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Abstract 

Cape gooseberry (Physalis peruviana L.) is a fruit crop with increasing economic and functional relevance, yet limited research exists on 

weed management practices for this species. This study aimed to evaluate the agronomic, physiological, and phytochemical responses of 

P. peruviana to various pre- and post-emergence herbicides under greenhouse and field conditions. Two biotypes were used to assess 

selectivity and crop tolerance to thirteen post-emergence and two pre-emergence herbicides. Post-emergence trials revealed that 

chlorimuron, fomesafen, and the mixture atrazine + simazine significantly reduced plant height and caused high phytotoxicity, especially 

under field conditions. Conversely, quizalofop, clethodim, fluazifop, and clodinafop (ACCase inhibitors) showed excellent selectivity and 

maintained yield levels comparable to the control. Pre-emergence applications of S-metolachlor exhibited minimal effects on plant growth 

and effectively reduced weed density, while imazaquin caused a dose-dependent reduction in plant height and yield, particularly in one 

biotype. Phenolic compound analysis indicated that both herbicide application and weed presence influenced fruit quality. Plants grown 

under weed-free conditions presented the highest total phenolic content, while high weed pressure or herbicide injury reduced phenolic 

accumulation, especially in biotype 2. The results demonstrate that while some herbicides pose risks to P. peruviana development, others 

offer promising weed control options with minimal impact on crop performance and fruit quality. These findings contribute to the 

development of safe and effective weed management strategies for this emerging crop. 
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1. Introduction 

Physalis peruviana L., commonly known as Cape 

gooseberry or goldenberry, is a fruit species of the 

Solanaceae family that has gained growing agro-

nomic and pharmacological interest. Its cultivation 

has expanded across tropical and subtropical re-

gions, driven by the increasing demand for fruits 

with functional properties, high antioxidant content, 

and economic potential in specialized markets 

(Muniz et al., 2015). Despite its added value, the 

crop still lacks advances in developing specific man-

agement practices, including cultivar selection and 

weed control strategies that ensure productivity 

and fruit quality. 

The use of post-emergence herbicides in 

Solanaceae crops such as tomato, eggplant, and 

pepper is well documented, but studies involving 

Physalis spp. are still limited. Herbicides such as 

fomesafen, chlorimuron, and bentazon have been 

tested in Physalis angulata and Solanum 

lycopersicum, showing considerable variability in se-

lectivity and phytotoxicity (Chiconi et al., 2022; 

Gnanasekaran, 2022). These variations underscore 

the importance of evaluating herbicide safety for 

each species and growing condition, as inappropri-

ate use can severely impair crop development. 

Regarding pre-emergence management, herbi-

cides such as S-metolachlor and imazaquin have 

been highlighted for their broad-spectrum weed 

control and potential selectivity in broadleaf crops. 

Imazaquin has significantly inhibited early growth in 

tomatoes, while S-metolachlor has demonstrated 

more excellent selectivity in Solanaceae (Dittmar et 

al., 2012; Gazola et al., 2021). Preliminary studies 
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suggest that, in P. peruviana, these molecules may 

be used effectively for early-season weed control 

without compromising crop development. 

Weed control is a critical factor for the successful 

cultivation of Physalis. Competition for light, water, 

and nutrients can drastically reduce growth and 

yield, especially during early developmental stages 

(Nosratti et al., 2020). Integrated strategies combin-

ing selective herbicides, cultural practices, and 

weed monitoring are essential to ensure healthy 

plant growth and efficient field establishment 

(Coleman et al., 2024; Uljol et al., 2018). 

In addition to productivity aspects, the functional 

quality of the fruits is directly influenced by crop 

management, including weed pressure and 

herbicide application. Phenolic compounds such as 

flavonoids and phenolic acids are recognized for 

their antioxidant and pharmacological properties, 

serving as essential indicators of fruit quality (Guiné 

et al., 2020; Yari et al., 2025). Therefore, this study 

aimed to evaluate the selectivity of pre- and post-

emergence herbicides in Physalis peruviana and 

their effects on fruit yield and phenolic compound 

content. 

