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Comparison of Morphology and Colony Color of Phytopathogenic Fusarium oxysporum from Allium sativum at Two Ambient Temperatures 

ABSTRACT 

	
Aims: It is of great importance to better understand plant pathogenic fungi, to clarify host–pathogen relationships, and to select the most effective disease control strategies. Since temperature is one of the most influential environmental factors shaping host–pathogen interactions and fungal development, this study aimed to evaluate the morphological and developmental differences of Fusarium oxysporum isolated from garlic (Allium sativum) at different temperatures.
[bookmark: _GoBack]Materials and Methods: Fusarium oxysporum isolates obtained from garlic were cultured at 20°C and 27°C. Morphological and developmental traits such as colony diameter, mycelial growth rate, mycelium width, conidial size, and colony color were examined and compared between the two temperature conditions. Statistical analyses were performed to determine significant differences between parameters.
Results: All traits studied, except microconidia length, differed significantly between the two temperatures. Colony diameter, final mycelial growth rate, and mycelium width were greater at 27°C, whereas macroconidia length and width were higher at 20°C. Microconidia width increased at 27°C, while microconidia length showed no significant difference. Colony color darkened progressively at both temperatures, but at 27°C it developed into a very dark bordeaux when viewed from both the front and reverse sides of Petri dishes.
Conclusion: The results demonstrate that classical species identification should be based on colonies developed at different temperatures, as morphological traits vary significantly. Inoculum sources responsible for contamination and spread may differ between summer and winter crops. Furthermore, these findings contribute to explaining why certain diseases emerge earlier or later, highlighting the importance of temperature in host–pathogen interactions.
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1. INTRODUCTION 

Fusarium oxysporum is one of the most well-known Fusarium species, which has more than a hundred special forms (formae speciales) within it. The use of the f. sp. in F. oxysporum taxonomy has become a common practice due to the broad morphological differences between them (Leslie & Summerell, 2006).  Not only because of genetic variations, but also pathogenic strains of this species are named formae speciales (f. sp.) due to their pathogenic abilities in hosts that are specialized for the host or in a certain proximity (Gordon & Martyn, 1997). 
The members of this species occur in a broad ecological niche across various geographical regions, on different hosts, worldwide. There are some studies on the pathogen found in field crops, fruits, vegetables, and ornamental plants, e.g., wheat (Agha et al., 2023), bean (Benchimol‐Reis et al., 2023), apple (Dong et al., 2024), citrus (Dewi et al., 2022), tomato (Muhorakeye et al., 2024), carnation (Bustos-Caro et al., 2024), etc. Some of these studies are aimed at diagnosing the pathogen, some at revealing the degree of damage, and some at developing methods of protection and treatment from the pathogen. 
To date, numerous studies have been conducted on both the environmental factors that affect the development of Fusarium species, in addition to the techniques and methods used in their control (Ajmal et al., 2022). For instance, the stimulation of UV-A radiation to tolerance against F. oxysporum f. sp. lycopersici (González-García et al., 2023), usage of macro-elements and iron for controlling F. oxysporum in soybean (Cai et al., 2020), temperature response of chickpea to F. oxysporum f sp. ciceris (Landa et al., 2006), etc., were studied as abiotic environmental factors and F. oxysporum interaction in the scientific area. 
Studies about fungal morphology and growth of F. oxysporum indicate that there are some more or less differences between the formae species, even isolates, as related to hosts and working environments (Cha et al., 2007; Teixeira et al., 2017; Hussain et al., 2012).
It is possible to say that these morphological differences in many fungal species are not only genetic, but also environmental factors can mislead the diagnosis based on classical morphology. For this reason, if screening is not conducted at the molecular level, it would be correct to make characterizations based on definitions under various environmental factors. For this purpose, this study aimed to reveal the effect of one of the most important environmental factors, ambient temperature, on the morphology and colony color of F. oxysporum developing in vitro.

