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Abstract
Medicago sativa L. (alfalfa) is a perennial leguminous forage crop cultivated worldwide. Unique water-soaked brown spots 
surrounded by yellow haloes were reported extensively on leaves of alfalfa crop from the farmer fields of Hafizabad and Baha-
walpur districts in 2018. Olive gray colonies of a fungus, isolated with 95% frequency from the symptomatic tissues, were 
identified as Curvularia sp. based on morphocultural characteristics. Thus, representative Curvularia isolate “FMB-ALF2-
MS” was subjected to molecular analysis to validate its phylogeny. Four genetic regions, ITS, LSU, TEF1-α, and GAPDH, 
were directly sequenced. BLASTn search showed 100% homology to C. buchloes strain CBS 246.49. Phylogenetic analysis 
is also identified and congruent with this isolate as C. buchloes with 100% bootstrap support. Four repeated pathogenicity 
tests were carried out with C. buchloes, and the etiology of the leaf spots was determined. To our best knowledge, this is 
the first report of C. buchloes causing leaf spots on alfalfa from Pakistan. The new and emerging foliar disease’s occurrence 
and intensity were documented across the Punjab province during 2018–2019. The highest D.I (57%) with an average D.S 
of 78.5% was recorded from the Bahawalpur district. Eight different (four contact and four systemic) fungicides were tested 
against the pathogen under in vitro conditions at 50, 100, 150, and 200 ppm concentration. Among all the tested fungicides, 
maximum inhibition (95%) was recorded through mancozeb (contact fungicide), followed by 92% pathogen growth inhibi-
tion through propiconazole (systemic fungicide) at 200 ppm. Characterized pathogenic fungal isolate was deposited to the 
Culture Collection (FMB-CC-UAF) with accession number FMB0177.
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Introduction

Alfalfa (Medicago sativa L.) is the largest cultivated per-
ennial, high-yielding forage legume worldwide (Abd El-
Naby Zeinab et al. 2014). It is grown for haymaking, silage 
preparation, and grazing purpose, provides more protein, 
high nutritional quality, and abundant biomass to livestock 
than other forages (Capstaff and Miller 2018). Its cultivation 
enhances soil fertility, improves soil structure, and prevents 
soil erosion (Butler et al. 2012; Sabanci et al. 2013).

Various biotic and abiotic stresses adversely affect the 
growth and lower the fodder quality and yield of alfalfa; 
among these, diseases are major hindrance factor (Morsy 
et al. 2011; Li and Nan 2015). Among the diseases, fungal 
infections affect the foliar parts, imposing severe restrictions 
on the persistence and productivity of M. sativa (Beuselinck 
et al. 1994). Curvularia leaf spots are common and occurred 
worldwide on many kinds of grass species caused by C. 
lunata, C. eragrostidis, C. geniculata, C. inaequalis, C. 
intermedia, C. pallescens, and C. trifolii (Weng et al. 1997; 
Smith et al. 1989; Huang et al. 2004). Many species of 
Curvularia have been reported as plant pathogenic, caus-
ing necrotic leaf spots of several vegetables and other plant 
families (Dasgupta et al. 2005).

Curvularia species are the predominant foliar pathogens of 
M. sativa and are associated with lessening dry matter produc-
tion (Avila et al. 2017). The Curvularia is a ubiquitous genus; 
species of this genus could be either endophytes, saprobes, or 
opportunistic pathogens (Gautam et al. 2013; Madrid et al. 
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2014; Manamgoda et al. 2015) causing diseases in plants, 
animals, and humans (Wijayawardene et al. 2018). The genus 
Curvularia has more than 40 species distinguished by their 
morphological characters Meng et al. (2004).

While conducting field surveys, initially, water-soaked, 
circular to oval brown color spots were observed; later on, 
these spots became irregular, enlarged, and oblong sur-
rounded by yellow haloes on alfalfa leaves. The symptoms 
were unusual, not reported before by plant pathologists or 
farmers on alfalfa from Pakistan. This study’s objective was 
to determine the extent of new emerging foliar disease on 
alfalfa, accurate identification of the putative fungal patho-
gen employing morphocultural and molecular characteri-
zation, testing a scenario of contact and systemic fungi-
cides under laboratory conditions to select the appropriate 
fungicide(s) for field application to control the disease.

