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ABSTRACT

The main problems in maize cultivation in Indonesia include downy mildew caused by Peronosclerospora maydis and leaf blight due to Drechslera maydis. The objectives of the study were to isolate fungi having potential to induce systematic resistance and to test its efficacy to control the intensity of maize diseases. Soils samples were taken from the rizosphere of maize plants that did not show symptoms of any disease. Each sample was placed in a plastic bag and carried in a cooler to the laboratory. Fungi were isolated from the soil by using potato dextrose agar medium with rosebengal (PDA-R). The experiment was repeated once. Maize seeds were mixed with Trichoderma culture of respective isolate then were planted in the soil in polybags. The plants were then inoculated artificially with suspension of P. maydis conidia and natural inoculation with P. sorghi and D. maydis. In the first test, the plants showed symtoms of leaf blight, but not downy mildew symptoms. The treatment had no significant effect on leaf blight or plant height. In the second test, the plant showed symptoms of both downy mildew and leaf blight. In the Pioneer variety, the treatment did not significantly affect the incidence of downy mildew, while in the local IR varieties three Trichoderma isolates decreased disease incidence 21 days after inoculation. The treatment had no significant effect on the severity of leaf blight. In local IR varieties, three Trichoderma isolates increased plant height, while in Pioneer variety the treatment had no significant effect.
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I. INTRODUCTION
So far, one of the main problems in the cultivation of maize is the downy mildew commonly found in all maize producing areas in Indonesia (Anonymous, 2011: Surtikanti, 2012; Surtikanti & Efendi, 2010; Talanca, 2011; Semangun, 2004). The affected maize plant shows localized or  systemic symptoms of chlorosis so they fail to produce kernels if young plants are infected or form little seeds if older plants are attacked (Semangun, 2004; Agrios, 2005).

Downy mildew of maize is caused by Peronosclerospora spp. Previously, the name of the pathogen was Sclerospora maydis (Rac.) Butl. Shaw states that Peronosclerospora is separated from Sclerospora by forming a conidia (sporangia) that instantly germinates by forming germ tubes. This pathogenic fungus is obligate and can be transmitted through seeds and wind (Agrios, 2005; Semangun, 2004).

In the field, disease control is generally done by planting resistant cultivars and/or seed treatment using synthetic fungicide such as metalaxyl (Agrios, 2005; Semangun, 2004). Many of the maize seeds sold have been treated with metalaxyl. However, in the field, there are still frequent bursts of downy mildew in Indonesia, including in Lampung Province. It is important to investigate whether the affected plants are from seeds not subjected to metalaxil or planting resistant varieties and metalaxil applications are sometimes ineffective. Another possibility is that the failure of the fungicide application is caused by the fact that the disease occur after the effect of metalaxyl is diminished. The application of metallaxil has been based on the notion that the incidence of bulai only occurred during the initial growth of maize crop (14 days). In fact it turns out that in some varieties of the disease many occur after the plants are 14 days, even up to 45 days after planting. Another possibility is that the failure to plant new varieties may be due to the emergence of new resistant strains of Peronosclerospora spp. (Semangun, 2004) or other causes.

Therefore, it is necessary to find another way to control downy mildew of maize. The strategy we propose here is the use of biological agents of fungi that induce resistance to maize plants resistant to the pathogens.

It has been found that fungal isolates can be used as an agent inducing systematic resistance in maize plants to various pathogens abroad such as Trichoderma harizianum Strain T-39 in tomato, chilli, tobacco and lettuce, T. harzianum T-22 strains in maize, rice , Chilies, etc. So far this agent has been studied more as an antagonist, not as an inducer for resistance to the disease proposed in this study (Harman et al, 2004a).

The objective of this study was to isolate fungal isolates that had potential as an ISR booster of maize rhizosphere and to select isolates based on the inducing power of the isolates to cause resistance to plants

II. METHOD
2.1 Isolation of Biological Agents
Five soil samples were were taken from two maize fields in Central Lampung and three maize fields in Metro. Soil samples were taken from the rizosphere of healthy maize plants around the plant showing downy mildew symptoms. Each soil sample was placed in a plastic bag and carried in a thermos of ice/cooler to the laboratory. Isolation of fungi from the soil samples was done by using potato dextrose agar medium with rosebengal (PDA-R). Rosebengal (40 ppm) serves to minimize the fungal colony without inhibiting its growth and suppress the growth of bacteria. A total of four  isolates suspected Trichoderma were obtained from a Metro soil sample and transferred to PDA-L media to obtain pure culture. Furthermore, all four Trichoderma isolates were identified to species based on Gams & Bisset (1998).

