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Table 1. Common vegetable field weeds used in this study

. L Seedling Flowering
Family Scientific name
(leaves No.) (ht. cm)
Amaranthaceae Alternanthera nodiflora R. Br. 18-20 25-30
A. sessilis (L.) R. Brown 18-20 5-10
Amaranthus  lividus L. 18-20 15-20
A. viridis L. 6-7 25-30
Capparaceae Cleome rutidosperma DC. 5-6 20-25
Caryophyllaceae Drymaria diandra Blume 8-10 10-15
Stellaria aquatica L. 18-20 10-15
Chenopodiaceae Chenopodium serotinum L. 10-12 20-30
Compositae Ageratum houstonianum Mill. 8-10 45-50
Bidens pilosa L. var. radiata Sch. 8-10 35-40
Conyza sumatrensis (Retz.) Walker 8-10 70-80
Eclipta prostrata L. 18-20 10-15
Gnaphalium purpureum L. 18-20 15-20
Ixeris chinensis (Thunb.) Nakai 6-7 15-20
Soliva anthemifolia (Juss.) R. Br. ex Less. 8-10 5-8
Youngia japonica (L.) DC. 6-7 20-25
Cruciferae Cardamine flexuosa With. 5-6 10-15
Rorippa cantoniensis (Lour.) Ohwi 5-6 5-10
R. indica (L.) Hiern 6-7 20-25
Cyperaceae Cyperus iria L. 8-10 15-20
C. rotundus L. 4-5 15-20
Kyllinga brevifolia Rottb. 5-6 10-15
Euphorbiaceae Chamaesyce thymifolia (L.) Millsp. 40-50 3-5
Gramineae Digitaria sanguinalis (L.) Scop. 10-12 10-15
Eleusine indica (L.) Gaertn. 5-6 15-20
Echinochloa colona (L.) Link 10-12 40-45
Oxalidaceae Oxalis corniculata L. 10-12 10-15
Polygonaceae Polygonum lapathifolium L. 5-6 25-30
P. plebeium R. Br. 5-6 20-25
Portulaceae Portulaca oleracea L. 5-6 10-15
Scrophulariaceae Lindernia antipoda (L.) Alston 15-25 10-15
Mazus pumilus (Burm. f.) Steenis 5-6 5-10
Solanaceae Solanum americanum Miller 8-10 35-45
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Table 2. Common names, rates, and formulations of pre-emergent and post-emergent herbicides

Herbicide

Rate (kg a.i. /ha) Formulation (L /ha)

(A) pre-emergent herbicide and nonanoic acid
acifluorfen 20.1% EC
pendimethalin 34% EC
Nonanoic acid (NA) 80% EC
NA80% EC + acifluorfen 20.1% EC
NA 80% EC + pendimethalin 34% EC
(B) post-emergent herbicide and nonanoic acid
NA 80% EC
glyphosate 41% SL
NA 80 % EC + glyphosate 41 % SL
NA 80 % EC + glyphosate 41 % SL
glufosinate 13.5% SL
NA 80 % EC + glufosinate 13.5% SL
NA 80 % EC + glufosinate 13.5% SL

0.40 2.00
0.68 2.00
12.00 15.00
12.00 + 0.40 15.00 + 2.00
12.00 + 0.68 15.00 +2.00
12.00 15.00
2.46 6.00
6.00 +1.23 7.50 +3.00
12.00 + 2.46 15.00 + 6.00
0.68 5.00
6.00 +0.34 7.50 +2.50
12.00 + 0.68 15.00 + 5.00
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Table 3. Effects of nonanoic acid on visual injury in 33 weed species at the seedling and

flowering stages

Seedling / Rate (kg a.i. /ha)>

Flowering / Rate (kg a.i. /ha)??

