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ABSTRACT 

HERBICIDAL ACTION OF ROOT-APPLIED GLUFO SIN ATE-AMMONIUM 

MAY 2001 

WENQI YOU, B. A., BEIJING AGRICULTURAL UNIVERSITY 

M. A., BEIJING AGRICULTURAL UNIVERSITY 

Ph D., UNIVERSITY OF MASSACHUSETTS AMHERST 

Directed by: Professor Allen V. Barker 

Glufosinate-ammonium (GLA) is a post-emergence herbicide that inhibits 

glutamine synthetase (GS), synthesis of glutamine from glutamate. This inhibition results 

in NIL}+ accumulation and ultimate plant death. GLA is usually effective as foliar spray at 

concentrations over 200 mg/L. Research on root applied GLA is lacking. The current 

research studied the effects of root-application of GLA on tomato plant growth, foliar 

NFLT accumulation, and ethylene evolution. 

In a dose-response experiment under hydroponics, phytotoxicity symptoms 

appeared on tomato seedling with 25 or 50 mg GLA /L at 6 days after treatment (DAT). 

Under soil conditions, GLA higher than 7.5 mg/pot caused toxicity symptoms in 2 days. 

With 3 and 5 mg/pot symptoms appeared at 4 DAT. 1.5 mg GLA/pot at 5 DAT. With an 

increase of GLA rate, shoot NH/ concentration increased in hydroponics or soil 

experiments. In a time course experiment, at 4 DAT, GLA at 25 mg/L caused foliar 

toxicity symptoms and overall stunting, and ethylene evolution increased dramatically. At 

9 DAT, plants died. Accumulation of NH4+ caused by GLA was mainly in the foliage and 
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increased with time; that caused by exogenously supplied NLL was in roots and non¬ 

phytotoxic during the duration of the experiments. 

If AOA or STS was added into nutrient solution with GLA at 25 mg/L, AOA 

delayed the appearance of toxicity and NH4'accumulation but STS had no suppressive 

effects on their presence. AOA completely inhibited ethylene evolution during the 

experiment but STS did not low ethylene evolution by plant receiving GLA. 

Effects of foliarly applied GLA and soil-applied GLA were compared. At 3 DAT, 

tomato plants sprayed with 1.5 or 3 mg GLA /kg soil started showing symptoms on top 

leaves. At 5 DAT, all foliarly treated plants became poisoned by GLA, and those 

receiving 1.5 or 3 mg GLA from soil started showing poisoning. Tomato plant growth 

was retarded slightly by GLA applied at more than 1.5 mg/plant during 5 days of growth. 

Effect of degradation time of efficacy on GLA in soil was studied. At 4 days after 

transplanting, GLA induced toxicity symptoms and reduced biomass. GLA after 5-days 

degradation in soil caused higher shoot NH/ accumulation than 10-20 days 

degradation. 

Root-applied GLA under hydrophonics or soil conditions can cause foliar toxicity 

symptoms, foliar accumulation of NH44, and ethylene evolution on tomato plants 
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

Introduction 

Glufosinate-ammonium (GLA, monoammonium-2-amino-4- 

hydroxy(methyl)phosphinyl]butanoate) is a post-emergence herbicide that produces its 

phytotoxic effects by inhibiting glutamine synthetase (GS), thereby blocking the 

synthesis of glutamine from glutamate and thus the assimilation of NELT (Manderscheid 

and Wild, 1986). This inhibition results in NELT accumulation (Krieg et al., 1990; 

Manderscheid and Wild, 1986) and ultimate plant death (Kocher, 1983; Leemans et al., 

1987; Wild et al., 1987). Sources of cellular NELT accumulation include nitrate reduction, 

general catabolism of organic nitrogen compounds, and the glycine to serine conversion 

during photorespiration (Joy, 1988; Wild et al., 1987). Changes in NELT concentrations in 

shoots are a rapid and sensitive indicator of GLA action (Mersey et. al., 1990). As a 

nonselective herbicide, GLA has been used widely in minimum tillage systems, orchards 

and vineyards, chemical fallowing, and as a pre-harvest desiccant (Stechel et al., 1997). 

GLA is usually effective as a foliar spray at concentrations over 200 mg/L. By far, most 

research has been done with foliar spray, although some research has been with excised 

plant tissue. Research on root applied GLA is lacking. 

In this research, the effect of root-applied GLA (GLA) on tomato plant growth 

was studied with either hydroponics or soil conditions. The efficacy of soil-applied GLA 

w'as also compared with that of foilar-applied GLA. 
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Glufosinate-ammonium can be degraded in soil primarily via intermediate 2-oxo- 

4-[hydroxy-(methy)phosphinyl]butyric acid to the main metabolite 3-[hydroxy- 

(methy)phosphinyl]propionic acid (Hoerlein, 1994). The half-life of GLA in soils, 6 to 23 

days (Hoerlein, 1994), is assumed as an indication of GLA safety, but there is concern as 

to whether sprayed GLA remains active in some coarse-textured soils, whether GLA is 

absorbed by plant roots, and whether unwanted effects on crops may develop (Stechel et 

al., 1997). The current research also studied the effect of degradation time of GLA in soil 

on GLA efficacy. 

Ethylene evolution by plant occurs under varying physiological and 

environmental stresses. It can be triggered by many kinds of physiological stresses and 

then induce modification of tissue growth and development (Kacperska, 1997). Such 

ethylene evolution also is called “stress ethylene”. In this study, ethylene evolution and 

its relationship with NH4+ accumulation and NLL^ toxicity symptoms caused by GLA 

application was studied. Ethylene synthesis inhibitor AOA (Aminooxy acetic acid) and 

ethylene action inhibitor STS (Silver thiosulphate) were employed to elucidate the 

relationship. 

Literature Review 

Physiological Effects of Glufosinate Ammonium 

Glufosinate ammonium (GLA) is the common name of a widely used commercial 

herbicide, which is sold worldwide under at least the following trade names: Basta, 

Buster, Challenge, Finale, Harvest, and Ignite. GLA is the NH4+ salt of phosphinothricin 

(PPT). 
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Mode-of-Action: Irreversible Inhibition of Glutamine Synthetase (GSL GLA is 

the NH4 salt of PPT, the mixture of D-PPT and L-PPT. L-PPT is the ingredient which 

exerts the biological effects GLA. The mode-of-action of GLA is inhibition of glutamine 

synthetase (GS) competitively with L-PPT as a structural analog of L-glutamate. 

NH4+ incorporation into an organic compound occurs via glutamate synthase, i.e., 

the glutamine synthetase-glutamine oxoglutarate aminotransferase (GS/GOGAT) 

pathway. Two moles of glutamate are formed from one mole L-glutamine and one mole 

of 2-oxoglutaric acid. The crucial point is that glutamate is both the acceptor and the 

product of NH4+ assimilation with a net gain of one mole of glutamate from every mole 

of NH4+ assimilated. L-PPT functions as a false substrate and blocks glutamine 

synthetase (GS). GS has a decisive role in assimilation of NH4+ from nitrate reduction 

and in reassimilation of NLL^ released by secondary metabolic processes such as 

photorespiration and amino acid degradation. Because free NLL^ is toxic to plant tissue, it 

is essential to quickly convert NFL** into a non-toxic form. Glutamine synthetase 

catalyzes the initial step of primary NFL** incorporation and NFL** recycling. Therefore, a 

wide distribution of GS in plant tissues is necessary to prevent the build up to toxic NH4+ 

levels. For this reason, the blocking of GS by L-PPT results in the accumulation of NLLT 

and depletion of glutamine. 

The discovery of the irreversibility of inhibition of GS by L-PPT is attributed to 

Wild and Manderscheid (1984). On the basis of kinetic data of GS from wheat and the 

fact that the inhibited enzyme was not reactivated by gel-filtration, they concluded that 
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inhibition was irreversible. Baron et al. (1994) also found that L-PPT was competitively 

bound to GS from chloroplast and that binding was too tight to be reversible. 

Three isoforms of GS occur in plants: GS1 in the cytosol of shoot cells, GS2 in 

the chloroplast, and GSR in the roots. The activity of GS2 is higher than that of GS1 in 

most plants investigated. Ridley and McNally (1985) tested the GS isoenzymes of plants 

with varying sensitivity to PPT. They found that GS2 from chloroplast is the predominant 

isoenzyme in resistant or sensitive plant species. 

GS inhibition and ammonium accumulation. The primary reaction of GLA is 

irreversible inhibition of GS, resulting in free NH4+ accumulation. This effect has been 

widely proven in whole plants (Wild and Manderscheid, 1984; Lacuesta et al., 1989, 

1990b; Mersey et al., 1990), plant cell suspensions, callus tissue cultures (Krieg et al., 

1990; Palmer and Oelek, 1992; Seelye et al., 1995), and isolated plant enzymes (Ridely 

and McNally, 1985; Manderscheid and Wild et al., 1987; Baron et al. 1994). GS activity 

of maize, fed with 1 mM PPT, was inhibited completely after 30 min of treatment; after 4 

hr, the NH3 level was 28 times the value of untreated leaves (Koecher and Loetzsch, 

1985). The NH3 concentration at 4 hr after application in Ipomea was about 10 times as 

high as in the untreated plants, and in sorghum approximately five times as high. The 

same effect was found with Medicago sativa (alfalfa): GS activity in the leaf was reduced 

by 50% after 48 hr at 250 pM PPT and was combined with a high accumulation of NH4+ 

in the tissues (Wendler et al., 1990). Similar results were described for carrots (Usui et 

al., 1991) and for cucumbers and rice (Kichi et al., 1991). 
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The first visible symptoms of damage from PPT application are leaf chlorosis and 

necrosis, followed by plant withering after 1 to 2 d, and finally death. However, these 

symptoms emerge only very slowly if the plants are kept in the dark after treatment. 

Moreover, the foliar increase of free NH4+ is only slight if the plants are kept under 

darkness. This effect could be explained by the light-dependency of two main NH4+ 

producing processes: nitrate assimilation and photorespiration. NH4+ from nitrate 

reduction could be up to 50% of total accumulated NH4+ (Gonzales-Moro et al., 1990), 

and Wild et al. (1987) reported that over 60% of accumulated NH4+ was derived from 

photorespiratory conversion of glycine to serine. 

