applied 16 June or 14 July 1988, while flurprimidol + meflui-
dide was not effective a any date.

In summary, it was necessary to repeat mefluidide or flur-
primidol + mefluidide treatments at 2-week intervals, as shown
in Expt. 1, to obtain effective seedhead suppression of centi-
pedegrass throughout the summer without serious injury. Ima
zethapyr did not effectively suppress seedheads with two
applications.
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Abstract.

Five greenhouse and two Geld experiments were conducted to evaluate tissue culture-propagated (TC)

raspberry (Rubus idaeus cv. Heritage) sensitivity to preemergent herbicides. Plant performance was measured by
plant vigor, above-ground fresh weight, root development, and primocane number. Simazine and oryzalin caused
significant injury to newly planted TC raspberry plants in greenhouse and field experiments. The severity of injury
was generally linear with respect to herbicide rate, but no appreciable differences in injury were observed between
the granular and spray applications. Napropamide wettable powder caused some foliar injury, but plants recovered
within one growing season and growth was equal or superior to the hand-weeded controls. The granular formulation
of napropamide produced similar results, but did not cause the initial foliar burn. Pre-plant dipping of roots into a
durry of activated carbon did not prevent simazine or oryzalin injury, but injury was reduced when herbicide
applications were delayed. Simazine applied 4 weeks after planting was not Injurious, and ogzalin applied 2 or 4
weeks after planting caused some foliar injury, hut no reduction in plant fresh weight. Delayed treatments of napro-
pamide increased foliar injury. Herbicide tolerance of tissue-cultured plantlets appeared to be less than that of
conventionally propagated plants. Chemical names used: N,N-diethyl-2-(1-napthalenyloxy)propanamide (napropam-
ide), 4-(dipropylamino)-3,5-dinitrobenzenesulfonamide (oryzalin), 6-chloro-N,N'diethyl-1,3,5-triazine-2,4-diamine

(simazine).

Weed control is an essential component in the management
of newly planted and established raspberries. Inadequate weed
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control may result in reduced survival of new plantings (Law-
son and Wiseman, 1976), decreased floricane and primocane
numbers (Lawson and Wiseman, 1974, 1976; Stephens and
Sutherland, 1962), and thinner, less-vigorous canes (Welker
and Smith, 1972). Weed competition not only affects plant
growth during the growing season, but may aso reduce new
cane numbers the following year (Lawson and Wiseman, 1976).
The effects of weeds on growth and yield have also been
shown to be cumulative over time (Welker and Smith, 1972).
Cultivation is used to control weedy vegetation between the
rows of plants, but cannot be used within the plant rows:
Hand-weeding is effective, but expensive; therefore, soil re-
sidual herbicides are generally used within the plant rows to
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provide seasona control of annual weeds and suppression of
perennials.

Numerous soil residual herbicides have been shown to be safe
when applied to established raspberries. These include simazine
(Freeman, 1967; Welker and Smith, 1972), dichlobenil (Law-
son et a., 1972; O'Calaghan and Rath, 1972; Welker and
Smith, 1972), atrazine (Lawson et al., 1972; Freeman, 1967),
terbacil (Lawson et al., 1972), and diphenamid (Welker and
Smith, 1972). Atrazine, simazine, bromacil, and diuron can be
used safely on newly planted, conventionally propagated rasp
berries (Lawson and Wiseman, 1974). Freeman (1986) also ob-
served that napropamide, terbacil, and simazine could be used
safely on newly planted dormant canes. In the same experiment,
raspberries propagated via root cuttings were more sensitive to
terbacil than were dormant cane plantings, although napropam-
ide and simazine were safe with either method of propagation.

Recent advances in micropropagation technology have made
tissue-culture propagation of raspberry plants commercially fea
sible. Tissue-culture propagation (TC) offers several advantages
over traditional methods, such as: virus-free planting stock, more
rapid introduction of new cultivars, and potentially increased
plant vigor (Mudge et al., 1987, Swartz et a., 1983). Unfor-
tunately, severe injury to micropropagated brambles from lower-
than-labeled rates of simazine has been observed (Mudge et al.,
1987). In preliminary research (Mudge et al., 1987), micropro-
pagated ‘Royalty’ raspberries were more sensitive to simazine
and oryzalin than were tip-layer-propagated plants. In addition,
Meador (1985) observed that oryzalin severely reduced growth
of micropropagated ‘Latham’ red raspberry. Tissue culture-
propagated plant sensitivity to soil-applied herbicides could se-
riously hamper the implementation of this new technology.
Therefore, the objectives of these studies were 1) to determine
the sensitivity of tissue culture-propagated red raspberries to
several application techniques of approved preemergent herbi-
cides and 2) to develop weed-control recommendations for tis-
sue culture-propagated plants.

