
THE EFFECTS OF ALTERNATE-ROW 

INTERPLANTING OF FIVE SPECIES 

ON BLACK WALNUT GROWTH 

F.W. VON ALTHEN 

FORESTRY CANADA 

ONTARIO REGION 

GREAT LAKES FORESTRY CENTRE 

1990 

INFORMATION REPORT O-X-409 



■Minister of Supply and Services Canada 1990 

Catalogue No. Fo46-14/409E 

ISBN 0-662-17824-6 

ISSN 0832-7122 

Copies of this publication are available at no charge from: 

Communications Services 

Forestry Canada 

Ontario Region 

Great Lakes Forestry Centre 

P.O. Box 490 

Sault Ste. Marie, Ontario 

P6A 5M7 

Microfiches of this publication may be purchased from; 

Micro Media Inc. 

Place du Portage 

165, Hotel-de-Ville 

Hull, Quebec 

J8X 3X2 



Front ispiece 

Ten-year-old black walnut planted in alternate rows with autumn 

(Mean height of the walnut is 5.8 m, mean DBH is 7.8 cm.) 
olive. 



von Althen, F.W. 1990. The effects of alternate-row interplanting of 

five species on black walnut growth. For, Can., Ont. Region, Sault 

Ste. Marie, Ont. Inf. Rep. O-X-409. 14 p. 

ABSTRACT 

Black walnut (Juglans nigra L.) was planted alone and in altern 

ate rows with black locust (Robinia pseudoacacia L.), autumn olive 

{Elaeagnus umbellata Thumb.), white pine (Pinus etrobus L.). European 

alder (Alnus glutinosa [L.] Gaertn.) and bur oak (Quercus macrocarpa 

Michx.) near Parkhill, Middlesex County, Ontario. There were three 

replications of the pure walnut plots and of the walnut mixtures with 

black locust, autumn olive and white pine. European alder and bur oak 

were planted in only one and two plots, respectively. The planting site 

was a former field of marginal fertility for black walnut. Spacing was 

3 m between rows and 1.5 m within rows. 

on Ten years after planting, species mixtures had no effect 

walnut survival. However, height of black walnut was significantly 

greater in plots in which walnut was interplanted with autumn olive than 

in the pure walnut plots or the walnut/white pine mixture. In addition, 

DBH of black walnut was significantly higher in plots in which walnut was 

interplanted with autumn olive than in the pure walnut plots or the mix 

tures with black locust or white pine. Nitrogen concentrations in black 

walnut leaves were also significantly higher in plots in which black 

locust or autumn olive were interplanted than in the pure walnut plots or 

the plots in which white pine was interplanted. 

RESUME. 

Des noyers noirs (Juglans nigra L.) ont ete plantes en parcelles 

pures et melanges pres de Parkhill, dans le comte de Middlesex, en 

Ontario; dans les parcelles melangees, les rangs de noyer noir 

alternaient avec des rangs de robinier faux-acacia [Robinia pseudoacacia 

L.), de chalef en ombelles (Elaeagnus umbellats Thumb.), de pin blanc 

(Pinus strobus L-), de verne {Alnus glutinosa [L.] Gaertn.) et de chene 

a gros fruits (Quercus macrocarpa Michx.). Les parcelles pures de noyer 

noir et les parcelles miglangees avec le robinier faux-acacia, le chalef 

en ombelles et le pin blanc etaient assorties de repetitions. Le verne 

et le chene a gros fruits n'e"taient plantes respectivement que dans 1 et 

2 parcelles. Les parcelles ont ete etablies dans un ancien champ offrant 

une fertilite marginale au noyer noir. L'ecartement des rangs etait de 

3 m et 1'espacement des plants de 1,5 m. 

