
AN ABSTRACT OF THE THESIS OF 

 Sumaryono for the degree of Master of Science  

in  Horticulture  presented on   December 23, 1985  

Title: Differential Tolerance of Woody Nursery Crop Seedlings 

 to Napropamide  

Abstract approved: 

Garvin D. CraDtree 

Field experiments were conducted in 1984 and 1985 to determi- 

ne the tolerance of six woody species in the seedling stage to the 

herbicide napropamide (N,N-diethyl-2-(l-naphthalenyloxy)propana- 

mide) and to relate this tolerance to the root characteristics of 

each species. Woody nursery crops consisted of three deciduous 

species: black locust (Robinia pseudoacacia L.)> honeylocust 

(Gleditsia triacanthos L.)> domestic apple (Malus domestica 

Borkh.), and three coniferous species: Douglas-fir (Pseudotsuga 

menziesii (Mirb.) Franco), ponderosa pine (Pinus ponderosa Laws), 

and Japanese black pine (Pinus thunbergii Franco). Studies to 

determine the effects of napropamide on seed germination and root 

elongation, to monitor the movement of the herbicide by leaching 

in the soil profile, and to characterize the root system of each 

species, were performed. 

In the field, napropamide at application rates of up to 16 

kg ai/ha did not reduce the seedling survival and shoot weight of 



all woody species if the herbicide was applied 4 weeks after 

seeding. At that time all plant species had roots at least 8 cm 

long, whereas the herbicide remained predominantly in the top 2-cm 

layer of soil. Most of the roots were below the soil layer 

containing the herbicide and therefore escaped exposure to the 

herbicide. 

Napropamide at concentrations of up to 40 ppmwv did not 

affect seed germination percentages of woody crops. When the 

crop plant roots were exposed directly to the herbicide, root 

growth of all plant species was reduced dramatically, but effects 

on shoot weight varied. Shoots of domestic apple became necrotic 

10 days after being exposed to the herbicide solution at 1 or 10 

ppmwv. Napropamide also reduced the shoot weight of black locust, 

but did not affect the shoot weight of honeylocust and any of the 

three coniferous species. 

Deciduous species in the early stages of seedling development 

were relatively more susceptible to napropamide than coniferous 

species. The herbicide reduced the growth of deciduous species 

mainly when applied immediately following seeding. Domestic apple 

was the most susceptible species to napropamide, followed by black 

locust and honeylocust. The three coniferous species were not 

affected by napropamide up to 16 kg ai/ha, regardless of the time 

of herbicide application. Domestic apple susceptibility to 

napropamide was possibly due to slow seed germination and slow 

root development in the early seedling stage. However, black 



locust and honeylocust which had the most extensive root systems 

of the young seedlings, still were affected by the herbicide. 

Conversely, Douglas-fir and Japanese black pine which, as young 

seedlings, had the least extensive root systems, were relatively 

tolerant to napropamide. From in vitro experiments, it was 

evident that if the roots contacted the herbicide, the roots of 

all woody species tested were significantly inhibited. Under 

those conditions, although the roots of all species were inhibited 

by napropamide, shoot growth varied with species. 
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DIFFERENTIAL TOLERANCE OF WOODY NURSERY CROP 
SEEDLINGS TO NAPROPAMIDE 

INTRODUCTION 

Nursery crops represent an important agricultural commodity 

in Oregon. In 1984, gross farm sales of nursery crops were at 

$ 98,680,000 and ranked fourth in economic importance below cattle 

and calves, wheat, and dairy. Also, there has been a steady 

increase in sales over the last several years (48). 

Control of weeds is one of the major problems in nursery 

production. Woody nursery crops produced from seeds are grown in 

the seed bed for one or more years before transplanting. During 

this time they do not compete well with weeds since their small 

size does not completely cover the ground. Also since weeds tend 

to grow faster than the nursery crop seedlings, nursery crop 

seedlings are very weak in competing with the weeds for light, 

nutrients, and water. Throughout this period of time, weeds must 

be controlled to reduce their competitive effects and allow for 

maximum growth of the crops. 

Abbott and Fitch (1) conducted a survey by sending a 

questionnaire to public and industrial forestry nurseries in the 

United States. The results of their study showed that weed 

control constituted at least 10% of the total cost of seedling 

production. Moreover, in the large nurseries which grow 18 to 40 

million trees, weed control accounted for 30 to 90% of the total 



production costs. 

Several methods of weed control, mainly by manual and 

chemical means, are used in nursery production. Most nurserymen 

depend largely on chemicals, but handweeding continues to be an 

important supplemental method (1). 

The cost of handweeding in conifer seedbeds at the 

Connecticut State Forest Nursery increased from $1,000/A in 1970 

to about $2,000/A in 1980 (6). The high cost of handweeding is 

one of the reasons for increasing the use of chemical weed control 

in nurseries. Also, manual weed control often causes mechanical 

damage to the small seedlings. Chemical weed control or use of 

herbicides, is considered faster and more effective than manual 

means. However, disadvantages of chemical weed control such as 

injury to the plants and residue in the environment must also be 

considered. 

The ideal herbicide is able to control weeds without 

affecting the growth of the crops. This selectivity varies widely 

because of different responses of plant species, either crop or 

weed, to the herbicide. Selectivity depends upon many factors 

such as the rate, type, method and time of herbicide application, 

the species and the growth stage of plant, and the soil and 

environmental conditions. In woody crop nurseries, the situation 

is even more complicated because there are hundreds of woody 

nursery crop species. Even plants in the same species but of 



different varieties often respond differently to a particular 

herbicide application. 

One of the most common herbicides now used in woody crop 

nurseries is napropamide. Napropamide is a preemergence herbicide 

that controls grasses and many broadleaved weed species (27, 35). 

It has been registered for use in ornamental nurseries (49). 

According to the label, napropamide controls several annual 

grasses including barnyardgrass (Echinochloa crus-qalli), large 

crabgrass (Digitaria sanguinalis), and also may be used on some 

annual broadleaved weeds including common purslane (Portulaca 

oleracea), lambsquarters (Chenopodium album) and redroot pigweed 

(Amaranthus retroflexus). 

Although safe for some woody nursery crop species, 

napropamide causes injury to others (4, 17, 26, 31). Several 

studies have been done to determine the selectivity of 

napropamide. For example, tomato (Lycopersicum esculentus) plants 

were at least ten times more tolerant than corn (Zea mays) (14); 

in the field, prostrate pigweed (Amaranthus blitoides) was more 

tolerant than redroot pigweed (36), and napropamide reduced the 

growth of several species of weeds but did not affect pepper 

(Capsicum annum) plants (27). 

Many studies have been conducted to determine the tolerance 

of woody nursery crops to napropamide, but little is known about 

the basis for napropamide selectivity in these nursery crops. The 

selectivity may be due to differences in the exposure of the roots 



to the herbicide, the differences in uptake, the translocation 

or degradation of the herbicide in the plant. 

The studies reported here were conducted to examine tolerance 

to napropamide among six species of woody deciduous and coniferous 

plants in the seedling stage and to relate this tolerance to the 

root characteristics of each species. With older plants, the 

larger root system may enable the roots to penetrate below the 

treated soil and escape from herbicide exposure. Also plant 

species with an extensive root system may have an advantage in 

that they avoid exposure to the herbicide. The results of these 

studies may provide a better understanding of the use of 

napropamide in woody nursery crops, as well as the means to avoid 

seedling injury or growth reduction. 



REVIEW OF THE LITERATURE 

1. The Basis for Selectivity of Soil-Applied Herbicides 

Soil-applied herbicides are those herbicides that are applied 

to the soil and taken up by subterranean organs of plants. Not 

all of a herbicide applied to the soil will be available for 

uptake by plants. Several other processes may occur such as 

adsorption by soil colloids thereby limiting a herbicide's 

availability to plants, leaching into deeper soil layers below the 

rooting zone, or a herbicide may be subject to run-off from the 

soil surface. It may be lost into the atmosphere by 

volatilization, or broken down by microbial, chemical or 

photodecompos i ti on. 

Although most plants absorb soil-applied herbicides if their 

root systems are exposed directly to the herbicides, response will 

vary with plant species. The selective response to a herbicide 

occurs when one or more plant species in an ecosystem is not 

affected while others are. Selectivity between susceptible 

species (weeds) and a tolerant species (crop) is an important 

consideration in the use of herbicides in crop production. 

Selectivity is not an absolute characteristic, but rather a 

relative one, and depends on many factors (10, 13). For example, 

one plant species may be tolerant to a certain herbicide at a 

certain rate, but application at a higher rate may adversely 



affect the plant. The selective response of plants to a soil 

applied herbicide may be due to one or more of the following: 

1) differences in the exposure of plant root systems to the 

herbicide, 2) differences in herbicide uptake, 3) differences in 

translocation, or 4) different rates and kinds of metabolism of a 

herbicide in the plants. 

1.1. Differential exposure to the herbicide 

Selectivity due to differential contact between the plant and 

the herbicide may occur because of the differences among plant 

species in the development or location of the underground 

absorptive sites through which herbicides may enter the plant. 

By using a herbicide that resists leaching, or by the shallow 

incorporation of herbicides, weeds that are just germinating will 

be controlled, while crops with deeper root systems are able to 

avoid herbicide exposure and will thus continue to grow. 

For the underground portion of a plant, an absorbtive site 

which is sensitive to herbicides is the coleoptile node in grass 

seedlings. Parker (50) studied the selectivity of wild oats 

(Avena fatua) (susceptible) and wheat (Triticum aestivum) 

(tolerant) to the herbicide diallate (S-(2,3-dichloro-2-prophenyl) 

bis(l-methylethyl)carbamothioate). The most sensitive site of the 

plant was the 10 to 15 mm above the coleoptile node, including the 

stem apex and the developing leaf tissue. In oats, this region 

was moved up rapidly through the soil by elongation of the 



mesocotyl; therefore, this sensitive region was exposed directly 

to diallate. Conversely, the coleoptile node and stem apex of 

wheat were not moved up rapidly and remained below the herbicide- 

treated layer. Therefore, wheat escaped exposure of the sensitive 

part of the plant to herbicide treatment and was not affected by 

the herbicide diallate. 

This type of selectivity can be used to broaden herbicide 

selectivity between crops and weeds. There are several ways to 

broaden the herbicide selectivity : 1) directed spray application, 

that is an application of herbicide to the weeds, and not to the 

crops, 2) use of granular formulations in which the herbicide 

bounces off the crop canopy and falls on the ground to control 

germinating weeds, 3) depth protection, in which the herbicide is 

placed in the proper soil layer for maximum exposure to weeds but 

not to the crop, and 4) use of activated charcoal to protect crop 

seeds, or crop seeds that are just germinating, from herbicide 

exposure. 