Materials and Methods

Greenhouse experiments

General methods. Tissue culture-propagated ‘Heritage' rasp-
berry plants were potted into 1.6-liter azalea pots using a 1 peat

1 Ioam soil : 1 perlite (by volume) mix amended with 0.8
kg m3 10N- 44P—8 3K fertilizer, 2.4 kg:-m™ dolomitic lime,
and 0.2 kgm™ (as 20% superphosphate) The pIant materials
used in each experiment were produced in vitro using the meth-
ods of Mudge et a. (1987). Basa axillary shoots were rooted
in plug trays with individua plug volumes of 7 ml (288-count
plug trays). Once established, the plants were transplanted into
126-count plug trays (plug volume = 24 ml), then placed in
cold frames to enter natura winter dormancy. Dormant plants
were brought into the greenhouse and potted after producing 5
to 10 cm of new growth. Unless otherwise noted, herbicides
were applied within 24 hr of potting. Liquid applications were
made with a CO,-pressurized sprayer equrpped with flat-fan
nozzles and calibrated to deliver 280 litersha® using 276 kPa
of pressure. Granular formulations were applied with a hand-
held shaker jar. Plants were watered twice daily and a liquid
fertilizer solution containing » 200 ppm N (Peters 20N-8.7P-
16.6K Pesat-Lite Special, W.R. Grace & Co., Fogelsville Pa.)
was applied weekly. A 16-hr photoperlod was maintained with
HID lights providing » 350 pmol-sm? PAR at plant level.
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The greenhouse was maintained between 18 and 24C. Experi-
ments were conducted in randomized complete block designs
with 4 two-plant replicates, unless otherwise specified.

Herbicide phytotoxicity evaluations. Because of the large
number of factors investigated, it was not possible to assess the
effects of each in a single experiment; thus, simazine, oryzalin,
and napropamide use on TC ‘Heritage' raspberry was evauated
and compared in a series of tests. Simazine rate response was
evaluated in three greenhouse tests (GH1, GH2, and GH3). The
rates tested were 0.28, 0.56, and 1.1 kg ai./ha in each test;
plus 2.2 kg ai./ha in GH1. Simazine as the 90% water-disper-
sible granule (90WDG) and the 4% granule (4G) were compared
in GH1 and GH2. Oryzadin and napropamde were evauated in
GH3 and GH4. Oryzalin (0.48 kgliter™ agueous suspension),
napropamide 50% wettable powder (50WP), and napropamide
5% granule (5G) were each applied at 0.56, 1.1, and 2.2 kg
ai/ha In GH1, plant height, plant fresh weight, and leaf area
were measured 8 weeks after treatment. Since these measure-
ments were highly correlated with each other (r 3 0.95), only
plant fresh weight 6 to 8 weeks after treatment was measured
in subsequent experiments. In GH4, in addition to fresh weights,
visua ratings of root growth were made on a scale, where 0 =
no roots, 1 = minimal roots, 2 and 3 = degrees of noticesble
reduction in root exploitation of the media, 4 = roots exploiting
the entire root ball but ball was soft, and 5 = roots exploiting
entire root ball with a firm root ball. In that same test, to assess
potential foliar injury, plant quality was visudly rated 2 weeks
after treatment, using a modified percent vigor scae where O
= dead plants, 5 = 50% vigor compared to the best plants,
and 10 = the best growth.

Visual evaluations were analyzed both with raw data and
using an arcsin transformation. No differences were observed
between the two analyses, therefore, only raw data analyses are
presented. Data were subjected to linear regression analysis using
the PROC REG procedure (SAS, 1985). Linear regression coef-
ficients were calculated using measured variables as dependent
variables and herbicide rate as the independent variable. The
herbicides and/or formulations were compared by testing for
differences in their linear regression coefficients using a two-
tailed t test (Snedecor and Cochran, 1980).

Herbicide safening. Two strategies for reducing herbicide
phytotoxicity were evauated: activated carbon root dips and
delayed applications. In GH2, raspberry root plugs were dipped
in a durry containing 0.6 kg of activated carbon per liter of
water. Linear regression coefficients for rate responses of dipped
and non-dipped plants were compared using the two-tailed t test
previously described.