Weed species”

12 13.7 16 12 13.7 16
(A) Alternanthera sessilis 100.0£0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 + 0.0
Amaranthus  lividus 100.0£0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 + 0.0
Cardamine flexuosa 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0£0.0 100.0+0.0
Chamaesyce thymifolia 100.0£0.0 100.0+0.0 100.0£0.0 100.0+0.0 100.0+0.0 100.0£=0.0
Cleome rutidosperma 100.0£0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0=+0.0
Drymaria diandra 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 £ 0.0
Eclipta prostrata 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 £+ 0.0 100.0+ 0.0
Gnaphalium purpureum 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+ 0.0 100.0+ 0.0
Ixeris chinensis 100.0+0.0 100.0+0.0 100.0£0.0 100.0+0.0 100.0 +0.0 100.0 +0.0
Lindernia antipoda 100.0+0.0 100.0+0.0 100.0£0.0 100.0+0.0 100.0 +0.0 100.0 = 0.0
Mazus pumilus 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 £ 0.0
Oxalis corniculata 100.0£0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0=+0.0
Polygonum plebeium 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+ 0.0 100.0 £ 0.0
Rorippa cantoniensis 100.0+£0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0=0.0 100.0+0.0
R. indica 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 £ 0.0
Stellaria aquatica 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 £ 0.0
Youngia japonica 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0 £ 0.0
(B) Ageratum houstonianum 100.0£0.0 100.0+0.0 100.0£0.0 89.6+1.3 100.0+ 0.0 100.0+0.0
Alternanthera nodiflora 100.0£0.0 100.0+0.0 100.0£0.0 623417 953+£3.7 95.7+3.3
Amaranthus  viridis 100.0+0.0 100.0+0.0 100.0+0.0 68.3+4.6 100.0+0.0 100.0+0.0
Bidens pilosa L. var. radiata  100.0+0.0  100.0£0.0 100.0+0.0  80.5+2.6 100.0+0.0 100.0 £ 0.0
Chenopodium serotinum 100.0+£0.0 100.0+0.0 100.0+0.0 68.7+3.3 100.0=0.0 100.0+0.0
Conyza sumatrensis 100.0£0.0 100.0+0.0 100.0£0.0 84.2+2.7 92.5+5.4 100.0+0.0
Polygonum lapathifolium 98.7+1.7 100.0£0.0 100.0+0.0 99.0+ 1.7 100.0+ 0.0 100.0 £ 0.0
Portulaca oleracea 100.0+0.0 100.0+0.0 100.0+0.0 94.0+0.5 100.0+ 0.0 100.0 £ 0.0
Kyllinga brevifolia 100.0£0.0 100.0+0.0 100.0£0.0 47.7+3.2 60.5+5.5 81.3+4.7
Solanum americanum 100.0+0.0 100.0+0.0 100.0+0.0 487+53 61.5+73 82.0+6.7
Soliva anthemifolia 983+1.3 100.0+0.0 100.0+0.0 58.7+2.7 100.0+ 0.0 100.0+ 0.0
(C) Cyperus iria 20.0 4.7 10043 15027 22.0+6.7 30.7+4.0 50.7+4.7
Cyperus rotundus 20.7+103 250+7.7 250+£43 255+43 251+57 250+33
Digitaria sanguinalis 953+3.0 953+£43100.0+0.0 913+£2.7 90.0+42 93.0+3.7
Echinochloa colona 955+£53 95.0+47 950+47 933+£5.0 90.0+55 91.5+£3.7
Eleusine indica 955+83 943+35 950+43 71.7+£83 833+37 843+£35

D A, B, and C groups represent the three weed types, which have different susceptibilities to nonanoic

acid.

2) Data indicate the mean and standard error of 3 replicates.

3) Sampling time: 7 days after treatment.
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Fig. 1.

Effects of nonanoic acid (NA), acifluorfen, and pendimethalin used alone and tank-

mixed with each other on weed control in vegetable fields 18 days after treatment.

Control rates for nonanoic acid, acifluorfen, and pendimethalin were 12 kg a.i. /ha,

0.4 kg a.i. /ha, and 0.7 kg a.i. /ha, respectively. Data indicate the mean and standard

error of 3 replicates.
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Fig. 2. Effect of nonanoic acid (NA), acifluorfen and pendimethalin used alone and tank-

mixed with each other on dry weight of total weeds in vegetable fields 18 days after

treatment. Control rates for nonanoic acid, acifluorfen, and pendimethalin were 12

kg a.i. /ha, 0.4 kg a.i. /ha, and 0.7 kg a.i. /ha, respectively. Data indicate the mean

and standard error of 3 replicates.
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Fig. 3. Effects of nonanoic acid (NA), glufosinate, and glyphosate used alone and tank-

mixed with each other on weed control in vegetable fields 15 days after treatment.