 

2. Methodology 
 

The experiments were conducted at the Federal 

Institute of Education, Science and Technology of 

Rio Grande do Sul (IFRS) – Sertão Campus, located 

at 28º02'57'' S, 52º16'22'' W, at an altitude of 748 

m, during the 2013/2014 growing season. The local 

climate is classified as Cfa according to Köppen, 

with an average annual rainfall of 1,800 mm and 

average minimum and maximum temperatures of 

13.2 °C and 23.6 °C, respectively. The soil in the 

experimental area is classified as a typical 

dystrophic Red Nitosol (Santos et al., 2018). 
 

 

Physalis biotypes 

One or two Physalis peruviana L. biotypes were 

used in the experiments. Biotype 1 originated from 

Sertão (RS), and biotype 2 from Capelinha (MG). In 

the season before the experiments, plants were 

acclimated to the experimental site and used for 

seed multiplication. Seeds were extracted from 

mature fruits (with calyx ranging from green-yellow 

to straw-yellow), cleaned, shade-dried, and stored 

in paper bags in a dry, dark place at room 

temperature. 
 

Effect of post-emergence herbicides on 

greenhouse conditions 

The greenhouse experiment followed a completely 

randomized design, arranged in a 2 × 13 factorial 

scheme (two biotypes × 13 herbicide treatments – 

Table 1), with three replications. Seeds were sown in 

128-cell polyethylene trays filled with commercial 

peat-based substrate (Carolina Padrão®) and 

maintained in a mist chamber with overhead 

irrigation (15 min, three times per day). When 

seedlings reached approximately 10 cm in height, 

they were transplanted into plastic pots (0.0003 m³ 

of substrate) and transferred to a greenhouse with 

controlled temperature and photoperiod. 

Herbicide applications were performed when plants 

had 4 to 6 fully expanded leaves, using a boom 

sprayer with flat-fan nozzles (110.015) spaced 0.50 

m apart, delivering a spray volume of 120 L ha⁻¹. 

Plant height was measured at 0, 35, and 45 days 

after application (DAA), and shoot dry mass was 

assessed at 45 DAA. Height was recorded with a 30-

cm ruler from the base to the apex. Dry mass was 

obtained by drying plant material at 65 °C for 72 

hours in a forced-air circulation oven (Marconi MA 

35/5) and weighing it with a semi-analytical balance 

(Shimadzu UX2200H, 0.01 g precision). 

 
Table 1 

Commercial names, formulations, concentrations, rates, and manufacturers of the herbicides used in the greenhouse and field 

postemergence experiments 
 

Trade name Formulation 1 [ ]2  

(g L⁻¹ or g kg⁻¹) 

Rate  

(c.p. ha⁻¹) 

Active  

ingredient 

Rate 

(g a.i. ha⁻¹) 
Manufacturer 

Control -- -- -- -- -- -- 

Flex SL 250 1000 Fomesafen 250 Syngenta 

Targa Max EC 50 1500 Quizalofop-p-ethyl 75 Ihara 

Select 240 EC EC 240 400 Clethodim 96 UPL 

Topik 240 EC EC 240 150 Clodinafop-propargyl 36 Syngenta 

Fusilade EC 250 1000 Fluazifop-p-butyl 250 Syngenta 

Facet SC 500 750 Quinclorac 375 BASF 

Clorim WG 250 80 Chlorimuron-ethyl 20 UPL 

Hussar WG 50 70 Iodosulfuron-methyl 3.5 Bayer 

Sanson 40 SC SC 40 1250 Nicosulfuron 50 ISK Biosc. 