In greenhouse test five, delayed applications of simazine and
oryzalin were evaluated for potential reduction of phytotoxicity.
Herbicides were applied O, 18, and 28 days after potting. Sim-
azine 90WDG at 0.56 and 1.1 kg ai./ha, and oryzain at 1.1
and 2.2 kg ai./ha were. applied at each timing. Above-ground
fresh weights were measured 9 weeks after the first treatment.
Linear regression coefficients for response to application delay
were compared using t tests to evaluate response differences to
various herbicides and rates.

Field experiments

General methods. Two experiments were conducted to test
herbicide phytotoxicity and methods for safening. Tissue cul-
ture-propagated ‘Heritage' raspberry plants, grown in a 128-
count plug tray and with » 15 cm of new growth, were used as
planting stock in each test. Herbicides were applied with a CO,
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backpack sprayer Similar to the one used in greenhouse exper-
iments.

Napropamide formulation (field test 1). Potentia phytotox-
icity of the 50WP and 5G formulations of napropamide were
compared at 2.2 and 4.5 kg ai./ha. Raspberries were planted
on 19 May 1987 with a 0.6-m in-row spacing. The soil type
was a dlty clay loam (Typic Hapludaf) with a pH of » 6.5.
Herbicides were applied 1 week after planting in a completely
random design with three replicates. Each experimenta unit
contained six plants. Plant quality was evaluated visually 6 weeks
after treatment, using the 0 to 10 scale described previoudly. In
Feb. 1988, all canes were cut to » 4 cm from the ground, as
required for fall-bearing management. In Mar. 1988, al plots
were sprayed with 1.1 kg ai./ha of simazine plus 4.5 kg a.i./
ha of oryzalin as a maintenance treatment. Primocane numbers
per plot for the 1988 season were counted on 12 Aug. 1988.
Data were subjected to analysis of variance (ANOVA) to test
for rate, formulation, and interaction effects. Vaues for the
untreated control were deleted for analysis of rate and formu-
lation effects. A Bayesian least significant difference value, PROC
MEANS VAR/WALLER (SAS, 1985), was used to compare
individual treatments to the untreated plots. A single degree of
freedom comparison, CONTRAST (SAS, 1985), was used to
compare a pooled napropamide value to the untreated.

Root dips and delayed herbicide application (field test 2).
Based on the results from greenhouse tests, this experiment was
designed to further evaluate activated carbon root dips and de-
layed herbicide applications. For root-dip evaluations, root plugs
were dipped in an activated carbon plus water durry containing
0.3 kg activated carbon/liter before being planted on 14 May
1987. Plants were spaced 0.6 m in-row and 1.5 m between
rows. Soil type was a Riverhead sandy loam (mixed Mesic
Typic Dystrochrept) with a pH of 5.6. The herbicide treatments
were simazine 90WDG at 1.1 and 2.2 kg ai./ha, oryzain at
2.2 and 4.5 kg ai./ha, and napropamide 50WP at 2.2 and 4.5
kg ai./ha. Each herbicide treatment was applied at planting, or
2 or 4 weeks dfter, planting (0 WAP, 2 WAP, and 4 WAP,

respectively). The experimental design was a randomized com-
plete block with 4 five-plant replicates. Herbicide phytotoxicity
was visualy evaluated on 19 June and 30 July 1987 using the
0 to 10 scale described previously. On 10 Feb. 1988, all canes
were cut to » 2.5 cm, ‘as required for management of fall-bear-
ing raspberries. Herbicide treatments were reapplied on 27 Apr.
1988. Phytotoxicity was reevaluated on 20 May 1988. On 23
Aug. 1988 (16 months after initial treatments), al plants were
severed at the ground level; canes were counted and weighed.
Data for root dip vs. no root dip, and planting-to-treatment
interval comparisons were analyzed separately. The root dip vs.
no root dip comparison data were subjected to ANOVA with
herbicide, rate, and root dip as the main effects. To test the
effect of delayed herbicide applications, data were subjected to
regression anaysis, and regression coefficients for herbicides
and rates were compared using t tests as described previoudly.