1.2. Differential uptake 

Some plant species are tolerant because the herbicide is not 

able to enter the plant in sufficient amounts to have an affect. 

Differential uptake for herbicide selectivity is a more important 

factor with foliar-applied herbicides than with soil-applied 

herbicides because of the variation in morphological 

characteristics of foliage among plant species. Actually, roots 
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have barriers to herbicide uptake similar to those of leaves; 

however, the cuticle of roots appears to be more permeable to 

herbicides than the cuticle of leaves (13). Additionally, a major 

barrier for herbicide taken up by roots is the casparian strip in 

the endodermis. There is no strong evidence of selectivity of 

soil-applied herbicides due solely to differences in herbicide 

uptake. 

1.3. Differential translocation 

The herbicide must be translocated from the site of uptake to 

the site of action before it can exert its herbicidal effects. 

Two major systems of herbicide translocation in plants, the 

apoplastic and symplastic systems, have been described extensively 

(13, 33). Soil-applied herbicides usually translocate upward via 

the apoplastic system through non-living tissue (xylem). 

Leather and Foy (43) conducted a study on selectivity of 

velvetleaf (Abutilon theophrasti) (susceptible, weed) and soybean 

(Glycine max) and corn (tolerant, crops) to bifenox (methyl 5- 

(2,4-dichlorophenoxy)-2-nitrobenzoate). The results showed that 

velvetleaf absorbed and translocated a greater amount of chemical 

than did the crops. In fact, the tolerant crops showed only 

minimal translocation of the herbicide. The same result was found 

in a study of the selectivity of linuron (N-(3,4-dichlorophenyl)- 

N-methoxy-N-methylurea) which was translocated more readily in 

turnips (Brassica rapa) and lettuce (Lactuca sativa) (susceptible 



species) than in carrots (Daucus carota) and parsnips (Pastinaca 

sativa) (tolerant species) (66). 

Along the way to the site of action, sometimes herbicides are 

adsorbed or trapped by certain compounds and as.a result, are 

prevented from reaching the site of action. In this case, no 

herbicidal effect results. The accumulation of diuron (N-(3,4- 

dichlorophenyl)-N,N-dimethylurea) in pigment glands or lysigenous 

cells which occur throughout the plant, and in trichomes, is 

believed to be the reason for the tolerance of cotton (Gossypium 

hirsutum) to diuron (62). Since the primary mechanism of action 

of diuron is in inhibition of photosynthesis, prevention of 

diuron's tranlocation to the chloroplasts should significantly 

reduce its herbicidal effect (62). 

1.4. Differential metabolism 

After being translocated to the site of action, the herbicide 

has to remain there long enough to induce its herbicidal effect. 

In the route to the site of action and at the site of action 

itself, the herbicide, an abnormal molecule in the natural system, 

is subject to adsorption or reaction with other compounds (63). 

The herbicide compound may be changed into a product with no 

toxicity, or in susceptible plant species, the compound remains 

stable and thus toxic to the plant. 

Several processes of modification of herbicide molecules such 

as oxidation, hydrolysis, hydroxylation, decarboxylation, 
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dealkylation, conjugation, and ring cleavage may occur inside the 

plant. This subject has been reviewed extensively (13, 63). An 

example of this type of selectivity is found in the triazines 

which control most species of weeds but do not affect corn because 

of the ability of corn to break down the herbicides into non-toxic 

compounds. Triazines have at least three different metabolic 

degradation pathways which lead to the formation of less toxic or 

non-toxic compounds: 1) hydroxylation (replacement of the 

substituent at carbon atom 2 by hydroxyl), 2) N-dealkylation 

(substitution of alkyl groups), and 3) glutathione conjugation 

(conjugation of the substituent at carbon 2 by glutathione). 

2. Characteristics and Selectivity of Napropamide 

2.1. General characteristics 

Napropamide (N,N-diethyl-2-(l-naphthalenyloxy)propanamide) 

with the product name of Devrinol is manufactured by Stauffer 

Chemical Company. Its structural formula is: 

H 0 
I  II 

H3C—C—C-N —CCH2CH3)2 

Napropamide is in the form of white crystals when pure; the 

technical grade is a brown solid. Napropamide has a melting point 
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of 74.8 to 75.5 C and its vapor pressure is 0.004/Urn Hg at 25 C. 

Napropamide is soluble in most organic solvents; for example, its 

solubility in ethanol is more than 1,000 g/L at 20 C, however, 

only 73 ppm in water. 

2.2. Napropamide behavior in the soil 

Napropamide is a soil-applied herbicide that is rather 

resistant to leaching (30). Eight inches (20 cm) of water leached 

a significant amount of the chemical only about 1 inch. (2.5 cm) in 

clay and silty clay, 2 inches (5cm) in loam, and 8 inches (20 cm) 

in loamy sand soil (45). Five centimeters of simulated rainfall 

leached the chemical 5 cm at 2.5 kg/ha and 7 cm at 5 kg/ha in 

sandy soil (27). Napropamide did not move deeper than 6 cm in 

Teller sandy loam soil after a water application of 10.2 cm (70). 

Napropamide's resistance to leaching is due to its adsorption 

characteristics. Adsorption coefficient (Kd) values of 

napropamide range from 0.72 to 2.96 mL/g (29). In some studies 

napropamide adsorption by soil was found to be highly correlated 

with the soil organic matter content but only slightly with its 

clay content (29, 70). 

The persistence of napropamide in the soil is relatively long. 

Significant amounts of napropamide remained in the soil 154 days 

after its application to a tobacco (Nicotiana tabacum) field in 

North Carolina (52) and 180 days in a field under summer 

conditions in Indiana (55). In one study, 50 to 60% of the 
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napropamide applied was recovered after 140 days (65). Another 

study using a wheat assay indicated that napropamide reduced the 

plant growth 60 to 80% at 200 days after initial application (54). 

Wheat is a plant species sensitive to napropamide and is used 

widely for bioassay of napropamide. Soil samples, taken from a 

silt loam soil almost one year after napropamide application, 

reduced wheat root growth by 48 and 68% at the 2.24 and 4.48 kg/ha 

application rates, respectively (55). 

Napropamide degradation in the soil generally decreased as 

the soil moisture content and soil temperature decreased (29, 64). 

According to Walker (64), napropamide loss of activity followed 

first order kinetics with half-lives of 54, 63, and 90 days at 

soil moisture contents of 10.0%, 7.5%, and 3.5% respectively at 

28 C. At a temperature of 14 C the half-lives were 102 to 112 

days. These results are in agreement with those of Gerrstl and 

Yaron (29) and Patchett et al. (51). 

Napropamide applied to the soil was subject to loss by 

photodecomposition, but not by volatilization (12). The mechanism 

of loss by photodecomposition is still not clear, and this subject 

has been studied by Apley (12) and Stanger and Vargas (61). In 

moist, warm soils, napropamide also was subject to loss by 

microbial decomposition (45, 51). 
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2.3. Mode of action of napropamide 

Napropamide was taken up rapidly by the roots of tomato 

plants and distributed throughout the leaves within 8 h (46). 

In corn, influx of 14C-napropamide into roots over an 8-h period 

consisted of an initial rapid phase followed by a slower and 

steady influx rate (15). Uptake of napropamide by corn was the 

same as for tomatoes; however, there was little movement of 

napropamide from the root tissue. Most of napropamide was found 

in the root tissue of corn (14). Microautoradiograph studies in 

corn revealed that the napropamide bound in the cell walls was 

located in epidermal, cortical, and stelar tissue (16). 

In tomatoes, a tolerant species, napropamide was converted 

primarily into water soluble metabolites (46). The principal 

metabolite was identified as a hexose conjugate of 2-(©<.-naph- 

thoxy-4-hydroxy)-N,N-diethylpropionamide. This metabolite 

represented 47% of the soluble radioactivity in the plant (46). 

However, Barrett and Ashton (14) found that there was little 

evidence of napropamide metabolism in either corn or tomatoes 

with any of the TLC (thin layer chromatography) systems they 

used. The only compound identified in the organic fractions was 

napropamide. 

Napropamide appears to inhibit root growth (27, 36, 71).  It 

inhibited starch hydrolysis and presumably amylase activity in 

purple nutsedge (Cyperus rotundus) tubers (44), reduced ATP 

synthesis, and caused membrane leakage and stimulated respiration 
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in Rhizoctonia solani (42). Napropamide was highly toxic to 

achlorophyllus callus tissue of tomato cv. San Marzano and was 

either less toxic to, or was detoxified by the green tissue (71). 

2.4. Selectivity of napropamide 

Roots are the major absorptive organ for napropamide. No 

phytotoxicity occured when napropamide at 25 ppm was applied to 

the shoot zone, but application to the root zone caused 

considerable damage to pepper plants (27). In studies on the site 

of uptake using bioassay and autoradiography, it was again shown 

that the greatest phytotoxicity occured when napropamide was 

applied in the root zone (70). Root uptake of napropamide has 

been reported to be continuous for periods as long as 7 days in 

tomato plants (46). 

In a translocation study, napropamide was taken up rapidly by 

the roots of tomato plants and distributed throughout the leaves 

within 8 h (46). Barrett and Ashton (14) compared uptake and 

translocation of napropamide in corn and tomatoes. Tomato plants 

were at least ten times more tolerant than corn. Translocation of 

napropamide from the roots to the shoot areas of tomatoes occured 

within 0.5 h, but there was little movement of napropamide in 

corn. Total napropamide level in corn root tissue was 60% higher 

than in the tomato root tissue, while the total uptake of 

napropamide by the two species was equivalent. The greater 

sensitivity of corn to napropamide may have been caused by the 



15 

higher concentration of napropamide in the root tissue since 

napropamide inhibits root growth. 

In the field where napropamide was applied preemergence and 

2.5 cm of water applied immediately following napropamide 

treatment, prostrate pigweed was more tolerant to napropamide than 

redroot pigweed; however, if the roots of both pigweed species 

were directly exposed to napropamide, the reverse results occured 

(36). Jachetta et al. (36) stated that the ability of prostrate 

pigweed to develop a fast growing deep root system allows some 

plants to escape from napropamide treatment. Similar results were 

reported by Eshel et al. (27) using peppers and weeds. The 

penetration of pepper roots below the treated soil enabled the 

plants to escape from continuous exposure to the herbicide. 

However, in soil in which napropamide exhibited more leaching, 

napropamide was more available to the pepper roots causing a 

decrease in yield (27). Weller and Akers (69) also found with 

strawberries that heavy rainfall immediately after planting may 

have moved the herbicide into the root zone, causing damage. 