Control rates for nonanoic acid, glufosinate, and glyphosate were 12 kg a.i. /ha, 0.7

kg a.i. /ha, and 2.5 kg a.i. /ha, respectively. Data indicate the mean and standard

error of 3 replicates.
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ROY - EEARBMELTHRNATHEE S BREAST Mo  HERLECEE
Table 4. Effects of various nonanoic acid concentrations on the germination rate, plant height,
fresh weight, and dry weight of five vegetables in potting soil

Rate Germination®  Plant height"®  Fresh weight!® Dry weight!
Vegetable 2 ]
(kg a.i. /ha) rate (%) (cm) (g/plant) (g/plant)
Bok choy 0 91a 241+22a 278+77a 1.7+0.7 a
12 89a 23.8+1.2a 278+75a 1.5+05a
24 90 a 235+15a 27.8+6.0a 1.7+05a
48 93a 232+27a 27.6+132a 1.5£0.7a
96 88a 237+13a 26.1+58a 1.6+04a
Celery 0 72 a 326+32a 16.8+1.7a 1.6+02a
12 75a 36.0+2.5a 183+2.0a 1.6+03a
24 72 a 323+2.1a 155+12a 14+0.1a
48 66 a 343+48a 184+58a 19+08a
96 74 a 352+63a 17.7+5.1a 1.7+05a
Kale 0 65b 30.6+2.2a 230+5.1a 19+05a
12 82a 304+22a 22.6+6.5a 1.7+05a
24 76 ab 31.2+28a 23.0+58a 1.7+05a
48 64b 293+29a 209+6.5a 1.5+05a
96 66 ab 30.0+2.0a 217+53a 1.5+04a
Lettuce 0 74 a 273+3.0b 83+3.5b 06+03b
12 77a 292+ 1.9ab 11.4+42ab 1.0+04a
24 77 a 30.6+35a 12.1£3.6 ab 1.0+04a
48 71a 31.6+23a 127+26a 12+03a
96 79a 26.0+2.6b 84+£29b 0.8+0.4ab
Water spinach 0 69 a 37.7+6.6a 6.7+30a 05+02a
12 61a 354+3.9ab 62+1.7a 0.5+0.1a
24 67 a 31.2+28b 47+12a 04+0.1a
48 62a 32.8+3.2ab 52+1.7a 04+0.1a
96 61 a 340+33ab 57+£16a 04+0.1a

D Data indicate the mean and standard error of 3 replicates.

2 Sampling time: bok choy, celery, kale, lettuce, and water spinach were sampled at 24, 67, 24, 45, and 18
days after sowing, respectively.

3 Mean + standard error (n=3). Means within each column followed by the same letter(s) were not
significantly different at a 5% level according to Fisher’s protected LSD test.
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Table 5. Effects of various concentrations of nonanoic acid on the pH value and electrical
conductivity of vegetable field soil after spraying in potting soil

Treatment (kg a.i. /ha) pH 2 EC (mS/cm) 1-?
Control 6.73+0.03 a 0.17+0.01a
12 6.64 +0.02 ab 0.18+0.01 a
24 6.61 £0.07 ab 0.19+£0.07 a
48 6.60 £ 0.07 ab 0.18+0.07 a
96 6.52+0.04 b 0.19+0.08 a

D Data indicate the mean and standard error of 3 replicates.
2 Mean + standard error (n=3). Means within each column followed by the same letter(s) were not
significantly different at a 5% level according to Fisher’s protected LSD test.
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Application of Nonanoic Acid Formulations
for Weed Control in Vegetable Fields

Chiou-Ing Yuan'*, Li-Hua Cheng!, Po-Sheng Chen!, Mei-Ya Chen!, Shi-Xun Lin!

Abstract

Yuan C. I., Cheng, L. H., Chen, P. S., Chen, M. Y., Lin, S. X. 2023. Application of nonanoic acid
formulations for weed control in vegetable fields. Taiwan Pestic. Sci. 14: 35-54.