Results

Greenhouse experiments

Herbicide phytotoxicity. Simazine and oxyzdin injury were each
linear with respect to herbicide rate. Regression coefficients for
simazine were between - 11.7 and -40.9 g fresh weight-(kg
ai./ha)* for above-ground fresh weight (Table 1). No signif-
icant differences in phytotoxicity were observed between the
granular (4G) and sprayable (90WDG) formulations of sima
zine, which suggests that plant injury was related to root uptake,
not foliar injury. Regression coefficients for oryzalin were - 11.5
and - 13.3 for fresh weights in experiments GH3 and GH4.
respectively. Napropamide did not reduce raspberry fresh weight
or root growth. While some foliar injury from the napropamide
50WP formulation appeared to be present 2 weeks after treat-
ment, the differences were nonsignificant (data not presented).
No difference in formulations was observed, except with root
ratings, where the 5G formulation dightly enhanced root growth
(Table 1). Based on t test comparisons, simazine was more
phytotoxic than oryzalin (Table 1).

Table1l. Linear regression analysis of smazine, oryzalin, and napropamide rate effects on tissue-cultured
‘Heritage’ raspberry plants in greenhouse experiments.

Lincar regression coefficients and associated significance

levels (P), by experiment®

GH1 GH2 GH3 GH4 GH4
(fresh wt) (fresh wt) (fresh wt) (fresh wt) Root?
Herbicide - coeff. P coeff. P coeff. P coeff. P coeff. P
Simazine 90WDG -11.8 0.01 -33.9 0.001 -24.1 0.001
Simazine 4G —11.7 0.02 —40.9 0.002 :
Oryzalin ‘ v o -11.5 0.004 -13.3 0.08 -0.8 0.08
Napropamide SOWP -20 Ns ~-04 Ns +0.2 Ns
Napropamide 5G +1.8 Ns +04 Ns
Comparisons® . :
Simazine formulation ‘NS NS
Napropamide formulation : : . NS 0.05
Simazine vs. oryzalin .. 0.001
Simazine vs. napropamide 0.001
Oryzalin vs. napropamide 0.001 0.001 0.001

“Analysis of above-ground fresh weight data. GH1, GH2, GH3, and GH4 denote greenhouse tests 1, 2, 3,
and 4, respectively. Units are g fresh weight-(kg ai./ha)™.
YAnalysis of visua ratings of root growth using a scale where 0 = no roots and 5 = firm root ball filling

the pot.

*Two-tailed t test comparisons of regression coefficients. For chemical comparisons, both formulations of
simazine and napropamide produced the same significance levels; thus, formulations were dropped from

this presentation.
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Herbicide safening. While activated carbon root dips pro-
vided some protection against simazine injury (P = 0.001),
root-dipped plants were still significantly injured. Regression
coefficients for nondipped and dipped plants treated with sim-
azine 90WDG were -33.9 and -22.1, respectively. These
slope values were significant a the 0.001 and 0.006 levels,
respectively. Results for the 4G formulation were similar, with
regression coefficients for nondipped and dipped of - 40.9 and
- 20.8, significant at the 0.002 and 0.09 levels, respectively.
These data suggested that activated carbon could provide pro-
tection against low rates ( £ 0.56 kg a.i./ha) of simazine, but not
against higher rates. Ahrens (1965) observed similar results with
woody species he classified as very sensitive to simazine.

Increasing the potting-to-treatment interval from 0 to 28 days
improved the ability of TC raspberry plants to tolerate simazine
and oryzalin (Fig. 1). Oryzalin applied at potting caused injury
a both rates, with the higher rate causing greater injury (P =
0.05) and some plant death. By 18 days after potting (DAP),
plants were tolerant of oryzalin. Some foliar injury was ob-
served (data not presented), but no reduction in plant fresh weight
resulted. The linear regression coefficients for both rates of ory-
zdin were highly significant (Table 2). Since fresh weight val-
ues for the two rates of oryzalin applied at potting were
significantly different (P = 0.05), and the 18 DAP and 28 DAP
values were similar, regression coefficients for the two rates
were significantly different (Table 2).

When applied a potting, Smazine caused severe injury at
0.56 kg ai./ha and killed most plants at 1.1 kg ai./ha (Fig. 1).
For both rates there was a linear improvement in plant tolerance
over the potting-to-treatment intervals tested (Table 2). Regres-
sion coefficients for the two rates were similar, indicating that
the interval required to ensure protection against injury will
increase as the simazine rate increases.

Field experiments

Napropamide formulation. Visual evaluations 6 weeks after
treatment revealed a significant increase in plant growth with
napropamide at 2.2 and 4.5 kg ai./ha, as compared to hand-
weeded plots (Table 3). There were no rate or formulation ef-
fects.

