnifoJia in foreground. 
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heavy machinery for mechanical treatments. The different treatments and the time of application for 
each method are listed below and illustrated in Figure 4-4. 

I. Conifer Release (Method I) 

Treatment (Abbreviation) 

1. Control (C) 
2. Mechanical - Rome Double Disk (DD) 
3. Mechanical - Disk Trencher 

followed by PRONONE lOG at 
2 kg ai/ha (DT + LH) 

4. Mechanical - Disk Trencher 
followed by PRONONE lOG 
at 4 kg ai/ha (DT + HH) 

5. Mechanical - Disk Trencher 
followed by manual release 
by brushsaw (DT + BS) 

II. Site Preparation (Method II) 

Treatment 

1. Control 
2. PRONONE lOG at 4 kg ai/ha 

(chemical 2 in Fig. 4-3, HH) 
3. PRONONE lOG at 2 kg ai/ha 

(chemical 1 in Fig. 4-3, HH) 
4. PRONONE lOG at 4 kg ai/ha 

followed by mechanical - Disk 
Trencher (HH + DT) 

5. PRONONE lOG at 2 kg ai/ha 
followed by mechanical - Disk 
Trencher (LH + DT) 

6. Mechanical - Rome Double Disk (DD) 

Time of application 

No treatment 
12-15 May 1987 
DT on 12-15 May 1987, 
PRONONE Applied 30 May 1989 

DT on 12-15 May 1987 
PRONONE applied 30 May 1989 

DT on 12-15 May 1987 
followed by manual brushsaw 
mid May to mid June 1989 

Time of Application 

No treatment 
28 August 1986 

28 August 1986 

PRONONE applied 28 August 1986 
followed by mechanical on 12-15 May 
1987 
PRONONE appled 28 August 1986 
followed by mechanical on 12-15 May 
1987 
13-18 May 1987 

Both white spruce and lodgepole pine planting stock was produced by the Alberta Forest 
Service as plug + 1 spruce and container-grown lodgepole pine. Plantings were done following 
mechanical treatments in May 1987 on both Method I and Method II areas. Each treatment plot was 
approximately 80 m x 180 m. A central portion of each treatment plot (30 m x 150 m) was reserved 
for establishing permanent plots for sampling vegetation. Typical treatment and sample plots for 
Method II are shown in Figure 4-5. Three rows of ten 5 m x 5 m squares, regularly distributed, were 
permanent subplots set up in each sample plot for vegetation sampling. No destructive sampling was 
allowed within these subplots. Foliage and soil samples were collected from two corridors on either 
side of the central row of subplots. In addition, leaf litter, soil leachates, and soil samples were 
collected for nutrient and residue analyses outside the vegetation sampling subplots and quadrats 



Figure 4-4. Different treatments to achieve vegetation control. A. Aerial application of herbicide PRONONE lOG with 
Isolair Applicator-Spreader attached to a helicopter. Site preparation plots were aerially treated in fall, 1986. B. 
Collection trays on both ends of herbicide treatment plots were used to evaluate the distribution and deposition rate of 
the herbicide. C. Granule - Air Applicator used to treat the crop release plots in 1989. D. Disk-trenching treatment. 
Single run of a disk-trencher resulted in approximately 1 m wide undisturbed swath in center, 2 disk-trenches on either 
side and burms of excavated and overturned material on the edges. E. Double-disked plots with complete removal of 
vegetation cover and exposure of a variety of surface and deep soil horizons. \.0 
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(Fig. 4-6 and Sections 6 and 8). Each 5 m x 5 m subplot was further divided into four quadrants and 
a 1 m x 1 m quadrat was permanently established in each quadrant of the herbicide-only and control 
plots (Fig. 4-5). There were 120 quadrats in each relevent treatment plot for Method II (site 
preparation) and 80 quadrats in each treatment plot for Method I (crop release). 

4.3 VEGETATION SAMPLING AND ANALYSIS OF DATA 

The vegetation sampling was designed to document pretreatment status of vegetation (including 
insect and disease damage to foliage) and to detect changes in vegetation in response to various 
vegetation management treatments in terms of species occurrence, live stem density of woody species, 
and percent cover of all species. Different vegetation strata were monitored in order to document 
changes in vegetation composition and identify successional trends. The vegetation was sampled 
yearly from 1985 to 1989. 

4.3.1 Symptomology and Evaluation of Herbicide and Insect-Disease Damage 

4.3.1.1 The herbicide 

A new granular formulation (PRONONE lOG) of the herbicide hexazinone was selected for 
the study. Hexazinone provides both contact and residual control of several plant species. The 
formulation is registered for forestry in Canada (woodland management areas, Registration No. 2/390) 
and the USA (EPA Reg. No. 33560-21). Chemically, the ai is known as 3-cyclohexyl-6-
(dimethylamino)-1-methyl-l,3,5,-triazine-2,4(lH,3H)-dione (C12 H2O N4 O2; C = 57%, H = 7.9%, N 
= 22.2%, and 0 = 12.7%). It has full registration and the product is certified to be free of 
contaminants like dioxin and PCBs. The herbicide is available in three formulations: liquid Velpar 
L, granular PRONONE lOG, and wettable powder Velpar K. Each formulation must be registered 
separately for its respective use in Canada. At present, Velpar Land PRONONE lOG have full 
registration for forestry use by ground application. As of December 1990, Velpar L label was 
ammended by Agriculture Canada for its aerial application for conifer site preparation. When the 
present study was undertaken, the formulation PRONONE lOG was not registered, and the Grande 
Prairie research was carried out under a specific experimental label issued by Agriculture Canada and 
Alberta Environment to gather information on the efficacy, crop tolerance, effects on nontarget 
species, herbicide residue in soils and plants, off-site movement of herbicide, effects on wildlife 
browse, effects on small mammals, and residues in surface and groundwater. The information 
described in this report is relevent to the boreal forest region and specifically for conditions on the 
Grande Prairie site in Alberta. 

The PRONONE lOG formulation was selected for the following reasons: 

1) Aerial or ground application of the PRONONE lOG will result in minimal off-site drift 
because of the large size (2-5 mm) and weight (20 mg average) of its granules. 

2) Operators will have very little direct contact with the a.i. hexazinone during handling and 
application because each granule is coated with an inert protective coating. 

3) Activity of the formulation is not dependent on its direct contact with foliage. Hexazinone 
is readily released from the dry granules when exposed to sufficient moisture and becomes 
easily available to the roots. 



Figure 4-6. Environment Components Monitored. A. Permanent vegetation subplots (5m x 5m), metal rod in the centre 
and wooden stakes mark the 4 quadrants for stem density counts. B. Litterfall trap made out of nylon mesh. C. 
Collection bottle attached to zero-tension lysimeter buried under the LFH horizon. D. Bottles collecting soil-leachate 
draining from horizontal wells at 30, 55, and 80 cm depths. E. Collection of soil samples to a depth of over 2 m for 
hexazinone residue analysis. 

,...... 
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4) It controls a broad spectrum of woody, herbaceous and graminaceous plant species. 

5) It stays active in soil for at least two growing seasons so should provide both immediate and 
residual control. 

In the present study, PRONONE lOG was applied aerially at nominal rates of 2 and 4 kg 
hexazinonelha (see Section 5 for deposition and distribution) to site-preparation plots on 26 August 
1986 and by a tractor-mounted ground applicator to crop release plots on 28-29 May 1989 (Section 
5.1). 

4.3.1.2 Mode of action 

Hexazinone can be absorbed through foliage as well as roots. The primary pathway depends 
on the formulations used: when applied in a liquid form, both foliage and root mediated absorption 
takes place, and when applied in granular form practically all absorption takes place through the roots 
(Ghassemi et al. 1982; WSSA 1983). In the case of PRONONE formulation, once the hexazinone 
is released from the granules it is absorbed by the roots and translocated to stems and leaves with the 
water stream. The mechanism by which plants are affected and the relative sensitivity of plant species 
are not completely known. But there is evidence that it can interfere with photosynthesis and with 
RNA and lipid synthesis. Of these metabolic processes, photosynthesis is reported to be the first and 
most sensitive process inhibited by hexazinone and other S-triazine herbicides (Hatzios and Howe 
1982). Hexazinone is primarily translocated through apoplasts to the site of action in the mesophyU 
(Beste 1983; McNeil, Stritzke and Basler 1984) and interferes with the photosynthetic reduction of 
CO2 in the dark (WSSA 1983). 

Hexazinone blocks the photosynthetic process and eventually causes visible necrosis of the 
susceptible tissues. It appears that dimethylamino or methylamino groups and nonsubstituted 3-
cyclohexyl rings are critical to blocking of the photosynthesis. The parent compound, hexazinone, 
breaks down into two major (A and B) and six minor (C, D, E, F, G, and H) metabolites. The parent 
compound is most effective; however, metabolite B is also phytotoxic. The weaker activity of 
metabolite B appears to be related to demethylation of the 6-dimethylamino group during its 
formation (Sung et al. 1985). 

The degree of damage to a species depends on its sensitivity, rate of application and uptake, and 
physical environmental factors. The tolerance of plant species to S-triazine herbicides can be 
attributed to reduced uptakes or translocation, or degradation of the absorbed herbicide to inactive 
compounds (Freeman, White and Bukovac 1964; Sikka and Davis 1968). Hexazinone behavior in 
tolerant species appears to follow a similar pattern. Tolerance of pine and eastern red cedar to 
hexazinone has been attributed to rapid degradation and to low amounts of hexazinone translocated 
to foliage, respectively. In sugar cane, however, the tolerance is probably due to both low uptake and 
degradation of the absorbed herbicide to inactive compounds (Reiser, Belasco and Rhodes 1983). 

There is very little information available on the mass balance of hexazinone applied to a forest 
system. How much of the applied herbicide is absorbed, translocated, and maintained as residues in 
plants? How much is metabolized in soil? What proportion is leached to various depths and moved 
to groundwater level? The present study provides some data on off-site drift and concentration of 
hexazinone and its metabolites in surface water, soil leachate, soil, and plants. Baron and Monaco 
(1986) studied the comparative uptake, translocation, and metabolism of hexazinone in blueberry and 
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hollow goldenrod. The authors reported that blueberry plants absorbed on the average 7.9% of the 
root-applied hexazinone compared with 10.1% by goldenrod. An average of 6.8% of the root
absorbed hexazinone was translocated from roots to the stem and leaves in blueberry while this 
percentage was as high as 50% in goldenrod. The lower sensitivity of blueberries to hexazinone was 
attributed to the restricted translocation of the absorbed herbicide to stems and leaves. 

4.3.1.3 Methods of assessing herbicide damage 

Vegetation in the Grande Prairie plots was monitored intensively for visual hexazinone damage 
symptoms, survival of woody stems (density of live stems), and changes in vegetation cover for a year 
before and for each of 3 years, posttreatment growing seasons. 

Two methods were used to understand the effects of the herbicide on phenological development 
and loss of the most common photosynthetic tissue in the most common species occurring in the study 
plots. 

a) Detailed phenoloeical development of selected species 

The observations were restricted to the control and herbicide-treated plots. The 1 m x 1 m 
quadrats located in each of the five randomly selected 5 m x 5 m subplots in control, high herbicide, 
and low herbicide treatment plots (Fig. 4-5) were visited at 2-week intervals from May to the end of 
August 1987 (the growing season following the herbicide application on 26 August 1986). The 
vegetation phenologies, insect and disease damage, and herbicide damage were monitored for each 
species present. Numerical ratings were applied as follows: 

o - no leaf tissue present 
2 - green leaves visible but often folded as in bud 
3 - leaves partially expanded 
4 - leaves fully expanded but soft light green or red 
5 - leaves mature with normal colors and texture 
7 - shoots dead, leaves lost 
9 - leaves senscing 

10 - 20-80% insect damage 
11 - 20-80% herbicide damage 
13 - > 80% herbicide damage 

b) Rated damage due to herbicides. insects, and diseases 

Twenty points were sampled, ten in each of the two corridors between three rows of 5 m x 5 m 
plots (Fig. 4-5). At each point the closest and the tallest stem of each woody species, or a clump in 
case of grasses, was observed for insect-disease or herbicide damage, and visual estimates of the 
intensity of damage to the foliage were assessed and recorded. Based on the extent of foliar damage, 
the sample was classified in one of the following damage classes. 
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Description 

o to 5% of the foliage surface affected by insect ordisease, no clear 
symptoms of herbicides discernible, foliage green and healthy 

5 to <25% of foliage damaged by herbicide (chlorotic, necrotic, 
deformed, cupped leaves) or by insect and disease 

25 to <50% showing damage by herbicide, insect or disease 

50 to <75% with herbicide, insect or disease damage 

> 75% foliage damaged by herbicide, insect or disease 

In 1987 the herbicide-treated and control plots were monitored for foliar herbicide damage in 
May, June, July, August, and September for 21 leading species (Table 4-1) to establish the pattern 
of development of herbicide damage on foliage of a large number of species. For 1988 and 1989 
monitoring, the sampling was limited to five or six of the most important woody, herbaceous, and 
graminoid species (Tables 4-2, 4-3). 

During 1986 (pretreatment sampling of plots) aspen was observed to have been infested with 
ink spot (Cibomia whetzellii (Seaver)). A damage survey of the vegetation in all treatment plots of 
Blocks 1 to 3 was carried out in June 1986 (Table 4-4). Fifty stems were sampled from each 
treatment plot and the top 20-cm section of each stem was observed for occurrence of ink spot, 
percentage of leaves affected, and estimated foliar surface damaged. The data were collected for 
future reference when evaluating the impact of herbicides and other vegetation management 
techniques. 

4.3.2 Stem Density 

Pretreatment stem counts of all woody stems 50 cm or over in length were included in counts. 
Stems in three height classes (A = 50-150 cm, B = 150-500 cm, C = > 500 cm) were counted by 
species. Thirty 5 m x 5 m subplots were sampled in 1985-86, 1987, and 1988 in all Method II (site 
preparation) treatment plots and 20 subplots in Method I (crop release) plots. The intensity of 
sampling was 50% in 1989 in Method II plots, except high-herbicide-plus-mechanical and low
herbicide-plus-mechanical plots of Blocks 1 and 2 which were not sampled in 1989 (Table 4-6). No 
stem counts were done in 1989 on Method I plots because of application of the chemical and 
mechanical crop release treatments in 1989. These plots are due for sampling in 1990-91 for 
treatment effects. 

4.3.2.1 Analysis of stem density data 

The density data from treatment plots of Method II only were analyzed and summarized for the 
purpose of this report. Method I is due to be sampled in 1991-92 for total effects of mechanical and 
chemical treatments. Density data from 30 subplots were summarized as means and coefficient of 
variance for each treatment plot. The averages were presented as number of stems per hectare. The 



Table 4-l. Percent (n - 60) stems (top 20 em) in each foliar damase class in herbicide-treated and control plots at various times during, 1987. 

Treatments·· 
Species Dam.·· 26-~8 Hax ~~-l!6 June 21-22 Julx 

class C LH HH C LH HH C LH HH 

100 93 66 100 48 18 100 48 22 
(30-I/0) (l0-I/0) (13-1/0) (30-I/0) (6-1/0) (6-Regen) 

II 7 27 18 13 28 27 

Po~l.us t.£emuloides III 10 10 5 17 

IV 2 16 5 17 

V 22 43 14 17 

100 42 37 100 27 17 100 32 
(l0-I/0) 

II 58 60 58 18 18 22 

Aster consRicuus III 15 10 13 18 

IV 15 15 25 

V 40 22 32 

100 33 23 100 13 100 

II 

Cal.,ma2.rostis canadensis III 33 77 17 

IV 10 3 

V 17 70 90 97 

100 95 70 100 60 40 100 33 13 

II 5 30 40 40 37 40 

Amelanchier alnifolia III 20 17 24 

IV 3 13 

V 10 20 

Plots were treated on 28 August, 1986. 

18-19 Auaust 
C LH HH C 

100 72 12 100 
(SO-Regen) 

10 5 

10 

30 

15 53 

100 50 45 100 
(20-Regen) (45-Regen) 

32 30 

6 8 

2 8 

10 9 

100 12 100 
(l2-Regen) 

82 100 

100 22 10 100 

43 15 

10 

15 

30 50 

~-4 §!!l!tembe, 
LH 

52 
(45-Re,en) 

10 

23 

100 
(70-Regen) 

22 

10 

8 

60 

25 

35 

40 

I-' 
0"1 

HH 

18 

10 

58 

100 
(lOO-Regen) 

100 

15 
(Regen) 

25 

60 



Tabl. 4-1 (Cont.inued). Percent (n - 60) at .... (top 20 em) in .ach foliar dames. cla .. at varioua times in herbicide-treated end control plata durins 1987. Plots were treated on 28 AUSuat. 1986 

Specie. Dam •• * 

class 

II 

Salix spp. III 

IV 

V 

II 

Rosa aciculari. III 

IV 

V 

II 

Shepherdi. canadensis III 

IV 

V 

Treatments·· 

26-28 Hay 25-26 June 21-22 JulY 18-19 AU&ust 3-4 SeDtamber 

C LB BB C LB BB C LB BB C LB BB C LB BB 

~ ---86--~ 43 -----100 63 40 UO- 80 70 

14 57 

100 90 43 100 20 100 

10 47 40 

10 40 30 

30 

40 

100 100 100 100 

27 

10 

13 

30 

21 10 100 65 

25 26 10 

20 20 25 

17 9 

17 35 

80 60 

20 20 

10 

10 

(20 Resen) 

20 

(50 Roson) 

10 

13 

38 
(Rogen) 

30 

20 

50 

20 

10 

10 

I-' 
~ 



table 4-1 (Continued). Percent (n - 60) .t ... (top 20 em) in each foliar damaae cla •• at various time. in herbicide-treated and control plot. durina 1987. Plot. were treated on 28 Ausuat. 1986 

Treatments·· 

2S-~6 J!!Ile ~1-~~ ,zulX 18-19 6u8ua~ ~-4 Sel!~_!!i: 

C LH BB C LH BB C LB BB C LH 

100 90 60 100 80 100 80 100 80 

10 3D 10 20 70 20 

10 3D 10 20 70 

40 

10 10 

100 75 100 70 

25 60 3D 

3D 40 

10 

100 90 25 100 80 

10 40 100 20 

25 

C'/ 

I-' 
00 

BB 

20 

60 

10 

10 

10 

50 

3D 

70 



Table 4-1 (Continued). Percent. (n - 60) at._ (t.op 20 em) in .ach foliar domaae cla .. at. varioua t.imea in herhicide-t.reat.ed end cont.rol plot.. durins 1987. Plot.a were t.reat.ed on 28 Aueuat.. 1986 

Treatments·· 

Specie. Dam.·· ~6-28 HaX 25-26 June 21-2~ oZuU 18-~9 Ausu.~ ~-4 See~!!!!l!!' 

class C LB BB C LB BB C LB BB C LB BB C LB BB 

100 100 90 43 53 20 100 74 23 
(23-Re,en) 

II 10 40 23 13 

Eeilobium .nsu.t~folium III 17 12 

IV 13 13 48 

V 27 17 

100 100 100 100 90 100 90 

II 10 80 10 80 
(lO-Chlorotic) 

Corvlus cornuta III 20 

IV 

V 

100 100 80 100 65 100 90 70 

II 20 10 

Vicia american!. III 30 40 30 

IV 

V 60 

l-' 
\0 



Table 4-1 (Cont.inued). Perc.n~ (n - 60) .~ .... (~op 20 em) in •• cb foliar damaa. cl •••• ~ various ~im •• in b.rbicide-~r.a~.d and con~rol plo~. durina 1987. P1o~. were ~rea~ed on 28 AU8ua~. 1986 

Spe.ies Dam.·· 

class 

II 

Aralia nudicaulis III 

IV 

V 

II 

Cornus canadensis III 

IV 

V 

II 

Va •• inium myr~illoides III 

IV 

V 

Treatments *. 

26-28 HaY 25-26 June 21-22 JulY 18-19 A""u.~ 

C LB HB C LB HB C LB HB C LB 

100 100 90 100 80 30 100 80 -- -3 

10 

100 100 100 100 

100 100 100 100 

20 

40 

30 

100 100 

80 50 

20 

30 

20 

20 
(20-Cb1oro~i. ) 

20 

20 

55 

3-4 S.D~!ll!lber 

HB C LB 

100 100 

100 80 

20 

I'V 
o 

HB 

100 

60 

40 



Table 4-1 (Cont.inued). Percent (n - 60) at. .... (top 20 cm) in each foliar damase cla .. at. various t.ime. in herbicide-treatad and control plot. during 1987. Plota .. ere treat.ed on 28 Ausust, 1986 

Specie. Dam.·· 26-28 Ha! 25-26 i!une 

class C LB BH C LB BH C 

100 100 

II 100 100 

Arnica cordifolli III 

IV 

V 

100 90 80 100 

II 10 20 

Ribas oxvacanthoides III 

IV 

V 

100 100 90 100 

II 10 

LaWrus ochroleucus III 

IV 

V 

*Damage classes: I - 0-5%, II - 5-25%, III - 25-50%. IV .. 75-100% of foliar surface damaged or foliage defoliated. 
**C .. Control, LH ... 2 kg hexazinone/ha. HH .. 4 kg hexazinonelha. 

Treatments ** 

gl-gg i!!!l! 18-19 A!!&u!t. 

LB BH C LB 

80 

20 SO 

20 

20 

80 

20 80 

20 

80 20 100 80 

20 so 

20 10 

10 10 

***Numbers in parentheses are percent showing I/O. Regen or Dead. I/O" Insect/Disease Damage. Regen .. Regrowth from previously defoliated stems. D ... Dead stem. 

3-4 Sel!~!!!!l!!£ 

BH C LB 

100 80 

20 

20 

so 

20 

10 

BH 

80 

20 

~ 



Table 4-2. Percent stems in each foliar damage cl •• s in herbicide, mechanical, and control plota on 28 June 1988. Plot.s ... re t.reat.ed on 28 Ausust. 1987 

Treatments·· 
Speci •• Dam. cl ••• C LlI LlI + OT I!II 

I 100 25 52 23 
II 33 20 (3-1.0) 15 (2-1.0)*** 

PoDUlus t.r ..... loid •• III 17 3 
IV 7 5 
V 18 (3D) 21 (3D, 12 R.g.n) SO (50, 5 Resen) 

I 100 100 100 100 
II 

61~!' s:onsaicuus III 
IV 
V 

I 100 100 100 100 
II 

El!ilobl.l!!l! anaustifolium III 
IV 
V 

100 33 12 
II 5 8 

CalamaRrostl. canadensis III 
IV 5 
V 53 95 62 

I 100 100 100 
II 100 

Rosa acicular!. III 
IV 
V 

I 100 50 40 10 
II 15 30 20 

Arnelanchier alnitolli III 5 30 
IV 
V 30 70 

*Oamage classe.: I - 0-51, II - 5-251, III - 25-50%, IV - 75-1001, of foliar surface damaged or foliage defoliated. 
**C • Control* LB - 2 kg hexazinone/ha, HB - 4 kg hexazinone/ha, DT • Disk trenching, DO - Double disking. 

***Numbers in parentheses are percent showing I/O. Regen or Dead. I/O • Insect/Disease Damage, Regen - Regrowth from previously defoliated stems, 0 - Dead stem. 

1!II+1lI 

13 
7 

15 
10 
55 (15 Resen, 80) 

100 

100 

10 
20 
17 

53 

80 
20 

30 

10 
40 
20 

1l!1 

100 (Resen) 

100 

100 

100 

100 

IV 
IV 



t-.j 
w 
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Table 4-4. Frequency and intensity of Cibornia whetzellii (Seaver) in various 
treatment plots and blocks of Vegetation Management (Site 
Preparation) Study at Grande Prairie, 12 June 1986. Assessments 
were done prior to any treatment 

Blocks 

BL-l 

BL-2 

BL-3 

Damage 

% stems with 
foliar damage 

% leaves affected 
on damaged stems 

% damaged leaf 
surface of 
affected leaves 

% total leaf 
area damaged 

% stems with 
foliar damage 

% leaves affected 
on damaged stems 

% damaged leaf 
surface of 
affected leaves 

% total leaf 
area damaged 

% stems with 
foliar damage 

% leaves affected 
on damaged stems 

% damaged leaf 
surface of 
affected leaves 

% total leaf 
area damaged 

PL-l PL-2 

86 92 

50 74 

16 14 

6.9 9.5 

96 100 

79 67 

41 22 

31.1 14.7 

88 100 

67 48 

7 8 

4.1 3.8 

PL-3 PL-4 PL-5 PL-6 

96 100 100 100 

48 76 100 92 

24 11 13 8 

11.0 8.3 13.0 7.4 

100 64 100 100 

66 52 24 15 

21 23 9 10 

13.9 7.6 2.2 1.5 

90 90 22 10 

60 44 6 8 

9 15 2 1 

4.9 5.9 20.3 <0.1 

8100% foliar damage = all leaves, 100% leaf surface, and on all individual stems. 

h% foliar damage = proportion of stems with foliar damage x proportion of leaves 
affected x % leaf area damaged; e.g., 0.86 X 0.5 X 16 = 6.9. 



Table 4-5. PhonoloSical SUlll1l&ry 1987 tor aspen (Populus !,remuloides) from control and herbicide-treated plots 

Phenology .. n.hTIm. 

Treatment May June July Au!ust September October 

1-----------15-------------31 1-------------15------------30 1------------15----------31 1---------15-----------31 1------------15----------30 1----------15--------- --20 

llud break Leav.. fully Leave. mature, normal thickn ... and texture and lusb sreen. Some clone. I Leave. begin turning color, St ... defoliated but 

occurred, leav.. expanded, soft, earlier than others (Code S) I .en .. c1ng and .ome falling. live (Code 6) 

Control No partially red or lisht SOIII8 clone. later than 

leaves expanded green in color others (Code. 5, 9) 

(Code 3) (Code 4) 

llud break early Leave. fully 30X of leave •• howing varying dure .. of herbicide damau. Little or no Terminal regrowth from Leav.. aen •• ein& 

lD some ClOD •• , expanded, .oft & defoliation. 701 were .. in controla. So!!!! completelI damned and lome at... moat and It ... deroUated 

No leave. partially light ,reen or ~. (Code 11, 13, II in order of frequency) leav.. aen.aeina (Code 6, 9) • About 

2 kg bexazinone/ha leave. expanded in red (Code 4,3) and turning color. 151 st ... dead (Cod. 7) 

_.t, fully (Code 9,5,6) 

expanded in 

.ome 
(Code 3,4) 

llud break Leave. fully 40X leave. completely d_ed (Code 13) and falling, others Accelerated defoliation of St ... completely 

No delayed, ...... expanded, .oft varying degree of deaae and falling (Code. 11, 13, 6, 5). Needle. It_, leave. .ene.cing, defoliated (Code 6) 

4 ka bex&zinone/ha leave. clone. with no light ,reen, damaaed in the terminal re,rowth color not normal About 25-301 .t ... 

leave. (Code 3) or light red dead (Code 7) 

(Code 4) 

tv 
U'1 
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Table 4-6. Average densities of woody stems (> 50 cm) in control, herbicide 
and mechanica1y site preparation Blocks 1 to 3 of the Grande 
Prairie study 

Ave rage Ily}umbe r of stemsjha in treatment p10tsb 

Block Year 
sampled Control ill ill + DT HH HH + DT DD 

Block 1 1986c 53012 62868 58360 54012 45548 47932 

1987 54228 45692 36428 49120 34560 240 

1988 73160 39704 22640 34824 15132 1748 

1989d 79200 32560 N.S. e 25120 N.S. 4293 

Block 2 1986 57280 74520 66360 77068 48440 92788 

1987 73012 90600 55372 71612 37080 40 

1988 82452 93548 43440 52920 15812 1920 

1989 86853 107413 67333 44080 27387 12267 

Block 3 1986 49508 42520 60788 59772 43360 47000 

1987 55840 60440 39160 65052 32852 12 

1988 65452 56372 35852 49800 22892 640 

1989 65627 59440 N.S. 51680 N.S. 7253 

aAverage = mean of 30 5 m x 5 m plots per treatment per block. 

2Contro1s - no herbicide or mechanical treatment, ill and HH = plots treated with 
PRONONE lOG at 2 and 4 kg hexazinonejha respectively, DT = Disk-trenching, DD = 

Rome Disk. 

CAll 1986 values are pretreatment values. 

dSamp1ing intensity in 1989 was 50% of the 1986-88 levels. 

eNot sampled in 1989. 
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summaries were prepared for all stems (> 50 cm) for all species, for all aspen stems, and aspen stems 
in different height classes (Table 4-6 to 4-8). 

Stem density data for 1986 to 1988 from control, herbicide alone, and in combination with 
mechanical treatments were tested for departure from normality (by moment estimates of kurtosis 
and skewness, goodness-of-fit test using the Kolmogorov-Smirnov procedure, and homogeneity of 
variances using Bartlett's test'. Details of these aspects are dealt with by Fairbarns4. No data sets 
were found to be normally distributed, and most variances could not be successfully transferred into 
statistically tractable forms because of strong platy kurtosis. As a result non-parametric tests for 
analysis of variance among treatments and mean separation were employed. 

The density data from Method II were analyzed for variances among treatments by using 
Friendman's nonparametric test for a randomized complete block design (P = 0.05) and Tukey's 
procedure for ranked data in a randomized block analysis of means separation at P = 0.05 (Zar 
1980). Percent change in density from 1986 to another year (x) was calculated as [(x-1986)/1986] x 
100. 

4.3.3 Vegetation Cover 

Over 90% of the species in plots were forbs, graminoids or woody species less than 50 cm in 
height. Detailed quadrat data were collected in all nonmechanically treated plots of Method II (120 
quadrats per treatment plot). In each 1 m x 1 m quadrat, all species present at a particular sampling 
time were noted. A comprehensive list of species was prepared (Appendix A). 

The abundance of each species and vegetation stratum was visually estimated by cover class in 
order to document changes in cover resulting from different vegetation management methods. 
Species with less than 1 % cover were placed in the 0.5% cover class. Cover values of over 1 % were 
classed by increments of 10% and designated by the midpoint of that class (e.g., Comus canadensis 
at 17% would be placed in the 10-20% class designated by 15%). All cover estimates were made 
between July and August. The first survey was conducted in 1986 (prior to treatment) and 
subsequent surveys in summers of 1987, 1988, and 1989. 

In mechanically treated plots, permanent plots could not be reestablished after plots were 
disktrenched or double disked. Initial vegetation was described in general terms and post-treatment 
vegetation was monitored as outlined below to obtain a general measure of vegetation cover, degree 
of disturbance, and vegetation recovery following mechanical treatments. 

In 1986 baseline vegetation conditions were noted in all environment subplots. Each subplot was 
divided into four quarters as in the shrub counts (Fig. 4-5) and the covers of the graminoid (G), forb 
and dwarf shrub (F), medium shrub (A), and tall shrub (B) strata were obtained in each subplot 
quarter. In 1986 stratum cover was estimated in 25% cover classes. Up to three leading species were 
listed for each stratum. 

Disk-trenching in 1987 created three habitat types on DT plots: berms, trenches and inter-trench 
areas. Subsequent sampling was limited to circular quadrats (50 cm diameter) in which the cover of 
each vegetation stratum and up to three leading species were estimated by 25% cover classes. The 

4Fairbarns, M.D. Vegetation dynamics following a catastrophic herbicide disturbance. M.Sc. Thesis, 
Univ. Alberta, Edmonton, Alta. (In preparation.) 
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quadrats were centered on crop seedlings which were planted primarily in trenched areas. The 
sampling was restricted to alternating subplots (5 m x 5 m) of LH-DT, HH-DT, and DD treatments 
in the Method II (site preparation) area (treatment plots 3, 4) and all treatments except DD plots 
in the Method I area (Fig. 4-3). The cover of mineral soil, forest litter, exposed F & H layer 
materials and slash were estimated to 25% cover class. In 1989 for reasons of time and PY 
constraints, vegetation cover estimates for total cover by strata and by species were done in eight 
quadrats from DD plots in Block 2 of Method II and in 8 quadrats from each of three habitats (berm, 
trench and intertrench) in LH-DT and HH-DT plots in Block 2 of Method II. These data are 
analogous to that collected on control, LH and HH plots of Method II. The data will yield valuable 
information on the degree of disturbance by disk-trenching and on vegetation cover on three types 
of habitats created by disk-trenching. 

4.3.3.1 Analysis of the species presence and cover data from control and PRONONE lOG treated 
plots 

As with the stem density data, only data from control and herbicide treatment plots of Method 
II were analyzed in detail. The effect of the PRONONE and mechanical treatments applied in the 
spring and summer of 1989 are not expected to be realized until the end of the 1990 growing season. 
Further sampling is essential for the years 1990-91 and 1993-94. As mentioned earlier, the 1986 cover 
data from disk-trenched and double-dis ked plots of Method II are not directly compared with other 
years because the method of data collection and size of sample area were different. These 
differences were unavoidable because the mechanical treatments in 1987 precluded the use of 
permanently marked plots. 

a) Species richness and total number of species in treatment plots 

The number of species per 1 m x 1 m quadrat in treatment plots of each block were enumerated 
for 1986 to 1989 separately to follow species richness in treatment plots (Table 4-12). Also the total 
number of species before and after the treatments were determined for years 1986 to 1988 (Table 
4-12). 

b) Similarity among treatment plots 

Similarities among treatments before treatment application and total change in treatments over 
time based on frequency of occurrence of species and their cover were analyzed by the quantitative 
form of Sorensen's index and by Euclidean distances (Mueller-Dombois and Ellenberg 1974). 

Sorenson's index of similarity in its quantitative form (Motyka Index) was calculated as follows: 

SI= 2Mw 
MA+MB 

where Mw = sum of smaller frequency values of species common to plots A and B 
MA = sum of frequency values in plot A 
MB = sum of frequency values in plot B 
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Mean cover within a plot was substituted for plot frequency in order to calculate cover frequency. 

Euclidean distance (ED) of dissimilarity between two plots (or two years for the same plot) was 
calculated as: 

where S = number of species 
Xij= average frequency of species i in jth and kth treatment plot or year 

The indices were calculated for years 1986 to 1987 (Table 4-13). 

c) Chanees in species cover 

Most quadrats contained many species, however most had cover values closer to or less than 
0.1 %. Cover values of over 10% were uncommon and consequently data sets were mesokurtotic. 
The cover class distribution resulted in problems of skewness. The cover data were tested for 
normality and homogeneity of variance. Serious departures from normality were found in all cases 
examined todate. Variances within most data sets were also found to be excessively heterogeneous. 
Non-normal distributions may seriously affect the performance of analysis of variance and were often 
sufficient to preclude the use of classical ANOV A techniques. 

Vegetation changes in the untreated and herbicide-treated areas were assessed at both the 
vegetation strata and individual species levels. Cover class frequencies were calculated for each 
vegetation stratum and each leading species for the years 1986-1989 (Tables 4-13 to 4-18). Species 
changes were further assessed by calculating the number of quadrats in which cover increased, 
decreased, or did not change. Only species with median cover class values of 5% or more were 
considered (Table 4-19). 

4.4 RESULTS AND IMPLICATIONS 

4.4.1 Symptomology and Evaluation of Herbicide and Insect and Disease Damage 

The pretreatment survey for insect and disease damage concluded that aspen regrowth can be 
seriously infected during summer by Cibomia whetzellii (Seaver) resulting in as much as 20% damage 
of the foliage (Table 4-1 to 4-4 and Fig. 4-7). Though forest tent caterpillar was common, 
it did not impact the cutover blocks to any observable extent. On aspen during the fall, the damage 
to terminal branches by leaf and twig blight (Venturia macer/aris) was common. 

Following the application of hexazinone (PRO NONE lOG) on 26 August 1986, typical 
hexazinone damage symptoms on the foliage were not observable during the fall of 1986. Either the 
amounts translocated to the foliage were not high enough to produce visible damage symptoms, or 
the physical processes leading to senescence masked the typical herbicide damage symptoms. 
Circumstantial presence of herbicide residues in the defoliated twigs collected in October 1986 
(Section 6.7)--earlier drying of leaves, and marginal necrosis, and a curly look in some aspen leaves 



Figure 4-7. Pretreatment soil surface disturbance and vegetation damage. A-B. Disease and insect damage to Populus 
tremuloides. C. Terrain disturbance and vegetation removal: slash piles and scraping of top soil horizons. D. Aerial 
view of the treatment plots in Block 1. Left to right the treatment plots were: 4 kg hexazinone/ha, 2 kg hexazinone/ha, 
4 kg/ha plus disk-trenching, 2 kg/ha plus disk-trenching, no treatment, double-disking. 

w 
o 
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from high herbicide-treated plots--indicated the release of herbicide in soil and its absorption by 
plants during the posttreated period in the fall of 1986. Transplants of several species from control 
areas treated with 2 and 4 kg hexazinone!ha rates produced wilting within 48 of the application of 
the herbicide under greenhouse conditions. It was followed by necrosis of leaf margin and surface 
in several species within a week after herbicide application (Fig. 4-8). Biweekly phenological 
observations were made in a number of species present in ten 1 m x 1 m quadrats in each of the 
control, high-herbicide, and low-herbicide treatment plots. In control plots, species followed 
generalized pattern of growth initiation in the spring, expansion and maturation of foliage from the 
middle of June to August, and leaf senescence and defoliation in September to October. The 
application of herbicide resulted in varying degrees of foliar necrosis, premature senescence and 
defoliation, and mortality of entire stem tissues without any regenerative response (Fig. 4-8). Species 
responses are summarized in Table 4-5 for aspen. The species fall into three categories based on 
their overall response to the hexazinone at the 4 kg/ha rate. 

Category I: 

Category II: 

Category III: 

Species that developed varying intensities of herbicide damage (chlorosis, 
marginal necrosis, defoliation) beginning in the middle of June and 
progressively increasing towards the end of August but interrupted by 
occasional episodes of regrowth. The regrowth occurred from underground 
root or stem structures and from axillary and terminal buds or completely on 
partially defoliated stems. The stems from episodic regeneration usually have 
elongated internodes. Some of the species that belong to this category were 
Aster conspicuus, A. ciliolatus, Epilobium angustifolium, Populus tremuloides, 
Rosa acicularis, Spiraea betulifolia, and Vaccinium myrtilloides. 

Species that showed a progressive herbicide damage from June to August as 
in Category I but did not show any regenerative episodes of regrowth from 
underground root or aboveground stem structures. Some species belonging 
to this category were Amelanchier alnifolia, Carex species, Calamagrostis 
canadensis, Fragaria virginiana, Rubus pubescens, Linnaea borealis, 
Maianthemum canadense, Petasites palmatus, Lathyrus ochroleucus, Oryzopsis 
asperifolia, and Ribes lecustre. 

Species that showed little or no foliar necrosis. The most intense symptom 
was the foliar chlorosis early in the growing season and no mortality of above
ground stem or root structures. Species like Alnus crispa, A. tenuifolia, 
Corylus cornuta, Comus canadensis, Galium boreale, Viola rugulosa, and Crepis 
tectorum belong to this category (Fig. 4-9). 

The net result of the herbicide on the phenology was the loss of photosynthetic tissue, premature 
defoliation, and repeated episodic regrowth in some species. 

Neither all individuals of a species nor all species were affected to the same intensity in herbicide
treated plots. Variations depended on the age of the individuals, stem density, and above all the 
distribution of the PRONONE granules. To evaluate the average effect on each of several species, 
20 stems each of several species were collected at 30- or 6O-days intervals from late May to 
September 1987, and characteristic responses were evaluated (Table 4-1). The five to six leading 
species were similarly sampled in 1988 and 1989 (Tables 4-2 and 4-3). 

Quantitative herbicide damage data thus collected indicated that a number of species followed 
one of the three response patterns (Table 4-1). The low herbicide rate (2 kg hexazinone!ha) had 



Figure 4-8. Symptoms of hexazinone damage (applied as PRONONE lOG at 4kglha rate). A. Initial hexazinone damage: 
wilting and brown spots on fOliage of Populus tremuloides (aspen). B. Necrotic spots on ~. tremuloides leaf. C. 
Complete necrosis and drying of foliage of .e. tremuloides before leaf-fall. Main stem is still alive and supports episodic 
terminal growth. D. Heavy defoliation and stem mortality in aspen. E. Complete mortality of Calamagrostis canadensis 
and Forbs with some live individuals of Epilobium angustifolium and Aralia nudicaulis. 

0.l 
N 



Figure 4-9. Effects of 4 kg hexazinone/ha (as PRONONE™ lOG) on plant species. A. Unaffected Corylus cornuta in a 
plot where most other species were seriously damaged. B. Completely defoliated b'lueberry (Vaccinium myrtilloides) plants 
with ripe berries. C. Comus canadensis and fruiting bodies of a fungus resistant to hexazinone. D. Invasion of Crepis 
tectorum (yellow flowers). Photographs A-D taken in August 1987, 1st growing season after the 1986 fall application of 
PRONONE. w 

w 
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little effect on woody and herbaceous species except Calamagrostis canadensis and was an ineffective 
treatment for vegetation management when applied in the fall. Based on the data in Tables 4-1 to 
4-3, important conclusions are summarized below: 

1) Species differ in their sensitivity to hexazinone. For example, Calamagrostis is highly sensitive 
and can be controlled at application rates of 2 kg hexazinonelha while Comus canadensis was 
very lightly affected by the 4 kg hexazinonelha rate. All woody species were most damaged at 
4 kg hexazinonelha rates except Corylus, Alnus and Betula paprifera. 

2) Damage by insects and diseases was not significant as compared with damage by other 
treatments including herbicide. Most damage occurred on well-drained mesic conditions. 

3) Damage peaked at the end of the second growing season following the herbicide treatments. 
As a result, first-year assessment following the hexazinone treatments can be excluded for 
effective use of resources in high cost projects. By the third growing season, some foliage on 
stems which were previously heavily damaged exhibited light herbicide damage as marginal 
necrosis, enhanced axillary bud activity, and abnormally elongated internodes. The herbicide 
PRONONE lOG at 4 kglha resulted in a 2-year partial control of vegetation followed by 
recovery in health and cover of the vegetation (Sections 4.2 and 4.3). 

4.4.2 Stem Density Results 

The density data for all woody stems and aspen separately are summarized in Tables 4-6 to 
4-8. The analysis of 1986 stem density data indicates that the number of total stems per hectare 
varied greatly among treatment plots and blocks prior to treatment. For example Block 2 plots 
designated for high-herbicide-plus-mechanical treatment supported 48 440 stems per hectare while 
in the double-disk (DO) plot there were 92 788 stems per hectare. Similarly in DO-designated plots 
the pretreatment numbers were 47 932, 92 788, 47 000 stems per hectare in Blocks 1, 2, and 3 
respectively. Aspen accounted for over 75% of the total stem density. Aspen varied from 80-96%, 
76-89%, and 70-88% in treatment plots of Blocks 1, 2, and 3 respectively. Among replicates of 
treatments, the percent of aspen ranged from 82-88, 75-96, 79-87, 83-95, 81-92, and 70-85 in the 
control, LH, LH - DT, HH, HH - DT, and DO plots respectively (Tables 4-6 and 4-7). The within
treatment plots variability was high with a coeffieient of variance (CV) of 28-78% indicating very low 
density to very high density of aspen in the subplots within each treatment plot. The practical 
difficulties in applying the treatments (especially herbicide application) uniformly to the subplots 
within each treatment plot added to the variability in stem density which confounded the recognition 
of the treatment effects on stem density. In general, the analysis of the stem density data suggests 
strong similarity among plots before treatments, though the densities happened to be lowest in the 
HH-DT plots (Table 4-6). 