10 ans apres la plantation, la composition des especes n'avait 

aucun effet sur le taux survie du noyer noir. La croissance en hauteur 

dii noyer noir etait cependant beaucoup plus importante dans les parcelles 
ou le noyer noir alternait avec le chalef en ombelles que dans les 

parcelles pures ou de noyer/pin blanc. De plus, le dhp du noyer noir 

etit conside"rablement plus eleve dans les parcelles de noyer noir/ 



chalef sn ombelles que dans les parcelles pures ou dans les parcelles 

oil il alternait avec le robinier faux-acadia ou le pin blanc. Les 

teneurs en azote des feuilles de noyer noir etaient beaucoup plus elevens 

dans Les parcelles ou il alternait avec le robinier faux-acacia ou le 

chalef en ombelles que dans les parcelles pures ou les parcelles de noyer 

noir/pin blanc. 
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INTRODUCTION 

High timber value and the potential Eoc income from nut produc 

tion make black walnut (Juglans nigva L.) a preferred species for the 

afforestation of former farmland in southern Ontario. However, black 

walnut is very demanding in its site requirements and grows well only in 

deep, fertile, well drained sandy loams, loams or clay loams (Carmean 

1966, Taylor and Jones 1986, Ponder 1989). Since these soils ace also 

the best agricultural lands, they are seldom available in quantity for 

afforestation, and walnut plantings are often relegated to sites of 

marginal fertility. 

One possible way of making these marginal soils suitable for 

walnut afforestation is through fertilization (Pope et al. 1982). Phares 

(1973) reported a 342 increase in diameter growth of pole-sized black 

walnut growing on an upland site of marginal productivity after fertili 

zation with 254 kg/ha of nitrogen. Fertilization with 200 kg/ha of 

nitrogen revitalized the growth of a stagnating 8-year-old walnut planta 

tion growing on a well drained sandy loam in southern Ontario (von 

Althen 1985). However, fertilization with 200 kg/ha of nitrogen and 100 

kg/ha each of phosphorus and potassium at the time of planting failed to 

improve significantly either survival or growth of black walnut planted 

in a clay loam of marginal fertility (von Althen 1976). Phares (1973) 

also advised against the fertilization of walnut seedlings and small sap 

lings because fertilization rarely increases walnut growth; instead, it 

stimulates weed growth and thereby increases the intensity of weed 

control required. 

Another possible method of improving the fertility of former 

farmland for black walnut afforestation is through the interplanting of 

walnut seedlings with nitrogen-fixing tree or shrub species. Clark and 

Williams (1979) interplanted black walnut with the nitrogen fixers autumn 

olive (Elaeagnus umbellata Thumb.), European alder {Alnus glutinosa [L.} 

Gaertn.) and black locust {Robinia pseudoacacia L.). Ten years later, 

the black walnut interplanted with autumn olive was 94 cm taller than 

black walnut interplanted with locust, the second-best nurse species, and 

256 cm taller than walnut in the control plots. Similar improvements in 

walnut growth after interplanting with autumn olive were reported by 

Ponder et al. (1980) and, after interplanting with European alder, 

Russian olive (Elaeagnus angustifolia L.) and autumn olive, by Van 

Sambeek et al. (1985) . 

Although most of the growth improvement has been attributed to 

the addition of soil nitrogen supplied by the interplanted actinorhizal 

species (Ponder 1980, Paschke and Dawson 1989), improved weed control 

provided by shading from the interplanted species also appears to have 

contributed to improved walnut growth (Friedrich and Dawson 1984. Van 

Sambeek et al. 1985) . 

To determine the effects of interplanting black walnut with black 

locust, autumn olive, white pine {Pinus strobus L.), European alder and 

bur oak (Quercus macrocarpa Michx.) on the survival and the height and 



diameter increments of black walnut in southern Ontario, a plantation was 

established in 1980 on former farmland of marginal site quality for black 

walnut. This report presents the 10-year results. 

EXPERIMENTAL AREA 

The experimental site is a farm field on gently rolling topo 

graphy located near Parkhill, Middlesex County, Ontario. The soil, 

classified by the Ontario Soil Survey (Hoffman and Richards 1952) as a 

Perth ciay loam, has developed from a heavy ground moraine that has been 

modified, to some extent, by marine waters and lacustrine depositions. 

The parent material consists of clay with a coarse, blocky structure. 