2.2 Efficacy Tests
The efficacy test was conducted for six isolates of Trichoderma, four isolates resulted from our current isolation and the other two isolates taken from the previous study. Each Trichoderma isolate was grown on PDA-L (potato dextrose agar added lactic acid) medium. The maize seeds were soaked in sterile distilled water for 5 minutes then transferred into a small plastic bag. Trichoderma culture aged 7 days shrunk with a scalpel and then put into the plastic and mixed evenly with the maize seeds. In the control treatment, maize seeds were only soaked in sterile distilled water. Ten maize seeds were planted 3 cm deep on a planting pot with a diameter of 22 cm. The efficacy test was performed twice. In the first test, local IR varieties were used. In the second test, two experiments were performed separately for each of the Pioneer 27 (P27) and local IR varieties.

2.3 Inoculation of Maize Plants with P. sorghi and D. maydis
Plant inoculation with P. sorghi was done naturally and manually, while inoculation with D. maydis was only done naturally. Natural inoculation with P. sorghi was performed at 7 days after planting (DAP) and artificial inoculation was performed at 10 HST. Natural inoculation was done by placing six plants with symptoms of downy mildew and daun blight, they were four plants each of four experimental field corners and two plants were in the middle of the field.

Inoculation of plants with P. sorghi artificially done at 5:00 am. Previously conidia were harvested from the underside of maize leaves that showed symptoms. Spore suspension of 106 ml-1 was used in inoculation by spraying with hand sprayer until all surfaces of the maize leaves were wet.
2.4 Observation and Data Analysis
The variables observed were disease incidence of downy mildew, disease severity of leaf blight, plant height and weight of dried stalk. Observations were made during 14 - 50 days after planting with a 3-day interval. The incidence of downy mildew was calculated by the formula of ID = n / N x 100% with ID = incidence of downy mildew (%), n = number of symptomatic plants, and N = total plants observed. The severity of leaf blight was calculated using a score of leaf blight symptoms from 0 (asymptomatic) to 5 (over 80% of plants showed symptoms) and calculated severity with of formula SD = Σ (nxv) / ZN x 100% with SD = disease severity (%), n = number of plants with a certain score, z = score value on a particular plant, N = total number of plants observed, and Z = highest crop scores. To know the weight of the dried plant, the plant was taken at 50 days after planting, the roots are washed, then dried in the sun to dry. The plants of each treatment were cut into small pieces and wrapped in newspapers then ovened at 70 0C for 3 days then weighed.

The data obtained were then analyzed statistically with ANOVA and if the F test was significantly different then the analysis was continued with Duncan test. All tests were performed at the 5% significant level.

III. RESULTS AND DISCUSSION
3.1 Results
Symptoms and Diagnosis
In the first test, the disease that occured only maize leaf blight, while downy mildew did not occur. Symptoms of maize leaf blight were small brownish spots at first then developed and elongated. In some leaves several spots converged to form a wide necrotic leaf tissue that colored like straw. The observation of fungal conidia indicates that the casual agent was Drechslera maydis.


In the second test, downy mildew and leaf blight occurred on test plants. The symptoms of downy mildew could be observed 4 days after inoculation. The symptoms were necrotic tissue on the leaves. The necrotic tissue extended and eventually covered the entire leaf surface. A few days later, a white thin layer was formed and developed on the lower surface of the leaves, which consisted of conidiofors and conidia. The observation of fungal conidia indicated that the pathogen was Peronosclerospora sorghi that formed oval conidia.
Isolation of Trichoderma and First Efficacy Test
Out of five soil samples taken in Metro and Central Lampung, one sample taken form Metro yielded four Trichoderma isolates: M21 (T. reseei), M22 (T. koningii), M22 (T. koningii), and M23 (T. koningii). The efficacy test was performed twice for all four isolates as well as two isolates from the collection in the laboratory: TV isolates (T. Viride) and TK (T. koningii) (Table 1). In this first test, treatment did not significantly affect leaf blight (Table 1) or plant height (Table 2).
Table 1. Severity of leaf blight in local IR cultivar 4 weeks after inoculation in maize treated with various isolates Trichoderma spp.
	Treatment1)
	Disease Severity (%)