Basagran 600 SL 600 1200 Bentazon 720 BASF 

Sencor 480 SC 480 300 Metribuzin 144 Bayer 

Primatop SC SC 250 + 250 3000 Atrazine + simazine 750 + 750 Syngenta 
1 SL = Soluble Concentrate; EC = Emulsifiable Concentrate; SC = Suspension Concentrate; WG = Water-Dispersible Granule.  
2 [ ] Concentration. 
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Effect of post-emergence herbicides on field 

conditions 
 

The field experiment followed a randomized block 

design with four replications. No differences be-

tween biotypes were observed in the greenhouse, 

so only biotype 1 was used. The same 12 herbicides 

tested in the greenhouse (Table 1) were evaluated, 

along with hand-weeded and non-weeded con-

trols, totaling 56 plots (6 × 1 m), with assessments 

performed on the four central plants. 
 

Fertilization was based on recommendations for to-

mato crops (estimated yield of 10 t ha⁻¹). Planting 

holes (30 × 30 × 30 cm) were prepared 15 days be-

fore transplanting and received 150 g of NPK 04-14-

08 incorporated into the soil. Transplanting was car-

ried out when seedlings reached approximately 15 

cm in height, using 0.50 m spacing between plants 

in single rows. Irrigation was provided daily. Cultural 

practices included vertical staking (“V” system), 

pruning, weeding, topdressing fertilization, and 

pest and disease management. 
 

Herbicide application followed the same proce-

dures as in the greenhouse. Visual phytotoxicity (0–

100%) was evaluated at 7 and 14 DAA, plant height 

at 7, 14, 21, and 28 DAA, and fruit yield was rec-

orded. Height was measured with a 2-m measuring 

tape on the four central plants. Fruits were har-

vested at ripening stage 4 (yellow-green calyx and 

orange skin), as described by (Santana et al., 2020), 

placed in plastic boxes, and weighed using a semi-

analytical balance (Shimadzu UX2200H, 0.01 g 

precision). 
 

Dose-response curve for pre-emergence 

herbicides in the field 

A randomized complete block design with split-split 

plots and four replications was used. Biotypes 1 and 

2 were assigned to the main plots. Pre-emergence 

herbicides imazaquin and S-metolachlor were 

applied at seven rates (0, 25, 50, 75, 100, 150, and 

200% of 140 g ha⁻¹ and 800 g ha⁻¹, respectively), 

and a hand-weeded control was included, totaling 

112 experimental units (4 × 1 m). All cultural prac-

tices were identical to those used in the previous 

field experiment. Spraying was carried out using 

flat-fan nozzles (110.02) spaced 0.50 m apart on a 

2-m boom, delivering 200 L ha⁻¹. Immediately after 

application, overhead sprinklers applied 10 mm of 

irrigation to incorporate the herbicides. 

The following variables were analyzed: phytotoxicity 

at 30 DAA, plant height at 14, 21, 35, and 50 DAA, 

weed incidence and control, and yield. Weed inci-

dence was measured using a 1 m² quadrant at the 

exact location in each plot. Fruits were harvested 

under the same conditions as in the postemergence 

herbicide field experiment. 
 

Phenolic compound analysis 

After harvest, fruits were cleaned and analyzed at 

the Analytical Experimentation and Research Center 

(NEEA) of IFRS – Sertão Campus. Three fruits per 

treatment were randomly selected to determine 

soluble solids (°Brix). For aqueous extraction, fruits 

were macerated and mixed with distilled water (1:3 

w/w) and left in an ultrasonic bath for 20 minutes 

without heating. The extract was filtered through 

gauze and re-extracted with fresh water. The same 

procedure was followed for ethanolic extraction, us-

ing 95% ethanol (1:3 w/w) instead of water. All 

extracts were refrigerated and protected from light. 

Total phenolic content was determined using the 

Folin-Ciocalteu method (Pérez, Dominguez-López, 

& Lamuela-Raventós, 2023), with absorbance 

measured at 760 nm. An aliquot of 0.5 mL of extract 

was mixed with 2.5 mL of 10% Folin reagent and 2.0 

mL of 7.5% sodium carbonate. The mixture was 

incubated for 5 minutes at 50 °C in a water bath. 