Material and methods

Disease estimation and sampling

An extensive survey of alfalfa fields from twenty districts 
across the Punjab province, Pakistan, was conducted for 
disease estimation and sample collection. Disease severity 
(D.S) was recorded using a scale described by Godoy et al. 
(2006). In total, 160 samples of symptomatic leaves were 
collected following method described by Stubbs et al. (1986) 
from 20 different locations across the province, including 
(1) Bahawalpur (29.3544° N, 71.6911° E), (2) Bahawal-
nagar (30.0025° N, 73.2412° E), (3) Multan (30.1575° N, 
71.5249° E), (4) Shiekhpura (25.1417° N, 85.8629° E), 
(5) Hafizabad (32.0712° N, 73.6895° E), (6) Samundri 
(31.0646° N, 72.9520° E), (7) Toba Tek Singh (30.9709° 
N, 72.4826° E), (8) Vehari (30.0442° N, 79 2.3441° E), (9) 
Sargodha (32.0740° N, 72.6861° E), (10) Chiniot (31.7292° 
N, 72.9822° E), (11) Faisalabad (31.4504° N, 73.1350° E), 
(12) Nankna Sahib (31.4487° N, 73.7949° E), (13) Okara 
(30.8138° N, 73.4534° E), (14) Jhang (31.2781° N, 72.3317° 
E), (15) Layyah (30.9693° N, 70.9428° E), (16) Muzafar 
Garh (30.0736° N, 71.1805° E), (17) Gujranwala (32.1877° 
N, 74.1945° E), (18) Narowal (32.1014° N, 74.8800° E), 
(19) Sialkot (32.4945° N, 74.5229° E) and (20) Sahiwal 
(30.6682° N, 73.1114° E). The collected samples were pro-
cessed for further examination in fungal molecular biology 
(FMB) Laboratory, Department of Plant Pathology Univer-
sity of Agriculture Faisalabad (UAF), Pakistan.

Isolation and identification

Diseased leaves were rinsed with tap water. Symptomatic 
and asymptomatic leaf tissues were cut into 4–5 mm pieces 
and surface-disinfested with 1% sodium hypochlorite for 

45 s, followed by washing with sterilized distilled water and 
then dried using blotter paper to absorb excessive moisture. 
Isolation of putative fungal pathogens was done on potato 
dextrose agar (PDA) medium. Bits of leaf tissue were placed 
on PDA and incubated at 25–30 °C in an incubator (Sanyo 
MIR, Japan). Fungal colonies appeared in 3–4 days of incu-
bation. A small portion of mycelium of the fungi of interest 
was shifted/ transferred to a new PDA plates through single 
hyphal tip technique (Hildebrand 1938). Morphocultural 
characters of seven-day-old putative fungal isolates were 
done following the study of Manamgoda et al. (2012). The 
color was determined following the Methuen handbook of 
color (Kornerup and Wanscher 1967). Twenty (20) arbitrar-
ily selected conidia from a conidial suspension of the patho-
genic fungal isolate prepared in sterile distilled water using 
compound microscope Meji Techno, Japan model HD1600T 
fitted with Olympus (DP25) digital camera was observed for 
the measurements for each character.