70 [
.o — Slmcxln.. 0.58
[ —— Bimazine 1.1
.o{ ———— Oryzalin 1.1
- ———— Oryzcl_ln 2.2
a0 ¢
*1
20
/3 //
107
i
i/
Z

o 18 28
DAYS AFTER TRANSPLANTING o
Fig. 1. Influence of delaying herbicide applications on tissue-cultured
‘Heritage’ raspberry fresh weight—greenhouse test 5. Herbicides
were applied 0, 18, or 28 days after transplanting. Above-ground
fresh weights were measured 9 weeks after potting. Application rates
" -are expressed in kg a.i./ha. See Table 2 for results of the linear
regression analysis.
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Table2. Regression analysis of the influence of potting-to-treatment
intervals on simazine and oryzalin phytotoxicity to tissue-cultured
‘Heritage’ raspberry—greenhouse test 5.

Regression
Rate coefficient®
Herbicide (kg a.i./ha) (g fresh wt/day delay) Py
Simazine 0.56 +1.1 0.009
1.1 +1.3 0.002
Oryzalin 1.1 +1.0 0.008
2.2 +1.7 0.001
t test comparisons of regression coefficients
Simazine 0.56 vs. simazine 1.1 NS
Oryzalin 1.1 vs. oryzalin 2.2 0.001
Simazine 0.56 vs. oryzalin 1.1 NS
Simazine 1.1 vs. oryzalin 2.2 0.07

“Linear regression coefficient for interval response.
YProbability values for significance of associated regression coefficients
Qr comparisons.

Not significant at P = 0.1.

Table 3. A comparison of napropamide formulations for phytotox-
icity to field-planted tissue-cultured ‘ Heritage' raspberry plants—
field test 1.

Visual Primocane

Rate rating? 15 MATY

Herbicide (kg a.i./ha) 6 WAT (no./plot)
None (hand-hoed) --- 8.0 164
Napropamide SOWP 2.2 9.7 261
S0WP 4.5 9.7 301
5G 2.2 10.0 283
5G 4.5 10.0 336
LsD (0.05) 1.0 217

Main effects and interactions*

Napropamide rate NS NS
Napropamide formulation NS NS
Napropamide rate by formulation NS NS
Napropamide vs. hand-weeded 0.05 0.1

“Visual ratings obtained 6 weeks after treastment (6 WAT) using a scale
where 10 = the best possible growth and 0 = dead plants.
YPrimocane numbers per plot were measured 15 months after initial
treatments (15 MAT). Plot size was 3.7 m?’.

*Significance levels for main effects, interactions, and single degree of
freedom contrasts are designated by the associated probability value or
NS where nonsignificant at P = 0.1.

The effect of 1987 treatments on 1988 primocane numbers
was evauated 15 months after planting. Data were highly var-
iable and no significant differences were identified between na-
propamide rates or formulations. A single degree of freedom
comparison between the pooled napropamide treatments and the
hand-weeded treatment indicated a dight increase in primocane
numbers in napropamide-treated plots (P = 0.1).

Root dips and delayed herbicide application. Activated car-
bon root dips reduced smazine and oryzain injury (Table 4).
Evaluations 6 weeks after treatment indicated protectant action
that produced plant growth equal to untreated plants. However,
12 months after treatment, plant growth in simazine and oryzalin
treatments, with or without root dips, was less than that ob-
served in the hand-weeded treatment (Table 4). These obser-
vations were consistent with results obtained in greenhouse test
2, where activated carbon root dips did not prevent injury from
simazine applied at labeled rates. Activated carbon root dips
had no significant effect on napropamide safety.

Plants treated with napropamide produced growth equa to,
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Table 4. Influence of activated carbon root dips (RD) on herbicide phytotoxicity to tissue-cultured ‘Heritage'
raspberries evauated 6 weeks after treatment (6 WAT), 12 months after treatment (MAT), and 16 MAT.
' ' Visual rating Visual rating Fresh wt (kg) Primocane no.
Rate 6 WAT* 12 MAT* 16 MATY 16 MAT”
Herbicide (kgai/ha) +RD*. -RD +RD ~RD +RD ~—~RD +RD ~RD
None (hand-weeded) 7 6 8.3 85 37 33 108 - 101
Napropamide 22 8 8 8.5 8.3 4.7 38 136 109
4.5 9 9 8.5 8.8 5.1 . 6.0 134 189
Simazine 1.1 8 5 6.8 7.6 4.6 3.8 116 112
2.2 6 4 65 - 6.8 4.3 4.3 102 98
Oryzalin 2.2 7 7 6.8 6.0 49 3.8 96 106
: 4.5 8 4 5.0 5.8 4.4 2.6 107 72
Lsp¥ (0.05) 2 - 1.6 28 92
ANOVA, +RD vs. —RD
Napropamide . NS NS NS NS
Simazine 0.03 NS Ns NS
Oryzalin 0.03 NS 0.001 NS

