
ourn al of t~e ee~ ~ci 

Vo ume 7 Nu 



WEED SCIENCE 
Published six times a year by the Weed Science Society of America 

Robert L. Zimdahl, Editor 

Weed Science accepts for review manuscripts describing original research on the biology, ecology. physiology, or management of weeds and on 
herbicides, plant growth regulators, environmental issues, and other topics directly related to the science of weed management. Original ·esearch 
encompasses scholarship of discovery that brings forth new data, scholarship of integration that weaves knowledge into new patterns, and scholarship 
of application in which intellectual work applies existing knowledge. 

Each published manuscript must be written as a logical unit that contributes to the advancement of scientific knowledge. Manuscripts should advance 
the conceptual framework of the science of weed management. Symposia papers and reviews are accepted. 

Associate Editors 

Robert E. Blackshaw, Agriculture & Agri-Food Canada, P.O. Box 3000 Main, Lethbridge, AB, Canada TU 4Bl 
Michael E. Foley, USDA-ARS, Biosciences Research Lab, Fargo, ND 58105-5674 
Frank Forcella, USDNARS, North Central Soil Conservation Res. Laboratory, Morris, MN 56267 
B. Clifford Gerwick, Agric. Products Dept., Dow Agrosciences, 9330 Zionsville Rd., Indianapolis, IN 46268 
Jeffrey L. Gunsolus, University of Minnesota, 411 Borlaug Hall, 1991 Buford Circle, St. Paul, MN 55108 
J. Christopher Hall, University of Guelph, Bovey Bldg., Room 2225, Guelph, ON, Canada NlG 2Wl 
Alec McClay, Biological Control of Weeds, Alberta Research Council, Bag 4000, Vegreville, AB, Canada T9C 1 T4 
David A. Mortensen, Agronomy Department, University of Nebraska, 309 Keim Hall, Lincoln, NE 68583 
John T. O'Donovan, Pest Management Program, Alberta Environmental Centre, Bag 4000, Vegreville, AB, Canada T9C 1T4 
Emilie Regnier, Horticulture/Crop Science, Ohio State University, Kottman Hall, 2021 Coffey Road, Columbus, OH 43210 
Dale L. Shaner, American Cyanamid Co., P.O. Box 400, Princeton, NJ 08540 
Clarence J. Swanton, Crop Science Dept., University of Guelph, Guelph, ON, Canada NlG 2Wl 
John R. Teasdale, USDA-ARS, Bldg. 001, Room 323, Beltsville, MD 20705 
Mahesh K. Upadhyaya, Plant Science Department, University of British Columbia, 2357 Main Mall, Suite 248, Vancouver, 

BC, Canada V7C 2M9 
William K. Vencill, Crop and Soil Sciences, University of Georgia, 3111 Miller Plant Science Bldg., Athens, GA 30602 
William W. Witt, Agronomy Department, University of Kentucky, N-106C Ag. Science Ctr., North Lexington, KY 40546 

Debra E. Palmquist, Consulting Statistical Editor 
Sheila M. Rake, Managing Editor 

Officers of the Weed Science Society of America 
James M. Chandler, President 
Lawrence R. Oliver, President-Elect 
Charlotte V. Eberlein, Vice President 
F. Dan Hess, Past President 

Jill Schroeder, Secretary 
Joan Dusky, Treasurer 
Anne Legere, Director of Publications 
Horace D. Skipper, Chair, Constitution and Operating Procedures 

Weed Science (ISSN 0043-1745) is an official publication of the Weed Science Society of America, 8 IO East I 0th Street, Lawrence, KS 66044-8897 
(785-843-1235). It contains refereed papers describing the results of research that elucidates the nature of phenomena relating to all aspects of weeds 
and their control. It is published bimonthly, one volume per year, six issues per year beginning in January. 

Membership is $85 per year, student affiliate membership $30, which includes receipt of Weed Science, Weed Technology, and WSSA Newsletter. Du,. 
should be sent to WSSA, 810 East 10th Street, Lawrence, KS 66044-8897 not later than December I of each year. Membership in the society is on 
calendar-year basis only. 

Subscriptions (institutions, libraries, etc.) to Weed Science are $95 per year, one volume per year of six issues beginning in January. Subscriptions 
both Weed Science and Weed Technology (ISSN 0890-037X) (four issues per volume) are avai lable for $160 per year. New subscriptions and renew: 
begin with the first issue of the current volume and should be sent to WSSA, 810 East 10th Street, Lawrence, KS 66044-8897. 

