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ABSTRACT

A study was conducted to evaluate the effect of Colletotrichum truncatum infection on
soybean seed quality and its control through bio-priming. A total of 11 genera
comprising of 17 species of seed-borne fungi were found to be associated with soybean
var. Palmetto. The prominent fungus isolated externally and internally was C.
truncatum with the frequency values of 12.75 and 9.75%, respectively, followed by
Fusarium oxysporum f. sp. glycines and Diaporthe phaseolorum var. sojae based on
moist blotter and agar plate methods. The typical symptoms of C. truncatum on the
infected seeds appeared as brown to black speckled lesions, producing numerous
acervuli with black setaec and conidia over the seed surface. Seed infection by C.
truncatum in soybean seed caused pre and post-emergence damping-off, resulting in

reduced seed germination and seedling survivability by 62.35 and 88.24%, respectively.
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Histopathological studies of naturally infected soybean seeds confirmed the presence of
C. truncatum predominantly both intra- and inter-cellularly in the seed coat, cotyledon
and embryonic axes of seed. The fungi were also detected on and in the seed coat,
cotyledon and embryonic axes of artificially infected seeds. Seed viability and vigour
were also reduced in C. truncatum infected seeds as determined by tetrazolium (TZ) and
electrical conductivity (EC) tests. Seed volume of infected seeds was reduced, with an
increase in soluble protein and oleic acid and a decrease in linoleic acid content as
compared with healthy seeds. Two fungal biocontrol agents (BCAs), Trichoderma
virens (UPM23) and T. harzianum (UPM40) were found to inhibit strongly the growth
of C. truncatum through mycoparasitism, competition and antibiosis based on PIRG
(Percent Inhibition of Radial Growth) values. However, one bacterial BCA,
Pseudomonas aeruginosa (UPM13B8) gave the highest PIRG values of 100% in the
culture filtrate test, suggesting that antibiosis could be the main mechanism of
antagonism. No phytotoxic effect was observed on soybean seeds and seedlings, when
treated with suspensions of UPM23, UPM40 and UPM13B8. Therefore, the efficacy of
bio-priming was conducted for controlling C. truncatum infection in soybean seeds
using UPM23, UPM40 and UPM13B8. Artificially infected seeds by C. truncatum were
bio-primed for 12 hours as this was determined as the safe time limit for soybean.
Treatments included were chemo-primed, Benlate® (T1); bio-primed, UPM13B8 (T2);
bio-primed, UPM40 (T3); bio-primed, UPM23 (T4); bio-primed, UPM23+40 (T5) and
the controls as hydro- primed (T6) and non- primed seeds (T7). Trichoderma isolates
used either singly (UPM 23 and UPM40) or as a mixture (UPM23+40) colonized the
seed surface with germinating hyphae after 12 hours of bio-priming. Bacterial isolate, P.

aeruginosa was also detected to colonize the seed surface with increase in the colony
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forming unit (CFU) from 1.2 x 10” to 5.1 x 10 seed™ after the bio-priming period. Bio-
priming was effective to control pre and post-emergence damping-off and promote seed
germination, seedling establishment and growth in the presence of C. truncatum in
soybean seeds. Under the glass house conditions, Trichoderma isolates however, gave
better control of pre and post-emergence damping-off and enhancement of growth
followed by bio-priming with UPM13B8 and chemo-priming with Benlate®. Under the
field conditions, UPM13B8 was better in controlling pre and post-emergence damping-
off ranging from 48.64 to 51.85% and 65.0 to 97.20%, respectively and also enhanced
seed germination, final seedling stand and increase in shoot length and dry weight of
seedling. However, the biocontrol efficacy and subsequent growth enhancement of
UPM13B8 were not significantly (P<0.05) different from UPM40 or UPM23+40 or the

fungicide ‘Benlate®’.