2. material and methods 

This study was conducted in response to the intense complaint of a farmer. Except for sample collection, the experiment was performed at the Phytopathology Laboratory of Kocaeli University of Türkiye. The fifteen F. oxysporum isolates from diseased garlic plants from only one farm, which is three thousand square meters in Kastamonu, a renowned garlic production city, were found to be pathogenic in pathogenicity tests. The isolates showed identity according to morphological identification tests (Leslie & Summerell, 2006), which were done under a microscope after fifteen days of incubation in PDA medium.  A molecular analysis confirmed the isolate as F. oxysporum with high similarity in the NCBI database. This isolate was subsequently used in the experiment. Mycelial growth was determined using 5 mm diameter PDA medium disks obtained from eight-day-old fresh colonies, which were then transferred to 9 cm diameter Petri dishes containing PDA and kept under different temperature regimes: 20 °C and 27 °C, in two incubators under darkness. All features, such as morphology, pigmentation, and growth rates, were evaluated on PDA (Sandoval-Denis et al., 2018; Lombard et al., 2019). Mycelial growth and colony color at the front and back sides of Petri dishes were evaluated every three days, for nine days, and after three measurements, the study ended on the 9th day. Colony diameters were measured with a ruler and color measurements were done with two methods. One of these was the visual scale (through the sense of sight) as points given (White=1 to Dark bordeaux=5), and the second one was optical measurements using the IrfanView digital image processing program, which is a freeware program (http://www.irfanview.com). The program was used to calculate RGB values (Red-Green-Blue) for each pixel, ranging from 0 to 255, and combined to define each pixel’s color (Obert et al., 2023).
Macroconidia, microconidia, and mycelium were measured on the 15th day of incubation by adding 10 mL sterile distilled water to each Petri dish. Colonies were scraped using a Drigalski spatula and filtered. The filtered solutions were observed under light microscope. Besides the two types of spores, the mycelial part was also observed and photographed directly under a microscope with 40x magnification. 
The program SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was applied for the analysis of the results with the ANOVA procedure. The experiments were carried out in a completely randomized design comprising eight replicates. The Tukey Test was used to determine the significant differences between treatments (at least P = 0.05). The results in the tables were represented as the mean ± standard error.


3. results and discussion

The colony diameters, mycelial growth rate, and colony colors of F. oxysporum from garlic were observed, measured, and evaluated on the 3rd, 6th, and 9th days of culture. The data indicated that the colony diameter was statistically higher at 27 °C than at 20 °C on all measurement days (Table 1, Figures 1 & 3). However, while faster mycelial growth was observed in the first half of incubation at 27 °C, this speed decreased in later periods, and faster development was observed in the second half of the incubation at 20 °C, in contrast to the heat application (Table 2, Figure 3).      
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Fig. 1. Colony characteristics of F. oxysporum from garlic on the 3rd day of culture; a) front view, b) back view; on the 6th day of culture; c) front view, d) back view; on the 9th day of culture; e) front view, f) back view 
(Note that: the top eight Petri plates at 20 °C, the bottom eight Petri plates at 27 °C).

Table 1. Colony diameter of F. oxysporum from A. sativum at two different temperatures; 20 °C and 27 °C 
	Temperature
	Colony Diameter on the Measurement Days  (cm)

	
	3rd day
	6th day
	9th day

	20 °C       
	1,30±0,07 b
	3,38±0,39 b
	5,81±0,37 b

	27 °C        
	3,75±0,29 a
	6,71±0,27 a
	7,76±0,35 a

	P value
	p<0,001
	p<0,001
	p<0,001

	Mean 
	2,53±1,28
	5,04±1,75
	6,79±1,07


Data represent means ± S.E. (n = 8). Tukey test was used to analyse significant differences in data, and letters represent differences at P < 0.001
Table 2. Daily mycelial growth rate of F. oxysporum from A. sativum at two different temperatures; 20 °C and 27 °C
	Temperature
	Mycelial Growth Rate at the Measurement Intervals (%)