3. Effect of Napropamide on Weeds and Woody Nursery Crops 

3.1. Weed control by napropamide 

Napropamide controls grasses and many broad!eaved weed 

species. It has provided good weed control throughout the growing 

season of peppers (25), and over a 7-week period in ornamental 
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nurseries (35). When applied in the spring and fall, it gave 

good year-round weed control in peach (Prunus persica) trees (53). 

In various studies, napropamide has been reported to control 

barnyardgrass (47, 57), lambsquarters (47), redroot pigweed 

(22, 47), fall panicum (22, 57), carpetweed (57), downy brome 

(57), common groundsel (2), filaree (2), goosegrass (19, 22, 24), 

large crabgrass (21, 22, 23), hairy galinsoga (22), and annual 

bluegrass (20). In these and other studies, it did not 

effectively control yellow nutsedge (3, 18), hairy nightshade 

(47), shepherd's purse (20) or Solanum villosum (25). 

3.2. Tolerance of woody nursery crops to napropamide 

Many studies have been conducted to determine the tolerance 

of woody nursery crops to napropamide. Although napropamide has 

provided good weed control and was safe to many woody nursery 

crop species (6, 23, 39, 41), it also has caused injury or growth 

reduction to other species (4, 17, 26, 31, 59). 

Napropamide at 3 lb/A applied just after seeding and mulching 

gave excellent weed control, but caused injury to loblolly pine 

(Pinus taeda), shortleaf pine (P^ echinata) and slash pine (P. 

elliottii) (59). Application of napropamide 1 week after 

emergence caused injury to Scotch pine (P^ sylvestris) but not to 

Austrian pine (J\ nigra) (38). Napropamide at rates of 2 or 4 

lb/A, applied about 1 month after germination, did not affect 

pines, spruces, and Douglas-fir (8). Gjerstad, South and Crowley 
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(31) conducted studies on the tolerance of pine seedbeds to pre- 

emergence herbicides at state nurseries in nine southeastern 

states. The results of their studies showed that napropamide at 

3.4 and 6.7 kg/ha reduced seedling densities of pines at most 

nurseries. Slight injury was caused by napropamide at 3.4 kg to 

slash pine in Alabama and to eastern white pine (j\ strobus) in 

North Carolina. At 6.7 kg/ha, it severely stunted the pine 

seedlings. 

Napropamide applied at 3 or 6 lb/A caused excessive injury to 

one or more deciduous woody species in the seedbed (9). Woody 

nursery crop species that have poor tolerance to napropamide are 

palm, ivy, photinia, pittosporum, pyracantha, yucca (68), Scotch 

pine (17, 38), cranberry bush (17), Russian olive (11, 17), 

loblolly pine (60), amur maple, dogwood, bur oak, and villosa 

lilac (11). 
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MATERIALS AND METHODS 

All experiments were done in the field, greenhouse and 

laboratory at the Department of Horticulture, Oregon State 

University, Corvallis, except for soil residue analyses which were 

done in the herbicide analysis lab, Department of Agricultural 

Chemistry, Oregon State University. Woody nursery crops used 

consisted of three deciduous species: black locust (Robinia 

pseudoacacia L.)» honeylocust (Gleditsia triacanthos L.)> domestic 

apple (Maius domestica Borkh.) and three coniferous species: 

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), ponderosa pine 

(Pinus ponderosa Laws), and Japanese black pine (Pinus thunbergii 

Franco). 

Deciduous species seeds were obtained from Lawyer Nursery, 

Plain, Montana and conifer seeds from Brown Seed Co., Vancouver, 

Washington. Seeds of domestic apple and all conifers were soaked 

in water for 48 h and then conifer seeds were stratified at 0 C 

for 2 to 3 months and domestic apple seeds for 3 to 4 months. 

Also, domestic apple seeds were washed with water before sowing. 

Honeylocust and black locust seeds were scarified using 

concentrated sulfuric acid for about 90 min. 

1. Field Experiment 1984 

Two consecutive years of field experiments were conducted to 

determine the tolerance of woody nursery crop seedlings to 
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napropamide at different rates and times of application. The 

1984 field experiment was conducted at the Vegetable Farm, 

Horticulture Research Station, Corvallis, Oregon from June to 

September on Chehalis silty clay loam with about 2% organic matter 

and pH around 6. 

The treatments were times of application of napropamide (0, 

2, and 4 weeks after seed sowing) and at each time of application, 

different rates of napropamide (0, 4, 8, and 16 kg ai/ha) were 

used. The treatments were arranged in a randomized block design 

with four replications. 

The experimental site was plowed in fall 1983 and in spring 

1984 was further worked using a Roterra and then rolled. 

Fertilizer (N:P:K:S = 8:24:8:8) was broadcast at 1,000 lb/A and 

mixed into the soil. Dyfonate (fonofos) at 2 lb ai/A was applied 

to the field to prevent symphyllan infestation. 

Individual plot size was six crop rows 2 m in length with 

0.5 m spacing between rows. Seeds were planted at a 2 cm depth 

using a belt planter. The three seedings were made at 2-week 

intervals so that the napropamide application (0, 2 or 4 weeks 

after seeding) could be accomplished on a single date. Plots were 

kept weed-free by manual weeding until napropamide application. 

Napropamide (Devrinol 50 WP) rates of 0, 4, 8 and 16 kg ai/ha, 

with 400 L water as a carrier, were applied using a small plot 

sprayer. The sprayer had a 2 m long boom with 4 nozzles (SS 

8002 flat fan type). The pressure of the sprayer was set at 35 
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psi. Approximately 2.5 cm of water, using sprinkler irrigation, 

was applied to the experimental area immediately following the 

napropamide treatment. The experimental area was irrigated as 

needed and to avoid weed competition effects, was kept weed-free 

until harvesting time. 

Crop seedling response to the treatments was monitored by 

determining the number of seedlings surviving and shoot fresh 

weight at 2 months after napropamide application. Because of the 

zero values in the results, the data were transformed to Vx+0.5 

for statistical analysis purpose but the untransformed data are 

presented in the tables. Statistical analysis included F-tests at 

the 1% and 5% probability level to determine the effect and 

interaction of the treatments. Comparisons among rate treatments, 

within the same time of application, was tested using Duncan's 

multiple range test, at the 5% probability level. 

2. Field Experiment 1985 

An experiment similar to 1984 field experiment was conducted 

at another site on the Vegetable Research Farm from May to July 

1985. At this site, the soil characteristics were similar to the 

previous site. Because the results in the 1984 experiment 

indicated that napropamide applied 4 weeks after sowing did not 

affect seedling growth, the treatments were changed so that times 

of application was limited to 0, 1, and 2 weeks after seeding, but 

the rates of napropamide remained the same as in the 1984 
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experiment. The plot size was 4 m crop rows with 0.5 m spacing 

between the rows. All other procedures were the same as 1984 

experiment. Response of seedlings to the treatments was 

determined from number of seedlings surviving and their shoot 

fresh weights, taken from a 3 m-length of row. The same data 

analyses as those of 1984 field experiment were performed. 

3. Seed Germination 

This study was conducted to determine the effect of 

different concentrations of napropamide on seed germination of the 

six crops in this study. Ten seeds of one species were placed on 

filter paper (No. 1 Whatman paper) in a covered 10-cm diameter 

petri dish. Each petri dish contained 5 ml distilled water with 

a concentration of napropamide of: 0, 1, 4, 16 or 40 ppmwv. Petri 

dishes were placed in a dark growth chamber at about 25 C constant 

temperature. Petri dishes were arranged in a completely 

randomized design with five replications. The number of seeds 

germinated (radicle more than 0.5 cm) were counted after 2 weeks. 

Analysis of variance was used to test the significance of 

germination data at the 5% probability level. 

4. Root Elongation 

To determine if napropamide would inhibit root elongation of 

woody nursery crop seedlings, their roots were exposed directly to 

different concentrations of napropamide. Seeds of six species 
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were pre-germinated on moist paper. The papers were put on a 

half inch thickness of sponge in trays containing water. The 

trays were watered as needed. The function of the sponge was to 

hold water so the papers were always moist. Seeds were covered 

with one layer of paper. Details of this technique are 

illustrated in Appendix Figure 1. 

For each species, seeds that had radicles about 1.5 cm were 

transplanted into 60 ml test tubes containing a nutrient solution. 

The small seedlings were placed on a piece of sponge near the top 

of the tubes. There was about 0.5 cm-air space between the sponge 

and the nutrient solution and the root of the seedling was 

partially immersed in the solution. The nutrient solution was a 

half-strength Hoagland solution (34). The solution also contained 

a concentration of napropamide of 0, 0.01, 0.1, 1, or 10 ppmwv. 

The tubes were arranged in a completely randomized design with 

eight replications, except for domestic apple with seven 

replications. Seedling response to the different concentration of 

napropamide was determined by measuring length and fresh weight of 

roots and fresh weight of shoots, 10 days after the seedlings were 

transplanted. Analysis of variance was used to analyze the 

effect of direct exposure of seedling roots to napropamide as 

measured by root length, root weight and shoot weight for each 

woody species. 
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5. Napropamide Leaching in Soil 

An experiment was conducted to evaluate the leaching rates of 

napropamide in the soil under field conditions. 

5.1. Soil sampling procedure. 

Soil samples were taken from treatments of napropamide 

applied at rates of 0, 4, and 16 kg ai/ha in the 1985 field 

experiment at 1 and 5 weeks after the herbicide application. 

Samples were taken from soil depths of 0-2, 2-5, and 5-10 cm, at 

four locations. The four samples were mixed into one large 

composite sample. These soil samples were sieved and air dryed to 

an average soil moisture content of about 15% (w/w) and then 

stored in polyethylene bags in the dark. Three sub-samples were 

taken from each composite sample and used for determining 

napropamide concentration using high performance liquid 

chromatography (HPLC). 

5.2. Soil extraction process 

A procedure of soil extraction and clean up as described by 

Patchett et al. (51), with slight modification, was used. A 200 g 

soil sample and 200 mL of a 60:40% methanol:water (v/v) solution 

were blended for 2 min. The mixture was decanted into 100 mL 

centrifuge tubes and centrifuged for 15 min at 1,800 rpm. The 

liquid phase was gravity filtered through No.l Whatman filter 

paper. A 80-mL aliquot of the filtered extract was placed into a 
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500-mL separatory funnel to which 5 mL of benzene and 3 drops of 

concentrated hydrochloric acid were added. The funnel was 

stoppered and shaken vigorously for 1 min. One hundred and 

fifty mL of water was added and the funnel was shaken again for 

30 sec and then left to stand for about 1 h until the two phases 

had separated. The aqueous phase was drawn off and discarded. 