The application of PRONONE alone and in combination with disk-trenching and double
disking alone resulted in a varied degree of control of woody stems. At low herbicide rates there was 
a net increase in the total number of woody stems despite a net decrease of 20% in aspen stems by 
the end of the 1989 growing season (Figs. 4-10 and 4-11). Low herbicide in combination with disk
trenching resulted in the control of over 40% of woody stems during the first 2 years; however, they 
recovered to near pretreatment numbers by 1989. The treatment resulted in a decrease of 30% of 
aspen stems from 1986 levels. The lack of net change in density of woody stems by 1989 was due to 
an increase in stems of other woody species such as Rosa, Amelanchier and Viburnum. These species 
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Table 4-7. Aspen densities (~ 50 cm) (average and coefficient of variation) in 
controls and herbicide and mechanically treated plots in Blocks 1 to 
3 (site preparation) of the Grande Prairie Study 

Year Average8 number of stems/ha in treatment p10tsb 
Block sampled Control ill ill+DT HH HH+DT DD 

Block 1 1986 Av 43680 60333 47040 51413 42253 40800 
Cv % 46 69 78 53 77 58 

1987 Av 43760 42693 28413 45960 3154 133 
Cv % 55 67 75 49 65 4 

1988 Av 51947 37613 19280 33280 14693 1547 
Cv % 36 87 84 7 112 157 

1989c Av 43067 30053 NSd 21627 NS 3733 
Cv % 37 77 NS 96 NS 124 

Block 2 1986 Av 46760 64507 52533 69107 39093 70427 
Cv % 48 49 39 43 66 34 

1987 Av 51960 66507 38707 62373 28067 27 
Cv % 44 43 43 37 73 548 

1988 Av 52253 64080 32413 49280 12520 1453 
Cv % 40 46 45 55 88 178 

1989 Av 44613 58960 35173 39867 15573 7867 
Cv % 33 32 61 54 76 108 

Block 3 1986 Av 43800 32093 52733 34907 36320 32880 
Cv % 28 60 42 42 44 34 

1987 Av 44173 44507 30907 33160 24880 0 
Cv % 41 57 5 59 4 N/A 

1988 Av 48147 38813 30333 21187 20200 N.S. 
Cv % 25 52 52 58 67 N.S. 

1989 Av 43227 35227 N.S. 20907 N.S. 4587 
Cv % 19 58 N.S. 6 N.S. 65 

8Average == mean of 30 5 m X 5 m plots per treatment per block. 

bContro1 - no herbicide or mechanical treatment, ill and HH - plots treated with 
PRONONE lOG at 2 and 4 kg hexazinone/ha respectively, DT == disk trenching, DD = 

Rome disk. 

cSampling intensity in 1989 was 50% of the 1986-88 levels. 

dNot sampled in 1989. 
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Table 4-8 Stem densities (stemsjha) for two height classes (50-150 cm and> 
150 cm) of aspen in control, and herbicide alone and plus 
mechanically treated plots in Blocks 1 to 3 (site preparation) of 
the Grande Prairie study. 

Average8 number of stemsjha in treatment plotsb 
Height Block Year Control Ul Ul+DT HH HH+DT DD 

Aspen-A Block 1 1986 42387 59880 46493 50893 42107 40227 

ASPEN-B 

1987 
1988 
1989c 

Block 2 1986 
1987 
1988 
1989 

Block 3 1986 
1987 
1988 
1989 

Block 1 1986 
1987 
1988 
1989 

Block 2 1986 
1987 
1988 
1989 

Block 3 1986 
1987 

1988 
1989 

39627 
40800 
26880 

45253 
43893 

36467 
24080 

43320 
40027 
35507 
23840 

1293 
4133 

11120 
16187 

1507 
8067 

15773 
20533 

480 
4147 

12600 
19387 

37773 
32507 
25840 

61427 
40907 

35800 
24107 

31533 
31800 

22360 
14587 

453 
4920 
5093 
4213 

3080 
25600 
28240 

34853 

560 
12707 
16373 
20640 

24027 
17267 

d 

37787 . 27307 

25613 13400 
14347 

48173 66267 
22747 42320 
21440 31000 

38133 
19707 

10293 
19467 

52360 
23827 

26307 

547 

1133 
1867 

4360 
9333 

10240 

15707 

373 
3027 
3840 

21360 11707 

34307 36093 
27307 19653 

16880 16307 
16160 

520 
8160 
7613 
7280 

2840 
20000 
18120 

18507 

600 
5853 
4267 
4747 

275 
1450 
2200 

960 
2627 
2067 

3867 

227 
2107 
3467 

8Average - mean of 305m x 5 m plots per treatment per block. 

93 
1493 
3733 

66040 
27 

1440 
7307 

32000 
27 

4533 

600 
o 
o 
o 

4267 
o 
13 

560 

880 
o 

53 

bContro1 = no herbicide or mechanical treatment, Ul and HH = plots treated with 
PRONONE lOG at 2 and 4 kg hexazinonejha respectively, DT = Disk trenching, 
DD - Rome disk. 
cSamp1ing intensity in 1989 was 50% of the 1986-88 levels. 
dNot sampled in 1989. 
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Table 4-9. Summary of stem density data analyses by Friedman's non-parametric 
test for Randomised Block Analysis of Variance (P - 0.05) and 
Tukey's Procedure for ranked data in a randomized complete block 
analysis of means separation (P - 0.05) 

Data 

1986 Density Data 

1987 Density Data 

1988 Density Data 

Absolute change 
in stem density 
(1986-88 values) 

Proportional 
change in stem 
(1988/1986 
values) 

Treatment 

HH 

ill 

HH+ DT 

ill + DT 

C 

HH 

ill 

HH + DT 

ill + DT 

C 

HH 

ill 

HH + DT 

ill + DT 

C 

HH 

ill 

HH + DT 

ill + DT 

C 

HH 

ill 

HH + DT 

ill + DT 

C 

Mean Comparisons 

All woody stems All aspen stems 

b a 

b ab 

a b 

b ab 

a ab 

a a 

a a 

b b 

b b 

a a 

c b 

b a 
d d 

c b 

a a 

c c 

b b 

c c 

c c 

a a 

c c 

b b 

d d 

cd c 

a a 



Table 4-10. Pre- (1986) and Post-treatment average stem density of live stems over 50 cm high in control, in 
herbicide and mechanically treated plots of the Grande Prairie site 

Site Amelanchier alnifolia Rosa acicularis Viburnum edule 
treatment Blocks Blocks Blocks 

I ~ 3 Mean I ~ 3 Mean I ~ 3 Mean 

HH 1986 600 5187 22213 9333 987 493 507 662 0 147 0 49 
1987 267 5760 24160 10062 1987 747 1147 1293 0 13 0 4 
1988 80 1173 20773 7342 1000 333 613 649 0 13 0 4 

LH 1986 707 6373 6320 4467 267 507 1853 876 13 360 0 124 
1987 760 9467 6013 5413 933 4200 4613 3249 0 720 107 276 
1988 960 13613 7253 7276 547 3920 4640 3036 0 707 80 262 

HH-DT 1986 2493 5420 4933 4649 240 733 1107 693 27 907 0 311 
1987 2547 6573 4813 4644 213 760 1267 747 0 227 200 142 
1988 293 960 267 507 107 120 787 338 0 40 120 53 

LH-DT 1986 7387 10680 6600 8222 2160 333 200 898 0 133 0 44 
1987 6053 13027 6587 8556 1053 1000 413 822 0 133 53 62 
1988 1293 7533 2373 3733 1627 653 1347 1209 0 67 27 31 

C 1986 5107 7493 4960 5853 1213 480 213 636 27 147 0 58 
1987 6400 16120 10187 10902 720 1867 947 1178 0 213 0 71 
1988 11880 20467 13520 15289 2933 3493 2507 2978 13 520 0 178 

DD 1986 4600 4240 12053 6964 1200 320 1027 849 53 0 0 18 
1987 0 13 13 9 0 0 0 0 0 0 0 0 
1988 67 27 0 312 13 0 0 .4 0 0 0 0 

aBlock average - mean of 305m x 5 m plots per treatment per block. 

bControls - no herbicide or mechanical treatment, LH and HH - Plots treated with PRONONE lOG at 2 and 4 kg 
hexazinonejha respectively, DT - Disk trenching, DD - Double disk. 

w 
co 
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Density of Live Woody Sterns over 50 ern High 
Percent Change from 1986 Levels 
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Figure 4-10. Percentage change in density of live woody stems over 50 cm high. 
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Figure 4-11. Percentage change in density of live aspen stems over 50 cm high. 
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should be assessed for their competitive stress on crop seedlings and their importance as browse 
for wildlife. The shift in species may affect the quality and quantity of browse available to wildlife. 
High herbicide rate alone and in combination with disk-trenching resulted in a 40% and 50% control 
of woody stems and 50% and 60% control of aspen stems by 1989 respectively (Figs. 4-10 and 4-11). 
Double-disking resulted in virtually eliminating the woody species for the first 2 years following the 
treatment and a 10% recovery during the 3rd year (1989). 

The statistical analyses of the 1986-88 data for all treatments except double-disking are 
summarized in Table 4-9. The 1986 stem density data (both for all species and for aspen) were very 
similar among treatment plots. Herbicide application in the late summer 1986 had little immediate 
impact on live stem density. The decrease in 1987 density reflects the effect of disk- trenching and 
probably not the herbicide effects. Nonparametric analyses identified the presence of two distinct 
density groups: one consisting of untreated and herbicide-treated plots, and the other of plots that 
were mechanically disk-trenched. Analysis of both the total number of live stems and the number 
of live aspen stems showed similar results. The reduction in stem density in combined herbicide and 
mechanical treatments was primarily due to mechanical and 30% due to herbicide effects during 1987 
(Fig. 4-10). The effects of all treatments peaked by the end 1988. The effects of mechanical 
treatments on total live stems had disappeared by the end of 1989. Most of the increase in total 
number of stems in controls was due to an increase in non-aspen species such as Amelanchier 
alnifolia, Rosa acicularis and Viburnum edule. The number of aspen stems over 50 cm did not change 
much in controls from 1986 to 1989. There was some increase in aspen stems in LH-DT treated plots 
and DD plots since the treatments were applied (Figs. 4-10 and 4-11). High herbicide rate and other 
drastic mechanical treatments had a catastrophic effect on nontarget species (Table 4-10) for at least 
2 years. The dynamics of the non-aspen species should be examined from the point of view of 
nonfibre uses. The stem density data should be collected at a future time when the seedlings have 
reached a free-to-grow stage and when the impacts and benefits of the management of woody species 
could be fully assessed. This would enable the forest managers to optimize control levels of 
competing vegetation to achieve a balance between maximum growth of crop seedlings and minimum 
impact on nontarget species. 

4.4.3 Vegetation Cover and Species Presence 

4.4.3.1 Species presence, richness, and plot similarity 

Over 110 plant species were identified and recorded for their occurrence in the vegetation 
samples from the study area (Appendix A). 

Prior to the treatments, species richness varied within plots within years with CVs of 13-22%. 
A considerable post treatment variation occurred among treatments within each block and among 
plots within each treatment (Table 4-11). 1987 species richness on quadrats basis decreased as a 
result of herbicide treatment. In 1988 species richness in the LH treatments reached that of 1986 
level but it continued to be low in HH plots. 

The total number of species in treatment plots in LH and HH decreased in 1989 as a result of 
herbicide treatment but recovered in 1988. 

There were large initial variations in species composition among plots of each block and among 
plots of each proposed treatment. Differences and similarities in the frequency and cover of species 
are summarized in Table 4-12. The following conclusions can be drawn based on the results todate: 



Table 4-11 Species richness and number of species in control and herbicide-treated plots in 1986 to 1989 

Species Richnessa Total number of species in 
treatment plots 

Treatment 1986 1987 1988 1989 1986 1987 1988 1989b 

Control B1 20.6 ± 3.1 22.0 ± 3.3 24.1 ± 3.3 22.0 ± 2.8 69 71 79 57 

B2 20.7 ± 2.8 22.0 ± 3.6 23.6 ± 3.5 22.9 ± 2.8 68 78 80 60 

B3 18.8 ± 2.5 19.2 ± 2.4 20.0 ± 3.1 65 71 74 

lli B1 17.4 ± 3.8 10.8 ± 3.3 11.4 ± 5.2 63 59 61 

B2 22.2 ± 3.6 18.5 ± 4.0 21.2 ± 4.0 19.1 ± 3.7 74 77 84 51 

B3 17.8 ± 3.1 13.7 ± 5.1 17.2 ± 3.4 78 68 93 

HH B1 18.2 ± 3.5 10.4 ± 2.6 13.7±4.5 13.9 ± 4.1 58 53 71 55 

B2 21.6 ± 3.4 13.2 ± 3.2 16.3 ± 4.0 15.3 ± 3.4 75 69 87 64 

B3 18.9 ± 3.4 14.1 ± 3.6 12.1 ± 5.5 18.5 ± 3.1 71 59 72 51 

aSpecies richness - average number of species per 1 m x 1 m quadrat based on 120 quadrats. 

bNo. of species in 1989 based on 25% sample size of that in 1986 to 88. 

~ 
I\.) 



Table 4-12. Vegetation dissimilarity based on species frequencya and Coverb 

Change over time Differences within years 

Block 1 Block 2 Block 3 Block 1 Block 2 Block 3 

Euclidean Distance based on species frequencies (high values indicate dissimilarity 

Control 1986/1987 60 56 70 1986 control/low 132 109 143 
1986/1988 111 88 119 contro1/high 113 133 191 
1987/1988 81 51 70 low/high 88 97 175 

Low 1986/1987 187 140 149 1987 control/low 247 164 207 
herbicide 1986/1988 202 125 105 contro1/high 268 233 241 

1987/1988 65 76 101 low/high 98 140 169 

High 1986/1987 238 214 70 1988 control/low 275 154 194 
herbicide 1986/1988 222 202 119 contro1/high 266 254 291 

1987/1988 114 124 70 low/high 102 169 235 

Sorensen's Quantitative Index based on species frequencies (low values indicate dissimilarity) 

Control 1986/1987 93 94 92 1986 control/low 84 88 80 
1986/1988 88 91 89 contro1/high 86 85 77 
1987/1988 92 94 92 low/high 89 90 77 

Low 1986/1987 73 86 81 1987 control/low 63 82 70 
herbicide 1986/1988 73 87 84 contro1/high 61 70 66 

1987/1988 85 91 85 low/high 79 79 73 

High 1986/1987 67 73 77 1988 control/low 61 83 72 
herbicide 1986/1988 71 77 77 contro1/high 65 69 64 

1987/1988 79 80 74 low/high 80 77 68 

e 
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Table 4-12 (continued). Vegetation dissimilarity based on species frequency and cover 

Euclidean distance based on average vegetation cover (high values indicate dissimilarity 

Control 1986/1987 4.9 5.5 6.7 1986 control/low 6.6 7.9 10.2 
1986/1988 6.3 7.4 9.3 contro1/high 7.6 .80 15.3 
1987/1988 4.4 5.3 7.9 low/high 3.5 5.0 16.6 

Low 1986/1987 l3.3 9.6 19.5 1987 control/low 14.0 12.8 19.7 
herbicide 1986/1988 12.9 11.7 18.5 contro1/high 15.2 15.8 24.6 

1987/1988 3.8 6.0 12.2 low/high 4.0 11.8 10.9 

High 1986/1987 15.2 17 .5 14.2 1988 control/low l3.1 10.5 l3.0 
herbicide 1986/1988 12.5 15.9 l3.4 contro1/high 12.1 13.8 19.2 

1987/1988 7.2 8.0 8.0 low/high 5.9 7.9 19.2 

Sorensen's Quantitative Index based on average cover (low values indicate dissimilarity) 

Control 1986/1987 88 90 88 1986 control/low 80 84 78 
1986/1988 85 87 82 contro1/high 78 82 70 
1987/1988 88 89 85 low/high 90 88 66 

Low 1986/1987 57 76 61 1987 control/low 54 70 52 
herbicide 1986/1988 60 76 72 contro1/high 48 54 39 

1987/1988 83 85 71 low/high 77 65 51 

High 1986/1987 48 52 49 1988 control/low 57 75 69 
herbicide 1986/1988 59 61 58 contro1/high 60 62 48 

1987/1988 70 73 64 low/high 78 75 54 

aFrequency is number of quadrats (out of 120) in which a species was present. 

bCover is the average vegetation cover in a treatment plot. 
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1) Prior to the application of treatments, the plots within blocks and within treatments were quite 
similar and the magnitude of differences due to natural vegetation changes were small as 
demonstrated by Euclidean distances and similarity indices. 

2) Differences between controls and LH and HH plots prior to treatment application varied 
considerably among blocks. 

3) Greater changes in vegetation occurred in controls from 1986 to 1987 than from 1987 to 1988. 

4) In plots treated with LH rates (2 kg hexazinone!ha) the greatest changes occurred during the 
first growing season (1986/1987) following treatments, while in the HH plots (4 kg 
hexazinone!ha) changes of greater magnitudes due to treatments occurred in 1987 and continued 
into 1988. 

Changes in the frequency of occurrence of leading species in the herbicide and control 
treatments were analyzed using the data pooled from the three blocks (replicates). The results of 
this analysis for years 1986 to 1989 are summarized in Table 4-13. In control plots, frequency 
increased in 65% of the species from 1986 to 1989,25% of the species showed no significant change, 
and only 10% were less frequent in 1989 than in 1986. Frequency changes among the 57 leading 
species (occurring in ~ 20% of quadrats within one or more treatments in one or more years) are 
presented in Table 4-13. About 70% of the 57 species listed in the table suffered a significant 
decrease in their frequency as a result of herbicide application at both 2 kg (LH) and 4 kg (HH) 
hexazinone!ha rates during the first growing season (1987) following the fall application of the 
herbicide. There was a significant recovery during the second growing season (1988); however, 50 
and 70% of species in LH and HH treatments, respectively, showed an overall net decrease in 
frequency from the pretreatment levels. The recovery continued into the 1989 growing season except 
in very sensitive species (Calamagrostis canadensis, Elymus innovatus, Mertensia paniculata, Oryzopsis 
asperi/olia, Petasites palmatus, Pyrola asari/olia, Rubus pubescens, Spiraea betulifolia, and Vicia 
americana ). 

The results of the frequency data agree with the trends found in stem density and cover changes 
of leading species (Sections 4.4.2 and 4.4.3.2); however, it is important to note that vegetation was 
constantly changing even in control plots following logging. It is highly improbable that herbicide 
treatments resulted in a permanent loss of any species. Species frequencies generally decreased in 
both the LH and HH treatments but the decreases tended to be greatest in the HH treatment. First
year effects were similar for LH and HH rates in a controlled herbicide application study on very 
small plots. The herbicide was hand-applied (to ensure homogeneous distribution) in spring in 
contrast to aerial and fall-application on operational experimental plots. The vegetation even in these 
plots recovered more rapidly in LH than in HH plots. The results of the controlled application study 
will appear as a M.Sc. Thesis by M.D. Fairbarns5. 

4.4.3.2 Vegetation cover 

Changes in the vegetation cover in control and treated plots were considered at various levels 
of vegetational organization: total cover by stratum (shrubs over 150 m, shrubs 50-150 cm, forbs, 
graminoids, mosses), by individual species, and by species complexes. The former two will be 

5Fairbarns, M.D. 1990. Vegetation Dynamics following catastrophic herbicide disturbance. M.Sc. 
Thesis, University of Alberta, Edmonton, Alberta, Canada. (In Preparation). 
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Table 4-13. Frequency of occurrence of leading species by year and treatment, with 95% binomial 
confidence limits 

Herbicide Treatment (kg hexazinone/ha) 

Species Year 4 2 0 
L 0 U L 0 U L 0 U 

Achillaea 1986 10 13 17 7 10 14 9 13 17 
mille folium 1987 0 1 3 1 2 4 14 18 23 

1988 11 15 19 4 7 10 19 23 28 
1989 12 20 30 0 0 12 31 43 57 

Agropyron 1986 18 22 27 7 10 14 8 11 15 
trachycaulum 1987 1 2 4 1 2 4 8 11 14 

1988 16 19 24 9 12 16 10 14 18 
1989 13 21 31 1 7 22 4 10 21 

Agrostis scabra 1986 13 16 20 13 17 21 11 15 19 
1987 1 1 3 1 3 5 11 15 19 
1988 20 24 29 10 14 18 11 14 18 
1989 21 30 41 4 13 31 13 23 36 

Amelanchier 1986 22 27 31 15 19 23 24 28 33 
alnifolia 1987 21 25 30 15 19 24 28 33 38 
(50-150 cm) 1988 16 20 25 13 17 21 33 38 43 

Amelanchier alnifolia 1986 37 42 48 23 28 33 32 37 42 
«50 cm) 1987 27 32 37 20 24 29 35 40 46 

1988 27 31 36 23 28 33 41 47 52 

Apocynum 1986 10 14 18 1 1 3 2 4 6 
androsaemifolium 1987 16 20 25 2 3 5 2 3 6 

1988 22 26 31 1 3 5 1 2 4 

Arabis holboellii 1986 0 0 1 0 0 1 0 0 1 
1987 0 0 1 0 0 1 0 0 1 
1988 11 15 19 0 0 1 0 0 1 

Aralia nudicaulis 1986 50 56 61 53 58 63 62 67 72 
1987 54 60 65 56 61 66 62 67 72 
1988 39 44 49 56 61 66 64 69 73 
1989 51 62 72 83 97 100 66 78 88 

Arenaria lateriflora 1986 4 6 9 9 12 16 4 6 9 
1987 0 1 3 1 3 5 9 13 16 
1988 6 8 12 5 7 10 9 12 16 

Arnica cordifolia 1986 6 8 12 17 21 26 20 24 29 
1987 1 2 4 0 0 1 18 22 26 
1988 1 2 4 9 12 16 14 18 23 
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Table 4-13 (cont'd) 

Aster ciliolatus 1986 79 84 87 69 74 78 65 70 74 
1987 28 32 37 50 56 61 72 77 81 
1988 59 64 69 57 63 68 81 86 89 
1989 75 84 91 69 87 96 73 85 93 

Aster conspicuus 1986 73 77 81 70 75 79 88 91 94 
1987 50 55 60 58 63 68 91 94 96 
1988 64 69 73 63 68 73 91 94 96 
1989 65 76 84 44 63 80 86 95 99 

Bromus inermis 1986 13 17 21 7 10 14 11 15 19 
1987 1 3 5 1 3 5 14 18 23 
1988 9 13 17 8 11 15 21 26 31 
1989 0 1 6 0 0 12 0 0 6 

Calamagrostis 1986 68 73 77 77 81 85 82 86 89 
canadensis 1987 5 7 10 35 40 46 90 93 95 

1988 13 17 21 34 39 44 90 93 95 
1989 9 16 25 25 43 62 84 93 98 

Castilleja miniata 1986 1 2 4 1 3 5 7 10 14 
1987 1 1 3 2 3 6 21 26 31 
1988 2 3 5 3 5 8 25 30 35 

Comus canadensis 1986 72 77 81 75 80 84 95 97 98 
1987 78 82 86 80 84 88 78 83 86 
1988 79 84 87 79 83 87 80 84 88 
1989 67 77 85 83 97 100 91 98 100 

Corylus comuta 1986 2 4 6 7 10 14 2 3 6 
« 50 cm) 1987 7 10 14 11 15 19 0 0 1 

1988 4 7 10 11 14 18 1 1 3 

Crepis tectorum 1986 10 13 17 5 8 11 1 2 4 
1987 3 5 8 1 3 5 4 6 9 
1988 27 32 37 11 14 18 1 3 5 

Disporum trachycarpum 1986 6 8 12 3 5 8 1 2 4 
1987 1 3 5 4 6 9 3 4 7 
1988 9 13 17 6 9 13 1 3 5 

Elymus innovatus 1986 19 24 29 19 23 28 12 16 20 
1987 1 3 5 3 5 8 11 15 19 
1988 22 26 31 13 16 21 19 23 28 
1989 0 1 6 0 0 12 13 23 36 

Epilobium angustifolium 1986 83 86 90 82 86 89 88 91 94 
1987 66 71 75 90 93 95 90 93 95 
1988 73 78 82 81 85 89 82 86 89 
1989 78 87 93 73 90 98 84 93 98 
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Table 4-13 (cont'd) 

Epilobium glandulosum 1986 3 5 8 4 7 10 2 4 6 
1987 0 1 2 3 5 8 0 1 2 
1988 14 18 22 9 13 16 0 1 2 
1989 27 37 47 0 0 12 0 0 6 

Equisetum sylvaticum 1986 1 2 4 1 2 4 1 1 3 
1987 0 1 2 0 1 3 2 4 7 
1988 3 5 8 3 6 9 12 16 20 

Fragaria virginian a 1986 49 54 59 49 55 60 71 76 80 
1987 0 0 2 28 33 38 57 62 67 
1988 2 4 6 7 10 14 59 64 69 
1989 1 3 9 10 23 42 75 87 94 

Galium boreale 1986 81 85 88 68 73 77 79 83 87 
1987 67 72 76 74 78 82 86 90 93 
1988 76 80 84 69 74 78 86 89 93 
1989 75 84 91 73 90 98 73 85 93 

Halenia deflexa 1986 1 2 4 0 1 3 3 4 7 
1987 3 5 8 1 2 4 9 12 16 
1988 3 5 8 4 7 10 12 16 20 

Hieracium umbellatum 1986 13 17 21 11 14 18 16 19 24 
1987 2 4 6 4 7 10 17 21 26 
1988 7 10 14 7 10 14 26 30 35 

Lathyrus ochroleucus 1986 90 93 96 92 95 97 94 96 98 
1987 44 49 54 68 73 77 87 90 93 
1988 17 21 25 51 56 62 74 78 83 
1989 15 23 33 47 67 83 38 52 65 

Linnaea borealis 1986 17 21 26 14 18 23 30 35 40 
1987 0 1 2 15 19 24 18 22 27 
1988 0 1 2 7 9 13 26 31 36 

Lonicera dioica 1986 7 10 13 14 18 22 9 12 16 
1987 3 5 8 17 21 26 6 9 12 
1988 4 7 10 15 19 24 6 9 12 

Lonicera involucrata 1986 13 16 20 19 24 28 16 20 25 
1987 2 3 5 16 19 24 13 16 20 
1988 4 7 10 16 20 25 13 17 21 
1989 0 2 8 10 23 42 15 25 38 

Maianthemum 1986 49 54 59 69 74 78 69 74 79 
canadense 1987 39 45 50 66 71 76 53 58 63 

1988 61 66 71 65 70 75 59 64 69 
1989 47 58 68 54 73 88 59 72 83 
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Table 4-13 (eont'd) 

Mertensia panieulata 1986 29 33 38 24 29 34 11 15 19 
1987 1 1 3 8 11 14 27 32 37 
1988 1 2 4 9 12 16 31 36 41 
1989 0 0 4 15 30 49 8 17 29 

Oryzopsis asperifolia 1986 24 29 34 24 28 33 53 58 63 
1987 1 2 4 34 39 44 32 37 43 
1988 10 13 17 16 20 25 38 43 48 
1989 0 0 4 17 33 53 31 43 57 

Petasites palmatus 1986 25 29 34 26 31 36 8 11 15 
1987 7 10 14 4 6 9 13 17 21 
1988 8 11 15 11 14 18 13 16 21 
1989 5 10 18 10 23 42 12 22 34 

Poa pratensis 1986 1 2 4 0 1 2 1 3 5 
1987 0 0 1 0 1 2 0 0 1 
1988 9 13 17 2 4 7 2 3 5 

Populus tremuloides 1986 87 91 93 86 90 93 91 94 97 
(50-1()() em) 1987 89 92 94 86 90 93 94 97 98 

1988 79 83 87 80 84 88 % 98 99 
1989 80 89 95 88 100 100 86 95 99 

Populus tremuloides 1986 29 34 39 29 33 38 37 42 47 
(>50 em) 1987 48 53 58 60 65 70 63 68 73 

1988 39 44 50 61 66 71 83 87 91 
1989 56 67 76 88 100 100 82 92 97 

Populus tremuloides 1986 86 90 93 88 91 94 89 92 94 
«50 em) 1987 84 88 91 83 87 90 87 91 93 

1988 77 81 85 76 81 85 91 94 97 
1989 78 87 93 83 97 100 84 93 98 

Pyrola asarifolia 1986 11 14 19 13 16 21 21 25 30 
1987 1 3 5 10 13 17 13 17 21 
1988 1 2 4 8 11 14 18 22 26 

Ribes oxyaeanthoides 1986 3 5 8 9 12 16 2 4 7 
1987 0 1 3 7 10 14 10 13 17 
1988 1 3 5 9 12 16 9 13 17 

Rosa aeieularis 1986 11 14 18 10 14 18 10 13 17 
(50-150 em) 1987 11 14 18 14 18 23 19 23 28 

1988 12 16 20 23 28 33 25 30 35 

Rosa acieularis 1986 91 94 96 91 94 % 95 97 98 
« 50 em) 1987 83 86 90 91 94 96 94 96 98 

1988 79 83 87 86 89 93 97 99 100 
1989 57 68 77 88 100 100 94 100 100 
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Table 4-13 (cont'd) 

Rubus pubescens 1986 47 52 57 47 52 57 47 53 58 
1987 3 5 8 30 35 40 56 61 66 
1988 6 9 12 24 29 34 61 66 71 
1989 1 3 9 23 40 59 45 58 71 

Salix spp. « 50 cm) 1986 4 6 9 8 11 15 6 8 11 
1987 1 3 5 2 4 6 6 8 11 
1988 2 4 6 2 3 6 6 8 11 

Shepherdia canadensis 1986 4 7 10 9 12 16 19 23 28 
1987 2 4 7 12 15 19 13 17 21 
1988 3 5 8 9 13 16 16 20 25 

Smilacina racemosa 1986 17 21 26 9 12 16 5 7 10 
1987 4 6 9 11 15 19 20 24 29 
1988 6 9 12 10 13 17 18 22 26 

Spiraea betulifolia 1986 60 66 71 48 53 58 75 79 83 
1987 42 47 53 69 74 79 79 83 87 
1988 21 26 31 46 51 56 79 83 87 
1989 11 18 27 54 73 88 59 72 83 

Symphoricarpos albus 1986 38 43 48 31 36 41 37 42 47 
1987 21 25 30 40 46 51 49 54 59 
1988 30 35 40 33 38 44 53 58 63 
1989 33 43 54 38 57 75 28 40 53 

Taraxacum officinale 1986 21 26 31 18 23 27 16 20 24 
1987 2 4 6 11 14 19 19 24 29 
1988 29 34 39 17 21 25 26 30 35 

Thalictrum venulosum 1986 36 41 46 9 12 16 3 6 9 
1987 15 19 23 3 5 8 4 7 10 
1988 21 25 30 2 4 7 6 9 12 

Vaccinium caespitosum 1986 19 23 28 24 28 33 35 40 46 
1987 13 17 21 14 18 23 24 29 34 
1988 31 36 41 21 25 30 28 33 38 
1989 12 20 30 2 10 27 38 52 65 

Vaccinium myrtilloides 1986 2 4 6 3 5 8 0 0 1 
1987 2 4 6 0 0 1 0 0 1 
1988 8 11 15 5 7 10 0 0 2 

Viburnum edule 1986 42 48 53 41 46 51 64 69 74 
1987 42 47 53 61 66 71 42 48 53 
1988 31 36 41 42 47 53 48 53 58 
1989 37 48 59 69 87 96 47 60 72 
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Table 4-13 (cont'd) 

Vicia americana 1986 74 78 82 71 76 81 78 82 86 
1987 55 60 65 49 54 60 68 73 78 
1988 23 27 32 37 42 48 49 54 59 
1989 25 34 46 15 30 49 45 58 71 

Viola adunca 1986 1 1 3 1 3 5 3 6 9 
1987 9 12 16 4 7 10 3 5 8 
1988 16 21 25 6 9 12 5 7 10 
1989 6 12 21 2 10 27 4 10 21 

Viola rugulosa 1986 4 7 10 3 5 8 1 3 5 
1987 13 16 20 3 5 8 5 8 11 
1988 23 28 33 3 6 9 9 13 16 

1. Frequency is percentage of quadrats in which species occurs: 
1986-88 n=360; 1989: 4 kg/ha n=90; 2 kg/ha n=30; 0 kg/ha n=60. 

2.95% binomial confidence limits calculated according to Burstein (1971). 
3. L = lower confidence limit, U = upper confidence limit, 0 = observed value. 
4. Leading species are those which occurred in > 20% of the quadrats within 

one or more treatments in one or more years. 
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considered in detail in this report. In general, like the number of stems, the pretreatment percent 
vegetation cover varied greatly among blocks, treatment plots within blocks, and subplots within 
treatment plots. Changes in vegetation cover reflected postsecondary (postharvest) succession in 
control plots and herbicide-induced changes in treated plots and fluctuatons due to year-to-year 
climatic variations. As a result of very large variations, data from all three blocks of Method II were 
pooled prior to analysis in order to assess general vegetation cover changes discussed in the ensuing 
text. 

a) Chanees in vq:etation cover by veeetation strata 

In control plots vegetation cover in the tall (> 150 cm) shrub stratum increased by two cover
classes from 1986 to 1989. The median cover class median changed from 0.0 in 1986 to 5.0 in 1988-
89 (Table 4-14). The maximum change was from 1987 to 1988 (first and second growing season 
following the treatment). This increase was also evident in the aspen stem densities (Table 4-7). 
Most quadrats were categorized into cover classes with median of 5 and 15% cover. Over the length 
of the monitoring period there was an optimization of cover in the tall shrub stratum by a decrease 
in number of quadrats with very low or very high cover. Overall cover did not change in the median 
shrub stratum. Most quadrats belonged to the cover class with a 15% median, however there was 
again a shift towards cover classes with medians of 15 and 25 and 45%. The percent cover of forbs 
in most quadrats varied from 30 to 80%. There was a shift toward a lower median class from 55% 
to 45% in 1988 with stabilization in 1989. It is evident from the cover class frequency data in Table 
4-14 that the cover of forbs shifted toward classes with a midpoint of 35-65%. There was no overall 
change in graminoid cover. The graminoid cover decreased in quadrats with initial cover of higher 
than 45% (class midpoint). Cover of mosses and bryophytes did not change appreciably from 1986 
to 1988. There was a general drop by one cover class in 1989 (Table 4-13; Fig. 4-16). 

The vegetation cover data based on 360 plots clearly show that natural changes in vegetation are 
operative in the cutover area and most changes are reflected in the cover of tall shrub and forb strata. 

The application of PRONONE 10 G at 2 kg hexazinonelha rate had no overall measurable effect 
on the cover of medium shrubs, forbs, and mosses and bryophyte strata. Their medians for cover 
class midpoint were the same as in the controls. The cover of the tall shrubs increased by two cover 
classes (20%) while the graminoids decreased by one cover class (10%). The changes in cover for 
the shrub strata showed the same trends as the density of live stems. PRONONE lOG at the 2 kg/ha 
rate did not achieve the expected goal of reducing the competition either by a reduction in the cover 
or density of the shrub strata or cover of the forbs and low shrubs (Table 4-14 to 4-15). 

The PRONONE lOG application at 4 kg/ha rate resulted in a significant decrease in cover of 
medium shrubs by one cover class and cover of forbs stratum by 3 cover classes. The control of 
graninoids were comparable to the 2 kg ailha rate (Table 4-16; Fig. 4-11 to 4-15). 

The comparison of frequency of quadrats for graminoids in each cover class for 2 kg and 4 kg 
rates showed that in 1988 only 10% of the quadrats were included in the 5% midpoint cover class 
for the 4 kg rate as compared to the 16% for the 2 kg rate. Though the median does not reflect the 
change, these frequencies doubled in 1989 indicating strong recovery of the graminoid species in the 
third growing season following the herbicide application. The present study points to the fact that 
if finer levels of changes in the cover are to be detected, percent cover should be measured as a 
continuous variable rather than as class data. The present procedure proved to be less sensitive 
when changes were small. 



Table 4-14. Cover class frequencies a by year for vegetation strata, control treatment 

Cover Class Midpoint 

Stratum Year 0 0.5 5 15 25 35 45 55 65 75 85 95 

Tall Shrubs (>150 cm) 1986 203 105 39 9 3 0 1 0 0 0 0 0 
1987 110 103 137 7 3 0 0 0 0 0 0 0 
1988 39 80 190 44 4 2 0 1 0 0 0 0 
1989b 18 36 174 102 24 6 0 0 0 0 0 0 

Medium Shrubs (50-150 cm) 1986 3 12 95 121 70 37 11 7 4 0 0 0 
1987 5 8 68 115 95 52 14 1 2 0 0 0 
1988 0 6 53 140 106 32 14 5 2 2 0 0 
1989 0 0 42 156 102 18 36 6 0 0 0 0 

Forbs and Low Shrubs 1986 4 3 7 6 11 57 66 65 66 37 37 1 
«50 cm) 1987 0 0 1 2 7 39 57 81 93 50 27 3 

1988 0 0 3 22 52 71 66 67 45 28 6 0 
1989 0 0 0 0 24 96 78 54 48 54 6 0 

Graminoids 1986 4 84 168 72 19 3 3 2 3 2 0 0 
1987 1 68 201 74 13 3 0 0 0 0 0 0 
1988 0 70 254 31 5 0 0 0 0 0 0 0 
1989 0 0 198 144 12 6 0 0 0 0 0 0 

Mosses and Bryophytes 1986 27 90 163 57 15 6 2 0 0 0 0 0 
1987 17 86 153 69 21 9 4 0 0 1 0 0 
1988 38 90 158 52 17 3 1 0 0 1 0 0 
1989 36 168 144 12 0 0 0 0 0 0 0 0 

aClass frequencies are based on total of 360 quadrats (1986-1988) from three replicate blocks of the treatment. 

b16.6% sampling intensity in 1989, values multiplied by 6 for comparison. 
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Table 4-15. Cover class frequencies a by year for vegetation strata, low herbicide treatment 
0l:Io 

Cover Class Midpoint 

Stratum Year 0 0.5 5 15 25 35 45 55 65 75 85 95 Median 

Tall Shrubs (>150 cm) 1986 231 76 47 5 1 0 0 0 0 0 0 0 0.0 
1987 123 92 128 12 4 0 0 0 0 0 1 0 0.5 
1988 117 54 109 53 21 2 0 2 1 1 0 0 5.0 
1989b 0 0 60 108 60 60 60 12 0 0 0 0 25.0 

Medium Shrubs 1986 29 17 71 98 66 44 22 9 3 1 0 0 15.0 
(50-150 cm) 1987 31 19 86 90 80 40 10 3 1 0 0 0 15.0 

1988 42 22 82 84 72 38 10 8 1 1 0 0 15.0 
1989 0 0 60 144 132 24 0 0 0 0 0 0 15.0 

Forbs and Low Shrubs 1986 0 0 8 21 36 40 64 74 52 29 30 6 55.0 
«50 cm) 1987 10 3 7 13 38 62 73 51 65 20 18 0 45.0 

1988 6 1 11 18 30 47 57 73 50 46 17 4 55.0 
1989 0 0 0 0 12 108 96 84 60 0 0 0 45.0 

Graminoids 1986 11 97 183 32 14 3 8 2 2 3 3 2 5.0 
1987 72 195 80 8 2 1 0 0 2 0 0 0 0.5 
1988 93 209 53 2 0 0 0 1 0 2 0 0 0.5 
1989 36 216 108 0 0 0 0 0 0 0 0 0 0.5 

Mosses and Bryophytes 1986 38 96 124 44 17 12 5 14 5 3 2 0 5.0 
1987 56 93 133 40 25 6 2 1 3 1 0 0 5.0 
1988 43 77 138 47 20 17 11 3 3 1 0 0 5.0 
1989 24 108 204 24 0 0 0 0 0 0 0 0 5.0 

aClass frequencies are based on a total of 360 quadrats (1986-1988) from three replicate blocks of the treatment. 

b16.6 % sampling intensity in 1989, values multiplied by 6 for comparison. 



Table 4-16. Cover class frequencies a by year for vegetation strata, high herbicide treatment 

Cover Class Mid~oint 
Stratum Year 0 0.5 5 15 25 35 45 55 65 75 85 95 

Tall Shrubs 1986 235 64 60 1 0 0 0 0 0 0 0 0 
(>150 cm) 1987 173 102 77 6 2 0 0 0 0 0 0 0 

1988 156 84 91 21 5 1 2 0 0 0 0 0 
1989b 124 72 112 24 28 0 0 0 0 0 0 0 

Medium Shrubs 1986 17 33 96 94 62 32 11 8 3 3 1 0 
(50-150 cm) 1987 24 61 188 59 19 8 1 0 0 0 0 0 

1988 43 47 133 64 45 18 4 4 1 0 1 0 
1989 40 28 144 80 48 8 8 0 4 0 0 0 

Forbs and Low Shrubs 1986 0 0 3 13 30 52 73 68 55 38 26 2 
«50 cm) 1987 2 0 47 124 118 47 15 4 3 0 0 0 

1988 3 1 5 45 58 79 66 55 28 15 5 0 
1989 0 12 8 44 44 92 56 44 48 8 4 0 

Graminoids 1986 8 139 166 30 12 5 0 0 0 0 0 0 
1987 279 80 1 0 0 0 0 0 0 0 0 0 
1988 77 246 37 0 0 0 0 0 0 0 0 0 
1989 40 232 72 12 4 0 0 0 0 0 0 0 

Mosses and Bryophytes 1986 52 90 156 46 12 2 1 1 0 0 0 0 
1987 56 98 134 56 10 5 1 0 0 0 0 0 
1988 40 81 170 50 10 5 4 0 0 0 0 0 
1989 48 64 156 56 12 4 4 4 4 4 4 0 

aClass frequencies are based on a total of 360 quadrats (1986-1988) from three replicate blocks of the treatment. 

b16.6 % sampling intensity in 1989, values multiplied by 6 for comparison. 
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Figure 4-12. Percent frequency of cover classes (1986-1989) for tall shrub 
foliage in control and hexazinone-treated (as Pronone lOG) plots. 
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The greatest changes in vegetation in mechanically treated plots was by the partial or complete 
removal of surface horizons of soils and associated vegetation through terrain disturbance. Before 
the application of the site preparation and crop release treatments, major terrain disturbance was in 
the form of slash and slash piles, skid roads and scrape-offs (Fig. 4-7C). The disk-trenching resulted 
in trenches of varied depths and width and berms of excavated and overturned material on the edges 
of trenches (Fig. 4-40). The double-disking resulted in complete terrain disturbance resembling 
newly broken fields with a complete removal of vegetation cover and exposure of a variety of surface 
and deep soil horizons (Fig. 4-4E). The pooled data from all blocks is summarized in Table 4-17. 
Control areas and those treated with herbicide exhibited <20% terrain disturbance in over 80% of 
the plots, and the disturbance was mostly due to the harvest-related activities. In some plots, there 
were large amounts of slash and exposure of mineral soil due to scrape-offs. 

In disk-trenched areas, 20-60% the surface was disturbed. The disturbance was low in plots 
where the disk-trencher passed over large stumps. Oouble-disking resulted in 80-100% surface 
disturbance (Table 4-17) and areas resembled newly broken fields. In trenched and double-disked 
areas without any vegetation cover, strong off-site movement of soil and dissolved nutrients were 
observed during heavy rainfall in July 1987. 

The data for vegetation cover around seedings in circular quadrats (50 cm diameter) from 
mechanically treated plots is summarized in Table 4-18. The greatest vegetation cover occurred in 
control plots and the least in double-disked areas. Intermediate vegetation cover was recorded in 
disk-trenched and low herbicide and disk-trenched areas. The cover was lower in high herbicide and 
disk trenched-areas than the LH-OT but higher than in double-disked (~O) areas. The choice of 
vegetation control method would depend on the performance of crop seedlings and cost-benefit of 
each applied method. These assessments would require further sampling of the crop seedlings in the 
5th and 8th year following the application of site preparation and crop release treatments to 
determine the benefits through gains in crop seedling growth and establishment. 

b) Changes in vegetation cover by leading species 

There are only a small number of species in which cover changes due to natural and imposed 
factors can be quantified with confidence because the majority of species had low cover values. As 
a result, cover class data are not suitable for detecting changes in cover class frequencies. For the 
analysis of cover data for individual species, only those species that had a cover of over 1 % in any 
one of the years (1986-89) of sampling were considered. The data for leading species in control, low
herbicide and high-herbicide treated plots are summarized in Tables 4-19 to 4-21 and in Appendix 
B. 

The changes in cover of leading species were looked at in three different ways: changes in the 
frequency of different cover classes, changes in the median, and changes in number of quadrats in 
which either the species cover changed by two or more cover classes or did not change (Table 4-22). 

In control plots, the median for percent cover did not change from 1986 to 1989 in Aralia 
nudicaulis, Aster conspicuus, A. ciliolatus, Calamagrostis canadensis, Comus canadensis, Epilobium 
angustifolium, Populus tremuloides (50-150 cm), Rosa acicularis, and Spiraea betulifolia. There was 
general increase of frequency of cover classes closer to the median and decrease in classes with very 
high or zero cover. Interestingly in Populus tremuloides, cover increased in the tall shrub stratum and 
drastic decrease occurred in its <5Ocm stratum. Changes in Fragaria virginiana, Galium boreale and 
Viburnum edule were inconsistant. Leguminous species such as Lathyrus decreased over the 1986-1989 
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Table 4-17. Percent surface disturbance in control and treated plots - pooled data 
from all blocks, 1987 

Frequency of plots in terrain disturbance 
classes 

No. of Percent 1% surface disturbed 
plots 

0-10 11-20 21-40 21-40 41-60 Treatment sampled 

Control 240 179 44 13 2 1 

High herbicide (4 kg 120 50 34 25 1 2 
hexazinone/ha) 

Low herbicide (2 kg 120 59 36 5 4 8 
hexazinone/ha) 

High herbicide + 120 1 48 50 11 
disk-trenching 

Low herbicide + 120 35 57 20 
disk-trenching 

Disk-trenching 464 11 217 202 27 

Double disking 240 

Table 4-18. Total vegetation cover in seedling competition quadrats by percent 
frequency of quadrats in each cover class, 1987 

% numbera of quadrats in each of the cover classesb 

Treatment 

Control 

Low herbicide + disk
trenching (LH + DT) 

High herbicide + disk
trenching (HH + DT) 

Disk-trenching (DT) 

Double-disking (DD) 

1 2 

28 33 

58 28 

75 23 

53 33 

84 10 

aCover class 1: 0-25%, 2: 26-50%, 3: 51-75%, 4: 76-100%. 