	
	Between
0-3rd day
	Between
3rd-6th day
	Between
6th-9th day
	Between
0-9th day

	20 °C      
	43,25±2,66 b
	68,62±10,89 b
	81,50±12,18 a
	64,63±4,14 b

	27 °C        
	125.0±9,38 a
	98,88±8,41 a
	35,00±14,99 b
	86,25±3,99 a

	P value
	p<0,001
	p<0,001
	p<0,001
	p<0,001

	Mean 
	84,13±42,74
	83,75±18,23
	58,25±27,39
	75,44±11,84


Data represent means ± S.E. (n = 8). Tukey test was used to analyse significant differences in data, and letters represent differences at P < 0.001
The width of mycelium, length-width of macroconidia, and microconidia were measured on the 15th day of incubation. Data indicates that the length and width of macroconidia were higher in the incubation at 20 °C than 27 °C (Table 3, Figures 2 & 4). Although this has not been evaluated, it should be noted that it produced very few macroconidia at 20 °C. Microconidia length showed no statistically significant differences between incubation temperatures, but width was narrow at 20 °C, as was the mycelium width (Table 4, Figures 2 & 4), which also showed statistically significant differences towards narrowing at lower temperatures.
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Fig 2. F. oxysporum from garlic on the 15th day of culture a) Macroconidia view at 20 °C, b) Microconidia view at 27 °C, Mycelium characteristics of; c) at 20 °C, d) at 27 °C

Table 3. Macroconidium and microconidium features of F. oxysporum from A. sativum at two different temperatures; 20 °C and 27 °C on 15th of culture
	Temperature
	Features of Macro and Microconidium Structures


	
	Macroconidia
Length (μm)
	Macroconidia
Width (μm)
	Microconidia
Length (μm)
	Microconidia
Width (μm)

	20 °C      
	25,71±5,85 a
	3,61±0,63 a
	7,23±1,04
	2,47±0,42 b

	27 °C        
	12,24±2,10 b
	2,76±0,57 b
	6,85±0,51
	3,08±0,62 a

	P value
	P <0,001
	P =0,05
	n.s.
	P =0,05

	Mean 
	18,98±8,15
	3,19±0,73
	7,04±0,82
	2,77±0,60


Data represent means ± S.E. (n = 8). Tukey test was used to analyze significant differences in data, and letters represent differences at P < 0.001, P = 0.05, n.s.: non-significant difference.
Table 4. Mycelial features of F. oxysporum from A. sativum at two different temperatures; 20 °C and 27 °C on 15th of culture
	Temperature
	Mycelium Width (μm)

	20 °C 
	2,64±0,53 b

	27 °C        
	4,95±0,44 a

	P value
	P <0,001

	Mean 
	3,79±1,28


Data represent means ± S.E. (n = 8). Tukey test was used to analyse significant differences in data, and letters represent differences at P < 0.001
Morphological traits of reproductive structures were also significantly affected by temperature. Macroconidia were longer and wider at 20 °C, although fewer in number, whereas microconidial and mycelial widths were greater at 27 °C. These observations suggest that while cooler conditions may support elongation, warmer environments promote volumetric expansion. Such variability highlights the potential for diagnostic inaccuracies when classical morphological criteria are used without accounting for environmental growth conditions, as also noted by Cha et al. (2007) and Teixeira et al. (2017).
Colony colors of F. oxysporum from garlic were observed, measured, and evaluated on the 3rd, 6th, and 9th days of culture. According to the visual scale, the front side of the Petri plates at 20 °C was a little darker than the back side. On the contrary, at 27 °C, the back side of the Petri plates was always darker than the front. However, both the front and back colorations were statistically darker bordeaux at 27 °C compared to 20 °C on all measurement days (Table 5, Figures 1 & 5). 
Table 5. Colony color of F. oxysporum from A. sativum at two different temperatures; 20 °C and 27 °C  
	
Temperature 
	Colony Color   (White=1 to Dark Bordeaux=5)

	
	3rd day
	6th day
	9th day

	
	Front
	Back
	Front
	Back
	Front
	Back

	20 °C      
	1,13±0,35 b
	1,13±0,35 b
	1,50±0,76 b
	1,38±0,74 b
	1,62±0,74 b
	1,50±0,76 b

	27 °C        
	2,50±0,54 a
	2,75±0,70 a
	3,13±0,64 a
	3,38±1,06 a
	3,63±0,74 a
	4,13±0,99 a