A 2 mL aliquot of the benzene phase was placed in a 5-mL vial and 

the benzene was evaporated with a gentle stream of air. The 

residue was then dissolved in 2 mL of methanol. A standard 

solution of napropamide was also made from analytical standard 

napropamide (97.8% ai) dissolved in methanol at 20/ug/mL. 

5.3. HPLC analysis 

A 25/iiL aliquot of the methanol sample solution was injected 

into the HPLC column for analysis. An HPLC system was used with 

a Lichrosorb RP-8 (5/u) column and the UV detector was set at 

254 nm. The mobile phase flow rate was adjusted to 1.5 mL/min of 

75% methanol in water. Both methanol and water had been degased 

before use. With this procedure, the retention time for 

napropamide was about 4.7 min (Appendix Figure 3). 

6. Root System Study 

Experiments were conducted to examine the development and the 

pattern of root systems of six woody nursery crop seedlings. The 

studies were done in the greenhouse with average temperatures of 
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28 C during the day and 18 C at night. Seeds of the six woody 

species were pre-germinated under conditions same as used for the 

root elongation study (Appendix Figure 1). Seeds with 3 mm long 

radicles were chosen and transplanted in black polyethylene pots 

(6 cm-diameter and 25 cm-length) filled with a greenhouse soil 

mixture containing 20% soil, 20% peat, 20% sand and 40% pumice. 

Germinated seeds were planted at a 2 cm-depth, one seed per pot. 

The pots were watered daily to maintain adequate soil moisture. 

Each week for the.5 weeks after the seeds had germinated, 10 

pots of plants of each species were washed with water to separate 

the roots from the soil mix. The root development of seedlings 

was determined by measuring rooting depth (length of the longest 

root) and root fresh weight. At 2 and 4 weeks, five additional 

plants were dug up to determine the total root length of each 

species. 

To determine the root system pattern for each species, a 

box with a pin board system (58) was used. Wooden boxes 15 by 5 

by 30 cm, with one wall (15 by 30 cm) fastened by screws, were 

filled with the same greenhouse soil mix as described above. For 

each species a seed with a 3-mm radicle was planted at a 2-cm 

depth in each case (one seed per case). Four weeks after 

planting, when the seedlings were being examinated, the wall which 

had been fastened with screws was unscrewed and replaced by a pin 

board of the same dimensions. The pin board (with pins at 
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interval 2 by 2 cm) was driven into the soil profile. The box was 

then turned upside down with the pinboard underneath and the box 

was removed. The pinboard with roots stuck to it was gently 

washed with water and the exposed roots were photographed and the 

root pattern of each species was drawn. 
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RESULTS AND DISCUSSION 

1. Field Experiments 

Field experiment 1984. Napropamide reduced significantly the 

seedling survival and shoot weight of black locust and there was 

an interaction between time of application and rate of napropamide 

(Appendix Table 1). Napropamide at 16 kg ai/ha reduced 

significantly the seedling number and shoot weight of black locust 

if the herbicide was applied just after seeding (Table 1 and 2). 

The same rate only reduced shoot weight if applied to 2 week-old 

plants (Table 2). Napropamide at 8 kg ai/ha or lower did not 

affect the growth of black locust. Napropamide application rates 

of up to 16 kg ai/ha did not affect black locust if applied 4 

weeks after seed sowing. 

The seedling number and shoot weight of honeylocust decreased 

as the rate of napropamide increased in the early herbicide 

application (Table 1 and 2). The seedling number and shoot weight 

of honeylocust were reduced significantly at the 5% probability 

level only by napropamide at 16 kg ai/ha applied following seed 

sowing. The other treatments did not affect the growth of 

honeylocust plants. 

Time of application treatment affected significantly the 

seedling survival and shoot weight, but rate of napropamide only 

affected the number of seedlings of domestic apple (Appendix Table 
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Table 1_. Effect of time and rate of napropamide application on 
number of seedlings of black locust (BL), honeylocust (HL), 
domestic apple (DA), Douglas-fir (DF), ponderosa pine (PP), and 
Japanese black pine (JP). Field experiment 1984. 

Applica- Rate Number of seedlings/row 
tion time (kg/ha)     

(week) BL HL DA DF    PP    JP 

0 0 33.8a* 11.0a  9.5a 2.0a  23.5a 9.8a 
0 4 29.0a 9.0a  4.5b 4.0a  15.8a 9.8a 
0 8 33.5a 5.Sab 1.0c 2.8a  21.8a 7.3a 
0 16 16.0b 4.8b  0.8c 2.8a  20.8a 13.8a 

2 0 34.3b 17.0a 6.3a 5.5a 31.Sab 16.3a 
2 4 35.Sab 15.0a 6.8a 4.0a 33.0ab 19.8a 
2 8 48.8a 19.5a 8.3a 7.5a 42.5a 14.8a 
2 16 30.0b 15.8a 6.3a 4.3a 27.5b 22.8a 

4 0 51.0a 16.3a 7.3a 7.5b 41.0a 26.0ab 
4 4 48.5a 20.8a 5.3a 11.Sab 41.3a 37.5a 
4 8 44.0a 15.8a 5.3a 16.0a 46.3a 34.Sab 
4 16 51.5a 16.8a 5.5a 10.Sab 43.8a 22.0b 

* = Means within columns in the same time of application followed 
by the same letters are not significantly different at the 5% 
level according to Duncan's multiple range test. 
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Table 2. Effect of time and rate of napropamide application on 
shoot fresh weight of black locust (BL), honeylocust (HL), 
domestic apple (DA), Douglas-fir (DF), ponderosa pine (PP), and 
Japanese black pine (JP). Field experiment 1984. 

Applica- Rate          Shoot fresh weight (g/row) 
tion time (kg/ha)       

(week) BL    HL DA DF PP JP 

0 0 115.0a* 15.2a 14.2a  0.2a 28.2a 1.5a 
0 4 75.9a 8.9ab 7.3ab 0.4a 20.8a 1.2a 
0 8 87.6a 7.9ab 0.9b  0.3a 27.5a 0.8a 
0 16 14.0b 3.2b 0.4b  0.4a 22.4a 1.4a 

2 0 350.3a 39.4a 23.9a 0.7a 57.4a 4.7a 
2 4 425.5a 29.2a 32.4a 0.5a 55.2a 4.8a 
2 8 453.8a 39.7a 23.3a 1.0a 66.8a 3.1a 
2 16 247.5b 24.1a 22.3a 0.6a 44.0a 3.6a 

4 0 1167.3a 55.5ab 58.9a 2.0a 87.2a 12.7b 
4 4 1251.0a 76.6a 32.4a 2;5a 89.5a 19.2a 
4 8 1089.3a 56.2ab 28.5a 4.0a 85.1a 14.Sab 
4 16 1100.0a 46.8b 37.7a 2.4a 86.2a 9.6b 

* = Means within columns in the same time of application followed 
by the same letters are not significantly different at the 5% 
level according to Duncan's multiple range test. 
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5). There was an interaction between time and rate of herbicide 

application in seedling number of domestic apple (Appendix Table 

5). Variation as affected by rate of herbicide only occured in 

the early herbicide application treatments (Appendix Table 6). 

The results presented in Table 1 show that domestic apple was 

susceptible to napropamide at the low rate of 4 kg ai/ha, when 

napropamide was applied the same day as seeding. Napropamide did 

not reduce the seedling survival and shoot weight of domestic 

apple if the application was made 2 or 4 weeks after seeding. 

Rate of napropamide did not affect significantly the seedling 

number and shoot weight of Douglas-fir, ponderosa pine, and 

Japanese black pine (Appendix Table 7, 9, and 11) and also there 

was no variation within the same time of application as affected 

by herbicide rate, even in the early application (Appendix Table 

8, 10, and 12). This means that all coniferous species tested 

(Douglas-fir, ponderosa pine, and Japanese black pine) exhibited 

a high level of tolerance to napropamide. Napropamide up to 16 

kg ai/ha applied 0, 2, or 4 weeks after seeding did not reduce the 

seedling survival or shoot weight of the three coniferous species 

in this studies (Table 1 and 2). 

These results also indicate that the seedlings of the 

deciduous species (black locust, honeylocust, and domestic apple) 

were relatively more susceptible to napropamide than were the 

coniferous species. Napropamide reduced the growth of the 

deciduous plants mainly in the early application and the older the 
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plants, the more tolerant they were to the herbicide. 

Field experiment 1985. A similar experiment to the 1984 

field experiment was conducted in 1985. The results of experiment 

1984 indicated that application of napropamide at 4 weeks after 

sowing did not affect the growth of all six woody nursery crop 

species tested. Therefore, in 1985 experiment the application of 

the herbicide was narrowed to include timings of 0, 1, and 2 weeks 

after seeding. 

The seedling number and shoot weight of woody species 

obtained from 1985 experiment were different from those of 1984 

experiment because of differences in crop row length harvested 

and time of crop harvesting. In respect to the effects of time 

and rate of herbicide application, the results obtained from 

1985 experiment were similar to the results of the previous 

experiment. There were variations of seedling number and shoot 

weight of black locust as affected by rate of napropamide only in 

the early timing of herbicide application (Appendix Table 14). 

The seedling number and shoot weight were decreased as the rate of 

napropamide increased if the herbicide was applied following seed 

sowing. Napropamide at 8 or 16 kg ai/ha reduced significantly the 

seedling number and shoot weight of black locust in the early 

application of herbicide (Table 3 and 4). Napropamide rates of up 

to 16 kg ai/ha did not affect the growth of black locust if the 

herbicide was applied 1 or 2 weeks after seed sowing. 
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Table 3. Effect of time and rate of napropamide application 
on the number of seedlings of black locust (BL), honey!ocust 
(HL), domestic apple (DA), Douglas-fir (DF), ponderosa pine (PP), 
and Japanese black pine (JP). Field experiment 1985. 