	Control +
	39,85

	Control -
	46,97

	TV (T. viride)
	46,45

	TK (T. koningii)
	45,97

	M21 (T. reseei)
	44,18

	M22 (T. koningii)
	47,39

	M23 (T. koningii)
	44,90

	M24 (T. koningii)
	44,07



1)Control + = plants not receiving Trichoderma treatment, but inoculated with P. sorghi. Control - = plants not receiving Trichoderma treatment and were not inoculated with P. sorghi. The treatment did not significantly affect the severity of leaf blight disease.
Table 2. The height of maize plants treated with various isolates of Trichoderma spp.

	Treatment1)
	Height (cm) 1 and 2 weeks after planting

	
	1
	2

	Control +
	6,91
	40,07

	Control -
	8,67
	41,27

	TV (T. viride)
	7,73
	42,67

	TK (T. koningii)
	7,20
	40,97

	M21 (T. reseei)
	8,26
	42,50

	M22 (T. koningii)
	8,17
	41,97

	M23 (T. koningii)
	7,31
	42,53

	M24 (T. koningii)
	8,18
	41,03



1)Note like Table 1.
Second Efficacy Test

In the second test, both maize leaf blight and downy mildew occurred on tested plants. The treatment did not significantly affect the incubation period of both local IR and P27 varieties (Table 3). The treatments significantly affected the incidence of downy mildew on the the local IR variety, but did not significantly affect the incidence on P27 variety (Table 4). Isolate TK (T. koningii), M22 (T. koningii), and M23 (T. koningii) decreased the incidence of the disease significantly (P <0.05). The disease progress of downy mildew on local IR and P27 varieties could be seen in Figures 1 and 2, respectively.
The treatment did not significantly affect the severity of leaf blight disease in local IR varieties or P27 derivative (Table 5). For plant height variables, the treatments had significant effect on plant height on local IR variety, but had no significant effect on P27 variety (Table 6). Isolates of TV (T. viride), M23 (T. koningii), and M24 (T. koningii) increased the yield of maize significantly (P <0.05). The treatment also had no significant effect on dry weight of whole plants on local IR variety or P27 derivative (Table 7)

Table 3. The average of incubation period of downy mildew on local IR variety and P27 derivative

	Treatment
	Inkubation Period (days) 1)

	
	Lokal IR
	P27

	Control
	5.67
	5.67

	TV (T. viride)
	5.67
	7.67

	TK (T. koningii)
	6.33
	8.33

	M21 (T. reseei)
	5.33
	7.33

	M22 (T. koningii)
	5.00
	7.00

	M23 (T. koningii)
	5.33
	7.67

	M24 (T. koningii)
	4.33
	6.67



1)The treatment did not significantly affect the incubation period of downy mildew.
Table 4. The incidence of downy mildew on local IR variety 8 weeks after inoculation and on P27 variety 6 weeks after inoculation
	Treatment
	Disease Incidence (%)1)

	
	Lokal IR
	P27

	Control
	88.89 a
	100.00

	TV (T. viride)
	70.83 abc
	85.93

	TK (T. koningii)
	50.00 c
	75.00

	M21 (T. reseei)
	79.17 a
	93.33

	M22 (T. koningii)
	53.81 bc
	93.33

	M23 (T. koningii)
	57.14 bc
	73.90

	M24 (T. koningii)
	86.31 a
	92.50


1)Values followed by the same letter were not significantly difference.
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Figure 1. The incidence of downy mildew on maize plants of local IR variety.
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Figure 2. The incidence of downy mildew on maize plants of P27 variety.
 Table 5. The severity of maize leaf blight in local variety and P27 derivative at 24 days after inoculation 
	Treatment
	Disease Severity (%)1)

	
	Lokal IR
	P27

	Control
	77.02
	92.63

	TV (T. viride)
	65.23
	83.32

	TK (T. koningii)
	71.63
	81.38

	M21 (T. reseei)
	71.42
	88.82

	M22 (T. koningii)
	67.81
	87.83

	M23 (T. koningii)
	64.05
	87.60

	M24 (T. koningii)
	68.87
	87.80



1)The treatment did not significantly affect the severity of maize leaf blight.
Table 6. Plant height of lokal IR dan P27 on 21 days after inoculation
	Treatment
	Plant Height1)

