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Glyphosate Translocation and Quackgrass Rhizome Bud Kill' 

J. S. CLAUS and R. BEHRENS2 

Abstract. The effect of quackgrass [Agropyron repens (L.) 
Beauv. ] rhizome length and foliage height on glyphosate 
[N-(phosphonomethyl)glycine] translocation was determined 
on the basis of bud kill and 14C-accumulation in quackgrass 
rhizomes. Foliar glyphosate treatments of 0.28 kg/ha resulted 
in significantly reduced quackgrass rhizome bud survival, and 
rates of 0.56, 0.84, and 1.12 kg/ha gave nearly complete bud 
kill. Rhizome buds on glyphosate-treated quackgrass plants 
with 20 to 90 nodes had a higher survival rate than rhizome 
buds on plants with 10 nodes. Quackgrass bud kill was greatest 
when glyphosate was applied to taller foliage. When all rhi- 
zome buds were not killed, those closest to the mother shoot 
survived glyphosate treatments. The 14 accumulation follow- 
ing applications of 14C-glyphosate was greatest in nodes near 
the rhizome tip and least in nodes near the mother shoot. This 
suggests that greater bud kill near the rhizome tip was due to 
larger accumulation of glyphosate in this part of the rhizome. 

INTRODUCTION 

Quackgrass, a perennial, is one of the most troublesome weeds 
in North America. Rhizomes first develop when the plants are 
2 to 3 months old. They are the main means of propagation 
once quackgrass becomes established (6, 8). A shoot from a 
single rhizome bud without competition is capable of pro- 
ducing 90 m of rhizomes per year (6). Rhizome buds in addi- 
tion to top growth must be killed to control quackgrass. 
Glyphosate is a foliarly applied herbicide, highly toxic to 
quackgrass (1, 2, 3, 4, 5, 7). It is readily translocated acrope- 
tally and basipetally in quackgrass (10). The following experi- 
ments were conducted to determine the effect of quackgrass 
rhizome length and foliage height on rhizome bud kill by 
glyphosate. Translocation of glyphosate throughout quack- 
grass rhizome systems was also examined. 

MATERIALS and METHODS 

Effect of rhizome length on bud kill with glyphosate. Two 
experiments were conducted to study the effect of rhizome 
length on the pattern of glyphosate translocation and rhizome 
bud kill. Five quackgrass rhizome nodes per pot positioned 
with buds upright at a depth of one cm in potting soil con- 
tained in an opaque, 15 cm diameter, plastic pot were kept 
moist in a greenhouse at 22 to 24 C. Fluorescent lamps pro- 
vided approximately 15 klux of supplemental radiation for a 
15-hr day. Each pot was fertilized with N, P and K at 10-day 
intervals. Pots were rotated every 10 days to reduce position 
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effects on the greenhouse benches. Plants were thinned to four 
per pot after 1 month. In the first experiment quackgrass 
plants were grown for 10, 11 and 12 weeks. They were ap- 
proximetely 10, 20 and 30 rhizome nodes in length respec- 
tively. In a similar second experiment plants were grown for 
12, 14 and 16 weeks. These plants had rhizome lengths of 
approximately 30, 60, and 90 nodes per plant respectively. 

Quackgrass plants differing in rhizome node number were 
sprayed with glyphosate at 0, 0.28, 0.56, 0.84, or 1.12 kg/ha 
using a volume of 209 L/ha. Each group of plants was sprayed 
when the rhizome node number,approximated the desired 
number. The plants were replaced on the greenhouse benches 
for 3 days after spraying. Then the plants in each pot were 
washed free of soil and two plants with approximately the 
desired number of rhizome nodes were segmented into indi- 
vidual nodes which were planted, as described above, in con- 
secutive order in flats of potting soil. A map was drawn of the 
rhizome system of each plant indicating the location of indi- 
vidual nodes. Preliminary studies indicated that viable rhizome 
buds capable of producing shoots did so within 1 month of 
planting. Therefore, viable buds were determined from counts 
made 1 month after planting. Ten replications each consisting 
of two plants per pot, were used and the experiments were 
analyzed as completely randomized factorial designs. 