Molecular characterization

For molecular taxonomy, the genomic scenario of repre-
sentative fungal isolate, FMB-ALF2-MS, was exploited by 
characterizing taxonomically informative genetic regions 
such as internal transcribed spacer (ITS) region of riboso-
mal DNA, translation elongation factor 1-alpha (TEF1-α), 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), 
and large subunit (LSU) of ribosomal RNA gene. Genomic 
DNA was extracted using GeneJET Genomic DNA Purifi-
cation Kit (Thermos scientific, USA) following the manu-
facturer’s protocol. The PCR analysis was performed for 
the amplification of investigated loci. The PCR conditions 
(thermal and reagent profiles) were optimized to get the 
required amplification. The optimized annealing tempera-
tures for ITS, TEF1-α, GAPDH, and LSU were 54, 53, 61, 
and 54 °C, respectively. Initial denaturation was at 95 °C 
for 5 min, followed by 35 cycles comprising denaturation 
at 95 °C for 60 s, annealing at respective temperature for 
30 s, and extension at 72 °C 45 s. The 1 × reaction mixture 
contained 0.5 ul Phusion High-Fidelity PCR Master Mix 
with HF Buffer, primers (reverse and forward) 10 μM each, 
and 50 ng template DNA. PCR products were resolved on 
high-resolution agarose through gel electrophoresis under 
80 Voltage. Required amplicons were eluted using Favor-
Prep Gel Extraction Kit (FAVORGEN, BIOTECH CORP, 
Taiwan) and sequenced (Eurofins Genomics DNA sequenc-
ing services, USA). Sequences were in silico analyzed 
for homology search through the BLASTn tool. Multiple 
sequence alignments were made with ClustalW by align-
ing the DNA sequences of each loci with DNA sequences 
retrieved from public databases (Table 1). Concatenated data 
set of all investigated loci was generated using Geneious 
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software, and phylogram using concatenated DNA sequence 
dataset was generated in the MEGA7 software package. We 
sequenced the fungal isolate FMB-ALF2-MS to investigate 
its molecular taxonomy. The PCR analysis was performed 
using primer pairs, ITS1-F/ITS4 (White et al. 1990), TEF 
983/2218R (Schoch et al. 2009), gpd1/gpd2 (Berbee et al. 
1999) and LR7/LROR (Vilgalys and Hester 1990).

Pathogenicity test

Pathogenicity test was done by fulfilling Koch’s postu-
lates under greenhouse conditions in the FMB greenhouse 
research area department of plant pathology UAF. Viable 
seeds of alfalfa were surface-sterilized with 1% sodium 
hypochlorite solution (5 min) and washed thrice with dis-
tilled water. Disinfested seeds were sown in a 1 × 1 m bed of 

sterilized soil. Spore suspension of the investigated pathogen 
with a concentration of 1 × 106 was prepared, and the foliar 
application was made on four-week-old healthy seedlings. 
Control plants were sprayed with sterilized distilled water. 
Inoculated seedlings were covered with polythene sheath 
for 12 h to attain the high relative humidity required for the 
establishment of pathogen and disease development. Obser-
vations in terms of appearance and development of leaf spot 
symptoms were made at regular intervals. Re-isolation of the 
pathogen was done from the infected leaves for confirmation.

Table 1  List of Curvularia 
species or isolate used in this 
study to generate phylogenetic 
trees