	P value
	P <0,001
	P <0,001
	P <0,001
	P <0,001
	P <0,001
	P <0,001

	Mean 
	1,81±0,83
	1,94±0,99
	2,31±1,08
	2,38±1,36
	2,63±1,26
	2,81±1,60


Data represent means ± S.E. (n = 8). Tukey test was used to analyze significant differences in data, and letters represent differences at P < 0.001
 
 






Fig. 3. Effect of incubation at 20 °C and 27 °C on F. oxysporum from A. sativum on the 3rd, 6th, and 9th days of culture; a) Colony diameter (cm) of F. oxysporum from A. sativum at two different temperatures, b)  Mycelial growth rate at the measurement intervals of F. oxysporum from A. sativum at two different temperatures (%).
Visual observations were also confirmed using a digital image program. According to the program, red, green, and blue scales were always different in terms of temperature (Tables 6, 7, 8; Figure 6). Especially on the 9th day, the data showed sharp differences between the front and back sides at 27 °C.

Table 6. Colony color of F. oxysporum from garlic at two different temperatures; 20 °C and 27 °C on the 3rd day
	Temperature
	Colony Color in the 3rd Day

	
	Front
	Back

	
	Red
	Green
	Blue
	Red
	Green
	Blue

	20 °C      
	160,5±19,5
	154,6±16,1 a
	151,2±16,4 a
	169,2±10,2 a
	161,8±10,6 a
	151,4±12,1 a

	27 °C        
	154,4±5,9
	134,1±6,9  b
	128,5±5,6  b
	150,2±14,6 b
	111,7±25,7 b
	95,8±21,6    b

	P value
	N.S.
	P <0,01
	P <0,01
	P <0,01
	P <0,001
	P <0,001

	Mean 
	157,4±14,2
	144,4±16,0
	139,9±16,6
	160,0±15,9
	136,7±32,1
	123,6±33,3


Data represent means ± S.E. (n = 8). Tukey test was used to analyze significant differences in data, and letters represent differences at P < 0.001, P < 0.01, n.s.: non-significant difference

Table 7. Colony color of F. oxysporum from garlic at two different temperatures; 20 °C and 27 °C on the 6th day
	Temperature
	Colony Color in the 6th Day

	
	Front
	Back

	
	Red
	Green
	Blue
	Red
	Green
	Blue

	20 °C      
	153,9±11,5 a
	145,4±17,1 a
	137,5±15,4 a
	159,1±15,6 a
	148,8±23,5 a
	138,7±21,2 a

	27 °C        
	133,9±17,6 b
	101,0±26,5 b
	98,7±21,9   b
	117,6±28,6 b
	83,3±36,3    b
	75,5±31,9   b

	P value
	P =0,05
	P <0,001
	P <0,001
	P =0,05
	P <0,001
	P <0,001

	Mean 
	143,9±17,7
	123,2±31,4
	118,1±27,2
	138,3±30,9
	116,1±44,9
	107,1±41,6


Data represent means ± S.E. (n = 8). Tukey test was used to analyze significant differences in data, and letters represent differences at P < 0.001, P = 0.05

Table 8. Colony color of F. oxysporum from garlic at two different temperatures; 20 °C and 27 °C on the 9th day
	Temperature
	Colony Color in the 9th Day

	
	Front
	Back

	
	Red
	Green
	Blue
	Red
	Green
	Blue

	20 °C      
	160,0±9,9  a
	150,7±12,8 a
	143,1±14,6 a
	163,8±13,0 a
	146,4±20,5 a
	135,7±20,5a

	27 °C        
	128,9±13,8 b
	101,8±24,8 b
	102,9±21,6 b
	97,9±37,9    b
	73,1±37,8  b
	75,8±30,9  b

	P value
	P <0,001
	P <0,001
	P <0,001
	P <0,001
	P <0,001
	P <0,001

	Mean 
	144,4±19,8
	126,3±31,6
	123,0±27,3
	130,9±43,6
	109,7±47,9
	105,7±39,9


Data represent means ± S.E. (n = 8). Tukey test was used to analyze significant differences in data, and letters represent differences at P < 0.001