“Plants were visually evaluated on a scale where 0 = dead plants and 10 = best possible growth.
YFresh weight and primocane number are expressed on a per-plot basis. Plot size was 3.7 m?
*+RD, -RD; designate the presence or absence of a pre-plant activated carbon root dip containing 0.3 kg

activated carbon/liter.

"Bayesian least significant difference value for mean comparisons within and between columns.

or better than, the untreated, hand-weeded plants (see non-root-
dip data, Table 4). Simazine at 2.2 kg ai./ha and oryzain at
4.5 kg ai./ha caused significant injury, measured 6 weeks and
12 months after treatment (Table 4). Plants recovered by 16
months after treatment, as ssimazine and oryzdin injury was no
longer significant compared to the hand-weeded treatment.
However, primocane number and fresh weight were less for
oryzalin than for napropamide at 4.5 kg ai./ha, the most vig-
orous treatment.

Planting-to-treatment interval evaluations produced results
similar to those observed in the greenhouse. Visua ratings 6
weeks after the first treatment (6 WAT) showed positive linear
responses for oryzalin and simazine, indicating that delayed ap-
plications, 2 or 4 WAP, were safer than at-plant treatments (O
WAP) (Table 5). When evaluated 12 months after the first treat-
ment (12 MAT), interval effects were nonlinear for simazine,
but linear for oryzalin. Intervals had no effect on napropamide
safety evaluated 6 WAT; however, by 12 MAT, negative
regression coefficients indicated that delayed treatments in-
creased plant injury (Table 5).

Sixteen months after treatment, plants had recovered from
much of the herbicide injury observed in the first season (Table
6). While data till showed .a trend toward a positive interval
response for simazine, the differences were nonsignificant. The
response to delayed ‘application of oryzain was significantly
positive and linear for plant fresh weight, but nonlinear for
primocane number. Comparisons of regression coefficients for
each herbicide showed that interval responses for simazine and
oryzain were similar, and that each was different from napro-
pamide. Extending the planting-to-treatment interval for napro-
pamide resulted in a margindly significant (P = 0.09) decrease
in primocane numbers.

Discussion
Simazine and oryzalin caused significant injury to TC ‘Her-
itage’ raspberry plants in greenhouse and field experiments. In
general, injury was more severe in greenhouse tests, but the
trends were similar between growing sites. Lawson and Wise-
man (1974) and Freeman (1986) reported no injury to tradition-
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ally propagated red raspberries from similar rates of simazine.
However, in a preliminary experiment, we observed that, mi-
cropropagated ‘Royalty’ raspberries were more sensitive to sim-
azine and oryzalin than were tip layer-propagated plants (Mudge
et a., 1987). Meador (1985) also observed similar injury from
oryzdin applications to newly planted TC ‘Latham’ raspberries.

Activated-carbon root dips provided insufficient protection
against herbicide injury. Ahrens (1965) reported that the degree
of protection afforded by activated-carbon root dips depended
upon simazine rate and the level of injury in unprotected plants.
In that research, as in ours, very sensitive plants could not
adequately be protected against simazine injury in this manner.
Simazine and oryzalin applications were safened by delaying
treatments 4 weeks after planting. However, under grower con-
ditions, a 4-week delay in preemergent herbicide applications
would require supplemental cultivation and hand-weeding for
removal of established weeds.

Meador (1985) observed dight injury to TC ‘Latham’ rasp-
berries from napropamide in early ratings, but, by 3 months
after treatment, plant growth was equal to controls. In our tests,
at-planting applications of napropamide 50WP caused some fo-
liar injury to TC raspberry plants, but al plants recovered and
produced above-ground fresh weights equal to or greater than
the untreated, hand-weeded plants. As al plots were maintained
weed-free by supplemental hoeing, treatment differences were
not likely attributed to differences in weed control or soil dis-
turbance, although untreated plots probably required more (or
more frequent) supplemental hoeing. Rather, it appears that na-
propamide has a positive influence on plant growth under certain
conditions. Further research should be conducted to determine
reasons for enhanced growth of napropamide-treated plants and
why delayed applications of napropamide resulted in plant in-
jury that was detectable up to 16 months later.