Bio-priming with Malaysian isolates of P. aeruginosa and T. harzianum offered an
effective biological seed treatment system and an alternative to chemo-priming with
Benlate® to control seed-borne infection by C. truncatum in seeds and seedlings of
soybean. Besides, they also improve seed germination, seedling establishment and
vegetative growth. This study has explored up new dimension of biological control for
preventive as well as remedial of seed-borne infection by C. truncatum. Thus, bio-
priming can be exploited by seed companies and organic farmers in the sustainable

agriculture, which would be more economical and environmental friendly.
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KEMEROSOTAN BIJI BENIH KACANG SOYA [GLYCINE MAX (L.) MERR/]
OLEH JANGKITAN COLLETOTRICHUM TRUNCATUM DAN KAWALAN
SECARA BIO-PRIMING

Oleh

MOST. MAHBUBA BEGUM

Pengerusi : Profesor Sariah Meon, PhD

Fakulti : Pertanian

Satu percubaan telah dijalankan untuk menilai kesan kemerosotan yang disebabkan oleh
Colletotrichum truncatum pada kualiti bji benih kacang soya yang digunakan sebagai
bahan penanaman dan makanan dan mengawalnya secara bio-priming. Sejumlah 11
genera yang terdiri daripada 17 spesis kulat bawaan biji benih telah dijumpai
mempunyai kaitan dengan kacang soya var. Palmetto. Kulat yang paling kerap
dipencilkan ialah C. truncatum dengan nilai kekerapan iaitu 12.75% dan 9.75% diikuti
oleh Fusarium oxysporum f. sp. glycines dan Diaporthe phaseolorum var. sojae,
berdasarkan kaedah kertas serap lembap dan plat agar. Simtom utama C. truncatum
pada biji benih yang dijangkiti kelihatan sebagai lesion berwarna warna perang atau
hitam, menghasilkan banyak acervuli, dengan seta berwarna hitam dan konidia pada
permukaan biji benih. Biji benih kacang soya yang dijangkiti oleh C. truncatum akan
menyebabkan pre dan pra-lecuh, mengakibatkan pengurangan percambahan dan

kebolehan hidup biji benih dengan nilai masing-masing 62.35% dan 88.24%. Kajian
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histopatologi keatas biji benih kacang soya yang dijangkiti secara semulajadi
menggunakan mickroskop cahaya (LM) dan mikroskop pengimbas elektron (SEM) telah
membuktikan kehadiran C. truncatum secara intra dan inter-selular dalam lapisan kulit,
kotiledon dan embrio kacang soya. C. truncatum juga dikesan dalam lapisan kulit,
kotiledon dan embrio kacang soya yang dijangkiti secara buatan. Kebolehan hidup dan
kebernasan bijih benih kacang soya yang dijangkiti C. truncatum juga telah dipengaruhi
seperti ditunjukkan oleh ujian tetrazolium (TZ) dan ujian konduktiviti elektrik (EC).
Isipadu biji benih kacang soya yang dijangkiti berkurangan dengan peningkatan protein
larut dan asid oleik, tetapi penurunan dalam kandungan asid linoleik berbanding dengan
biji benih kacang soya yang tidak dijangkiti. Dua isolat kawalan biologi (BCAs) kulat
Trichoderma virens (UPM23) dan T. harzianum (UPM40) telah didapati boleh merencat
pertumbuhan C. truncatum melalui aktiviti mikoparasitisme persaingan dan antibiosis
berdasarkan nilai PIRG (peratus perencatan pertumbuhan). Walaubagaimanapun, isolat
bacteria, P. aeruginosa (UPM13B8) memberikan nilai PIRG 100% dalam filtrat kultur,
mencadangkan antibiosis sebagai mekanisma keantagonisan yang utama. Tiada kesan
fitotoksikan dilihat pada biji benih dan anak benih kacang soya yang dirawat dengan
UPM23, UPM40 atau UPM13BS8. Oleh itu, keberkesanan bio-priming telah diuji untuk
mengawal jangkitan C. truncatum pada kacang soya menggunakan UPM23, UPM40
atau UPM13B8. Kacang soya yang dijangkiti oleh C. truncatum telah dirawat secara
bio-priming untuk 12 jam dan tempoh ini telah ditentukan sebagai tempoh yang selamat
untuk kacang soya. Rawatan biji benih, chemo-primed mengunakan Benlate® (T1);
bio-primed, UPM13B8 (T2); bio-primed, UPM40 (T3); bio-primed,UPM23 (T4); bio-
primed, UPM23+40 (T5) dan kawalan hidro-primed (T6) dan tanpa-primed (T7). Isolat