Effect of foliage height on rhizome bud kill with glyphosate. 
Quackgrass plants were grown as described above for 10 weeks 
until the rhizomes of each plant contained approximately 10 
nodes. The shoots of one group of plants were clipped 2.5 cm 
above the soil 10 days prior to glyphosate treatment, shoots of 
a second group were clipped 5 days prior to treatment, while 
those of a third group were not clipped. Shoot heights of the 
unclipped, early-clipped and late-clipped plants were 45, 25, 
and 13 cm when treated. Three days after treatment, the rhi- 
zome systems of the plants in each pot were washed free of 
soil, and two plants with rhizome systems of a suitable size 
were segmented into individual nodes which were planted in 
flats. Maps of the rhizome systems were prepared as described 
above. Viable buds were determined from counts made after 1 
month. Ten replications, each consisting of two plants per pot, 
were used and the experiment was analyzed as a completely 
randomized factorial design. 

Accumulation of 14C in rhizomes following foliar treatment 
of quackgrass with 1 4C-glyphosate. In two experiments quack- 
grass plants were grown under the same conditions described 
above until they had approximately 30 rhizome nodes. The 
isopropylamine salt of 14C-glyphosate (spec. act. 1.51 mCi/ 
mM) combined with 0.5% by weight of a surfactant (MON- 
0818-a nonionic polyethoxylated tallow amine) in water so- 
lution containing approximately 150,000 dpm of "1C per 
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microliter was applied to the second youngest leaf of each 
plant in ten 0.1 - Ml drops. The plants were placed in the 
greenhouse for 3 days under the same conditions used in the 
previous experiments. In one experiment the quackgrass rhi- 
zomes of three plants were washed free of soil, pressed flat, 
and dried in a forced draft oven at 38 C for 3 days. A second 
experiment with two plants was identical excepting the plants 
were segmented into shoots and individual rhizomes prior to 
drying. To determine 14C concentrations, single-node rhizome 
segments were assayed. A wet combustion method was used to 
convert the rhizome tissue to CO2. The node and adjacent 
5-mm rhizome segment was placed in a 50 ml beaker con- 
taining the digestion solution, 10 ml of concentrated H2SO4 
layered under 5 ml of 0.05 m Na2Cr2 07 - 2H2 0. The 50-ml 
beaker containing the plant sample, the digestion solution, and 
an empty scintillation vial were placed in a 475-ml glass jar. 
The jar was sealed and the digestion solution was swirled to 
mix the H2 SO4 and Na2 Cr2 07 - 2H2 0. Heat produced by the 
reactants was adequate to bring about rapid, complete di- 
gestion of the rhizome segment3. After the digestion mixture 
cooled, 1 ml of methyl cellosolve-ethanolamine (3:2, v/v), a 
C02 -trapping solution, was injected with a needle and syringe 
into the scintillation vial through a rubber septum in the jar 
lid. After 2 hr for CO2 absorption, the jar was opened and 17 
ml of a scintillation mixture (8.8 g of a 98% PPO-2% POPOP 
mixture plus 1 L of toluene plus 0.75 L of methyl cellosolve) 
was added to the scintillation vial. The 14C was then assayed 
using a scintillation spectrometer. The level of 14C (dpm/per 
rhizome segment) was superimposed on the rhizome maps to 
illustrate patterns of 1 4C accumulation. Statistical differences 
in 1 4 Cdistribution within rhizomes were determined by analy- 
sis of variance of 4C accumulation in each of the three basal 
rhizome node segments (those closest to the treated shoot) 
and each of the three tip rhizome node segments (those far- 
thest from the treated shoot) of treated rhizomes that had 
from 6 to 12 nodes. A total of 10 rhizomes was used in the 
statistical analysis. By including only three basal and three tip 
node segments in the analysis of variance, the number of seg- 
ments used were equal for each rhizome position analyzed. 
Since results did not differ whether or not plants were seg- 
mented prior to drying, the data from the two experiments 
were combined in the statistical analysis. 

RESULTS and DISCUSSION 
Effect of rhizome length on bud kill with glyphosate. The 
proportion of quackgrass rhizome buds from untreated plants 
that produced shoots after rhizome dissection ranged from 
60% to 84% (Table 1). There was no apparent relationship 

3The effectiveness of the wet combustion method was compared to 
that of a modified SchoZniger oxygen combustion method (9) and was 
found to be equally effective for recovery of l4 C from rhizomes of 
1C-glyphosate treated quackgrass. However, in studies with other 
4C-labeled compounds, some were found that were not completely 

oxidized to "4CO2 by the wet combustion method. Therefore, wet 
combustion should not be used without first determining its effective- 
ness in digesting the specific tissues and '4 C-labeled compounds that 
are being assayed. 

between rhizome size and the number of buds that produced 
shoots. All glyphosate applications significantly reduced rhi- 
zome bud viability. Plants with smaller rhizome systems, about 
10 nodes per plant, had significantly higher mortality. This is 
best illustrated in Table 1 at the 0.28 kg/ha rate of glyphosate. 
Higher glyphosate application rates killed nearly all of the rhi- 
zome buds regardless of the rhizome size. 

