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ABSTRACT.--Height,diameter,andfoliarmacro-
nutrientsof youngplantationblackwalnutgrown
withseveralculturaltreatmentswere examined5

yearsafteroutplanting.Treatmenteffectson
heightanddiameterare rankedas follows:inter-
plantedwith autumn-olive> annual-seasonalspray-
ingswithbenomylandcarbaryl> fertilization

with12-12-12analysisfertilizer> control.

Foliarnitrogen,potassium,and calciumweresig-
nificantlycorrelatedwithwalnutgrowth. The
beneficialeffectsof culturaltreatmentsat an

earlyagemaymeanimprovedsustainedgrowthover

a numberof years,thusreducingthe rotationage.

The number of acres planted to black walnut the site is Wakeland silt loam (coarse-silty, mixed

(Juglans nigra L ) is increasing. However too nonacid mesic, Aeric Fluvaquents) The site is• , , .

many of these plantings are being established on nearly level, somewhat poorly drained, and a

sites that are marginal or lack some soil require- portion of the area is subject to occasional spring

ment for good growth of the species. Growth flooding that lasts from two to three days.

limitations due to physical soil properties have Originally, the plantation was established to study
been identified with some degree of reliability interactions of cultural treatments and seed source

(Auten 1945, Losche 1973, Ponder 1982). on black walnut growth. Trees had been planted

: 3.7m apartwithinandbetweenrows.

One way to assure faster growth on most sites

appears to be by interplanting black walnut with There were four treatments: black walnut
autumn-olive (Elaeagnus umbellata Thunb.) (Funk interplanted with autumn-olive at plantation estab-

et al. 1979). Autumn-olive is a non-leguminous lishment; pest management through spraying; ferti-

shrub capable of growing satisfactorily on a variety lization; and control. No attempt was made to keep
of sites because of its ability to fix nitrogen (N). trees from different seed sources separate. Four
Growth gains may, therefore, be achieved through trees were selected for each treatment (except

} the use of cultural treatments which impact the eight trees for the control) in each of five blocks,
i properties of the soil. The purpose of this study for a total of 20 trees per treatment (40 for con-

was to see how height, diameter, and macro-nutrient trol) and a grand total of i00 study trees.

concentration of young black walnut differed in

response to several cultural treatments. In the interplanting treatment autumn-olive
• wasplantedwithinblackwalnutrowsto givea

/ spacing of 1.8 x 3.7 m. In the pest control treat-

• MATERIALS AND METHODS ment benomyl and carbaryl (eachcontaining 50
percentactiveingredient)weresprayedon trees

: A 5-year-old black walnut planting established monthly beginning about May i0, from the second
in 1977 in Jackson County in southern Illinois was through fifth year. Each year, approximately 2 8

i selected for the study. The soil mapping unit on and 5.6 g of benomyl and carbaryl, respectively,were sprayedon eachtreeduringthe foursprayings
_ thatendedin mid-August.Weedswerecontrolled

the first 3 years by spraying a combination of

IA paper presented at the Fifth Central Hardwood glyphosate and simazine in 0.61-m-radius circles

Forest Conference held at the University of Illinois, around the black walnuts and autumn-olives in the

Urbana-Champaign on April 15-17, 1985. spring about two weeks prior to expected bud break
of the black walnut. In the fertilizer treatment,

2Research Soil Scientist, USDA Forest Service, 3 years after planting, 12-12-12 (N,P,K) fertilizer

North Central Forest Experiment Station, Carbondale, was applied in the spring at a rate of 843 kg/ha.

IL; and Forester, USDA Forest Service, Modoc Growth (total height and diameter at 31 cm), foliage,

National Forest, Canby, CA, formerly Research and soil data were collected in 1981, 5 years after
Technician, Carbondale, IL. establishment.