3 4 

26 13 

9 5 

2 

11 3 

4 2 

bn = 109, 150, 145, 349, and 283 in control, LH + DT, HH + DT, DT and DD. 
Quadrats were circular with a 50 cm diameter. 

81-100 

1 

8 

8 

10 

8 

7 

240 



Table 4-19. Cover class frequencies 8 by year for leading speciesb , control treatment 

Cover Class Midpoint 

Species Year 0 + 5 15 25 35 45 55 

Aralia nudicaulis 1986 119 44 175 22 
1987 119 43 189 8 1 
1988 113 46 193 7 1 
1989c 78 24 222 24 12 

Aster ciliolatus 1986 109 62 144 36 9 
1987 83 54 151 42 20 7 2 1 
1988 52 84 183 40 1 
1989 54 114 174 18 

Aster conspicuus 1986 31 24 222 73 9 1 
1987 23 13 268 53 3 
1988 23 44 254 38 1 
1989 18 42 264 36 

Calamagrostis canadensis 1986 50 92 149 56 11 1 1 
1987 26 88 181 52 10 3 
1988 26 91 217 21 5 
1989 24 84 192 60 

Cornus canadensis 1986 11 104 229 16 
1987 63 92 184 20 1 
1988 58 93 196 13 
1989 6 108 246 

Epilobium angustifolium 1986 33 36 278 13 
1987 26 30 274 29 1 
1988 50 45 243 22 
1989 24 30 276 30 

65 75 85 
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tv 
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Fragaria virginiana 1986 87 66 153 
1987 136 46 119 
1988 129 45 145 
1989 48 24 228 

Galium boreale 1986 60 139 161 
1987 36 119 197 
1988 38 173 149 
1989 54 228 78 

Lathyrus ochroleucus 1986 13 91 235 
1987 35 140 184 
1988 78 231 51 
1989 174 144 42 

Populus tremuloides 1986 20 14 117 
(50 - 150 em) 1987 12 6 80 

1988 8 8 84 
1989 18 54 192 

Populus tremuloides 1986 209 107 42 
(>150 em) 1987 116 103 132 

1988 46 77 185 
1989 30 30 168 

Populus tremuloides 1986 29 58 206 
«50 em) 1987 34 62 247 

1988 20 84 247 
1989 24 168 162 

Rosa acicularis 1986 11 14 291 
1987 14 13 290 
1988 4 17 298 
1989 264 

Table 4-19 (Cont'd) 

44 2 4 
41 15 1 
38 2 1 
42 12 6 

7 1 

19 2 
1 

111 50 36 
125 81 47 
155 74 22 
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Table 4-19 (Cont'd) 

Spiraea betulifolia 1986 75 75 201 9 
1987 61 55 220 23 1 
1988 61 55 229 15 
1989 102 66 192 

Viburnum edule 1986 112 65 179 4 
1987 189 62 108 1 
1988 169 54 133 4 
1989 144 78 132 6 

aClass frequencies are based on a total of 360 quadrats (1986-88) from 3 replicate blocks of the treatment. 
bLeading species are those with a median cover of over 1% in at least one year. 
c16.6% sampling intensity in 1989, values multiplied by 6 for comparison. 
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Table 4-20. Cover class frequencies a by year for leading speciesb , low herbicide treatment (2 kg hexazinone(ha) 

Cover Class Mid~oint 
Species Year 0 + 5 15 25 35 45 55 65 75 85 95 

Aralia nudicaulis 1986 150 25 148 34 3 0 0 0 0 0 0 0 
1987 139 14 152 44 10 1 0 0 0 0 0 0 
1988 139 15 163 36 6 1 0 0 0 0 0 0 
1989c 12 12 252 84 0 0 0 0 0 0 0 0 

Aster ciliolatus 1986 95 54 176 34 1 0 0 0 0 0 0 0 
1987 160 85 100 13 2 0 0 0 0 0 0 0 
1988 135 60 145 16 4 0 0 0 0 0 0 0 
1989 48 48 252 12 0 0 0 0 0 0 0 0 

Aster conspicuus 1986 90 30 198 39 2 0 0 1 0 0 0 0 
1987 132 64 149 14 1 0 0 0 0 0 0 0 
1988 116 32 177 30 5 0 0 0 0 0 0 0 
1989 132 72 156 0 0 0 0 0 0 0 0 0 

Cornus canadensis 1986 73 88 178 17 2 2 0 0 0 0 0 0 
1987 56 68 201 27 6 2 0 0 0 0 0 0 
1988 62 34 201 49 11 2 1 0 0 0 0 0 
1989 12 48 240 60 0 0 0 0 0 0 0 0 

Epilobium angustifolium 1986 50 41 235 28 5 1 0 0 0 0 0 0 
1987 26 16 264 45 5 3 1 0 0 0 0 0 
1988 54 14 178 84 24 5 0 1 0 0 0 0 
1989 36 12 204 96 12 0 0 0 0 0 0 0 

Lathyrus ochroleucus 1986 19 65 258 17 1 0 0 0 0 0 0 0 
1987 99 89 160 11 1 0 0 0 0 0 0 0 
1988 157 126 77 0 0 0 0 0 0 0 0 0 
1989 120 240 0 0 0 0 0 0 0 0 0 0 

Median 

5.0 
5.0 
5.0 
5.0 

5.0 
0.5 
0.5 
5.0 

5.0 
0.5 
5.0 
0.5 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
0.5 
0.5 
0.5 

0'1 
U'I 
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Table 4-20 (cont/d) 

Populus tremuloides 1986 240 64 52 3 1 0 0 0 0 0 0 0 0.0 
(>150 cm) 1987 127 89 125 13 4 0 1 0 0 0 1 0 0.5 

1988 121 47 108 57 20 3 0 2 1 1 0 0 5.0 
1989 0 0 48 108 72 72 60 0 0 0 0 0 25.0 

Populus tremuloides 1986 36 17 75 94 76 36 13 7 3 2 1 0 15.0 
(50-150 cm) 1987 37 17 101 100 64 31 7 2 1 0 0 0 15.0 

1988 57 20 96 91 60 26 5 3 1 1 0 0 15.0 
1989 0 0 60 180 96 24 0 0 0 0 0 0 15.0 

Populus tremuloides 1986 33 17 206 80 16 5 2 1 0 0 0 0 5.0 
«50 cm) 1987 48 116 171 19 5 1 0 0 0 0 0 0 5.0 

1988 69 105 178 8 0 0 0 0 0 0 0 0 5.0 
1989 12 192 156 0 0 0 0 0 0 0 0 0 0.5 

Rosa acicularis 1986 21 15 234 70 16 3 0 1 0 0 0 0 5.0 
1987 23 38 281 17 1 0 0 0 0 0 0 0 5.0 
1988 38 39 250 29 3 1 0 0 0 0 0 0 5.0 
1989 0 24 228 108 0 0 0 0 0 0 0 0 5.0 

Viburnum edule 1986 194 38 122 6 0 0 0 0 0 0 0 0 0.0 
1987 122 54 180 3 1 0 0 0 0 0 0 0 5.0 
1988 190 33 132 5 0 0 0 0 0 0 0 0 0.0 
1989 48 24 288 0 0 0 0 0 0 0 0 0 5.0 

aClass frequencies are based on a total of 360 quadrats (1986-88) from 3 replicate blocks of the treatment. 
bLeading species are those with a median cover of over 1% in at least one year. 
c16.6% sampling intensity in 1989, values multiplied by 6 for comparison. 



Table 4-2l. Cover class frequencies by year for leading species, high herbicide treatment (4 kg hexazinone/ha) 

Cover Class Mid~oint 
Species Year 0 + 5 15 25 35 45 55 65 75 85 

Aralia nudicaulis 1986 160 45 l38 l3 4 0 0 0 0 0 0 
1987 145 38 162 14 1 0 0 0 0 0 0 
1988 202 27 114 16 1 0 0 0 0 0 0 
1989b l36 24 172 20 8 0 0 0 0 0 0 

Aster ciliolatus 1986 59 59 207 31 3 1 0 0 0 0 0 
1987 244 92 24 0 0 0 0 0 0 0 0 
1988 129 112 115 3 1 0 0 0 0 0 0 
1989 56 100 200 4 0 0 0 0 0 0 0 

Aster conspicuus 1986 82 30 204 43 1 0 0 0 0 0 0 
1987 162 122 75 1 0 0 0 0 0 0 0 
1988 113 67 165 14 1 0 0 0 0 0 0 
1989 88 104 164 4 0 0 0 0 0 0 0 

Cornus canadensis 1986 84 l38 l34 4 0 0 0 0 0 0 0 
1987 65 79 189 27 0 0 0 0 0 0 0 
1988 59 66 197 31 5 2 0 0 0 0 0 
1989 84 52 180 32 8 0 4 0 0 0 0 

Epilobium angustifolium 1986 49 39 246 26 0 0 0 0 0 0 0 
1987 106 32 168 45 7 0 2 0 0 0 0 
1988 80 28 142 85 21 3 1 0 0 0 0 
1989 48 24 184 96 8 0 0 0 0 0 0 

Galium boreale 1986 55 163 140 2 0 0 0 0 0 0 0 
1987 102 193 61 3 1 0 0 0 0 0 0 
1988 71 91 170 20 8 0 0 0 0 0 0 
1989 56 92 184 28 0 0 0 0 0 0 0 

Median 

0.5 
0.5 
0.0 
5.0 

5.0 
0.0 
0.5 
5.0 

5.0 
0.5 
0.5 
0.5 

0.5 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

0.5 
0.5 
5.0 
5.0 

'" -..J 



'" Table 4-21 (cont'd) co 

Lathyrus ochroleucus 1986 25 108 209 18 0 0 0 0 0 0 0 5.0 
1987 183 132 44 1 0 0 0 0 0 0 0 0.0 
1988 285 73 2 0 0 0 0 0 0 0 0 0.0 
1989 276 84 0 0 0 0 0 0 0 0 0 0.0 

Populus tremuloides 1986 237 64 58 1 0 0 0 0 0 0 0 0.0 
(>150 cm) 1987 169 93 87 7 4 0 0 0 0 0 0 0.5 

1988 200 83 64 10 2 0 1 0 0 0 0 0.0 
1989 120 76 112 24 28 0 0 0 0 0 0 0.5 

Populus tremuloides 1986 34 30 101 87 68 17 10 7 2 3 1 15.0 
(50 - 150 cm) 1987 29 73 190 42 18 7 1 0 0 0 0 5.0 

1988 61 57 141 54 29 12 2 3 1 0 0 5.0 
1989 40 28 144 92 36 8 8 0 4 0 0 5.0 

Populus tremuloides 1986 36 18 222 69 12 2 0 1 0 0 0 5.0 
(>50 cm) 1987 44 214 100 2 0 0 0 0 0 0 0 0.5 

1988 67 128 157 8 0 0 0 0 0 0 0 0.5 
1989 48 148 160 4 0 0 0 0 0 0 0 0.5 

Rosa acicularis 1986 22 9 259 60 9 1 0 0 0 0 0 5.0 
1987 49 189 119 3 0 0 0 0 0 0 0 0.5 
1988 60 87 203 9 1 0 0 0 0 0 0 5.0 
1989 116 68 152 24 0 0 0 0 0 0 0 0.5 

Spiraea betulifolia 1986 124 45 183 8 0 0 0 0 0 0 0 5.0 
1987 191 165 4 0 0 0 0 0 0 0 0 0.0 
1988 268 78 14 0 0 0 0 0 0 0 0 0.0 
1989 296 52 12 0 0 0 0 0 0 0 0 0.0 

8Leading species are those with a median cover of over 1% in at least one year. 

b25% sampling intensity in 1989, values multiplied by 4 for comparison. 



Table 4-22. Frequency of quadrat changes of two or more cover classes for species with a median cover class of 5% or more in one 
of three years (360 quadrats/year) in one or more of the treatments 

BSb- BSi BS7-I~SS I~Sb-I~SS 
I5Lit\IN UP Fl~ 2Elm I5Lit\IN UP Fl~ 2 Elm I5mm UP Fl~ 2Elm 

High herbicide (4 kg hexazinone/ha) 

Aralia nudicaulis 3 0 222 135 0 1 232 127 2 1 229 128 
Aater ciliolatus 30 0 282 48 0 4 274 82 13 0 317 30 
Aster conspicuus 25 0 267 68 0 3 264 93 7 1 288 64 
Calamagrostis canadensis 31 0 240 135 0 0 80 280 31 0 241 88 
Comus canadensis 0 2 299 59 0 8 309 43 0 II 303 46 
Epilobium angustifolium 5 9 313 33 3 27 277 53 2 42 288 28 
Fragaria virginiana 19 0 176 89 0 0 17 343 19 0 176 165 
Galium boreale 0 1 320 39 0 II 306 43 0 II 321 28 
Lathyrus ochroleucus 16 1 324 19 1 0 198 161 16 0 323 21 
Populus tremuloides 92 0 246 22 2 24 320 14 83 II 253 13 
Populus tremuloides 0 9 186 165 2 7 235 ll6 0 14 215 131 
Populus tremuloides 60 0 279 21 0 0 338 22 37 0 304 19 
Rosa acicularis 33 0 320 7 0 0 339 21 28 0 320 12 
Spiraea betulifolia 7 0 246 107 0 0 191 169 7 0 237 ll6 
Viburnum edule 98 0 250 12 1 28 318 13 91 18 242 9 
Total medium shrubs (50-150 cm) 0 3 191 166 0 7 235 ll8 0 13 217 130 
Total tall shrubs (>150 cm) 278 1 81 0 3 201 156 0 152 28 180 0 
Total forbs 47 0 305 8 0 0 288 72 40 0 315 5 
Total graminoides 10 12 297 41 14 24 286 36 13 18 295 34 
Total mosses and bryophytes 1 0 191 165 0 0 208 152 0 0 209 151 

Low herbicide (2 kg hexazinone/ha) 

Aralia nudicaulis 17 15 2ll ll7 23 31 194 ll2 II 35 200 ll4 
Aster ciliolatus II 38 280 31 7 37 245 71 10 33 286 31 
A. conspicuus 33 8 289 30 II 13 301 35 31 10 303 16 
Calamagrostis canadensis 56 0 250 54 0 1 181 178 50 0 257 53 
Cornus canadensis 8 4 314 34 22 15 286 37 4 15 304 37 
Epilobium angustifolium 17 18 303 22 29 23 286 22 16 26 299 19 
Fragaria virginiana 15 0 187 158 0 0 43 317 15 0 183 162 
Galium boreale 0 0 284 76 0 5 273 82 0 1 282 77 
Lathyrus ochroleucus 1 15 331 13 1 104 219 36 3 43 301 13 
Populus tremuloides 197 1 142 20 147 0 176 37 209 0 126 25 

0'1 
\0 
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Table 4-22 (cont) 0 

Populus tremuloides 0 156 163 41 2 132 178 48 0 171 138 51 
Populus tremuloides 59 5 271 25 4 57 270 29 43 18 275 24 
Rosa acicularis 47 1 304 8 2 2 347 9 41 1 311 7 
Spiraea betulifolia 17 0 228 115 0 1 212 147 7 1 234 118 
Viburnum edule 198 1 138 23 147 1 174 38 199 1 137 23 
Total medium shrubs (50-150 cm) 0 172 145 43 5 138 187 30 2 179 146 33 
Total tall shrubs (>150 cm) 346 1 13 0 303 3 53 1 345 0 15 0 
Total forbs 23 266 71 0 0 339 19 2 11 295 54 0 
Total graminoides 100 0 238 22 69 0 260 31 98 0 242 20 
Total mosses and bryophytes 0 2 333 25 2 20 305 33 1 22 304 33 

Control 5 

Aralia nudicaulis 1 0 250 109 0 0 255 105 1 1 254 104 
Aster ciliolatus 4 20 275 61 21 0 302 37 8 1 312 39 
Aster conspicuus 4 1 339 16 2 1 346 11 5 0 341 14 
Calamagrostis canadensis 6 2 329 23 14 2 326 18 14 2 323 21 
Comus canadensis 0 1 304 55 2 0 309 49 0 1 304 55 
Epilobium angustifolium 0 3 342 15 3 0 342 15 2 0 346 12 
Fragaria virginiana 3 5 238 114 10 0 239 111 5 3 247 105 
Galium boreale 0 1 331 28 1 0 334 25 0 0 333 27 
Lathyrus ochroleucus 3 0 355 2 1 0 343 16 12 0 341 7 
Populus tremuloides 19 26 305 10 31 11 312 6 28 19 307 6 
Populus tremuloides 1 3 250 106 1 17 298 44 0 35 280 45 
Populus tremuloides 20 0 328 12 2 1 348 9 28 0 323 9 
Rosa acicularis 3 2 354 1 1 3 355 1 5 1 354 0 
Spiraea betulifolia 0 0 313 47 1 2 307 50 1 0 311 48 
Viburnum edule 0 0 196 164 0 1 202 157 0 0 204 156 
Total medium shrubs (50-150 cm) 30 34 294 2 25 31 304 0 25 45 290 0 
Total tall shrubs (>150 cm) 7 3 250 100 0 14 309 37 5 30 291 34 
Total forbs 49 90 221 0 157 19 184 0 136 56 168 0 
Total graminoides 18 3 338 1 13 2 345 0 27 2 331 0 
Total mosses and bryophytes 15 30 311 4 44 18 288 10 23 21 308 8 

Down - decrease of 2+ cover classes 
UP - increase of 2+ cover classes 
NC - no change of more than one cover class, but are present in at least one of two years 
Zero - absent in both years 
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period. Most changes occurred in 1987-1988. The changes in cover of leading species were similar 
to changes in total cover values by strata in control plots. 

The low concentration of hexazinone did not reduce but in some cases increased the cover as 
inAralia nudicaulis, Comus canadensis, Epilobium angustifolium, Populus tremuloides (50-150 cm and 
> 150 cm), and Rosa acicularis. The treatment resulted in a partial control of Aster ciliolatus, A. 
conspicuus, Lathyrus ochroleucus, Calamagrostis canadeansis, and Populus tremuloides «50 cm) over 
two to three growing seasons. These species analyses are consistent with the changes in total cover 
of forbs and shrubs (Tables 4-14 to 4-16; Figs. 4-12 to 4-16; and Figs. 17-15 in Appendix-B). There 
was either no change or an increase in Comus canadensis, Epilobium angustifolium, and Galium 
boreale. The qualitative response for leading species based on each sample quadrat is summarized 
in Table 4-22. The results confirm the response of vegetation that had already entered the recovery 
phase from the impacts of herbicide and mechanical treatments. The forbs were more abundant in 
LH than in HH plots while medium shrubs, graminoids and mosses were more abundant in HH than 
in LH plots. Considering the substrate types, trenches appeared to be best and berms poorest for 
medium shrub and forb cover. Intertrench areas were best and berms poorest for graminoids and the 
reverse for mosses and bryophytes. Considering the performance of the leading species (those 
present in at least 50% of quadrats) in relation to herbicide application rate and substrate type,Aralia 
nudicaulis, Calamagrostis canadensis, and Galium boreale were more abundant in DT + LH plots than 
in the DT + HH plots whereas the opposite was true for Aster ciliolatus, A. conspicuus, Epilobium 
angustifolium, Rosa acicularis, and Populus tremuloides. Trenches were generally best and berms 
poorest for Epilobium angustifolium, Populus tremuloides, Rosa acicularis, and Viburnum edule, and 
intertrench areas were best and berms poorest for Aralia nudicaulis and Aster conspicuus in terms of 
changes in cover class frequencies by substrate types for leading species (Table 4-23). 

The application of hexazinone at 4 kg/ha effectively controlled total vegetation cover. The 
leading species were most impacted for two growing seasons following the fall herbicide application 
(Aralia nudicaulis, Aster ciliolatus, A. conspicuus, Lathyrus ochroleucus, Populus tremuloides, Rosa 
acicularis and Spiraea betulifolia). Cover of species such as Comus canadensis, Epilobium 
angustifolium, and Galium boreale either did not change or increased as a result of the treatment. 

The results of the limited number of samples for species cover collected for plots treated 
mechanically alone or in combination with hexazinone are summarized in Table 4-23. The plots 
included double-disked (DD), disk-trenched plus 2 kg hexazinonelha (LH-DT) or 4 kg/ha (HH-DT). 
Cover of leading species was observed on four substrate types created by mechanical treatments 
(trench, berm, intertrench, and double-disked surface). In 1989 Calamagrostis canadensis and Galium 
boreale were prevalent on all substrates except DD. Aster ciliolatus did not show any preference for 
a particular substrate type. It appears from a limited amount of data that trenching and low herbicide 
and their combination favor the competing species after three seasons following the treatments and 
therefore may be unsuitable treatments for enhancing crop seedling growth. On the other hand, 
berms are the best sites for crop seedlings and poorest for competing species in mechanically treated 
plots. 

c) Changes in species complexes 

In (a) and (b) above, changes in vegetation have been presented by vegetation strata and 
individual leading species. The changes in vegetation structure as a species complex in herbicide
treated and control plots is the subject of a M.Sc. Thesis in preparation by M.D. Fairbarns. The 
following highlights trends in vegetation change determined by his study. 
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}1~igure 4-16. Percent frequency of cover classes (1986-1989) for mosses in 
control and hexazinone-treated (as PRONONE lOG) plots. 
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Table 4-23. Cover Class Frequencies by Substrate Type for Leading Species in Mechanically Treated Plots (Method II), 1989 

Cover Class Midpoint (X) 

Species 
Treat- =O __ -= __ ~~~ __ ~O~.5~ __ ~~~ __ -=5 __ ~~~~ ____ =1~5~ __ ~~~ __ ~2~5~~~ __ ~ __ ~3~5~~~ __ ~ 
ment ~T __ ~B~_I~~D ____ ~T __ ~B~~I __ ~D~ __ ~T~~B~~I~~D~ ___ T~_B~~I __ ~D ____ ~T __ ~B~~I~~D~ __ ~T~~B~~~D 

ARANUD 

ASTCIL 

ASTCON 

CORCAN 

EPIANG 

GALBOR 

POPTRE 
(50-150 cm) 

POPTRE 
« 50 cm) 

ROSACI 

SYMALB 

VIBEDU 

TOTAL 
shrubs 

TOTAL 
forbs 

TOTAL 
graninoids 

TOTAL 
mosses &. 
Bryophytes 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

Low 
High 
DD 

1 

2 
1 

1 

3 

1 

1 
1 

4 

2 

2 

3 
1 

1 
2 

4 

1 
1 

2 1 

1 

3 1 
1 

1 
3 

3 3 
2 1 

3 
2 

6 5 
2 

3 3 
2 

3 2 
2 

3 2 
5 4 

4 2 
4 1 

5 5 
2 

4 1 
1 

1 

1 

1 

4 

3 

1 

5 

4 

2 

2 

6 

7 

4 

1 

3 4 2 
223 

5 4 3 
221 

1 2 
3 3 2 

111 

4 3 
434 

1 1 
1 2 

1 2 
5 4 

1 
1 1 

1 1 
2 3 

2 

2 1 
2 1 1 

121 
1 2 

746 
555 

2 
1 

1 

1 

3 

1 

1 

3 

1 

6 

1 

3 

1 

2 

587 
654 

345 
443 

214 
436 

444 
225 

243 
344 

226 
334 

3 1 
332 

535 
3 5 4 

546 
444 

146 
521 

545 
4 3 6 

5 

5 

3 

2 

1 

2 

1 

4 

211 
333 

1 
113 

577 
823 

1 

5 

3 

3 
1 1 3 

1 
121 

221 

2 1 3 
1 

4 1 
4 1 3 

1 2 

1 2 
2 1 3 

1 
431 

3 
1 

2 
111 

1 
1 

1 1 

1 1 
3 4 

1 

1 

1 

5 

1 

1 

1 

1 1 

2 2 

3 3 

3 1 
231 

3 

1 

1 

1 

4 
323 

3 

3 

T - trench; B - berm; I - inter-trench area; D - doub1e-disked surface. Leading species are those present in at least 50% of 
the quadrats. 
LOW - low herbicide + mechanical treatment combinations. 
HIGH - high herbicide + mechanical treatment combinations. 
DD - double-disked treatment. 
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Table 4-23. (Cont'd) 

Cover Class Mid:e5lint ~%l 
Treat- 45 55 65 75 85 

SEecies ment T B I 0 T B I 0 T B I 0 T B I 0 T B I 0 

ARANUO Low 
High 
DO 

ASTCIL Low 
High 
DO 

ASTCON Low 
High 
DO 

CORCAN Low 1 1 
High 
DO 

EPIANG Low 
High 
DO 

GALBOR Low 
High 
DO 

POPTRE Low 
(50-150 cm) High 

DO 

POPTRE Low 
« 50 cm) High 

DO 

ROSACI Low 
High 
DO 

SYMALB Low 
High 
DO 

VIBEOU Low 1 
High 
DO 

TOTAL Low 
shrubs High 
(50-150 cm) DO 

TOTAL Low 5 1 3 4 1 
forbs High 1 1 2 1 2 1 1 
(graminoids) DO 1 

TOTAL Low 
mosses & High 
bryophytes DO 

TOTALMN Low 
High 
DO 

T - trench; B - berm; I - inter-trench area; 0 - double-disked surface. Leading species are those present in at least 50% of the 
quadrats. 
LOW - low herbicide + mechanical treatment combinations. 
HIGH - high herbicide + mechanical treatment combina~ions. 
DO - double-disked treatment. 
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Vegetation composition in the control (0 kglha), low (2 kglha), and high (4 kglha) treatment 
plots of Blocks 1 and 2 in 1986, 1987, 1988, and 1989 was determined by pooling species cover data 
from the quadrats. (No 1989 data was available for vegetation in the low herbicide treatment plot 
of Block 1.) The relative similarity of vegetation data sets from different treatments in different years 
was determined using DCA, detrended correspondence analysis (Hill 1979), and the results are 
illustrated in Fig. 4-16. Data from Blocks 1 and 2 were analyzed separately to prevent block 
differences from confounding the effects of treatment and time. Gradients of differences in species 
proportions were derived (axes or eigenvectors), and the proportion of the vegetation variability 
expressed by each was calculated (eigenvalues). In both analyses, the first twoeigenvalues were much 
higher than the third and fourth, indicating that most of the observed differences in vegetation 
composition were represented in the simple two-dimensional plots provided in Fig. 4-17. 

In both blocks, differences in pretreatment (1986) vegetation were slight compared with 
vegetation changes occurring in later years. 

Vegetation responded similarly whether treated at the 2 or 4 kglha dosage. Initially, the 
vegetation shifted laterally along axis 1 (the most pronounced gradient of vegetation composition 
among treatment plots over time). The strong initial shift was expected and reflect a general decrease 
in the abundance of most species as a result of the herbicide application. Species subsequently could 
have recovered toward their pretreatment proportions, assumed a new equilibrium, or continued to 
diverge from their initial composition. In both the high and low treatments, the vegetation continued 
to diverge from its pretreatment composition indicating that there was no recovery toward the initial 
species proportions, nor had a new equilibrium developed. 

The control plots also responded similarly in both blocks. Their vegetation changed little along 
axis 1 but shifted farther up along axis 2 in each successive year. The constant upward shift indicated 
a steadily changing composition reflecting plant succession rather than a dynamic equilibrium. The 
succession was probably a combination of the effects of a closing aspen canopy and the residual effect 
of slow readjustments to the conditions created by timber harvesting in 1982. 

The treated plots also showed some upward movement along axis 2, though it was much weaker 
than that which occurred in the treatment plots. This indicated that at least some aspects of the 
successional changes occurring in the control plots prevailed despite herbicide treatment. 

In conclusion, both the control and treated plots were in dynamic, nonequilibrium states. In the 
control plots, the multispecies changes probably represented a vegetation response to canopy infilling. 
In the treated plots the changes reflected the immediate disturbance resulting from herbicide damage 
and the instability of the consequent species mixture. The treated plots neither reverted to their 
initial composition nor converged along a new path with the vegetation of untreated controls. 

4.5 CONCLUSIONS 

The primary objective of the vegetation management project was to evaluate several methods 
to reduce the vegetation competition with the crop species to enhance its growth to a free-to-grow 
stage. Chemical and mechanical methods were employed either at the preplanting phase as site 
preparation or at the postplanting crop release phase of the management of a mixedwood forest 
dominated by Populus tremuloides regrowth. One of the objectives of the environmental component 
of the study was to evaluate the impact of silvicultural methods on the composition, structure, and 
dynamics of vegetation excluding the crop tree performance. The major difficulties in these 
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6) During heavy rains, soil erosion and off-site movement of soil from disturbed surfaces was 

observed to be significant in disk-trenched areas. It is recommended that if disk-trenching is to I 
be the selected method of vegetation management, trenches should be laid out parallel to the 
contours of the slopes. Before decisions are made as to the preferred method of vegetation 
control, there is need to establish the optimum levels of density control to enhance the seedling I 
growth to a desired level. 

7) Vegetation and seedling performance should be sampled on site-preparation and crop-release I 
plots for the 5th and 8th years after the treatment application in 1991-92 and 1994-95 (site
preparation plots) and in 1990/91, 1993/94, and 1996/97 (crop-release plots). 

8) Control of aspen and non-aspen woody stems should also be evaluated for wildlife implications. 

9) Over 110 plant species occurred in the study area. The PRONONE lOG application resulted 
in an increase in species richness. There was no loss of species observed as a result of the 
vegetation management by disk-trenching and the herbicide. 

10 Changes in vegetation cover in the shrub stratum were consistent with changes in the woody 
stem density. In controls, maximum changes in vegetation cover occurred from 1987 to 1988 in 
the tall shrub, forb, and graminoid strata. The LH application (2 kg hexazinonelha) had no 
overall measurable effect on the cover of medium shrub, forb, and moss strata. It resulted in 
a decrease of graminoids by 10% and an increase of tall shrubs by 20%. The only effective 
control of vegetation by PRONONE lOG was at the 4 kg ailha rate over two growin seasons. 

A recovery process began in 1989 during the third growing season following the treatment (Fig. 
4-17 and 4-18). The effectiveness of vegetation control in mechanically (alone or in combination 
with herbicide) treated plots was in the order DD > HH-DT > LH-DT > DT. The selection 
of any of these methods should include an assessment of terrain disturbance, level of reduction 
in cover required for optimum crop seedling growth, soil erosion, and cost-benefit analysis. Fifth 
and eighth year data on crop seedling growth will be required for such assessments. 

11) The changes in number of species, total cover and cover of individual species, and stem density 
peaked after two growing seasons following the treatments. The vegetation cover recovered 
towards the pretreatment levels in 1989 (Figs. 4-19 and 4-19). However, the changes in relative 
composition and cover on the herbicide-impacted areas are still evident in terms of community 
structure and dynamics expressed in changes in successional trends. The direction and duration 
of this process should be determined by sampling in the 5th and 8th post-treatment years. 
Similar information on the mechanically treated plots is lacking because of the difficulty of 
establishment and location of permanent plots after the application of mechanical treatments. 

.} 



Figure 4-18. General conditions of the vegetation in site-treatment plots. A. 
Vegetation in July 1989 in a control plot. Notice the dense woody overstory of 
Populus tremuloides and herbaceous stratum of forbs and Calamagrostis canadensis 
B, C. Vegetation in July 1989 in a plot treated with 2 kg hexazinone/ha in August 
1986. D. Vegetation in July 1989 in plot treated with 4 kg hexazinone/ha. Notice 
the standing dead stems, and moderate cover of aspen and forbs. 



80 

Figure 4-19. General conditions of the ycgetntion in site-treatment plots. A, C. 1989 
vegetation in a plot treated with 2 kg hexazinone/ha in August 1986 plus disk
trenching in May 1987. B. Vegetation in July 1989 in a plot treated with 4 kg 
hexazinone/ha in August 1986 plus disk-trenching in May 1987. Notice the dead 
woody stems and dominance of Epilobium angustifolium in the forb layer. D. 
Vegetation in July 1989 in a double-disked plot treated in May 1987. Notice the 
dense cover of grasses and gradual aspen regrowth. 



Section 5 

DEVELOPMENT OF APPLICATION, SAMPLING, 
AND ANALYfICAL TECHNOLOGIES 

81 

Results of seven separate studies on the development of application, sampling, and analytical 
technologies are reported, including 1) application of granular herbicide by one aerial (helicopter
attached) and two ground (truck-mounted) applicators, 2) application of liquid herbicide by a 
logarithmic sprayer, 3) sampling method for herbicide residues in forest soils immediately following 
application, and 4) analytical methods for determination of hexazinone residues in soil and vegetation 
samples. 

5.1 DETERMINATION OF GRANULE DISTRIBUTION FROM AERIAL 
AND GROUND APPLICATION6 

5.1.1 Background 

Aerial applications of liquid formulations of herbicides result in off-target drift, require 
sophisticated delivery systems, and are weather dependent (air temperature, humidity, and wind 
velocity) (Feng and Feng 1988b; Payne et al. 1987; Yates et al. 1985). The use of granular 
formulations may greatly reduce concerns on the off-target drift and remove weather dependency 
(Lowery 1984). Application equipment used for granular herbicides includes hand seeders, backpack 
units, skidder- or tractor-mounted units, and helicopters carrying seeders or fertilizer buckets7

• 

A new granular formulation of hexazinone designed to control the off-target drift during aerial 
application has been submitted for registration in Canada for forestry use (Feng, Stornes, and Rogers 
1988). In this formulation, granules are of irregular size and shape and vary greatly. The granules 
have a hard insoluble clay base and are surface-coated with two layers: a 10% (ai) hexazinone layer 
and an inactive protective coating. The protective coating minimizes dust formation and loss of 
hexazinone during shipping, handling, and dispersal (Feng, Feng, and Sidhu 1989). 

For a given weight, smaller granules would result in greater numbers with large total surface 
area delivering a larger amount of hexazinone to the target. The size differences could cause 
different distribution patterns of small and large granules after application and, therefore, could 
change the amount of granule surface exposure to rain (Feng, Feng, and Sidhu 1989). The 
distribution and release of hexazinone over an application swath may be related directly to the 
weight-class frequency of granules (Lowery 1984). 

To apply this granular hexazinone, Weidenfeller (1985) tested four different types of ground 
and aerial dispersal systems, including a hand seeder, a backpack mist blower, a commercial ground 
spreader, and a helicopter equipped with granular seeders. The commercial ground spreader with 
electronic flow units and the helicopter using granular seeders were the most accurate and successful 

6Feng and Sidhu (1989). 

7 Johnson, S. A 1987. Pronone herbicide: a granular hexazinone formulation for site preparation 
and conifer release. Speech presented at 9th For. Veg. Manage. Conf., Redding, Calif. The script 
may be obtained from Wilbur-Ellis, 212 Industrial Dr., Stockton, CA 95206. 
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granule applicators and were superior to the mist blower and the hand seeder. Cochran and BoringS 
reported an improved uniformity of granule distribution in aerial applications after modifying a seeder 
and a fertilizer bucket. 

No data has been published on the physical characteristics of the granular formulation or its 
distribution pattern during aerial and ground application. This paper reports the results of a study 
on the variation of granule size in a blank hexazinone formulation and on the distribution patterns 
of granules applied from a truck-mounted pellet applicator and from a bucket spreader attached to 
a helicopter. 

5.1.2 Materials and Methods 

A blank granular formulation9 was used for the granule-size variation tests and for the ground 
and aerial application tests. The granules of the blank formulation were without hexazinone but were 
surface coated with the protective layer. The blank granular formulation was used for size-variation 
tests. The manufacturing of the blanks was similar to that of the commercial formulation. The 
weight of granules of the blank formulation is 90% of that in a commercial formulation (with 10% 
w/w hexazinone). A total of 315 granules were sampled randomly from a lO-kg lot of the blank 
formulation and were weighed individually. The mean granule weight and coefficient of variation (% 
CV), weight range, median, and max.:min. ratio were calculated. The samples were allotted to weight 
classes with 5-mg intervals, and the percent weight-class frequencies of granules were calculated. 

5.1.2.1 Ground applicator tests 

A rotary pellet applicator10 was mounted on a 3-ton truck. The pellet applicator consisted 
of two independent storage compartments, transfer systems, and hydraulic delivery arms on both sides 
of the machine. Each side had an independent automatic control with a flow monitor that delivered 
a nominal 5-70 kglha. The pellets were moved from the metering box to an airlock, that blew the 
pellets to a spinner which, depending on its rotation speed,would spread the pellets from 6 to 12 m. 
The delivery arms were located at the front of the truck and were adjustable within 90 degrees from 
the front to the side. The arms were computer-controlled and self-adjusting for height to follow 
ground surface variations. The machine was tested at Nisku, Alberta, about 30 km south of 
Edmonton. A 30- by 12-m test plot was established on level ground. Four 12-m wide transects were 
laid at 5, 10, 20, and 25 m. Grass was mown to 3 cm high. The truck travelled at 2-2.5 kmlh in one 
direction along the right-hand side of the plot. The arm was set at a 15-degree angle from the front. 
The spinner was 4 m above ground level. Only one side of the spreader was used for granule 
application, and the target swath width was 5 m between 2.5 and 7.5 m from the truck path. This 
design of treatment plot width and distance from the granule spreader allowed room in an operational 

8 Cochran, R. J., and L. E. Boring. 1988. Aerial application of a granular herbicide. Pro-Serve Inc., 
400 E. Brooks Rd., Memphis, TN. 

9 Supplied by the Canadian dealer for PRONONE lOG: Pfizer C & G Inc., 1 Wilton Grove Rd., 
London, Ontario N6A 4C6. (The dealership was transferred to United Agriproducts at the same 
address in August 1988.) 

10 ACE Rotary Pellet Appticator: Ace Vegetation Control Service Ltd., 1426 Meridian Rd. N.E., 
Calgary, Alberta T2A 2N9. 
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setting for a truck traveling on a 5-m wide buffer to treat a 5-m wide strip of vegetation for conifer 
release and preplanting site preparation. Nine 8.5-cm deep wooden trays (0.5 by 0.5 m) lined with 
plastic sheeting were placed end to end within this 5-m section on each transect to catch granules. 
Three additional collectors were placed at 0, 10, and 12 m on each transect. A I-m long railroad tie 
(15 by 15 cm) was placed at 21 m on the left-hand track of the truck path to simulate an uneven 
surface in the forest. The effect of a bump to the granule distribution was examined at Transect 4 
at 25 m. Granules were applied at nominal 20 and 40 kglha rates and application was repeated twice 
after the initial calculation by using granule discharge rate, target swath width, and truck traveling 
speed. Granules collected in individual trays were weighed to determine deposition rates at different 
distances. The mean rates and standard errors for each distance and treatment were calculated. 
Also, individual granules from each tray were weighed and were allotted to weight classes with 5-mg 
intervals. Percent weight-class frequencies were calculated in relation to the distances and treatments. 

5.1.2.2 Aerial applicator tests 

These tests used an applicator-spreaderll attached to a Bell-206 helicopter. The spreader 
weighed 90 kg and had a 1.3-m3 capacity. The bucket spreader was a light-weight, high-strength 
fiberglass and was equipped with an antirotational device for stability. The metering gate was air
operated by a self-contained battery with fine adjustment and quick closure and was controlled from 
the helicopter's cockpit. The spreader was capable of a 0.2-100 kg/min flow rate and a 30- to 6O-m 
effective swath related to the flight elevation. 

The study site for aerial applicator tests was at Grande Prairie, Alberta, about 450 km 
northwest of Edmonton. A lOO-m flight path (one direction) was marked with three flags on level 
ground (6 ha). Grass was mown to 3 cm high. Two 40-m long transects, perpendicular to and 
centered on the flight path, were placed at 25 and 75 m. Forty-one polyethylene collection trays 
(40.5 cm long by 27 cm wide by 10 cm deep), comprising a total surface of 4.5 m2 were placed along 
each transect and were centered lengthwise at each I-m spacing. The distance between trays on the 
transect was 59.5 cm. The bottom of each tray was lined with a sheet of laboratory bench liner12 

to reduce the force of granule impact and to minimize the possibility of granules bouncing out of the 
collection tray. Granules collected from each tray were weighed separately. 

The aerial applicator delivery rate was calibrated at 20 kglha. A single application run was used 
to test the 20 kglha nominal deposition rate, and a double application run on the same swath was 
used for the 40 kglha rate. Each test was repeated once. The helicopter flew at 72 km/h in one 
direction at a 34-m elevation under windless conditions. The applicator bucket was 25 m 
aboveground. The metering gate of the bucket was set at scale 1.15. These application parameters 
were recommended by Pfizer C & G Inc.1o and Alpine Helicopters13 for a 27-m wide target swath 
in an operational aerial application of this granular formulation. 

llIsolair Series 2600-45 Applicator-Spreader: Isolair Inc., 20490 E. Aschoff Rd., Rhododendron, OR 
97049. 

12Canlab absorbent paper, Cat. No. P1146-1O: Canlab, 11620-181 St., Edmonton,Alberta T5S IM6. 

13 Gubbels, D. 1986. Personal communication. Alpine Helicopters Ltd., 165 George Craig Blvd. 
N.E., Calgary, Alberta T2E 7H3. 
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Granules collected in individual trays were weighed to determine deposition rates at different 
distances from the center of each collection transect. The mean deposition rates and standard errors 
for each distance and treatment were calculated. The optimal number of sampling trays was 
estimated with the equation: 

where n = the number of samples; t = Student's t-value; S = standard error; E =expected range of 
the mean with a defined probability (Freese 1%2). The optimal number of samples were calculated 
for both 20 and 40 kg/ha rates of application with 5-25% accuracies at 5% intervals and with 80, 90, 
95, and 99% of certainties, respectively. 

5.1.3 Results and Discussion 

5.1.3.1 Granule size variation tests 

Granule size in the to-kg lot of blank formulation varied greatly (Fig. 5-1). The average weight 
of individual granules was 20 mg (n = 315) with a standard deviation of 11 mg (55% CV). Weights 
ranged from 2.5 to 93 mg. The median was 18 mg, and max.:min. ratio was 37; however, 90% of the 
granules weighed between 5 and 35 mg. The large variation in granule size may affect the uniformity 
of active ingredient coverage within a relatively small area. 

5.1.3.2 Ground applicator tests 

The target rates within the 5-m wide swath were not achieved (Fig. 5-2). Average rates from 
six replicated transects in the flat area were 11 ± 5 and 16 ± 8 kg/ha for target rates of 20 and 40 
kg/ha, respectively (Fig. 5-2, A, B). Granules were distributed unevenly within the 5-m swath (2.5-7.5 
m) with two to three-fold differences in the amount of deposition between 2.5-5 m and 5-7.5 m. Less 
than 5 kg/ha of the granules were found beyond the designated application swath at 10 m. Less than 
0.5 kg/ha of granule deposition at 12 m (Fig. 5-2, A, B) indicated that an effective cutoff line could 
be reached within a reasonably short (5 m) distance beyond the swath edge. Less than 2 kg/ha of the 
granules escaped from the truck onto the center of the track at 0 m. The artificial bump on the 
left-hand side track increased the uneven distribution of granules within the designated swath (Fig. 
5-2, C, D). Granule size spectrum among trays at various collection distances did not differ noticeably 
(Table 5-1). Mean percent frequency of granules in different weight classes (Table 5-1) obtained 
from the ground application was similar to that found in the formulation (Fig. 5-1) but was slightly 
higher in the lighter weight groups (Table 5-1). Granule size probably is not correlated with distance 
from this applicator, and the variation in granule size is not expected to impact on the stratified 
distribution of hexazinone. 