Analyses of the planting-to-treatment interval effects on plant
growth and quality showed varying effects over time and be-
tween evauation methods. However, delayed treatments of sim-
azine and oryzalin were consistently safer than at-planting
applications, but delayed treatments of napropamide were more
injurious than at-planting applications. These effects were ob-
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Table 5. Effect of planting-to-treatment intervals on visual growth and visua quality ratings of tissue-
cultured ‘Heritage' raspberries 6 weeks after first treatment (6 WAT) and 12 months after trestment (12

MAT).

Regression analysis*

Visual rating
6 WAT™ 6 WAT 12 MAT
, Rate : Reg. coeff. Reg. coeff.
Herbicide (kg a.i/ha) OWAP 2WAP 4 WAP (kgweek-!) P  (kg-week-!) P
Napropamide 2.2 8 -8 8 0 NS 0.1 NS
. 4.5 9 7 8 -0.3 NS -0.6 0.07
Simazine 1.1 S 8 8 0.5 0.06 0.3 NS
2.2 7 8 7 0.2 NS 0.3 NS
Oryzalin - 2.2 7 8 7 0.2 NS 0.5 0.06
4.5 4 . 8 8 1.1 0.03 0.7 0.09
¢ test comparisons with probability values
_ Napropamide vs. simazine 0.001 0.001
Napropamide vs. oryzalin 0.001 0.001
Simazine vs. oryzalin - : NS 0.10

Six WAT-visual ratings, 6 weeks after the first treatment, using a scale where 10 = best possible growth
and O = dead plants. Mean value for untreated plants was 6.0. LSD (0.05) for mean comparisons = 2.

Y0 WAP, 2 WAP, 4 WAP designate treatment 0, 2, or 4 weeks after planting.

*Linear regression analyses for visual ratings 6 WAT and 12 MAT with regression coefficients and associated
significance levels (P). Ns = nonsignificant a P = 0.1.

Table 6; Effect of planting-to-treatment intervals on above-ground fresh weight and primocane number for
tissue-cultured ‘Heritage' raspberry 16 months after planting.

Regression analysis”

- Fresh wt Primocane no.
Rate Fresh wt (kg Reg. coeff. Reg. coeff.
Herbicide (kg a.i./ha) OWAP 2WAP 4 WAP (kg-week-!) P (No./week) P
Napropamide 2.2 3.8 5.2 4.9 0.3 NS 7.5 NS
4.5 6.0 4.1 4.3 -0.4 NS -16.5 0.09
Simazine 1.1 3.8 4.7 5.2 0.4 NS 2.8 NS
2.2 4.3 5.8 5.8 0.4 NS 9.2 NS
Oryzalin 22 38 4.0 4.8 0.2 0.07 6.1 NS
-4, 2.6 44 . 4.5 0.5 0.03 8.9 NS
¢ test comparisons with probability values
Napropamide vs. simazine 0.001 0.001
Napropamide vs. oryzalin 0.001 0.001

Simazine vs. oryzalin NS NS

‘0 WAP, 2 WAP, and 4 WAP designate treatment 0, 2, or 4 weeks after planting. Average fresh weight for
untreated plots was 3.3 kg. LSD (0.05) for mean comparisons = 2.8.
yLinear regression analysis of delayed treatment effects on above-ground fresh weight and primocane number

with regression coefficients and associated significance levels. Ns = nonsignificant at P = 0.1.

served up to 16 months after planting. As certain data indicated
linear interval responses for smazine and oryzalin, planting-to-
treatment intervals of 4 WAP would be beneficia as compared
to shorter intervals.

The results of these experiments clearly showed that simazine
and oryzalin, applied at planting, were injurious to TC ‘Heri-
tage’ raspberries. Napropamide was safe for A-planting treat-
ments; however, to improve the spectrum of weeds controlled,
simazine or oryzalin could be safely applied 4 WAP.
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Foliar-applied Iron Enhances Bermudagrass

Tolerance to Herbicides

Billy J. Johnson®, Robert N. Carrow?, and Tim R. Murphy®
Department of Agronomy, University of Georgia, Georgia Sation, Griffin, GA 30223-1797
Additional index words. Cynodon dactylon x C. transvaalensis, turf injury, turf quality, turf color