Within rhizomes from untreated plants smaller percentages 
of the buds close to the mother shoot and near the tip de- 
veloped shoots (Table 2). Bud survival following glyphosate 
treatment was greatest for buds close to the mother shoot. 

Table 1. Effect of foliar applications of glyphosate on percent of 
shoots developing from quackgrass rhizomes that differ in length (10 to 
90 nodes). Nodes were dissected 3 days after treatment and shoots 
counted 30 days after dissection. 

Approximate number of rhizome nodes per planta 

Glyphosate Experiment I Experiment II 

rate 10 20 30 30 60 90 
(kg/ha) (%) (%) (e) (%) (%) (%) 

0 64 70 79 60 81 84 
0.28 7 31 34 38 20 25 
0.56 2 7 4 4 2 6 
0.84 1 1 0 0 0 2 
1.12 0 3 0 0 0 1 
aBayes LSD (0.05) for individual means: Expt. I = 10 and Expt. II = 

7. 

Table 2. Effect of foliar applications of glyphosate on percenta Mf 
buds developing shoots by location within quackgrass rhizomes 15 
nodes in length. Nodes were dissected 3 days after treatment and shoots 
were counted 30 days after dissection. 

Glyphosate (kg/ha) 

Rhizome 0 0.28 0.56 
segmentb (%0) (%) (%O) 

1 75 75 0 
2 92 83 17 
3 100 91 8 
4 100 64 8 
5 100 91 17 
6 100 55 8 
7 100 30 8 
8 100 55 0 
9 100 50 0 

10 100 33 0 
11 100 25 0 
12 100 8 0 
13 83 8 0 
14 75 0 0 
15 25 0 0 
aMeans of 12 rhizomes. 
bSegment number 1 is closest to mother shoot. Branch rhizomes 

discarded. 
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This was apparent at both the 0.28 and 0.56 kg/ha rates of 
glyphosate. Possible explanations are that buds near the 
mother shoot may be more tolerant of glyphosate or that 
glyphosate accumulation may be less in the buds close to the 
treated shoot. 

Effect of foliage height on rhizome bud kill with glyphosate. 
The percentage of shoots produced by rhizome buds from 
untreated plants with varied foliage height was significantly 
different, ranging from 40% to 80% (Table 3). Intermediate 
foliage height (25 cm) resulted in the greatest percentage of 
shoots from rhizome buds. 

Table 3. Effect of foliar applications of glyphosate on percentage of 
shoots developing from rhizome buds of quackgrass plants that differ in 
foliage height (13, 25 and 45 cm). Nodes were dissected 3 days after 
treatment and shoots counted 30 days after dissection. 

Foliage height when sprayed (cm)a 

Glyphosate rate 45 25 13 
(kg/ha) (%) (%) (% 

0 52 80 40 
0.28 0 8 38 
0.56 3 1 22 
0.84 0 3 9 
1.12 0 0 11 

aBayes LSD (0.05) for individual means = 11. 

Rhizome ARhizome B Iizome c Rhizome D 
Node C Node 4C Node 1C Node C 

Location (dpm) Location (dpm) Location (dpm) Location (dpo) 
1 (57) 1 (48) 1 (23) 1 (24) 
2 (71) 2 (49) 2 (67) 2 (34) 

3 (163) 3 (56) 3 (195) 
4 (247) 4 (132) 4 (247) 

5 (176) 5 (76) 

6 (297) 6 (149) 

7 (357) 7 (278) 

8 (336) 8 (232) 

9 (271) 9 (361) 

10 (359) 

11 (339) 

12 (341) 

13 (219) 

14 (365) 1 (126) 2 (201) 3 (557) 4 (1301) 

15 (127) 1 (90) 2 (312) 3 (203) 4 (249) 5 (577) 

16 (263) 1 (148) 2 (413) 

17 (259) 

18 (499) 

19 (628) 

20 (985) 

21 (1148) 

Figure 1. Typical distribution pattern of 1 4C (dpm) in a quackgrass 
rhizome system 3 days after a foliar application of 14C-glyphosate. 
Secondary rhizomes have developed from Bud no. 14-16 in Rhizome 
A. 