Effects on some amino acids levels. Amino acids simultaneously change as free 

NH4+ concentration increases. Application of PPT to mustard led to NH3 accumulation in 

the leaves as well as to a parallel drastic decrease in glutamine, glutamate, and aspartate, 

together with a simultaneous increase in the concentrations of the branched amino acids 

(Wendler et al., 1990). After 180 min treatment of 1 mM PPT via the rape leaf petiole, a 

great decrease in the concentration of glutamine and glycine and a small decrease in 

asparagine were observed. After the addition of 20 mM glutamine to 1 mM PPT, there 

was an increase in glutamate, serine, alanine, and aspartate in leaves, in contrast to those 

receiving PPT alone (Wild and Wendler, 1990). 

Effect on photosynthesis. Inhibition of photosynthesis by GLA has been found 

widely. Photosynthetic rate was reduced by 50% after 8 hr of 1 mM PPT treatment on 

lucerne plants, and stomatal closure was excluded as the reason of inhibition (Lacuesta et 

al., 1990b). Although strong NH4+ accumulation was induced by PPT in plants. 
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uncoupling of photosynthetic electron transport could not be observed. Furthermore, 

studies with isolated chloroplasts showed that PPT does not directly affect photosynthetic 

electron transport (Lacuesta et al., 1991). 

Wild et al. (1987) found that photosynthesis in mustard plants treated with PPT 

under nonphotorespiratory conditions (1000 pl/L CO2, 2% O2) persisted at a level of 80% 

of untreated plants, whereas under photorespiratory conditions (400 pl/L CO2, 21% O2) 

the same herbicide treatment resulted in a total block of photosynthesis, although strong 

NH3 accumulation was apparent in the leaf tissue under both conditions. Similar effects 

were found also in leaves of barley (Lacuesta et al., 1992). Excised leaves from mustard 

plants were placed under photorespiratory conditions in a mixture of 1 mM PPT and 50 

mM glutamine and inhibition of photosynthesis was found to be only 20% after 2 hr, 

whereas under the same experimental conditions, but with addition of glutamine, 

photosynthesis stopped only after 1 hr (Sauer et al., 1987). Considering the blocking of 

GS by PPT, resulting in glutamine depletion and lack of amino acids for transamination 

reactions in the GS/GOGAT cycle, Wendler and Wild (1990) suggested that the lack of 

amino donors for the photorespiratory pathway in plants treated with PPT will lead to 

inhibition of photosynthesis. 

Uptake and translocation and its relationship with plant sensitivity to herbicide. 

Foliar uptake and translocation of GLA have been studied extensively. Koecher and 

Loetzsch (1985) worked with Imperata cylindrica and Paspalum coinjugatum using Re¬ 

labeled GLA. Within 4 hr, 50% of the active ingredient had penetrated the leaves, but 

transport to other parts of the plant was insignificant. Leaf surfaces of weeds treated with 
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GLA and its formulations were examined by electron microscopy (Bellinder and Chabot, 

1986). No major alterations in the surface characteristics were observed. Research with 

Lemna gibba showed that a linear absorption of approximately 10 min was followed by a 

second linear one between 30 and 120 min with a lower rate. The uptake of GLA could 

be competitively inhibited by L-glutamic acid and L-alanine (Ullrich et al., 1990). 

A number of different investigations have shown marked effects on membrane 

transportation processes following treatment with GLA. When Sinapis arvensis was 

exposed to light, K~ ions were released 4 hr later into the aqueous medium (Koecher, 

1983). However, the flow of potassium from the plant cells already began to increase one 

hr after treatment, and is attributed to a reduction in membrane potential resulting from 

accumulation of NKj+ (Ullrich et al., 1990). 

The relationship between uptake and translocation of GLA and plant sensitivity to 

GLA has been studied. Ridely and McNally (1985) found an over 70-fold difference in 

the susceptibility of seven plant species to glufosinate, which could not be explained by 

the sensitivity of isolated GS activity inhibition. The efficacy of glufosinate has been 

found to vary with environmental conditions, plant species, and application rates (Carlson 

and Burnside, 1984). Temperature and relative humidity were found to affect GLA’s 

efficacy on barley (Medicago acevita) and green foxtail (Setaria viridis) (Anderson et al. 

1993a, 1993b); low temperature caused less NTLT production in sensitive barley but no 

considerable changes in tolerant green foxtail. Low temperature and low relative moisture 

significantly decreased activity of GLA. Mersey et al. (1990) explained that the response 

difference in activity of glufosinate on barley and green foxtail is caused by the 
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differences in foliar absorption and translocation from the application spot to the crown 

and root in both plant species. They excluded the involvement of metabolic degradation 

of glufosinate in susceptibility to glufosinate by monitoring the degradation of 

radiolabeled GLA. Steckel et al. (1997) evaluated foliar absorption, translocation, and 

efficacy on four weed species using 14C-glufosinate. They found that most translocated 

glufosinate was detected below the treated parts and in roots, which implied phloem 

mobility. They also attributed the differential sensitivity between weed species to the 

differential absorption and translocation of herbicide. 

At the present time, there are extensive studies of GLA efficacy under different 

conditions and application methods. However, most of the work has focused on foliar 

application, and no work has been done with GLA application in the root zone, which 

could be a main uptake site of herbicide, especially on very sandy soils shortly after 

spraying. Hoerlein(1994) argued that there is no appreciable absorption of GLA from 

stems or roots and that GLA can only be absorbed from green leaf surface. He took an 

example from the research of Bueble et al. (1990), who reported that there was no 

translocation and systemic effect of 14C-GLA on grape vines and apple trees if the spray 

mixture contacted the lignified trunk or any suckers during application in vineyards and 

orchards. However, this example did not exclude absorption of GLA by crop roots but 

only demonstrated that the lignified trunk could prevent GLA from being absorbed. In 

contrast, our preliminary study has suggested the possibility of absorption of GLA via 

tomato plants roots and translocation from root to shoot in plants. 
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Behavior of GLA in soil and water/sediment systems. The degradation pathway of 

GLA is similar in soils and water-sediment systems. The principal route is by oxidative 

deamination of GLA via intermediate 2-oxo-4-[hydroxy-(methy)phosphinyl]butyric acid 

to the main metabolite 3-[hydroxy-(methy)phosphinyl]propionic acid. Since the second 

step of conversion is very rapid, only a trace amount of 2-oxo-4-[hydroxy- 

(methy)phosphinyl]butyric acid was found (Hoerlein, 1994). Disappearance times of half 

of added GLA (DT50S) were 3 to 30 d at 20°C, and 12 to 65 d at 10°C, at the initial 

concentrations of 0.5 to 2 mg/kg soil. 

As a salt, leaching of GLA is expected to be high in soil and water-sediment 

systems. However, the leaching of GLA is extensively limited by its degradation in soil. 

Moreover, because of the polarity of GLA and its main metabolite, they are only weakly 

adsorbed to organic compounds of the soil. Therefore, the leaching behavior of GLA is 

mainly determined by adsorption to clay minerals, pH value, and GLA degradation rate 

(microbial population) in soil. As reported by Hoerlein (1994), 24 to 40% of the 

radiolabeled from UC-GLA and its metabolites were detected in 0 tolO cm and 5 to 9% in 

10 to 20 cm of sands and loams after a 2 yr experiment. Below these limits, little C was 

found. Chromatographic results showed that no GLA or its metabolite were found in the 

soil profile so that it was concluded that the 14C found was from radioactive degradation 

products. 

Application of GLA. GLA is a non-selective foliarly applied herbicide for the 

control of mono- and dicotyledonous plants in orchards, vineyards, and plantations for 

minimum tillage and as a harvest aid. GLA is generally sprayed on emerged w eeds 
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before seeding or germination of crop fields or is sprayed without contacting plant foliage 

or non-lignified trunk and suckers. Moisture and temperature are the most important 

factors influencing efficacy of GLA. Dicotyledonous weeds are more sensitive to GLA 

than monocotyledonous weeds. Generally, high temperatures (e. g. day 26°C, night 18°C) 

are optimum for GLA activity, and low temperature (day 10°C, night 2°C) decreases 

activity much more significantly in dicotyledonous weeds than in monocotyledonous 

weeds. High relative humidity helps the action of GLA. 

Ethylene evolution in stress conditions and its roles 

Under varying environmental and biological stresses, high ethylene evolution and 

relatively high NH4+ accumulation occur in plants regardless of sources of stresses. 

Ethylene, as a hormone, plays an important role in plant growth and development. It may 

be beneficial or harmful to plants depending on where and when the ethylene action 

occurs. Plants subjected to various stresses often manifest high ethylene (stress ethylene) 

evolution and expression of symptoms such as epinasty (the downward growth of 

petioles), chlorosis, necrosis, and cupping of leaves. These environmental stresses include 

mechanical wounding and cutting (Yang and Hoffman, 1984), pathogen infection (Spanu 

and Boiler, 1989), drought, chilling, freezing, desiccation (Elstner and Konze,1976); 

waterlogging and submergence (Jackson, 1985, 1993), atmospheric ozone in (Glick et al., 

1995, Hogsett et al., 1981), salinity (NaCl) (Chrominski et al., 1988, 1989), heavy metals 

e.g. Hg (Goren and Siegel, 1976), Cu (Gora and Clijsters, 1989; Pennazio and Roggero, 

1991) and Zn (Gora and Clijsters, 1989), electric current (Inaba, 1991), nutritional 

stresses such as K, Ca or Mg deficiency (Feng, 1992), and auxin-type herbicides such as 
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2,4-D (Harber and Fuchigami, 1989). Along with the increase of ethylene evolution and 

symptom appearances, the synthesis rates of internal nitrogen compounds increase, such 

as arginine, polyamines (putrescine, cadaverine, spermidine) (Apelbaum et al., 1981; 

Flores and Galston, 1982, 1984a and 1984b, Maynard and Barker, 1969; Suttle, 1981). 

Feng (1992) suggested that under environmental stresses, the accumulation of NH/ 

stimulates biosynthesis of ethylene which in turn promotes the development of toxic 

symptoms based on results at the tomato plants exposed to K, Ca, and Mg deficiency, 

flooding, or salinity. 

Several researchers have reported induction of ethylene evolution by some auxin¬ 

like herbicides. Hall et al. (1985) first demonstrated that auxin-type herbicide induced 

ethylene production with intact plants. They proposed that herbicide-induced ethylene 

production was responsible for some of the morphological symptoms after herbicide 

treatment of clopyralid and picloram. 