Results of the present study indicated that the tested ground applicator has limited use on 
narrow-strip (5 m) application in forestry practice because of 1) failure to achieve the target rate and 
uniformity in granule distribution over a narrow swath (5 m) and 2) an inadequate self-adjusting 
mechanism for compensation for uneven ground on a fine scale. 
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Figure 5-1. Weight distnoution of granuleS with blank protective coating from a to-kg lot 
(n = 315). 
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Figure 5-2. Distance deposition rates and distnoution profile of granules from the ground 
application using Ace Rotaty Pellet Applicator at 40 kg/ha application on flat ground 
(A) and with an artificial bump (q, 20 kg/ha on flat ground (B) and with bump (D). 
SW = designated swath width (5 m). 
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Table 5-l. Percent frequency of granules of a ground application in weight 
classes at different delivery distances from the center of a truck-mounted rotary 
applicator 

Weight class (mg) 
Delivery 

Rates distance 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 >45 

(kg/ha) -(m)- (%) 

20 2.5-3.1 22 27 27 16 8 0 0 0 0 

3.1-3.6 23 29 15 13 10 5 0 5 0 

3.6-4.2 15 31 22 13 7 8 2 0 2 

4.2-4.7 22 30 26 12 4 2 3 1 0 

4.7-5.3 20 16 22 19 9 4 1 3 1 

5.3-5.8 16 26 20 13 11 5 4 2 3 

5.8-6.4 24 16 22 15 10 4 4 3 2 

6.4-6.9 13 29 26 14 5 3 8 1 1 

6.9-7.5 17 25 21 18 10 4 2 3 0 

Mean 19 25 23 15 8 4 3 2 1 

S.D. 4 6 4 3 2 2 2 2 1 

40 2.5-3.1 36 16 18 15 9 4 0 0 2 

3.1-3.6 26 26 29 11 4 1 1 1 1 

3.6-4.2 30 38 14 11 5 0 1 0 1 

4.2-4.7 23 21 17 19 9 7 4 0 0 

4.7-5.3 39 22 15 10 8 5 1 0 0 

5.3-5.8 23 24 26 14 6 2 2 1 2 

5.8-6.4 28 21 18 16 9 4 2 2 0 

6.4-6.9 25 22 20 15 10 3 2 2 1 

6.9-7.5 24 27 21 12 7 4 2 1 2 

Mean 28 24 20 14 7 3 2 1 1 

S.D. 6 6 5 3 2 2 1 1 1 
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5.1.3.3 Aerial applicator tests 

The effective single-swath width during a multiple-swath operational application is defined as the 
width between two tails of the granule distribution curve at 50% nominal rate. Two single swaths 
must overlap at the 50% nominal rate point to produce an overall uniform distribution of granules 
during an operational application. The effective swath width in this study was 27 m for both the 20 
kg/ha (Fig. 5-3, A) and the 40 kg/ha (Fig. 5-3, B) applications. The effective swath was centered at 
the flight path (0 m) with 13 m to the right-hand (R) side and 14 m to the left-hand (L) side. 
Granule deposition varied from 13% to 75% CV (n = 4) at different distances within the 27-m swath 
of the 20 kg/ha application; it varied from 4% to 59% CV in the 40 kg/ha application. This large 
variation indicated that uniform deposition of granules on a small area (0.11 m2) cannot be achieved 
with any consistency. A more homogeneous granule deposition was found within the central 22 m 
of the swath between 11 m (R) and 11 m (L) (Table 5-2). Average rates of deposition were 21 and 
42 kg/ha for the 20- and 40-kg/ha applications, respectively, with 20% CV. The granule distribution 
profiles were different in the two 11-m halves of swath, 0 to 11 m (R) and 0 to 11 m (L), at both 
rates of application. The average granule deposition on the left half was 18 ± 4 kg/ha and was 76% 
of that on the right side (23 ± 2 kg/ha) for the 20-kglha application; it was 37 ± 6 kg/ha and 77% 
of that on the right side (47 ± 5 kglha) for the 40-kglha application. 

The 23% to 24% differences between the right and left sides possibly resulted from the design 
of the metering gate of the Isolair applicator-spreader. The cone-shaped valve of the metering gate 
for controlling the flow rate of granules was not centered perfectly. It must be perfectly straight to 
distribute granules evenly to both sides. If the cone-shaped valve is slanted less than 0.5 cm to the 
left, an estimated 25% fewer granules will be distributed to the left side of the flight line. The 
alignment of the cone-shaped valve and the metering gate are set in the factory and cannot be 
adjusted by the operator in the field. However, the differences between the right and left sides may 
be compensated for by making a double pass at one half of the nominal application rate in opposite 
directions in small treatment plots or in a crisscross pattern in large operational plots. Average 
deposit rates within the effective swath width from four transects were 19 ± 5 and 39 ± 9 kg/ha, 
respectively, for the 20- and 40-kglha applications (Table 5-2). On a large-scale operational 
application, the helicopter-Isolair system could spread granules at the rate specified. 

5.1.3.4 Estimates for optimal sampling 

Standard errors were increased to 8 kglha (42% CV) and 12 kglha (31 % CV) for the 20- and 
40-kg/ha applications, respectively, when using individual values of all trays (n = 112) within the 27-m 
effective swath. To represent a worst case scenario, the standard error from 112 trays was used to 
estimate the optimal sample size (Table 5-3). 

Fewer trays were required for the double-pass application (40 kglha rate) than for the single-pass 
application (20 kglha rate) to achieve the same expected accuracy and probability in estimating the 
granule deposition of this formulation (Table 5-3). There was a 90% certainty of measuring an 
average rate of deposition between 36 and 44 kg/ha (40 kg/ha ± 10%) when 27 trays were used to 
assess the 40 kg/ha rate of application and between 18 and 22 kglha (20 kglha ± 10%) when 50 trays 
were used to assess the 20 kglha application. Similarly, 38 and 70 trays would be required to achieve 
the ± 10% accuracy with 95% certainty for assessing the 40- and 20-kglha rates of application, 
respectively. Feng (1988) reported earlier that aerial application by the helicopter-Isolair system 
showed no change in the pattern of granule deposition under 8 km/h crosswind within a 32-m wide 
swath. The helicopter-Isolair delivery system probably is the preferred system for applying the new 
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Figure 5-3. Distance deposition rates and distribution profile of granules from the aerial applicaiton 
using helicopter-Isolair Applicator-Spreader at 20 kg/ha (A) and 40 kg/ha (B) 
application. R = right-hand side of the swath, L = left-hand side of the swath. 
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Table 5-2. Mean of averaged (four trays) granule deposition at l-m spacing 
within different portion of the distribution profile for aerial application of 
granules 

Measured deposition rate 

20 kg/ha application 40 kg/ha application 

Swath width8 N Mean ± S.D. CV N Mean ± S.D. CV 

--(m)-- (no.) -(kg/ha )- (%) (no.) -(kg/ha)- (%) 

13(R) to l4(L) 28 19 ± 5 25 28 39 ± 9 24 

ll(R) to ll(L) 23 21 ± 5 22 23 42 ± 8 18 

0 to ll(R) 12 23 ± 2 9 12 47 ± 5 10 

0 to ll(L) 12 18 ± 4 22 12 37 ± 6 16 

8 (R) and (L): Distance (m) from the flight line (0 m) to the right-hand side 
(R) and left-hand side (L) of the swath. 

granular formulation of hexazinone; and whenever applicable, the nominal rate should be divided into 
two halves, and a double-pass application in opposite directions or crisscross patterns should be made 
for a more uniform deposition of granules. The distribution of granules can be improved further by 
using a potential new formulation containing only 5% active ingredient and by making two and four 
application passes per swath for a 20- and 40-kg/ha rate, respectively. 

S.2 CROSSWIND EFFECT ON ISOLAIR AERIAL GRANULE APPLICATOR14 

The crosswind effect on the aerial application of granular hexazinone was studied in Grande 
Prairie, Alberta. A blank formulation of Pronone lOG was used. The granules of the blank 
formulation were without hexazinone but were surface-coated with the protective layer similar to that 
of the commercial formulation. The weight of granules of the blank formulation was 10% less than 
the commercial formulation (less 10% ai). Granules were aerially applied at a nominal 20 kg/ha rate 
by using a Bell-206 helicopter equipped with an Isolair 2600-45 bucket applicator-spreader under 
either calm or 8 kmlh crosswind conditions. The helicopter flew at 72.4 kmlh in one direction at a 
33.5 m elevation over a 100-m flight path on levelled ground (6 ha). Two 40-m long sampling tran
sects, perpendicular to and centered on the flight path, were placed at 25 and 75 m. Ten 4-m 
sections on each transect were marked from the center to both the left-hand and the right-hand sides. 
Four 0.11 m2 collection trays were placed in each 4-m section at 1-m spacing. Total weight of 
granules per 4-m transect was divided by the collection area (0.44 m2

) and then converted to kg/ha 
deposition rate. Granule distributions under no-wind and 8 kmlh crosswind conditions were 
compared by using the averaged rates of 4 transects from duplicated applications. Results showed 
that there was no change in the pattern of granule deposition under 8 kmlh crosswind, except a slight 

14Feng (1988). 
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Table 5-3. Estimated optimal sample size (no. of collection trays) for aerial 
granule deposition in a 27-m swath width within expected ranges of variation and 
their probabilities (P) at 20- and 40-kgfha application rates 

Expected rate 
and range 

(kgfha ± % rate) 

20 ± 5% 

± 10% 

± 15% 

± 20% 

± 25% 

40 ± 5% 

± 10% 

± 15% 

± 20% 

± 25% 

Estimated optimal sample size 

P - 0.20 0.10 0.05 0.01 

------------(no. of trays)-------------

117 190 280 480 

30 50 70 120 

14 23 32 56 

9 14 19 33 

6 10 13 22 

63 103 145 255 

17 27 38 66 

8 13 19 32 

5 8 12 19 

4 6 8 14 

shift at the tail ends of a transect, Le., at the 17-20 m section, deposition rate reduced from 2.3 to 
0.4 kglha at the left-hand side and increased from 1.1 to 3.3 kglha at the right-hand side of the swath, 
when the 8 kmlh wind blew from left to right (Table 5-4). 

5.3 PERFORMANCE OF ISOLAIR BUCKET SPREADER IN FIELD AERIAL APPLICATION OF 
PRONONE lOG1S 

Operational application of granular hexazinone with an aerial bucket spreader was evaluated 
under a 3-year-old clear-cut forest in Grande Prairie, Alberta. The site was dominated by aspen at 
a 1-m average height. Granular formulation of hexazinone (PRONONE lOG) was aerially applied 
in three parallel "effective swaths" (defined as two swaths overlapping at tail ends of 50% nominal 
rate of application to produce a smooth distribution of herbicide) by using an Isolair Series 2600-45 
bucket spreader attached to a Bell-206 helicopter flown at 72 kmlh at a 34-m elevation under 

15Feng (1989). 
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Table 5-6. Distribution of Pronone lOG granules at each transect and their means 
for four separate plots treated at two different rates by using a tractor-mounted 
ground applicator, Granu1-Air 

Transect Low dosage treatment High dosage treatment 

(kgjha ± SD) 
1 23.4 14.6 55.6 59.6 
2 18.3 27.3 73.7 53.6 
3 20.2 22.8 48.1 63.5 
4 25.3 22.4 51.0 62.2 
5 15.4 27.3 50.9 58.3 

Mean 20.5 ± 4.0 22.9 ± 5.2 55.9 ± 10.3 59.5 ± 3.9 

The overall mean deposition rates of the low and high dosage treatments were 21.7 and 57.7 
kglha, respectively. The low dosage application was calibrated before field treatment, which showed 
within 10% of the target rate. However, the high dosage application was not calibrated but 
proportionally set on the computer dial according to the low dosage calibration, and was over 40% 
higher than the target rate of 40 kglha. It was also observed that the truck tended to throw more 
granules to its right-hand side. This problem might be associated with the hydraulic design and wear
and-tear of the Granul-Air applicator. 

5.5 DETERMINATION OF HEXAZINONE DEPOSITION FROM A LOGARITHMIC 
SPRAYER17 

5.5.1 Background 

Hexazinone is a residual, systemic herbicide taken up by plants primarily through the root system 
(Ghassemi et al. 1981). It is used as a selective herbicide for conifer release and preplanting site 
preparation (Malik and Vanden Born 1986). The application rates for hexazinone 
depend on a variety of factors such as the type of weeds (grasses, forbs, and brush) to be controlled, 
and more importantly, the texture and organic matter content of the soil. Although a range of 
application rates for a variety of site descriptions has been investigated in the United States (Boyd 
et al. 1985; Cantrel1985; William et al. 1987), little information is available on the appropriate appli
cation of hexazinone under boreal site conditions. To investigate the biologically and economically 
effective rates required for a particular set of site conditions, the use of a logarithmic sprayer can be 
an important and simple tool. The logarithmic sprayer applies herbicide at various rates in one 
application, allowing the researcher to determine which rate provides the best efficacy and crop 
tolerance on a specific site. The use of a logarithmic sprayer thus may reduce the need for the large 
number of subplots usually required in testing a broad range of single application rates. It may also 
reduce the need for large quantities of herbicides in research trials, thereby reducing the unnecessary 
risk of environmental contamination. 

17Feng, Ehrentraut, and Drew (1989). 
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The Model 725 Steady-Dilution-Logarithmic-Sprayer18 operates by continuously diluting herbic
ide over time and distance on a logarithmic scale so that a linear swath may be sprayed with a 
predetermined range of application rates. The expected change in rates within each plot can be 
calculated according to the manufacturer's specifications for this instrument; however, the 
mathematically and laboratory-generated model and the actual performance of a logarithmic sprayer 
should be verified through field trials (Neary et al. 1983). The objective of this study was to 
determine the performance of a logarithmic sprayer by measuring the deposition rates of hexazinone 
based on a nominal decreasing log scale (from 9 to 0.56 kg/ha) in small plot (2 x 50 m) trials under 
boreal forest conditions. 

5.5.2 Materials and Methods 

5.5.2.1 Site description 

The experimental site was located in the Wandering River Ranger District of the Lac La Biche 
Forest in Alberta. The plots were 42 km north of the town of Wandering River. Before a forest fire 
swept through the area in 1981, the parent stand was 100-120-year-old mature spruce-aspen. The 
area was salvage-logged in the winter of 1982, then cleared and windowed, and the piles were burned 
in 1983. Bracke scarification was carried out in 1984, and container-grown seedlings of white spruce 
were planted in the spring of 1985. 

Soils in the area are loam to silt loam (44% sand, 40% silt, 16% clay) and are easily erodible. 
The site saturates quickly, suggesting a shallow water table. Vegetation on the site includes a cover 
of 43% reed grass (Calamagrostis canadensis) and 15% low shrubs. Hardwood density is patchy, with 
an average of 27 500 stems/ha, which are mostly alder with an average height of 1 m. 

5.5.2.2 Experimental plots 

Four plots were laid out for a single swath application. Each plot was 2 m wide and 60 m long. 
The spray equipment and application were calibrated to run for 90 seconds and to cover the first 50 
m. The additional 10 m on each plot was a control area for vegetation assessment and was not 
sprayed. Each 2-m wide plot was transected 10 times, at 5-m intervals, starting at 5 m from the high
rate (9 kg/ha) end. At each transect, two posts were placed on the center of each side: one post 0.5 
m to the left and another post 0.5 m to the right of center. Deposit collectors were placed on top 
of each post flush with the top of the vegetation canopy at 1.5 m aboveground. 

5.5.2.3 Herbicide application and logarithmic sprayer 

Velpar L, a liquid formulation of hexazinone, was applied using a backpack sprayer fitted with 
a four-nozzle boom and a Model 725 Steady-Dilution-Logarithmic-Sprayer. The sprayer was 
calibrated for a 2-m wide effective swath. The operator traveled the 50-m length of the plot in 90 
seconds, down the center line of the swath, with the spray boom 1 m above deposit collectors (2.5 
m aboveground). The actual time and distance of each application were measured and recorded. 

The logarithmic sprayer is designed to dilute a known quantity of chemical on a logarithmic scale 
over time and distance during spraying. It contains two bottles: Bottle A (0.5 L) and Bottle B (2.0 

18R & D Sprayers, Inc., Opelousas, LA 
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L). Bottle A contained the Velpar and water mixture, which was calculated to produce an initial 
application rate of 9 kglha. Bottle B contained only distilled water for diluting the contents of Bottle 
A. The water in Bottle B was pressurized and flowed into Bottle A when the spray valve was open, 
thus increasingly diluting the herbicide at a log rate of application. When Bottle B (2.0 L) was 
empty, the spray stopped. Based on the specification of the log-sprayer, the total volume of water 
in Bottle B would provide four one-half dilutions to the initial herbicide concentration in Bottle A. 
Therefore, at the completion of an application, Bottle A still retained a diluted mixture of hexazinone 
at a calculated concentration equivalent to an application rate of 0.56 kglha. Prior to herbicide 
application, the operator practised the operation several times outside the treatment plots by using 
only distilled water to completely apply the 2 L volume of water (Bottle B) over a distance of 50 m 
in 90 seconds. 

5.5.2.4 Deposit collection 

The petridish collector and method of Feng and Klassen (1986) were used to collect spray 
deposition. The filter paper liner of the collector was modified from Feng and Klassen by using 
Whatman No. 934-AH glass microfiber filters instead of Whatman No. 114 filter paper. After 
spraying, the petri dishes were closed and taped shut and placed in a labeled plastic bag and kept 
frozen for one month before analysis for hexazinone residues. 

5.5.2.5 Residue analysis 

By using methanol, hexazinone residues were extracted and diluted from the deposit collectors 
based on the method of Feng and Klassen (1986). Methods of gas chromatographic analysis (Feng, 
Feng, and Sidhu 1989), specitic analytical conditions (Feng, Sidhu, Feng, and Servant 1989), and 
hexazinone peak quantitation (Feng 1987) were reported earlier. Deposition samples from the two 
sets of collectors per transect (one set from each side of the center line of a swath) were analyzed 
separately. Hexazinone residues were then pooled to give the total residues per transect. 

5.5.2.6 Statistical analysis 

The total amount of hexazinone (mg) per transect per plot was divided by the respective total 
collection area (cm2

) and was converted into kg/ha. Hexazinone deposition rates of individual 
treatment plots and their means in relation to distances were analyzed by using the following 
regression model: 

where Y is the rate of deposition (kg/ha) and X is the distance (m) from the starting line of herbicide 
spraying. 

The expected regression model was calculated with the same equation based on four one-half 
dilutions over a total distance of 50 m, as specified by the manufacturer 

Distance (m): 
Nominal rates (kglha): 

o 12.5 
9 4.5 

25.0 37.5 
2.3 1.1 

50.0 
0.56 
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Figure 5-4. Mean hexazinone deposition of four plots collected between 5 and 50 m in each plot 
after application with a backpack logarithmic sprayer. 
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and was: Log Y = 0.95 - 0.024 X. The expected (nominal) deposition rates were calculated from this 
model for 10 equivalent transects between 5 and 50 m in each treatment plot. 

5.5.3 Results and Discussion 

Average deposition rates of hexazinone of four plots at lO transects are shown in Figure 5-4. 
Although the average time and distance of application for each plot (n = 4) was consistent at 50 ± 
0.7 m (1.3% CV) in 90 ± 1.0 sec (1.1 % CV), there were differences in deposition rates among plots 
at identical collection distances. At the 5-m transect, the average deposition rate was 7.2 ± 2.3 kglha, 
which was slightly higher than the expected rate of 6.8 kglha. Greater variation was observed at the 
lO-m transect (3.4 ± 3.3 kglha), and the value was much lower than the expected rate of 5.2 kglha. 
Average deposition rates at the 15- and 20-m transects were 3.6 ± 1.6 and 3.1 ± 1.7 kglha; these 
were the closest to the expected rates (3.9 and 3.0 kglha). The average deposition rate at the 30-m 
transect was 0.8 ± 0.8 kglha, one-half of the expected rate of 1.7 kglha. The minimum expected rate 
(0.56 kglha) was reached at the 35-m transect instead of at the expected distance of 50 m. The 
deposition of hexazinone seemed to be similar between 35 and 50 m and was near the minimum 
expected level. Although the total time and distance of application were well controlled, the way of 
walking of the operator as well as interference from ground vegetation may have caused some vari
ations in hexazinone deposition among collection transects at the same distance. Another cause of 
variation may be due to the compatibility between the nozzle type and deposit collectors. Droplet 
spectra vary according to the nozzle types (Payne et al. 1987). In this case, larger deposit collectors, 
i.e., sheet collectors (Feng and Klassen 1986; Payne et al. 1987), might be more suitable in controlling 
the size variation of droplets, in turn producing a more uniform collection of deposits. However, the 
faster rate of reduction in hexazinone deposition observed in all plots reflected a faster dilution rate 
of hexazinone in the logarithmic sprayer during application than the expected rate based on the 
mathematical and laboratory model. 

Regression models of the log-transformed rate of deposition (kglha) on distance (m) are given 
in Table 5-7. Tests were made on individual plots, as well as on the means of two, three, and four 
plots. The correlation coefficients (R) were improved when the number of replications was increased 
and mean values were used. Individual plots showed a range of R between 0.81 and 0.85. When any 
of the two plots were averaged, R values increased to 0.88-0.96, and they increased to 0.96-0.97 when 
three plots were averaged. There was no further improvement in R when all four plots were 
averaged (R = 0.97). Results suggested that to use the logarithmic sprayer effectively in silvicultural 
trials, the actual deposition of hexazinone should be analyzed and repeated no fewer than three times. 
A similar trend of improvement was observed by comparing the intercepts (A.,) of the regression 
'models. The range of intercepts was 0.80-1.14 when individual plots were analyzed. The ranges 
narrowed to 0.87-1.lO, 0.98-1.06, and 0.98 when means of two, three, and four plots were employed, 
respectively, and were increasingly closer to the expected value of 0.95. In all regression models, the 
slopes (AI)' ranging from -0.026 to -0.051, were significantly greater than the expected slope of -
0.024. Results suggest a faster rate of reduction in hexazinone deposition over a given distance than 
the mathematically and laboratory-generated value. The operator should exercise caution when using 
a logarithmic sprayer. The pattern of rate reduction may vary depending on the construction of the 
individual sprayer, type of boom and nozzles, ground or vegetation obstructions, and the way that the 
operator paces. Prior to field efficacy trials, the actual pattern of deposition of active ingredient 
should be established to provide a reasonable assessment of vegetation responses and for studying 
the cost-effective application of hexazinone. 
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5.5.4 Summary 

Effectiveness of the herbicide hexazinone in controlling competing grass and brush in Alberta's 
regenerated conifer forest is believed to be highly dependent on site factors such as soil texture and 
the presence of organic matter. Currently there is little factual understanding of these relationships. 
In order to provide a basis for operational decisions and for more discriminate analysis, the 
logarithmic sprayer approach was adopted as an appropriately low-cost, first-cut solution. The work 
reported here evaluates the performance of the logarithmic sprayer in providing definable con
centrations over the relative distance of the application path. The sprayer was shown to be 
sufficiently accurate for this work, when three or more replications were averaged, with 95 % of the 
variation in concentration deposited explainable on the basis of distance travelled. This report is a 
prelude to subsequent work, which will address the question of hexazinone concentration rates and 
their efficacy in controlling target species on a range of soil textures and organic contents. 

Table 5-7. Equations Illustrating Deposition of Hexazinone by Distance within 
a 2 X 50 m Plot Treated with a Backpack Logarithmic Sprayer 

Treatment Equation R N 

Plot 1 Log Y l.10 0.046 X 0.85 10 

Plot 2 Log Y = l.14 0.037 X 0.81 10 

Plot 3 Log Y l.13 0.051 X 0.83 10 

Plot 4 Log Y 0.80 0.026 X 0.83 10 

Plots 1,2 Log Y l.07 0.036 X 0.93 10 

Plots 1,3 Log Y l.09 0.045 X 0.88 10 

Plots 1,4 Log Y 0.87 0.031 X 0.89 10 

Plots 2,3 Log Y l.10 0.038 X 0.90 10 

Plots 2,4 Log Y 0.99 0.029 X 0.96 10 

Plots 3,4 Log Y 0.88 0.032 X 0.89 10 

Plots 1,2,3 Log Y = l.06 0.036 X 0.96 10 

Plots 1,2,4 Log Y = 0.98 0.031 X 0.97 10 

Plots 2,3,4 Log Y 0.99 0.032 X 0.97 10 

Plots 1,2,3,4 Log Y 0.98 0.033 X 0.97 10 

Expected Log Y 0.95 0.024 X l.00 10 

Note: Y is rate of hexazinone deposition (kg/ha); X is distance (m) from the 
starting line of spraying. Expected rate was calculated based on the 
specifications of the log-sprayer. 
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5.6 SAMPLING FOR ZERO-TIME I1EXAZINONE RESIDUES IN FOREST SOILS FOR 
DISSIPATION STUDy19 

5.6.1 Background 

In forestry, liquid formulations of herbicides are commonly applied by broadcast spraying, either 
aerially or on-ground. Reliable monitoring of herbicide deposition and residue levels is a prerequisite 
for efficacy and environmental studies. Residue levels detected in soil samples taken immediately 
(zero-time) or shortly after application are often found to be lower than both the rate of application 
and the residue levels in soil samples taken several days later. This problem may be caused by 
deficient methods of soil sampling. 

Traditionally, forestry soil sampling methods of residue monitoring have been adapted from those 
used for agricultural soils where herbicide residues were usually reported on a concentration basis 
(}.Lglkg; ppb) (Feng and Klassen 1986; Thompson et al. 1984). To account for variable bulk densities 
of forest soils and to allow the conversion of soil residue concentrations (}.Lg/g; ppm) to the 
application rate equivalent (kg/ha), the sampling and reporting methods for herbicide residues in 
forest soils were recently improved by measuring total sample weight, sampling depth, and surface 
area with the aid of a Campbell soil auger (Feng and Campbell 1985; Feng and Klassen 1986). These 
methods were applied later in studying the persistence of herbicides in Canadian forest soils for both 
glyphosate (Feng and Thompson 1989; Roy, Konar, Banerjee et al. 1989) and hexazinone (Feng and 
Campbell 1985; Feng and Feng 1988a,b; Feng, Feng, and Sidhu 1989; Roy, Konar, Charles et al. 1989; 
Prasad and Feng 1990). 

Thompson et al. (1984) studied the persistence of 2,4-D and 2,4-DP in four Ontario soils using 
a box corer and reported that the zero-time soil residue concentrations (,uglkg) were 60-70% of the 
expected level, and increased up to 10-300% in most soil samples 1-7 days after spraying. Although 
no direct comparison could be made, they speculated that 30-40% of the chemical might be lost due 
to interception by vegetation, drift, and volatilization at the time of application, and then carried back 
into soils by dripping or washing off the foliage by dew. Feng and Feng (1988b) proved that 
hexazinone levels in zero-time soil samples (1.99 kg/ha) were 27% lower than that actually deposited 
on the forest floor (2.53 kg/ha) and increased slightly (10%) when 29 mm of rainfall occurred 5 days 
after spraying. 

It is evident that rainfall would carry the water soluble residues of hexazinone from the surface 
of the forest floor into deeper soil layers (Feng, Sidhu, Feng, and Servant 1989). However, the cause 
of increases of herbicide residues from the zero-time soil samples to those several days after 
application remained unclear. This was further documented by Roy, Konar, Banerjee et a1. (1989) 
and Roy, Konar, Charles et al. (1989) in two herbicide studies in both the presence and the absence 
of rain events. On a clay site applied with 3.5 kg/ha hexazinone, they reported that zero-time soil 
residues (0.9 kg/ha) increased steadily to 1.5 kg/ha and 2 kg/ha after 7 and 14 days, respectively, when 
rainfall started and accumulated to 55 and 75 mm (Roy, Konar, Charles et al. 1989). However, 
glyphosate (applied at 1.8 kg/ha) increased from 0.9 kg/ha in sandy soils at zero-time to 1.7 kg/ha, 
1 day after spraying, even though there was no rain (Roy, Konar, Banerjee et al. 1989). 

Feng and Feng (1988b) suggested that these observed anomalies in herbicide residues were 
caused by losses in the zero-time soil samples due to the direct contact of sampling instrument and 
sample storage container with the thin layer of herbicides deposited on the surface of soils. To avoid 

19Feng and Navratil (1989, 1990). 
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contact losses of residues at zero-time, they recommended a new soil sampling method using glass jars 
(Feng and Feng 1988b). The new glass jar method was tested under forest conditions in the Calling 
Lake Ranger District (Satellite trial A), northern Alberta. The effectiveness of the glass jar method 
in comparison with the conventional corer method and the zero-time residues and dissipation of 
hexazinone (Velpar L) in forest soils over a one-year monitoring period are documented. 

5.6.2 Materials and Methods 

5.6.2.1 Experimental site and herbicide application 

The study site was located in the Calling Lake Ranger District (55°5' N, 113° 30' W), 200 km 
north of Edmonton, Alberta. The site was logged and windowed in the winter of 1985-86. Soils of 
the area are orthic gray luvisol with textures of silty loam to sandy clay, covered by an organic layer 
8 cm thick (Navratil and Lane 1987). Four plots, 42.5 x 50 m, were randomly selected and treated 
with a liquid formulation ofhexazinone (Velpar L) at 3 kg ai/ha nominal rate by means of a backpack 
sprayer. The treatment was a component of a larger trial (Satellite trial A; Navratil and Lane 1987) 
designed to compare methods for controlling aspen competition. The herbicide was applied on 18 
September 1986 when the relative humidity was 42%, the air temperature 13°C, and wind velocity 
13 km/h from the south. 

5.6.2.2 Soil sampling 

Sampling for residue levels of hexazinone in soils at zero-time, ie, immediately following 
application, was done by two methods: a glass jar method (Feng and Feng 1988b) and a corer 
method (Feng and Klassen 1986). The latter was also used for the subsequent postapplication 
samplings. 

Glass jar method. Sixteen glass jars, 10 cm deep and 10 cm in diameter, were filled to 5 cm depth 
(half full) with uncontaminated surface soil (0-15 cm layer) collected prior to hexazinone 
application at the experimental site. Glass jars were evenly distributed in four treatment plots 
and buried in the ground with the mouth of the jars flush with the surface of the forest floor, i.e., 
at the top of the organic horizon. Immediately following application, the glass jars were filled 
with uncontaminated prespray soils to cover the thin layer of hexazinone deposited on the surface 
of soils inside the jars. The jars were then collected, sealed, and placed in a cooler filled with ice 
for transporting to cold storage (-20°C) where they were kept for about one month before further 
processing. Pre-weighing of soil to be added to each glass jar before and after spraying was not 
necessary. This simplified the field procedures. 

Corer method. A Campbell soil auger (Feng and Klassen 1986) was used to collect from each plot 
four lO-cm diameter soil cores to 30 cm depth. The soil cores were divided into two 15-cm 
sections, i.e., 0-15 cm and 15-30 cm in depth, respectively, measured from the surface of the forest 
floor. These soil core sections were packaged separately and stored as described above. Three 
collections of soil samples were made during the one-year monitoring period at 0, 2lO, and 360 
days after application. 
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5.6.2.3 Residue analysis and reporting 

Soil samples collected at the same time by the same method were pooled, air-dried, weighed, and 
homogenized by the method of Feng and Klassen (1986). Residues ofhexazinone were extracted and 
purified from soils according to the modified method of Holt (1981) in Feng (1987). Gas chromato
graphic analysis was performed by A&E Environmental Testing20. Residue concentrations (J.Lglg; 
ppm) of hexazinone were calculated by comparison with the average peak height from the analytical 
grade hexazinone standard21 analyzed immediately before and after each sample (Feng, Feng, and 
Sidhu 1989). Total sample weight, sampling depth, surface area, and individual bulk densities were 
then used to convert residue concentration to an areal basis (kglha) (Feng and Klassen 1986). Since 
the variation of soil core weight was controlled, all residue samples thus reported could be compared 
directly on an equal basis. 

5.6.3 Results and Discussion 

Zero-time residue levels of hexazinone in soils collected immediately after spraying using the glass 
jar and the corer method were 3.8 and 0.8 kg/ha, respectively (Table 5-8). The glass jar method 
produced about five times more hexazinone residues than the corer method at zero-time. The major 
difference in approach of these two methods was that the former provided a protective layer of soil 
after spraying, on top of the thin layer of hexazinone deposited on the exposed soil surface inside the 
glass jar; while the latter lost part of this thin layer of chemicals to sampling tools and the inner 
surface of the sample container by contact and handling (Feng and Feng 1988b). In the present 
study, soil samples collected at zero-time by the conventional corer method lost 75% of hexazinone 
residues as compared to the nominal rate of application. The percent loss was similar to that 
reported by Thompson et al. (1984) on 2,4-D and 2,4-DP, that by Roy, Konar, Banerjee et al. (1989) 
on glyphosate, and that by Roy, Konar, Charles et al. (1989) on hexazinone. Feng and Feng (1988b) 
also reported that residues of hexazinone in the zero-time soil samples were 52% of the application 
rate when the conventional sampling method was used. Results of the present study support the 
explanation that zero-time residues are vulnerable to contact-loss to sampling tools and handling 
rather than to losses through other pathways such as drift and volatilization (Feng and Feng 1988b). 

The chemicals applied initially may be carried from the surface into deeper soils by adequate 
moisture, such as rainfall, dew, and snowmelt (Feng, Sidhu, Feng, and Servant 1989). The 
susceptibility of the applied chemicals to contact-loss would then be greatly reduced, depending on 
the degree of chemical penetration and dilution by the volume of underlying soils. Thereafter, 
reliable residue samples may be collected by conventional methods. Overwinter sampling by the corer 
method indicated that hexazinone residues in the 0-15 and 15-30 cm soil layers were equivalent to 
1.5 and 0.5 kglha, respectively, 210 days after spraying. The corresponding values were 0.25 and 0.1 
kglha after 360 days (Table 5-8). The total residues (0-30 cm layer) found in the 21O-day samples 
were 2 kglha, 50% that of the glass jar method at zero-time but three times higher than that obtained 
with the same method (corer method) at zero-time. These observations further illustrated the 
possible risk of sampling for zero-time soil residues using the conventional corer method and 
demonstrated the reliability of the new glass jar method. 

2OStupp, S.P. 1987. Personal communication 1987. P.O. Box 130, Temple, PA 19560. 

2199.9% pure, supplied by E.I. du Pont de Nemours & Co., Walker's Mill, Barley Mill Plaza, 
Wilmington, DE 19898. 
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Table 5-8. Hexazinone residue levels detected in soils at zero-time by means of a glass jar method, 
and at 0, 210, and 360 days after spraying by means of a corer method 

Sampling Days after 
method spraying 

Glass jar 0 

Corer 0 

Corer 210 

Corer 360 

Hexazinone residue level (kg/ha) 

Upper layer 

3.8 

0.8 

1.5 

0.25 

Lower layer Total 

o 
0.5 

0.1 

3.8 

0.8 

2.0 

0.35 

Note: Sampling depths for the corer method were: 0-15 cm for upper layer; 15-30 cm for lower 
layer; and 0-30 cm for total. 

The dissipation rate of hexazinone found in this study, when data for the glass jar and the corer 
methods were used for zero-time and the subsequent samplings, respectively, appeared to be a 
fortuitous linear function of time (Fig. 5-5). It did not follow the commonly accepted regression 
model using log-transformed concentrations of residues and postapplication times (Feng and 
Campbell 1985; Feng and Feng 1988b; Roy, Konar, Banerjee et al. 1989; Roy, Konar, Charles et al. 
1989; Thompson et al. 1984). Results of the linear regression analysis indicated that the dissipation 
time for 50% of hexazinone (DTso) in the 0-30 cm layer of soil was 206 days. This slow DTso was 
probably caused by the late season application followed by a 6-month winter. In a laboratory study, 
Bouchard et al. (1985) found that the DTso for hexazinone increased from 2.5 months to 1.2 years, 
when soil temperature was reduced from 30 to 10°C. It seemed that the hexazinone level (2 kglha) 
detected in April 1987, 210 days after spraying, might have been reached six months earlier in late 
October 1986, and residues had been preserved in soils after the ground-freeze and over the winter. 
Similar slow dissipation rate of hexazinone in late fall was also reported in other northern Alberta 
soils (Feng and Feng 1988a). Rhodes (1980a) suggested that hexazinone is degraded by microbial 
action in soils. It is most likely that microorganism activity in the soil would stop when the average 
winter soil temperature at the site was _10°C. If the winter months were deducted from the total 
exposure time to allow only the active time for hexazinone degradation, the DTso would then be 
about one month and similar to those reported by other researchers using log-transformed residue 
levels and time after application (Feng and Campbell 1985; Feng and Feng 1988b; Rhodes 1980a; 
Rhodes, Krause, and Williams 1980; Roy, Konar, Charles et al. 1989). With the aid of reliable soil 
sampling methods, studies can be conducted to assess the effect of low temperature as well as the 
warmer climate on the dissipation rate of hexazinone and other forestry herbicides. 

The use of the glass jar method should be extended from the zero-time up to several days after 
herbicide spraying until the first occurrence of rainfall, by allowing jars continuously exposed under 
the field conditions. Glass jars should be filled to the top with uncontaminated soils only until the 
time of the next scheduled sampling so that photodegradation, evaporation, and other degradation 
pathways can be estimated. Because leaching will move herbicide deeper and affect degradation rate 
(Feng, Sidhu, Feng, and Servant 1989), and herbicide cannot leach in the glass jar, this sampling 
method is not suitable for continuing field trials when leaching of herbicide through the soil profile 
is initiated and maintained by movement of soil water. Therefore, in estimating the dissipation rate 
of a liquid herbicide in soils, best results would be obtained by the combined use of both sampling 
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Figure 5-5. Dissipation of hexazinone in northern Alberta soils. Experiments were initiated on 
18 September 1986 at Calling Lake Ranger District. Mean residue values of 
hexazinone (four replicates) were obtained by means of two sampling methods: a 
glass jar method (0) for the surface soils at zero-time and a corer method (_) for 
the 0-30 em soil layer in the subsequent samplings, and presented with linear 
regression equation (-). 
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methods: the glass jar method for samplings between zero-time immediately after spraying and before 
the first rainfall in conjunction with the conventional corer method for subsequent soil samplings. 

5.7 NEW ANALYfICAL METHODS FOR DETERMINATION OF HEXAZINONE RESIDUES IN 
SOIL AND VEGETATION SAMIJLES22 

5.7.1 Background 

Residuesofbexazinone,3-cyclohexyl-6-( dimethylamino )-1-methyl-1,3,5-triazine-2,4(1H,3H)-dione, 
and two primary metabolites, 3-( 4-hydroxycyclohexyl)-6-( dimethylamino )-1-methyl-1,3,5-triazine-
2,4(1H,3H)-dione (metabolite A) and 3-cyclohexyl-6-( methylamino )-1-methyl-1,3,5-triazine-2,4(1H,3H)
dione (metabolite B) in soils were determined by initial extraction with methanol, cleanup by a new 
microcolumn technique, and measurement by direct capillary gas chromatography without 
derivatization. This new method used less than 30% of organic solvents and was five times more 
efficient than the modified method of Holt (Feng 1987; Feng and Feng 1988b; Holt 1981). For the 
cleanup of vegetation samples, the method for soils was modified to remove chlorophyll from plant 
extracts which could not be removed efficiently by the conventional method of Holt (1981). 

5.7.2 Microcolumn Method for Determination of I1exazinone in Soils 

5.7.2.1 Sample prepar,ltion 

Soil core sections were air-dried in separate trays in an insulated dark room with a dehumidifier 
running at high speed for several days until soil moisture content stabilized at about 3-5% oven-dried 
weight. The air-dried soil samples were then homogenized, sifted through a 2-mm mesh sieve, and 
mixed thoroughly (Feng and Klassen 1986). 

5.7.2.2 Microcolumn preparation 

The bottom end of a 10-mL disposable glass volumetric pipet was plugged with glass wool. A 3-
mL bedding of anhydrous F10risil was packed into the glass pipet with light tapping on its side. A 
second 3-mL bedding of neutral aluminum oxide (AI:P3) was added on top with tapping and was 
followed with a I-mL layer of anhydrous sodium sulfate (Na2S04) prewashed with chloroform. Dry 
packing technique was used and no prewashing was required prior to sample loading. The liquid 
displacement volume was about 5 mL. 

5.7.2.3 Sample cleanup 

A 20-g aliquot of the processed soil sample was weighed into a 250-mL Nalgene 
polymethylpentene centrifuge bottle (Nalge 2107), added with exactly 200 mL methanol, capped 
tightly, and shaken horizontally for 15 min on an Eberbach reciprocating shaker at 280 excursions per 
minute. The sample was then centrifuged at 350 x g for 10 min to separate soil and methanol 
extracts. About 160 mL of extracts were carefully poured, without disturbing the soil precipitate, 
through a Millipore assembly consisting of a 47-mm Teflon-faced glass filter holder assembly and a 

22Feng, J.C. (Unpublished results.) 
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0.45 J.£m HVLP Durapore membrane filter. Exactly 150 mL of filtrate (equivalent to 15 g soil) were 
measured with a 250-mL graduated cylinder and quantitatively transferred (with 3 x 5 mL of 
methanol rinse of the cylinder) into a 500-mL round bottom flask. The neck of the flask was rinsed 
with small amounts of methanol. The volume of filtrate was reduced to about 3 mL by using a rotary 
evaporator at 45°C under reduced pressure. The concentrated content was quantitatively transferred 
(with 3 x 2 mL methanol rinse) into a 15-mL graduated conical tube with Teflon-lined cap. The 
sample volume was reduced to 5 mL under a stream of nitrogen by using a N-Evap (Organomation 
Assoc. Inc., South Berlin, MA) and then was loaded on the dry-packed microcolumn with 3 x 0.5 mL 
methanol rinse. The microcolumn was eluted with 15 mL of methanol (the eluent was the same 
solvent as for extracting solution). All eluates were collected into a 15-mL graduated conical tube 
and evaporated to dryness with nitrogen in a N-Evap. Two mL of toluene (or predetermined volume 
between 1 and 10 mL depending on the predicted residue concentrations) were added to the sample 
tube to redissolve residues before gas chromatographic analysis (Figs. 5-6). 

5.7.2.4 Gas chromatography 

A capillary gas chromatograph (GC) was used to determine concentrations of residues of 
hexazinone and the two primary metabolites A and B. The specific gas chromatographic conditions 
were as follows: 

Gas Chromatograph: Varian Model 3500 Capillary GC equipped with a megabore injector, a 
Thermionic Specific Detector (a nitrogen-phosphorus detector), a Model 8035 autosampler, a 
Varian DS 654 data system, and a NEC Pinwriter P6 printer-plotter. 

Chromatographic Column: 30-m J&W fused silica DB-17 column, 0.325 mm inside diameter, 0.25 
J.£m film thickness. 

Temperatures: Injector, 250°C; detector, 300°C; oven temperature program, 80°C (2 min) - 250°C 
(30°C/min; held for 12 min) total run-time = 20 min. 

Gases: Carrier gas, helium (Ultra Pure grade) 4.3 mLlmin at 50°C; linear velocity, 57 cm/s at 
50°C; head pressure, 110 kPa; make-up gas, nitrogen (Ultra Pure grade) 30 mLlmin; plasma gases, 
air (Zero Gas grade) 175 mLlmin; hydrogen (Ultra Pure grade) 4.5 mLlmin. (All gases were 
supplied by Liquid Carbonic, Edmonton, Alberta.) 

Retention Times: Hexazinone, 13.3 min; metabolite B, 14.0 min; metabolite A, 17.4 min. 

Residue Peak Quantitation: Use of reference standards (99.9% pure) in peak height quantitation 
was reported earlier (Feng 1987; Feng and Feng 1988b; Feng, Ehrentraut, and Drew 1989; Feng, 
Feng, and Sidhu 1989; Feng, Sidhu, Feng, and Servant 1989) and can be summarized as follows: 
a mix-standard solution containing 2.5, 5.0, and 10.0 J.£glg of hexazinone, metabolite B, and 
metabolite A, respectively, was analyzed immediately prior to and after each sample analysis. 
When an analyzed sample showed twice or more the concentration of standard solution, the 
sample was diluted to near the concentration of standard solution and reanalyzed. The average 
of two corresponding peak heights, obtained from the mix-standard solution analyzed immediately 
prior to and after sample analysis, were used proportionally in calculating the concentrations of 
corresponding residues in the sample (Feng 1987; Feng and Feng 1988b; Feng, Feng, and Sidhu 
1989). 
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5.7.2.5 Summary 

The limit of quantitation of the analytical method was 0.03, 0.06, and 0.12 J.I.g/g for hexazinone, 
metabolite B, and metabolite A, respectively. Recoveries of these three compounds were 
demonstrated at various concentration levels. The overall recovery for hexazinone was 94 ± 4%, 
when spiked at 0.03-6.25 J.I.g/g; for metabolite B it was 93 ± 8% at 0.63-12.5 J.I.g/g; for metabolite A 
it was 83 ± 19% at 0.25-25 J.I.g/g. The data are summarized in Table 5-9. These recovery tests were 
conducted by adding known amounts of the compounds to the loamy clay with 10% organic matter 
contained in the 250-mL Nalgene bottle. Soil in bulk quantity was obtained prior to herbicide 
application in the Method II experimental areas of the Grande Prairie Vegetation Management 
Project. 

Total amounts of solvents used in this method were 220 mL. It was less than 30% of amounts 
required in the conventional methods (Feng 1987; Feng and Feng 1988b; Holt 1981). Hexazinone 
and its metabolites A and B were not adsorbed on the column packing, therefore, the same solvent 
(methanol) can be used as extracting solution and eluent of the microcolumn. Since there was no 
need to change the solvent phase, the column eluting time was greatly reduced. Due to the simplicity 
of this method, 12-18 soil samples could be processed as one batch by one person in 1.5 days--three 
times more efficiently than conventional methods. 