Sr# Species/isolate Culture accession # GenBank accession numbers

ITS TEF1-α GAPDH LSU

1 FMB-ALF2-MS FMB 0177 MK871667 MK910746 MK908866 MK870070
2 Curvularia spicifera CBS 274.52 MH857033 HG327027 JN600979 MH868564
3 Curvularia spicifera BRIP 10939a KC424602 KC503947 KC747752 KC445304
4 Curvularia buchloes CBS 246.49 KJ909765 KM196588 KM061789 KM243272
5 Curvularia tsudae ATCC 44764 KC424596 KC503940 KC747745 KC445297
6 Curvularia lunata CBS 157-34 JX256430 JX266597 JX276442 JX256397
7 Curvularia lunata MFLUCC10-0706 JX256431 JX266598 JX276443 JX256398
8 Curvularia lunata CBS 730-96 JX256429 JX266596 JX276441 JX256396
9 Curvularia hawaiiensis BRIP 11987 KJ415547 KJ415445 KJ415399 KJ415502
10 Curvularia hawaiiensis BRIP 10972 JN192377 JN601012 JN600968 JX256394
11 Curvularia hawaiiensis BRIP 15933 JN601028 JN601009 JN600965 JN600987
12 Curvularia australiensis IMI 53994 KC424595 KM196573 KC747744 KC445296
13 Curvularia australiensis BRIP 12044 KJ415540 KJ415452 KJ415406 KJ415495
14 Curvularia ovariicola BRIP 15882 JN192384 JN601020 JN600976 JN600998
15 Curvularia asianensis MFLUCC10-0711 JX256424 JX266593 JX276436 JX256391
16 Curvularia asianensis MFLUCC10-0685 JX256425 JX266594 JX276437 JX256392
17 Curvularia asianensis MFLUCC10-0687 JX256422 JX266591 JX276435 JX256389
18 Curvularia alcornii MFLUCC10-0703 JX256420 JX266589 JX276433 JX256387
19 Curvularia alcornii MFLUCC10-0705 JX256421 JX266590 JX276434 JX256388
20 Curvularia ryleyi CBS 349.90 MH862215 KM196567 KM083612 MH873900
21 Curvularia ryleyi BRIP 12554 KJ415556 KJ415437 KJ415390 KJ415510
22 Curvularia inaequalis CBS 102.42 MH856096 KM196574 KM061787 MH867591
23 Curvularia portulacae CBS 239.48 MH856324 KM230404 KM083616 MH867878
24 Curvularia portulacae BRIP 14541 KJ415553 KJ415440 KJ415393 KJ415507
25 Curvularia graminicola BRIP 23186 JN192376 JN601008 JN600964 JN600986
26 Curvularia papendorfii CBS 308.67 KJ909774 KM196594 KM083617 MH870671
27 Curvularia papendorfii BRIP 57608 KJ415552 KJ415441 KJ415395 KJ415506
28 Curvularia verruculosa CBS 150.63 MH858247 KP735695 HG779111 MH869849
29 Curvularia verruculosa MFLUCC10-0690 JX256437 JX266602 JX276448 JX256405
30 Curvularia oryzae CBS 169.53 KP400650 KM196590 HG779156 MH868685
31 Curvularia tuberculata CBS 146.63 MH858243 JN601004 LT715830 MH869845
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In vitro evaluation of fungicides against C. 
buchloes

Efficacy of mancozeb, propineb, thiram, copper oxychlo-
ride, iprodione (contact) and metalaxyl, propiconazole, and 
Trifloxystrobin (systemic) fungicides was tested in vitro 
against the C. buchloes using PDA medium. Each fungi-
cide’s stock solution was prepared by dissolving in sterile 
distilled water and then added to the PDA medium to obtain 
four concentrations, 50, 100, 150, and 200 ppm fungicide. 
PDA medium amended with fungicides (20 ml) at different 
concentrations was poured in 09 mm sterilized Petri plate 
individually. Mycelial disk of 5 mm in diameter taken from 
the periphery of seven-day-old culture of the pathogen was 
placed in the center of PDA medium amended with fun-
gicides and incubated at 30ºC until the fungal growth in 
control plate (PDA medium without fungicide) touched the 
periphery. Six replications were maintained for each treat-
ment. Colony diameter was measured, and the percentage of 
inhibition was recorded (Vincent 1947).

Results

The data regarding the disease estimation (D.I and D.S) 
revealed that the disease prevailed across the surveyed loca-
tions with varying intensities. D.I was ranging between 57% 
(higher) and 15% (lower). As far as district-wise estimation 
of disease incidence is concerned, Bahawalpur, Bahawalna-
gar, and Multan districts were found maximum D.I 57, 48, 
and 43% respectively, with average 78.5% D.S. Alfalfa fields 

of Shiekhpura, Hafizabad, Samundri, Toba Tek Singh, and 
Vehari districts showed D.I 32, 35, 29, 33, and 39%, respec-
tively, with an average 42% D.S. From Sargodha, Chiniot, 
Faisalabad, Nankna Sahib, Okara, Jhang, Layyah, and Muza-
far Garh, D.I recorded 20, 18, 24, 27, 22, 23, 29, and 25%, 
respectively, with 18% D.S. From Gujranwala, Narowal, 
Sialkot, and Sahiwal, D.I was recorded as 19, 15, 17, and 
17%, respectively, with 7% D.S (Fig. 1).