Generally, upon exposure to stresses, ethylene production and action are involved 

in the increase of ethylene in plants. Their diverse effects could produce types of 

hormone actions: 1) modification of tissue growth and development or 2) induction or 

promotion of defense mechanisms, both of which could lead to the expression of 

morphological symptoms (Kacperska, 1997). Ethylene perception and biosynthesis by 

plants, signal transduction pathways, and ethylene control in transgenic plants are the 

subjects of extensive current studies. 
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Research Needed 

Root application of GLA and its influences on crop plants. GLA is used non- 

selectively to control weeds after their emergence. Generally, it is sprayed on weed 

foliage with no crop plants present or in orchards when the trunks are highly lignified. 

Therefore, on the day of application, crop plants have not emerged or may not have been 

sown yet. Any GLA and its residue in the crop plants can be due only to the uptake from 

the soil. In sandy soils and low organic matter soils, the microorganism population and its 

activity are restricted; therefore, degradation of GLA is limited. For spring crops, at the 

time of seeding and seedlings emergence, the soil temperature is relatively low, and a 

relatively longer time is needed for GLA degradation (longer DT50s at lower 

temperature). Under these conditions, the uptake of GLA by crop plant roots from soil 

cannot be ignored, and the absorbed GLA may impart substantial changes on crop growth 

and even unwanted phytotoxicity symptoms. The results of our preliminary study also 

suggested the possibility of GLA uptake by root systems. For these reasons, studying the 

effect of root applied GLA on crop plant growth and other influences would be valuable, 

particularly to assess the risk of GLA application before crop seeding. 

On the other hand, several studies on the efficacy of GLA have suggested that the 

uptake and translocation of GLA played an important role in plant sensitivity to GLA. 

Present research is focusing on absorption of GLA by leaves and its distribution after 

foliar spray with radio-labeled GLA, especially using different plant species with various 

sensitivity to GLA. Understanding the translocation of GLA in plants will help manage 

weed control and lead to better efficacy of GLA application. 
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Ethylene evolution upon GLA application and its relationship with ammonium 

accumulation. Under varying environmental and biological stresses, high ethylene 

evolution with relatively high NH4+ accumulation occurs in plants exposed to various 

stress conditions. Feng and Barker (1992) found that under some nutrient deficiency, salt, 

and flooding stresses, high ethylene production occurred before or at the same time of 

symptom appearance. NH4+ accumulation preceded ethylene evolution. High ethylene 

evolution after herbicide treatment has been reported (Hall et al., 1985), but NH4 

accumulation was not assayed. 

After GLA treatment, cellular NH4+ accumulation in plants is followed by other 

physiological changes such as epinasty, foliar chlorosis and necrosis, and finally plant 

death. These symptoms, however, are similar to those induced by ethylene treatment and 

those expressed under various stress conditions, which could be explained at least partly 

by the evolution of stress ethylene. The possible logic behind this scenario could be the 

same as that mentioned by Feng (1992), that under environmental stresses, the 

accumulation of NH4+ stimulates biosynthesis of ethylene and, in turn, enhanced ethylene 

production promotes the development of toxic symptoms. The relationship of ethylene 

evolution with NH4+ accumulation after root-application of GLA will be assessed in this 

study. The effects of inhibitors of ethylene production and action will be used in this 

study to help elucidate this relationship. 
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CHAPTER II 

EFFECT OF ROOT-APPLIED GLUFOSINATE-AMMONIUM ON TOMATO PLANT 
GROWTH, AMMONIUM ACCUMULATION, AND ETHYLENE EVOLUTION 

Abstract 

Glufosinate-ammonium (GLA) is usually used as a foliar herbicide, and research 

on the efficacy of root-absorbed GLA is essentially lacking. The effects of root-applied 

GLA on NH4+ accumulation, plant growth, and ethylene evolution were studied in 

hydroponics. In a dose-response experiment, tomato seedlings were grown in nitrate- 

based solutions with GLA added to active ingredient concentrations of 0, 6, 12, 25, or 50 

mg/L. To compare NH4+ accumulation from an exogenous NH4+ source with GLA- 

induced accumulation, tomato (Lycopersicon esculentum Mill.) seedlings were grown in 

an NH4+-based solution without GLA addition. At 6 days after treatment (DAT), 

phytotoxicity symptoms appeared with the 2 high levels of GLA addition. NH4+ 

concentration in tissues at 6 DAT increased curvilinearly from nil to 11.32 mg NH4+-N/g 

biomass with increasing GLA in nutrient solution. GLA at 25 mg/L in solution produced 

NH4+ toxicity symptoms, and the 50 mg/L concentration killed plants. Other treatments 

including exogenous NH4+ did not induce symptoms at 6 DAT. In a time course 

experiment, the 25 mg/L GLA rate and nutritional NFI4+ supply were employed to further 

elucidate the relationship between NH4+ accumulation and GLA toxicity. Measurement 

of ethylene production measuring and plant tissue sampling were taken from the first day 

of treatment and every 2 days until plant death with the GLA treatment. At 4 DAT, 

tomato seedlings treated with 25 mg/L GLA started appearing chlorotic and stunted. At 

the same time, ethylene evolution increased dramatically from a base of 2.56 to 8.32x103 
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M-L hr !g 1 (biomass). At 9 DAT, plants died. Exogenous NLLf treatment caused slight 

plant growth inhibition but no visible symptoms. Accumulation of NH/ caused by GLA 

was mainly in the foliage and increased dramatically with time; exogenously supplied 

NHi+ led to NH/ accumulation in roots but below phytotoxic concentrations. Results 

suggest that root-applied GLA was absorbed by roots and translocated to shoots thereby 

initiating NFL** accumulation and ethylene evolution. 

Introduction 

Glufosinate-ammonium (GLA) is a post-emergence herbicide that produces its 

phytotoxic effects by inhibiting glutamine synthetase (GS), thereby blocking the 

synthesis of glutamine from glutamate and thus the assimilation of NHL+ (Manderscheid 

and Wild, 1986). This inhibition results in NFLT accumulation (Krieg et al., 1990; 

Manderscheid and Wild, 1986) and ultimate plant death (Kocher, 1983; Leemans et al., 

1987; Tachibana et al., 1986; Wild et al., 1987). Sources of cellular NH4+ accumulation 

include nitrate reduction, general catabolism of organic nitrogen compounds, and the 

glycine to serine conversion during photorespiration (Joy, 1988; Wild et al., 1987). It is 

proven that ethylene evolution is a consequence of physiological stresses (Feng and 

Barker, 1992). Changes in NLLT concentrations in shoots are a rapid and sensitive 

indicator of GLA action (Mersey et. al., 1990). As a nonselective herbicide, GLA has 

been used widely in minimum tillage systems, orchards and vineyards, chemical 

fallowing, and as a pre-harvest desiccant (Stechel et al., 1997). GLA is usually effective 

as foliar spray at concentrations over 200 mg/L. By far, most research is with foliar spray 

and in a few cases has been on excised plant tissue. Research on root applied GLA is 
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lacking. However, our preliminary experiment indicated that less than 100 mg/L GLA in 

root-grown solution led to herbicidal effect the day following treatment. Moreover, 

although half-life of GLA in soils, 6 to 23 days (Hoerlein, 1994), is assumed as an 

indication of GLA safety, there is concern as to whether sprayed GLA remains active in 

some coarse-textured soils, whether GLA is absorbed by plant roots, and whether 

unwanted effects on crops may develop (Stechel et al., 1997). The current research 

studied the effects of root-application of GLA on tomato plant growth and foliar NH4+ 

accumulation. Tomato was chosen for its sensitivity to NH/ toxicity (Barker et al., 

1967). 

Materials and Methods 

This study was conducted with hydroponics in a greenhouse in the summer of 

1997. Tomato seeds (Heinz 1439) were germinated in peat-vermiculite mix. One week 

after germination, seedlings were transplanted to 1,5-L opaque plastic containers filled 

with half-strength, nitrate-based solution (Hoagland No.l, Hoagland and Amon, 1950) to 

pre-culture for one week. Two experiments were conducted, one to assess plant 

responses to increasing concentrations of glufosinate-ammonium (GLA, 

monoammonium-2-amino-4-hydroxy(methyl)phosphinyl]butanoate) (dose response) and 

the other to assess the effects of time on a herbicidal level of GLA (time course). Each 

treatment was replicated in three randomized complete blocks. Effects of treatments 

were assessed by analysis of variance, and means are compared by standard deviations 

(Steel and Torrie, 1980). 
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Dose experiment 

In full-strength, nitrate-based (Hoagland No. 1) solution, GLA (monoammonium- 

2-amino-4-hydroxy(methyl)phosphinyl]butanoate, Finale. Hoechst-Roussel Agr-Vet Co., 

Crop protection products, Somerville, NJ 09976-1258) was added into solution to final 

active ingredient concentrations of 0, 6, 12, 25, and 50 mg/L. In another treatment, 

tomato seedlings received NH4+ nutritionally from NH4+ -based, modified Hoagland 

solution (Maynard and Barker, 1969) with no GLA added. Containers were checked daily 

and refilled with nutrition solutions as needed without further GLA addition. At 6 days 

after treatment, NH4+ toxicity symptoms appeared, and all treatments were harvested for 

ethylene measurement, biomass determination, and NH4+ analysis. 

Time course experiment 

In this experiment, tomato seedlings were treated with 25 mg GLA/L. The 

treatment with exogenously supplied NH4+ was included as above. Samples of roots and 

shoots for biomass and NH4+ determinations were taken every 2 days from the first day 

of treatment until plant death from herbicidal poisoning. The 25 mg/L concentration was 

chosen because of its imparting an about 1 or 2-week span from start of treatment to plant 

death in a preliminary experiment. 

NH4+ Analysis 

Tissue samples were taken from upper leaves to include the first fully expanded 

leaves and the entire roots on each harvest date. Fresh tissues (about 10 g) were 

homogenized with 25 ml mixed solution of 1M KC1 and 0.02M CuS04 in a blender for 5 
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min. (Feng and Barker, 1992). After vacuum filtration of the homogenized tissue, steam 

distillation was employed to determine NH4+concentrations in the filtrate. 

Ethylene analysis 

Tips of tomato plants including the first fully expanded leaf (about 10 g fresh 

weight in each sample) were removed and sealed in glass jars fitted with septa for 

analysis of ethylene evolution. After 2 hours, ethylene concentration was measured by 

taking 2-ml gas samples from the jars for analysis by gas chromatography with column 

(GDX-502, mesh 60-80) set at 1500C, N2 as carrier gas, and a flame ionization detector 

(Feng and Barker, 1992). 