Trichoderma sama ada secara individu (UPM 23 dan UPM 40) atau secara campuran
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(UPM23+40) mengkoloni dengan pertumbuhan hifa yang nyata pada permukaan kacang
soya selepas 12 jam bio-priming. Isolat bakteria P. aeruginosa juga dikesan mengkoloni
seluruh permukaan biji soya dengan peningkatan unit pembentukkan koloni (CFU) 1.2
x10° kepada 5.1 x 10° per biji benih kacang soya selepas tempoh bio-priming. Bio-
priming telah berkesan untuk mengawal pra- dan pos lecuh serta mengalak
pertumbuhan biji benih. Di rumah kaca, rawatan Trichoderma sama ada secara individu
atau campuran telah menunjukkan pengurangan jangkitan lecuh secara signifikan dan
mengalakan percambahan dan pertumbuhan vegetatif ikuti oleh UPM13B8 dan racun
kulat Benlate®. Manakala, di ladang, UPMI13B8 pula adalah lebih baik dalam
mengawal pre dan pos lecuh pada julat 48.64 to 51.85% dan 65.0 to 97.20% dan juga
menggalakkan percambahan biji benih, pertumbuhan anak banih, sarta peningkatan berat
kering daun. = Walaubagaimanapun, keberkesanan kawalan  dan pengalakkan
pertumbuhan oleh UPM13B8 adalah tidak singifikan berbanding dengan UPMA40,
UPM23+40 dan juga racun Benlate®. Bio-priming menggunakan P. aeruginosa
(UPM13B8) dan T. harzianum (UPM40) telah memberikan satu kaedah pengawalan
yang berkesan dan alternatif kepada penggunaan racun kulat untuk mengawal jangkitan
C. truncatum pada peringkat biji benih dan anak pokok. Disamping itu, agen kawalan
biologi juga menggalakan percambahan biji benih dan pertumbuhan anak pokok yang
sihat. Kajian ini telah membuka dimensi baru dalam penggunaan agen kawalan biologi
untuk pengawalan jangkitan biji benih. Oleh itu, bio-priming boleh disyorkan kepada
syarikat biji benih dan petani yang menggamalkan pengeluaran secara organik, dimana

1a lebih ekonomi dan mesra alam.
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CHAPTER 1

INTRODUCTION

The soybean [Glycine max (L.) Merrill] is one of the most economically important
legume crops in the world (Liu, 2000; Olguin et al., 2003). It is grown for an
excellent and cheaper source of good quality protein and vegetable oil for human and
livestock nutrition (Wilcox, 1987; Liu, 1997). Soybean seed has a wide range of
uses including soy food, soy sauce, soy milk, animal feed and dietary supplements in
the industry; thus, the position of soybean among legumes is unique all over the

world (ASA, 2005).

The production of soybean in the tropics is less than that of the temperate regions due
to high humidity and rainfall patterns which affect the distribution and prevalence of
different seed-borne diseases. Fungi causing seed-borne diseases such as
anthracnose, Phomopsis seed decay, frogeye leaf spot and purple seed stain, are
important in tropical environments (Hartman and Sinclair, 1992; Hartman et al.,
1999). Among these, anthracnose is the most destructive and widespread seed-borne
disease which frequently occurs in soybean, especially under warm and humid
conditions in the tropics (Hepperly, 1985; Sinclair and Backman, 1989; Ploper and
Backman, 1992). Several species of Colletotrichum are associated with anthracnose,
but the most common and prevalent species recorded on soybean is C. truncatum.
The fungus causes pre and post-emergence damping-off and infected plants are
shorter and tend to senesce earlier than other healthy plants in the field (Sinclair and

Backman, 1989; Hartman and Sinclair, 1992; Ploper and Backman, 1992).