Fig. 4. Effect of incubation at 20 °C and 27 °C on F. oxysporum from A. sativum on the 15th of culture a) Features of macroconidium structures of F. oxysporum (μm), b) Features of microconidium structures of F. oxysporum (μm) c) Mycelium width of F. oxysporum (μm).
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Fig. 5. Effect of incubation at 20 °C and 27 °C on the colony color at the front and back sides of F. oxysporum on the 3rd, 6th, and 9th days of culture, (White=1 to Dark bordeaux=5)
Colony pigmentation exhibited the most visually striking difference between the temperature treatments. At 27 °C, colonies developed a pronounced dark bordeaux coloration, especially on the reverse side of the Petri dishes. Digital image analysis confirmed this, with significantly lower RGB values (indicating darker coloration) compared to those at 20 °C. Color development in Fusarium species is influenced by secondary metabolism and is known to vary under different environmental conditions (Sandoval-Denis et al., 2018).
Effects of temperature differences on F. oxysporum have been studied in some scientific work in vitro or in vivo. In bell pepper pathogens, F. lactis species complex, F. oxysporum, and F. proliferatum were studied to gather some data on environmental factors on the growth and sporulation of the species, including temperature. The data showed that in F. oxysporum, the optimum temperature for colony growth and spore production was 25 °C. Below 5 °C, colony growth and sporulation stopped. Above 35 °C, sporulation sharply decreased (Frans et al., 2017). In a study, besides resistance crucifers, in general, the used cultivar of the family member showed higher susceptibility to F. oxysporum when soil temperature increases from 10 °C to 24 °C (Bosland et al., 1988). In Dendrobium chrysotoxum, F. oxysporum was first reported. In the study, four isolated strains were grown on a PDA medium at 28 °C for a week, and morphological identification, including colony colors, was observed (Yang et al., 2024). According to the results, colonies appeared as white to purplish. Microconidia and macroconidia changed between 2,57-3,38 × 5,25-10,62 µm and 19,32-36,55 × 3,44-5,52 µm in size, respectively. In another study, pathogenic F. oxysporum was isolated and identified from soybean leaves in Bali, and the study was first reported. The two isolates found were pathogenic F. oxysporum, one was white to greenish purple, and the second one was white to purple. In the study, the front and reverse sides, in addition to the center and margin, were found in different colors. The daily growth rates of the isolates were 5,76-5,84 mm, and macroconidia length-width were 35,97-37,31 × 3,43-3,52 µm. The tests were conducted at 26-28 °C in PDA medium (Suanda et al., 2025). 
These findings provide important practical implications. The farmers in Türkiye have reported that Fusarium-related symptoms on garlic appear closer to harvest (i.e., in warmer periods), often showing pink to reddish lesions around the false stem near soil level. Our results support this observation, suggesting that higher temperatures favor fungal growth, sporulation, and pigmentation, potentially increasing disease visibility and severity.




























Fig. 6. Effect of incubation at 20 °C and 27 °C on the colony color at the front and back sides of F. oxysporum with a digital image program on the a) 3rd day b) 6th day c) 9th day
4. Conclusion

Fusarium species are well-known plant pathogens that cause mainly wilt diseases, besides other symptoms in many cultivated plants. Their spores are easily spread in nature, greenhouses, and in the fields, causing infection. Several strategies have been developed to control the disease, including the use of pesticides, biological control agents, and genetic manipulations.  In fact, cultural methods that are nature-friendly and that take advantage of environmental factors such as temperature changes should be at the first stage. On the other hand, the effect of environmental factors is an issue that needs to be considered thoroughly for a correct diagnosis. This study indicates that 20 °C causes statistically lower colony growth, narrower microconidia, and mycelium width, and paler colony pigmentation compared to 27 °C. These findings support farmers' statements that in garlic, which is planted in February, the disease is seen close to the harvest in June on false stems around the soil line, looking pinkish. The information obtained as results of this study was that since temperature application cause differences in morphology and colony color of F. oxysporum isolated from garlic, this situation should be taken into account in diagnosis, temperature may be important in the late or early emergence of some of the other Fusarium species depending on the ambient temperature, and different heat-cold applications may be an issue to be considered in terms of disease control. 
Furthermore, this study contributes to the literature by incorporating RGB-based digital image analysis to objectively quantify colony pigmentation—offering enhanced precision in morphological diagnostics. By linking laboratory findings to real-world field conditions, it emphasizes the ecological and practical relevance of temperature-dependent variation in Fusarium behavior. The comprehensive evaluation of morphological traits under different thermal regimes also supports improvements in classical taxonomy and early detection of Fusarium-related diseases. Therefore, temperature should be considered a critical factor in both laboratory diagnostics and the design of integrated disease management strategies, particularly for crops like garlic grown across variable seasonal conditions.
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20 °C       	
Between 0-3rd day	Between 3rd-6th day	Between 6th-9th day	43.25	68.62	81.5	27 °C        	
Between 0-3rd day	Between 3rd-6th day	Between 6th-9th day	125	98.88	35	
Mycelial Growth Rate (%)