5.7.3 Microcolumn Method for Determination of Hexazinone in Vegetation 

5.7.3.1 Sample preparation 

Fresh or frozen fresh vegetation samples were used in this method for better extraction efficiency. 
Dry weight of the sample was determined from a separate aliquot of lO g samples oven-dried at 
lO5°C for 48 h. Foliage samples were cut to thin strips and grasses were cut into short sections by 
using a pair of scissors. Twigs were cut into very short sections (about 0.5 cm) before extraction. 

5.7.3.2 Microcolumn preparation 

See Section 5.7.1 above. 

5.7.3.3 Sample cleanup 

A 15-g aliquot of precut vegetation sample was weighed into a 250-mL Nalgene 
polymethylpentene centrifuge bottle (Nalge 2107). Exactly 60 mL of methanol were added to the 
bottle and samples were homogenized by using a Polytron PT-lO homogenizer for 2 min. The whole 
bottle content was filtered through a 47 mm Millipore assembly with 0.45 J.I.m HVLP membrane and 
a 20-g bed of anhydrous sodium sulfate (Na2S04 anhyd). The filtrate was collected in a 50-mL 
graduated conical centrifuge tube with Teflon-lined cap (60 mL total capacity). Exactly 30 mL 
aliquots of the filtrate (extracts of 7.5 g samples) were kept in the tube by removing the excessive 
amounts with a Pasteur pipet or aspiration. The extracts were partitioned five times with 25 mL of 
hexane and 30 s shaking each. The upper phase of hexane wash was discarded by aspiration. Exactly 
25 mL of the lower methanol phase (extracts of 6.25 g sample) were retained by removing excessive 
amounts with Pasteur pipet or aspiration. The volume of sample was reduced to 5 mL with a stream 
of nitrogen in a N-Evap and then loaded on the dry-packed microcolumn with 3 x 0.5 mL methanol 
rinse of the sample tube. Methanol (15 mL) was also used as the eluent to elute hexazinone and its 
metabolites from the adsorbents of the microcolumn. All eluates were collected into a 15-mL 
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graduated conical tube and concentrated down to 5 mL by using nitrogen in a N-Evap. The sample 
was then partitioned with 4 x 10 mL of hexane and the upper phase (hexane) was removed with 
Pasteur pipet or aspiration. Only 4 mL of the lower methanol phase were retained in the tube and 
evaporated to dryness with nitrogen in a N-Evap (small amounts of oily residue may remain in the 
tube). Two mL of toluene (or predetermined volume between 1 and 10 mL depending on the 
predicted residue concentration) were added to the sample tube to redissolve residues before gas 
chromatographic analysis. A flow chart of this method is presented in Figure 5-7. 

5.7.3.4 Gas chromatography 

See Section 5.7.1 above. 

5.7.3.5 Summary 

The modified method of Holt (Feng 1987; Feng and Feng 1988b; Holt 1981) was tested by using 
aspen foliage samples. The end product showed a dense dark green color and high viscosity, which 
was impossible to analyze by capillary gas chromatography. Neither was the microcolumn method for 
soils described in Section 5.7.2 above able to remove chlorophyll. In this new method, hexane 
partition was introduced to remove chlorophyll from the methanol extracts both before and after 
microcolumn cleanup. Further cleanup was accomplished at the final step of the method by changing 
the solvent from methanol to toluene. The final product was either clear or pale amber color and 
produced a very clear chromatogram. Another point worth mentioning was that methanol seemed 
to cause fluctuating peak responses in the capillary gas chromatograph. Toluene provided excelIent 
stability for the analysis but showed less solubility for some metabolites. Recoveries of hexazinone 
residues from fresh litter and four different vegetation species, i.e., reed grass, trembling aspen, showy 
aster, and willow are listed in Table 5-10. The limit of quantitation of the analytical method was 
similar to the soil method described in Section 5.7.2 above. The total amount of solvents needed per 
sample was 245 mL, and 12 samples could be processed as one batch by one person in 2 days. 



EXTRACTION 
20g homogenized soil sample 

200 mL methanol 
Shake 15 min 

I 
CENTRIFUGE 

350 x g for 10 min 

I 
FILTRATION 

Millipore assembly: 0.45 }lm, HVLP 047 membrane 
Collect 150 mL filtrate (for 15 g soil) 

I 
CONCENTRATION 

To about 3 mL using Rotary Evaporator at 45°C 
Quantitative transfer (3 x 2 mL methanol rinse) 

into l5-mL tube; adjust final volume to 5 mL 

I 
MICROCOLUMN CLEANUP 

1 mL Na2S04 (anhyd) + 3 mL A1203 (neutral) + 3 mL Florisil 
in a 10-mL disposable volumetric pipet 

Load sample (5 mL) with 3 x 0.5 mL methanol rinse 
Elute with 15 mL methanol 

Collect all eluate (17 mL) 

\ 

CHANGE SOLVENT PHASE 
Evaporate to dryness by nitrogen 

Redissolve in 2 mL toluene (or 1-10 mL) 

I 
GAS CHROMATOGRAPHY 

The total soil weight used for residue calculation is 15 g 

Figure 5-6. Flow chart of the microcolumn method for determination of 
hexazinone and metabolites A and B in soils. 
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Table 5-9. Mean (n = 3) and overall percent recoveries of fortified hexazinone, 
metabolites A and B in soil 

Chemicals Fortification Level No. of Mean recovery ± 
(J.lg/g) samples S.D. (%) 

Hexazinone 0.03 3 92 ± 1 

Metabolite B 0.06 3 80 ± 6 

Metabolite A 0.12 3 48 ± 9 

Hexazinone 0.06 3 91 ± 11 

Metabolite B 0.12 3 95 ± 15 

Metabolite A 0.25 3 62 ± 19 

Hexazinone 0.12 3 102 ± 4 

Metabolite B 0.25 3 102 ± 9 

Metabolite A 0.5 3 72 ± 4 

Hexazinone 0.63 3 92 ± 2 

Metabolite B 1. 25 3 90 ± 5 

Metabolite A 2.5 3 79 ± 4 

Hexazinone 1. 25 3 91 ± 5 

Metabolite B 2.5 3 89 ± 6 

Metabolite A 5 3 90 ± 11 

Hexazinone 6.25 1 96 

Metabolite B 12.5 1 102 

Metabolite A 25 1 111 

Overall 

Hexazinone 0.03 to 6.25 16 94 ± 4 

Metabolite B 0.06 to 12.5 16 93 ± 8 

Metabolite A 0.25 to 25 13 83 ± 19 



EXTRACTION 
15 g fresh or frozen vegetation samples 

Cut into strips or <5-mm sections 
60 mL methanol; 2 min on Po1ytron PT-10 

I 
FILTRATION 

Millipore assembly: 0.45 ~m HVLP 047 membran 
with a 25-g bed of Na2S04 anhyd. 

I 
PARTITIONING 

Take 30 mL methanol filtrate (= 7.5 g sample) 
Partition: 5 x 25 mL hexane and 30 s shaking 

Discard upper hexane phase 
Retain 25 mL of lower phase (= 6.25 g sample) 

I 
CONCENTRATION 

Reduce to 5 mL by N-Evap at 45°C 

I 
MICROCOLUMN CLEANUP I 

1 mL NazS04' 3 mL A1z03 (neutral), 3 mL F10risi1 
in a 10-mL disposable volumetric pipet 

Load 5 mL sample with 3 x 0.5 mL methanol rinse 
Elute with 15 mL methanol 
Collect all eluate (17 mL) 

Reduce to 5 mL by N-Evap at 45°C 

I 
PARTITIONING 

Partition: 4 X 10 mL hexane and 30 s shaking 
Discard upper hexane phase 

Retain 4 mL of lower phase (= 5 g sample) 

I 
CHANGE SOLVENT PHASE I 

Evaporate to dryness by Nz (some oily residues) 
Redissolve in 2 mL toluene for GC analysis 

(For calculation, total sample weight - 5 g) 

Figure 5-7. Flow chart of the microcolumn method for determination of 
hexazinone and metabolites A and B in vegetation samples. 
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Table 5-10. Mean percent recovery of hexazinone spiked at 1 ppm (~g/g dry 
weight) in different vegetation species by using the 
microco1umn method 

Species Mean % recovery (n=2) 

Reed grass (Calamagrostis canadensis (Hichx.) Nutt) 92.3 

Trembling aspen (Populus tremuloides Michx.) 76.1 

Showy aster (Aster conspicuus Lind1.) 96.4 

Willow (Salix spp.) 72.9 

Fresh litter 81.5 
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Section 6 

HEXAZINONE RELEASE AND ENVIRONMENTAL FATE 

Hexazinone is a triazine herbicide that controls grasses and forbs for both preplant and postplant 
applications in the management of forest vegetation (Dimock et al. 1983; Malik and Vanden Born 
1986). Although the environmental fate and impact of hexazinone has been investigated in water 
(Miller and Bace 1980; Neary 1983; Neary, Bush, and Douglas 1983; Neary, Bush, and Grant 1986), 
soil (Rhodes 1980a; Harrington, Rolston and Ivens 1982; Barring and Torstensson 1983), and living 
organisms (Rhodes 1980b; Rhodes and Jewell 1980; Mayack, Bush and Neary 1982) in the United 
States and elsewhere, limited published information (Feng 1987; Feng and Feng 1988a,b, 1989) is 
available for assessing hexazinone behavior in the forests of Canada. Environmental information from 
different locations in Canada as well as off-target drift information from aerial dispersal systems is 
required for its full forestry registration for aerial application in forested areas (> 500 ha) (Feng, 
Stornes, and Rogers 1988). Results of seven separate studies are reported, including the 
characteristics and release rate of surface-coated hexazinone from PRONONE lOG granules under 
both laboratory and field conditions and the dissipation, persistence, mobility, and leaching in soils, 
vegetation, soil leachates, and surface water. 

6.1 RELEASE OF HEXAZINONE FROM PRONONE lOG GRANULES EXPOSED TO 
SIMULATED RAINFALL UNDER LABORATORY CONDITIONS23 

6.1.1 Background 

A new granular formulation of hexazinone, PRONONE lOG, is pending registration for forestry 
application in Canada. The use of the granular formulation is expected to minimize off-site drift 
mainly because of the large particle size (2-5 mm), heavier weight (20 mg), and nonvolatile nature 
of the formulation (Feng, Stornes, and Rogers 1988). The granules are made of a hard insoluble 
clay-base material and are surface-coated with 10% w/w hexazinone (a.i.). The granules are of 
irregular size and shape and are protected by an outer coating free of a.i. The protective coating 
minimizes dust formation and loss of hexazinone during shipping, handling, and dispersal. The active 
ingredient (ai), hexazinone, is released to the forest floor by the first available moisture, i.e., rain and 
dew, and percolates through soils as a concentrated column. The higher concentration of herbicide 
in a column form may facilitate root uptake compared with the broadcast application of a liquid 
formulation at the same rate. However, due to the increased concentration on spots where the 
granules land, a.i. persistence may occur with increased leaching. The behavior of the a.i. is further 
affected by its rate of release from the granule. The amount of moisture required to dissolve the 
protective outer coating and to release the a.i. is not known. This paper reports a simple and 
easy-to-operate apparatus to simulate rainfall and the release of hexazinone from the PRONONE 
lOG formulation. 

23Feng, Stornes, and Rogers (1988). 
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6.1.2 Materials and Methods 

The experimental work including procedure development and analysis was carried out by 
collaborators at the Pro-Serve laboratory in Memphis, Tennessee; while the study design, the major 
portion of data processing, and the manuscript preparation were done at the Northern Forestry 
Centre in Edmonton, Alberta. 

6.1.2.1 Simulated rainfall apparatus and experimental procedure 

The simulated rainfall apparatus (Fig. 6-1) consisted of alL water reservoir and a simulated soil 
floor. The 1 L plastic reservoir was 9 cm in diameter with 40 holes (1.5 mm diameter) punched in 
the bottom in a circular pattern. A Tyler No. 60 sieve (20 cm diameter, 5 cm in height) with 0.25 
mm openings was filled with 2.5 cm of all-purpose potting soil (bulk density = 0.64 kgfL) to simulate 
the surface soil in the field. A disk-type coffee filter (20 cm diameter) was placed on the soil surface 
to provide a flat surface, to allow water to percolate into the soil, and to avoid contamination of 
granules from the splashing of wetted dirt. The water reservoir was clamped onto a buret stand 20 
cm above the simulated soil floor to allow an even coverage of water. 

The PRONONE lOG granules used for testing were size selected within 4 to 6 U.S. standard 
mesh (3.35 to 4.75 mm openings) from a 10 kg lot of the regular formulation ranging from 4 to 10 
U.S. standard mesh (2.0 to 4.75 mm openings). A total of 24 aliquots of 50 granules were randomly 
sampled in pairs (12 pairs of aliqouts) from the selected lot and weighed separately. A total of 1200 
granules weighing 24 g were sampled in this study. One aliquot of a pair was designated as the 
control. The other was subjected to the a.i. release test and transferred into the simulated rainfall 
apparatus. Granules subjected to treatment were placed, without touching each other, evenly on the 
simulated soil floor by using a pair of forceps. Water was allowed to flow under gravity through the 
reservoir and rinse the granules. The flow rate was calibrated by adding water to the reservoir so that 
it percolated through the soil rather than submerging the granules. Three levels of simulated rainfall 
at 1.3, 2.5, and 5.1 cm, respectively were examined in 4 replicates. The total volume of water and 
time required to provide the specific amount of rainfall was calculated and is shown in Table 6-1. 
After rinsing was complete, granules were recovered and dried in a convection oven at 80°C for 24 
h. Total hexazinone residues from the controls and those remaining on the treated granules (50 
each) were extracted and quantified by gas chromatography (GC). The weight of hexazinone 
recovered from both control and treated aliquots was standardized as milligram of hexazinone per 
gram of granules (mg/g). 

6.1.2.2 Standard and extracting solutions 

The internal standard (ISTD) solution was made by dissolving 5.0 g of diphenylphthalate in 1 L 
of dichloromethane (0.5% w/v). A range of concentrations of analytical reference standard (ASTD) 
solutions were prepared by dissolving proper amounts of hexazinone (analytical grade 99.9% pure) 
ioto 50 mL of ISTD solution. The ASTD solution with a concentration closest to that of a sample 
solution (estimated by an initial GC analysis) was used for the quantification of the hexazinone 
residues in the sample. The ISTD solution was also used as the extracting solution during the sample 
preparation. 
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Figure 6-1. Schematic illustrating the simulated rainfall apparatus for testing the release of 
surface coated hexazinone (ai) from the PRONONE lOG granular formulation: 
(G) granules; (F) filter paper; (TS) Tyler No. 60 sieve; (C) clamps; (BS) buret 
stand. 
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Table 6-1. Volume of water and time required for the simulated railfall tests 

Tested railfallievel Total volume of water Time period of tests 
(cm) required (mL) (min) 

1.3 400 15 

2.5 800 30 

5.1 1600 60 

6.1.2.3 Sample preparation 

The control and treated granules were ground separately in a grinding mill until all material 
passed through a U.S. 40 mesh screen (0.425 mm openings). The pulverized sample was transferred 
into a bottle containing 50 mL ISTD solution and shaken on a mechanical shaker for 5 min and then 
was allowed to settle. The supernatant was separated from the settled particles and analyzed by a 
Gc. 

6.1.2.4 Gas chromatography 

The Hewlett-Packard Model 5840 gas chromatograph equipped with a FlD detector and an 
integrator was used. The chromatographic column was 10% OV-7 on 100/120 mesh Gas Chrom Q; 
60 cm glass; 2 mm inside diameter; 6 mm outside diameter; conditioned for 24 h at 240°C with carrier 
gas flow before use. The specific gas chromatographic conditions were as follows: 

Temperature: Injector, 250°C; Column, 240°C; FID, 300°C. 
Gas Flow Rates: N2, 30 mLimin; Air, 240 mLimin; H2, 30 mLimin. 

6.1.3 Results and Discussion 

Results of the simulated rainfall release of hexazinone from the PRONONE lOG granules are 
shown in Table 6-2. The percent release of hexazinone (Table 6-2) was calculated by the equation: 

where We = weight of hexazinone (mg/g granules) of the control aliquot calculated from 50 granules 
each, WI = weight of hexazinone (mg/g granules) of the treated aliquot. 

The percent ai released from 1.3 cm rain treatment ranged from 59.1 % to 70.7% with an average 
of 65.5% ± 5.7% (8.7% CV); that from the 2.5 cm rain treatment, between 85.0% and 90.1 % with 
an average of 87.4% ± 2.5% (2.9% CV); and that from the 5.1 cm rain treatment, between 84.8% 
and 95.9% with an average of 91.5% ± 4.9% (5.4% CV). It is evident from the results that 90% 
release of hexazinone from PRONONE lOG granules can be expected with 2.5-5 cm of rainfall. In 
Alberta this amount of rainfall would normally occur within 15-30 d in the month of September, the 
recommended period for hexazinone use in forest vegetation management. However, the testing 
conditions in this laboratory study may be considered as the worst-case condition, i.e., rainfall was 
simulated and applied on a continual basis with a 15-60 min completion time. These conditions did 
not permit a prolonged period for soaking, wetting, and dissolving of the coating material and ai. The 
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amount of water required for the a.i. release was, therefore, the highest (the worst-case condition). 
Under field conditions, small intermittent amounts of rainfall and overnight dew may slowly work into 
the protective coating and break the a.i. layer loose. Thus, the cumulative rainfall over a period of 
days or weeks required for 90% or more a.i. release could be significantly less than 5 cm found in this 
study. Field tests must be performed in order to assess the actual release rate of hexazinone from 
the PRONONE lOG granules in a forest environment. However, results of this study suggest that 
during a field study intensive sampling must be conducted immediately after application and before 
2.5 cm rainfall is recorded. 

Table 6-2. 

Simulated 
rainfall 

treatment 
replication 

1.3 cm rain 

2.5 cm Rain 

5.1 cm Rain 

Total weight (mg) of hexazinone (a.i.) per g of granules and the calculated 
percent (%) a.i. release from PRONONE lOG formulation treated with simulated 
rainfall (cm). 

Total weighe of 
hexazionone (mg/g) 

Control 

1 103.4 

2 88.1 

3 94.8 

4 96.7 

1 112.1 

2 116.7 

3 100.5 

4 110.7 

1 152.0 

2 111.6 

3 %.9 

4 95.7 

Treated 

42.3 

33.1 

27.8 

29.1 

11.1 

13.0 

15.1 

16.1 

13.8 

16.9 

5.4 

3.9 

Calculated percent release of 

% release 

59.1 

62.4 

70.7 

69.9 

90.1 

88.9 

85.0 

85.5 

90.9 

84.8 

94.4 

95.9 

hexazinone (%) 

Mean ± 
S.D. (CV) 

65.5 ± 5.7 8.71 

87.4 ± 2.5 2.91 

91.5 ± 4.9 5.41 

a Calculated from 50 granules each. 
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aerially treated with PRONONE lOG on August 28, 1986. Eighteen 5 x 5 m subplots for the 
hexazinone release study were equally distributed in six treatment plots, i.e., three subplots per plot. 
Thirty granules specially fortified and coated in the laboratory were randomly implanted on the forest 
floor within each subplot before the aerial application of the herbicide. Each implanted granule was 
covered by a 20 x 20 cm nylon mesh (1 mm openings) secured at the corners with 30-cm pigtail pins 
to prevent contamination from the aerial application and for easy identification and retrieval of 
granules. Granules deposited on the surface of the mesh were removed immediately after the aerial 
application was complete. A 5-cm diameter hole was cut in the center of the mesh to expose the 
implanted granule to the naturally available moisture. The implanted granules were randomly 
sampled from subplots at 1, 2, 3, 4, 7, 8, 13, 18, 34, and 37 days after exposure. The number of 
granules retrieved on each sampling date were 8, 18, 18, 9, 4, 21, 25, 5, 9, and 18 respectively, 
depending on weather and road conditions and available manpower. Daily precipitation at 0.25 mm 
increments was recorded with a tipping-bucket rain gauge (Sierra Model RG2501) and a 
battery-powered data logger. 

6.2.2.2 Granule fortification and coating 

The blank granules (free of hexazinone) and coating materials and methods, similar to those used 
in the commercial formulation, were supplied by the manufacturer (Pro-Serve Inc., Memphis, Tenn.). 
Six hundred granules larger than a 4-mm mesh-opening were selected from the regular lot for 
uniformity. The coating materials were protected by patent; therefore, they were designated as 
solutions A and B, and a powder material as compound C. Solution A and compound C contained 
hexazinone, whereas solution B applied as the outer protective coating was free of hexazinone. 

The procedure for coating each granule with a known amount of hexazinone consisted of 
weighing 50.0 g of solution A into a 100-mL beaker and heating it slowly to 37.8°C in a water bath 
while stirring it with a magnetic stirrer. Compound C (13.9 g) was dissolved slowly into solution A 
with stirring and heating. The 100-mL beaker was covered with a watch glass to prevent 
concentration changes due to evaporation. A 3-JLL aliquot of this solution containing 1000 JLg of 
hexazinone was applied to the surface of each granule by a lO-JLL large bore HPLC syringe. The 
coated granules were allowed to dry at room temperature overnight. A 3-JLL aliquot of solution B 
was then applied to the dried granules to serve as a protective coating and was allowed to dry at 
room temperature for 7 days. Six 100-granule batches were processed over a 6-day period. Each 
batch of granules was packaged separately. Two 3-JLL aliquots of the coating solution were sampled 
at the time of preparing a batch of granules. Aliquots were analyzed by gas chromatography (GC) 
to confirm the actual concentration of hexazinone. Ten granules from each batch were also randomly 
sampled for the validation of the extraction method and for determining the weight of hexazinone 
per granule. The average a.i. of ten granules served as the initial a.i. per granule of each batch for 
later calculations of the percent release of a.i. from the granules. 

6.2.2.3 Residue extraction and sample preparation 

Two methods of extraction were tested: a new method using ethylacetate and a frequently used 
method employing acetone-water (4:1, v/v) (Holt 1981; Feng 1987). The latter was used to validate 
the results of the former. The testing of the new method is briefly described as follows: 
glass-distilled ethylacetate was used for the extraction and dilution of hexazinone from granules. Two 
aliquots of four control granules randomly sampled from each batch of 100 granules (a total of 48 
granules) were subjected to a recovery test. Each aliquot was extracted five times with 20-, 20-, 20-, 
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15-, and 15-mL of ethylacetate in a disposable glass vial (Kimble scintillation vials, 20-mL) by using 
a vortex mixer (Thermolyne Maxi-Mix) followed with 5 min sonication in a sonicator (Cavitator 
Ultrasonic Cleaner, Mettler Electronics). The extracts were pooled with a 10-mL ethylacetate rinse 
of granules in the glass vial. The total volume of extracts was adjusted to 100 mL in a volumetric 
flask. An aliquot of the combined extracts was diluted four times with ethylacetate to about 2.5 g 
a.i./mL, and quantitated by GC. The remaining granules were further extracted twice with 20 mL 
ethylacetate and HPLC grade water, respectively, by 15 min of shaking and 15 min sonication. Each 
fraction of extracts was collected separately. The aqueous fraction was partitioned thrice with 20 mL 
ethylacetate each. The ethylacetate phases, separated from aqueous phases, were pooled and 
concentrated to 20 mL on a rotary evaporator under reduced pressure. The final 20 mL solutions 
of both fractions were analyzed by GC to confirm the completeness and efficiency of the first five 
extractions described above. Each granule collected from the field was extracted five times and rinsed 
once using a total of 100 mL ethylacetate as described above. The quantity of hexazinone per 
granule was determined by Gc. The percent release of hexazinone per granule was obtained from 
the difference between the initially coated amount and that detected on the retrieved granule, 
expressed as a percentage. 

6.2.2.4 Gas chromatography 

The Varian Model 3500 Capillary GC equipped with a Thermionic Specific Detector (TSD) and 
a Model 8035 Autosampler was used. The chromatographic column was a 30-m J & W fused silica 
DB-17 column; 0.325 mm inside diameter; 0.25,um film thickness. The specific gas chromatographic 
conditions were as follows: 1) Temperature: injection port, 250°C; detector, 300°C; oven 
temperature program, 50°C (1 min) - 250°C (30°C/min) - 280°C (15°C/min, 10.4 min) (total run-time 
= 20 min). 2) Gases (Liquid Carbonic, Edmonton, Alberta): carrier gas, helium (Ultra Pure grade) 
4.3 mL/min at 50°C; linear velocity, 57 cm/s at 50°C; head pressure, 110 kPa; make-up gas, nitrogen 
(Ultra Pure grade) 30 mL/min; plasma gases, air (Zero Gas grade) 175 mL/min, hydrogen (Ultra Pure 
grade) 4.5 mL/min. Hexazinone peak heights were integrated by a Varian Model 604 High 
Performance Data System and were quantitated by comparison with the average peak height from 
the analytical grade hexazinone standard solution analyzed immediately prior to and after each sample 
analysis (Feng 1987). 

6.2.3 Results and Discussion 

6.2.3.1 Extraction methods 

Both extraction methods, ethylacetate and acetone-water, produced similar recoveries for 
hexazinone; however, the acetone-water method (Holt 1981; Feng 1987) is labor intensive and 
requires more processing by evaporation, liquid-liquid partition and solvent phase transformation, and 
as a result is less productive. Results of the new ethylacetate method are presented in detail in this 
paper. 

The extraction method using a total of 100 mL ethylacetate resulted in greater than 99.5% 
(14.6% CV.) recovery of hexazinone from 48 control granules spiked with an average of lOoo,ug ai 
per granule. Less than 0.5% of residues were found in the subsequent extraction with 20 mL 
ethylacetate and prolonged sonication of 15 min. No residues were detected following extraction with 
20 mL water and 15-min sonication. The detection limit of this method was 0.25 g ai per granule 
(0.025% ai of a control granule). The method of extraction of hexazinone was further evaluated by 
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using eight granules from the commercial formulation. The recovery of hexazinone was 94.3% (26% 
CV.) compared to the label a.i. content. 

The concentration of hexazinone in the coating solution increased over time from 310 to 390 gIL 
due to evaporation by heating over the 6-day period of the coating process. Hexazinone contents 
(percent a.i.) of field samples were calculated based on that of their initial batches (as 100%), rather 
than on an overall average of six batches, in order to control the batch variation. 

6.2.3.2 Hexazinone release 

The release of hexazinone from the granules is triggered on the first occurrence of any amount 
of moisture (rain, dew, condensation). In the present case, 25.5% hexazinone release was etected 
1 day after exposure to a rain event measuring 0.25 mm (Table 6-4). Even in the absence of any 
rainfall after the first day the release of hexazinone increased to 31.2 and 35.8% respectively, after 
2 and 3 days of exposing granules to the conditions at the soil surface (Table 6-4). It was evident that 
in addition to rainfall, overnight condensation of moisture in the air as dew contributed significantly 
to trigger the release of hexazinone from the granules under field conditions. Visual observation in 
the field on individual granules and the released amount of hexazinone detected from each granule 

Table 6-4. Percent hexazinone release from PRONONE lOG granules in relation to 
cumulative rainfall (rom) and exposure time (days) 

Exposure % Hexazinone release Cumulative 
time a No. of rainfall 
(days) granules Mean b SE % CV (rom) 

1 8 25.5 22.5 88 0.25 C 

2 18 3l. 2 25.4 81 0.25 

3 18 35.8 36.3 101 0.25 

4 9 44.0 19.7 45 0.51 

7 4 90.6 l.7 l.9 11.69 

8 21 98.0 l.8 l.8 11.94 

13 25 99.5 0.9 0.9 12.19 

18 5 99.7 0.4 0.4 26.16 

34 9 100.0 0 0 103.61 

37 18 100.0 0 0 106.15 

aDate of application: 28 August 1986. 
bDetection limit: 0.025%. 
cThe minimum detectable rainfall by Sierra RG2501 tipping bucket rain gauge. 
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showed that granules shaded from direct contact with dew by leaf litter and organic debris resulted 
in slower release than in the granules directly exposed to dew. The release of hexazinone was 
increased to 44% when the second rainfall (0.25 mm) occurred on the 4th day after application 
(Table 6-4). The large variation (45% to to1% CV.) detected in hexazinone release during the first 
4 days of exposure was probably due to a) the extremely small amount of rainfall (0.5 mm total), 
which was not capable of dissolving the ai evenly from granules, and b) the variation in the degree 
of exposure of individual granules on the forest floor. As a result, variable amounts of moisture 
condensed near or on the surface of granules. 

A 90.6% release of hexazinone was found 7 days after exposure with 11.7 mm of cumulative 
rainfall (Table 6-4). An earlier laboratory study showed that an equivalent of 51 mm of continuous 
rainfall was required to achieve a 91.5% release of hexazinone from the granules (Feng, Stornes, and 
Rogers 1988). Less than 25% of the amount was required under field conditions to achieve a similar 
level of a.i. release. 

The release of hexazinone was virtually complete after 8 days. The a.i. release was 98.0, 99.5, and 
99.7% after 8, 13, and 18 days exposure, with 11.9, 12.2, and 26.2 mm of cumulative rainfall (Table 
6-4). No detectable residues of hexazinone were found after 34 and 37 days when cumulative rainfall 
reached 104 and 106 mm. 

The extraction and gas chromatographic method used in this study was capable of detecting and 
quantifying four major degradation products of hexazinone simultaneously (Holt 1981; Feng 1987). 
None of these degradation products was found in the field samples, which indicated that the 
hexazinone was released intact to the forest floor. The full amount of hexazinone residues released 
from the granules were detected in soil samples collected to a to-cm depth immediately underneath 
the granule in a 10-cm diameter soil disk 1 day after application (Feng and Feng 1988a). 

The kinetics of hexazinone release are best described by a multiple linear regression of log 
transformation of three variables: the percent ai (y), days of exposure (Xl)' and the cumulative 
rainfall (mm) (x2). 

Data on days of exposure, cumulative rainfall, and the average value of percent a.i. at each 
sampling date were used to obtain the intercept (bo = 1.83) and the partial regression coefficients 
(b i = -0.966; b2 = -0.620). The corresponding percent release was the difference between 100% and 
percent ai The result of the F-test for the multiple regression was significant (P = 0.01). The 
coefficient of multiple regression determination (R2) indicated that the regression equation accounted 
for 89% of the variation in the data. The significant multiple correlation coefficient (R) indicated 
that data values fitted very closely to the regression line (R = 0.94). The standard partial regression 
coefficients (b{ and b2') for Xl and X2 were 0.42 and 0.57. Though both of these variables were 
useful in estimating y, x2 was slightly more important. Based on the standard partial regression 
coefficients, the relative contributions of Xl' x2, and error to the overall regression were 37, 51, and 
12% in this case (Steel and Torrie 1960). 

Estimates were derived from the multiple regression to correlate days of exposure required to 
achieve the release of hexazinone between 50 and 90% at to% increments with a known amount of 
cumulative rainfall at seven different levels between 0.25 and 25 mm (Table 6-5). A 90% release of 
hexazinone may be expected 1,2,3,4, 7, 14, and 21 days after application with 25, to, 5, 2.5, 1.0,0.5, 
and 0.25 mm of cumulative rainfall, respectively (Table 6-5). Under field conditions, the relative 
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humidity, difference between day and night temperatures, and other microclimatic conditions at the 
granule-soil interface are important variables for dew formation near the granular surface. During 
the course of this study, the average relative humidity was 53 ± 22 % (at 4 p.m.), the average daily 
low air temperature was 5 ± 5°C (at 7 a.m.), and the daily high was 16 ± 6°C (at 4 p.m.). These 
weather conditions are typical of spring and fall in northern Alberta. The spring and fall are the 
recommended times for hexazinone application based on the registration information. Longer 
exposure time should be allowed for the expected percent release of hexazinone when the relative 
humidity is low and the difference in air temperature between daily high and daily low is small. 

Table 6-5. 

Cumulative 
rainfall 

(mm) 

0.25 

0.50 

l.0 

2.5 

5.0 

10.0 

25.0 

Estimation of the expected days required on the percent release 
of hexazinone from the PRONONE lOG granules by cumulative 
rainfall 

Hexazinone release (days) 

50% 60% 70% 80% 90% 

3 4 7 14 21 

2 3 4 7 14 

1 2 3 4 7 

1 2 3 4 

1 2 3 

1 2 

1 

6.3 HEXAZINONE RESIDUES AND DISSIPATION IN SOIL LEACHATE25 

6.3.1 Background 

Registration of herbicides for forestry use in Canada has a focus on environmental safety as well 
as efficacy. The herbicide hexazinone has a potential use in forest vegetation management and 
received temporary registration for ground application in 1984, with the proviso that terrestrial and 
aquatic fate data for Canadian conditions would be needed before a full forestry registration could 
be granted (Feng 1987; Feng, Stornes, and Rogers 1988). The laboratory-generated models for 
predicting the herbicide movement and fate in ecosystems require validation under field conditions 
(Neary et al. 1983). Hexazinone, being soluble in water (3.3%, w/w) (WSSA 1983), has the potential 
for lateral and downward movement. Barring and Torstensson (1983) found that hexazinone moved 

25Feng, Sidhu, Feng, and Servant (1989). 
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with water at least 2 m down a 12-22 degree slope. In another study, the lateral movement was not 
detected 20 m downslope on a 5-10% gradient (Feng 1987). In a stream directly treated with 
hexazinone pellets, waterborne hexazinone decreased to less than half of the initial concentration 
within 1 hour after application at a point adjacent to the treated area (Miller and Bace 1980). Neary, 
Bush, and Douglass (1983) and Neary, Bush, and Grant (1986) reported in a study monitoring 
stormflow and baseflow through 26 storm events over a 13-month period that an estimated 0.53% 
of the hexazinone applied was lost through runoff; in another study, Neary (1983) found no residues 
in groundwater and springflow beyond 20 m from the treated area. The potential leaching of 
hexazinone through soil-free water directly under the treated area has not been studied. This paper 
reports hexazinone residue levels in the soil leachates collected at 30-, 55-, and 80-cm depths from 
areas treated with 0, 20, and 40 kglha PRONONE lOG (10%, w/w, hexazinone) over a 448-day 
period. 

6.3.2 Materials and Methods 

6.3.2.1 Experimental site and herbicide application 

The 5-ha study site is located 30 km south of Grande Prairie, Alberta. The site is within the 
white spruce-VIburnum-Aralia ecosystem association of west-central Alberta (Corns and Annas 1986). 
The site was a 3-year-old regrowth from a forest clear-cut in July 1983. The regrowth was dominated 
by aspen with an average height of 1 m. Duff and organic cover was less than 5 cm. The soil was 
gleyed solonetzic dark gray to gray luvisol, stone free, and was silty clay (at upper and middle depths) 
to clay (at middle depths) in texture. 

Three 1.6-ha plots (2% slope) were treated with 0,20, and 40 kglha PRONONE lOG (0, 2, and 
4 kg ai/ha), a granular formulation containing 10% (w/w) surface-coated hexazinone (ai) (Pro-Serve 
Inc., Memphis, Tenn.). The herbicide was applied on 28 August 1986 by a helicopter equipped with 
an Isolair Series 2600-45 Applicator-Spreader. 

6.3.2.2 Soil leachate coJlection 

An open-end trench (13 m long x 1.25 m wide) was dug with a backhoe at the end of each 
treatment plot (7% slope). Three horizontal tunnels (45 cm in length x 5 cm in diameter) were 
prepared using a coring drill at depths of 30, 55, and 80 cm from the cut face of the plot (Fig. 6-2). 
Each tunnel was installed with a PVC pipe 60 cm in length and 5 cm in diameter. A 45-cm 
perforated section of the pipe acted as a soil leachate collector. Grouting was used to plug the gap 
between the drilled hole and PVC pipe. A 500-mL narrow-mouthed plastic bottle was attached at 
the sealed end of each PVC pipe (Fig. 6-2). The cap of the plastic bottle was plastic-welded onto 
the PVC pipe with a hole drilled through both cap and pipe to allow the soil leachate collection in 
the removable plastic bottle (Fig. 6-2). 

There was no, or an insignificant, volume of soil leachate in the collection bottles up to 112 days 
after PRONONE application and before ground freeze-up. The volumes were too small to analyze 
individual samples separately or even collectively for residues from each of the three depths. The 
first collection for residue analysis was made at 227 days (12 April 1987) after application following 
snowmelt. The later collections were made following major rain events up to 448 days (19 November 
1987) after the herbicide application. 
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Bottles with soilleachates were replaced with fresh bottles at each time of collection. Collected 
samples were frozen immediately at -5°C and stored for 1-2 weeks before shipping to the analytical 
laboratory, where they were stored at -20°C for 1-2 months before analysis for hexazinone residues. 

6.3.2.3 Residue analysis 

The volume of each soil leachate sample was measured and then extracted three times with ethyl 
acetate (Feng and Feng 1988b). The ethyl acetate phases were pooled and evaporated to dryness 
in a 1-L round-bottom flask by using a rotary evaporator under reduced pressure. Residues were 
redissolved in 5 mL of methanol and quantitatively transferred by several rinses with small amounts 
of methanol into a 15-mL graduated tube. The final volume was reduced to 1.5 mL by using nitrogen 
in a N-Evap (Organomation Assoc. Inc., South Berlin, Mass.). 

The gas chromatographic analysis and peak quantitation were similar to that reported earlier 
(Feng 1987). The specific gas chromatographic conditions were modified as follows: 

Gas Chromatograph: Varian Model 3500 Capillary GC equipped with a Thermionic Specific 
Detector (NPD), a Model 8035 Autosampler, and a Hewlett-Packard Thinkjet printer-plotter. 

Chromatographic Column: 30-m J&W fused silica DB-17 column; 0.325.mm inside diameter; 0.25 
,urn film thickness. 

Temperatures: Injector, 250°C; detector, 300°C; oven temperature program, 50°C (2 min) - 250°C 
(30°C/min) - 280°C (15°C/min) (10.4 min); total run-time = 20 min. 

Gases (Liquid Carbonic, Edmonton, Albel1a): Carrier gas, helium (Ultra Pure grade) 4.3 mL/min 
at 50°C; linear velocity, 57 cm/s at 50°C; head pressure, 110 kPa; make-up gas,nitrogen (Ultra 
Pure grade) 30 mL/min; plasma gases, air (Zero Gas grade) 175 mL/min; hydrogen (Ultra Pure 
grade) 4.5 mL/min. 

Retention time for hexazinone: 13.7 min. 

6.3.2.4 Statistical analysis 

Data collected from 227 to 448 days after treatment were analyzed by using the following multiple 
regression model: 

where W is the total hexazinone residues (,ug) per depth (pooling of 3 bottles), V is the volume (mL) 
ofleachates per depth (pooling of 3 bottles), and D is the elapsed time (days) since PRONONE lOG 
treatment. 
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6.3.3 Results and Discussion 

Leaching of hexazinone was triggered by the snowmelt in the spring of 1987 and continued till 
the end of the monitoring period, between 227 and 448 days after PRONONE lOG treatment. 
Results of both 2 and 4 kg ai/ha treatments in terms of the volume of leachates (mL) and the 
concentration (ppb) and weight (p,g) of hexazinone in the soil leachates between 227 and 448 days 
after treatment are shown in Figures 6-3 and 6-4. 

In the 4 kg ai/ha treated plot, concentrations of hexazinone in the soilleachates collected at 30 
cm depth increased from 162 ppb after 227 days (12 April 1987) to a peak of 492 ppb after 277 days 
(1 June 1987); concentrations then declined rapidly to 22 ppb after 448 days (19 November 1987) 
(Fig. 6-3, 2a). The concentration of hexazinone was inversely related to the volume of leachates (Fig. 
6.3, 2b). The sample collected at 30 cm depth after 277 days had the highest concentration (492 ppb) 
but also the lowest volume (152 mL) compared with samples collected at the same depth but different 
times (Fig. 6-3, 2b). The simple regression of hexazinone concentration (ppb) on the volume of 
leachates and time from treatment showed very poor correlation with these two variables; however, 
the total weight (J.Lg) of hexazinone in the soil leachates (Fig. 6-3, 2c) was strongly related to the 
volume (mL) of leachates as well as the time (days) since herbicide treatment. The total weight of 
hexazinone (J.Lg) reached a peak of 205, 121, and 89 J.Lg at 30, 55, and 80 cm depths, respectively, after 
227 days (Fig. 6-3, 2c). Although, at 55 cm depth, hexazinone residues increased slightly to 178 J.Lg 
after 264 days, hexazinone residues declined gradually with time to a minimum of 9, 11, and 3 J.Lg at 
30, 55, and 80 cm depths after 448 days. The regression equations as well as correlation coefficients 
(R) for the three depths and two rates of application are presented in Table 6-6. The correlation 
coefficients (R), 0.89,0.70, and 0.88 for depths of 30,55, and 80 cm were significant (Table 6-6). The 
partial regression coefficients (AI and A2) for V and log D (Table 6-6) indicated that hexazinone 
leaching through soil water at any depth increased with the rate of soil water percolation (AI) but 
declined over time (A2). 

Similar patterns of changes in concentration and volume as well as weight of hexazinone over 
time were observed in the 2 kg ai/ha plot but on an disproportionally smaller scale (Fig. 6-4). 
Hexazinone concentrations at 30 cm depth increased from 66 ppb after 227 days to a peak of 115 ppb 
after 271 days, then declined to 18 ppb after 417 days (Fig. 6-4, 3a). The peak concentration (115 
ppb) was also associated with the lowest volume of soil leachates (71 mL) compared with other 
samples collected at the same depth (30 cm) but at different times (Fig. 6-4, 3b). The maximum 
weight of hexazinone residues (J.Lg) found in the soil leachates of the 2 kg ai/ha treatment plot was 
less than one third that of the 4 kg ai/ha plot. Hexazinone residues peaked at 61, 26, and 39 J.Lg at 
30,55, and 80 cm depths after 227 days (there was a second peak at 28 J.Lg at 55 cm after 351 days); 
they then declined to 0, 4, and 17 J.Lg after 448 days (Fig. 6-4, 3c). Correlation coefficients (R) were 
0.94, 0.99, and 0.86 for depths of 30, 55, and 80 cm (Table 6-6). 

The coefficient of determination (R 2) indicated the multiple regression accounted for 89, 98, and 
75 percent of the variation in the data, respectively. 

This study indicates that hexazinone can be transported to as deep as 80 cm through active soil
water percolation during snowmelt and heavy precipitation events; however, the concentrations of 
hexazinone found at the end of the monitoring period (448 days) were extremely low (maximum 0.5 
ppm). Chakravarty and Sidhu (1987a) reported that hexazinone has no adverse effect on the in vitro 
mycelial growth of mycorrhizal fungi below 10 ppm. Compared with the tolerance level of wildlife 
and fish to hexazinone, LD50 and LC50 ranging from 5000 ppm to 274 ppm (WSSA 1983), the low 
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Figure 6-3. Hexazinone concentraion (2a), volume of soilleachates (2b) and total weight 
of hexazinone residues (2c) in soilleachates collected at different depths from 
the 4 kg aiJha treated plot between 227 and 448 days after PRONONE lOG 
treatment. 
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Table 6-6. Equations illustrating leaching and dissipation ofhexazinone in soil 
water by time and volume of leachates at different depths treated 
with two rates of PRONONE lOG 

a 

PRONONE Soil 
lOG depth Equationa R N 

(kg/ha) (cm) 

20 30 W = 163 + 0.0466V - 65.S logD 0.94 7 

55 W = 55 + 0.0252V - 22.0 logD 0.99 6 

SO W = III + 0.0260V - 42.S logD 0.S6 7 

40 30 W = 1392 + 0.037SV - 536 logD 0.S9 7 

55 1070 + 0.0505V - 414 logD 0.70 9 

SO 411 + 0.0566V - 163 logD O.SS 6 

W = Ao + Al V + A2 log D; W is the weight (ug) of hexazinone residues in 
soil water as estimated from the equation, D is number of days since 
treatment, and V is the volume (mL) of 1eachates collected at the time D. 
Wand V were the total of three samples for each depth and each time of 
collection. 

levels of residues resulting from this study should not pose any serious environmental hazard at the 
application rates studied. 

6.4 PERSISTENCE AND MOBILIlY OF HEXAZINONE IN SOILSu 

6.4.1 Background 

The validity of laboratory-generated models in predicting herbicide movement and persistence 
in ecosystems requires verification with systematic field evaluation (Neary et al. 1983). The 
persistence and mobility of hexazinone in soils was found to be dependent on soil type and climate. 
Field soil studies reported in the USA and elsewhere indicated that hexazinone has a half-life (or 
DT50: time required for the dissipation of 50% residues) between 1 and 6 months (Rhodes 1980a; 
WSSA 1983) and the potential for off-site movement of at least 2 m down a 12-22 degree slope 
(Barring and Torstensson 1983; Harrington et al. 1982). A limited number of Canadian studies were 
conducted in New Brunswick, Ontario, and British Columbia for supporting the federal registration 
of hexazinone (Feng 1987; Feng and Feng 1988b; Roy, Konar, Charles et al. 1989). 