15



i_ In the fall of 1981 soil samples were collect- TABLE I. Height and diameter of black walnut

!!iii ed from 50 locations within rows, about 0.9 m from 5 years after outplanting and cultural treatments.
study trees, at a depth of 0-15 cm. Samples were

ovendried at 55° C for 24 h, sieved through an 80-
i mesh screen, pH, nitrate nitrogen (NO3-N), avail-

iii able phosphorus (P), exchangeable potassium (K), Treatment Height Diameter
i_ calcium(Ca),and magnesium(Mg)weredetermined. (m) (cm)

Soil pH was determined with a glass electrode in a
!il 2:1 mixture of soil and distilledwater. Nitrate Mixed 3.18 aa 3.80 a
i

nitrogen and phosphorus were estimatedusing the Pesticides 2.24 ab 2.62 ab

i methods of Carson (1975) and Knudsen (1975), Fertilization 1.85 bc 2.45 ab

respectively. Potassium, calcium, and magnesium Control 0.90 e 1.27 b
! were extracted with 1 normal ammonium acetate and

analyzed by atomic absorption spectrophotometry
(Perkin-Elmer1971). aTreatment means followed by a common letter do not

i differsignificantlyat the5 percentlevelaccord-

Leaf samples consisting of 15 leaves were ing to Duncan's multiple range test.
i collected from three random locations in the middlei

part of the crown of each tree during the third
i_ week of June The mature leaflets (minus the first Table 2. Concentration of macro-nutrients in
i

i three leaflets near the tip of the rachis) were black walnut leaves by cultural treatments 5 years
separated from the rachis, ovendried at 70° C for after establishment.

i 24 h, ground to pass a 60-mesh sieve, and redried
i before being weighed for analysis. The following

i procedures were then used to determine nutrient con-

! tent: nitrogenby Kjeldahlmethod (Bremner1965); Treatment N P K Ca Mg

phosphorus by vanado-molybdo-phosphoric yellow (%) _g/g of sample
method following acid digestion of i g sample
(Olsen and Dean 1965); and potassium, calcium, and Mixed 1.93 aa 2300 a 4023 ab 5242 a 1768 a

magnesium by atomic absorption. Pesticides 1.67 ab 2180 a 3747 b 4978 a 1832 a

iiI Fertilization1.14b 2400a 4457a 4928a 1548a
All chemical analyses were done in duplicate Control 1.17 b 2170 a 4440 ab 4693 a 1884 a

and the two values averaged before performing

statistical analysis (Snedecor and Cochran 1967).
Stepwise regression analysis was applied to data aTreatment means followed by a common letter do not
from control trees to select the foliar nutrient differ significantly at the 5 percent level accord-

variable or set of nutrients most closely associ- ing to Duncan's multiple range test.

ated with height and diameter of sample trees.

RESULTS Correlation of Tree Growth and Foliar Nutrients

Growth Only nitrogen was significantlycorrelated

with both height and diameter, R2 = .54 and .51,

Both mean height and diameter of walnut trees respectively (table 3). In addition to nitrogen,
mixed with autumn-olive were better than in the both calcium and potassium were correlated with

other treatments 5 years after planting and the diameter. The correlations are not striking, but
difference was significant when compared to control indicate that these nutrients could limit growth
and fertilized treatments (table I). Trees sprayed when they are not in sufficient supply or taken up

annually with pesticides were taller than fertilized in adequate amounts. Nitrogen, potassium, and cal-
trees, but the difference was not significant. On cium were correlated with height and diameter, but

the average, fertilized trees were twice as tall and because only 40 trees were used for observation,

nearly twice as large in diameter as control trees, interpretation of the correlations should be evalu-
However, because of large variation among blocks, ated with caution.

the difference was not significant.