Using a standard curve, results were expressed as 

gallic acid equivalents (GAE). Analyses were 

performed in duplicate. 
 

Statistical analysis 

Data normality was verified using the Shapiro-Wilk 

test. When necessary, square root or square root of 

(x + 1) transformations were applied to zero-inflated 

data. Data were subjected to analysis of variance 

(ANOVA) using R software (R Core Team, 2025), 

and means were compared using Tukey’s test (p ≤ 

0.05). Regression curves were fitted with a 95% 

confidence interval for dose-response experiments 

using SigmaPlot software v. 16.0 (Grafiti, 2024). 

 
3. Results and discussion 
 

Effect of post-emergence herbicides on Physalis 

peruviana 

No significant interaction was observed between bi-

otype × herbicide (p = 0.35) nor between biotypes 

1 and 2 (p = 0.23). Thus, results are presented as the 

mean of both biotypes. Among the tested herbi-

cides, chlorimuron caused the greatest reduction in 

plant height, significantly differing from other treat-

ments (Figure 1). Fomesafen and atrazine + 

simazine also reduced plant growth at 14 DAA 

(Figure 1C), maintaining lower height values similar 

to chlorimuron at 21 DAA (Figure 1D). In contrast, 

ACCase-inhibiting herbicides-quizalofop, cletho-

dim, fluazifop, and clodinafop - did not differ from 

the untreated control, indicating high selectivity to 

the crop. 



Scientia Agropecuaria 16(4): 565-576 (2025)                Nunes et al. 

-568- 
 

 
 

Figure 1. Plant height of Physalis peruviana at 0, 7, 14, and 21 days after postemergence herbicide application under greenhouse conditions. 

Bars represent treatment means followed by the same letter, which do not differ statistically according to Tukey’s test (p ≤ 0.05). 
 

In the first year of the field trial, no differences 

among herbicide treatments were detected at 7 

DAA (Figure 2B). Similar to the greenhouse experi-

ment, chlorimuron stood out for significantly reduc-

ing plant height, followed by iodosulfuron and nic-

osulfuron, which also caused substantial reductions. 

Conversely, quizalofop, clethodim, clodinafop, and 

fluazifop maintained plant height similar to the un-

treated control, confirming their selectivity. Addi-

tionally, metribuzin and bentazon showed favora-

ble performance, with growth comparable to or 

exceeding the control treatment, especially at 21 

DAA (Figure 2D). 

In the second year of the field experiment, marked 

differences among treatments became evident 

from 7 DAA onward (Figure 3D), particularly with 

fomesafen, which significantly reduced plant height. 

This response intensified at 14 and 21 DAA (Figures 

3C and 3D). Similarly, chlorimuron, iodosulfuron, 

and, to a lesser extent, atrazine + simazine, again 

reduced growth, confirming the trend observed in 

the previous year. In contrast, quizalofop, 

clethodim, clodinafop, and fluazifop maintained 

height values similar to the control, confirming their 

consistent selectivity across both years. Bentazon 

and metribuzin also performed well, showing 

consistent results and reinforcing their potential 

selectivity for the crop. 

The lack of differential response between physalis 

biotypes to postemergence herbicides may be 

attributed to the absence of physiological or bio-

chemical variation affecting herbicide absorption, 

translocation, or metabolism (de Oliveira et al., 

2025; Jones et al., 2024). Previous studies on P. 

peruviana suggest herbicide sensitivity can depend 

on the application stage and environmental 

conditions, such as moisture and temperature, 

influencing herbicide efficacy.  

Among the herbicides tested, chlorimuron exhib-

ited high phytotoxicity, significantly reducing plant 

height under greenhouse and field conditions. 