Results 

Dose experiment 

At 6 days after treatment (DAT), NH4+ toxicity symptoms, chlorosis, necrosis, 

and cupping of leaves appeared on tomato plants treated with GLA at 25 or 50 mg/L. 

Plants treated with 25 mg GLA /L had stunted growth with yellowing and wilting on the 

bottom leaves. Plants treated with 50mg/L were desiccated or dead. No visible disorders 

were evident on exogenously NH4+-fed plants or on seedlings receiving low levels of 

GLA (6 or 12 mg/L). Tomato shoot growth was limited by about 40% with 25 or 50 mg 

GLA/L application, whereas lower GLA levels had no significant effect on growth 

relative to additions of no herbicide with NO3’ nutrition. The biomass of tomato shoots 

grown on NH4+ nutrition averaged 59 g/plant and was not significantly different from that 

of plants grown with NO3' without GLA for 6 days. 
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GLA applied in solution imparted visible changes on tomato roots, which became 

thin, sticky, and brown after being treated with GLA. The higher the GLA level, the more 

severe the damage. Similarly, high GLA levels (25 or 50 mg/L) caused root stunting by 

40% to 50% relative to plants receiving no GLA and NO3' nutrition. Only slight 

suppressions of root growth occurred with 6 or 12 mg/L GLA treatments (Fig. 2.1). 

Exogenous supplied NH4+ did not affect tomato root biomass (19 g/plant) relative to that 

of plants with NO3’ without GLA. 

There was a slight increase of tissue NH4+ caused by exogenous NH4+ supply. The 

NH4+ concentration was significantly higher (p<0.05) in roots than in leaves. All GLA 

treatments led to only minor increments in root NH4+ with no differences among them 

(Fig. 2.2). However, leaf NH4+ levels increased dramatically as GLA level increased 

(Fig. 2.2), with a simultaneous increase of the severity of visible symptoms of poisoning. 

Ethylene evolution rose with the increase of GLA rate. The 25 mg/L GLA 

treatment led to the highest ethylene production; 50 mg/L GLA desiccated tomato 

seedlings, and therefore, no ethylene evolution was detected with this treatment at 6 

DAT. Exogenous NH4+ supply did not cause any significant increase of ethylene 

evolution (Fig. 2.3). 

Time course of GLA effect 

Tomato plants treated with GLA at 25 mg/L developed toxic symptoms of leaf 

yellowing and wilting at 5 DAT and died at 9 DAT. The inhibition of tomato shoot 

growth was apparent at 4 DAT, and the inhibition of root growth was detected at 6 DAT. 

Exogenous NH4+ supply did not affect plant appearance at any time or growth in the early 
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course of the experiment. However, shoot biomass was significantly lower at 9 DAT, 

and root biomass was lower at 6 DAT, than the biomass of plants with NO3' nutrition 

without GLA (Fig. 2.4). 

Either GLA application or exogenously supplied NH4+ led to NH4+ accumulation 

in plant tissues with time (Fig. 2.5). However, the accumulation patterns were different. 

Exogenously supplied NH4+ caused only a slight increase of NH4+ accumulation in roots 

or leaves with time. In contrast, NH4+ accumulation induced by GLA was partitioned to 

leaves and increased sharply with time. At 9 DAT, more than 90% of accumulated NH4+ 

was in leaves based on concentrations detected. In tomato shoots, NH4+ accumulation 

caused by GLA was up to 100 times that caused by exogenously supplied NH4+. In roots, 

however, exogenously supplied NH4+ led to 2 to 3 times higher NH4+ concentration than 

GLA did. 

At 4 DAT ethylene production of GLA-treated plants exhibited a extreme rise 

from 2.56 a base of to 8.32x1 O'3 pL hr'g’1 biomass (Fig. 2.6). Noticeably, this increase 

occurred concurrently with the appearance of NH4+ toxicity symptoms. During the 9-day 

experimental period, ethylene evolution of tomato seedling receiving no GLA remained 

low, no matter the nitrogen sources (Fig. 6). When GLA treated plants appeared dead at 9 

DAT, their ethylene evolution dropped to the level of non-GLA treated plants. Although 

exogenously NH4+ treated plants increased ethylene production at 9 DAT, there were no 

visible symptoms. 
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Discussion 

This study indicates that the herbicidal action of GLA was expressed with a rate 

as low as 25 mg/L if applied to roots. The effective foliar spray rate is at least several 

hundred mg active ingredient per liter, which varies with plant species, growth status, and 
i 

soil and environmental condition, (Carlson and Burnside, 1984). 

Increase of leaf NH4+ level is a sensitive and rapid indication of GLA efficacy in 

research of GLA application. Krieg et al. (1990) reported that ImM GLA (150 mg/L) in 

spray solution was the lowest rate to be effective on detectable NH4+ accumulation by the 

next day of experiment. When applied in nutrient solution in our study, 25 mg/L GLA 

had the same effect. In plants treated with different levels of GLA in nutrient solution, 

NH4+ concentrations in shoots were correlated positively with visible symptoms. Before 

onset of symptoms, a rise of shoot NH4+ level was detected with 25 mg GLA/L solution. 

The NH4+ levels in root, however, were low and did not relate to appearance of 

symptoms, although GLA was applied to the roots. A concentration of 25 or 50 mg 

GLA/L in solution caused significant accumulation of NH4 in shoot tissue, nearly 

simultaneous plant growth suppression, and finally, within 2 weeks, plant death. 

Ethylene evolution was induced by the application of GLA, which pressed a stress 

on the tomato plants. One day before NLL^ toxicity symptoms appeared, ethylene 

production increased 3.4 times the base rate. This result is similar with other research. 

Hall et al. (1985) using 2.4-D and Harber and Fuchigami (1989) with clopyralid and 

picloram demonstrated the induction of ethylene evolution. 
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This study suggests root uptake and translocation of GLA from root to shoot. The 

action site of GLA is chloroplasts in leaves (Ridely and McNally, 1985), the principal site 

of reduction of nitrite to NH4+ in plants. The fact that a sharp increment of NH4+ occurred 

in plant leaves but not in roots where GLA was applied, implies two possibilities. One is 

the translocation of GLA from root to shoot and subsequent herbicidal effect in leaves. 

Another is the translocation of NH4+produced in root to leaves. However, the second 

explanation is not supported by our results. If leaf NH4+ was from roots, the root NH4+ 

concentration might be much higher than in leaves or at least equal. However, the reverse 

result was observed. The leaf NH4+ concentration was 10 to 20 times higher than in roots. 

The accumulation of NH4+ was observed in root tissue with exogenous NH4+ supply (Fig. 

2.4). Moreover, during the experimental period, exogenous NH4+ treatment did not cause 

a promotion of ethylene evolution, a result which indicated that no stress had been made 

by NH4+ supply. On the other hand, the relation between NH4+ accumulation in shoots 

and visible symptoms and the distinct pattern of accumulation following GLA application 

to roots suggested translocation of GLA from root to shoot and herbicidal action in the 

shoots. 

Accumulation of NH4+ in leaves preceded ethylene evolution, and ethylene 

production increase occurred right before the symptoms appeared. The relationship 

between these responses will be studied in later research. 
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Conclusion 

GLA (GLA) was herbicidal in 6 days at a concentration as low as 25 mg/L 

applied to tomato plant roots in hydroponics. The concentration is only a fraction of that 

usually used in foliar spray (100-500 mg/L). 

GLA application to plants caused a rapid increase of NH4+ concentration in shoot 

tissue, and only a slight increase in roots. Although GLA was applied to root, the NH4+ 

concentration in leaves was at least 10 times that of roots. Compared with the higher 

NH4+ concentration in roots than in shoot caused by exogenous NH4+ supply, this pattern 

indicated that GLA was translocated from plant roots to leaves to exert toxic effects in 

the leaves. 

Ethylene evolution was involved in the action of GLA. Ethylene evolution was 

preceded by NH4+ accumulation in tomato leaves and occurred at the same time or 

preceded the appearance of GLA-induced toxicity symptoms. 

Literature Cited 

Barker, A. V., D. N. Maynard, and W. H. Lachman. 1967. Induction of tomato stem and 

leaf lesions, and potassium deficiency, by excessive ammonium nutrition. Soil 

Sci. 103:319-327. 

Carlson, K. L., and O. C. Burnside. 1984. Comparative phytotoxicity of glyphosate, SC- 

0545, and HOE-0061. Weed Sci. 32: 841-844. 

Diaz, A., H. Maza, B. Gonzalez-Moro, M. Lacuesta, C. Gonzalez-Murua, and A. Munoz- 
Rueda. 1995. Phosphinthricin reverts the ammonia-dependent enhancement of 

phosphoenolpyryruvate carboxylase activity. J. Plant Phyisiol. 145:11-16. 

29 



Feng, J. and A. V. Barker. 1992. Ethylene evolution and ammonium accumulation by 

nutrient-stressed tomatoes grown with inhibitors of ethylene synthesis or action. 
J. Plant Nutri. 15(2): 155-167. 

Hall. J. Ch., P. K. Bassi, M. S. Spencer, and W. H. Van den Bom. 1985. An evaluation of 

the role of ethylene in herbicidal injury induced by picloram or clopralid in rage 

seed and sunflower plants. Plant Physiol. 79:18-23. 

Harber, R. M., and L. H. Fuchigami. 1989. Ethylene-induced stress resistance. In: P. H. 

Li (ed) Low temperature stress physiology in crops. CRC Press Inc. Boca Raton, 

Florida, pp:81-90. 

Hoagland, D. R., and D. I. Amon. 1950. The water-culture method for growing plants 

without soil. Califonia Agric. Expt. Stn. Circ. 347. 

Hoerlein, G. 1994. Glufosinate (phosphinothricin), a natural amino acid with unexpected 

herbicidal properties. Review Environ. Contamin. Toxic. 138:73-145. 

Joy K. W. 1988. Ammonia, glutamine, and asparagine: A carbon-nitrogen interface. 

Canad. J. Bot. 66: 2103-2109. 

Krieg, L.C., M.A. Walker, T. Senatna, and B.D. McKersie. 1990. Growth, NH/ 
accumulation and glutamine synthetase activity in alfalfa ( Medicago sativa L.) 

shoots and cell cultures treated with phosphinothricin. Plant Cell Rep. 9: 80-83. 