	
	Lokal IR
	P27

	Control
	58.62 a
	58.97 a

	TV (T. viride)
	68.43 bc
	56.67 a

	TK (T. koningii)
	61.29 ab
	68.57 a

	M21 (T. reseei)
	58.69 a
	64.00 a

	M22 (T. koningii)
	58.17 a
	65.90 a

	M23 (T. koningii)
	69.75 bc
	69.87 a

	M24 (T. koningii)
	71.35 c
	69.67 a


1)For each column, values followed by the same letter were not significantly difference.

Tabel 7. Dry Weight of Whole Plants of local IR and P27 varieties
	Treatment
	Dry Weight of Whole Plants1)

	
	Lokal IR
	P27

	Control
	15.83
	14.78

	TV (T. viride)
	53.99
	19.41

	TK (T. koningii)
	48.19
	33.74

	M21 (T. reseei)
	53.99
	19.41

	M22 (T. koningii)
	30.48
	22.51

	M23 (T. koningii)
	30.38
	30.06

	M24 (T. koningii)
	35.55
	24.09



1)The treatment did not significantly affect the severity of maize leaf blight.
3.2 Discussion
The pathogen causing downy mildew in Lampung was so far thought to be P. maydis (Semangun, 2004). However, the observation of fungal conidia in this study showed that the form of conidia was oval indicating that causal agent of the disease was P. sorghi (Cymmyt, 2012, Hikmahwati et al., 2011; Muis et al., 2016), while conidia of P. maydis is spherical.

Trichoderma application significantly affected the incidence of downy mildew on local IR variety, but had no effect on P27 variety (Table 4). The results of this study indicated the presence of differences between varietal responses to Trichoderma applications. This needs to be noted in future research in the development of Trichoderma application to affect the resistance of maize crops. In addition, there were different effects among Trichoderma isolates. These data showed the prospective of research in this area. In future research, more isolates of Trichoderma should be isolated and tested to give better opportunity to find isolates effective to induce resistance.
The mechanism of reducing the incidence of downy mildew on local IR variety was not known, but it could involve several enzymes as shown in the results of the studies as follows. Peroxidase and polyphenoloxidase play a role in defense mechanisms against pathogens through the oxidase of phenolic compounds into quinine leading to increased antimicrobial activity so that it can directly halt the development of pathogens (Ozbay and Newman, 2006 and Melo et al., 2006 in Houssien et al, 2010). Similarly, Christopher et al. (2010) with T. virens as an resistance inducer, it was suggested that T. virens controlled tomato wilt disease by the mechanism of increasing peroxidase enzyme (PO) and polyfenol oxidase (PPO) activity.

Ahmed et al. (2000) reported that the application of T. harzianum on soil media can cause chili stems to resist Phytophthora capsici attack. The roots of the maize plant applied with T. harzianum T-22 caused that the leaves become resistant to Colletotrichum graminicola (Harman et al., 2004b). Resistance was formed by increased enzymes (proteins) that play a role in the resistance of maize to leaf disease (Shoresh and Harman, 2008). Djonovic et al. (2006 and 2007) suggested the same mechanism.

Varietas lokal IR memberi respon berupa menurunnya keterjadian bulai akibat tiga isolat Trichoderma (Tabel 4). Akan tetapi, perlakuan yang sama tidak berhasil menekan keparahan hawar daun pada kedua uji efikasi yang dilakukan pada varietas lokal IR. Hal ini mengindikasikan bahwa respon ketahanan yang terjadi pada tanaman jagung akibat perlakuan Trichoderma bergantung pada patogen yang menyerang tanaman. Hal ini perlu diteliti lebih lanjut.

Local IR variety responded by decreasing the incidence of downy mildew due to application of each of three Trichoderma isolates (Table 4). However, the same treatment did not succeed in suppressing the severity of leaf blight in the two efficacy trials performed on local IR varieties. This indicates that the resistance response that occurs in maize plants due to Trichoderma treatment depended upon the pathogens that attack the plant. This needs to be further investigated.
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