Change of address affecting the mailing list for members, students, and subscribers , inquiries about copies lost in the mail, requests for back issue 
and al l matters pertaining to the receipt of the Journal , membership and subscription information should be sent lo WSSA, 8 IO East I 0th Stre, 
Lawrence, KS 66044-8897. Claims for copies lost in the mail must be received within 30 days (90 days foreign) of the date of issue to insu 
replacement at no charge. 

One copy of the manuscript must be sent to the Editor, Robert L. Zimdahl , Weed Research Laboratory, Colorado Stale University, Fort Collins, C( 
80523. Two copies of the manuscript must be sent to the Managing Editor, Sheila M. Rake, Allen Press, Inc. , 8 IO East I 0th Street, Lawrence, K' 
66044-8897. Directions for contributors are published in the October- December issue of Weed Science. Authors are asked to pay $50 per page as 
portion of the cost of publication. The Editor can make exceptions in advance when justified. 

The Weed Science Society of America fully subscribes to the belief that progress in science depends upon the sharing of ideas, information, an "! 
materials among qualified investigators. Authors of papers published in Weed Science are therefore encouraged, whenever practicable and when state 
and federa l laws permit, to share genotypically unique, propagative materials they might possess with other workers in the area who request such 
materials for the purpose of scientific research. 

Weed Science published by the Weed Science Society of America. 
Periodical postage paid at Lawrence, KS and at additional mailing offices. 
Copyright 1999 by the Weed Science Society of America. Printed in USA. 

All rights reserved. Reproduction in part or whole prohibited. 
POSTMASTER: Send address changes to WSSA, 810 East 10th Street, Lawrence, KS 66044-8897. 



Weed Science 
VOLUME 47 JULY-AUGUST 1999 NUMBER 4 

EDITORIAL 

My view. Leigh Murray, Tracy Sterling, and Jill Schroeder 

PHYSIOLOGY, CHEMISTRY, AND BIOCHEMISTRY 

Genetic variability for resistance to trifluralin in Zea mays. Pierangelo Landi, Elisabetta Frascaroli, and Marcella M. Giuliani . 

Weed control and Zea mays tolerance as affected by timing of RP-201772 application. Christy L. Sprague, Donald Penner, and 

James J. Kells . . . . . . . . . . . . . . . . . . . . . . . . . 

Physiological consequences of mutation for ALS-inhibitor resistance. Charlotte V. Eberlein, Mary J. Guttieri, Philip H. Berger, 

John K. Fellman, Carol A. Mallory-Smith, Donn C. Thill, Roger J. Baerg, and William R. Belknap . . . . . . . . 

A serine-to-threonine mutation in linuron-resistant Portulaca oleracea. Joseph G. Masabni and Bernard H. Zandstra 

A detoxification gene in transgenic Nicotiana tabacum confers 2,4-D tolerance. David I. Last and Danny J. Llewellyn 

Resistance to glyphosate in Lolium rigidum. I. Bioevaluation. James Pratley, Nigel Urwin, Rex Stanton, Peter Baines, John 

Broster, Kerrie Cullis, David Schafer, Joseph Bohn, and Roger Krueger . . . . . . . . . . . . . . . . . . . . . . . . . . 

Resistance to glyphosate in Lolium rigidum. II. Uptake, translocation , and metabolism. Paul C.C. Feng, James E. Pratley, and 

Joseph A. Bohn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

WEED BIOLOGY AND ECOLOGY 

367 

369 

375 

383 

393 

401 

405 

412 

Weed population responses to weed control practices. I. Seed bank, weed populations, and crop yields . Douglas D. Buhler . . 416 

Weed population responses to weed control practices. II. Residual effects on weed populations, control , and Glycine max yield. 

Douglas D. Buhler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423 

Seedling growth and leaf surface morphological responses of three rangeland weeds to ultraviolet-B radiation . Nancy H. Furness, 

Mahesh K. Upadhyaya, and Douglas P. Ormrod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427 

Growth of Kochia scoparia, Sa/so/a iberica, and Triticum aestivum varies with temperature. Cathy A. Nord, Calvin G. 

Messersmith, and John D. Nalewaja . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435 

Triticum aestivum and Lolium multiflorum interaction during drought. Katherine H. Carson, Harry T. Cralle, James M. Chandler, 

Travis D. Miller, Rodney W. Bovey, Scott A. Senseman, and Martin J. Stone . . . . . . . . . . . . . . . . . . . . . . . 440 

Effects of temperature and photoperiod on Setaria viridis. Clarence J. Swanton, Jian Zhong Huang, William Deen, Matthijs 

Tollenaar, Anil Shrestha, and Hamid Rahimian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 446 

Effect of tillage systems, N, and cover crop on the composition of weed flora. Clarence J. Swanton, Anil Shrestha, Robert C. 