Depth to parent material and drainage vary with topography. On the level 

areas, average depth to parent material is 50 cm and drainage is 

imperfect. In the shallow depressions, average depth to parent material 

is 30 cm and drainage is poor. At the time of planting, the pH of the 

plow layer was 7.2 and the organic-matter content was 32. 

METHODS 

After harvesting a crop of wheat, the entire field was plowed and 

disked in the autumn of 1979. In April 1980, 1+0 black walnut seedlings 

were machine planted alone or in alternate rows with 2+0 black locust, 

2+0 autumn olive, 3+0 white pine, 2+0 European alder or 2+0 bur oak. All 

seedlings were grown from local seed sources and were raised in the St. 

Williams tree nursery. Spacing in all plots was 3 m between rows and 1.5 

m within rows. 

Shortly after planting and in April of the next 2 years, 5.6 kg 

a.i./ha of simazine (Princep Nine-T ) were broadcast over the entire 

experimental area and 2.0 kg a.i./ha of glyphosate (Roundup ) were 

sprayed between the rows of trees and shrubs in late June of the fifth 

growing season. During the summer of the third and fifth growing 

seasons, one side of each forked leader and the lowest branches of each 

walnut tree were pruned. Finally, during the summer of the eighth grow 

ing season, the lower branches of all walnut trees were pruned to approx 

imately one-third the height of the trees. 

The experiment was laid out in a randomized-block arrangement 

with three replications of each of four species combinations. Because of 

a shortage of European alder seedlings, only one plot was planted with 

alder; two additional plots were planted with bur oak. Each plot con 

sisted of 7 rows, each of 34 trees. In the plots with alternating rows 

of nurse-tree species, three rows of black walnut alternated with four 

rows tit the interplanted species. The total numbers of seedlings planted 

were 1938 black walnut; 408 each of black locust, autumn olive, and white 

pine; 272 bur oak; and 136 European alder. 



DATA COLLECTION AND ANALYSIS 

The intensity of competition was assessed by visually rating the 

percentage of ground cover in July of each of the first 5 years after 

planting and in July of year 10. Survival and heights of all planted 

tree and shrub species were recorded at the end of years 1, 3, 5, 7 and 

10. The diameter at breast height (DBH) of all walnut trees was recorded 

at the end of the tenth growing season. Five composite foliage samples 

(two walnut leaves from mid-crown of each of five trees) were collected 

in each plot in late July of years 5 to 10 and were analyzed for nitrogen 

content by the semi-micro Kjeldahl method. 

The 10-year survival, height, DBH and foliar-nitrogen data for 

black walnut were subjected to analyses of variance and Tukey's multiple 

range test, with the exception of data from plots interplanted with 

European alder and bur oak; because these species were interplanted with 

black walnut in only one and two plots, respectively, no analysis of 

variance could be conducted on these data because of the lack of 

replication. 

RESULTS 

Site 

In depressed areas in the field, which covered approximately 

one-fifth of the total experimental area, black walnut growth was very 

poor and mortality of the interplanted species was high. To eliminate 

the confounding effects of site differences, survival and growth data for 

black walnut and the interplanted species in the depressions were 

excluded from the analyses of treatment results. 

Weed Control 

Application of 5.6 kg a.i./ha of active simazine shortly after 

planting and in April of the next 2 years provided 70 to 80Z competition 

control during the first 3 years (Table 1). However, when the herbicide 

treatments were discontinued after 3 years, competition greatly 

increased. The most common weed species were tall fescue (Festuca 

arundinaceae Schreb.), quack grass (Agropyron repens [L-] Beaur.), 

goldenrod {Solidago spp.) and wild aster (.Aster spp.). Application of 2 

kg a.i./ha of glyphosate in late June of the fifth year effectively 

controlled competition for the next 2 years. However, by year 10, dense 

herbaceous vegetation covered 802 of the soil in all plots except those 

that contained autumn olive or black locust (Fig. 1-6). 



Figure 1. Pure stand of 10-year-old black walnut. Note the dense ground 

cover, mainly of goldenrod. 

asm 

Figure 2. Alternate rows of 10-year-old black walnut and black locust. 