Applica- Rate Number of seedlings/row 
tion time (kg/ha)           

(week)          BL HL DA DF    PP JP 

0 0 45.5a* 49.0a  35.0a  12.3a  63.5a 37.3a 
0 4 43.5ab 47.0ab 10.0b   9.0a  78.0a 26.8a 
0 8 24.8b 40.0ab  7.3bc 15.8a  64.8a 14.5a 
0 16 25.5b 39.3b   2.8c   6.8a  61.5a 14.5a 

1 0 37.0a 56.8a 60.8a 33.5a 113.0a 74.0a 
1 4 35.3a 59.3a 48.8a 51.3a 100.0a 73.5a 
1 8 39.3a 50.8a 47.8a 42.8a 84.3a 73.3a 
1 16 34.8a 50.5a 22.3b 48.3a 92.8a 86.8a 

2 0 28.8a 62.3a 50.8a 44.8a 85.3a 66.3a 
2 4 37.3a 64.0a 54.3a 25.3a 78.3a 69.3a 
2 8 35.8a 64.8a 46.3a 34.3a 69.3a 68.0a 
2 16 39.8a 64.5a 33.0b 49.5a 78.5a 79.8a 

* = Means within columns in the same time of application followed 
by the same letters are not significantly different at the 5% 
level according to Duncan's multiple range test. 
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Table 4. Effect of time and rate of napropamide application on 
shoot fresh weight of black locust (BL), honeylocust (HL), 
domestic apple (DA), Douglas-fir (DF), ponderosa pine (PP), and 
Japanese black pine (JP). Field experiment 1985. 

Applica-   Rate Shoot fresh weight (g/row) 
tion time (kg/ha)      
(week) BL    HL    DA    DF    PP    JP 

0 0 811.1a* 242.0a 98.4a 1.6a 28.2a 9.3a 
0 4 678.lab 196.0a 27.3b 1.1a 38.7a 5.6a 
0 8 385.8bc 178.6a 19.6bc 2.1a 29.5a 2.8a 
0 16 256.7c 147.9a 5.7c 0.8a 26.3a 3.0a 

1 
1 
1 
1 

2 
2 
2 
2 

* = Means within columns in the same time of application followed 
by the same letters are not significantly different at the 5% 
level according to Duncan's multiple range test. 

0 791.8a 267.4a 276.7a 4.4a 60.9a 25.4a 
4 834.3a 289.1a 251.8a 8.9a 54.5a 22.8a 
8 884.4a 242.2a 240.6a 5.6a 44.6a 22.5a 

16 799.8a 211.5a 97.4b 7.3a 49.9a 27.1a 

0 1006.9a 383.6a 313.lab 8.2ab 63.1a 26.3a 
4 802.5a 347.1a 381.7a 4.1b 49.Sab 29.3a 
8 951.9a 329.1a 274.3b 6.6ab 39.9b 22.5a 
16 833.3a 290.2a 162.8c 9.0a 44.4ab 25.8a 
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Results similar to these for the black locust were obtained 

for honeylocust. At the early timing of napropamide application, 

the seedling number and shoot weight decreased as the rate of 

herbicide increased. However, for honeylocust, only seedling 

survival was significantly reduced by napropamide at 16 kg ai/ha 

(Table 3). Napropamide up to 16 kg ai/ha did not affect the 

growth of honeylocust if applied 1 or 2 weeks after seeding. 

Again, domestic apple was the most sensitive species to 

napropamide. Napropamide affected significantly the growth.of 

domestic apple and there was a significant interaction between 

time of application and rate of herbicide (Appendix Table 17). 

There were also variations within herbicide application at 0, 1, 

and 2 weeks as affected by rate of napropamide (Appendix Table 

18). Generally, the seedling number and shoot weight of domestic 

apple were decreased as the rate of napropamide increased. 

Napropamide at as low as 4 kg ai/ha reduced significantly the 

growth of domestic apple if the herbicide was applied the same day 

as seed sowing (Table 3). The higher rates were required to 

reduced the growth of domestic apple if napropamide was applied 

1 or 2 weeks after seeding. 

The seedling number and shoot weight of Japanese black pine 

were decreased as the rate of napropamide increased in the early 

herbicide application. However, the results from napropamide 

treatments were not significantly different at the 5% probability 

level from that of the check (Table 3 and 4). All treatments 
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generally did not reduce the number of seedlings or shoot weights 

of three coniferous species tested (Table 3 and 4). 

Again, the results from this experiment indicate that 

deciduous species at early seedling development were relatively 

more susceptible to napropamide than coniferous species. Also, 

napropamide reduced the seedling survival and shoot weight of 

deciduous plants, mainly from the early application of the 

herbicide. 

Many studies have been done to determine the tolerance of 

woody ornamental species to napropamide. The results of the 

studies varied, depending on many factors. In one study, 

napropamide at 2.2 to 6.6 kg ai/ha, applied immediately after 

seeding, did not result in visual symptoms of injury to black 

locust (39). In another study, 2.2 kg ai/ha of napropamide 

applied one day after seeding decreased seedling survival but not 

height or weight of black locust and did not affect the growth of 

honeylocust (67). These results agree with the findings from the 

field experiments that napropamide at the suggested rate (4 kg 

ai/ha) or lower, applied following seeding did not reduce the 

growth of black locust and honeylocust. However, higher rates of 

napropamide reduced seedling survival and shoot weight of these 

two species. 

Results from field experiments in conifer nursery seedbeds in 

the southern states indicated that napropamide at 3.4 and 6.7 kg 

ai/ha reduced seedling densities of pinus at most nurseries (31). 
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Napropamide at 1.7 to 6.8 kg/ha applied at one week after 

emergence caused injury to Scotch pine but did not affect Austrian 

pine (38). If napropamide at the 3 lb/A rate was applied after 

seeding and mulching, it caused injury to loblolly pine, shortleaf 

pine, and slash pine (59). Napropamide at 4 lb/A, applied one 

month after emergence, did not affect the growth of Douglas-fir, 

white spruce, Norway spruce, or white pine (8). In the work 

reported here, three coniferous species tested in the field, 

Douglas-fir, ponderosa pine and Japanese black pine, were not 

affected by napropamide up to 16 kg ai/ha applied 0 to 4 weeks 

after seeding. 

Deciduous species response to napropamide was similar to 

that found from the application of simazine to red pine and white 

pine. Delaying application of simazine after seeding increased 

pine seedling survival and seedling dry weight (37). These 

researchers (37) stated that the older plants escaped from 

herbicide injury because roots of the plants were below the soil 

layers containing phytotoxic amounts of the chemical. 

Results from the field experiments and other findings 

indicate that time and rate of herbicide application were 

important factors in providing tolerance of woody nursery crop 

seedlings to napropamide. 
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2. Seed Germination 

The effects of 0, 1, 4, 16, and 40 ppmwv concentrations of 

napropamide on seed germination of five woody nursery crops are 

presented in Table 5. Germination data for domestic apple are not 

shown due to the poor germination. There were no significant 

difference at the 5% probability level among germination 

percentages of all woody species reported, as a result of 

napropamide treatments (Appendix Table 25 and 26) and concentra- 

tions up to 40 ppmwv did not affect germination (Table 5). These 

results are in agreement with those of Warmund et al. (67) who 

found that napropamide did not affect seed germination of black 

locust and honeylocust. These results indicate that reduction of 

seedling survival of deciduous species in the field experiments 

was not due to reduced seed germination. Napropamide apparently 

inhibited growth and killed seedlings before they emerged from the 

soil surface. 

3. Root Elongation 

In this experiment, the roots of woody plants were exposed 

directly to different concentrations of napropamide solution. 

Napropamide at the concentration of 0.01 ppmwv reduced root length 

and root weight of black locust by almost 20% and at higher 

concentrations reduced root growth by 70 to 75%. Napropamide at 
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Table 5.  Effect of various concentrations of napropamide on 
seed germination percentages of black locust (BL), honeylocust 
(HL), Douglas-fir (DF), ponderosa pine (PP), and Japanese black 
pine (JP). 

Napropamide Germination (%) 
concentration       

(ppmwv) BL HL DF      PP JP 

0 90a*    98a 51a 78a 86a 
1 80a 100a 49a 92a 86a 
4 80a 100a 45a     88a 82a 

16 80a 100a 55a     86a 84a 
40 72a 100a 51a     84a 92a 

* = Means within columns followed by the same letters are not 
significantly different at the 5% probability level according 
to Duncan's multiple range test. 
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the lowest rate did not reduce shoot weight of black locust. The 

slight increase in shoot weight was not significantly different 

from the check at the 5% probability level. At higher rates 

(0.1 ppmwv or more), shoot weight of black locust was reduced 

significantly (Figure 1-A). 

The same pattern occured in the effect of napropamide on root 

growth of honeylocust. Napropamide reduced significantly the root 

growth of honeylocust. The root growth of honeylocust was 

decreased as the concentration of napropamide increased. However, 

different from black locust, napropamide at up to 10 ppmwv did not 

affect shoot weight of honeylocust (Appendix Table 28). 

Napropamide concentrations as low as 0.01 ppmwv reduced the 

root growth of domestic apple by about 25% and at the higher rates 

(1 or 10 ppmwv) inhibited and killed the plants, when evaluated 10 

days after root exposure to the herbicide (Figure 1-C). It seems 

that, of those tested, domestic apple was the most susceptible 

species to napropamide. 

Napropamide at 0.01 ppmwv reduced the root growth of Douglas- 

fir by about 20% and as the concentration of herbicide increased, 

the root growth decreased (Figure 1-D). Napropamide at 1 or 10 

ppmwv reduced the root length and root weight of Douglas-fir by 

75%. However, herbicide concentrations up to 10 ppmwv did not 

affect the shoot fresh weight of Douglas-fir, 10 days after being 

exposed (Appendix Table 30). 
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Figure 1. Direct napropamide exposure to roots. Effect on root 
length, root weight, and shoot weight of black locust (A), honey- 
locust (B), domestic apple (C), Douglas-fir (D), ponderosa pine 
(E), and Japanese black pine (F) seedlings. 
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Similar results were obtained with the other conifers: 

ponderosa pine and Japanese black pine (Appendix Table 31 and 32). 

When roots were exposed directly to napropamide at concentrations 

as low as 0.01 ppmwv, root growth of ponderosa pine and Japanese 

black pine was reduced (Figure 1-E and 1-F). Napropamide at 

1 ppmwv reduced root weight and root length of ponderosa pine and 

Japanese black pine by about 75% and 60% , respectively. As with 

Douglas-fir, napropamide at concentrations up to 10 ppmwv did not 

reduce significantly shoot weight of ponderosa pine and Japanese 

black pine. 

These results indicate that when the roots of woody plant 

species were exposed directly to a solution of napropamide, 

the root growth of all six woody nursery crop species tested was 

reduced significantly. However, different results were obtained 

from the effect of herbicide on shoot weight. Domestic apple was 

the most susceptible to napropamide; herbicide at 1 ppmwv killed 

the plants 10 days after being treated. Napropamide also reduced 

significantly shoot weight of black locust. However, napropamide 

at concentrations up to 10 ppmwv did not affect the shoot weight 

of honeylocust and all three coniferous species when evaluated 

10 days after exposure. 