From a 1-year field monitoring, hexazinone residues in New Brunswick loam showed a DT50 of 
8, 28, and 13 days for upper (0-15 cm), lower (15-30 cm), and combined (0-30 cm) soil layers, 

26Feng and Feng (1988a; 1989); Feng, J.e. (Unpublished data). 
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Figure 6-4. Hexazinone concentration (3a), volume of soilleachates (3b) and total weight 
of hexazinone residues (3c) in soilleachates collected at different depths from 
the 2 kg ai/ha treated plot between 227 and 448 days after PRONONE lOG 
treatment 



132 

respectively (Feng and Feng 1988b); 43 days in both Ontario sand and clay, very limited potential to 
leach vertically through the soil column, and no evidence of lateral movement down the 7-80 slope 
(Roy, Konar, Charles et al. 1989). Hexazinone residues reduced rapidly to 40% within three weeks 
but persisted at similar levels to the end of the growing season (104 days after application) in the 
surface organic, but no residues were found in the underlying silt loam nor 20-40 m down a 5-10° 
slope in a British Columbia forest (Feng 1987). However, Feng and Campbell (1985) observed a 
large variation of hexazinone residues among the field samples during the initial soil samplings of 
Lamplugh (Ontario) clay when seven replications were employed. Similar observations were reported 
when soil samplings were replicated four and five times (Feng and Feng 1988b; Roy, Konar, Charles 
et al. 1989). 

It was observed by the provincial operational foresters that some local runoff of hexazinone 
occurred when applied with a spotgun at concentrated spots in grid patterns either on wet areas or 
on hillsides. Similar to the spotgun treatment, Pro none lOG granules used in the Grande Prairie 
vegetation management project would act as mini concentrated spots when applied on the forest 
floor. 

The dissipation pattern of herbicide at a high application rate might be different than at a lower 
rate. Although there is no supporting evidence, Canadian federal registration of forestry herbicides 
requires data on degradation in soils on two application rates, the highest rate stated on the label and 
the lowest possible effective rate. Field studies should be designed to evaluate this situation. 

Questions such as the potential of vertical leaching, persistence, and field sampling variation must 
be answered when a new formulation of hexazinone (Pronone lOG) is to be used. With the 
improved sampling and analytical methods and maximum manageable replications, a reasonably well
established data base may be obtained in this study for addressing the above questions. 

6.4.2 Materials and Methods 

6.4.2.1 Site description 

The 50-ha study site is located 30 km south of Grande Prairie and 460 km northwest of 
Edmonton, Alberta. The site is within the white spruce-Viburnum-Aralia ecosystem association of 
west-central Alberta (Corns and Annas 1986). The site was harvested for aspen and softwood in the 
fall of 1983. The vegetation regrowth established on a 3-year-old cutover was dominated by aspen 
of 1-m average height at the time of herbicide treatment. 

6.4.2.2 Experimental design 

Three treatment blocks consisting of six 1.5-ha plots were subjected to a multidisciplinary forestry 
trial. Two plots in each block were aerially treated with 20 or 40 kg/ha PRONONE lOG, on August 
28, 1986. Eighteen 5 x 5 m subplots for the hexazinone persistence and vertical movement study 
were equally distributed in six treatment plots, i.e., three subplots per plot. Fifteen and 30 granules 
specially fortified and coated in the laboratory were randomly implanted on 15 spots on the forest 
floor within each subplot in the 20 and 40 kg/ha treatment plots before the aerial application of the 
herbicide. Each spot implanted with either one or two granules for 20 or 40 kg/ha treatment, was 
covered by a 20 x 20 cm nylon mesh (1 mm openings) secured at the corners with 30-cm pigtail pins 
to prevent contamination from the aerial application and for easy identification and soil sampling. 
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Granules deposited on the surface of the mesh were removed immediately after the aerial application 
was complete. A 5-cm diameter hole was cut in the center of the mesh to expose the implanted 
granule to the naturally available moisture. Soil cores were randomly sampled from one treatment 
spot per subplot (nine or 3 x 3 replications each for 20 and 40 kglha treatments) at 2, 4, 8, 13, 34, 
61,286,321,365,399,627,680, and 767 days after implantation of spiked granules. Soil cores were 
taken with a lO-cm diameter Campbell auger (Feng and Klassen 1986) to a 42-cm depth and were 
sliced into 5 sections at depths of O-lO, lO-20, 20-30, 30-35, and 35-40 cm. The bottom sections of 
40-42 cm, as the protective layer, were discarded to prevent cross-contamination. Daily precipitation 
at 0.25 mm increments was recorded with a tipping-bucket rain gauge (Sierra Model RG2501) and 
a battery-powered data logger, which also recorded hourly air temperatures and relative humidities, 
and soil moistures and temperatures at two depths. 

6.4.2.3 Granule fortification and coating 

The blank granules (free of hexazinone) and coating materials and methods, similar to those used 
in the commercial formulation, were supplied by the manufacturer (Pro-Serve Inc., Memphis, Tenn.). 
Six hundred granules larger than a 4-mm mesh-opening were selected from the regular lot for 
uniformity. The coating materials were protected by patent; therefore, they were designated as 
solutions A and B, and a powder material as compound C. Solution A and compound C contained 
hexazinone, whereas solution B applied as the outer protective coating was free of hexazinone. 

The procedure for coating each granule with a known amount of hexazinone consisted of 
weighing 50.0 g of solution A into a 100-mL beaker and heating it slowly to 37.8°C in a water bath 
while stirring it with a magnetic stirrer. Compound C (13.9 g) was dissolved slowly into solution A 
with stirring and heating. The 100-mL beaker was covered with a watch glass to prevent 
concentration changes due to evaporation. A 3-JLL aliquot of this solution containing lOOO JLg of 
hexazinone was applied to the surface of each granule by a lO-JLL large bore HPLC syringe. The 
coated granules were allowed to dry at room temperature overnight. A 3-JLL aliquot of solution B 
was then applied to the dried granules to serve as a protective coating and was allowed to dry at 
room temperature for 7 days. Six 100-granule batches were processed over a 6-day period. Each 
batch of granules was packaged separately. Two 3-JLL aliquots of the coating solution were sampled 
at the time of preparing a batch of granules. Aliquots were analyzed by gas chromatography (GC) 
to confirm the actual concentration of hexazinone. Ten granules from each batch were also randomly 
sampled to determine the weight of hexazinone per granule. The average weight of active ingredient 
from 10 granules served as the initial weight per granule for each batch for later calculations of the 
percent recovery of residues in soils sampled at different time periods. 

6.4.2.4 Residue extraction, cleanup, analysis, and reporting 

Soil core sections were prepared for extraction by weighing, air-drying (to less than 5% moisture 
content of oven-dried soils), homogenizing, and sieving (2 mm mesh) the soils as described by Feng 
and Klassen (1986). Total weights of fresh samples, air-dried samples, and pebbles (> 2 mm 
diameter, which were contained in the samples and discarded later) were measured. Sample air-dried 
weights were used to compute residue date from JLg/g (weight) to kglha (area) bases (Feng and 
Klassen 1986). 

Aliquots of soils were weighed, extracted, purified, and analyzed by a new microcolumn cleanup 
method and gas chromatographic method developed in this laboratory. Details of these methods are 



134 

reported in Section 5.7. Means and standard errors of each reatment rate at different time periods 
were calculated and the statistical model tested: 

or log Y = bo + bl log X + b2 X 

6.4.3 Results and Discussion 

PRONONE lOG granules contain bulk 10% hexazinone surface-coated on an insoluble base 
material. However, granules are of irregular shapes and vary in sizes. Granule weight ranges from 
2.5 to 93 mg with an average of 20 mg and 35% CV (n = 315) (Feng and Sidhu 1989). For a given 
weight, smaller granules would result in greater numbers with larger total surface area delivering a 
larger amount of hexazinone to the target. Therefore, granules must be fortified with similar amounts 
of hexazinone, regardless of their shapes, to provide a reasonable baseline for initial amount of 
residues. As reported earlier (Feng, Feng, and Sidhu 1989), the concentration of hexazinone in the 
coating solution increased over time from 310 to 390 J.Lg/mL as a result of evaporation by heating over 
the 6-day period of the coating-fortification process. Calculation of the hexazinone content (percent 
active ingredient) of field samples was based on that of the initial batches and that recovered from 
the exposed granules as 100%, rather than on an overall average of six batches, to control batch 
variation. 

Hexazinone dissipated rapidly from the initial amount applied (100%) to 18% and 15% in the 
top 10-cm soil layer in the 2 and 4 kg ai/ha treatment plots, respectively, 61 days after application 
(Tables 6-7 and 6-8). Small amounts of hexazinone (0.1-4%) leached from the top layer (0-10 cm) 
to the next deeper layer (10-20 cm) when about 12 mm of rainfall occurred 8 and 13 days after 
application in both 2 and 4 kg ai/ha treatments. Major hexazinone movement was triggered by a 100-
mm rainfall 37 days after application. The distribution profiles of hexazinone residues in the 0-10, 
10-20, 20-30, 30-35, and 35-40 cm layers were 30, 13, 4.8, 0.8, and 0% in the 2 kg ai/ha treatment and 
27, 17,7.4,1.4, and 0% in the 4 kg ai/ha treatment (Tables 6-7 and 6-8). Hexazinone leaching to the 
35-40 cm soil layer occurred 1 year after treatment at very low level between 0.5 and 0.3% in 2 and 
4 kg ai/ha treatments, respectively. Total combined residues of all layers (0-40 cm) were reduced to 
34-39% at the end of the first year (1986), 14-16% the second year (1987), and 3-5% the third year 
(1988) (Tables 6-7 and 6-8). 

Large variations of hexazinone residues between 7 and 70% CV were observed among each nine 
replicated samples during the first 2 months of sampling in both 2 and 4 kg ai/ha treatments (Tables 
6-7 and 6-8). Comparing with the results of earlier studies where four to seven replicates were 
employed (Feng and Campbell 1985; Feng and Feng 1988b; Roy, Konar, Charles et al. 1989) an 
increase to nine replicates as in this study did not seem to improve field sampling variation. 

Both metabolites B and A were present in similar pattern and in accordance with hexazinone but 
at relatively much smaller quantities. Metabolite B was found in most samples collected from the 0-
10 cm layer at low level except 13 days postapplication, which showed 10.3 and 5.4% equivalent to 
2 and 4 kg/ha of hexazinone applied, respectively (Tables 6-9 and 6-10). Although metabolite B was 
found to be only 1 % as phytotoxic as its parent compound hexazinone (Sung et a1. 1985), the 
presence of this metabolite as a percentage of its parent compound in the deeper soil layers, 30-35 
and 35-40 cm, indicated the ongoing degradation of hexazinone through a demethylation process 
under perhaps anaerobic conditions. The presence of the non phytotoxic metabolite A (Sung et a1. 



Table 6-7. Dissipation and leaching of hexazinone applied as Pronone lOG (2 kg ai/ha) in Grande 
Prairie soils (1986 - 1988) 

Mean hexazinone residues (%) ± S.D. 
Post Annual 

application Soil depth (em) cumulative 
rainfall 

Date Days o - 10 10 - 20 20 - 30 30 - 35 35 - 40 Total (mm) 

1986 

Aug 30 2 88 ± 27 0 0 0 0 88 0.25 
Sep 01 4 82 ± 27 0 0 0 0 82 0.51 
Sep 05 8 59 ± 30 0.1 ± 0.1 0 0 0 59 11.7 
Sep 10 13 47 ± 33 4.2 ± 6.8 0 0 0 51 12.2 
Oct 04 37 30 ± 23 13 ± 6 4.8 ± 2.9 0.8 ± 1.4 0 49 106 
Oct 28 61 18 ± 9 11 ± 6 3.9 ± 6.0 1.0 ± 1.2 0 34 110 

(snowfall 
1987 95.3 em) 

Jun 10 286 13 ± 7 4.6 ± 3.7 3.3 ± 3.0 2.0 ± 1.9 0 23 44.3 
Ju1 15 321 7.5 ± 2.0 4.0±1.7 2.0 ± 2.0 0.7 ± 0.4 0 14 129 
Aug 28 365 5.8 ± 2.6 4.1 ± 1.8 1.3 ± 1.0 0.7 ± 0.6 0.5 ± 0.5 12 272 
Oct 01 399 5.3 ± 1.8 5.8 ± 4.2 3.0 ± 2.2 0.7 ± 0.6 1.5 ± 1.1 16 285 

(snowfall 
1988 119.4 em) 

May 18 627 3.5 ± 2.7 2.6 ± 2.3 1.5 ± 1.2 0.7 ± 0.9 0.4 ± 0.6 8.7 38.0 
JulIO 680 1.7±0.9 2.0 ± 0.8 2.4 ± 1.2 0.9 ± 0.8 0.4 ± 0.4 7.4 249 
Oct 05 767 1.0 ± 0.8 0.9 ± 0.8 0.7 ± 0.5 0.4 ± 0.3 0.2 ± 0.1 3.2 320 

I-' 
W 
U1 



Table 6-8. Dissipation and leaching of hexazinone applied as Pronone lOG (4 kg ai/ha) in Grande 
I-' 
w 

Prairie soils (1986 - 1988) en 

Mean hexazinone residues (%) ± S.D. 
Post Annual 

application Soil depth (crn) cumulative 
rainfall 

Date Days o - 10 10 - 20 20 - 30 30 - 35 35 - 40 Total (nun) 

1986 

Aug 30 2 101 ± 7 0 0 0 0 101 0.25 
Sep 01 4 82 ± 22 0 0 0 0 82 0.51 
Sep 05 8 57 ± 16 0.2 ± 0.7 0 0 0 57 11. 7 
Sep 10 13 53 ± 22 1.2 ± 0.8 0 0 0 54 12.2 
Oct 04 37 27 ± 14 17 ± 9 7.4 ± 5.0 1.4 ± 1.3 0 53 106 
Oct 28 61 15 ± 8 12 ± 3 11 ± 6 0.9 ± 0.5 0 39 110 

(snowfall 
1987 95.3 crn) 

Jun 10 286 14 ± 6 3.9 ± 0.9 2.2 ± 0.7 1.5 ± 2.1 0 22 44.3 
Ju1 15 321 12 ± 3 6.1 ± 3.3 1.4 ± 1.0 0.4 ± 0.2 0 20 129 
Aug 28 365 4.2 ± 2.1 3.6 ± 2.1 1.2 ± 1.1 0.4 ± 0.4 0.3 ± 0.3 10 272 
Oct 01 399 5.0 ± 2.5 3.6 ± 1.8 2.9 ± 1.3 0.8 ± 1.0 1.7±2.0 14 285 

(snowfall 
1988 119.4 crn) 

May 18 627 2.8 ± 2.3 2.3 ± 2.7 2.6 ± 2.7 0.7 ± 0.8 0.4 ± 0.6 8.8 38.0 
JulIO 680 1.9±l.7 l.3 ± 1.1 3.3 ± l.9 0.8 ± 0.8 0.8 ± 1.1 8.1 249 
Oct 05 767 l.0 ± 0.8 0.9 ± l.3 1.7±1.7 0.5 ± 0.2 0.7 ± 0.7 4.8 320 



Table 6-9. Metabolite B detected in soils treated with 2 kg ai/ha Pronone lOG in Grande Prairie 

Mean hexazinone residues (%) ± S.D. 
Post Annual 

application Soil depth (crn) cumulative 
rainfall 

Date Days o - 10 10 - 20 20 - 30 30 - 35 35 - 40 Total (rnrn) 

1986 

Aug 30 2 0.4 ± l.2 0 0 0 0 0.4 0.25 
Sep 01 4 0 0 0 0 0 0 0.51 
Sep 05 8 0.3 ± l.0 0 0 0 0 0.3 11.7 
Sep 10 13 10.3 ±12.2 0 0 0 0 10.3 12.2 
Oct 04 37 0.7 ± 0.9 0 0 0 0 0.7 106 
Oct 28 61 0.7±l.7 0 0.6 ± l.9 0.3 ± 0.3 0 l.6 110 

(snowfall 
1987 95.3 crn) 

Jun 10 286 0.2 ± 0.4 0 0.6±l.7 l.0 ± 0.7 0 l.8 44.3 
Ju1 15 321 0.3 ± 0.6 0 0 l.1 ± 0.8 0 l.4 129 
Aug 28 365 l.8 ± 2.2 0 0 0.3 ± 0.7 0.2 ± 0.4 2.3 272 
Oct 01 399 l.2 ± 2.4 l.4 ± 2.8 0 0.1 ± 0.4 0.1 ± 0.2 2.8 285 

(snowfall 
1988 119.4 crn) 

May 18 627 0.2 ± 0.5 0 0 0 0.1 ± 0.2 0.3 38.0 
Ju1 10 680 0 0 0 0.2 ± 0.4 l.3 ± l.0 l.5 249 
Oct 05 767 0.4 ± l.3 0 0 0.2 ± 0.3 0.3 ± 0.5 0.9 320 

I-' 
W 
-..J 



Table 6-10. Metabolite B detected in soils treated with 4 kg ai/ha Pronone lOG in Grande Prairie ~ 
LV 
ex> 

Mean hexazinone residues (%) ± S.D. 
Post Annual 

application Soil depth (cm) cumulative 
rainfall 

Date Days o - 10 10 - 20 20 - 30 30 - 35 35 - 40 Total (mm) 

1986 

Aug 30 2 0.5 ± 1.1 0 0 0 0 0.5 0.25 
Sep 01 4 0.3 ± 0.9 0 0 0 0 0.3 0.51 
Sep 05 8 0.6 ± 1.3 0 0 0 0 0.6 11.7 
Sep 10 13 5.4 ± 4.3 0 0 0 0 5.4 12.2 
Oct 04 37 0.2 ± 0.3 0 0 0 0 0.2 106 
Oct 28 61 0.1 ± 0.2 0 0.3 ± 0.9 0.3 ± 0.4 0 0.7 110 

(snowfall 
1987 95.3 cm) 

Jun 10 286 0.1 ± 0.3 0 0 0.6 ± 1.0 0 0.7 44.3 
Ju1 15 321 0.4 ± 0.8 0 0,3 ± 0.8 0.4 ± 0.4 0 1.1 129 
Aug 28 365 0.3 ± 0.5 0 0 0 0.3 ± 0.4 0.6 272 
Oct 01 399 0.3 ± 0.6 1.0 ± 2.1 0 0 0.1 ± 0.3 1.4 285 

(snowfall 
1988 119.4 cm) 

May 18 627 0 0 0 0 0.2 ± 0.3 0.2 38.0 
Jul 10 680 0 0 0.4 ± 1.2 0 0.3 ± 0.2 0.7 249 
Oct 05 767 0.8±1.7 0 0.3 ± 0.8 0.4 ± 0.4 0.5 ± 0.4 2.0 320 
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1985) was observed in similar pattern as for metabolite B, but at a lower scale in both 2 and 4 kg 
ai/ha treatments (Tables 6-11 and 6-12). The highest level of metabolite A was also found 13 days 
after treatment and showed 8.7 and 4.1% relative to 2 and 4 kg/ha of hexazinone applied, 
respectively. Results of this study suggested that degradation of hexazinone to metabolite B through 
demethylation was greater than to metabolite A, that these degradation processes were continuous 
and noncumulative in soils as deep as 40 cm, and at a low level of no detrimental effect to the 
environment. 

The regression equations for the dissipation of hexazinone over time were calculated for all 
individual soil layers and their combined total depth (0-40 cm) based on means of each treatment and 
depth at different time periods (Table 6-13). The dissipation patterns in the top layer (0-10 cm) had 
a close resemblance to each other and the combined totals in both 2 and 4 kg/ha treatments. 
Similarly, in both treatments, the next three deeper layers, 10-20, 20-30, and 30-35 cm, showed similar 
types of dissipation curve but on a descending order of dissipation rate. The correlation coefficients 
of residue dissipation with time in these soil layers were 0.90-0.99 and 0.86-0.98, respectively, in 2 and 
4 kg ai/ha treatments. In the deepest layer, 35-40 cm, due to the small amounts of residues recovered 
and the slow rate of penetration, the pattern of dissipation was different from all shallower layers and 
was different between 2 and 4 kg ai/ha treatments. Their correlation coefficients were also lower. 
Times required for residues to dissipate to 50% of amounts applied (DTso) were 12 and 27 days, 
respectively, for 0-10 cm and the combined total (0-40 cm) layers in 2 kg ai/ha treatment; and 13 and 
29 days, respectively, in 4 kg ai/ha treatment. 

6.5 HORIZONTAL AND VERTICAL VARIATION OF HEXAZINONE IN SOILS27 

6.5.1 Background 

Aerial application of PRONONE lOG granules by using an Isolair-helicopter system did not 
produce uniform distribution of granules over a small surface area (Section 5.3). Variations of 
granule weight collected by 10 trays of 1100 cm2 each for every 5 m along two parallel collection 
transects, perpendicular to the helicopter flight path, were ranged between 21 % and 86% CV when 
48 replications were accounted for (Feng 1989). These large variations would have direct impact on 
vegetation survey and residue sampling, if similar small areas were used. However, variations of the 
mean values of the lO-tray mean from three replicated plots reduced to a range of 8-34% CV for 
these aerial applications. Horizontal and vertical distribution of hexazinone residues in soils in these 
vegetation plots were investigated one and two years after the aerial application of PRONONE lOG. 
The variation of hexazinone residues in soil was estimated by sampling all herbicide-treated plots 
down to 30 and 220 cm depths after 1 and 2 years, respectively. 

6.5.2 Materials and Methods 

6.5.2.1 Site description and herbicide application 

The study site located in the Grande Prairie area was clearcut in 1983, treated with hexazinone 
(PRONONE lOG) on August 28, 1986, and planted with white spruce and lodgepole pine in spring 
1987 (Section 4.2). Weed competition was mainly from grasses, shrubs, and aspen of average height 
of 1 min 1986 and 2 min 1988 (Fig. 4-7A). The soil texture was silty loam. Three soil horizons, LH, 

27Feng, Sidhu, and Feng (1989a). 



Table 6-11. Metabolite A detected in soils treated with 2 kg ai/ha Pronone lOG in Grande Prairie l-' 
.I:>-
0 

Mean hexazinone residues (%) ± S.D. 
Post Annual 

application Soil depth (cm) cumulative 
rainfall 

Date Days o - 10 10 - 20 20 - 30 30 - 35 35 - 40 Total (mm) 

1986 

Aug 30 2 2.5 ± 4.7 0 0 0 0 2.5 0.25 
Sep 01 4 0 0 0 0 0 0 0.51 
Sep 05 8 1.0 ± 2.9 0 0 0 0 1.0 11.7 
Sep 10 13 8.7 ± 5.5 0 0 0 0 8.7 12.2 
Oct 04 37 1.6 ± 3.0 0 0 0 0 1.6 106 
Oct 28 61 0.5 ± 1.6 0 0 0 0 0.5 110 

(snowfall 
1987 95.3 cm) 

Jun 10 286 0.4 ± 0.7 0 0 0 0 0.4 44.3 
Ju1 15 321 0 0 1.0 ± 3.0 0 0 1.0 129 
Aug 28 365 0.1 ± 0.3 0 0 0 0 0.1 272 
Oct 01 399 0.7±1.8 0 0 0 0 2.5 285 

(snowfall 
1988 119.4 cm) 

May 18 627 0 0 0 0 0 0 38.0 
JulIO 680 0 0 0 0 0 0 249 
Oct 05 767 2.4 ± 5.0 0 1.9 ± 2.9 1.2 ± 1.9 0.5 ± 1.0 6.0 320 



Table 6-12. Metabolite A detected in soils treated with 4 kg ai/ha Pronone lOG in Grande Prairie 

Mean hexazinone residues (%) ± S.D. 
Post Annual 

application Soil depth (cm) cumulative 
rainfall 

Date Days o - 10 10 - 20 20 - 30 30 - 35 35 - 40 Total (mm) 

1986 

Aug 30 2 0.2 ± 0.7 0 0 0 0 0.2 0.25 
Sep 01 4 0.7 ± 2.0 0 0 0 0 0.7 0.51 
Sep 05 8 0.4 ± 1.0 0 0 0 0 0.4 11.7 
Sep 10 13 4.1 ± 4.2 0 0 0 0 4.1 12.2 
Oct 04 37 0.5 ± 0.8 0.4 ± 0.7 0 0 0 0.9 106 
Oct 28 61 0.2 ± 0.5 0.3 ± 1.0 0.7 ± 1.4 0 0 1.2 110 

(snowfall 
1987 95.3 cm) 

Jun 10 286 0.2 ± 0.6 0 0 0 0 0.2 44.3 
Ju1 15 321 0 0.5 ± 0.9 0 0 0 0.5 129 
Aug 28 365 0.1 ± 0.3 0 0 0 0 0.1 272 
Oct 01 399 0 0 0 0 0 0 285 

(snowfall 
1988 119.4 cm) 

May 18 627 0 0 0 0 0 0 38.0 
JulIO 680 0 0 0 0 0 0 249 
Oct 05 767 2.8 ± 5.3 0.4 ± 1.2 1.3 ± 2.1 0.9 ± 1.6 0.6 ± 0.9 6.0 320 

,..... 
,j::. 
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Table 6-13. Equations illustrating leaching and dissipation of hexazinone in soil by time at 
different depths at two rates of Pronone lOG treatments 

Rate 
applied 
(kg/ha) 

2 

Soil 
depth 
(cm) 

o - 10 
10 - 20 
20 - 30 
30 - 35 
35 - 40 

Total 
o - 40 

4 0 - 10 
10 - 20 
20 - 30 
30 - 35 
35 - 40 

Total 
o - 40 

Equationa R 

log (Y + 0.01) 2.03 - 0.290 log X - 0.00136 X 0.99 
log (Y + 0.01) - -2.51 + 2.01 log X - 0.00460 X 0.90 
log (Y + 0.01) -3.05 + 1.84 log X - 0.00308 X 0.90 
log (Y + 0.01) = -2.86 + 1.45 log X - 0.00222 X 0.92 
log (Y + 0.01) = -2.10 + 0.070 log X + 0.00221 X 0.78 

log (Y + 0.01) 1.97 - 0.168 log X - 0.00105 X 0.98 

log (Y + 0.01) 2.06 - 0.313 log X - 0.00131 X 0.98 
log (Y + 0.01) -2.53 + 2.02 log X - 0.00471 X 0.92 
log (Y + 0.01) = -2.96 + 1.78 log X - 0.00273 X 0.86 
log (Y + 0.01) -2.77 + 1.37 log X - 0.00201 X 0.89 
log (Y + 0.01) = -1.97 - 0.092 log X + 0.00308 X 0.85 

log (Y + 0.01) 2.02 - 0.203 log X - 0.00088 X 0.98 

ay _ percent hexazinone residues of amounts applied; X = time (days) post-application. 

N 

13 
13 
13 
13 
13 

13 

13 
13 
13 
13 
13 

13 

~ 
~ 
tv 
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Ab, and Ae, can be found within 10-20 cm depth from the surface. PRONONE lOG (10% 
hexazinone, w/w; surface-coated granule) was applied to triplicated 80 x 200 m plots (Fig. 4-5) at 2 
and 4 kg ai/ha rates by a helicopter equipped with an Isolair bucket spreader (Fig. 4-4) on 28 August 
1986 under a no-wind condition. 

6.5.2.2 Soil sampling to determine the general distribution ofhexazinone in the treatment plots 

The aerially applied granular formulation would produce spot coverage of the active ingredient 
on the ground. Representative soil sampling for the level of herbicide residues in the vegetation plots 
could not be achieved initially. Soil samples were taken one year after application in a grid pattern 
from the central 30 x 100 m area of all six treatment plots. Two rows of five soil collection spots 
were evenly spaced at a 20-m distance. A 35- to 40-cm deep soil column was removed from each spot 
with a shovel. The clean uncontaminated center of the soil column was separated into three 
subsamples at 0-10, 10-20, and 20-30 cm soil depths. Five soil samples from each treatment block 
were analyzed separately to determine the residue concentrations of hexazinone and metabolites A 
and B and the variation of residues over the entire treated area. 

6.5.2.3 Deep-pit soil sampling to determine the degree of vertical leaching of hexazinone 

Due to the positive identification of hexazinone residues at 30 cm soil depth one year after 
application, deep-pit soil sampling was conducted two years after application to assess the maximum 
penetration of hexazinone residues. One soil pit in each treatment plot was dug to a 2.5 m depth 
by using a backhoe. From each soil pit, soil disks of 10 cm thickness were taken in triplicate (three 
vertical sampling lines with 1 m spacing) from the surface to 220 cm deep at 20 cm intervals. A total 
of 8 depths were sampled: 0-10, 30-40, 60-70, 90-100, 120-130, 150-160, 180-190, and 210-220 cm 
from the surface of the forest floor. 

6.5.2.4 Sample preparation and residue analysis 

Soil samples were air-dried, homogenized, and sifted by the method of Feng and Klassen (1986). 
Hexazinone residues were extracted and cleaned by using a new method developed in this project 
(Section 5.7). Residues and metabolites of hexazinone were analyzed and quantified by capillary gas 
chromatography (Feng 1987; Feng, Feng, and Sidhu 1989; Feng, Sidhu, Feng, and Servant 1989). 
Residue concentrations in soils were reported either on a weight basis (ppmw) or were converted to 
a soil area basis (kg/ha) by using soil bulk densities of each horizon (Feng and Klassen 1986). 

6.5.3 Results and Discussion 

6.5.3.1 Persistence and uniformity of hexazinone one year after treatment 

Mean residue concentrations of every five replicates per treatment block, the mean of means of 
three blocks per rate, and their standard errors are reported in Tables 6-14 and 6-15 for 2 and 4 kg 
ai/ha treatments, respectively. Hexazinone concentrations were relatively homogenous at about 0.5 
ppmw level at 0-10 cm depth in all treatment blocks of both application rates (2 and 4 kg ai/ha) and 
were about 0.2 and 0.05 ppmw at 10-20 and 20-30 cm depths. 
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Variations among replicated samples were generally greater than the mean values (Tables 6-14 
and 6-15). However, one year after application, these residue levels represented only 5 and 10% of 
hexazinone originally applied within 0-10 and 0-30 cm depths (Section 6.4). Greater relative 
variations were expected when residue concentrations reduced to such low levels under field 
conditions. Reducing gradients of residues were also observed from the surface of the forest floor 
to the deeper soils. Hexazinone residues in soils were mainly concentrated at the rooting zone 
between 0 and 20 cm in depth one year after application. Some residual effect for weed control 
could be expected in the second and perhaps the third growing season. 

Concentrations of metabolite B were found at about one-third that of hexazinone; metabolite A 
was about 10-20% at 0-10 cm depth and zero between 10-30 cm. Results indicated a continual 
noncumulative degradation of hexazinone down to 30 cm of soil depth and more active demethylation 
than hydroxylation. Since metabolite B was only 1 % as phytotoxic as hexazinone and metabolite A 
was nonphytotoxic (Sung et al. 1985), these low concentrations were not expected to pose any 
detrimental effect to the environment. 

6.5.3.2 Deep soil sampling for hexazinone leaching 

In the 4 kg/ha treatment, hexazinone residues were detected in the top lO-cm soils and averaged 
about 0.8% of the original amount applied. Trace amounts (or less than 0.75% of the originally 
applied hexazinone) were found between 30 and 40 cm soil depth (Table 6-16) and were similar to 
the previous finding that 0.7-1.2% of originally applied hexazinone was found between 30 and 40 cm 
soil depth one year after application (Section 6.4). No residues were detected at any other depths. 

In the 2 kg/ha treatment, only one sample showed trace amounts of residues in the 0-10 cm layer 
(Table 6-17). However, detectable amounts of hexazinone residues were found in all samples at the 
30-40 cm depth. Trace amounts of hexazinone were also found in two samples at the 60-70 cm soil 
depth and one sample each at 90-100 and 120-130 cm. No detectable residues were found below 150 
cm (Table 6-17). Feng, Sidhu, Feng, and Servant (1989) reported the presence of very small amounts 
of hexazinone residues in the soil leachate at 80 cm soil depth in a nearby location in the same 
treatment block. Leaching through channels formed by groups of dried, dead roots of mature trees 
previously logged was most likely the cause of the downward movement of hexazinone in this area. 
This was further evidenced by the fact that no detectable residues were found deeper than 40 cm in 
the 4 kg ai/ha treatment area where no root channels were found at the sampling sites. 

6.6 HEXAZINONE RUNOFF IN EPHEMERAL AND PERMANENT STREAMS28 

Hexazinone is water soluble (3.3%, w/w) (WSSA 1983) and has the potential for lateral 
movement with surface runoff. Barring and Torstensson (1983) found that hexazinone moved with 
water at least 2 m down a 12-22 degree slope. In another study, the lateral movement was not 
detected 20 m downslope on a 5-10% gradient (Feng 1987). In a stream directly treated with 
hexazinone pellets, waterborne hexazinone decreased to less than half of the initial concentration 
within 1 hour after application at a point adjacent to the treated area (Miller and Bace 1980). Neary, 
Bush, and Douglass (1983) and Neary, Bush, and Grant (1986) reported in a study monitoring 
storm flow and baseflow through 26 storm events over a 13-month period that an estimated 0.53% 
of the hexazinone applied was lost through runoff; in another study, Neary (1983) found no residues 
in groundwater and springflow beyond 20 m from the treated area. 

28Feng, J.e. (Unpublished data.) 
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Table 6-14. Mean (n-5 per block) residue concentrations of hexazinone and 
metabolites, A and B, in soils of triplicated blocks one year after 
treated with PRONONE lOG at 2 kg ai(ha 

Soil 
depth 
(cm) 

Mean residues in soil (ppmw, ~g/g) 

Chemical 
name Block 1 

Hexazinone 0-10 0.57 ± 1.08 
10-20 0.30 ± 0.25 
20-30 0.03 ± 0.02 

Metabo1ite-B 0-10 0.19 ± 0.28 
10-20 0 
20-30 0 

Metabo1ite-A 0-10 0.05 ± 0.07 
10-20 0 
20-30 0 

Block 2 

0.57 ± 0.62 
0.46 ± 0.39 
0.05 ± 0.06 

0.17 ± 0.18 
0.12 ± 0.17 
0.02 ± 0.03 

0.04 ± 0.05 
o 
o 

Block 3 

0.24 ± 0.22 
0.10 ± 0.06 
0.02 ± 0.01 

0.15 ± 0.21 
0.09 ± 0.13 

o 

0.17 ± 0.24 
o 
o 

Mean (n-3) 

0.46 ± 0.19 
0.29 ± 0.18 
0.03 ± 0.02 

0.17 ± 0.02 
0.07 ± 0.06 
0.01 ± 0.01 

0.09 ± 0.07 
o 
o 

Table 6-15. Mean (n-5 per block) residue concentrations of hexazinone and 
metabolites, A and B, in soils of triplicated blocks one year after 
treated with PRONONE lOG at 4 kg ai(ha 

Soil Mean residues in soil (ppmw, ~g/g) 
Chemical depth 

name (cm) Block 1 Block 2 Block 3 Mean (n-3) 

Hexazinone 0-10 0.61 ± 0.71 0.78 ± 1.08 0.61 ± 0.90 0.67 ± 0.10 
10-20 0.14 ± 0.11 0.09 ± 0.10 0.28 ± 0.18 0.17 ± 0.10 
20-30 0.13 ± 0.16 0.06 ± 0.05 0.04 ± 0.05 0.08 ± 0.05 

Metabolite-B 0-10 0.33 ± 0.36 0.18 ± 0.17 0.18 ± 0.33 0.23 ± 0.09 
10-20 0.03 ± 0.03 0.12 ± 0.26 0.13 ± 0.12 0.09 ± 0.06 
20-30 0.01 ± 0.01 0.02 ± 0.03 0 0.01 ± 0.01 

Metabolite-A 0-10 0.09 ± 0.12 0.01 ± 0.02 0.06 ± 0.13 0.05 ± 0.04 
10-20 0 0.04 ± 0.09 0.24 ± 0.23 0.09 ± 0.13 
20-30 0 0.01 ± 0.01 0 0 
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Table 6-16. Deep soil sampling for hexazinone residues two years after treatment with 
PRONONE lOG at 4 kg ai/ha rate 

Soil depth Hexazinone residues (kglha) 
(cm) 

Line 1 Line 2 Line 3 Mean 

0- 10 0.031 0.034 0.041 0.035 ± 0.005 

30 - 40 TRACE TRACE 0.044 0.015 ± 0.025 

60 - 70 ND ND ND ND 

90 - 100 ND ND ND ND 

120 - 130 ND ND ND ND 

150 - 160 ND ND ND ND 

180 - 190 ND ND ND ND 

210 - 220 ND ND ND ND 

Note: TRACE = 0.001-0.01 kglha; ND = Non-detectable, < 0.001 kglha. 

Table 6-17. Deep soil sampling for hexazinone residues two years after treatment with 
PRONONE lOG at 2 kg ailha rate 

Hexazinone residues (kglha) 
Soil depth 

Line 1 Line 2 Line 3 Mean (cm) 

0- 10 TRACE ND ND TRACE 

30 - 40 0.107 0.059 0.011 0.059 ± 0.048 

60 - 70 TRACE TRACE ND TRACE 

90 - 100 ND TRACE ND TRACE 

120 - 130 TRACE ND ND TRACE 

150 - 160 ND ND ND ND 

180 - 190 ND ND ND ND 

210 - 220 ND ND ND ND 

Note: TRACE = 0.001-0.01 kglha; ND = Non-detectable, < 0.001 kglha. 
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Although there is no permanent water body adjacent to the Grande Prairie project's Method II 
experimental area, there is a very small ephemeral channel around the northeastern and southeastern 
sides of lower half of Block 2 and the entire Block 1. Most parts of this ephemeral channel were 
about 10-30 cm wide with pools of no more than 30-50 cm diameter and one larger shallow pool of 
about 2-3 m wide. The channel then flows north through the western side of both Blocks 1 and 2 
and drains into Campbell River, a permanent stream about 1 km west. With the agreement and 
assistance of the staff of the Chemical Control Branch, Alberta Environment, these water bodies were 
monitored by collecting surface water and bottom sediment samples from seven points: one near the 
southeastern corner of Block 1 at the large shallow pool (designated as Site No.1) and six along the 
Campbell River (designated as Sites No. 2-7 in downstream direction) to a total distance of about 
3 km. Duplicate samples were collected at different time periods, mostly coinciding with rain events 
during 1986 and 1987. 

Hexazinone concentrations in surface water and bottom sediments were determined by extraction, 
cleanup, and gas chromatography, and are presented in Table 6-18. Results indicated that no 
hexazinone residues were carried by the surface runoff to enter the Campbell River. However, there 
were dilute amounts of hexazinone residues (up to 5 ppb) found in the surface water and up to 0.24 
ppm (J.Lg/g dry weight) in sediments in the shallow pool (Site No.1) about 40 m from the 
southeastern corner of plot 1, Block 1. Hexazinone contamination at Site No.1 found in 1986 and 
1987 was probably due to the foot traffic of various groups of research staff initially working in that 
area and carrying residues on boots through the pool to the cutline. Hexazinone residue level 
dissipated to the non detectable level by 1988 (Table 6-19). 

Sample collections were modified in 1988 to isolate the source of contamination near the 
treatment blocks and plots (Site No.1). The six collection points (Sites No. 2-7) at the Campbell 
River were discontinued and were replaced by eight additional collection points: four upstream from 
Site No.1, designated as Sites A, B, C, and D and four downstream designated as Sites E, F, G, and 
H. All upstream collection points were 100-150 m apart to cover the entire northeastern side 
between the divide from the lower part of Block 2 and the lowest part of Block 1 at Site No. 1. All 
downstream collection points were about 50-80 m apart to cover the south eastern side of Block 1, 
the lowest point of the experimental area. 

Results of the 1988 monitoring showed very low concentration (at 1 ppb level) of hexazinone in 
all sites upstream (A, B, C, and D) but no residues in Site No.1 and its downstream sites (E, F, G, 
and H) (Table 6-19). Sites A to D were located in the northeastern area outside the experimental 
Blocks 1 and 2, which was contaminated by aerial application involving early release of Pronone lOG 
(prior to reaching the boundary) to ensure the full coverage of herbicide to the experimental plots. 
The size of the contaminated area was not certain, and this area was drained to the ephemeral 
channel about 10-30 m downslope on the northeastern side of the contaminated areas. 

The overall residue levels of hexazinone found in surface water and sediment near the treatment 
areas were very small and would have no impact on the environment. The maximum level of 
hexazinone residues were compared with the LDso and LCso levels for various wildlife and fish 
species, and their ratios are calculated and reported in Table 6-20. 



Table 6-22 (Contd.) 

Rosa acicularis 
Foliage 

Twigs 

Epilobium angustifolium 
Foliage 

Twigs 

Lonicera involucrata 

1. 50 

0.20 

Foliage 0.51 

Twigs 0.04 

L. dioica 
Foliage 

Viburnum edule 
Foliage 

Corylus cornuta 
Foliage 

Shepherdia canadensis 
Foliage 

Spiraea betulifolia 
Foliage 

Cornus canadensis 
Foliage 

C. stolonifera 
Foliage 

Aralia nudicaulis 
Foliage 

Vicia americana 
Foliage 

Galium boreale 
Foliage 

Castilleja miniata 
Foliage 

0.79 

0.18 

1.13 0.12 0.81 
i1.06 iO.07 iO.16 
0.14 0.03 0.06 
iO.ll iO.06 iO.08 

0.33 0.05 0.02 
iO.23 iO.09 iO.03 

0.06 0.00 0.02 
iO.07 iO.03 

HH = 4 kg hexazinone/ha treatment, LH = 2 kg hexazinone/ha treatment, Hexazinone was applied as PRONONE 10 G. 
*Values followed by SD are averages of 3 replicates. 

c, 

t-' 
V1 
.s;.. 

0.36 0.00 0.00 1. 50 0.70 
iO.36 
0.05 0.30 0.10 
iO.02 

0.00 0.00 0.00 0.55 0.18 

0.02 0.13 0.05 
iO.03 

0.03 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 

0.03 0.00 

0.00 0.00 



Table 6-23. Metabolite-B (~g/g, dry wt.) in selected species during 1987-88 in samples from high hebcicide (HH, 4kg/ha) and low herbicide (LH, 2 kg/hal treated 
plots 

SPECIES ----------------------------------------1987 SAMPLING------------------------------------------ 1988 SAMPLING ----MAXlMUM-----
-----26 MAy----- ----23 JUNE---- ----22 JULy---- --23 AUGUST--- ----2 SEPT---- --3 AUGUST---

HH LH HH LH HH LL HH LH HH LL HH LH HH LH 

(~g/g, dry wt.) 
POEulus tremuloides 

Foliage 0.07 0.0 0.28 0.14 0.26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.37 0.26 
(bulk) ±0.12 ±0.1l ±0.13 ±0.04 

'87 100% damaged 0.58 0.63 0.63 
on-plant foliage 
"86 on-plant fol 0.0 

twigs 0.0 0.0 0.10 0.26 0.08 0.06 0.03 0.05 0.04 0.03 0.25 0.50 
±0.1l ±0.25 ±0.14 ±0.1l ±0.05 ±0.05 ±0.07 ±0.03 

Fresh litter 0.21 0.18 0.51 0.17 0.29 0.20 0.13 0.11 0.0 0.0 0.77 0.36 
±0.04 ±0.15 ±0.23 ±0.09 ±0.01 ±0.06 ±0.02 ±0.10 

Calamal!,rostis 
canadensis 

'86 Growth 0.73 0.46 0.86 0.61 
±0.21 ±0.14 

"87 Growth 2.54 2.50 0.74 1.12 0.31 0.18 ns 0.12 ns 0.0 0.38 0.26 3.08 4.71 
±0.65 ±1. 95 ±0.55 ±0.92 ±0.31 ±0.16 ±0.20 

Aster consEicuus 
Foliage 2.89 2.17 0.43 0.29 0.20 0.96 0.0 0.0 0.43 0.33 0.0 0.0 5.34 3.03 

±2.12 ±1.13 ±0.50 ±0.31 ±0.34 ±0.03 ±0.20 ±0.17 

Twigs 0.51 0.07 0.19 0.05 0.15 0.06 0.13 0.0 0.53 0.14 
±0.03 ±0.06 ±0.17 ±0.08 ±0.11 ±0.05 ±0.11 

A ...... ciliolatus 0.43 0.0 0.43 0.0 

§!.!..!..! s pp 
Foliage 3.68 1. 59 2.56 0.90 0.50 0.58 0.0 0.0 3.68 1. 81 

±1.84 ±0.82 ±0.70 ±0.30 

Twigs 0.0 0.27 0.03 0.0 0.21 0.03 0.40 0.27 
±0.06 ±0.17 ±0.04 

Amelanchier alnifolia 
Foliage 1.83 1. 96 1. 55 1.55 15.0 8.16 0.37 0.23 15.0 9.91 

±0.17 ±0.97 ±2.48 

Twigs 5.33 5.97 0.49 2.01 3.01 2.11 10.5 5.97 I-' 
±7.36 ±0.34 ±1. 31 ±1.07 ±0.04 V1 

V1 



Table 6-23 (Contd.) 