Morphology

The fungal colonies appeared as Olive gray; conidiophore 
was sympodial, erect, geniculate branched with an average 
of 5.3 μm in width. Conidia were oblong, straight, 2–3 trans-
verse septations with average 9.47–19.8 × 6.13–8.3 μm in 
size. Based on morphological characterization, the fungal 
isolate was identified as C. buchloes.

Molecular characterization

The PCR analysis yielded specific amplicons with 
their approximate sizes, i.e., ~ 684 (ITS), ~ 1000  bp 
(TEF1-α), ~ 550 bp (GPDH), and ~ 1200 bp (LSU). The 
DNA sequences of these loci (Table 1) were trimmed to 
get high-quality sequences by using BioEdit version 7.2.6.1 
and were subjected to the Basic Local Alignment searching 
(BLAST) tool. The BLASTn results indicated this isolate 
as C. buchloes because these isolates showed 100% homol-
ogy to C. buchloes strain CBS 246.49. Generated sequences 
were deposited to GenBank with accession numbers given in 

Fig. 1  Disease incidence and 
severity of leaf spot on alfalfa 
at different locations of Punjab, 
Pakistan
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Table 1. For phylogenetic study, sequences of each dataset 
were then used by aligning them with other supplemented 
DNA sequences retrieved from NCBI database separately 
ClustalW under set conditions of Gap Open Penalty (15), 
Gap Extension Penalty (6.66), 0.5 transition weight, and 
30% delay divergence cutoff value to generate phylograms. 
The phylogenetic status of this isolate was inferred through 
neighbor joining (NJ) approach in the MEGA7 program. 
The neighbor joining analysis was used under the p-distance 
method to infer the evolutionary hierarchy. Then generated 
alignments of each dataset were concatenated to make con-
catenated dataset with Geneious software v. 4.8.5. Test of 
phylogeny was bootstrap with 1000 bootstrap replication 
with uniform rate following homogenous pattern among 

lineage. Missing data and gaps were excluded. In the phylo-
genetic tree based on concatenated DNA sequence dataset 
of ITS, TEF1-α, GAPDH, and LSU region, fungal isolate 
(FMB0177) was revealed nested with Curvularia buchloes 
strain CBS 246.49 with 100% bootstrap support (Fig. 2). The 
characterized culture of FMB-ALF2-MS was deposited to 
Fungal Molecular Biology Culture Collection (FMB-CC-
UAF) University of Agriculture Faisalabad, Pakistan, with 
accession number FMB0177.

Fig. 2  A neighbor joining (NJ) 
method based phylogenetic 
tree of concatenated dataset 
of ITS, TEF1-α, GAPDH, and 
LSU loci showing investigated 
fungal isolate FMB 0177 nested 
close to CBS 246.49 strain of 
Curvularia buchloes with 100% 
bootstrap support
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Pathogenicity test

After 15 days of post-incubation of inoculated alfalfa 
plants, initially, water-soaked, circular to oval brown color 
spots on the leaves were appeared, which turned irregular, 
enlarged, and oblong lesions surrounded by yellow haloes 
at later stages, very similar to, as were observed on alfalfa 
leaves during field surveys. Re-isolation of the pathogen 
was done from infected leaves, and morphological charac-
ters of the isolated fungus were observed and identified as 
C. buchloes. Pathogenicity test revealed C. buchloes, the 
causative agent for leaf spot disease on alfalfa. To our best 
knowledge, this is the first report of C. buchloes causing 
leaf spots of alfalfa in Pakistan.

In vitro evaluation of fungicides against C. 
buchloes

The effect of fungicides on inhibition of C. buchloes is 
presented in Fig. 3. Data revealed that all the tested fun-
gicides significantly inhibited the mycelial growth of C. 
buchloes up to varying extent depending upon the type and 
concentration of fungicide tested. The highest inhibition, 
95%, was recorded at 200 ppm concentration, whereas the 
least was 26% at 50 ppm. The highest percent inhibition 
at 200 ppm was 95% with mancozeb among contact fun-
gicides, while the least inhibition, 84% with Iprodion was 
recorded. Among systemic fungicides, the highest percent 
inhibition at 200 ppm was 92% with propiconazole, while 
the least inhibition, 42% with Trifloxystrobin, was observed. 
The results depicted that mancozeb and propiconazole could 
provide promising results in controlling the disease under 
field conditions. 