Roots are the major absorbtive organs for napropamide and 

napropamide is known to inhibit root growth (27, 36, 71). When 

napropamide at 25 ppm was applied to the shoots of pepper plants, 

there was no phytotoxic effect, however, application to the root 
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zone caused considerable damage (27). In studies conducted by Wu 

et al. (70) on the site of uptake of napropamide, it was again 

shown that the greatest phytotoxicity occured when napropamide was 

applied in the root zone. 

In the field, prostrate pigweed was more tolerant to 

napropamide than redroot pigweed, however, if the roots of both 

pigweed species were directly exposed to the herbicide, root 

growth of both pigweed species was reduced significantly (36). 

Jachetta et al. (36) stated that the tolerance of pigweed species 

was apparently controlled by factors which influence the 

availability of napropamide for absorption by the roots. 

4. Napropamide Leaching in Soil 

In the plot without napropamide treatment, less than 0.05 ppm 

of napropamide was measured as remaining in the soil down to a 

depth of 10 cm. This amount (0.05 ppm) is considered the minimum 

amount of napropamide that could be detected by the HPLC analysis 

used. 

In this experiment on Chehalis silty clay loam with about 2% 

organic matter, napropamide moved only to depth of 2 cm when 

2.5 cm of water was applied following napropamide treatment 

(Table 6) and soil samples were taken 1 and 5 weeks later. A 

small amount (0.09 ppm) of napropamide was found one week after 

application at the depth of 5 to 10 cm in plots treated with 
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Table 6. Amount of napropamide remaining at different soil 
depths, sampled 1 and 5 weeks after the application of 
napropamide at 4 and 16 kg ai/ha. 

Rate   Soil depth            Napropamide (ppm) 
(kg/ha)     (cm)       —-   

1 week 5 weeks 

0 0-2 <0.05 <0.05 
0 2-5 <0.05 <0.05 
0 5-10 <0.05 <0.05 

0.20 0.10 
<0.05 <0.05 
<0.05 <0.05 

1.57 0.19 
<0.05 <0.05 
0.09 <0.05 

4 0-2 
4 2-5 
4 5-10 

16 0-2 
16 2-5 
16 5-10 
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napropamide at the rate of 16 kg ai/ha. This small amount of 

herbicide may have been due to sample contamination. 

After 5 weeks, during which time the field experiment had 

been watered frequently, napropamide generally remained in the top 

2-cm soil layer. Amounts of napropamide in the 2 to 5 cm and 5 

to 10 cm layers were less than the detectable level. The amount 

of herbicide found in the top 2-cm of soil layer at 5 weeks after 

application was much less than that measured in samples taken 1 

week after application (Table 6), indicating rapid loss of the 

herbicide. 

These results indicating a lack of napropamide movement in 

silty clay loam soil, are in agreement with other findings that 

napropamide is relatively resistant to leaching. Eight inches 

(20 cm) of water leached the chemical only 1 inch (2.5 cm) in 

silty clay soil (45). Adsoption coeficients (Kd) of napropamide 

were found to range from 0.72 to 2.96 mL/g (29). This is 

relatively high compared to other herbicides, such as bromacil, 

a highly leached herbicide, which had Kd values of 0.03 to 0.39 

mL/g (29). Adsorption of napropamide by soil was highly 

correlated with the soil organic matter content and only slighly 

correlated with soil clay content (29, 70). Therefore, on a sandy 

soil, napropamide was more easily leached to the deeper soil 

layers. Five centimeters of simulated rainfall leached the 

chemical 7 cm when applied at a rate of 5 kg/ha to a sandy soil 

(27). 
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5. Root System Study 

Roots of black locust, honeylocust, and ponderosa pine 

grew relatively faster than those of the other three species 

(Figure 2). The roots of honeylocust had reached a depth of more 

than 5 cm, and black locust and ponderosa pine 2 to 3 cm, 1 week 

after sowing. Two weeks after sowing, all three of them had 

primary roots more than 10 cm in length. Douglas-fir and Japanese 

black pine had roots less than 1 cm deep at 1 week after sowing. 

Domestic apple was the slowest species to start its root 

development. Most domestic apple seeds did not germinate 1 week 

after sowing. However, after germination domestic apple seedlings 

grew faster than Douglas-fir or Japanese black pine. When 

measured 3 weeks after sowing, domestic apple had roots as long as 

those of Douglas-fir or Japanese black pine (Figure 2). 

Roots of black locust and honey locust were relatively bigger 

and had more branches (secondary roots) than the other species. 

Although primary roots of black locust and honeylocust were about 

4 cm longer than ponderosa pine 4 weeks after seeding (Figure 2), 

the total root weights of these species were four to five times 

those of ponderosa pine (Figure 3). Roots of domestic apple also 

had many branches. The primary root of domestic apple was shorter 

than that of ponderosa pine but it was comparable in total root 

weight, 5 weeks after seeding (Figure 3). Douglas-fir and 

Japanese black pine had the least extensive root systems. 



49 

+-> en 
c 

o 
o 

<0 

s- 

28   « 

^ 

n BL 

24  • ty / 

/ 
-_ _-#PP 

20   • > j 1 / 

16   • • 

/// 

/ r 

y^DA 

^>JP 

12  ■ < 

It / Y, /' 

8  ' 

si /// 
& 

V 
4  • 

n - A k. f.    ^s 

12 3 4 5 

Plant age   (week) 

Figure 2.    Development of primary root length of seedlings of 
black locust (BL), honeylocust (HL), domestic apple  (DA), Douglas- 
fir  (DF), ponderosa pine (PP), and Japanese black pine  (JP). 



-■
. 

o
 

-s 
o

 
c

 
o
 a

- 

R
oo

t 
fr

e
s
h
 
w

e
ig

h
t 
 (

m
g
/s

e
e
d
lin

g
) 

c
 

-5
 

CO
 

v 
  
 c

o
 

■a
 
—

 
o
 »

   
 o

 
3

  
  

  
 m

 
o.

 s
- 

<
 

ro
 

o
 

ro
 

O
   

fD
   

o
 

W
 *

< 
T

3 
fi

i 
—

■ 
3

 
O
 

fD
 

T3
   

n
 

3
 

-
■• 

C
 

r+
 

3
  

 l/
> 

n>
 

<-
•■ 

o
 

-o
 

-J
 

o
 

•o
 

€
-*

■ 

at
 

a
. 
s

 
3

   
O

   
rt

) 
a

. 
3
 

_.
 

a>
 i

a
 

c^
 t

o 
3
- 

o>
 

H
- 

«-»
■ 

■a
 

-<
 

cu
 

rt
 

3
 

fD
  
 C

U 
in
 "

a 
n>
 -

a 

o
 

-t
>

 

cr
 n

> 
ft)

 
a

. 

o
  
O
 
3

 

—
' 

to
 

->
. 

o
 

3
   

O
 ~

H
 

fD
   

O
 

•  
  
c
 

cr
 

cu
 

o
 

a>
 

3
 

<-+
 

0)
 

m
 

£
 

fD
 

n>
 

c_
 —

' 
—

 <
/) I 

o
 



51 

Table 7. Total root length of six woody nursery crop species at 
2 and 4 weeks after seeding. 

Total root length (cm) 
r i an L.   ijjcv- i ca 

2 weeks 4 weeks 

1. Black locust 97.9 + 28.6* 420.7 + 16.5 
2. Honey!ocust 40.0 +    7.1 246.8 + 25.2 
3. Domestic apple 2.8 +    1.7 33.5 + 10.6 
4. Douglas-fir 4.9 +    1.4 13.4 +    3.6 
5. Ponderosa pine 11.3 +    3.9 44.2 + 13.6 
6. Japanese black pine 6.1 +    0.9 12.8 +    5.9 

Standard deviation derived from five replications 
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Total root lengths of black locust and honeylocust were much 

greater than the other species. At 2 weeks after planting, total 

root lengths of black locust and honeylocust were about 98 cm and 

40 cm, respectively, as compared to only 3 cm for domestic apple, 

5 cm for Douglas-fir, 11 cm for ponderosa pine, and 6 cm for 

Japanese black pine (Table 7). Although the primary root length 

of domestic apple was only slightly greater than that of Douglas- 

fir and Japanese black pine at 4 weeks after planting, its total 

root length was two to three times greater than Douglas-fir and 

Japanese black pine seedling roots of the same age. It was 

evident that deciduous species had more roots and branches than 

coniferous species (Appendix Figure 5). The only coniferous 

species that had a relatively large number of root branches was 

ponderosa pine. 

The rate of root growth and the pattern of development of the 

roots are considered important factors in the selectivity of 

plants to napropamide since it is mostly root absorbed. Plants 

with extensive root systems are able to avoid exposure to the 

herbicide, and thus will not be affected. 

Application of napropamide at 4 weeks after seeding did not 

affect the growth of any of the six woody nursery crops tested. 

At this time of herbicide application, all woody nursery crop 

seedlings had roots at least 8 cm deep (Figure 2), whereas 

napropamide had moved no deeper than 2 cm in the soil. Most of 

the root systems were below the herbicide layer in the soil and 
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escaped exposure; therefore, the growth of the test species was 

not affected by napropamide when applied at this time. 

Tolerance to early application of napropamide varied among 

the species tested. Domestic apple was the most susceptible, 

followed by black locust and honey!ocust. All three coniferous 

species were relatively tolerant to napropamide. The possible 

reason for the susceptibility of domestic apple to napropamide is 

that domestic apple seed was slow to germinate and slow in its 

early root development. Therefore, in the early root development, 

roots of domestic apple were exposed to the herbicide for a longer 

period of time than with the other species. Also this species had 

many root branches in the shallow soil layer (Appendix Figure 5). 

The highest rate of napropamide (16 kg ai/ha) reduced the 

growth of black locust and honeylocust in early application even 

though the roots of these two species grew relatively faster than 

the other species. Both species quickly developed extensive root 

systems, but the high concentration of herbicide in the top 2-cm 

of soil layer was able to reduce the growth of black locust and 

honeylocust. It is also important to note that these two species 

had many secondary roots in the shallow soil layer. 

The three coniferous species were tolerant to napropamide at 

up to 16 kg/ha even in the early herbicide application. One week 

after seeding, ponderosa pine had roots 2 to 3 cm long, Douglas- 

fir and Japanese black pine had roots only about 1 cm long. A 

possible explanation of their tolerance to napropamide is that 
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they had tap roots with few or no branches; consequently, the 

roots absorbed only small amounts of herbicide and the quantities 

absorbed were not sufficient to affect the growth of the 

seedlings. 