Abstract. Field experiments were conducted to determine the effects of foliar iron (Fe) applied with postemergence
herbicides on injury, color, and quality of ‘Tifway' bermudagrass [Cynodon transvaalensis Burtt-Davy x Cynodon
dactylon (L.) Pers]. Iron significantly decreased injury and improved quality and color of ‘Tifway' bermudagrass in
conjunction with herbicide treatment. Turf injury was less for 4 to 18 days after the initial MSMA application when
Fe was added. Injury was also less from sequential Fe treatment with MSMA + metribuzin (up to 4 days) and
MSMA + imazaquin (from 4 to 10 days) compared to the respective herbicides applied alone. There was no difference
in turf injury from Fe when imazaquin at 1.3 kg-ha® was applied as a single treatment. However, turf treated with
Fe and two applications of imazaquin (9- to 10-day interval) recovered from herbicide injury faster than when treated
only with the herbicide. Iron did not prevent immediate 2,4-D + mecoprop + dicamba injury to the bermudagrass,
but did hasten turf recovery from injury at 26 days after treatment. With a few exceptions, ‘Tifway’ bermudagrass
quality was higher and color improved when Fe was added. However, injury expressed as loss of shoot density was
not affected by Fe and only injury expressed as color loss was improved by Fe. Chemical names used: 3,6-dichloro-
2-methoxybenzoic acid (dicamba), 2-[4,5-dihydro-4-methyl)-4-(1-methylethyl)-5-oxo-1H-imidazol-2yl]-3-quinolinecar -
boxylic acid (imazaquin), (z)-2-(4-chloro-2-methylphenoxy)propanoic acid (mecoprop), 4-amino-6-(1,1-dimethyle-
thyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one (metribuzin), monosodium salt of MAA (MSMA), and (2,4-dichlor-

ophenoxy)acetic acid (2,4-D).

Postemergence herbicides are necessary to control emerged
weeds in bermudagrass turf. For example, MSMA (Johnson,
1975) has been used for control of large crabgrass (Digitaria
sanguinalis L. Scop.), MSMA + metribuzin (Johnson, 1980)
for goosegrass (Eleusine indica L. Gaertn.) imazaguin or MSMA
+ imazaquin (Coats et al., 1987) for purple nutsedge (Cyperus
rotundus L.), and 2,4-D + mecoprop + dicamba for various
broadleaf weeds (Johnson, 1987). Although these herbicides are
labeled for bermudagrass, various degrees of turf injury usualy
occur within a few days following herbicide application. Injury
may be expressed as loss of shoot density and/or discoloration.

Slight to moderate discoloration of bermudagrass occurred when
treated with MSMA (Johnson, 1981) or imazaquin (Coats et al.,
1987), while severe injury was reported when the grass was
trested with MSMA + metribuzin (Johnson, 1980) or 2,4-D
+ mecoprop + dicamba (Johnson, 1978, 1983). However,
bermudagrass fully recovered within 2 to 4 weeks after herbicide
treatments regardiess of the amount of initia injury.
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When selecting herbicides for weed control, it is desirable to
use chemicas in conjunction with a management system that
causes the least amount of injury to the desired turf. This is
especialy true on turf sites where high quality is expected. In
an earlier study, bermudagrass injury from postemergence her-
bicides was masked or reduced by nitrogen treatments (Johnson,
1984). Severd researchers have reported that foliar-applied Fe
improves the color and quality of creeping bentgrass (Agrostis
palustrus Huds.) (Schmidt and Snyder, 1984; Snyder and
Schmidt, 1974); Kentucky bluegrass (Poa pratensis L.) (Yust
et al. 1984), and centipedegrass [Eremochloa ophiuroides
(Munro.) Hack] (Carrow et al., 1988). Snyder and Schmidt
(1974) suggested that frequent Fe treatments may offset the
effects of adverse environmental conditions. However, we found
no research data on the possible effects of Fe on herbicide injury
to bermudagrass. In addition, the response of turfgrasses to Fe
varies with application rates (Horst, 1984), turfgrass species
(Beard, 1973), temperature, and rate of turf growth (Carrow et
al. 1988; Schmidt and Snyder, 1984).

Since postemergence herbicides temporarily discolor bermu-
dagrass and Fe improves greenness, experiments were con-
ducted on bermudagrass to determine if Fe applied with
postemergence herbicides would prevent or reduce turf injury.

Materials and Methods
Two experiments were conducted on ‘Tifway' bermudagrass
maintained a a mowing height of 2 to 3 cm a Griffin, Ga
during 1988. The grass was mowed with a reel mower three
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