DISCUSSION

FoliarAnalysis

Soilmacro-nutrientsdonotprovideanyclues
Comparison of major foliar nutrient concentra' as to why trees mixed with autumn-olive are growing

tions showed that only nitrogen and potassium were faster than trees in other treatments (table 4), but
significantly affected by treatments (table 2). the overall better growth of fertilized trees com-

Nitrogen levels were highest in walnut leaves on pared to trees in the control plots suggests that
trees mixed with autumn-olive and lowest on trees in nutrition is partly responsible. Differences in

the fertilization and control treatments. The aver- soil nutrient concentrations may have been eompro-
age foliar potassium was highest in leaves from mised by the soil sampling depth of 0-15 cm. For
fertilized trees and lowest in leaves from trees example, mean total soil nitrogen was found to be

sprayed with pesticides, much higher at a depth of 0-4 cm than at 8 cm in th_

! ii!!
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TABLE 3o Correlation of black walnut growth determini_:igthe amount of a nutrient available to a
with foliar nutrients using snepwise multiple plant at the time of the analysis. Soil nitroge_
regression, as nitratenitrogen,the form as measured in this

study, does not exclude nitrogen differences that

may exist as total nitrogen or ammonium nitrogen.
Measureso:f_rowth DeBell and [£adwan{1979) reportedtha_ amounts of

Height growth Diamecer _rowth ammonium nitrogen and nitrate nitrogen in the soil

Variable Best Best beneath plantings of pure cottonwood {8_!_7!_l:j:_,s
model model R2 Prob.>F model R2 Prob.>F trichoear_a Torr. & Gray) and cottonwood mixed with

redaider(A_lj_usrubragong.)werenon significantly
[ N .54 0,O1"* N -51 0.01** different, however, growth was. Moreover, tot_]

nitrogen and nitrate nitrogen in pure red alder were
2 N 0.01"* N 0.01"* double the amount beneath either pure cottonwood or

K .60 0.29 K .63 O,Ii mixed cottonwood/red alder plantings.

3 N 0.01"* N 0.01"* Reasons for the lack of a fertilizerresponse

K 0.09 K 0.03* are not readilyobvious. Perhapsthe ra<e of ferti-

Ca .70 0.12 Ca .77 0.06 lizer applied was not high enough to significantly
stimulate walnut growth on this si_e. In addition,

4 N 0.01"* N O,CI** the effect of competingvegetationon nutrient

P 0.25 P 0.1.3 uptakewas not monitoredin this studybut could

K 0.06 K 0.01"* have been a factorsinceweed controlwas not con-
Ca .76 0.iO Ca .83 0,04" tinued after the third year. Fertilizer placement

androotdistributionmayhavealsoaffectedthe

5 N 0.01"* N 0.O1" growth response,althoughthey are not believedto
P 0.09 P 0.ii be criticalfortreesof thesize testedin this

K 0.12 K 0.0[** study. Fertilizer placement unintentionally con-

Ca 0.17 Ca 0.18 centratednutrientsin spots aroundthe treewithin
Mg .76 0.90 Mg .89 0.39 the treated area. Some dead grasses and herbaceous

vegetationwereobservedseveralweeksafterferti-
lizerapplication Thissuggeststhatsome_ree

Key to symbols: N = % total nitrogen; K = pores- roots may have been killed as well (Stone et al.
slum; Ca = calcium; P = phosphorus; Mg = magnesium. 1982).

* = Significant at the 0.05 level; ** = significant
at 0.01 level. Even thoughthenitrogenconcentrationin

leavesfromwalnuttreesin mixedplotswas signifi-

cantlyhigherthanthe controland fertilizationTABLE 4 Mean pH and nutrient composition of treatments the amount was below the levels sug-

soil beneath young black walnut treated with gested for good growth (Phares and Finn 1971). The
several cultural treatments,a comparatively low foliar nitrogen level associated

withthe bestgrowingtreessuggeststhatnitrogen
nutritionis a problemon thissite. l_isviewis

partiallysupportedby soilnutrientdatawhich

Treatment pH NO3N P K Ca Mg show that, among macro-nutrientsmeasured, only

_g/g of soil nitrate nitrogen [s low (_iomson and McComb 1962).