Lacuesta, M., B. Gonzalez-Moro, C. Gonzalez-Murua, P. Aparicio-Tejo , and A. Munoz- 

Rueda. 1989. Effect of phosphinothricin (glufosinate) on activities of glutamine 

synthetase and glutamate dehydrogenase in Medicago sativa L. J. Plant Physiol. 

134: 304-307. 

Leemans L., M. De Block, K. D, Halluin, J. Boterman, and W. De Greef. 1987. The use 
of glufosinate as a selective herbicide on genetically engineered resistant 

tobacco plants. Brit. Crop Prot. Cong. Weeds. 867-870. 

Manderscheid R., and A. Wild. 1987. Studies on the mechanism of inhibition by 
phosphinothricin of glutamine synthetase isolated from Triticium aestivum. J. 

Plant Physiol. 123:135-142. 

Maynard, D. N., and A. V. Barker. 1969. Studies on the tolerance of plants to ammonium 

nutrition. J. Amer. Soc. Hort. Sci. 94:235-239. 

Mersey B. G., J. C. Hall, D. M. Anderson, and C. J. Swanton. 1990. Factors affecting the 
herbicidal activity of glufonsinate-ammonium absorption, translocation and 

metabolism in barley and green foxtail. Pestic. Biochem. Physiol. 37: 90-98. 

30 



Ridely, S. M., and S. F. McNally. 1985. Effects of phosphinothicin on the isoenzymes of 

glutamine synthetase isolated from plant species which exhibit varying degrees 
of susceptibility to the herbicide. Plant Sci. 39: 31-36. 

Seelye, J.F., W. M.Borst, G. A. King, P.J. Hannan, and D. Maddocks. 1995. Glutamine 

synthetase activity, NH/ accumulation and growth of callus cultures of 

Asparagus officinalis L. exposed to high NH4" or phosphinothricin. 1995. J. 
Plant Physiol. 146: 686-692. 

Steckel, G. J., S. E. Hart, and L. M. Wax. 1997. Absorption and translocation of 

glufosinate on four weed species. Weed Sci. 45:378-381. 

Steel, R.G.D. and J.H. Torrie. 1980. Principles and procedures of statistics, 2nd ed. 
McGraw Hill, New York. 

Tachibana K., T. Watenaba, Y. Sekizawa, and T. Takematse. 1987. Accumulation of 

ammonia in plants treated with bialaphos. J. Pestic. Sci. 11: 33-37. 

Wild A., H. Sauer, and W. Ruhle. 1987. The effects of phosphinothricin (glufosinate) on 

photosynthesis. I. Inhibition of photosynthesis and ammonia accumulation. Z. 

Naturforsch 47c: 263-269. 

31 



B
io

m
as

s 
(g

/p
la

nt
) 

80 

70 - 

Fig. 2.1 Fresh masses of tomato plants at 6 days after treatment with various 

concentrations of glufosinate-ammonium (GLA) in solution. 
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Fig. 2.2 Ammonium concentration in tomato plants at 6 days after treatment with various 

concentrations of glufosinate-ammonium (GLA) in solution. 

33 



Fig.2.3 Ethylene evolution of tomato plants at 6 days after treatment with various 
concentrations of glufosinate-ammonium (GLA) in solution or with ammonium-N 
nutrition without GLA. Plants treated with 50 mg/L GLA appeared dead. 
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Fig.2.4.Time course of tomato shoot and root fresh masses after glufosinate-ammonium 

(GLA) treatment at 25 mg/L or with no GLA application with plants grown on nitrate or 

ammonium nutrition. 
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Fig.2.5 Time course of ammonium accumulation in tomato shoots and roots after 

treatment with glufosinate-ammonium (GLA) at 25 mg/L or with no GLA application 

with plants grown on nitrate or ammonium nutrition. 
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Fig.2.6 Time course of ethylene evolution of tomato seedlings after treatment with 

glufosinate-ammonium (GLA) at 25 mg/L or with no GLA application with plants grown 

on nitrate or ammonium nutrition. 
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CHAPTER III 

ETHYLENE EVOLUTION OF TOMATO PLANTS AFTER ROOT-APPLIED 

GLUFOSINATE-AMMONIUM TREATMNENT IN THE PRESENCE OF ETHYLENE 

INHIBITORS 

Abstract 

Ethylene evolution was involved in the herbicidal action of root-applied 

glufosinate-ammonium (GLA) in hydroponics (Chapter 2). Ethylene evolution was 

preceded by NH4+ accumulation but was detected before or concurrent with NH4+ 

toxicity symptoms caused by GLA application. In this study, ethylene inhibitors 

aminooxy acetic acid (AOA) and silver thiosulphate (STS) were added into nutrient 

solution to elucidate the relationship between NH4+ accumulation, ethylene evolution, 

and symptom development. AOA is an ethylene synthesis inhibitor, and STS is an 

ethylene action inhibitor. In hydroponics, 4-week-old tomato seedlings were used. Three 

treatments were employed: control, AOA, and STS treatment. GLA was added at a 

concentration of 25mg/L into Hoagland nutrient solutions. The control treatment received 

herbicide GLA without the inhibitors. In the AOA and STS treatments, AOA and STS 

were added to final concentrations of 1 mM and 25 mM, respectively. With control 

plants, GLA induced visible foliar symptoms at 4 DAT and plant death 10 DAT. STS did 

not affect this process. AOA delayed the appearance for two days. Symptoms appeared at 

6 DAT, and plants died at 10 DAT. Neither AOA nor STS significantly affected plant 

mass relative to the control. GLA caused NH4+ accumulation in shoots and roots at 2 

DAT. AOA inhibited this accumulation in shoots since 6 DAT and in roots since 8 DAT. 

STS had no effect on shoot NEU+ accumulation but inhibited the accumulation in roots 
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since 6 DAT. Herbicide induced ethylene evolution at 4 DAT after which the ethylene 

production dropped slowly. AOA completely inhibited ethylene evolution during the 

period of the experiment. STS had no inhibitory effect on ethylene production. This result 

suggests that AOA can inhibit ethylene evolution after NH4+ accumulation and delay the 

development of NH4+ toxicity symptoms. STS had no effect on either NH4+ 

accumulation or symptom appearance. 

Introduction 

Glufosinate-ammonium (GLA), a post-emergence herbicide, which inhibits 

glutamine synthetase (GS) (Manderscheid and Wild, 1986). This inhibition results in 

NH/ accumulation in plant shoots (Krieg et al., 1990; Manderscheid and Wild, 1986) 

and ultimate plant death (Kocher, 1983; Leemans et al., 1987; Tachibana et al., 1986; 

Wild et al., 1987). Changes in NH4+concentrations in shoots are a rapid and sensitive 

indicator of GLA action (Mersey et. al., 1990). Although usually used as foliar spray at 

concentrations from 100 mg/L to 500 mg/L, our research has proven that root application 

of GLA is also herbicidal at a concentration as low as 25 mg/L within 6 days after 

treatment in hydroponics (Chapter II). Ethylene evolution, also called ‘stress ethylene’, 

can be triggered by various physiological stresses and can induce modification of tissue 

growth and development or defense mechanisms, either of which could lead to the 

expression of morphological symptoms (Kacperska, 1997). These stresses include 

mechanical wounding and cutting (Yang and Hoffman, 1984), pathogen infection (Spanu 

and Boiler, 1989), drought, chilling, freezing, and desiccation (Elstner and Konze, 1976); 

waterlogging and submergence (Jackson, 1985, 1993), atmospheric ozone (Glick et al., 
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1995, Hogsett et al., 1981), salinity (NaCl) (Chrominski et al., 1988, 1989), heavy metals 

e.g. Hg (Goren and Siegel, 1976), Cu (Gora and Clijsters, 1989; Pennazio and Roggero, 

1991) and Zn (Gora and Clijsters, 1989), electric current (Inaba, 1991), nutritional 

stresses such as K, Ca or Mg deficiency (Feng, 1992), and auxin-type herbicides such as 

2,4-D (Harber and Fuchigami, 1989). Application of GLA into nutrient solution can also 

cause high ethylene production (Chapter II). It was found that ethylene evolution was 

preceded by NFL** accumulation, and occurred before or concurrent with NH4+ toxicity 

symptoms caused by GLA application. In this study, inhibitors of ethylene synthesis or 

ethylene action were added into nutrient solution to elucidate the relationship between 

NH4+accumulation, ethylene evolution, and symptom development. Tomato was chosen 

for its sensitivity to am NH/ toxicity (Barker et al., 1967). 

Materials and Methods 

The experiment was conducted to assess NH4+ accumulation, ethylene evolution, 

and NH4+ toxicity after root-application of glufosinate-ammonium (GLA, 

monoammonium-2-amino-4-hydroxy(methyl)phosphinyl]butanoate; Finale, 11.33%, w/v, 

active ingredient, Hoechst-Roussel Agr-Vet Co., Crop Protection Products, Somerville, 

NJ 09976-1258) with or without the presence of ethylene inhibitors aminooxy acetic acid 

(AOA) and silver thiosulfate (STS). This study was conducted with hydroponics in a 

greenhouse in the spring of 1998. Tomato seeds (Heinz 1439) were germinated in peat- 

vermiculite mix. Three weeks after germination, seedlings were transplanted to 1.5-L 

opaque plastic containers filled with half-strength, nitrate-based solution (Hoagland No.l, 
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Hoagland and Amon, 1950) to pre-culture for one week. All plants were grown 

subsequently in full-strength, nitrate-based (Hoagland No. 1) solution and received GLA 

at 25 mg/L. In the AOA treatment, plants received 25 mg GLA/L and AOA at a 

concentration of 1 .OmM. In STS treatment, besides 25 mg GLA/L, STS was added into 

nutrient solutions for concentration of 25mM. STS was prepared by mixing equal 

volumes of 0.01M AgNC>3 and 0.08M sodium thiosulfate (Na2S2C>3.5H20). Containers 

were checked daily and refilled with nutrition solutions as needed without further GLA 

and inhibitor additions. Samples of roots and shoots were taken for biomass, NH4+, and 

ethylene evolution determinations every 2 days from the first day of treatment until plant 

death from herbicidal poisoning at 10 DAT. 

Each treatment was replicated in three randomized complete blocks. Effects of 

treatments were assessed by analysis of variance, and means were compared by standard 

deviations (Steel and Torrie, 1980). 

NH/ analysis 

Tissue samples were taken from upper leaves to include the first fully expanded 

leaf or the entire roots on each harvest date. Fresh tissues (about 10 g) were 

homogenized with 25 ml mixed solution of 1M KC1 and 0.02M CuS04 in a blender for 5 

min. (Feng and Barker, 1992). After vacuum filtration of the homogenized tissue, steam 

distillation was employed to determine NEL+ concentrations in the filtrate. 