Roy, Bonnie R. Ball-Coelho, and Stevan Z. Knezevic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 454 

WEED MANAGEMENT 

Interactions between imazamox and diphenylethers. R. Darren Unland, Kassim Al-Khatib, and Dallas E. Peterson . . ... . 

Effects of soil temperature and tuber depth on Cyperus spp. control. Carlene A. Chase, Thomas R. Sinclair, and Salvadore J. 

Locascio . .... ... ....... .. . .... . .. .. . 

An improved granular formulation for a mycoherbicidal strain of Fusarium oxysporum. K. P. Hebbar, B. A. Bailey, S. M. Poch, 

J. A. Lewis, and R. D. Lumsden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

462 

467 

473 



1989. 
resis-

1. a-

>roau­
. Pu,. 

U'II ~. . I 

A detoxification gene in transgenic Nicotiana tabacum 
confers 2 4-D tolerance 

aterials and ethods 

ti n 

l . 



E p 

A GUS OCS3' 

s N E E K 

B 
I I 

I 

I I 
H4A tfdA nos3' 

s H N E p 

C 
I 

I 

I I I 

petE GUS ocs3' 

s H N E K 

D 
I 

I 

I 

I 

I 
petE tfdA nos3' 1.0 kb 

F1GURE I. Schematic maps of the tfd.A and GUS constructs driven by the 
hisrone and plasrocyanin promoters, incorporating 3' regulatory regions 
of the nopaline (nos) or ocropine (ocs) synthase genes. The regions shown 
are cloned within the multiple cloning sites of pUC 18 (tfd.A constructs) 
or pUC! 18 (GUS constructs) in the fo llowing plasmids: (A) pH4ArfdA­
nos, (B) pH4AGUS-ocs, (C) pPerEGUS-ocs, (D) pPerErfdA-nos. E in­
dicates an EcoRI sire; H indicates a Hind/II sire; K indicates a Kpnl sire; 
N indicates an Ncol sire; P indicates a Pstl site; and S indicates an Sail 
site. 

amplified by polymerase chain reaction from A. thaliana 
(ecotype 'Columbia') DNA using standard procedures. Mis­
matched primers were employed to introduce an Ncol site 
at the translation start codon and a Sall site at the 5' end 
of the amplified fragment, which was then cloned into 
pGEM5Z(-) cut with Sall and Ncol to give pGEMH4A. 
The 960 bp BamHI fragment containing the tfd.A coding 
region was subcloned into the BamHI site of pJKKmf(-) 
(Kirschman and Harris Cramer 1988). The resulting plas­
mid was cut with Ncol and Pstl and ligated with the Ncoll 
Nsil fragment of pGEMH4A to generate pGEMH4AtfdA. 
The promoter and coding region from this plasmid were 
excised as a Hindllll Smal fragment and subcloned into 
H indlIIISmal-cut p35SKN100 Q. C. Walker, unpublished 
data), a derivative of pCNl00 (Howard et al. 1987), to give 
pH4AtfdA-nos (Figure 1). 

To make the corresponding GUS construct, the GUS 
coding region and 3' ocs termination sequence was excised 
as a XhoIISall fragment from pKIWil0l Oanssen and Gard­
ner 1989). This was subcloned into the Sall site of 
JKKmf(-) , such that the Sall site was regenerated 5' to the 
Ncol site of the GUS start codon to give pJKKIWlGUS­
ocs. To insert the petE promoter, the SalIINcol fragment of 
pGEMH4A was then ligated with Salli Ncol-cut p­
JKKIWlGUS-ocs. The BamHII Hind/II fragment of the re­
sulting plasmid was then subcloned into pUC118 (Vieira 
and Messing 1987) to give pH4AGUS-ocs (Figure 1). Plas­
mids pH4AtfdA-nos and pH4AGUS-ocs were linearized 
with Hindlll and cloned into the Hindlll site of Agrobac­
terium tumefaciens binary vector pGA470 (An et al. 1985). 