. 

Figure 3. Alternate rows of 10-year-old blade walnut and autumn olive 
Note the dense shade under the walnut trees. 

Figure 
Alternate rows of 10-year-old black walnut and white pine 

Note the dense herbaceous competition under the walnut trees. 



Figure 5. Alternate rows of 10-year-old black walnut and European alder. 

Note the dieback of alder on the right side of the 

photograph. 

Figure 6. Alternate rows of 10-year-old black walnut and bur oak. Note 

the columnar crown of the oak, which provides little 

competition control for the walnut, trees. 



Table 1. Competition control 

planting. 

by treatment and number (if years since 

Competition control (£), by years 

since planting 

Plantation mixture 

Pure black walnut 

Black walnut - black locust 

Black walnut - autumn olive 

Black walnut - white pine 

Black walnut - European alder 

Black walnut - bur oak 

Survival 

Ten-year survival of black walnut ranged from 88 to 95Z, with no 

significant differences among treatments (Table 2). Most of the mortal 

ity of black locust and white pine occurred during the first 3 years 

after planting and was probably caused by simazine toxicity. Survival of 

autumn olive and bur oak was 81 and 872, respectively, with no apparent 

single cause of mortality. Survival of European alder was 852 at the end 

of the seventh growing season. However, starting in the summer of the 

seventh year after planting, many alder branches and tops began to die. 

This dieback progressed rapidly and resulted in additional mortality of 

282: during the next 2 years. 

Height 

Ten-year height of black walnut was significantly higher in plots 

interplanted with autumn olive than in pure walnut plots or those in 

which white pine was interplanted (Table 2). There was no significant 

height difference between black walnut trees interplanted with autumn 

olive and those interplanted with black locust, which was 172 cm taller 

than the interplanted black walnut. There was little height difference 

between black walnut and the interplanted white pine or European alder, 

but black walnut was 105 and 213 cm taller, respectively, than the inter 

planted bur oak and autumn olive. 



Table 2. Ten-year survival, height, and DBH of black walnut, and 10-year 
survival and height of interplanted species. 

DBH 

Survival {%) Height (cm)a (cm)3 

p1_f_. . black nurse black nurse black 
Plantation mixture walnut species walnut species walnut 

Pure black walnut 96 a -- 436 a -- 5 2 

Black walnut - black locust 92 a 50 518 ab 690 6.2 a 

Black walnut - autumn olive 95 a ei 575 b 362 7 8b 

Black walnut - white pine 96 a 64 449 a 441 ^.1 a 

Black walnut - Eur. alder 97 57 476 491 6.6 

Black walnut - bur oak 88 87 472 367 6 5 

a Mixtures of black walnut with European alder and bur oak were not fully 
replicated. These mixtures were therefore excluded from the analyses 
of variance. For other treatments, means of height followed by differ 
ent letters differ significantly at the 952 probability level. Means 
of DBH followed by different letters differ significantly at the 
probability level. 

Diameter 

Mean 10-year DBH of black walnut planted in alternate rows with 
autumn olive was highly significantly greater than that of walnuts 
planted either alone or in alternate rows with black locust or white pine 
(Table 2). Mean diameter of black walnut planted in alternate rows with 
European alder or bur oak was substantially greater than that of trees in 
the pure walnut plantation, but this difference was not analyzed 
statistically. 

Foliar Nitrogen Content 

Ten years after planting, foliar nitrogen concentration was sig 
nificantly higher (p<0.01) in the leaves of walnut trees interplanted 
with black locust or autumn olive than in the leaves of walnut trees 
interplanted with white pine or planted alone (Table 3). Although not 
verified by statistical analyses, the nitrogen concentrations in the 
leaves of walnut trees interplanted with European alder or bur oak were 
very similar to those in the pure walnut plantation. The lowest nitrogen 
concentration was recorded in walnut trees interplanted with white nine 

All nitrogen concentrations had declined greatly between years 5 and 10 
atter planting. 