When evaluated under greenhouse conditions, napropamide at a 

concentration of as low as 0.01 ppmwv reduced root growth of both 

coniferous and deciduous species, if the roots were exposed 

directly to the herbicide. The herbicide effect on shoot growth 

varied among plant species. Domestic apple was the most 

susceptible species, being killed by 1 ppmwv napropamide, when 

evaluated 10 days after being exposed. Napropamide also reduced 

significantly the shoot weight of black locust. Napropamide at up 

to 10 ppm did not affect shoot growth of honeylocust or the three 

coniferous species. 

These results were similar to the results from field 

experiments at the early napropamide application date, in which 

domestic apple was the most susceptible species followed by black 

locust and honeylocust. All three conifers were tolerant to 

napropamide. It was evident that if the roots of woody nursery 

crop seedlings contacted the herbicide, their growth would be 

reduced. Although under greenhouse conditions, the roots of all 

species were inhibited, each species responded differently with 

respect to shoot weights. Domestic apple responded quickly with 

all plant shoots being killed within ten days after being exposed 

to napropamide. Shoot weight of black locust was also reduced 
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significantly. In contrast, shoot weights of honeylocust and all 

three coniferous species were not affected yet, although their 

root systems were reduced significantly, when evaluated ten days 

after the roots were directly exposed to napropamide. 

Referring to the results obtained from the experiments above, 

several means may be taken to avoid seedling injury or growth 

reduction due to napropamide application. Napropamide was 

resistant to leaching, remaining in the top few cm of soil. 

Planting seeds of a woody nursery crop deeper than 2 cm, or below 

the herbicide treated soil layer, could avoid exposure to the 

herbicide. However, it must be considered that planting seeds 

deeper in the soil may reduce seed germination or number of 

seedlings that emergence. Knowledge about the optimum seeding 

depth, to place seeds below the herbicide layer but where the 

seeds will have good germination, is very important. 

Delaying herbicide application is another alternative to 

avoid herbicide exposure. The larger root systems of older plants 

may enable them to escape significant exposure to herbicide 

treatment. Delaying herbicide application was also proposed by 

Kozlowski and Kuntz (37) for triazine herbicides application in 

pine seedlings. 

Repeated applications of a lower rate of herbicide could also 

be used as a means of avoiding herbicide injury to the crop. Rate 

of herbicide is one of the important factors in herbicide selecti- 

vity. Most woody nursery crop seedlings are tolerant to the 
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lowest rate of napropamide used in this study. Repeated herbicide 

application may also provide an extended period of weed control. 

There are several research needs to be met if a better 

understanding of the basis for selectivity of napropamide in woody 

nursery crops is to be achieved. In this study the various woody 

nursery crop species responded differently to napropamide, 

especially in the early herbicide application. Deciduous species 

were relatively more susceptible to napropamide than coniferous 

species, in terms of the effect on number of seedlings surviving 

and shoot weight. However, it is not known in the field studies 

if napropamide affected the root growth of only the deciduous 

species or if the root growth of coniferous species was also 

reduced as was found in the nutrient solution experiment. Root 

system study in the field is relatively difficult since the roots 

of woody nursery crops, especially black locust and domestic 

apple, are fragile. Though hard to remove the root system of 

plants in the field, it is possible to do this in pots, under 

greenhouse conditions. Napropamide could be mixed in the soil at 

different concentrations and at specific soil depths, and then 

seeds planted to different soil depths, either in or below the 

treated layer. Pots should be sub-irrigated and top-irrigated to 

avoid herbicide mobility in the soil profile. This study may 

determine the effects on seedling emergence, total plant growth, 

and especially root growth, of napropamide present in the soil at 

certain concentrations, with potential direct exposure by crop 
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plant shoots or roots, and any interaction effect with seeding 

depth. 

Herbicide selectivity may be due not only to differences in 

exposure to the herbicide, but also to differences in uptake, 

translocation, and/or metabolism of the herbicide in plant. 

Research on these subjects would be useful in determining the 

basis for napropamide selectivity in woody nursery crops. 

Research on herbicides mixed with or used in conjunction 

with other herbicides, in order to get a broader spectrum of weed 

control or to reduce crop plant injury, could be performed. To 

obtain better weed control, napropamide has been mixed with 

simazine (5, 28), oxyfluorfen (5, 6, 40, 41), bifenox (4, 5, 40), 

or oxadiazon (4), or followed by an application of oxyfluorfen 

(7, 38) or bifenox (7). It has been found that simazine mixed 

with napropamide reduced the woody ornamental injury caused by 

simazine (56), also addition of compost in the nursery bed 

appeared to reduce black locust injury to higher rates of 

napropamide without reducing herbicide efficacy (32). 

Research on woody nursery crop seedling tolerance to 

herbicides as well as herbicide efficacy on weeds, should be 

continued to improve the selective weed control methods available 

for use on these crops. Research conducted under conditions of 

commercial nursery production and with considerations of 

integration into practiced nursery crop management systems may 

provide results more readily utilized by the industry. 
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1 = paper covering 
2 = seeds 
3 = paper 

4 = tray 
5 = sponge 
6 = water 

Appendix Figure 1.    Technique for pre-germination of seeds  in 
the greenhouse. 
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Appendix Figure 2.    Calibration  for standard  solution of 
napropamide. 
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Appendix Figure 3. An example of an HPLC chromatogram of a 
standard solution of napropamide. Retention time of 
napropamide is about 4.7 min. 
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Appendix Figure 4.    An example of a HPLC chromatogram of napropamide in the 0-2 cm soil  depth, 
taken  1 week after application of napropamide at the rates of 0 kg  (0), 4 kg  (4), and 
16 kg ai/ha   (16). 
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Appendix Figure 5. Root patterns of black locust (BL), honeylocust 
(HL), domestic apple (DA), Douglas-fir (DF), ponderosa pine (PP), 
and Japanese black pine (JP), 4 weeks after seeding. Each square 
is 2 cm on a side. 
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Appendix Table !_. Analysis of variance for number of seedlings 
and shoot weight of black locust as affected by napropamide 
applied at 0, 2, and 4 weeks after seeding.  Field experiment 
1984. 

Source of variation df 
MS 

Seedling number Shoot weight 

Replication 
Treatment 
Application time (T) 
Napropamide (N) 
T x N 

Error 
Total 

3 
11 

2 
3 
6 

33 
47 

1.094 
15.830 

12.457** • 
1.814* 
1.559** 

0.452 

19.614 
2729.080 

2673.750** 
43.410** 
11.920* 

3.626 

* = significant at the 
** = significant at the 

5% probability level 
1% probability level 

Appendix Table 2. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for black 
locust. Field experiment 1984. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 3 2.964** 
T=2 3 1.685* 
T=4 3 0.282ns 

Error 33 0.452 

36.496** 
26.272** 
4.482ns 
3.626 

ns = not significant at 
* = significant at the 

= significant at the ** 

the 5% probability level 
5% probability level 
1% probability level 
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Appendix Table 3. Analysis of variance for number of seedlings 
and shoot weight of honeylocust as affected by napropamide 
applied at 0, 2, and 4 weeks after seeding. Field experiment 
1984. 

MS 
Source of variation df 

Seedling number Shoot weight 

Replication 3 0.340 1.461 
Treatment 11 11.937 96.890 
Application time (T) 2 10.803** 90.989** 
Napropamide (N) 3 0.516ns 4.382* 
T x N 6 0.617ns 1.519ns 

Error 
Total 

33 
47 

0.364 1.230 

ns = not significant at 
* = significant at the 
** = significant at the 

the 5% probability level 
5% probability level 
1% probability level 

Appendix Table 4. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
honeylocust. Field experiment 1984. 

Source df 
MS 

Seedling number   Shoot weight 

Var within T=0 
T=2 
T=4 

Error 

3 
3 
3 

33 

1.265** 
0.204ns 
0.282ns 
0.364 

2.906ns 
1.732ns 
2.782ns 
1.830 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 
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Appendix Table 5. Analysis of variance for number of seedlings 
and shoot weight of domestic apple as affected by napropamide 
applied at 0, 2, and 4 weeks after seeding. Field experiment 
1984. 

MS 
ouui >_e ui vai laiiun U 1 

Seedling number Shoot weight 

Replication 3 1.863 6.948 
Treatment 11 5.544 77.658 

Application time (T) 2 2.925** 68.993** 
Napropamide (N) 3 1.310* 6.081ns 
T x N 6 1.309* 2.585ns 

Error 33 0.393 2.196 
Total 47 

ns = not significant at 
* = significant at the 
** = significant at the 

the 5% probability level 
5% probability level 
1% probability level 

Appendix Table 6. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
domestic apple. Field experiment 1984. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 3 3.659** 
T=2 3 0.131ns 
T=4 3 0.138ns 

Error 33 0.393 

6.825* 
0.382ns 
4.044ns 
2.196 

ns = not significant at 
* = significant at the 

= significant at the ** 

the 5% probability level 
5% probability level 
1% probability level 
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Appendix Table 7. Analysis of variance for number of seedlings 
and shoot weight of Douglas-fir as affected by napropamide applied 
at 0, 2, and 4 weeks after seeding. Field experiment 1984. 

Source of variation    df 
MS 

Seedling number   Shoot weight 

Replication 3 3.064 
Treatment 11 11.863 
Application time (T) 2 10.664** 
Napropamide (N) 3 0.772ns 
T x N 6 0.427ns 

Error 33 0.542 

0.235 
3.249 

3.086** 
0.102ns 
0.061ns 

0.103 
Total 47 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 8. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
Douglas-fir. Field experiment 1984. 

Source df 
MS 

Seedling number  Shoot weight 

Var within T=0        3 0.253ns 0.016ns 
T=2        3 0.497ns 0.041ns 
T=4        3 0.876ns 0.167ns 

Error 33 0.542 0.103 

ns = not significant at the 5% probability level 
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Appendix Table 9. Analysis of variance for number of seedlings 
and shoot weight of ponderosa pine as affected by napropamide 
applied at 0, 2, and 4 weeks after seeding. Field experiment 
1984. 

Source of variation     df 
MS 

Seedling number   Shoot weight 

Replication 3 1.734 
Treatment 11 19.382 

Application time (T) 2 17.920** 
Napropamide (N) 3 0.903ns 
T x N 6 0.559ns 

Error 33 0.616 
Total 47 

0.934 
19.179 

18.760** 
0.263ns 
0.157ns 

0.274 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 10. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for ponderosa 
pine. Field experiment 1984. 

Source df 
MS 

Seedling number    Shoot weight 

Var within T=0      3 0.660ns 0.168ns 
T=2      3 1.214ns 0.399ns 
T=4      3 0.147ns 0.010ns 

Error 33 0.616 0.274 

ns = not significant at the 5% probability level 
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Appendix Table n_. Analysis of variance for number of seedlings 
and shoot weight of Japanese black pine as affected by napropamide 
applied at 0, 2, and 4 weeks after seeding. Field experiment 
1984. 