Chlorimuron inhibits acetolactate synthase (ALS), 

rapidly affecting cell division and meristematic 

tissue elongation in sensitive species (Yu & Powles, 

2014). On the other hand, ACCase-inhibiting herbi-

cides (quizalofop, clethodim, clodinafop, and 

fluazifop) showed high selectivity. This is consistent 

with the known structural differences in acetyl-CoA 

carboxylase between eudicots and monocots, 

which confer natural tolerance to broadleaf species 

(Jin, 2025).  

Bentazon and metribuzin maintained favorable 

selectivity patterns, emerging as promising alterna-

tives for weed management in physalis. Metribuzin 

selectivity may be linked to the crop’s ability to 

rapidly metabolize the herbicide, a critical factor 

distinguishing tolerant from susceptible species 

(Kudsk & Streibig, 2003). The variation in fomesafen 

response between years, with greater phytotoxicity 

in the second year, likely reflects the influence of 

environmental factors on herbicide uptake and 

translocation (Cobb & Reade, 2011), underscoring 

the importance of multi-year evaluations for 

herbicide recommendations.  



Scientia Agropecuaria 16(4): 565-576 (2025)                Nunes et al. 

-569- 
 

 
Figure 2. Plant height of P. peruviana at 0, 7, 14, and 21 days after postemergence herbicide application in the first year of the field 

experiment. Bars represent treatment means followed by the same letter, which do not differ statistically according to Tukey’s test (p ≤ 0.05). 

 
 

 
 

Figure 3. Plant height of P. peruviana at 0, 7, 14, and 21 days after postemergence herbicide application in the second year of the field experiment. 

Bars represent treatment means followed by the same letter, which do not differ statistically according to Tukey’s test (p ≤ 0.05). 

 
 

Regarding phytotoxicity assessments in the first 

year, fomesafen and atrazine + simazine caused 

injury levels exceeding 30% at 7 DAA (Figure 4A). 

At 14 DAA (Figure 4B), the atrazine + simazine 

mixture produced the highest injury scores, 

followed by fomesafen and chlorimuron, indicating 

progressive damage over time. At 21 DAA (Figure 

4C), injury symptoms intensified for iodosulfuron, 

chlorimuron, and atrazine + simazine, all-

surpassing 60%, while most other herbicides 

maintained low injury levels. By 28 DAA (Figure 4D), 

fomesafen, iodosulfuron, chlorimuron, and atrazine 

+ simazine continued to exhibit high levels of crop 

injury. In contrast, ACCase inhibitors (quizalofop, 
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clethodim, clodinafop, and fluazifop) caused no 

visible injury at any evaluation time, reinforcing their 

selectivity to P. peruviana.  

In the second year, fomesafen and atrazine + 

simazine again caused phytotoxicity above 30% at 

7 DAA (Figure 5A), while chlorimuron and iodosul-

furon induced intermediate visual injury. At 14 DAA 

(Figure 5B), atrazine + simazine remained the most 

injurious treatment, followed by fomesafen and 

chlorimuron, showing similar behavior to the previ-

ous year. At 21 DAA (Figure 5C), injury intensified in 

plots treated with iodosulfuron, chlorimuron, and 

atrazine + simazine, all exceeding 60%. These treat-

ments maintained high injury levels at 28 DAA 

(Figure 5D), suggesting prolonged action. The 

ACCase-inhibiting herbicides again caused no 

visible phytotoxicity, confirming their safety to the 

crop. 
 

 
 

Figure 4. Phytotoxicity of Physalis peruviana at 7, 14, 21, and 28 days after postemergence herbicide application in the first year of the field 

experiment. Bars represent treatment means followed by the same letter, which do not differ statistically according to Tukey’s test (p ≤ 0.05). 