Table 3. Foliar nitrogen content of black walnut trees planted alone or 

in alternate rows with nurse species. 

Foliar nitrogen content {%) of black 

walnut, by number of years since planting 

Plantation mixture 

Pure black walnut 

Black walnut - black locust 

Black walnut - autumn olive 

Black walnut - white pine 

Black walnut - European alder 

Black walnut - bur oak 

a Mixtures of black walnut with European alder and bur oak were not fully 
replicated. These mixtures were therefore excluded from the analyses of 
variance. Ten-year foliar nitrogen concentrations followed by different 

letters differ significantly (p<0.01). 

DISCUSSION 

The planting site was a former field that had produced good crops 

of wheat, corn and other agricultural commodities for many years. 

Although the topography was slightly rolling, no obvious differences in 

crop production had been noted between the flat areas and the depres 
sions. However, shallow depth to parent material and poor drainage in 

the depressions caused stagnation in the growth of the planted walnut 
trees. ' This stagnation became apparent only in the fourth year after 

planting, but by year 10, dieback of tops and branches was widespread, 

the bark was very dark, and numerous epicormic sprouts had emerged along 

the upper stems and lower sections of the largest branches. Despite the 
obvious stress, walnut survival remained high. This shows that black 

walnut is very tenacious even on sites that are too poor for adequate 

growth. 

In the depressions, up to 80Z of the black locust, autumn olive, 

European alder and white pine seedlings died during the first 3 years 

after planting. This mortality was most likely caused by simazine 

poisoning. Although all nurse species had tolerated annual applications 

of 5.6 kg a.i./ha of simazine on other sites with similar soil textures 

(von Althen. unpublished data), simazine was probably washed into the 
depressions from the surrounding higher ground. Evidence of simazine 

accumulation in the depressions was provided by the near-total absence of 
herbaceous vegetation in the depressions and higher-than-normal densities 

of vegetation on the flat areas surrounding the depressions. This is a 
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good example Of the potential danger of trying to obtain optimum competi 
tion control by applications of simazine at doses close to the tolerance 
level of the crop species. Black walnut and bur oak were not affected by 
the simazine applications because both species have a very hieh level of 
simazme tolerance (von Althen 1979). 

The rapid deterioration of European alders planted in alternate 
rows with black walnuts was most likely caused by the allelopathic effect 
of juglone, a chemical found in the leaves, fruit hulls, inner bark and 
roots of walnut trees (Rietveld et al. 1983). Rain washes juglone from 
living leaves and it is also released from dead leaves, fruit and twigs 
When_ other species are interplanted with black walnut, a certain period 
of time is required for walnut trees to grow to sufficient size to have a 
significant effect on the interplanted species (Rietveld 1982) In the 
present study, juglone did not affect European alder until the seventh 
year after planting. 

Low survival of the interplanted black locust and European alder 
probably affected the growth of black walnut adversely because nitrogen 
production was lower and natural weed control was poorer than in a fully 
stocked plantation. The low survival of white pine probably did not 
greatly affect black walnut growth because, at a spacing of 3 m between 
rows, the black walnut trees did not yet derive much benefit from natural 
weed control provided by the white pine (Fig. t>) . 

Autumn olive provided the best natural competition control 
Shading by the large number of spreading stems, with dense foliage 
effectively eliminated tall fescue and quackgrass and greatly reduced the 
number and vigor of all other weed species. Where black locust survival 
was high, herbaceous competition was also reduced. There were fewer weed 
species present, and these were less vigorous than those in the pure 

walnut plots or the mixtures with white pine, European alder or bur oak 
V^eed suppression in the plots containing European alder and bur oak was 
less effective than in the autumn olive plots because the narrow rows of 
the columnar European alder and bur oak produced less shade than the 
spreading branches of the autumn olive. 