20 °C       	
3rd day	6th day	9th day	1.3	3.38	5.81	27 °C        	
3rd day	6th day	9th day	3.75	6.71	7.76	
Colony Diameter (cm)



c

Mycelium Width	
20 °C      	27 °C        	2.64	4.95	


a

20 °C      	
Macroconidia Legth (μm)	Macroconidia Width (μm)	25.71	3.61	27 °C        	
Macroconidia Legth (μm)	Macroconidia Width (μm)	12.24	2.76	Macroconidia 
Length (µm)               Width ((µm) 




b

20 °C      	
Microconidia Legth(μm)	Microconidia Width (μm)	7.23	2.4700000000000002	27 °C        	
Microconidia Legth(μm)	Microconidia Width (μm)	6.85	3.08	Microconidia 
Length (µm)              Width (µm)




a

20 °C      	
Front Red	Front Green	Front Blue	Back Red	Back Green	Back Blue	160.5	154.6	151.19999999999999	169.9	161.80000000000001	151.4	27 °C        	
Front Red	Front Green	Front Blue	Back Red	Back Green	Back Blue	154.4	134.1	128.5	150.19999999999999	111.7	95.8	



b

20 °C      	
Front Red	Front Green	Front Blue	Back Red	Back Green	Back Blue	153.9	145.4	137.5	159.1	148.80000000000001	138.69999999999999	27 °C        	
Front Red	Front Green	Front Blue	Back Red	Back Green	Back Blue	133.9	101	98.7	117.6	83.3	75.5	



c

20 °C      	
Front Red	Front Green	Front Blue	Back Red	Back Green	Back Blue	160	150.69999999999999	143.1	163.80000000000001	146.4	135.69999999999999	27 °C        	
Front Red	Front Green	Front Blue	Back Red	Back Green	Back Blue	128.9	101.8	102.9	97.9	73.099999999999994	75.8	




____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


image3.png




image4.png
Beapleiae 49T




image5.jpeg




image6.png
20°C

4.95

27°C





image7.png
30

20

10

2571

224

361 76
L

Macroconidia
Width ((um)

Length (um)
m20°C

u27°C

A




image8.png
723 85

3,08
247

Microconidia

20 g °cwmm




image9.png
15

1.6:

338

138

15

275

25

orq Lep W6

Juoy Kep 6

yeq Aep wo

oy Kep 19

peq Aep pIe

oy Kep pIg

m27°C

m20°C





image10.png
180
160
140
120
100
80
€0
40
20
0

169.9

164344 1546

1512

161.8

341

FrontRed Front FrontBlue Back Red Back Back Blue

Green

m20°C

m27°C

Green

4]





image11.png
120
100
80
€0
40
20
0

1539 159.1
1454 137.5 148.8 138.7

33.9
17.6
101 3.7
I I I ] ]
FrontRed Front FrontBlue Back Red Back Back Blue

Green Green
®20°C  W27°C |E|




image12.png
200

150

1

°

0

@
=)

0

160 3.8
107 1431 1464 1357

II II II II | 1

FrontRed Front FrontBlue BackRed Back Back Blue
Green Green

m20°C m27°C |E|




image1.png




image2.jpeg