 
 

 
Figure 5. Phytotoxicity of P. peruviana at 7, 14, 21, and 28 days after postemergence herbicide application in the second year of the field 

experiment. Bars represent treatment means followed by the same letter, which do not differ statistically according to Tukey’s test (p ≤ 0.05). 
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The results of this study indicate that Physalis peru-

viana exhibits variable sensitivity to postemergence 

herbicides, being more susceptible to PPO inhibi-

tors (fomesafen), ALS inhibitors (iodosulfuron and 

chlorimuron), and photosystem II inhibitors (atra-

zine + simazine). These findings are consistent with 

previous reports involving species of the Physalis 

genus and other Solanaceae crops. For instance, 

Physalis angulata (Dhaouadi et al., 2022) showed 

significant injury following postemergence 

fomesafen application, with marked reductions in 

shoot dry mass and leaf area (Chiconi et al., 2022). 

Similarly, atrazine applications in P. peruviana 

caused notable phytotoxic effects, negatively im-

pacting crop development (Khodadadi et al., 2023).  

In tomato (Solanum lycopersicum), ALS-inhibiting 

herbicides such as chlorimuron have been associ-

ated with cumulative stress and yield reduction 

(McNaughton, 2013). Conversely, clethodim and 

other ACCase inhibitors are recognized for their se-

lectivity in broadleaf crops, including Solanaceae 

species, due to the structural specificity of the target 

enzyme in monocots (Kukorelli et al., 2013). 

Yield data for Physalis peruviana over two growing 

seasons (Figure 6) revealed high variability with no 

statistically significant differences. This variability is 

likely associated with this crop's lack of genetically 

stabilized cultivars. In the first season (Figure 6A), 

the highest yields were recorded in the untreated 

control and plots treated with bentazon, clethodim, 

quizalofop, and fluazifop, all showing median 

values above 200 g plant⁻¹. Conversely, fomesafen, 

chlorimuron, iodosulfuron, quinclorac, and atrazine 

+ simazine markedly reduced fruit production, with 

mean values below 100 g plant⁻¹. 

A similar pattern was observed in the second sea-

son (Figure 6B). Once again, bentazon achieved the 

widest yield range with a median comparable to the 

control, supporting its selectivity and potential use 

in physalis. The grass herbicides quizalofop, 

clethodim, and fluazifop also maintained high yield 

values, reinforcing their selective profile. On the 

other hand, fomesafen, chlorimuron, and quin-

clorac resulted in severely reduced yields, with 

mean values close to zero, indicating high levels of 

crop injury. 
 

 
Figure 6. Fruit yield of Physalis peruviana (g plant⁻¹) under postemergence herbicide treatments in two growing seasons: (A) first year 

and (B) second year. 
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The yield of P. peruviana is strongly influenced by 

factors such as nutrient management, plant spac-

ing, environmental conditions, and herbicide use. 

Previous studies have shown that herbicides like 

linuron can cause high mortality and drastic reduc-

tions in fruit production, highlighting the im-

portance of selectivity (Khodadadi et al., 2023). 

Under favorable conditions, yields between 5 and 7 

t ha⁻¹ are expected in the first season, reaching up 

to 15 t ha⁻¹ in the second (Muniz et al., 2015). These 

findings reinforce the need for integrated and se-

lective weed control strategies to ensure productive 

success in P. peruviana cultivation.  
 

Effect of pre-emergence herbicides on Physalis 

peruviana 

The height of P. peruviana plants at 50 days after 

application (DAA) was influenced by increasing 

doses of S-metolachlor and imazaquin (Figure 7). 

S-metolachlor did not significantly reduce height at 

any dose or biotype, with average plant heights 

exceeding 67 cm even at the highest dose (1600 g 

ha⁻¹). In contrast, imazaquin caused dose-

dependent reductions in plant height, with the most 

pronounced effect in biotype 1. These results 

indicate that imazaquin, compared to S-

metolachlor, exerts a more significant impact on 

early plant development, affecting shoot growth in 

both biotypes. 