Discussion

During 2018–2019, we found that the alfalfa crop seems to 
be affected with a unique leaf spot disease, never reported 
before, from Pakistan. However, foliar diseases are com-
mon and more damaging to alfalfa and are considered one 
of the major issues responsible for lower crop productiv-
ity worldwide (Sheaffer et al. 1992; Beuselinck et al. 1994; 
Samac et al. 2014; Ávila et al. 2017). The appearance of 
the unusual leaf spots on alfalfa was an eye-catcher for the 
research group of FMB Lab, UAF, while surveying to assess 
the foliar diseases of Egyptian clover from farmer fields. 
Water-soaked, circular to oval brown spots on alfalfa leaves 
were noticed extensively in Hafizabad and Bahawalpur 
districts, while irregular, enlarged, and oblong lesions sur-
rounded by yellow haloes on leaves of alfalfa were observed 
where the infection was severe. Similar kinds of leaf spots 
are attributed to curvularia leaf spots, mainly producing 
necrotic leaf spots on several plant species, including for-
age grasses (Dasgupta et al. 2005; Santos et al. 2014; Silva 
et al. 2014; Sunpapao et al. 2014; Kusai et al. 2016). Oliva-
ceous gray conidiophore was sympodial, erect, geniculate 
branched, and Conidia were oblong, straight, which were 
found similar to Ellis (1971), and Sivanesan (1987) descrip-
tion for the Curvularia genus. As far as the morphology 
of the genus Curvularia is concerned, overlapping in the 
morphological features is present (Manamgoda et al. 2012). 
The characterization of Curvularia species based on mor-
phological characters is very subtle attributes that are varied 
by varying the host, growth conditions, and life stages (da 
Cunha et al. 2013). Therefore, the identification of species 
based on phenotype is ambiguous. The molecular charac-
terization by primary and secondary DNA barcodes has 
supported accurate species recognition (Manamgoda et al. 

Fig. 3  In vitro fungicidal per-
cent inhibition of C. buchloes 
colony growth on PDA
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2011, 2012), because the literature supports that the mor-
phologically identified Curvularia species are different upon 
molecular identification (Yanagihara et al. 2010). Therefore, 
fungal isolate, FMB-ALF2-MS was characterized using ITS, 
TEF1-α, LSU, GAPDH genetic regions, which was revealed 
to be nested with Curvularia buchloes strain CBS 246.49 
with 100% bootstrap support. This finding was similar to 
the finding of Manamgoda et al. (2012), where they resolved 
Curvularia species’ boundaries. Chemical management of 
plant diseases is unavoidable because of rapid action and 
efficacy. Thus, keeping in view the importance of fungicides, 
in the present study, the efficacy of all the tested fungicides 
was found to be effective at all concentrations. Among dif-
ferent concentrations of both contact and systemic fungi-
cides, the highest inhibition, 95%, was revealed at 200 ppm 
concentration, whereas the least was at 26% at 50 ppm con-
centration. Adaangadi et al. (2018) reported similar results 
in their studies to manage the Curvularia leaf spot of maize. 
Among the different contacts, fungicides tested the highest 
percent inhibition at 200 ppm was 95 with Mancozeband. 
Among systemic fungicides, the highest percent inhibition 
at 200 ppm was 92 with propiconazole. Sumangala et al. 
(2008) also studied different contacts and systemic fungi-
cides for managing leaf spot of rice and described that con-
tact fungicide mancozeb and systemic fungicide propicona-
zole were the most effective fungicides. Bisht et al. (2018) 
also gave similar results on the efficacy of different systemic 
and non-systemic fungicides against Curvularia lunata in 
in vitro conditions and described that carboxin at 25 ppm 
and mancozeb at 200 ppm gave significant inhibition.
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