The second pair of gene constructs (pPetEtfdA-nos and 
pPetEGUS-ocs) (Figure 1) employed the P sativum plasto­
cyanin gene (pet£) promoter. The - 784 petE promoter from 
pKHn2 (Pwee and Gray 1993) carried on an XbaIISnaBI 
fragment was subcloned into SmaIIXbal-cut pUC118. An 
Ncol site was added at the translation start codon by oli­
gonucleotide mutagenesis, and the promoter was excised 
from the resulting plasmid with Salli Ncol. Replacement of 
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the Salli Ncol fragments of the H4A constructs ,. 
fragment generated the petE constructs as shown in 

The binary vector pGA470 (An et al. 1985) was 
by introducing an Xho/ linker at the end-filled H 
to yield pGA470X. Plasmids pPetEtfdA-nos a 
EGUS-ocs were linearized with Sall and cloneci 
Xhol site of pGA470X. DNA manipulations we, 
out using standard procedures (Sambrook et al. 1 \' 

Confirmation of Gene Expression 

h this 
ure 1. 
•dified 
II site 
pPet-

·o the 
arried 

') . 

All four binary constructs were introduced by cripar­
ental mating into A. tumefaciens strain AGLl (Ch, dhury 
and Signer 1989), which was then used to infect N t,. bacum 
cultivar 'Wisconsin 38' (W38) using kanamycin sulfate as 
the selective agent, as described previously (Lyon et al. 
1989). Five to six independent primary transformants were 
selected for each gene construct and were analyzed fur ther. 
GUS-containing transgenics were analyzed in the T O and T 1 generations by staining seedlings and sections of larger 
plants with X-Gluc1 as described in Jefferson et al. (1987). 
After staining, the chlorophyll was removed by soaking the 
seedlings first in ethanol : water (1 : 1 by vol) for 30 min., 
then in four changes of 100% (by vol) ethanol over 6 h. 

Selection of True-Breeding Lines 
Primary transformants containing tfd.A constructs were 

self-pollinated. The resulting segregating T 1 seeds were ger­
minated on plates of plant tissue culture medium (MS me­
dium) (Murashige and Skoog 1962) containing 300 mg L - I 
kanamycin sulfate to select lines, which gave a 3 : 1 ratio of 
kanamycin-resistant to kanamycin-susceptible progeny, in­
dicating that the transgene had integrated at a single locus. 
Several T 1 plants were self-pollinated and T 2 seeds were ger­
minated on kanamycin plates to determine which of the T 1 
lines bred true for the kanamycin resistance gene anc1 were 
likely to be homozygous for the transgenes. Lines in vhich 
all seedlings were kanamycin-resistant were selected ' •r the 
2,4-D spraying trial. 

Spray Treatments 

T 2 seeds of kanamycin-resistant lines and untrans med 
controls were germinated in potting compost. Plan vere 
allowed to grow without transplantation to two d lop­
mental stages (approximately 30 and 300 mg fresh .ght, 
respectively) corresponding to about 2-cm and 5-cm ·sette 
diameters. They were then sprayed to run-off with ious 
concentrations of 2,4-D ranging from 0 to 1,000 n L - l 
(free acid form dissolved in acetone: water [1 : 1 b1 101]) 
using a hand-operated sprayer. Six seedlings from eac line 
were sprayed with each concentration at each developn- ental 
stage. Fourteen d after treatment, each plant was c11t at 
ground level, and individual whole shoots were weighed to 
determine the fresh weight increase as a measure of plant 
survival and growth after 2,4-D treatment. 

A separate spraying trial was performed to rank some of 
the different transgenic lines with respect to their 2,4-D 
tolerance. Between 50 and 100 homozygous T 2 seedlings of 
each line were allowed to grow to a mean rosette diameter 
of about 2 cm with 2 to 4 seedlings per pot, taking care to 
ensure that all plants were at approximately the same de-
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FIGURE 2. Histochemical localization of GUS expression in transgenic Nicotiana tabamm eec!Jings expressing the petEGUS construct (A) or the H4AGUS 
construct (B) . All dark areas in the photograph are the indigo produce derived by che action of ~-glucuronidase on X-Gluc. 

velopmental stage. Plants were sprayed with a range of 2,4-
D concentrations from 0.005 to 330 mg L - I produced by 
making a series of fourfold dilutions of a stock solution in 
acetone: water (1 : 1 by vol). Four d after spraying, the 
plants were visually inspected for symptoms of 2,4-0 dam­
age, and the numbers of damaged and undamaged plants 
were recorded. 