S-metolachlor, a selective pre-emergence herbicide 

used for controlling annual grasses and some 

small-seeded broadleaf species, did not 

significantly affect plant height in either biotype, 

suggesting tolerance by P. peruviana (Rosenthal et 

al., 2006). It has demonstrated effective weed 

control with minimal impact on broadleaf crops 

(Besançon et al., 2020). In contrast, imazaquin (an 

ALS-inhibiting imidazolinone) significantly reduced 

plant height, especially in biotype 1. ALS inhibitors 

disrupt the synthesis of essential amino acids, 

leading to stunted growth and chlorosis in new 

tissues (Velasquez et al., 2024). This differential 

response may stem from genetic variation between 

the biotypes, influencing sensitivity to imazaquin. 

Similar reductions in biomass and height due to ALS 

inhibitors have been reported in sensitive species 

(Dai et al., 2025). 

 

 
Figure 7. Plant height at 50 days after application as a function of herbicide dose in two Physalis peruviana biotypes. 
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Linear, quadratic, and nonlinear regression analyses 

were applied to yield data, but no significant 

models were detected (p > 0.05), indicating no 

consistent relationship between herbicide dose and 

productivity. ANOVA results were also not 

significant. In some cases, such as biotype 1 treated 

with imazaquin, high yield variation was observed 

(49.87 to 154.67 g plant⁻¹ at 35 g ha⁻¹). Similarly, S-

metolachlor at 200 g ha⁻¹ resulted in yields ranging 

from 97.79 to 168.51 g plant⁻¹ in biotype 2. This 

variability likely results from the genetic instability of 

the crop, leading to agronomically heterogeneous 

plant responses. Thus, boxplots were considered 

more appropriate for interpreting herbicide effects 

across biotypes. 

Increasing doses of S-metolachlor and imazaquin 

also reduced weed density in treated plots (Figure 

9). The predominant weed species were Galinsoga 

parviflora and Portulaca oleracea. A clear dose-

response relationship was observed for S-

metolachlor, with a progressive decline in weed 

density as herbicide rates increased, especially in 

Figures 9A and 9B. Imazaquin also reduced weed 

emergence, although with less consistent effects 

across plots (Figures 9C and 9D). These variations 

were attributed to differences in the floristic 

composition of weed communities rather than 

biotype sensitivity. Hence, the results highlight the 

importance of the herbicide spectrum when 

selecting products for pre-emergence weed 

management. 

The predominant weed species in the experimental 

areas were Galinsoga parviflora and Portulaca 

oleracea, both known for their high emergence po-

tential and rapid growth, making them particularly 

problematic in vegetable cropping systems and ar-

eas with reduced soil cover. These species emerge 

rapidly after soil disturbance, justifying pre-

emergence herbicides as a management strategy. 

G. parviflora (Asteraceae) exhibits fast growth, can 

produce viable seeds within days of emergence, 

and is highly sensitive to very long-chain fatty acid 

synthesis inhibitors such as S-metolachlor (Kashe et 

al., 2020). In contrast, P. oleracea (Portulacaceae) is 

tolerant to several herbicides and maintains a per-

sistent soil seedbank, requiring consistent control 

measures to prevent re-infestation (Raja et al., 

2024). The experimental results confirm the partial 

effectiveness of imazaquin against these species but 

highlight the superior performance of S-

metolachlor as a more robust tool for pre-emer-

gence control of these hard-to-manage weeds. 

 

 
 

Figure 8. Boxplots of plant yield in response to increasing doses of S-metolachlor and imazaquin in two Physalis peruviana biotypes. 
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Figure 9. Dose-response curves for S-metolachlor and imazaquin in two P. peruviana biotypes. 

 

Effect of pre-emergence herbicides and weed 

presence on total phenolic content in Physalis 

peruviana 

A significant difference in total phenolic content was 

detected between extraction methods (p < 0.001, t-

test), so results are presented separately for each 

method. The overall mean for the aqueous 

extraction was 135.5 µg gallic acid equivalents (GAE) 

per g of sample, while the ethanolic method 

averaged 94.7 µg GAE g⁻¹. ANOVA for the aqueous 

method indicated significant effects of weed control 

methods and their interaction with biotypes. 