Glyphosate treatments applied to taller quackgrass foliage, 
25 to 45 cm height, caused the greatest bud mortality. There 
was no significant difference in bud kill if the treated foliage 
was 25 or 45 cm tall. A 0.84-kg/ha-rate of glyphosate was 
required on 13-cm foliage to give a level of bud mortality 
similar to that obtained with 0.28 kg/ha of glyphosate applied 
to 25 or 45 cm foliage. Efforts are now under way to deter- 
mine whether the lower bud mortality in plants with shorter 
top growth is due to reduced spray retention per unit plant 
weight or to reduced glyphosate translocation. 

Accumulation of 14(C in rhizomes following foliar treatment 
of quackgrass with 14C-glyphosate. All rhizome node segments 
contained measurable amounts of 14C 3 days after the plants 
were treated with 1 4C-glyphosate. Figure 1 is a diagram of the 
rhizome system of a single plant illustrating 14C distribution 
in the nodes. The distribution pattern was similar in all of the 
plants treated with 14C-glyphosate. The 14C-activity ranged 
from slightly over background to more than 4,000 dpm. There 
was a definite pattern of lowest 14C accumulation in node 
segments nearest the mother shoot and greatest accumulation 
near the rhizome tip (Figure 2). If these findings are consid- 
ered along with bud viability pattern illustrated in Table 2, it 
seems probable that the greater survival of buds closest to the 
mother shoot was due to a reduced glyphosate accumulation 
in that area. Further studies to isolate, identify and quantitate 
l4C-glyphosate in the rhizome buds would be required to fully 
substantiate this assumption. 

700 

600 630 

500 Bayes LSD(o.05) 52 dpm 

* 400 
0 
z 

300 

a.~~~~~~~~~2 
200 

100 nC]2 
1 Ulf72 3 3 2 1 

Basal nodes Tip nodes 

Figure 2. Distribution of 4 C (dpm) in the basal and tip rhizome nodes 
3 days after foliar application of 14C-glyphosate (means of 10 rhi- 
zomes). 
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NEWS NOTES 

The Terminology Committee has approved for use in publications of the 
Weed Science Society of America the common name oxyfluorfen for the 
herbicide 2-chloro- 1-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl)benzene 
which has been formulated by Rohm & Haas Company under code number 
RH-291 5. 

152 Volume 24, Issue 2 (March), 1976 

This content downloaded from 158.135.136.72 on Mon, 29 Sep 2014 17:12:44 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 149
	p. 150
	p. 151
	p. 152

	Issue Table of Contents
	Weed Science, Vol. 24, No. 2 (Mar., 1976), pp. 149-244
	Front Matter
	Glyphosate Translocation and Quackgrass Rhizome Bud Kill [pp. 149-152]
	News Notes [p. 152]
	Behavior and Fate of Metribuzin in Eight Ontario Soils [pp. 153-160]
	Differential Tolerance of Tomato Cultivars to Metribuzin [pp. 161-165]
	Over-the-Top Applications of Herbicides in Cotton [pp. 166-169]
	Area-of-Influence of Herbicide Granules [pp. 170-174]
	Effect of Picloram on Organogenesis in Detached Leaves of Echeveria elegans Bgr. [pp. 175-182]
	Triallate Accumulation in Wild Oat and Barley [pp. 183-185]
	Responses of Weed Populations to Human Manipulations of the Natural Environment [pp. 186-190]
	Germination of Seeds of Turfgrasses as Affected by Glyphosate and Paraquat [pp. 191-193]
	Response of Weeds to Soil Phosphorus and Potassium [pp. 194-201]
	Response of Prickly Sida and Soybeans to Various Herbicides [pp. 202-204]
	Field Growth of Fall Panicum and Witchgrass [pp. 205-208]
	Hexaflurate in Soils and Plants [pp. 209-213]
	A Root Isolation Method for Testing Root-Active Chemicals [pp. 214-216]
	Vaporization and Uptake of Atrazine with Additives [pp. 217-223]
	Competition of Velvetleaf, Prickly Sida, and Venice Mallow in Soybeans [pp. 224-228]
	Studies on the Mechanism of s-Triazine Resistance in Common Groundsel [pp. 229-232]
	Effect of Seed Treatment on Germination of Wild Safflower [pp. 233-234]
	EPTC Altered Beet Disc Betacyanin Efflux and Fatty Acid Synthesis [pp. 235-238]
	Germination of Developing Prickly Sida Seeds [pp. 239-243]
	Back Matter [pp. 244-244]