Nonanoic acid formulations, used for weed control, are quick-acting, non-selective,
and feature rapid decay. In this study, we prepared an 80% nonanoic acid EC formulation
and used this formulation to evaluate the ability of nonanoic acid to control 33 weed
species commonly found in vegetable fields (1) when used alone and (2) when tank-mixed
with other herbicides. We also assessed the effects of nonanoic acid on subsequent
vegetable growth and evaluated the application potential of nonanoic acid in vegetable
fields. In investigating weed tolerance to nonanoic acid used alone, we found that the 33
weed species could be classified as one of three types. Specifically, 17 of these species
were Type 1 weeds, which are the least tolerant to nonanoic acid. These weeds were
completely controlled after being sprayed with 12 kg a.i. /ha nonanoic acid. Most Type 1
weeds were 1-year broadleaf weeds characterized by short stems and short life cycles, such
as Alternanthera sessilis (L.) R. Brown, Amaranthus lividus L., Cardamine flexuosa With.,
Cleome rutidosperma DC. etc. Type 2 weeds (11 species) were completely controlled by
spraying 12 kg a.i. /ha nonanoic acid during the seedling stage. The control rate of Type 2
weeds sprayed with 16 kg a.i. /ha nonanoic acid during flowering stage was between 81.3-
100%. Most of the Type 2 weed species were 1-year broadleaf weeds characterized by tall
stems and long life cycles, for example, Ageratum houstonianum Mill., A. viridis L.,
Bidens pilosa L. var. radiata Sch., Conyza sumatrensis (Retz.) Walker., etc. Type 3 weeds

were the hardest to control and included Digitaria sanguinalis (L.) Scop., Echinochloa

Accepted: March 21, 2023.
* Corresponding author, E-mail: yci@tactri.gov.tw

! Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of Agriculture, Taichung
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colona (L.) Link, and Eleusine indica (L.) Gaertn.). The control rate for Type 3 weeds was
between 71.7 — 95.5%. In addition, control rates of Cyperus iria L. and C. rotundus L.
were only 50.7% and 25.0%, respectively, when sprayed with 16 kg a.i. /ha nonanoic acid.
To investigate the ability of nonanoic acid to control weeds when tank-mixed with pre-
emergence or post-emergence herbicides, we sprayed 18 weed species (in vegetable fields)
with 12 kg a.i. /ha nonanoic acid tank-mixed with 0.4 kg a.i. /ha acifluorfen or 0.68 kg a.i.
/ha pendimethalin, respectively. We found that regenerated weeds appeared on the 9" day
after treatment (DAT), and the control rate dropped to 62 — 78% after 18 days. Conversely,
the control effect was as high as 95% at day 18 when weeds were sprayed with acifluorfen
or pendimethalin alone. These results revealed that nonanoic acid mixed with acifluorfen
or pendimethalin did not exert the same control effects of only pre-emergent herbicides
acifluorfen or pendimethalin treatments. To test the control abilities of nonanoic acid
mixed with post-emergent herbicides, 12 kg a.i. /ha nonanoic acid was tank-mixed with
0.68 kg a.i. /ha glutosinate or 2.46 kg a.i. /ha glyphosate. Control rates for 13 weed species
were 98.3% and 98.0% at 3 DAT and 83.5% and 100.0% at 15 DAT, respectively.
Furthermore, these herbicide mixtures effectively controlled purple nutsedge and the
glyphosate-resistant Eleusine indica, which revealed that nonanoic acid and the two post-
emergent herbicides have complementary effects when mixed. In our final experiment, 12,
24, 48 and 96 kg a.i. /ha nonanoic acid were first sprayed on the soil surfaces of vegetable
fields, and then 5 kinds of vegetables were sown. According to LSD tests, the germination
rate, plant height, fresh weight, and dry weight of bok choy, Chinese cabbage, celery, kale,
and water spinach were not significantly different among treatments (p > 0.05); and
nonanoic acid did not have significant effects on soil pH and electrical conductivity. Our
results reveal that nonanoic acid is suitable for rapid weed control and is best sprayed after

vegetables are harvested. Crops can be replanted three days after spraying.
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