Planting black walnut in alternate rows with autumn olive signif 
icantly increased the 10-year height and diameter of the walnut trees 
Similar growth improvements have been reported by Clark and Williams 
(1979). Ponder (1980). Ponder et al. (1980) and Van Sambeek et al 
(1985), who attributed the improved walnut growth to increased soil 
nitrogen supplied by the actinorhizal autumn olive. Paschke and Dawson 

(1989) measured soil nitrogen mineralization under black walnut trees 
interplanted with autumn olive, and reported that plots containing 
actinorhizal interplantings produced 118 to 236 kg/ha/yr of net mineral 
nitrogen in the upper 20 cm of soil, in comparison with only 65 to 90 
kg/ha/yr in pure walnut plantations. Mineralization of nitrogen pro 
ceeded by nitrification throughout the growing season, with peak values 
occurring in August. 
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In the present experiment, foliar nitrogen of black walnut was 

significantly higher in plots interplanted with autumn olive or black 
locust than in plots of pure walnut or walnut interplanted with white 

nine It should be noted that foliar nitrogen was lowest in walnut trees 

interplanted with white pine. Similar results were found in a plantation 
of alternate rows of black walnut and silver maple (von Althen 1989). 

This probably indicates active competition from the interplanted white 

pine and silver maple trees for a limited supply of soil nitrogen. 

Ten years after planting, levels of foliar nitrogen were rela 
tively low in all walnut trees. Previous studies have shown that rapidly 
growing walnut trees generally have a foliar nitrogen content of over. 
(Finn 1966; Maeglin et al. 1977; Pope etal. 1982; von Althen 1985, 
1989) Concentrations of between 2.5 and 1Z indicate an adequate supply 
of this nutrient; between 2 and 2.52, a possible nitrogen deficiency; and 
below ZX, a definite nitrogen deficiency, with serious stress likely (von 

Althen 1985). 

Five years after planting, the nitrogen content of walnut leaves 

in all plots was 2.65?. or higher. This was probably largely the result 
of excellent weed control after the application of 2.0 kg a.i./ha of 
Klyphosate in late June of the fifth growing season. Between 5 and 10 
years from planting. foliar nitrogen declined to levels of serious 
deficiency in all but the walnut trees planted in alternate rows with 
autumn olive or black locust. At this time, it is not known how much of 
the nitrogen concentration in the leaves of walnut trees interplanted 
with autumn olive or black locust is a result of the nitrogen-fixing 
ability of these species and how much is a result of improved competition 

control provided by these same species. Nevertheless, foliar nitrogen 

concentrations and the growth of the walnut trees are positively 

correlated. 

There are further benefits to interplanting black walnut with 
other tree or shrub species. Kessler (1985) suggested that interplanting 
black walnut with autumn olive helps to control walnut anthracnose by 
blocking the movement of spores from infected walnut litter. Schneider 
et al (1970) reported that wind can be a critical factor in the early 
establishment of black walnut by damaging the long, tender compound 
leaves Planting silver maple in alternate rows with black walnut 
increased walnut growth by providing natural competition control and 

protection from wind, and by forcing walnut height growth (von Althen 
1989). Johnston (1979) suggested interplanting of white pine to shade 
out herbaceous vegetation, to protect the walnut trees from damaging 
wind to shade out lower branches of the walnut (thereby improving the 
tree's stem form), and to enhance thinning by means of juglone, which is 
expected to kill some of the white pine 25 to 30 years after planting. 

However a survey of Ul black walnut/white pine plantations in Ontario 

revealed that although some excellent plantations were produced, inter 
planting white pine with black walnut is no substitute for artificial 

weed control (von Althen and Nolan 1988). 
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CONCLUSIONS 

The results of this study confirm previous findings that black 

walnut growth can be significantly improved by interplanting nitrogen-

fixing species. The species that provided the most consistent improve 

ment has been autumn olive. This species is not only an efficient 

nitrogen producer, but also provides excellent natural competition 
control. It also has a greater resistance to juglone poisoning than 

European alder, which is an efficient nitrogen producer and, as a result 

of its rapid juvenile height growth, provides excellent protection from 
wind damage. 

The only disadvantage of planting autumn olive is its tendency to 

spread into adjacent areas. The greatest disadvantage of interplanting 

European alder is its susceptibility to juglone poisoning. 
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