Mixed 5,4 20 55 190 1848 i[71 The height for trees sprayedwith pesticides
Pesticides 5.5 27 49 205 [828 1157 was significantly better than the heig_t for control

Fertilization 5.4 24 46 260 1768 185 trees, but foliar nitrogen, although improved, was

Control 5.7 23 63 219 2124 186 not significantly different from other treatments.
Theimprovednitrogennutritionin the pesticide
treatmentmay be associatedwiththe applicationof

aTreatment means were not significantly different at the pesticides benomyl and carbaryl which contain

the 5 percent level for any variable according to 19 and 7 percent nitrogen, respectively. No dif-Duncan's multiple range test. ferences were found for insects and fungal diseases
that could account :for the better growth or improved

nitrogennutrition(BarbaraC.Weber,personal
surface soil of a young black locust (Robinia communication, Forestry Sciences Laboratory, Carbon-

pseudoacacia L.) plantation (Dawson et al. 1982). dale, IL). Although it is highly speculative, there

i If nitrogen concentrations for the different depths is a possibility that the pesticides may have acted
had been combined, differences between black locust as a foliar fertilizer to boost the nitrogen content
and check plots would have been less apparent, of leaves in the pesticide-treated plots.

_us, meaningful differences in nutrient concentra-
tion between treatments may not be apparent as The reason for the relative levels of potassium

sampling depth range and sample size increase, in comparison to nitrogen levels in data presented
here is not clear. Usually high foliar nitrogen

Several other obstacles also hindered attempts means reduced potassium (Ponder 1983). In this

! to relate tree growth to soil nutrient analysis, study, however, potassium in leaves of walnut trees

The first of these was the difficulty involved with in mixed plots did not differ significantly from
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other treatments, despite the fact that the leaves DeBELL, D. S. and M. Ao RADWAN. 1979. Growth and

had the highest mean nitrogen concentration. How- nutrition relations of coppiced black cotton-
ever, the amount of potassium in the leaves of wood and red alder in pure and mixed plantings.

trees in pesticide and fertilization treatments did Bot. Gaz. 140(Suppl.):S97-S101.

differ significantly. It is not uncommon for potas-
sium to fluctuate in response to tissue levels of FUNK, D. T., R. C. SCHLESINGER, and Fo PONDER, JR.

nitrogen (Cain 1959). Increased nitrogen uptake 1979. Autumn-olive as a nurse crop for black
can stimulate a general mobilization of all nutri- walnut_ Bot. Gaz0 140(Suppl.):SllO-Sll4o

ents within the plant, resulting in a change in

percentage composition, an increase in total KNUDSEN, D. 1975. Recommended phosphorus tests.

absorption, and usually improved growth, p. 16-19. In Recommended chemical soil test
procedures for the North Central Region.

These results demonstrated that less widely North Dakota Agric. Exp. Stn. Bull. 499.

used treatments such as planting black walnut in

mixture with autumn-olive and annual applications LOSCHE, C. K, 1973. Black walnut grows best on

of pesticides containing nitrogen improved the deep, well-drained bottomland soils. USDA

growth of black walnut more than fertilizer. Early For. Serv. Res. Note NC-154, 3 p.
correction of the nutritional deficiencies of young

black walnut trees, based on soil and foliar analy- OLSEN, S. R. and L. A. DEAN. 1965. Phosphorus.

ses, could be less expensive than later correction, In Methods of soil analysis, Part 2. (C. A.

if acceptable growth is to be maintained throughout Black, ed.) Agronomy 9:1035-1049.
the rotation. Difficulties still remain that must

be removed before plant and soil analysis techniques PERKIN-ELMER. 1971. Analytical methods for atomic

can be used to diagnose fertilizer needs. But the absorption spectrophotometry: Agriculture.
more we understand about the causes of variation in Perkin-Elmber, Norwalk, CT. 8 p.

response to nutrients and why autumn-olive repeated-

ly results in better growth, the better our ferti- PHARES, R. E. and R. F. FINN. 1971. Using foliage
lizer recommendations will be for black walnut, analysis to help diagnose nutrient deficiencies

in black walnut. North. Nut Grow. Assoc. Annu.

Rep. 62:98-104.
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