Ethylene analysis 

Tips of tomato plants including the first fully expanded (about 10 g fresh weight 

in each sample) were removed for analysis of ethylene evolution. The tips were placed in 
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500-ml canning jars sealed with serum caps inserted in the lids. After 2 hours, ethylene 

concentration in the jars was measured by taking 2-ml portions from the jars for analysis 

by gas chromatography with column (GDX-502, mesh 60-80) set at 150° C, N2 as carrier 

gas, and a flame ionization detector (Feng and Barker, 1992). 

Results 

At 4 DAT, NH4+ toxicity symptoms of chlorosis, necrosis, and cupping of leaves 

appeared on tomato plants treated only with 25 mg/L GLA. Plant receiving GLA and 

STS also developed similar symptoms at 4 DAT. Application of AO A, with GLA 

prevented symptom appearance on the plants until 6 DAT, i.e., the AOA delayed the 

toxicity symptom development for 2 days. At 10 DAT, all plants died, including plants 

treated with AOA. 

During the 10 days of the experiment, no differences were measured in plant 

growth. As shown in (Fig.3.1), there is no significant difference of plant biomass of 

shoots or roots among the three treatments during the 10-day period of time. 

GLA application led to NH4+ accumulation in plant tissues with time (Fig.3.2). In 

tomato shoots, a significant increase of NH4+ concentration was observed at the 2 DAT, 

and the increase continued to the end of experiment. STS, the ethylene action inhibitor, 

did not inhibit the accumulation of NFL** in shoots. GLA either alone or with STS 

produced similar NH4+ accumulation in plant tissues. However, AOA did prevent the 

NH4+ concentration from increasing in plant shoots after 4 days of treatment. In the first 

4-day period, NTL^ concentration in leaves increased from nil (0.07 mg N/g biomass) to 

1.5 mg N/g biomass, but with no differences with or without addition of STS or AOA. 
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This NH4+ concentration was toxic to plants as expressed symptom appearance at 4 DAT 

with GLA or GLA plus STS. From 4 to 10 DAT, the shoot NH4+ concentration in the 

GLA plus AOA treatment remained at this level, whereas with GLA alone or with STS, 

NH4+ concentration continued to rise sharply up to a 9-fold increase in 10 DAT. 

A slight increase of NH4+ concentration occurred in roots (Fig.3.2). Compared 

with GLA alone treatment, adding STS had no effect on root NH4+ concentration change. 

Adding AOA, as in shoots, did not prevent NH4+ accumulation in the beginning, but 

inhibited NH4+ accumulation after 6 DAT. 

Ethylene produced by GLA-treated plants exhibited a sharp rise from a base of 

2.70 to 9.86x1 O'3 pL/hr/g biomass (Fig.3.3) at 4 DAT, when plants started showing 

toxicity symptoms, and dropped slowly to the original level at 10 DAT. STS had no 

effect on the changes of ethylene production, as no significant differences in ethylene 

evolution occurred between GLA treatment and GLA plus STS treatment. AOA 

prevented ethylene production from increasing during the entire experiment. The 

ethylene evolution with AOA remained at 2.7x10‘ pL/hr/g biomass 

Discussion 

Leaf NPL*+ level increase is a sensitive and rapid indicator of GLA efficacy 

(Manderscheid and Wild, 1986). Before onset of symptoms, a rise of shoot NH4+ level 

was detected with 25 mg GLA/L of solution. With the increase of NH4+ concentration, 

toxic symptoms progressed and finally caused plant death. Levels of NEL+ in roots, 

however, were low and did not relate to appearance of symptoms, although GLA was 

applied to the roots. 
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Ethylene evolution followed accumulation of shoot NH4+. After 4 days 

accumulation of leaf NH4+, ethylene production was triggered leading to a sharp rise of 

ethylene production from a base of 2.7 to 9.86x1 O'3 pLL/hr/g biomass (Fig.3.3). Ethylene 

evolution can be triggered by various kinds of stresses ranging from physical damage to 

physiological disorders as indicated by many researches. The 4th day after treatment is 

also the time plants started showing NH4+ toxicity symptoms. Some researchers 

suggested that the rise of ethylene production induces either modification of tissue 

growth and development or defense mechanisms that lead to the expression of 

morphological symptoms (Kacperska, 1997). It can be concluded that if no increase 

ethylene can be produced, the morphological symptoms will not develop. In our Study, if 

AO A, an ethylene production inhibitor, was added, the increase of ethylene production 

by GLA was inhibited. However, AOA treatment did not save the plant from being 

killed. It only delayed the appearance of symptoms for 2 days, and plants died at the same 

time as with GLA treatment alone. From previous experiments in selecting appropriate 

concentration of AOA and STS, one can suggest that AOA in solution exerted a toxic 

effect on tomato plants. In the screening experiments, AOA was tested at higher and 

lower rates than used in this study (1 mM ): 2 mM and 0.5 mM. When 2 mM AOA was 

used, tomato plants died in 5 days under the same conditions as in this study, but 0.5 mM 

AOA was too low to be effective in inhibiting ethylene evolution (Appendix). The 1 mM 

concentration was used in this study so that it can have an effect on ethylene inhibition 

and not be so high that it poisons plants in a short period of time. STS also was tested at 

high concentration of 50 mM and low concentration of 15 mM (Appendix). 
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Conclusion 

Ethylene evolution was involved in the action of GLA. Ethylene evolution was 

preceded by NH/ accumulation in tomato leaves and occurred at the same time or 2 days 

before the appearance of GLA-induced toxicity symptoms. Aminooxy acetic acid (AOA) 

inhibited ethylene evolution and delayed the rate of symptom development. Silver 

thiosulphate (STS) had no effect on ethylene evolution or symptom appearance. It can be 

concluded that ethylene evolution was triggered by the accumulation of NEU+ in tomato 

leaf tissue. It is not clear whether the increase of ethylene production induced the 

development of symptoms. 
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Fig.3.1 Time course of biomass accumulation of tomato seedlings after treatment 

with glufosinate-ammonium (GLA) at 25 mg/L and with ethylene inhibitors AOA 

and STS. Vertical lines represnts ± one Standard Deviation (SD). Some SD lines are 

smaller than the data points. 
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Fig.3.2 Time course of ammonium concentrations of tomato seedlings after treatment 

with glufosinate-ammonium (GLA) at 25 mg/L and with ethylene inhibitors aminoxy 

acetic acid (AOA) and silver thiosulphate (STS). Vertical lines represnts ± one Standard 

Deviation (SD). 
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15 

Days after treatment (DAT) 

Fig.3.3 Time course of ethylene evolution from tomato seedlings after treatment with 

glufosinate-ammonium (GLA) at 25 mg/L and with ethylene inhibitors aminoxy acetic 

acid (AOA) and silver thiosulphate (STS). Vertical lines represnts ± one Standard 

Deviation (SD). 
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CHAPTER IV 

EFFECT OF SOIL APPLIED GLUFOS IN ATE- AMMONIUM ON TOMATO PLANT 

GROWTH AND AMMONIUM ACCUMULATION 

Abstract 

Glufosinate-ammonium (GLA) is a post-emergence herbicide which is usually 

used as foliar spray. When applied to tomato roots in hydroponicss, GLA was herbicidal 

at 25 mg/L (Chapter 2). There is no research on plant response to soil-applied GLA. In 

this research, the effect of GLA directly applied into soils was studied. Its efficacy was 

also compared with foliar application, and the effect of degradation time of GLA in soil 

on GLA efficacy was studied. These studies were conducted with pot culture in a 

greenhouse. Each pot contained 1 kg of soil and 1 tomato (Heinz 1439) seedling. 

Firstly, effects of soil-applied GLA on tomato plant growth and NH4+ 

accumulation were studied. GLA was applied into soil at 0, 0.5, 1, 1.5, 2.5, 3, 5, 7.5, 10 

or 15 mg/pot (mg GLA/kg soil). Addition of 7.5, 10 or 15 mg/pot GLA caused yellowing 

and cupping of leaves at 2 DAT. Addition of 3 or 5 mg/pot GLA led to similar symptoms 

at 4 DAT. At 5 DAT, GLA toxicity symptoms appeared on plants treated with 1.5 mg 

GLA/pot. Tomato plant growth and NFL** concentrations were measured at 5 DAT. Plant 

growth was not affected by any GLA treatment in terms of biomass. With the increase of 

GLA from 0 to 15 mg/pot, shoot NH4+ concentration increased from nil to 2.95 mg N/g 

biomass. GLA at 1.5 mg/kg soil was herbicidal when applied to soil as measured by 

NH4+ concentration in plant tissue. 

To compare the effects of foliar applied GLA and soil-applied GLA, 0, 0.5, 1, 1.5 

or 3 mg GLA/plant (mg/pot) was applied. A 10 ml GLA solution at a concentration of 0, 
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50, 100, 150, or 300 mg/L was brushed onto the upper and lower epidermal of the tomato 

leaves as the foliar treatment, or was poured into soil as the soil application. At 3 DAT, 

tomato plants treated with 1.5 or 3 mg GLA started showing symptoms of yellowing, 

cupping, and wilting on top leaves. At 5 DAT, all foliarly treated plants developed 

toxicity symptoms, and those receiving 1.5 or 3 mg GLA from the soil application 

became poisoned too. Soil-applied GLA at 0.5 or 1 mg GLA/plant did not cause any 

visible symptoms at 5 DAT, when all plant tissues were harvested and plant shoot 

biomass and NH/ concentrations were measured. Tomato plant growth was retarded 

slightly by GLA applied at more than 1.5 mg/plant. 

Effect of degradation time of efficacy on GLA in soil was studied. GLA was 

added into soil at 0, 0.25, 0.5, 0.75, 1, 1.5, or 3 mg/pot. Before tomato (Heinz 1439) 

seedlings were transplanted into pots, GLA was added into the soil in pots and allowed to 

degrade for 5 to 20 days. At 4 days after transplanting, all tomato plants receiving GLA 

application started showing GLA-toxicity symptoms of yellowing, cupping, and wilting 

on top leaves. All plant materials were harvested to measure plant shoot biomass and 

NH/ concentrations. GLA inhibited the growth of all GLA-treated plants, with an 

average biomass of 6 g/plant compared with untreated tomato plants at 11.3 g/plant. 