Rosa acicularis 
Foliage 

Twigs 

Epilobium angustifolium 
Foliage 

Twigs 

Lonicera involucrata 
Foliage 

Twigs 

L. dioica 
Foliage 

Viburnum edule 
Foliage 

Corylus cornuta 
Foliage 

Shepherdia canadensis 
Foliage 

Spiraea betulifolia 
Foliage 

Cornus canadensis 
Foliage 

C. stolonifera 
Foliage 

Aralia nudicaulis 
Foliage 

Vicia americana 
Foliage 

Galium boreale 
Foliage 

Castilleja miniata 
Foliage 

1.19 l.19 0.79 0.15 0.80 
to.68 to.08 to.65 
0.46 0.07 0.16 
to.53 to.08 to.27 

0.47 0.51 1. 00 0.20 0.15 
to.73 to.35 to.16 

0.18 0.05 0.21 
to.18 to.09 to.24 

0.58 

0.22 

HH = 4 kg hexazinone/ha treatment, LA = 2 kg hexazinone/ha treatment, Hexazinone was applied as PRONONE lOG. 
,"Values followed by SD are averages of 3 replicates. 

}--> 

U1 
0"1 

0.48 0.0 0.0 2.11 l.19 
to.42 
0.14 1.07 0.25 
to.13 

0.0 0.17 0.35 1. 50 0.61 

0.04 0.47 0.15 
to.06 

0.26 0.0 0.58 0.0 

0.22 

0.0 0.10 0.0 0.10 

0.0 0.0 0.0 0.0 

0.0 0.15 0.0 0.15 

0.78 0.11 0.78 0.11 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

0.0 0.10 0.0 0.10 

0.11 0.11 

0.37 0.0 0.37 0.0 

0.0 0.0 0.0 0.0 



Table 6-24. Metabolite-A (~g/g, dry wt.) in selected species during 1987-88 in samples from high hebcicide (HH, 4kg/ha) and low herbicide (LH, 2 kg/hal treated 
plots 

SPECIES ----------------------------------------1987 SAMPLING------------------------------------------ 1988 SAMPLING ----MAXIMUM-----
-----26 MAy----- ----23 JUNE---- ----22 JULy---- --23 AUGUST--- ----2 SEPT---- --3 AUGUST---

HH LH HH LH HH LL HH LH HH LL HH LH HH LH 

(~g/g, dry wt.) 
POEulus tremuloides 

Foliage 0.05 0.0 0.0 0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.15 0.50 
(bulk) to.09 

'87 100% damaged 0.0 0.27 0.27 
on-plant foliage 
"86 on-plant fol 0.0 0.0 

twigs 0.0 0.0 0.23 0.52 0.32 0.30 0.08 0.13 0.09 0.08 0.78 0.76 
to.23 to.36 to.41 to.39 to.14 to.15 to.16 to.08 

fresh litter 0.0 0.0 0.08 0.0 0.18 0.0 0.05 0.04 0.0 0.0 0.55 0.12 
to.13 to.46 to.09 to.07 

Calamasrostis 
canadensis 

'86 Growth 0.78 0.59 1. 48 1. 08 
to.61 to.45 

"87 Growth 1.07 1.07 0.83 1.33 0.46 0.13 ns 0.0 ns 0.0 0.11 0.46 2.48 3.72 
to.90 to.67 t1. 43 t2.07 to.62 to.23 

Aster consEicuus 
Foliage 6.43 5.41 0.41 0.0 0.26 0.18 0.0 0.0 0.41 0.21 0.0 0.0 16.3 8.15 

t8.64 t4.69 to.72 to.46 to.32 to.36 to.ll 

Twigs 1.41 0.32 0.37 0.12 0.28 0.13 0.33 0.0 1. 57 0.37 
to.17 to.06 to.33 to.21 to.18 to.12 to.14 

!:...-£iliolatus 0.75 0.0 0.75 0.0 

§.!.ll! spp 
Foliage 2.27 3.35 1.27 0.15 0.0 0.18 0.0 0.0 2.27 3.35 

to.87 to.26 to.10 

Twigs 0.21 0.82 0.0 0.0 0.53 0.10 0.95 0.82 
to.37 to.02 

Amelanchier alnifolia 
Foliage 0.0 0.0 0.27 0.11 0.14 0.09 0.25 0.0 0.27 0.32 

to.18 to.12 

Twigs 0.50 0.12 0.20 0.0 0.19 0.17 0.55 0.34 I-' 
to.07 to.18 to.26 to.24 U1 

--...J 



Table 6-24 (Contd.) 

Rosa acicularis 
Foliage 

Twigs 

Epilobium angustifolium 
Foliage 

Twigs 

Lonicera involucrata 

0.40 

0.0 

Foliage 0.0 

Twigs 0.35 

L. dioica 
Foliage 

Viburnum edule 
Foliage 

Corylus cornuta 
Foliage 

Shepherdia canadensis 
Foliage 

Spiraea betulifolia 
Foliage 

Cornus canadensis 
Foliage 

C. stolonifera 
Foliage 

Aralia nudicaulis 
Foliage 

Vicia americana 
Foliage 

Galium bore ale 
Foliage 

Castilleja miniata 
Foliage 

0.0 0.12 0.10 0.21 
±0.21 ±0.18 ±0.19 
0.42 0.10 0.17 
±0.15 ±0.10 ±0.22 

0.54 0.0 0.0 0.05 
±0.09 

0.39 0.18 0.57 
±0.22 ±0.15 ±0.59 

HH = 4 kg hexazinone/ha treatment, LH = 2 kg hexazinone/ha treatment, Hexazinone was applied as PRONONE lOG. 
"<Values followed by SD are averages of 3 replicates. 

I-' 
U1 
CO 

0.09 0.0 0.0 0.40 0.31 
±0.08 
0.14 0.57 0.41 
±0.24 

0.0 0.19 0.82 0.19 0.82 

0.17 1.18 0.31 
±0.16 

0.77 0.13 0.77 0.13 

0.35 

0.0 0.35 0.0 0.35 

0.0 0.19 0.0 0.19 

0.0 0.41 0.0 0.41 

0.95 0.18 0.95 0.18 

0.0 0.0 0.0 0.0 

0.11 0.0 0.11 0.0 

0.32 0.27 0.32 0.27 

0.0 0.24 0.0 0.24 

0.19 0.19 

0.78 0.0 0.78 0.0 

0.0 0.21 0.0 0.21 
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Environmental exposures to forest visitors and wildlife can occur when they come in contact with applied 
PRONONE lOG granules or leaves with residues of hexazinone, feed on vegetation (leaves, twigs, or fruit), 
or drink water after a severe runoff from treated areas. In the case of the present study on PRONONE lOG, 
foliage of plants from treated areas contained the most residues and are, therefore, considered to simulate 
the worst scenario for impact on consumers. 

Pertinent LDso, LCso, and NOEL (no effect level) hexazinone concentrations have been extracted from 
several sources and presented in Table 6-25 (USDA 1984; WSSA 1983; Sidhu and Chakravarty 1990; 
Chakravarty and Sidhu 1987a, b). Hexazinone residues inlants can be present with or without visible 
herbicide damage to foliage. Residue levels being the highest during the first few months after application, 
most exposure to and consumption by wildlife fauna is expected during the first year. The monitored 
concentrations in vegetation are much below the acute toxicity levels in various organisms. The 
microorganisms and mammals feeding on dead or live plant parts are expected to consume, and may 
accumulate, extremely low concentrations of the hexazinone residues. The levels of accumulation will depend 
on the concentration in plants at the time of consumption, species of fauna feeding on vegetation, plant 
species, time of year, and total amount of affected vegetation consumed. It is important to know that 
hexazinone and its metabolites are not expected to accumulate in large quantities in the animal hody. 
According to Rhodes and Jewell (1980), 93% of orally ingested hexazinone was excreted from rats in urine 
and feces within 72 hours, and no detectable residues remained. Extremely low or no hexazinone residues 
may be accumulated by consumers as a result of feeding on vegetation from hexazinone treated areas. 



-Table 6-25. Toxicity of hexazinone in selected organisms and detected maximum levels in foliage, twigs and leaf litter from boreal mixedwood 

..... 
0'\ 
o 

REPORTED IN THE LITERATURE MAXIMUM DETECTED CONC. us(s IN THE PRESENT STUDY <DRY WEIGHT) 
FOLIAGE STEM LEAF LITTER 

~----------------~~------------~-----------------------------------------
ORGANISM LC-50 LD-50 NOEL 

Residues in plants 

Invertebrates 
& microorganisms 

Mycorrhizae fungi 

Bees >60 ",g(bee 

Rats 

Fish >100 ppm 

Birds 

Rabbits 

Dogs 

Guinae pigs 

Fathead Minnow 274 ppm (in water) 

Bobwhite Quail >10,000 ppm (8 days) 

Mallard ducklings >10,000 ppm (8 days) 

4495 mg(kg 

2258 mg(kg 

>2000 mg/kg 

3400 mg/kg 

860 mg/kg 

< 10ppm 

< 10ppm 
(conc. in culture 
medium) 

60ug/bee caused 
10% mortality in 
48 hours 

200 ppm in diet 
for 2 years 
(no carcinogenic 
effect 

1000 ppm 

11.2 /Jg/g 0.44 /Jg/g 

(Calamagrostis ) (~) 

Water content (based on fresh weight) 
ranged from 56 to 80% in foliage, 47 to 
to 65% in twigs and 10 to 33% in leaf litter 
depending on the plant species and the time 
of collection during the year 

Note: Values in this table are extracted from USDA (1984), WSSA (1983), Chakravarty and Sidhu (1987a), and Grande Prairie FRDA study. 

7.83 ",g/g 

(Mixed) 
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Section 7 

EFFECTS OF HEXAZINONE ON MICROORGANISMS 

It is essential to know the direct and indirect effect of hexazinone on microorganisms responsible 
for decomposition of organic matter and mycorrhizal fungi associated with roots of conifer crop 
species. A review of the available literature on the effect of hexazinone on micro-organisms including 
mycorrhizae associated with boreal crop trees revealed no or inadequate information on this aspect 
prior to the Grande Prairie study. A comparison of hexazinone degradation in sterile and nonsterile 
soil concluded that hexazinone is degraded by microorganisms (Rhodes 1980a). He found that after 
80 days of incubation 75% of the applied radioactivity evolved as 14C02 suggesting total degradation 
of the triazine ring of hexazinone to evolve CO2. Rhodes, Krause and Williams (1980) reported no 
decrease in fungal or bacterial populations in soils with 10 ppm (w/w, oven dry basis) of hexazinone 
in three agricultural soils. No toxicity to fungi was detected at treatment rates up to 100 ppm of 
hexazinone. Hexazinone at 5 and 20 ppm rate had no effects on soil-nitrifying bacteria in two 
agricultural soils for a 5-week test period. According to Neary, Bush and Grant (1986), the herbicide 
may have a stimulatory effect on nitrifying bacteria at very low concentrations. 

A two-year study was undertaken to investigate the effects of three herbicides (glyphosate, 
hexazinone, and triclopyr) on the growth of mycorrhizal fungi associated with white spruce and 
lodgepole pine (Chakravarty and Sidhu 1987a, b; Sidhu and Chakravarty ~990). 

In vitro growth tests with glyphosate (Roundup), hexazinone (liquid Velpar L. and granular 
Pronone 5G) on five species of ectomycorrhizal fungi (Hebeloma crustuliniforme, Laccario laccato, 
Thelephora americana, T. terrestris, and Suillus tomentosus) showed varied species sensitivity to 
different concentrations of herbicides. Fungal growth was significantly (P = 0.05) reduced particularly 
at concentrations above 10 ppm. Garlon with triclopyr as a.i. was the most toxic of the four herbicide 
formulations. The toxicity index for herbicides were as Garlon (a.i. triclopyr) > Velpar L (ai 
hexazinone) > Roundup (a.i. glyphosate) > Pro none 5G (a.i. hexazinone). Relative sensitive index 
of mycorrhizal fungi were S. tomentosus > T. americana > H. crustiliniforme > L. laccata > T. 
terrestris. 

In another study, effects of hexazinone (Pronone 5G) at three levels of application (equivalent 
to field rates of 1, 2, and 4 kg a.i./ha) on the seedling growth and mycorrhizal development in 
lodgepole pine (Pinus contorta Doug. var.lotifolia Engelm.) and white spruce (Picea glauca [Moench] 
Voss) were investigated under greenhouse conditions. Both conifer species responded similarly 
except that phytotoxic effects were more intense in pine than in spruce. There was an initial 
reduction in seedling growth and mycorrhizal development at 1 kg a.i./ha rate; however, a recovery 
to control conditions occurred after 4 months. At application rates of 2 and 4 kg a.i./ha there was 
significant (P = 0.05) reduction in seedling growth parameters and mycorrhizal development 
compared with control and 1 kg a.i./ha treatment. Though within 6 months after planting, seedling 
growth and mycorrhizal infections improved significantly (P = 0.05) over the initial reduction, these 
parameters still remained significantly lower than the control and 1 kg a.i./ha treatment (Chakravarty 
and Sidhu 1987b). 

The study under natural conditions showed that the effects of hexazinone on mycorrhizal and 
seedling growth under field conditions were of significance only at the 4 kg/ha rate and were of much 
less intensity than under greenhouse conditions. This was possibly because of the mop-up effect of 
the competing vegetation and some mobility of the herbicide from surface to deeper horizons (Sidhu 
and Chakravarty 1990). Phytotoxic as well as fungitoxic effects were less intense in the field than in 
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growth chamber and greenhouse conditions. Application of hexazinone under the field condition did 
not result in mortality of the mycorrhizal inoculum in the soil. Seedlings of pine and spruce that were 
free of mycorrhizal infections at planting in hexazinone-treated plots, formed well-developed 
mycorrhizae within 2 months after planting (Sidhu and Chakravarty 1990). Based on the results of 
the present study, it is concluded that no long-term negative effect of hexazinone is expected on the 
survival of mycorrhizal inoculum and development of mycorrhizal infections in white spruce and 
lodgepole pine at 1-4 kg/ha rates under field conditions. 



Section 8 

EFFECT OF HEXAZINONE ON NUTRIENT STATUS IN FOLIAGE 
AND SOIL NUTRIENT DYNAMICS 

8.1 FOLIAR NUTRIENTS 

8.1.1 Introduction 
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Foliar nutrient status has often been used as an indicator of the nutrient status of site or changes 
in site conditions by vegetation removal, application of fertilizers, site drainage, and other changes 
in physical factors. Not much information is available on the effect of herbicide application on 
nutrient status and soil nutrient dynamics in boreal forest. Seasonal nutrient variations have been 
reported by McColl (1980) in trembling aspen, in tamarack by Tilton (1976) and in tundra plants 
species by Chapin III et al. (1980). Grigal, Ohmann, and Brander (1976) studied the biomass and 
nutrient dynamics in tall shrubs from Minnesota. Tappeiner and AIm (1975) reported that the 
undergrowth added significantly to the total weight of litter-fall and amounts of the different 
elements. The rate of decomposition of leaf litter depended on the species of the undergrowth and 
type of stands. . 

The management of vegetation by mechanical or chemical methods is expected to reduce 
vegetation cover of target as well as nontarget species. As a result there is an expected reduction 
in total litter-fall, change in seasonal pattern of litter-fall and alteration in the quality of foliar 
nutrients. 

The foliar nutrient study was designed to meet the following objectives: 

1) To establish reliable estimates of seasonal and year-to-year hexazinone-related changes in the 
major elements in foliage of selected dominant species (e.g., Populus tremuloides, Aster 
conspicuous, Calamagrostis canadensis, Epilobium angustifolium) in hexazinone-treated and 
control plots of the Grande Prairie study. 

2) To establish reasonable estimates of broad changes in foliar nutrient status of a number of 
common species over at least two growing seasons following the herbicide application. 

3) To determine the differences among species in their nutrient status and variations within species 
in selected dominant species. 

4) To compare nutrient status of foliage and twigs of selected herbaceous and woody species in the 
herbicide-treated and control plots (e.g.,Aster conspicuus, Amelanchier alnifolia, Viburnum edule, 
Populus tremuloides, Rosa acicularis, Shepherdia canadensis, Corylus comuta, Comus stolonifera). 

8.1.2 Material and Methods 

Composite foliar samples for all species were collected the same way at all sampling times during 
1987 to 1989 (Appendix C). The samples were collected from two corridors between the rows of 5 
m x 5 m permanent plots (Fig. 4-3). The foliage and twigs were collected from the top 20 cm growth 
of the live stems at 20 sampling points at regular intervals along a traverse through the two corridors. 
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The composite samples were dried at 70°C overnight and ground with a Wiley mill to pass through 
20-mesh screens. 

The ground foliage and leaf-litter samples were oven-dried at 70°C overnight before analysis, and 
0.500 g of each oven-dried sample was digested using a microwave digestion technique (Kalra, 
Maynard, and Radford 1989). The foliar digest was further processed for total elemental (Ca, Mg, 
Na, K, Mn, AI, Fe, P and S) analysis by inductively coupled plasma-atomic emission spectrometer 
analysis (Kalra, Maynard, and Radford 1989). For total N, the samples were digested with H2S04 

using a digestion block (Bremner and Mulvaney 1982) followed by distillation and titration using the 
Kjeltec Auto 1030 Analyzer (Tecator 1985). 

8.1.3 Results and Conclusions 

The nutrient status in foliage and stem over the period of May 1987 to July 1989 in Aster 
conspicuus, Populus tremuloides, Calamagrostis canadensis, and Epilobium angustifolium and from 
summer 1987 to August 1988 in other species is summarized in Appendix C. 

1) The results of several species from control areas for May 1987 and July 1989 revealed that the 
variations among replicates (±S blocks) and within species for a single collection time was to 
up to 10% of the mean for Ca, Mg, K, and total N; and 10 to < 20% for P and S. The values 
for Na, Mn, AI, and Fe were extremely variable and it is not possible to make any meaningful 
comments. 

2) Seasonally in all species in general, Ca in foliage increased from spring to fall; K, P, N, and S 
peaked in the early summer and decreased toward fall; Mg did not show any definite trends. 
The seasonal trends emerging from the present data are similar to those reported in other 
species and vegetation types. 

3) Seasonal and year-to-year variations are large among species in their foliar Ca, Mg, K, P, S, 
and N status. Some species showed specific affinities to certain elements. For example, 
herbaceous species such as Aster, Galium, and Castilleja were identified as high K
accumulators; Comus canadensis as a high Ca-accumulator; and species like Calamagrostis 
canadensis, Amelanchier alnifolia, and Epilobium angustifolium as high P-accumulators. The 
changes in these species could playa significant role in the nutrient cycling on sites that 
undergo treatments which alter these species' growth and dominance significantly. These 
changes could be of significant magnitudes during the first 2 years following treatments. 

4) The concentrations of elements in stems (without leaves) were always lower than those in the 
foliage. In woody species (Populus, Rosa, Amelanchier) the ratios of twig:foliar concentrations 
were 1:2 to 3:5 for Ca, 1:3 to 1:5 for Mg, 1:2 to 1:5 for K, 1:3 to 1:6 for P, 1:3 to 1:6 for P, 1:3 
to 1:7 for Sand 1:2 to 1:5 for total N. These differences in nutrient concentration in twigs and 
foliage of the same species were less pronounced in herbaceous species such as Aster 
conspicuus. 

5) The application of hexazinone as PRONONE definitely affected the foliar nutrient status in 
a number of species monitored for the purpose. The changes and trends are summarized as: 

(i) The fall application of hexazinone resulted in a general increase of K, P, S, and N. The 
increase was much more pronounced in 4 kg hexazinonelha rate than in the 2 kg/ha rate. 
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(ii) Earlier in the season, concentrations of Ca and Mg were much higher in foliage of most 
species from herbicide-treated plots; however, before the abscission of foliage in the fall, 
Ca levels of foliage from control plots were much higher than those from the treated 
plots. Mg did not show any definite pattern in the fall. 

(iii) The intensity of the effects of the herbicide declined by the end of the second growing 
season following the herbicide application, but the trends described under 5i and 5ii 
were still identifiable. The detailed study of four species, Populus tremuloides, Aster 
conspicuus, Calamagrostis canadensis, and Epilobium angustifolium, clearly showed that 
there were no significant differences in the nutrient status of foliage from control and 
treated plots in 1989. 

It can be concluded from the monitoring of the nutrient status in foliage of several species that 
the greatest changes due to hexazinone occurred during the first growing season following the fall 
application and continued until the end of the second growing season. These differences practically 
disappeared by the end of the third growing season following the herbicide application. The changes 
included lower Ca, and elevated levels of K, P, S, and N in the herbicide-affected foliage. The extent 
of change in the concentration of these elements in the soil as a result of nutrient changes in foliage 
would depend on the net change in concentrations of all species in combination with the change in 
amount and timing of litter-fall and the relative contribution to the leaf litter from each affected 
species. Overall gross changes in nutrient status of foliage are reflected in the nutrient dynamics in 
soils (Section 8.2). 

8.2 SOIL NUTRIENT DYNAMICS30 

8.2.1 Introduction 

Herbicide research has emphasized efficacy on target species, residue degradation, water quality, 
and possible toxicological impacts (Neary 1988). Little attention, however, has been paid to the 
impact of herbicide applications on the soil nutrient dynamics of forest ecosystems (e.g., Vitousek and 
Matson 1985). The limited information available indicates, in general, total losses of nutrients in 
streamwaters have increased following herbicide applications; however, the losses have not been 
considered to pose a threat to site nutrient depletion (Vitousek and Melillo 1979; Krause 1982). 
Most of these studies looked only at losses of N, particularly N03-N by leaching. Soluble organic N 
leaching losses, gaseous N losses, and N concentrations in the soil have been measured in only a few 
studies (Vitousek and Matson 1985; Robertson et at. 1987; Kimmins 1987). Even fewer studies have 
monitored elements other than N (e.g., Likens et aI. 1970; Neary et al. 1986). 

Herbicides can be used with minimal physical disturbance to the soil; however, there is the 
potential for soil nutrient losses where the herbicide kills a large portion of the vegetation. The 
effects of herbicides on biogeochemical cycles of soil nutrients could also directly affect soil microbial 
populations and thus alter the mineralization of elements such as N, P, and S. Indirect effects of 
herbicides could result in changes to litter-fall quantity and quality. The objectives of the present 
studies were 

3OSection 8.2 Contributed by Dr. D. Maynard, Northern Forestry Centre, Edmonton. Based on 
preliminary results of his A-base Study NOR-07-05 carried out on the Grande Prairie FRDA study 
area. 
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1) to document changes occurring to soil nutrients as a result of hexazinone applications under 
operational field conditions, 

2) to determine what processes were involved In the changes to soil nutrients as a result of 
hexazinone applications, and 

3) to determine the possible implications the observed changes could have to site productivity. 

8.2.2 Materials and Methods 

The study was done in three separate components consisting of 

1) monitoring the soil in the 0, 2, and 4 kg ai/ha treatments of Block 2, Method II of the operational 
field plots (Section 4.2). 

2) a small-scale field experiment with a greater sampling intensity and field measurements of litter
fall, leaching from surface organic horizons (LFH), and estimates of decomposition rates; and 

3) a growth chamber study to determine the effect of hexazinone on the decomposition and 
mineralization of nitrogen, phosphorus, and sulfur. 

Details of the small-scale field experiment and the growth chamber study are not presented 
in this report. The analyses from these studies are being completed and journal publications are in 
preparation. The results of the small-scale field experiment and the growth chamber study will be 
referred to only as they pertain to the results of the operational plots. 

The plot design and herbicide application were described earlier (Section 4.2). Samples were 
collected from the 0, 2, and 4 kg ai/ha treatments of Block 2 only. In each treatment adjacent to 
the vegetation quadrats fifteen 3 m x 3 m soil subplots were set up. Within each subplot two soil pits 
were dug. The soil was sampled by horizon to the Bnt(gj). In most pits that consisted of four 
horizons; a LFH (surface organic horizon), Ah or Ahe, Ae, and Bnt(gj). In some pits the Ah (Ahe) 
horizon was not present. Samples were collected prior to the herbicide application, on July 28-30, 
1986 and for two years following the herbicide application, on August 17-18, 1987 and August 30-31, 
1988. The resampling in 1987 was delayed until after significant amounts of litter had fallen as a 
result of the herbicide application. 

The soils were handled the same for all sampling times. After sampling, the soils were kept 
cool and transported back to the laboratory and frozen (-20°C) until the analysis was to be done. The 
LFH material was thawed, homogenized in a Waring blender and subsamples weighed out moist for 
pH and extractable N, P, and S. Subsamples were air-dried for cation exchange capacity (CEC) and 
exchangeable cations and for total elemental analysis (N, Ca, Mg, Na, K, Mn, AI, Fe, P, and S). The 
air-dried samples were crushed and mixed prior to weighing for CEC and exchangeable cations. For 
total analysis, air-dried subsamples were further ground in a Wiley mill to pass through a 20 mesh 
sieve. 

The pH of the LFH was measured in 0.01 M CaCl2 solution (2:1 solution to moist soil ratio 
after being brought to a paste). In the mineral soils a 2:1 0.01 M CaC12 solution to soil ratio was 
used. The moisture content of the soils was determined after oven-drying the soils (LFH or mineral) 
in a forced air oven at 105°C for 24 h. 
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Ammonium (NH4) and nitrate (N03) were determined in a 2 M KCl extract (approximately 
20:1 solution to soil ratio, oven-dried weight (odw) basis) by a Technicon autoanalyzer II system (AA 
II). Ammonium was determined by the indophenol blue colorimetric technique (Technicon 1973) 
and nitrate was determined colorimetrically using the copperized cadmium (Cd) reduction method 
(Technicon 1971). The Cd reduction technique includes nitrite (N02) plus N03• 

Total extractable S of the LFH material was determined in 0.01 M NH4Cl extract 
(approximately 20:1 solution to odw soil ratio) by inductively coupled plasma argon emission 
spectrometer (ICP-AES) (Maynard et al. 1987). Total extractable P was determined in Bray 1 (0.03 
M NH4F and 0.025 M HCl) extract (approximately 10:1 solution to odw soil ratio) by ICP-AES 
(Olsen and Sommers 1982). 

Cation exchange capacity and exchangeable cations were determined by extraction with 
unbuffered 1.0 M NH4Cl on a mechanical vacuum extractor (Holmgreen et al. 1977). Exchangeable 
cations were determined in the extract by ICP-AES. The NH4 for CEC was determined by distillation 
using a Tecator 1030 distillation apparatus after displacement of the NH4 from the exchange sites by 
NaCl. 

Total N in the LFH material was determined by Kjeldahl digestion (no pretreatment) and N 
in the digest determined by an automated Tecator 1030 distillation apparatus (Bremner and Mulvaney 
1982). Total N in the mineral soil was digested the same as for the LFH; however, because of the 
low N concentrations in mineral soils, N in the digest was determined colorimetrically by AA II 
(Technicon 1971). 

Total Ca, Mg, Na, K, Mn, AI, Fe, P, and S in the LFH were determined by ICP-AES following 
wet digestion (HN03-H20 2-HCl) by microwave oven (Kalra et al. 1989). Total elemental analyses 
(other than N) in the mineral soils were determined by ICP-AES following wet digestion (HNOr 
HCl04-HF-HCl) by an aluminum block digestor (McQuaker et al. 1979). 

8.2.3 Results and Discussion 

Total elemental concentrations of the LFH from 1986 to 1988 are given in Table 8-1. There 
were some differences for several elements among treatment plots prior to the herbicide application. 
This was most likely related to the slope location of the plots (i.e., the control was on the top of the 
slope and the two treated plots were mid-slope). 

The study site was clearcut in 1983 and the nutrient balance would have been disrupted. 
Decreases in the total N, S, and Ca concentrations of the control plot LFH from 1986 to 1988 
indicated the nutrient balance was not static and was still changing because of the clearcut 
disturbance. Increasing amounts of these elements (N, S, and Ca) could have been tied up in the 
aspen biomass (which was also increasing) both aboveground and in roots, thus reducing the total 
nutrient concentrations in the soil. 

Total Nand S concentrations in the LFH showed the greatest change as a result of the 
herbicide application. In 1986, prior to the herbicide application, total Nand S of the LFH were the 
highest in the control plot. In 1987 and 1988, after the herbicide application, Nand S concentrations 
were higher in the LFH of the 4 kg ai/ha treatment (Table 8-1). The N concentration in the LFH 
of the herbicide-treated plots remained constant from 1986 to 1988 but decreased by 5 glkg in the 
control. Similarly S concentrations remained the same or increased slightly in the treated plots but 
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Table 8-1. Total nutrient concentrations (g/kg) in the LFH of the control, 2 and 4 kg ailha 
treatment plots, Block 2 for 1986, 1987, and 1988 (mean ± 95% confidence limits) 

Nutrient 

N 

s 

Ca 

Mn 

p 

Mg 

K 

Year 

1986 

1987 

1988 

1986 

1987 

1988 

1986 

1987 

1988 

1986 

1987 

1988 

1986 

1987 

1988 

1986 

1987 

1988 

1986 

1987 

1988 

0 

18.6 ± 1.0 

12.3 ± 1.0 

13.8 ± 1.2 

1.50 ± 0.09 

1.28 ± 0.13 

1.23 ± 0.11 

19.0 ± 1.5 

17.0 ± 2.0 

15.1 ± 1.5 

1.04 ± 0.12 

1.30 ± 0.17 

0.95 ± 0.13 

1.29 ± 0.06 

1.42 ± 0.09 

1.14 ± 0.07 

2.38 ± 0.08 

2.56 ± 0.10 

2.26 ± 0.11 

1.65 ± 0.20 

1.66 ± 0.15 

1.83 ± 0.16 

Herbicide rate kg ailha 

2 

16.9 ± 1.2 

14.0 ± 0.9 

14.8 ± 1.0 

1.43 ± 0.12 

1.30 ± 0.09 

1.37 ± 0.09 

17.3 ± 1.6 

14.8 ± 1.2 

15.7 ± 1.3 

0.87 ± 0.12 

0.98 ± 0.12 

0.82 ± 0.14 

1.25 ± 0.07 

1.26 ± 0.08 

1.22 ± 0.09 

2.48 ± 0.09 

2.43 ± 0.10 

2.50 ± 0.11 

1.52 ± 0.10 

1.40 ± 0.10 

1.78 ± 0.20 

4 

15.4 ± 1.4 

14.5 ± 1.4 

15.8 ± 0.9 

1.25 ± 0.12 

1.42 ± 0.15 

1.44 ± 0.08 

15.3 ± 1.8 

16.7 ± 1.9 

16.5 ± 1.3 

0.93 ± 0.14 

0.91 ± 0.11 

0.66 ± 0.10 

1.22 ± 0.07 

1.41 ± 0.11 

1.27 ± 0.06 

2.72 ± 0.12 

2.82 ± 0.13 

2.60 ± 0.10 

1.82 ± 0.14 

1.56 ± 0.10 

1.74 ± 0.20 
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decreased approximately 0.30 glkg in the control. The Nand S concentrations of the LFH in the 2 
kg ailha treatment were intermediate between the control and 4 kg ailha for all years (Table 8-1). 

Total Ca in the LFH also showed a similar pattern to Nand S concentrations as a result of the 
herbicide application (Table 8-1). Calcium concentrations in the LFH of the 4 kg ailha remained 
constant from 1986 to 1988 while the Ca concentration in the control decreased from 19.0 to 15.1 
glkg. The only other element in the LFH that showed any change following the herbicide application 
was total Mn; however, the changes were the opposite to N, S, and Ca. The Mn concentration of 
the LFH in the control did not change while the concentrations of Mn in the LFH of the 4 kg ailha 
decreased by 30% (approx. 0.3 mglkg). 

Extractable NH4-N and NOrN in the LFH for 1986 and 1987 are given in Table 8-2. Similar 
to the total N concentrations, extractable NH4-N and N03-N of the LFH were higher in the herbicide 
treated plots than the control in the year following herbicide application. Prior to the herbicide 
application, the NH4-N and NOrN concentrations of the LFH in the herbicide- treated plots were 
the same or less than in the control, respectively (Table 8-2). Ammonium concentrations decreased 
from 1986 to 1987 in all treatments; however, the decrease was much greater in the control (196 to 
59 mglkg; Table 8-2). Nitrate in the LFH of the control also decreased from 1986 to 1987, but in 
the herbicide treated plots NOrN increased from virtually zero to 6.3 and 7.2 mglkg in the LFH of 
the 4 and 2 kg ailha plots, respectively. Extractable S concentrations in the LFH were low for all 
treatments in both 1986 and 1987. The changes between 1986 and 1987 among treatments were small 
and did not appear to follow the same pattern observed for the total S concentrations; however, 
extractable S accounted for < 2% of the total S concentrations in the LFH. 

In a growth chamber study (results from this laboratory, publication in preparation), amounts of 
extractable NH4-N, NOrN, SOrS, and P04-P released from LFH material were not affected by 
hexazinone. Hexazinone applied at twice the field rate (8 kg ailha) had no effect, either positive or 
negative, on the soil microbial population responsible for N, S, and P transformations. Other 
processes such as changes in litter-fall quality or a reduction in nutrient uptake by the vegetation 
were more likely responsible for changes in nutrient concentrations of the LFH observed in the 
operational plots. 

Analysis of the litter-fall from the small-scale field study adjacent to the operational plots 
indicated the litter that fell early in the growing season as a result of the herbicide application was 
higher in Nand S than the litter of the control that fell during normal senescence. Calcium, on the 
other hand, was lower in the litter from the herbicide-treated plots than from the control (results 
from this laboratory, journal publication in preparation). The changes observed in litter- fall quality 
as a result of the herbicide application at the small-scale field study support the hypothesis that litter
fall quality was affecting the nutrient concentrations of the LFH in the herbicide-treated plots. The 
higher extractable NH4-N and NOrN concentrations of the LFH in the herbicide-treated plots 
compared with the control (Table 8-2) indicated that lower uptake of available N due to less 
vegetative cover could also be important in the nutrient balance of these soils. Therefore, changes 
to litter-fall quality and reduced uptake or removal of nutrients by the vegetation were the most likely 
processes affecting N, S, and Ca concentrations of the LFH in the herbicide-treated plots, particularly 
the 4 kg ailha. 
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Table 8-2. Extractable concentrations (mg/kg) in the LFH of the control, 2 and 4 kg ai/ha 
treatment plots, Block 2 for 1986 and 1987 (mean ± 95% confidence limits) 

Herbicide rate kg ai/ha 

Nutrient Year 0 2 4 

NH4-N 1986 196 + 22 229 + 26 186 + 28 

1987 59 + 8 102 + 15 139 + 21 

NOrN 1986 3.6 + 2.0 0.2 + 0.2 0.1 + 0.2 

1987 1.1 + 0.6 7.2 + 1.4 6.3 + 1.8 

S 1986 9.0 + 3.7 29.2 + 5.3 24.4 + 4.0 

1987 14.0 + 3.3 19.0 + 3.8 18.2 + 4.2 

P 1986 90+10 125 + 12 110 + 15 

1987 64 + 10 71 + 10 98 + 17 

8.2.4 Conclusions 

The preliminary results suggest that the nutrient balance (particularly N, S, and Ca) has been 
altered up to 2 years after herbicide application; however, the implications of herbicide applications 
on site productivity are not clear. The results of the study were complicated because of the dynamic 
nature of the site. The study area was clearcut in 1983, and changes to the vegetation cover and 
nutrient balance of the soils were still occurring in 1988. Superimposed on this was the addition of 
the herbicide; however, it is evident from the initial results that the herbicide application has 
impacted on the nutrient concentrations of the soil. The implications of these changes on long-term 
nutrient depletion and site productivity can not be determined at this time for two reasons: the 
analysis has not been completed and therefore not all the information is available (e.g., mineral soil 
data), and it is very difficult to extrapolate changes that occur over 2 years to long-term productivity 
because of the large temporal (year-to-year) variability. 
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Section 9 

SUMMARY AND RECOMMENDATIONS 

The forest vegetation management project was initiated within the Canada-Alberta Forest 
Resource Development Agreement (FRDA) under Project Activity B, subprogram B.3, (Forestry 
Research, Development and Demonstration) as a joint undertaking by Forestry Canada, Northwest 
Region, Northern Forestry Centre and by the Research and Reclamation Branch of the Alberta 
Forest Service with shared roles in planning, management, and implementation among other 
cooperators. The project is comprised of three study components; silviculture: environment, and 
economics. In addition, a non-FRDA study on the impact of vegetation management methods on 
small mammals was carried out by Penner and Associates (Penner 1990). This report presents 
information available to date (1985-89) on the Environmental Impact Assessment Component of 
selected methods of site preparation and crop release in an area designated for softwood conversion 
in Alberta. 

The objectives of the environmental component were to: 1) evaluate the impact of PRONONE 
lOG and other vegetation management methods on vegetation changes in structure, composition, and 
dynamics of vegetation; 2) develop environmental impact and residue and fate data for hexazinone 
as PRONONE lOG, including evaluation of herbicide application technology and development of 
residue-analysis techniques; 3) and determine the influence of hexazinone application and other 
silvicultural practices on the long-term stability of nutrient balance and biological control (including 
mycorrhizae) of tree nutrition. 

The study covered two aspects of vegetation management, Crop Release (Method I) and Site 
Preparation (Method II). Site preparation treatments were applied in August 1986 and May 1987 
to an aspen-dominated area about 21 km south of the Grande Prairie Pulp Mill within the Proctor 
and Gamble Forest Management Agreement area. Crop release treatments were applied in May 
1989. Results presented in this report for most part are applicable to the methods of site preparation 
involving fall application of PRONONE lOG and spring application of mechanical methods. The 
study area was located on a 3-year-old cutover within the mixedwood section of the boreal forest 
region. Aspen regrowth (1-2 m tall) formed an almost continuous canopy. Mechanical (double
disking and disk-trenching), chemical (hexazinone at 2 and 4 kg/ha as PRONONE lOG), and their 
combinations, and manual (brushsaw) methods were used for site preparation and crop release. In 
both cases, white spruce (plug + 1) and lodgepole pine (container grown) were planted in May 1987 
following mechanical treatments. The granular herbicide was selected because of least off-site drift 
potential, little direct contact with the operators with the active ingredient, unrestricted time of 
application opportunity from spring to fall, potential to control a broad spectrum of vegetation, and 
its continued activity in soil for at least 2 years. 

Vegetation changes were assessed as changes in phenological development and symptomology 
of herbicide damage in common species, stem density of woody species, and cover by vegetation strata 
(tall shrub, > 1.5 m; medium shrub, 50-150 cm; forbs; graminoids; and mosses and bryophytes. 
Pretreatment assessment of vegetation concluded that up to 20% of foliar damage can result from 
insect and disease infestations for short durations. Aerial application of PRONONE lOG in the fall 
of 1986 did not produce any visible symptoms on vegetation in 1986. Low herbicide (LH) treatment 
(2 kg hexazinonelha) had a marginal effect on woody and herbaceous species except Calamagrostis 
canadensis (which was heavily impacted) for short periods and was an ineffective treatment for 
vegetation management when used as fall application. The 4 kglha rate produced typical herbicide 
damage symptoms ranging from wilting, chlorosis, necrosis, senescence, and defoliation to final 
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mortality. The intensity of damage varied with the plant species, age of individuals, stem density and 
above all the distribution of the PRONONE granules. The species were categorized according to 
their phenological response to the herbicide. The herbicide damage peaked at the end of the second 
growing season following the herbicide application, followed by recovery in health and cover of 
vegetation during the third growing season. It is recommended that in assessine the effect of 
PRONONE lOG on velletation control, 1st year assessments can be skipped for effective use of 
resources in hieh-cost environmental assessments. Where effective control of woody species is 
desired, 2 kg hexazinone/ha rate should be excluded in a fall application. Spring application in a 
controlled (hand application) experiment in very small plots suggests that effective control of woody 
stems at 2 kg/ha rate can be achieved for the first year. The effect of the herbicide depended both 
on the physiological state of the plant species, and on the rate and distribution of the herbicide. 

Pretreatment density of all woody stems and aspen alone varied within treatments and between 
treatment plots (43 360 to 92 788 stems/ha, CV of 28 to 78%). Aspen accounted for over 75% of 
the stem density. The effects of the treatments reached their peak by the end of 1988. The efficacy 
of different treatments in controlling woody vegetation was in the order of double-disking (DD) > 
4 kg hexazinone and disk-trenching (HH + DT) > 4 kg hexazinone/ha (HH) > 2 kg hexazinone/ha 
and disk-trenching (LH + DT) > 2 kg hexazinone/ha (LH). The practical difficulties in applying the 
same intensity of a treatment to all sampling plots within a treatment plot and all replicates within 
a treatment, superimposed on the existing variability among subplots and treatment plots, made the 
interpretation and analysis of vegetation data difficult. LH treatment (fall application) alone did not 
reduce the woody stem density and is not recommended for vegetation management. Depending on 
the required level of control of woody vegetation and species to be controlled, HH + DT, HH, or 
LH + DT can be selected for a 60, 50 or 40% control of woody stems. It is recommended that the 
woody stem control data be analyzed in relation to the establishment and erowth of crop seedlings 
for the 3rd. 5th, and 8th years after the site and crop release treatments of 1986 and 1989 (1989/90, 
1991/92, and 1995/96) and cost-benefit analysis of treatments be performed to establish practical 
euidelines for velletation manaeement. An analysis of the 3-year growth data (Todd and Brace )31 

for white spruce and lodgepole pine concluded that HH or HH + DT were the most effective 
treatments for increments in the mean growth of white spruce (HH + DT > HH > LH + DT for both 
volume and height) and lodgepole pine seedlings (HH+DT > DD > HH for volume; HH > DD 
> HH+DT for height). 

The study area was rich in plant species. Over 110 plant species occurred in the study area. 
Species richness, like the stem density, varied widely (CVs of 13-45%) within plots, within treatments, 
and within years. There was no apparent loss of species as a result of herbicide treatment. In over 
60% of the 57 leading species, there was no significant year-to-year change in frequencies in control 
plots. Twenty-five percent of species showed insignificant increase and another 10% exhibited 
insignificant decrease in frequency in control plots. Seventy percent of the leading species decreased 
significantly in frequency during the first growing season following herbicide application but recovered 
significantly in second and third growing seasons in both LH and HH plots. The recovery was faster 
in LH plots. 

The changes in vegetation cover were considered at various levels of vegetational organization 
(by strata, individual species, and species complexes). Natural changes in vegetation were operative 
in control areas resulting in an increase in cover of tall shrubs by one cover class and no change in 

31p. Todd and L. Brace. 1990. A summary of third-year results from the FRDA forest vegetation 
management project, Canada-Alberta Agreement. 
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medium shrub stratum, or forbs, graminoids, mosses and bryophyte strata. There was a general shift 
toward the cover classes with medians of 15-45% in medium shrubs and 35-65% in forbs. The LH 
treatment (2 kg hexazinonelha) had no overall measurable effect on the cover of medium shrub, forb, 
and moss strata. Tall shrub cover increased by two cover classes (20%) while graminoid cover 
decreased by one cover class (10%). The HH treatment resulted in a general decrease of medium 
shrubs and forbs by one (10%) and three (30%) cover classes respectively. The effect on graminoids 
was similar to that of the LH rate. Though there was a recovery in medium shrub, forb, and 
graminoid cover in the second growing season following the treatment, the median cover values 
remained lower in 1989 than in 1986. In general, the cover data support the observations on stem 
density. The mechanical treatments alone (DD, DT) or in combination with herbicides resulted in 
partial or complete removal of surface soil horizons along with the vegetation cover. Controls and 
herbicide-treated plots exhibited less than 20% disturbance in over 80% of plots compared with 20-
60% disturbance in disk-trenched and 80-100% terrain disturbance in double-disked plots. It is 
recommended that all cover data and terrain disturbance data be related to crop-seedling growth 
and possible losses of soil and soil nutrients before making final recommendations on vegetation 
management by mechanical methods alone or in combination with herbicides. The cover changes 
in individual leading species followed the same pattern as changes in vegetation cover by strata. Data 
on a large number of species is presented in case changes in particular species are to be considered 
for their non-forestry uses. 

Consideration of the vegetation changes as species complexes concluded that there were 
significant changes in community structure and dynamics expressed as successional trends following 
different pathways in control and herbicide-treated plots. It is recommended that the vegetation be 
sampled for study of the successional trends in the future at 5 and 8 years after treatments and 
relate these changes to nutrient dynamics in soil and crop-seedlings growth to assess the long-term 
vegetation changes due to vegetation management. 