A 2.5 

2 

:§ 
:c 1.5 
Cl 

"iii 
3: 
~ 

"' 1 
0.5 

0 

8 1.8 

1.6 

1.4 
:§ 1.2 
:E 

1 Cl • iii 
3: 0.8 
~ 

"' 0.6 1 
0.4 

0.2 

0 
[2,4-01 mg L - 1: 0000 

<!) 00 
"'<!)0 

~ 
H4A8.7 

oggg 
C\I U1 ~ 

'-------' 
petE17.3 

oggg 
"'"'0 

'-------' 
TFD1 .1 (35S) 

oggg 
N<l)O 

~ 
W38 control 

FIGURE 3. Fresh weight of plane after 2,4-0 spray creacmenc of homozygous 
single copy T 2 seedlings at rwo developmental stages: (A) planes at 300 mg 
fresh weight, and (B) planes at 30 mg fresh weight. Error bars are one 
standard deviation. 

Results and Discussion 

Plants transformed with the H4AGUS construct showed 
intense staining only at the apical and root meristems (Fig­
ure 2B) in agreement with the result reported for Arabidopsis 
(Atanassova et al. 1992) . Older H4AGUS-expressing plants 
showed a very low level ofX-Gluc staining in mature leaves, 
whereas the petEGUS plants showed intense staining. The 
petEGUS construct gave plants whose expression was con­
fined to green tissues, e.g., young and old leaves and flower 
buds. These results are consistent with those reported pre­
viously (Perlak et al. 1991). As both promoters gave the 
expected pattern of GUS reporter gene expression, it was 
expected that the similar constructs with the tfdA coding 
region instead of the GUS coding region would result in 
identical distributions of the 2,4-0 dioxygenase. 

The results of the spraying trial for a typical set of trans­
formants are shown in Figure 3. Although the level of var­
iation was relatively high, it was clear that these transfor­
mants showed enhanced tolerance of 2,4-0. However, very 
young T 2 plants, even of the relatively tolerant line 
H4AtfdA8, were severely retarded in their growth at 2,4-D 
concentrations as low as 250 mg L- 1 . 

From the results of the spraying trial using a range of 
dilutions of the herbicide, graphs were plotted to show the 
number of plants visibly damaged vs. 2,4-0 concentration. 
From each graph, it was possible to estimate the 2,4-0 con­
centration at which 50% of plants would be visibly dam­
aged. Some of the values obtained are shown in Table 1. 
The results suggested that some of the transgenic lines may 
be 20- to 50-fold less sensitive to 2,4-0 than the controls 
without tfdA genes. However, the high level of variation 
(standard deviation sometimes larger than the mean) pre-
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T ABLE 1. Amount of [2,4-D], expressed in mg L- 1, that visibly 
damages 50% of plants. Values are mean ::'::: standard deviation. 
Plane line (2,4-0] 

W38 (untransformed) 2 ::'::: 1 
TFDl.l (35S) 85 ::'::: 67 
TFDl.26 (35S) 73 ::'::: 76 
petEl 7.3 26 ::'::: 15 
petE4.5 80 ::'::: 85 
H4A5 .2 98 ::'::: 32 
H4A8 .7 64 ± 46 
petEGUS (no tfdA gene) 3 ± 2 

eluded any firm conclusions concerning the difference be­
tween the lines using different promoters. 

Many of the ifdA-expressing transgenic plants, including 
the 35StfdA lines, were much less affected by 2,4-0 than 
control plants, although growth rates were significantly re­
duced when sprayed. Expression of the 2,4-D dioxygenase 
therefore appears sufficient to confer tolerance of, but not 
resistance to, doses of the herbicide that might be encoun­
tered in agricultural situations. As the promoters employed 
in this study are among the strongest known for dicot 
plants, it appears unlikely that further changes to the pro­
moter would lead to a radical improvement in 2,4-0 tol­
erance. Codon optimization (e.g., Perlak et al. 1991) of the 
ifdA gene might enhance tolerance levels. The levels of tol­
erance obtained with the constructs described here could 
possibly be effective in protecting a crop from accidental 
spray drift damage. The H4A promoter gave two of the 
most 2,4-0-tolerant of the transgenic lines (H4AtfdA8 and 
H4AtfdA5), making it worthy of consideration for use at a 
commercial level in crops such as G. hirsutum. The precise 
targeting of expression with this promoter could also min­
imize any (hypothetical) yield penalty that might be asso­
ciated with expression of the transgene. Rigorous field test­
ing will be required to confirm the agronomic usefulness of 
this technology. 

Source of Material 
1 5-bromo-4-chloro-3-indolyl-13-D-glucuronide, Progen Indus­

tries, 2806 Ipswich Road, Darra, Qld 4076, Australia. 
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