Noticeably, the different rates of GLA and different degradation times did not cause 

significant variance on tomato plant growth. All GLA treatments led to NH4 

accumulation in tomato shoots, and this increase was several times that of plants 

receiving no GLA, from 0.9 mg N/g biomass of non-GLA treatment to between 1.9 mg 

N/g biomass and 2.6 mg N/g biomass All enhanced NH4 concentrations were 
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herbicidal. With only 5 days allowed for GLA to degrade in soil, the tomato shoot NH4+ 

accumulation was higher than in those having exposed longer to the degradation-time 

treatments. The increase of GLA rate, the NfLT concentration in plant tissue increased. 

However, when GLA rate was higher than 1 mg/pot, enhanced GLA rate did not increase 

the NUT concentration in plant tissue. This study suggests that 20 days is not long 

enough for GLA added into soil to degrade to a non-harmful concentration. 

Introduction 

Glufosinate-ammonium (GLA) is a foliar spray herbicide, usually applied at the 

concentrations between 100 and 500 mg/L. Most research has focused on foliar 

application, and no work has been done with GLA application in the root zone in soil, 

which could be a main uptake site of herbicide, especially on very sandy soils shortly 

after spraying. As shown in Chapter II, our study suggested that root-applied GLA was 

herbicidal when added into nutrient solution in hydroponics. GLA can be absorbed by 

plants roots and exert herbicidal effects on growth and lead to NH4+ accumulation, 

poisoning symptoms, and final plant death (Chapter II). Research is needed to determine 

if soil-applied GLA is effective and how much GLA is needed to be effective. In this 

study, the effect of soil applied GLA at different rates was studied. Also, the efficacy of 

foliar spray GLA was compared with that of soil-applied GLA. 

Moreover, the effect of degradation time of GLA in soil was studied. The 

principal degradation pathway of GLA in soils is via the intermediate 2-oxo-4-[hydroxy- 

(methy)phosphinyl]butyric acid to 3-[hydroxy-(methy)phosphinyl]propionic acid. The 

half-life of GLA was 3 to 30 days at 20°C and 12 to 65 days at 10 C (Hoerlein, 1994). In 



this study, GLA was allowed to degrade in soil for 5 to 20 days in a greenhouse to 

determine if 5 to 20 days was sufficient for GLA to be degraded to non-herbicidal 

concentration. 

Materials and methods 

Experiment 1. Effects of soil-applied GLA on tomato plant growth and ammonium 
accumulation 

This study was conducted with pot culture in a greenhouse in November 1999. 

Greenhouse temperature was maintained with daytime temperature of 24°C and night 

temperature of 18°C. Four-inch pots were filled with a medium of 1 kg of 7 parts of 

sandy loam, 3 parts sand, and 2 part of peat moss by volume. Superphosphate and 

agriculture limestone were added at 4 g/kg medium. Each pot had one tomato (Heinz 

1439) seedling. One week after transplanting, glufosinate-ammonium (GLA) 

(monoammonium-2-amino-4-hydroxy(methyl)phosphinyl]butanoate; Finale. Hoechst- 

Roussel Agr-Vet Co., Crop protection products, Somerville, NJ 09976-1258) was added 

into soil with the amount of GLA at 0, 0.5, 1, 1.5, 2.5, 3, 5, 7.5, 10, and 15 mg/pot. The 

plants were observed and watered every day. All plant tissues were harvested when 

visible symptoms of GLA injury developed. Tomato plant shoot biomass and NH4 

concentrations in shoots were measured. Each treatment was replicated in three 

randomized complete blocks. Effects of treatments were assessed by analysis of 

variance, and means are compared by standard deviations (Steel and Torrie, 1980). 
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Experiment 2. Comparison of the efficacy of foilar applied GLA and soil applied-GLA 

This study was conducted with pot culture in a greenhouse in November 1999. 

Greenhouse conditions and soil mixture preparation were the same as in Experiment 1. 

Each pot contained 1 kg soil mixture, and each pot had one tomato (Heinz 1439) 

seedling. One week after transplanting, GLA was added into soil or brushed onto plant 

leaves. Concentrations of 0, 50, 100, 150, or 300 mg/L were used, and each plant or soil 

application was 10 ml of GLA solution. The total GLA added to plants or soils was 0, 

0.5, 1, 1.5, or 3 mg/pot. The plants were observed and watered every day. All plant 

tissues were harvested at 5 DAT, at which time visible symptoms had developed on all 

GLA sprayed plants and on those receiving soil applied GLA at 1.5 or 3 mg per pot. 

Tomato plant shoot biomasss and NHU+ concentrations in shoots were measured. Each 

treatment was replicated in three randomized complete blocks. Effects of treatments 

were assessed by analysis of variance, and means are compared by standard deviations 

(Steel and Torrie, 1980). 

Experiment 3. Effects of varying degradation times in soil on efficacy of soil-applied 
GLA 

This study was conducted with pot culture in a greenhouse in December 1999. 

Greenhouse conditions and soil mixture preparation are the same as in experiment 1. 

Each pot contained 1.0 kg soil mixture. At different time before transplanting (20, 15, 10 

and 5 days), tomato seedlings(Heinz 1439), GLA was added into pots. Concentrations of 

0, 25, 50, 75, 100, 150, or 300 mg/L were used, and each plant or soil application was 10 

ml GLA solution. The total GLA added to plants or soils was 0, 0.25, 0.5, 0.75, 1, 1.5, 

and 3 mg/pot. The pots were observed and watered every day. All plant tissues were 
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harvested when visible symptoms of GLA toxicity were observed. Tomato plant shoot 

biomasss and NH4+ concentrations in shoots were measured. Each treatment was 

replicated in three randomized complete blocks. Effects of treatments were assessed by 

analysis of variance, and means are compared by standard deviations (Steel and Torrie, 

1980). 

NH4+ analysis 

Tissue samples were taken from upper leaves to include the first fully expanded 

leaves and the entire roots on each harvest date. Fresh tissues (about 10 g) were 

homogenized with 25 ml mixed solution of 1M KC1 and 0.02M CuS04 in a blender for 5 

min. (Feng and Barker, 1992). After vacuum filtration of the homogenized tissue, steam 

distillation was employed to determine NH4+ concentrations in the filtrate. 

Results 

Experiment 1. Effects of soil applied GLA on tomato plant growth and ammonium 

accumulation 

Soil applications of 7.5, 10 or 15 mg/pot GLA were herbicidal in 2 days. 

Yellowing and cupping of leaves developed in 2 DAT. With 3 or 5 mg/pot, GLA did not 

induce these symptoms until 4 DAT. At 5 DAT, GLA toxicity symptoms started 

appearing on tomato plants treated with 1.5 mg GLA/pot. During the 5-day period of 

time, less than 1.5 mg GLA/pot did not cause visible symptom development. 

The tomato plant shoot biomasses at 5 DAT are reported (Fig. 4.1). With GLA 

increase from 0 to 15 mg/pot, no significant trend in biomass production occurred among 

treatments. Plant growth had not been inhibited by GLA yet. However, the herbicidal 

effect of GLA was apparent from NH4+ accumulation. With the increase of GLA rate 
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from 0 to 15 mg/pot, shoot NH4+ concentration increased from nil to 2.92 mg N/g 

biomass (Fig 4.2). Addition of 1.5 mg/pot was the lowest rate of GLA producing visible 

herbicidal effect, and the NH4+ concentration of this treatment was 0.78 mg N/g biomass. 

For those plants receiving more than 1.5 mg GLA/pot, the NH4+ concentration increased 

from 0.95 to 2.92 mg N/g biomass. 

Experiment 2. Comparison of the efficacy of foilarly applied GLA and soil-applied GLA 

Foliar application had a quicker effect on tomato plant than soil application. At 3 

days after transplanting, foliarly applied GLA at rates of 1.5 or 3 mg/plant led to 

appearance of yellowing, wilting, and cupping of top leaves, whereas no visible 

symptoms appeared on plants receiving GLA from soil application. Two days later, 5 

DAT, all foliarly treated tomato plants showed GLA-toxicity symptoms starting from the 

young leaves. Plants treated with soil-applied GLA at 1.5 or 3 mg/plant also started 

showing toxicity symptoms. 

As shown in Fig.4.3, tomato plant growth was restricted by foliarly applied GLA, 

but not by soil-applied GLA five days after application. Foliar treatment decreased 

tomato plant biomass when more than 1.5 mg GLA /plant was applied. 

Either foliarly applied GLA or soil-applied GLA led to NH4+ accumulation in 

plant tissues. As seen in Fig.4.4, when no GLA was added into soil, the tomato shoot 

NH4+ concentration was 0.062 mg N/g biomass. Foliar application of GLA or soil-applied 

GLA increased shoot NH4+concentration. The higher the GLA rate, the higher the NH4 

concentration. This accumulation was larger with foliar application than with soil 
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application. At 5 DAT, NH4+ concentrations in GLA-treated shoots were 2 to 5 times 

those in tomato shoots with GLA from soil. 

Experiment 3. Effect of varying degradation time in soil on efficacy of soil-applied GLA 

Four days after transplanting, GLA-induced symptoms included yellowing, 

wilting, and cupping of top leaves on all GLA-treated tomato plants with no visible 

difference in the severity of toxicity. Plant growth also was reduced by the GLA 

treatment. 

As shown in Fig.4.5, tomato plants receiving no GLA had average biomass of 

11.3 g/plant, whereas those receiving GLA addition had significant lower biomass of 

about 6 g/plant. The inhibitions are similar at all GLA addition. As shown in Fig. 4.6, the 

degradation time had no significant effect on the plant growth, as different degradation 

times inhibited plant growth to a similar extent. 

As for the NH4+ concentration in tomato shoots, GLA application into soil 

induced NH4+ accumulation compared with no GLA addition. With the increase of GLA 

rate from 0 to 3 mg/pot, NEU+ concentrations increased to reach a plateau. The shortest 

degradation time (5 days) of GLA in soil led to higher foliar NH4+ concentration than the 

other times (Fig.4.7). 

At 4 DAT when no GLA was added into soil, the tomato shoot NEU 

concentration was as low as 0.09 mg N/g biomass. After the addition of GLA into soil at 

varying rates, the NH4+ concentration increased at least 10 times to between 1.2 to 1.9 mg 

N/g biomass. These NEU+ concentrations were toxic to tomato plant. All plants were 
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harvest 4 days after transplanting. As found in hydroponics (chapter II), the increase of 

GLA rate applied in soil led to enhancement of NH/ concentration (Fig.4.8). 