The study emphasized enhancing information on the environmental implications of the use of 
the herbicide hexazinone (primarily its granular formulation, PRONONE lOG) ranging from 
evaluation of the application technology, residue analysis techniques, to physical characteristics, and 
environmental fate of hexazinone when applied as PRONONE. 

Two formulations of hexazinone, a granular PRONONE lOG and a liquid YELP AR L, were 
examined on a main study site south of Grande Prairie and several smaller sites elsewhere in Alberta 
between 1986 and 1989. Application of granular PRONONE lOG was studied by using an aerial 
applicator (an Isolair bucket attached to a helicopter) and two ground applicators, including a truck
mounted ACE rotary spreader and a tractor-mounted Granul-Air applicator. Among the three 
methods, the aerial applicator produced the best results. There was little cross-wind effect on the 
distribution of granules and resulted in limited or no off-target drift. However, large variations were 
found at a scale between 1 and 5 m spacing within the application swaths, indicated by the variation 
between 0 and 100% vegetation control observed in 1 x 1 m and 5 x 5 m vegetation survey plots and 
soil core samples for hexazinone residues and nutrients. It is recommended that application 
technologies should be developed further to deliver uniformly and correctly calibrated amounts to 
ensure homogeneous distribution of granular herbicides at the ground level. 

Studies resulted in the development of new methods for the application of liquid herbicides (i.e., 
Velpar L) and the soil sampling and analysis ofhexazinone and metabolites, including 1) a logarithmic 
sprayer to provide a continuous reduction of application rates over one swath, 2) a soil sampling 
method for zero-time residues, and 3) a less labor-intensive analytical method for the determination 
of residues of hexazinone and its major metabolites in soil and vegetation samples. The performance 
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of the logarithmic sprayer was sufficiently accurate when there were three or more replicates. It is 
recommended that the loa:arithmic sprayer be used in small plot. dosaa:e-response trials for the 
liquid formulations of forestry herbicides with three or more replicates. Reliable monitoring of 
herbicide deposition and residue levels is a prerequisite for efficacy and environmental studies. 
Residue levels detected in soil samples, taken immediately (at zero-time) or shortly after application, 
are often found to be lower than both the rate of application and the residue levels in soil samples 
taken several days later. A new glass-jar method was established to solve this problem. It is 
recommended, in estimatina: the dissipation rate of a liquid herbicide in soils, that the a:lass-jar 
sampJina: method be used between zero-time immediately after sprayina: and the first rainfall, 
followed by the conventional corer method for subsequent soil samplina:s. The conventional 
analytical method for hexazinone and its metabolites is reliable but labor-intensive, time-consuming, 
and expensive for soil samples, and is insufficient for cleanup of the aspen foliage and other 
vegetation samples before gas chromatographic (GC) analysis. The disposable microcolumn method 
coupled with an improved solvent system provided reliable results similar to the conventional method 
but required only one-third amounts of both solvent and labor in sample cleanup, and it improved 
stability for soils and capability for vegetation samples in GC analysis. It is recommended that this 
new analytical method be submitted to the National Check Sample Proa:ram of the Canadian 
Association of Pest Control Officials (CAPCO) for interlaboratory evaluation and, if found reliable, 
be transferred to analytical laboratories, researchers, and the federal and provincial rq:ulatory 
aa:encies. 

The physical-chemical characteristics of the granular formulation of hexazinone, PRONONE 
lOG, were examined in both the laboratory and the field. Large variations were observed in granule 
size and weight. The laboratory study on the release rate of hexazinone (a.i.) indicated that a 
maximum of 50 mm rain-equivalent is required to release 90% of a.i. within 4 hours. Under field 
conditions, the release rate depended on both the amount of rainfall and the time of exposure (i.e., 
1 mm rainfall is required in a 7-day exposure for 90% a.i. release compared with 2 days of exposure 
to 10 mm rainfall). Based on a.i., release studies it is estimated that release of hexazinone from 
PRONONE lOG a:ranules would be within 1-2 weeks in northern Alberta when applied durina: the 
label-specified time of application. 

Environmental distribution, movement, and persistence of hexazinone were examined in the main 
study site in the Grande Prairie area, using the granular formulation PRONONE lOG, for 1) 
hexazinone leaching in soil free-water, 2) lateral movement of hexazinone residues in the permanent 
and ephemeral streams, 3) persistence and mobility of hexazinone in soils, 4) horizontal and vertical 
variation of hexazinone residues in soils, and 5) uptake and dissipation of hexazinone residues in 
vegetation. 

Small amounts of hexazinone residues were found reaching a 80-cm depth at the ILg level in soil 
leachate. The rate of hexazinone movement in soil leachate increased with the rate of soil water 
percolation but declined over time. There were 5 ppb to nondetectable amounts of hexazinone 
residues found in the ephemeral stream flowing around the treatment plots, but no residues were 
detected in six surface-water and bottom-sediment collection sites along Campbell Creek, a 
permanent stream and the collector of surface runoff from the experimental areas. Amounts of 
hexazinone residues found in soil leachate as well as in surface water and sediment in pools near 
the application site were small and were 50,000 to 1,000,000 times lower than the reported LCso for 
fish and wildlife and are unlikely to pose any detrimental effect to the environment. Residues of 
hexazinone and its two major metabolites A and B in soils were analyzed up to 767 days after 
treatment. Residues leached to soil depths of 10-20, 20-30, 30-35, and 35-40 within 8, 37, 37, and 365 
days respectively in both 2 and 4 kg/ha hexazinone treatments. DTso (dissipation time required for 



175 

residues to reduce to 50% of amounts applied) of hexazinone in soil were 12 and 27 days, 
respectively, for 0-10 cm and the combined total (0-40 cm) layers in 2 kg ailha treatment and 13 and 
29 days, respectively, in 4 kg ailha treatment. The presence of metabolites was in accordance with 
their parent compound at relatively low level, and indicated the continuous breakdown of hexazinone 
over time in the deeper, perhaps near-anaerobic, soils. Results of this study were further confirmed 
in a separate study, where hexazinone residues were not quantifiable in soils between 40 and 210 cm 
depth. Although the coefficient of variation (CV) of both the horizontal and vertical distribution of 
hexazinone in soils varied between 30 and 150%, the total amounts of residues were reduced to 16 
and 4% of the amount applied, respectively, 1 and 2 years after treatment. Due to the environmental 
concerns, it is recommended jointly by Forestry Canada, Alberta Environment, and the Alberta 
Forest Service that soil samplings be continued until the residues of hexazinone are reduced to 
nondetectable levels in two consecutive samplings. 

The foliage of several species accumulated hexazinone and its metabolites. The maximum 
accumulations were detected in May to July of the first growing season following the fall application. 
By the end of second growing season, most of the plant species did not show any hexazinone residues. 
Maximum intake of hexazinone by animals feeding on foliage and twigs of aspen and Calamagrostis 
can be expected between 40 and 2300 J.Lg/kg of the dry matter consumed. These concentrations are 
much below the acute toxicity levels for various animals. The animals feeding on herbicide-impacted 
vegetation are expected to consume small amounts of hexazinone, mostly during the first year 
following application and negligibly in the second growing season and nO.ne thereafter. The small 
mammal study carried out by Penner and Associates Ltd. (Penner 1990) did find extremely low 
concentrations of hexazinone in liver and kidney of small mammals during the 1st year. No, or 
extremely low, quantities of hexazinone are expected to be consumed by wildlife feeding on the 
winter twigs of woody species. The level of accumulation in twigs was 0.56-7.7% of that in the foliage 
of willow, aspen, and honeysuckle. Under normal conditions, over 90% of the hexazinone consumed 
by animals is likely to be excreted within 72 hours. Based on the hexazinone and its metabolite 
concentrations detected in several species of plants detected over 2 years of monitoring, residues 
detected in small mammals, and acute toxicity data for hexazinone and its metabolites, it can be 
concluded that 1) hexazinone and its metabolites do accumulate and dissipate in vegetation and 
sma)) mammals, 2) most accumulation occurs during the 1st year after application, and 3) detected 
concentrations are much below the acute toxicity levels in various organisms. 

The study of the effects of hexazinone and other herbicides on mycorrhizae by in vitro tests 
concluded that mycorrhizae fungal growth was reduced in culture media at concentrations of 10 or 
greater ppm of hexazinone. Hexazinone at 2 and 4 kg/ha affected the seedling growth and 
mycorrhizal infections negatively over a period of greater than 6 months in the greenhouse. 
Phytotoxic and fungitoxic effects of the herbicide were less intense under field conditions. The 
herbicide application did not result in the mortality of the mycorrhizal inoculum in the soil, and 
seedlings planted in herbicide-treated plots in the field formed well-developed mycorrhizae within 2 
months after planting. Phytotoxic effects of hexazinone were greater in crop seedlings with 
mycorrhizae than in those without mycorrhizal infections. Based on the reported effects of 
hexazinone on microorganisms and results of the present study on mycorrhizae, it is concluded that 
hexazinone at 1 and 2 kg/ha would have no or very little effect on mycorrhizal development in white 
spruce and lodgepole pine under field conditions. However, there was an insignificant reduction in 
mycorrhizal development at 4 kg/ha rate. Based on the results of field and greenhouse studies, no 
long-term negative effect of hexazinone is expected on the survival of mycorrhizal inoculum and 
development of mycorrhizal infections in white spruce and lodgepole pine at 1-4 kg/ha rates under 
field conditions. 
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The effect of hexazinone application resulted in alterations in the nutrient status in foliage and 
nutrient balance in soil at least during the two years following the herbicide application. The fall 
application of hexazinone resulted in a general increase of K, P, S, and total N, increases being more 
pronounced in the 4 kg/ha than in the 2 kg/ha rate. Normal seasonal dynamics of Ca and Mg in 
foliage was disrupted. The intensity of the effects declined by the end of second erowine season 
(1988) and by 1989 (third erowine season) there were no sienificant differences in the nutrient 
status of foliaee from control and herbicide-treated plots. Gross changes in nutrient status in foliage 
are also reflected in alterations of nutrient dynamics in soils for up to 2 years. As it is difficult to 
extrapolate changes that occurred over 2 years to long-term future productivity, it is recommended 
that soil dynamics studies be carried out at 3-5 and 8- year intervals followine the herbicide 
application. 
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Figure 4. Percent frequency of cover classes (1986-1989) for Caiamagroslis canadensis in 
control and hexazinone-treated plots. 
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Figure 5. Percent frequency of cover classes (1986-1989) for Comus canadensis in control 
and 'hcxazinone-treatcd plots. 
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Figure 6. Percent frequency of cover classes (1986-1989) for Epilobium angustifolium in 
control and hexazinone-treated plots. 



~ 
c: ., 
::J 
0-., 
~ 
~ 

~ 
c: ., 
::J 
0-., 
~ 
~ 

100 

IIO 

20 

o 

100 

IIO 

lIO 

40 

20 

0 

tOO -

IIO r-

lIO r-

40 r-

20 f0-

0 

o kg/he HEXAZINONE 

191515 

2 kg/he HEXAZINONE 

Il1ell _7 

tllee 

4 kg/he HEXAZINONE 

Ho!7 

~ 
Il1M Il1ell 

~ 

Illee 

il 6 ~ '~rn 1m 
OIO~~~~~~~~"OI~~~~~~~~~"O tS~~~~~~~~"O IO~~~~Me~~" 

Cover Closs Midpoint 

193 

Figure 7. Percent frequency of cover classes (1986-1989) for Fragaria virginiana in control 
and hexazinone-treated plots. 
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Figure 8. Percent frequency of cover classes (1986-1989) for Galium boreale in control 
and hexazinone-treated plots. 
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Figure 9. Percent frequency of cover classes (1986-1989) for Lathyrus ochroleLlcLls In 

control and hexazinone-treated plots. 
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Figure to. Percent frequency of cover classes (1986-1989) for Populus tremuloides (> 150 
cm) in control and hexazinone-treated plots. 
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Figure 11. Percent frequency of cover classes (1986-1989) for Populus tremuloides (50-150 
cm) in control and hexazinone-treated plots. 
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Figure 12. Percent frequency of cover classes (1986-1989) for Populus tremuloides « 50 
cm) in control and hexazinone-treated plots. 
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Figure 14. Percent frequency of cover classes (1986-1989) for Spiraea betulifolia in control 
and hexazinone-treated plots. 
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Figure 15. Percent frequency of cover classes (1986-1989) for ViburnUl1t edule in control 
and hexazinone-treated plots. 



APPENDIX C N 
0 
N 

Table 8-1 

Nutrient analysis of foliage and twigs of selected species from Pronone-treated and control plots of the Grande Prairie study, in mglkg (except total N) of material and blank subtracted 

Species and plant part Ca Mg Na K Mn Al Fe P S %totalN 
mglkg 

Aster Cotfspjcuus foliage 

27 MAY 1987:' 

HH-Plotb Average 10820 4130 29.2 66550 280 34.0 84.2 8320 2975 6.10 
:tS :t680 :t206 :t20.1 :t3790 :t8O :t28.9 :t23.9 :t1240 :t240 :to.43 

LH-Plot Average 7800 3098 5.70 53000 197 15.0 157 5900 2257 5.22 
:tS :t16O :t28 :t3.70 :t950 :t32 :t16.4 :t133 :t745 :t38 :to.06 

C-Plo! Average 7610 2760 93.0 48735 165 71.2 28.3 5770 2185 4.84 
:tS :t870 :t26O :t62.5 :t2845 :t48 :t48.3 :t33.3 :t840 :t220 :to.29 

24 JUNE 1987: 

HH-Plot 13725 5705 64.0 65077 233 155 291 7656 3020 5.71 
LH-Plot 7433 3812 < 3.53 52569 142 142 255 5736 2460 4.48 
C-Plot 7631 3436 < 3.53 47621 71.6 6.29 41.6 3619 1357 3.02 

15 JULY 1987: 

HH-Plot 10821 3899 < 3.53 56702 119 < 5.56 60.6 4249 1724 3.61 
LH-Plot 9333 3150 <3.530 48256 141 50.5 214 3383 1309 3.28 
C-Plot Average 10070 2900 <3.53 36670 110 30.5 64.5 2640 830 1.80 

:tS :t1660 :t87.8 :t6790 :t18.7 ±19.3 ±55.0 :t985 ±335 :to.9O 

2 SEPTEMBER 1987: 

HH-Plot 10446 3777 86.9 47580 240 < 5.560 28.0 5042 2178 5.00 
LH-Plot 10616 3548 <3.53 32102 137 < 5.560 53.0 2748 1050 1.99 
C-Plot 14249 3676 <3.530 23205 221 35.4 < 0.34 1531 567 1.10 

2 AUGUST 1988: 

HH-Plot 12404 3844 33.0 47281 156 54.9 92.9 2834 1239 1.92 
LH-Plot 15889 3790 12.6 47265 193 34.3 75.1 2961 1017 1.55 
C -Plot 16263 4475 10.9 43697 217 34.9 54.6 2892 956 1.48 



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

12 JULY 1989: 

HH-Plot Average 12511 3821 113 36682 
±S ±1362 ±481 ±13.0 ±1377 

LH-Plot Average 11293 3809 81.4 40011 
±S 1501 ±307 ±70.1 ±1593 

C-Plot Average 12752 3598 78.8 43457 
±S ±2450 ±397 ±67.6 ±5135 

Aster consp;cuus stem 

24 JUNE 1987: 

IIH-Plot 3692 1838 < 3.53 26588 
LH-Plot 3382 1572 < 3.53 24531 
C-Plot 5992 1806 < 3.53 33586 

15 JULY 1987: 

HH-P1ot 5485 2577 < 3.53 21500 
LH-Plot 5723 2798 <3.53 22955 
C-P1ot 9307 2882 < 3.53 24768 

Populus tn",uloides foliage 

27 MAY 1987: 

HH-Plot Average 8076 3895 48.9 19895 
±S ±2985 ±611 ±40.9 ±5069 

(100% DEAD foiage) 8963 4415 < 3.53 25792 
LH-Plot Average 6254 3167 18.8 15790 

±S ±887 ±365 ±26.4 ±2906 
C-Plot Average 5927 2919 <3.53 14478 

±S ±607 ±415 ±2349 

24 JUNE 1987: 

HH-Plot 6365 3616 < 3.53 21506 
(100% DEAD foliage) 10057 3941 < 3.53 22028 

LH-Plot 8784 3540 < 3.53 i2641 
C-Plot 6578 2455 < 3.64 9035 

Mn 
mglkg 

116 
±76.7 

142 
±23.9 

201 
±49.7 

48.9 
52.7 
77.7 

80.2 
67.9 
90.2 

81.1 
:t5.78 

115 
69.6 
±5.5 
61.2 

±5.80 

69.9 
103 

90.2 
68.9 

Al 

217 
±18.7 

127 
±65.5 

153 
±55.4 

< 5.56 
< 5.56 
< 5.56 

< 5.56 
< 5.56 

23.8 

75.8 
±46.5 

< 5.56 
24.8 

±26.6 
29.2 

±15'! 

17.5 
17.5 
30.4 

< 5.73 

Fe 

929 
±12.7 

86.6 
±17.0 

126 
±9O.4 

3.06 
15.5 
9.73 

13.4 
19.2 
41.0 

69.9 
±322 

126 
67.1 

±31.5 
68.8 

±29.2 

169 
08 
146 

61.6 

P S % total N 

3824 1193 207 
±603 ±138 ±0.41 
4004 1276 1.93 
±875 ±283 ±0.30 
3814 1172 1.99 
±625 :t117 ±0.!4 

1655 644 1.71 
1432 439 1.52 
2066 628 1.22 

2218 762 1.31 
1979 655 1.55 
2044 554 0.99 

6822 2821 5.89 
±999 :t324 ±0.48 
7336 3491 8.48 
4564 2110 4.83 

±1192 ±377 ±0.44 
2182 1984 4.32 
±378 ±322 ±0.39 

5252 3032 6.46 
5522 2945 6.02 
3422 2106 4.19 tv 
2117 1404 2.69 0 

w 



APPENDIX C (oontinued) 

Species and plant pari Ca Mg Na K 

15 JULY 1987: 

HH-Plot 8878 3696 < 3.53 14784 
LH-Plot 8623 3255 < 3.53 11517 
C-Plot Average 10120 3212 <3.53 9710 

±S ± 12"...5 ±129 ±460 

2 SEPTEMBER 1987: 

HH-Plot 10188 4527 < 3.53 10246 
LH-Plot 10125 3838 < 3.53 9329 
C-Plot 13370 4816 < 3.530 7181 

3 AUGUST 1988: 

HH-Plot 11940 3705 10.9 6192 
LH-Plot 16821 2971 15.6 10572 
C-Plot 16142 3257 9.05 10570 

12 JULY 1989: 

HH-Plot Average 9406 2953 54.6 8781 
±S ±3051 ±581 ±45.4 ±1690 

LH-Plot Average 8842 2692 59.9 8377 
±S ±1931 ±467 ±50.0 ±2869 

C-P1ot Average 11781 3423 91.9 9417 
±S ±1945 ±165 ±290 ±1182 

Populus frrmuloid,s stem 

27 MAY 1987: 

HH-Plot Average 5902 1636 <3.53 10732 
±S ±2141 ±197 ±3052 

LH-Plot Average 5361 1629 18.0 9596 
±S ±501 ±115 ±26.5 ±1625 

C-Plot Average 6102 1661 134 7651 
±S ±527 ±169 ±3O.7 ±1302 

Mn 
mglkg 

57.7 
70.8 
67.7 

±10.0 

65.7 
95.9 
73.4 

76.4 
117 
121 

80.4 
±9.7 
67.3 

±14.8 
80.2 

±18.4 

34.5 
±5.98 

28.7 
±3.2 
36.5 

±8.20 

AI 

18.2 
< 5.56 

7.87 
±3.3O 

< 5.560 
11.5 
50.4 

42.0 
44.0 
423 

141 
±79.9 

130 
±58.8 

179 
±11.9 

10.6 
±8.8 
13.4 

±13.5 
80.7 

±21.7 

Fe 

51.9 
81.8 
43.9 

±37.3O 

34.2 
54.1 
86.9 

< 0.33 
< 0.33 
< 0.33 

105.6 
±61.8 

68.6 
±43.4 

56.6 
±3.2 

25.3 
±7.4O 

46.4 
±31.9 

64.8 
±22.2 

P 

3348 
2350 
2077 
±297 

2958 
2875 
3075 

2125 
2255 
2171 

2580 
±449 
2513 

±1044 
2804 
±608 

2360 
±449 
1939 
±279 
1736 
±255 

S 

2440 
1747 
1387 

±55.1 

2519 
2200 
1369 

1492 
1683 
1510 

1656 
±263 
1522 
±444 
1634 
±231 

854 
±377 

762 
±101 

816 
±62.0 

% total N 

4.73 
4.06 
3.16 

±0.42 

4.90 
1.82 
2.45 

1.85 
1.97 
1.95 

2.43 
±0.50 

1.79 
±0.19 

1.92 
0.02 

1.81 
±0.72 

1.51 
±0.15 

1.51 
±O.lO 

N 
o 
01::> 



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

24 JUNE 1987: 

HH·Plot 6957 1755 < 3.53 8865 
LH·Plot 5743 1731 < 3.53 9282 
C·Plo! 5563 1521 < 3.530 6544 

15 JULY 1987: 

HH·Plo! 5172 1541 < 3.53 9100 
LH·Plo! 5096 1206 < 3.53 7469 
C·Plot 4838 1169 < 3.53 6400 

2 SEPTEMBER 1987: 

HH·Plo! 4217 1371 < 3.53 7230 
LH·Plo! 4274 1468 < 3.53 4467 
C·Plo! 4233 973 < 3.530 3791 

Calamagrostis «"flu/eMis aboveground growth 

27 MAY 1987: 

HH·Plot 
'86 growth Average 3185 583 <3.53 1606 

±S ±429 ±51.0 ±471 
'87 growth Average 2757 1488 54.5 36764 

:tS ±306 ±528 ±523 ±2187 
LH·Plo! 

'86 growth Average 2578 609 <3.53 972 
±S ±450 :!:181 :t254 

'87 growth Average 2295 1339 5.01 33788 
:!:S :!:115 :!:159 :!:1.51 :!:1505 

C·Plo! 
'87GROwrn Average 2150 899 36.0 24962 

:!:S :!:587 :!:61.5 :t8.3O :!:3308 
'86 growth 2367 397 21.5 662 

24 JUNE 1987: 

HH·Plo! 3253 1164 37.7 9555 
LH·Plo! 2993 1336 < 3.53 9713 
C·Plo! 2803 752 4.16 12613 

MIl 
mg/kg 

30.5 
37.6 
31.0 

23.8 
21.7 

19.65 

25.7 
22.7 
23.7 

---- ................. --

AI 

16.5 
< 5.56 

8.98 

< 5.56 
< 5.56 

< 5.560 

< 5.56 
< 5.56 
< 5.56 

r ---~ 
I f~/(,t(I';l « 

ft,r 
'.)..0) 

(I. y-VJ{ 
... "t ... " :t223 
1006 <5.56 
:t20S 

837 21.7 
:!:338 :!:5.31 
1296 57.2 

1110 53.2 
6SO 58.1 
634 11.8 

Fe p S % total N 

140 1686 845 1.59 
22S 1818 840 1.71 
39.0 1387 581 1.11 

3.29 1445 655 1.45 
22.6 1222 577 1.30 

< 0.34 1088 393 0.87 

< 0.34 1435 714 1.65 
55.2 1314 533 1.09 
7.78 982 449 0.50 

128 817 709 0.96 
±17.1 :t89.2 :t116 :to.14 

64.6 6521 4147 5.10 
:t3O.3 ±255 ±152 :to.28 

64.0 456 515 0.60 
:t22.7 :!:83.6 :!:80.4 :!:0.12 

64.6 5611 3295 4.90 
:t4.70 :!:245 :!:65.8 :!:0.41 

37.3 3313 2015 3.42 
:t19.7 :!:258 :!:180 :!:0.3O 

29.9 354 397 0.37 

170 2499 2149 3.05 
162 2382 1748 249 
529 1926 1442 211 

N 
0 
VI 



APPENDIX C (continued) 

Species and plant part Ca Mg Na 

15 JULY 1987: 

HH-Plot 2245 522 < 3.53 
LH-Plot 2031 568 < 3.530 
C-Plot Average 2923 820 8.10 

± S ±43 ±50 ±6.36 

25 SEPTEMBER 1987: 

HH-Plot 
LH-Plot 2874 785 < 3.53 
C-Plot 4211 954 < 3.53 

3 AUGUST 1988: 

HH-Plot 4392 1489 26.2 
LH-Plot 3538 1493 17.3 
C-Plot 2697 736 21.6 

12 JULY 1989: 

HH-Plot Average 3353 1081 <2.52 
±S ±606 ±214 

LH-Plot Average 3278 1244 <2.50 
±s ±24.0 ±427 

C-Plot Average 2936 1078 15.1 
±S ±242 ±119 ±22.2 

Fr~sh Iitt ... 

27 MAY 1987: 

HH-Plot Average 14042 2107 60.8 
±S ±4001 ±3% ±75.8 

LH-Plot Average 16805 2374 66.6 
± S ±4302 ±241 ±63.0 

C-Plot Average 16613 2140 33.9 
±S ±3801 ±430 ±30.0 

24 JUNE 1987: 

HH-Plot 17640 2117 206 
LH-Plot 12685 2387 < 3.53 
C-Plot 14886 20-t0 <3.60 

K 

7525 
13355 
±1720 

4405 
7647 

19999 
14284 
12746 

15105 
±1551 
15652 
±786 
14515 
±1342 

2611 
±328 
2007 
±323 
2042 
±780 

2549 
2152 
2005 

Mn 
mglkg 

627 
592 
822 

±182 

461 
1057 

125 
791 

1268 

288 
±67.9 

839 
±363 

793 
±123 

328 
±%.7 

365 
±89.8 

260 
±51.1 

342 
212 
207 

AI 

< 5.56 
< 5.560 

6.95 
±1.9O 

< 5.56 
33.4 

12.0 
85.2 

< 5.56 

140 
±9.20 

91.5 
±1.40 

129 
±24.8 

266 
±226 

288 
±152 

281 
±241 

499 
94.1 
136 

Fe P 

74.5 678 
37.4 1417 
67.5 1993 

±34.7 ±164 

26.1 1085 
148 518 

63.8 3160 
136 2147 

322 2074 

86.2 2344 
±23.1 ±218 

77.3 2750 
±5.52 ±98.3 

113 2674 
±64.8 ±271 

364 1055 
±19O ±201 

431 1259 
±337 ±198 

382 1190 
±2% ±720 

597 1784 
181 1482 
295 1293 

S 

589 
1043 
1307 
±163 

939 
1060 

1684 
1431 
1546 

1314 
±166 
1504 
±211 
1736 
±345 

974 
±310 
1036 

±2OO 
913 

±46.2 

1482 
1221 
1256 

tv 
o 

% total N 0"1 

1.03 
1.88 
1.94 

±0.15 

.73 
1.66 

1.74 
1.46 
1.14 

1.53 
±0.05 

2.07 
±0.25 

1.65 
±0.08 

1.67 
±0.48 

1.73 
0.32 
1.60 

±0.24 

3.69 
2.47 
2.27 

-- --



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

AtMalnchier alnjfolia foliage 

27 MAY 1987: 

HH-Plot Average 9645 4757 121 25119 
± S ±230 ±203 ±122 ±387 

LH-Plot 7036 4682 < 3.53 24677 
C-Plot 8307 4237 34.8 19696 

15 JULY 1987: 

HH-Plot 11726 5744 < 3.53 28507 
LH-Plot 8620 3979 < 3.53 19062 
C-Plot 8038 3462 < 3.53 16055 

2 SEPTEMBER 1987: 

HH-Plot 9815 3566 9.66 21451 
LH-Plot 11403 4897 < 3.53 18199 
C-Plot 13427 4491 < 3.53 10151 

3 AUGUsr 1988: 

HH-Plot 14411 4917 19.0 20020 
LH-Plot 14245 4442 8.30 14113 
C-Plot 11502 4165 10.9 15804 

Am,/altchier alnjfolia stem 

27 MAY 1987: 

HH-Plot Average 6362 1121 <3.53 5063 
±S ±514 ±175 ±859 

LH-Plot 6701 1003 < 3.530 3923 
C-Plot 7182 947 27.4 4715 

15 JULY 1987: 

HH-Plot 7765 1790 < 3.53 6345 
LH-Plot 6327 1331 < 3.53 5428 
C-Plot 5983 972 < 3.53 4110 

Mn 
mglkg 

577 
±98.2 

422 
525 

721 
570 
579 

637 
1034 
1018 

665 
719 
776 

224 
±40.3 

203 
215 

205 
155 
134 

AI 

24.0 
±26.1 

< 5.56 
38.8 

46.0 
< 5.56 
< 5.56 

< 5.56 
< 5.56 

43.4 

49.6 
428 
36.1 

29.2 
±18.5 

< 5.56 
21.8 

8.30 
< 5.56 
< 5.56 

Fe 

640 
±10.0 

49.5 
63.5 

69.1 
27.5 

< 0.34 

79.8 
15.23 

128 

197 
< 0.34 
< 0.34 

20.4 
±28.4 

16.2 
< 0.34 

11.62 
2.71 

< 0.34 

P S % total N 

8280 2266 5.43 
±146 ±4.90 ±0.13 
7694 2203 5.33 
6591 1952 4.97 

6947 2463 6.54 
3799 1442 3.92 
3505 1038 294 

4258 2014 244 
4764 1391 1.94 
4999 1028 204 

4420 1806 262 
4118 1354 1.93 
4278 1160 1.87 

1239 469 1.34 
±358 ±79.2 ±0.20 

820 341 0.88 
1128 479 1.22 

1646 558 1.30 
904 323 1.08 
672 244 0.87 

tv 
0 
~ 



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

2 SEPTEMBER 1987: 

HH-Plot 5499 1291 < 3.53 6692 
LH-Plot 4728 1031 < 3.53 3757 
C-Plot 6465 1277 < 3.53 3309 

HbUNfum MUW foliage 

Z7 JULY 1987: 

HH-Plot 15055 4338 13.8 26958 
LH-Plot 11586 3211 < 3.53 25203 
C-Plot 14691 2799 < 3.53 25081 

2 SEPTEMBER 1987: 

HH-Plot 6303 1369 < 3.53 13126 
LH-Plot 12333 3448 < 3.53 19897 
C-Plot 18428 3354 < 3.53 17548 

3 AUGUST 1988: 

HH-PLot 14727 3693 9.43 28283 
ill-Plot 12928 3216 3.96 26581 
C-Plot 16044 3612 6.60 22370 

Hburnum MUW stem 

15 JULY 1987: 

HH-Plot 9906 1699 24.9 11970 
LH-Plot 9358 1150 < 3.53 11718 
C-Plot 7364 1072 < 3.53 11032 

2 SEPTEMBER 1987: 

HH-Plot 12617 4305 < 3.53 19861 
LH-Plot 7019 1293 < 3.53 10706 
C-Plot 8504 1146 < 3.53 9243 

Mn 
mglkg 

106 
142 
222 

49.3 
30.9 
30.3 

29.4 
58.8 
55.8 

49.4 
50.8 
77.5 

34.5 
1l.7 
19.6 

53.3 
27.0 
25.4 

Al 

< 5.56 
< 5.56 

6.35 

187 
115 
268 

< 5.56 
37.3 
254 

110 
176 
325 

58.6 
47.5 

< 5.56 

68.5 
< 5.56 

39.6 

Fe 

< 0.34 
< 0.34 

46.7 

110 
52.6 
53.6 

104 
9.34 
85.2 

0.34 
< 0.34 
< 0.34 

36.8 
280 
17.0 

86.0 
< 0.34 

80.4 

P 

1291 
857 
837 

3845 
2415 
3113 

1339 
2650 
2692 

4019 
2855 
3999 

1344 
988 
779 

2386 
1183 
1025 

S 

543 
392 
395 

1719 
1010 
1102 

650 
940 
571 

1092 
1003 
1187 

646 
405 
391 

1197 
551 
458 

% total N 

0.73 
1.08 
0.90 

4.68 
2.65 
2.44 

0.74 
1.85 
1.12 

1.78 
1.55 
1.38 

1.32 
0.79 
0.95 

1.20 
1.30 
0.88 

IV 
o 
CO 



APPENDIX C (continued) 

Species and plant part Ca Mg 

RO$II "cicularis foliage 

Z7 MAY 1987: 

HH-Plot 10471 4916 
LH-Plot 11495 4629 
C-Plot 11969 4365 

15 JULY 1987: 

HH-Plot 11138 4860 
LH-Plot 11114 4601 
C-Plot 14207 4550 

2 SEPTEMBER 1987: 

HH-Plot 11955 4887 
LH-Plot 9809 4377 
C-Plot 11351 3880 

3 AUGUST 1988: 

HH-Plot 11879 4209 
LH-Plot 12250 4442 
C-Plot 15064 4323 

RO$II "cicularis stem 

15 JULY 1987: 

HH-Plot 7853 1583 
LH-Plot 6257 1397 
C-Plot 8912 1776 

2 SEPTEMBER 1987: 

HH-Plot 6174 1m 
LH-Plot 4696 1217 
C-Plot 7031 1191 

Na K 

< 3.53 24223 
8.14 20720 
927 21543 

< 3.53 26114 
< 3.53 17316 
< 3.53 16190 

< 3.53 14044 
< 3.53 13656 
< 3.53 9211 

< 3.53 13148 
< 3.53 15611 
< 3.53 17333 

< 3.53 8592 
< 3.53 7350 
< 3.53 9220 

< 3.53 4842 
< 3.53 4068 

< 3.530 3886 

Mn 
mg/kg 

275 
245 
212 

149 
107 
323 

137 
141 
394 

185 
92.5 
356 

123 
62.1 
142 

57.4 
86.3 

258.3 

AI Fe P S % total N 

< 5.56 102 7336 3124 5.61 
< 5.56 8.6 6994 2857 5.21 

136 355 6861 2399 4.26 

47.2 100 5621 2800 5.34 
< 5.56 9.4 3916 2479 3.32 

66.7 38.9 3748 2432 3.02 

< 5.56 87.2 4062 2419 5.06 
< 5.560 7.50 3789 2486 3.39 

33.7 61.4 2094 1180 1.87 

128 < 0.34 3037 2061 202 
43.6 49.2 3546 2498 200 
47.9 51.7 4149 2423 1.65 

< 5.56 28.0 1237 663 1.45 
< 5.56 5.19 1011 425 1.08 

17.4 29.2 1222 474 0.88 

< 5.56 56.3 868 373 0.96 
5.56 0.34 708 339 0.81 
136 112 729 371 0.79 

N 
0 
1.0 



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

Salix 8pp foliage 

27 MAY 1987: 

HH-Plot 13082 4871 < 3.53 29288 
LH-Plot 11466 4383 56.9 23968 
C-Plot 9236 2607 18.7 15875 

15 JULY 1987: 

HH-Plot 8625 4234 3.53 39091 
LH-Plot 8164 2923 < 3.53 12368 
C-Plot 13351 3024 < 3.53 12273 

2 SEPTEMBER 1987: 

HH-Plot 10716 3972 <3.53 22631 
LH-Plot 14319 4073 < 3.53 11498 
C-Plot 10702 3140 < 3.57 11293 

3 AUGUST 1988: 
HH-Plot 
LH- Plot 
C-Plot 9924 2881 40.3 11439 

Salix spp stem: 

27 MAY 1987: 

HH-Plot 7414 1050 4.92 5576 
LH-Plot 7133 1151 60.5 5871 
C-Plot 5867 928 20.0 7674 

15 JULY 1987: 

HH-Plot 6561 1103 < 3.53 7778 
LH-Plot 5237 1111 < 3.53 8513 
C-Plot 7925 937 < 3.53 7305 

Mn 
mglkg 

178 
93.1 
128 

131 
129 
185 

11.4 
125 
304 

186 

58.9 
43.9 
83.3 

29.5 
46.7 
56.9 

Al 

< 5.56 
57.7 
32.3 

5.56 
< 5.560 

31.5 

<5.56 
< 5.56 

29.8 

44.0 

28.1 
34.1 
25.4 

< 5.56 
< 5.56 

30.6 

Fe 

99.5 
139 
109 

80.9 
23.6 
146 

<0.34 
< 0.34 

54.7 

48.5 

13.0 
68.2 
43.5 

< 0.34 
< 0.34 

7.45 

P S 

8996 4086 
7182 3520 
4086 2073 

8156 5008 
2312 2159 
2616 1691 

2321 3402 
2039 1803 
1941 1665 

3428 1932 

1195 676 
1149 632 
1404 656 

865 667 
1168 733 
1163 517 

% total N 

7.68 
6.97 
4.41 

8.85 
4.14 
3.22 

4.89 
2.62 
2.36 

1.83 

1.19 
1.29 
1.24 

1.30 
1.35 
0.86 

tv 
I-' 
o 



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

2 SEPTEMBER 1987: 

HH-Plot 4009 720 <3.53 2993 
LH-Plot 4160 756 < 3.53 3097 
C-Plot 4658 853 < 3.53 2770 

Alnus crispa foliage 

15 JULY 1987: 

HH-Plot 8280 2749 < 3.53 10531 
LH-Plot 8879 2649 < 3.53 8842 
C-Plot 9016 2482 < 3.60 9537 

3 AUGUST 1988: 

HH-Plot 
LH-Plot 
C- Plot 9072 2344 37.3 12768 

Alnus crispa stem 

15 JULY 1987: 

HH-Plot 5370 1559 < 3.53 8422 
LH-Plot 5422 1602 <3.53 7895 
C-Plot 6835 1445 < 3.53 6831 

ShqI/urrJia Ctlnad",sis foliage 

15 JULY 1987: 

HH-Plot 4867 2445 < 3.530 19564 
LH-Plot 5224 2251 < 3.53 19610 
C-Plot 8120 2994 < 3.53 17381 

2 SEPTEMBER 1987: 

HH-Plot 4610 2169 < 3.53 18541 
LH-Plot 5929 2295 < 3.53 19074 
C-Plol 6716 1501 < 3.530 15066 

Mn 
m&lkg 

32.1 
54.1 
83.7 

356 
292 
321 

502 

238 
196 
227 

41.1 
55.0 
82.0 

58.4 
86.6 
87.2 

AI Fe 

<5.56 <0.34 
< 5.56 < 0.34 

7.11 34.1 

< 5.56 50.1 
<5.56 68.1 

55.8 34.7 

61.0 80.2 

< 5.56 59.0 
<5.56 420 

6.12 20.2 

< 5.56 67.9 
< 5.56 27.2 

29.1 91.0 

< 5.56 51.1 
< 5.56 31.0 

28.2 74.1 

P S % total N 

928 515 0.92 
680 386 0.79 
906 430 0.82 

2252 1869 4.48 
2353 1920 4.32 
2402 1765 4.60 

2321 1913 3.17 

1814 1028 246 
1616 989 236 
1749 917 236 

2030 2180 5.27 
1830 1929 5.02 
1544 1863 4.64 

2005 3277 5.12 
1056 1628 3.45 N 
1369 857 2.91 r-' 

r-' 



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

3 AUGUST 1988: 

HH-Plot 7548 2648 61.2 17307 
LH-Plot 8387 2891 45.8 19226 
C-Plot 7675 2911 49.9 14195 

Shqhmlia Ctlnadmsis stem 

15 JULY 1987: 

HH-Plot 1995 568 < 3.53 5338 
LH-Plot 1202 444 < 3.53 6465 
C-Plot 1748 539 < 3.53 5552 

2 SEPTEMBER 1987: 

IIH-Plot 1287 582 < 3.53 4789 
LH-Plot 1181 367 < 3.53 4242 
C-Plot 1677 462 < 3.53 4422 

Corylus conouta foliage: 

15 JULY 1987: 

HH-Plot 12286 3800 < 3.53 13426 
LH-Plot 11944 3143 9.31 9958 
C-Plot 9664 2905 < 3.5 9840 

2 SEPTEMBER 1987: 

HH-Plot 12360 3550 < 3.53 13806 
LH-Plot 10056 2441 < 3.53 8306 
C-Plot 14803 3128 < 3.53 9702 

3 AUGUST 1988: 

HH-Plot 12226 3020 39.39 9141 
LH-Plot 11581 2317 34.8 10011 
C-Plot 12757 2787 35.0 9961 

Mn 
mglkg 

76.8 
97.7 
77.5 

18.3 
11.9 
18.7 

13.7 
15.9 
22.9 

613 
696 
348 

524 
456 

1076 

525 
350 
710 

AI 

98.9 
720 
49.1 

17.4 
< 5.56 
< 5.56 

< 5.56 
< 5.56 

7.71 

22.4 
73.8 

< 5.56 

23.8 
< 5.56 

94.2 

624 
55.9 
71.3 

Fe 

175 
137 

70.7 

50.4 
18.1 

< 0.34 

32.5 
< 0.34 

34.0 

87.3 
65.1 
34.8 

120 
33.8 
111 

80.2 
80.8 
77.4 

P S 

1820 1962 
1881 2089 
1818 1971 

841 754 
836 642 
840 674 

818 1016 
725 652 
903 603 

3068 1917 
2030 1427 
1890 1263 

4785 1723 
1887 920 
2011 801 

2311 1537 
2418 1713 
3041 1235 

% total N 

297 
3.06 
299 

248 
2.54 
2.52 

2.52 
2.16 
2.18 

4.79 
3.53 
3.71 

4.68 
218 
1.53 

236 
238 
1.81 

I'V 
I-' 
I'V 



APPENDIX C (continued) 

Species and plant part Ca Mg Na K 

corylus comuta stem 

15 JULY 1987: 

HH·Plot 7642 1895 < 353 9351 
LH·Plot 9830 1697 25.6 8609 
C·Plot 7139 1501 < 353 7776 

2 SEPTEMBER 1987: 

HH·Plot 6733 1431 < 3.53 7684 
LH·Plot 5697 985 < 3.53 6301 
C·Plot 11365 1233 < 3.53 5796 

Comus cantu/f'nsis foliage 

15 JULY 1987: 

HH·Plot 18270 6265 < 3.53 13492 
LH·Plot 25096 7754 < 3.530 11965 
C·Plot 26390 7051 28.6 12776 

2 SEPTEMBER 1987: 

HH·Plot 16838 5341 < 3.53 11852 
LH·Plot 34101 8642 111 9162 
C·Plot 26084 6383 < 3.530 9473 

3 AUGUST 1988: 

HH·Plot 19348 6241 73.4 13989 
LH·Plot 30340 8339 73.7 12364 
C·Plot 29486 7119 40.7 12364 

Comus llIo1onifmJ foliage 

15 JULY 1987: 

HH·Plot 19945 3522 <3.53 10222 
LH·Plot 20423 3965 < 3.53 9724 
C·Plot 23492 3643 10.3 9649 

Mn 
mglkg 

316 
508 
217 

386 
333 
652 

57.2 
72.2 
90.4 

66.2 
95.9 
108 

66.9 
99.3 
118 

23.5 
34.8 
47.3 

AI 

< 556 
38.9 

< 5.56 

< 5.56 
< 5.56 

6.35 

277 
433 
563 

307 
627 
537 

341 
472 
712 

<5.56 
< 5.56 
<5.56 

Fe 

31.7 
24.7 
68.2 

104 
< 0.34 

41.8 

53.0 
215 
35.2 

415 
166 

40.4 

221 
80.1 
68.8 

122 
30.2 
56.7 

P S % total N 

963 590 154 
1102 613 154 
792 497 1.38 

1014 556 1.70 
685 448 1.14 
812 483 1.22 

2910 2644 3.06 
3603 3318 2.78 
3143 2167 2.34 

2383 1973 290 
292S 2860 1.63 
2172 1739 1.58 

2457 1900 1.13 
3594 2273 1.40 
3306 2252 1.32 

2342 2745 2.52 
2438 3165 284 
2287 2989 2.35 tv 

l-' 
W 



APPENDIX C (continued) 

Species and plant part 

2 SEPTEMBER 1987: 

HH-Plot 
LH-Plot 
C-Plot 

Ca 

9946 
5607 
4805 

Mg 

3247 
1856 
1334 

Na 

< 3.53 
< 3.530 
< 3.530 

K 

4614 
5215 
4873 

'All dates are time of collection of samples, hexazinone was applied as PRONONE 100 OD 28 August 1986. 

°HH = high herbicide (4 kg hexazinone/ba); LH = low herbicide (2 kg hexazinone/ba); C = control, no treatment. 

Mn 
m&'kg 

156 
174 
229 

AI 

29.9 
40.5 
19.2 

Fe 

110 
127 

< 0.34 

P 

346 
901 
661 

S 

1321 
513 
391 

% total N 

1.26 
0.76 
0.69 

N 
N 
o 
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