Source of variation df 
MS 

Seedling number Shoot weight 

Replication 
Treatment 

Application 
Napropamide 
T x N 

Error 
Total 

time 
(N) 

(T) 

3 5.058 
11 25.103 

2 22.898** 
3 0.662ns 
6 1.543ns 

33 0.955 
47 

0.988 
25.615 

24.554** 
0.569ns 
0.492ns 

0.310 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 12.    Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
Japanese black pine. Field experiment 1984. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 
T=2 
T=4 

Error 

3 
3 
3 

33 

1.039ns 
0.695ns 
0.201ns 
0.955 

0.066ns 
0.165ns 
1.321* 
0.310 

ns 
* 

= not significant at the 5% probability level 
= significant at the 5% probability level 
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Appendix Table 13. Analysis of variance for number of seedlings 
and shoot weight of black locust as affected by napropamide 
applied at 0, 1, and 2 weeks after seeding. Field experiment 
1985. 

MS 
Source of variation df 

Seedling number Shoot weight 

Replication 3 1265.72 396959.00 
Treatment 11 361.82 813851.50 
Application time (T) 2 12.77ns 601960.00** 
Napropamide (N) 3 89.06ns 117372.00ns 
T x N 6 259.99ns 94519.50ns 

Error 
Total 

33 
47 

141.33 46098.00 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 14. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
black locust. Field experiment 1985. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 
T=l 
T=2 

Error 

3 
3 
3 

33 

503.56* 
16.56ns 
88.92ns 
141.33 

261888.00** 
7105.39ns 

37417.20ns 
46098.00 

ns = not significant at 
* = significant at the 
** = significant at the 

the 5% probability level 
5% probability level 
1% probability level 
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Appendix Table 15. Analysis of variance for number of seedlings 
and shoot weight of honeylocust as affected by napropamide 
applied at 0, 1, and 2 weeks after seeding. Field experiment 
1985. 

MS 
Source of variation df 

Seedling number Shoot weight 

Replication 3 50.111 9614.590 
Treatment 11 1746.239 102254.980 
Application time (T) 2 1611.190** 86482.800** 
Napropamide (N) 3 91.722ns 14855.500* 
T x N 6 43.326ns 916.676ns 

Error 33 43.278 4501.420 
Total 47 

= not significant at the 5% probability level 
= significant at the 5% probability level 

** = significant at the 1% probability level 

ns 
* 

Appendix Table 16. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
honeylocust. Field experiment 1985. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 
T=l 
T=2 

Error 

3 
3 
3 

33 

96.563ns 
76.729ns 
5.083ns 

43.278 

6184.060ns 
4465.470ns 
6039.300ns 
4501.420 

ns = not significant at the 5% probability level 
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Appendix Table 17. Analysis of variance for number of seedlings 
and shoot weight of domestic apple as affected by napropamide 
applied at 0, 1, and 2 weeks after seeding. Field experiment 
1985. 

MS 
Source of variation df 

Seedling number Shoot weight 

Replication 3 0.423 1.156 
Treatment 11 78.426 669.545 
Aplication time (T) 2 58.267** 562.802** 
Napropamide (N) 3 17.646** 96.528** 
T x N 6 2.513** 10.215** 

Error 33 0.476 2.303 
Total 47 

** = significant at the 1% probability level 

Appendix Table 18. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
domestic apple. Field experiment 1985. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 
T-l 
T=2 

Error 

3 
3 
3 

33 

13.241** 
7.316** 
2.115* 
0.476 

41.971** 
41.604** 
33.384** 
2.303 

* = significant at the 5% probability level 
** = significant at the 1% probability level 
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Appendix Table 19. Analysis of variance for number of seedlings 
and shoot weight of Douglas-fir as affected by napropamide applied 
at 0, 1, and 2 weeks after seeding. Field experiment 1985. 

Source of variation df 
MS 

Seedling number Shoot weight 

Replication 
Treatment 

Application 
Napropamide 
T x N 

Error 
Total 

time 
(N) 

(T) 

3 
11 

33 
47 

26.927 
49.652 

2 45.647** 
3 0.475ns 
6       3.530ns 

2.980 

3.780 
8.800 

7.939** 
0.112ns 
0.749ns 

0.425 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 20. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
Douglas-fir. Field experiment 1985. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 
T-l 
T=2 

Error 

3 
3 
3 

33 

1.405ns 
1.461ns 
4.669ns 
2.980 

0.140ns 
0.558ns 
0.911ns 
0.425 

ns = not significant at the 5% probability level 
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Appendix Table 21. Analysis of variance for number of seedlings 
and shoot weight of ponderosa pine as affected by napropamide 
applied at 0, 1, and 2 weeks after seeding. Field experiment 
1985. 

Source of variation     df 
MS 

Seedling number  Shoot weight 

Replication 3    3585.060 1052.490 
Treatment 11    4610.900 2789.344 

Application time (T)      2     3839.810** 2213.730** 
Napropamide (N)         3      552.222ns 435.172* 
T x N 6      218.868ns 140.442ns 

Error 33     351.283 147.718 
Total 47 

ns = not significant at the 5% probability level 
* = significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 22. Variation within time of application as 
affected by napropamide at 0, 
ponderosa pine. Field experi 

4, 8, and 16 kg ai/ha 
ment 1985. 

for 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 
T=l 
T=2 

Error 

3 
3 
3 

33 

224.729ns 
592.833ns 
172.396ns 
351.283 

121.102ns 
192.689ns 
402.264ns 
147.718 

ns = not significant at the 5% probability level 
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Appendix Table 23. Analysis of variance for number of seedlings 
and shoot weight of Japanese black pine as affected by napropamide 
applied at 0, 1, and 2 weeks after seeding. Field experiment 
1985. 

Source of variation df 
MS 

Seedling number Shoot weight 

Replication 
Treatment 
Application 
Napropamide 
T x N 

Error 
Total 

time 
(N) 

(T) 

3 
11 

33 
47 

3558.350 
14284.511 

2 13798.900** 
3 167.576ns 
6     318.035ns 

561.854 

387.648 
2215.123 

2150.640** 
41.908ns 
22.575ns 

62.993 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 24. Variation within time of application as 
affected by napropamide at 0, 4, 8, and 16 kg ai/ha for 
Japanese black pine. Field experiment 1985. 

Source df 
MS 

Seedling number Shoot weight 

Var within T=0 
T=l 
T=2 

Error 

3 
3 
3 

33 

481.833ns 
173.750ns 
148.063ns 
561.854 

37.498ns 
19.009ns 
30.551ns 
62.993 

ns = not significant at the 5% probability level 
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Appendix Table 25. Analysis of variance for germination 
percentages of black locust (BL) and honeylocust (HL) as 
affected by napropamide at 0, 1, 4, 16, and 40 ppmwv. 

MS 
Source of variation     df    —   

BL HL 

Replication 4 54 4 
Napropamide 4 204ns 4ns 
Error 16 204 4 
Total 24 

ns = not significant at the 5% probability level 

Appendix Table 26. Analysis of variance for germination 
percentages of Douglas-fir (DF), ponderosa pine (PP), and 
Japanese black pine (JP) as affected by napropamide at 0, 1, 
4, 16, and 40 ppmwv. 

Source of variation df 
MS 

DF PP JP 

Replication 
Napropamide 
Error 
Total 

4 
4 

16 
24 

166 
66ns 

196 

154 
134ns 
92 

120 
70ns 
90 

ns = not significant at the 5% probability level 
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Appendix Table 27. Analysis of variance for root length, root 
weight, and shoot weight of black locust as affected by direct 
exposure of the roots to 0, 0.01, 0.1, 1, and 10 ppmwv of 
napropamide. 

MS 
Source of variation  df       

Root length Root weight Shoot weight 

Replication 7 1.576 69.657     611.814 
Napropamide 4 63.967** 3787.410** 8713.960** 
Error 28 0.883 112.398 1224.090 
Total 39 

** = significant at the 1% probability level 

Appendix Table 28. Analysis of variance for root length, root 
weight, and shoot weight of honeylocust as affected by direct 
exposure of the roots to 0, 0.01, 0.1, 1, and 10 ppmwv of 
napropamide. 

MS 
Source of variation  df   - - - 

Root length Root weight Shoot weight 

Replication 7 0.793 123.282 2512.000 
Napropamide 4 116.500** 3104.850** 3656.210ns 
Error 28 1.663 129.764 5133.740 
Total 39 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 
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Appendix Table 29. Analysis of variance for root length, root 
weight, and shoot weight of domestic apple as affected by direct 
exposure of the roots to 0, 0.01, 0.1, 1, and 10 ppmwv of 
napropamide. 

Source of vari ation df 
MS 

Root length Root weight Shoot weight 

Replication 
Napropamide 
Error 
Total 

6 
4 

24 
34 

0.019 
8.412** 
0.025 

0.556 
51.148** 
0.527 

2.459 
281.418** 

3.400 

** = significant at the 1% probability level 

Appendix Table 30. Analysis of variance for root length, root 
weight, and shoot weight of Douglas-fir as affected by direct 
exposure of the roots to 0, 0.01, 0.1, 1, and 10 ppmwv of 
napropamide. 

Source of variation df 
MS 

Root length Root weight Shoot weight 

Replication 
Napropamide 
Error 
Total 

7 
4 

28 
39 

0.136 
40.451** 
0.139 

7.568 
413.475** 

4.246 

78.971 
9.838ns 

58.480 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 
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Appendix Table 31_. Analysis of variance for root length, root 
weight, and shoot weight of ponderosa pine as affected by direct 
exposure of the roots to 0, 0.01, 0.1, 1, and 10 ppmwv of 
napropamide. 

MS 
Source of variation  df    - - 

Root length Root weight Shoot weight 

Replication 7    0.491 31.339 590.254 
Napropamide 4 73.383** 1653.590** 1686.690ns 
Error 28    0.661 35.902 1143.460 
Total 39 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 

Appendix Table 32. Analysis of variance for root length, root 
weight, and shoot weight of Japanese black pine as affected by 
direct exposure of the roots to 0, 0.01, 0.1, 1, and 10 ppmwv 
of napropamide. 

MS 
Source of variation  df  - - -   

Root length Root weight Shoot weight 

Replication         7    0.293      4.443 187.596 
Napropamide         4    6.533**   53.088** 7.463ns 
Error            28    0.187      2.345 138.963 
Total             39 

ns = not significant at the 5% probability level 
** = significant at the 1% probability level 