In biotype 1, no differences were observed among 

weed control methods. In biotype 2, however, 

plants grown under weed-free conditions had the 

highest total phenolic levels, reaching 197.8 µg GAE 

g⁻¹ (Table 2). These results support the hypothesis 

that high weed pressure and herbicide-induced 

stress reduce phenolic content in P. peruviana fruits. 

In untreated plots, weed density reached 19.25 

plants m⁻², while herbicide treatments led to crop 

injury levels of 43% (imazaquin) and 38% (S-

metolachlor) (Table 3). Across both biotypes, 

biotype 2 consistently produced higher phenolic 

levels, suggesting genotypic differences as both 

were grown under the same conditions. 
 

Table 3 

 Weed density (plants m⁻²) and phytotoxicity levels in P. peruviana 

as affected by weed control method 
 

Treatments Weed density (m-2) Toxicity 

Control 19.25 a 0 b 

Weed free 0.00 c 0 b 

Imazaquin 7.75 b 43 a 

S-metolachlor 3.62 b 38 a 

¹ Means followed by different letters differ according to Tukey’s test (p ≤ 0.05). 

 

Table 2 

Total phenolic content (µg gallic acid equivalents g⁻¹ fresh weight) in P. peruviana fruits as affected by biotype and weed control method 

using aqueous and ethanolic extraction 
 

Aqueous extraction method 

Biotype 
Weed control methods 

Control Weed free Imazaquin S-metolachlor 

Biotype 1 132.9 aA¹ 144.1 bA 109.3 aA 143.4 aA 

Biotype 2 130.8 aB¹ 197.8 aA 98.3 aB 127.0 aB 

Ethanolic extraction method 

Biotypes 
Weed control methods 

Control Weed free Imazaquin S-metolachlor 

Biotype 1 + 2 64.2 B 112.0 A 98.2 AB 104.4 AB 

¹ Means followed by different letters differ according to Tukey’s test (p ≤ 0.05), lowercase letters within columns, and uppercase letters across rows. 
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ANOVA showed significant effects of both biotype 

and weed control for the ethanolic method. Biotype 

1 had lower phenolic content (77.6 µg GAE g⁻¹) than 

biotype 2 (111.8 µg GAE g⁻¹). Similar to the aqueous 

method, this difference was attributed to genotypic 

variability. Comparing weed control methods, it is 

evident that high weed densities reduce the synthe-

sis and accumulation of phenolic compounds (Ta-

ble 2). This reduction likely occurs due to resource 

competition, which limits photosynthesis and other 

metabolic processes. Plants may increase phenolic 

production as a defense response under moderate 

stress, such as low weed pressure or minimal 

herbicide injury. Indeed, applying herbicides like 

alachlor and rimsulfuron increased phenolic 

compound production in maize and soybeans. The 

growing conditions, and the herbicides, must be 

carefully chosen because they affect the 

phytochemical components and especially the 

metabolism of polyphenols (Yari et al., 2025). 

 

4. Conclusions 
 

Physalis peruviana was sensitive to chlorimuron, 

fomesafen, iodosulfuron, and the atrazine + 

simazine mixture when applied post-emergence. 

ACCase-inhibiting herbicides were selective to the 

crops and represent promising options for weed 

management. Bentazon and metribuzin showed 

low phytotoxicity, while imazaquin reduced plant 

growth, unlike S-metolachlor, which did not affect 

plant height. The presence of weeds and herbicide 

applications reduced the total phenolic content in 

the fruits, potentially compromising their functional 

quality. 

These findings are relevant for growers, agricultural 

consultants, and researchers interested in the 

chemical management of P. peruviana, especially in 

systems where selective herbicide use is considered. 

The results provide guidance for selecting safe 

herbicide molecules that enable effective weed 

control without harming the crop’s phytochemical 

potential. 

Future studies should evaluate the efficacy of these 

molecules at different crop stages and under 

various soil and climate conditions, as well as assess 

potential residual effects on soil microbiota and the 

nutritional composition of the fruits over time. 
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