Discussion 

This study indicated that the herbicidal action of GLA occurred with as low as 1.5 

mg/pot (also 1.5 mg/kg soil) applied directly into soil. 

Foliar application by brushing was herbicidal earlier and more effectively than 

soil application. Leaf-applied GLA led to earlier appearance of GLA-induced symptoms 

than soil application when 1.5 or 3 mg/pot GLA was used. Also, the tomato plant growth 

expressed as biomass was inhibited by high rates of leaf-applied GLA. In this study, to 

ensure the exact the volume of GLA solution was used to each foliar-application, GLA 

solution was brushed to tomato leaves by hand. In this situation, the absorbed GLA might 

be higher than if sprayed. The mechanical corruption of leaf surface caused by brushing 

might increase the absorption of GLA. 

Twenty days of degradation of GLA in soil was not enough time for GLA to 

degrade to be non-herbicidal. As low as 2.5 mg/pot (2.5 mg/kg soil) can still be toxic 

after 20 days degradation in soil. It suggested that the time interval between GLA 

application and next cropping should be at least more than 20 days. 

Conclusion 

Soil application of GLA led to slower and milder effects on tomato plants than 

foliarly applied GLA. However, considered the brushing application method during foliar 

application and induced effect on leaf structure and absorption of GLA, this result might 

63 



be misleading and more research is needed in comparing the efficacy of foliar application 

with soil application. 

Twenty days of degradation is not long enough for GLA added into soil to be 

degraded to non-harmful concentration. When added into soil and allowed to degrade for 

5 to 20 days, the GLA in soil was still herbicidal to tomato plants. 
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Fig.4.1 Biomasses of tomato plants at 5 days after treatment with various rates of 

glufosinate-ammonium (GLA) added into soil. Vertical lines represent ± one Standard 

Deviation (SD), which is true for other figures. 
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Fig.4.2 Ammonium concentration in tomato plants at 5 days after treatment with various 

rates of glufosinate-ammonium (GLA) added into soil. 
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Fig.4.3 Biomasses of tomato plants at 5 days after treatment with various rates of 

glufosinate-ammonium (GLA) added into soil or applied to leaves. 
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Fig.4.4 Ammonium concentration in tomato shoots at 5 days after treatment with various 

rates of glufosinate-ammonium (GLA) added into soil or sprayed onto leaves. 
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Fig.4.5 Biomasses of tomato plants treated with various rates of glufosinate-ammonium 

(GLA) added into soil and after various time of degradation. Data were collected at 4 

days after transplanting of tomato plants when visible symptoms started appearing. 
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Fig.4.6 Effect of overall degradation time of glufosinate-ammonium (GLA) in soil on 

biomasses of tomato plants. Each degradation time has all GLA rates under that period of 

time. 
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Fig.4.7 Ammonium concentrations of tomato plants treated with various rates of 
glufosinate-ammonium (GLA) added into soil and after various time of degradation. Data 

were collected at 4 days after transplanting of tomato plants when visible symptoms 

started appearing. 
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Fig.4.8 Effect of overall degradation time of glufosinate-ammonium (GLA) in soil on 

ammonium concentration in tomato shoots. Each degradation time has all GLA rates 

under that period of time. 
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CHAPTER V 

CONCLUSIONS 

GLA was herbicidal in 6 days at a concentration as low as 25 mg/L when applied 

to tomato plant roots in hydroponics. The concentration is only a fraction of that usually 

used in foliar spray (100-500 mg/L). When applied into soil, 1.5 mg GLA/kg soil is 

herbicidal. The absorption of GLA by plant root was indicated by both, hydroponics and 

soil, experiments. 

GLA application to plants caused a rapid increase of NH4 concentration in plant 

tissue in shoots and a slight increase in roots. Although GLA was applied to roots, the 

NH4+ concentration in leaves was at least 10 times that of roots. Compared with the high 

NLL+ concentration in root than in shoot caused by exogenous NH4+ supply, this pattern 

indicated that GLA was translocated from plant root to leaves to exert toxic in the leaves. 

Ethylene evolution was involved in the action of GLA. Ethylene evolution was 

proceded by NHL^ accumulation in tomato leaves and occurred at the same time or a few 

days before the appearance of GLA-induced toxicity symptoms. Aminooxy acetic acid 

(AOA) inhibited ethylene evolution and delayed the rate of symptom development. Silver 

thiosulphate (STS) had no effect on ethylene evolution or symptom appearance. It is 

suggested that ethylene evolution was triggered by the accumulation of NH4 in tomato 

leaf tissue and the increase of ethylene production induced the development of 

symptoms. 

Soil application of GLA led to slower and milder effects on tomato plants than 

foliarly applied GLA. However, considering the brushing application method during 
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foliar application and induced effect on leaf structure and absorption of GLA, this result 

might be misleading and more research is needed in comparing the efficacy of foliar 

application with soil application. 

Twenty days of degradation is not long enough for GLA added into soil to be 

degraded to non-harmful concentration. When added into soil and allowed to degrade for 

5 to 20 days, the GLA in soil was still herbicidal to tomato plants. This research 

suggested that more than 20 days is necessary for the safety of next cropped plants after 

GLA application. 
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APPENDIX 

PRELIMINARY TEST OF EFFECT OF ETHYLENE INHIBITORS AOA 

AND STS ON ETHYLENE EVOLUTION OF TOMATO PLANTS AFTER 
ROOT-APPLIED GLUFOSINATE-AMMONIUM 

Glufosinate-ammonium, Finale. Hoechst-Roussel Agr-Vet Co., Crop protection 

products, Somerville, NJ 09976-1258. 

75 



R
oo

t 
bi

om
as

s 
(g

/p
la

nt
) 

S
ho

ot
 b

io
m

as
s 
^
P

la
n

t)
 160 

Fig.A.l Time course of tomato shoot and root biomasses after glufosinate-ammonium 

treatment at 25 mg/L or with no GLA application with plants grown on nitrate or 

ammonium nutrition. Experiment conditions are the same as in Chapter II. 
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Fig.A.2 Time course of ammonium concentration in tomato shoot and root after 

glufosinate-ammonium treatment at 25 mg/L or with no GLA application with plants 

grown on nitrate or ammonium nutrition. Experiment conditions are the same as in 

Chapter II. 
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Fig.A.3 Time course of ethylene evolution after glufosinate-ammonium treatment at 25 

mg/L or with no GLA application with plants grown on nitrate or ammonium nutrition. 

Experiment conditions are the same as in Chapter II. 
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Fig.A.4 Shoot appearance of tomato plants at 6 days after treatment with various 

concentrations of glufosinate-ammonium (GLA) in solution. 
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Fig.A.5 Root appearance of tomato plants at 6 days after treatment with various 

concentrations of glufosinate-ammonium (GLA) in solution. 
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Fig.A.6 Tomato plants after 9-days treatment of glufosinate-ammonium (GLA) treatment 

at 25 mg/L or with no GLA application with plants grown on nitrate or ammonium 

nutrition. 
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Fig.A.7 Tomato plants after 8-days treatment with glufosinate-ammonium (GLA) at 25 

mg/L and with ethylene inhibitors AO A and STS. 
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Table A.l Tomato plant biomass and ethylene evolution at the presence of AOA and STS 

(AOA at concentration 2 mM, STS at 50 mM, other condition were the same as Chapter 

III) 

Treatment Days after 

treatment 

Root biomass 

(g/plant) 

Shoot biomass 

(g/plant) 

Ethylene production 

(nL/hr/g biomass) 

ALL 0 6.84+0.35 30.86+2.58 2.68+0.17 

GLA 2 4.53+1.02 23.95+6.41 2.827+0.13 

GLA+AOA 2 2.77+0.73 20.81+4.40 2.755+0.41 

GLA+STS 2 2.37+0.74 17.58+2.72 6.135+0.198 

GLA 4 3.51+1.14 18.68+3.6 7.828+0.4933 

GLA+AOA 4 2.80+0.66 15.1+5.01 7.964+0.134 

GLA+STS 4 1.50+0.21 9.58+0.77 8.861+1.05 

GLA 6 4.19+0.81 15.97+4.00 7.07+1.069 

GLA+STS 6 2.78+0.17 8.76+3.41 7.65+0.2156 

GLA 7 4.74+1.23 14.25+5.78 5.84+0.75 

GLA+AOA 7 3.23+0.64 11.24+1.26 6.63+0.61 

GLA 8 3.59+0.67 12.58+8.70 3.5146+0.6766 

GLA+AOA 8 2.04+0.78 9.99+3.52 5.3686+1.3865 

GLA 9 3.71+0.74 13.23+2.57 2.864+0.56 

GLA+AOA 9 2.46+0.28 7.37+0.93 3.36±0.806 
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Table A.2 Tomato plant biomass and ethylene evolution at the presence of AOA and STS 
(AOA at concentration 0.5 mM, STS at 15 mM, other condition were the same as Chapter 

III) 

Treatment Days after 

treatment 

Root biomass 

(g/plant) 

Shoot biomass 

(g/plant) 

Ethylene production 

(nL/hr/g biomass) 

ALL 0 6.40+0.50 23.27+0.93 2.895+0.057 

GLA 1 4.44+0.54 22.37+2.73 3.233+0.416 

GLA+AOA 1 4.64+0.33 19.87+6.60 3.000+0.436 

GLA+STS 1 4.48+0.34 19.83+3.54 2.800+0.198 

GLA 2 5.01+0.54 24.03+4.43 3.290+0.617 

GLA+AOA 2 4.72+0.30 25.40+4.43 2.933+0.551 

GLA+STS 2 4.37+0.69 20.80+3.06 2.870+0.484 

GLA 4 5.56+1.50 28.70+1.74 8.467+1.002 

GLA+STS 4 4.63+0.29 18.70+2.49 8.767+0.306 

GLA 4 5.03+0.49 22.80+4.09 8.371+0.451 

GLA 6 4.23+0.64 20.24+3.26 5.632+0.612 

GLA+AOA 6 3.59+0.67 17.58+8.70 5.146+0.676 

GLA+STS 6 4.04±0.78 19.5943.52 5.368+0.665 

GLA 8 3.71+0.74 16.23+2.57 2.864+0.563 

GLA+AOA 8 3.25+0.81 15.85±3.15 2.759+0.698 

GLA+STS 8 2.46±0.28 17.3742.93 3.132+0.806 
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