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The Effects of Manure Applications on Yields and Protein Content of Napier Grass
(Pennisetum purpureum cv. Pakchong 1) in Organic Farming System
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Abstract: The research was conducted to investigate the effect of the yields and protein content
responses of Napier grass Pakchong 1 (Pennisetum purpureum cv. Pakchong 1) to four organic fertilizer
treatments and three cutting dates of grass. The field trial was laid out in a factorial experiment in RCBD
with 4 replications. The first factor was 4 manure applications including; T1) non-fertilizer (control)
T2) composted cow manure at 680 kg/rai (CCM) T3) composted cow manure at 680 kg/rai combined
with foliar application of pig manure tea (1: 100 v/v) at 100 liters/rai for 2 times (CCM+PMT) T4)
composted cow manure at 680 kg/rai combined with cow sewage 1,000 liters/rai for 2 times (CCM+CS).
The second factor was 3 cutting intervals of 45, 60, and 75 days. The results indicated that there was no
interaction between the manure applications and cutting date on the yield of Napier grass Pakchong 1
(P20.05). But the results indicated that the total fresh yields of T4 (CCM+CS), T3 (CCM+PMT), and T2
(CCM) were higher than that applied with T1 (control). In addition, the total fresh yield of Napier grass
significantly increased (P<0.01) with an increase in cutting dates. Therefore, the suitable age of harvesting

the grass for animal feed was 45 days, as the 45-days grass had the highest protein content (P<0.01).

Keywords: manure, napier grass Pak Chong 1, yields, protein, organic farming system
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(Table 1)

Table 1 pH, EC, OM, OC, C/N ratio, moisture content (% by fresh weight), and plant nutrient content in composted cow

manure, pig manure tea, wastewater of cow, and chitosan used in this study.

Composted cow

Pig manure Wastewater

Properties manure tea of cow Chitosan
pH 7.70 7.65 7.76
ECe (dS/m) 7.45 1.13 47.00
OM (%) 31.68 0.01 2.19
OC (%) 18.42 0.004 1.28
C/N ratio 11:1 0.4:1 2:1
Moisture content (% by fresh weight) 47.22
Macronutrient elements
Total N (%) 1.67 0.01 0.78 0.19
Total P (%) 1.18 ND Y ND" ND"
Total K (%) 2.82 0.01 0.57 0.65
Total Ca (mg/kg) 15,582.01 31.87 427.28
Total Mg (mg/kg) 8,050.70 17.94 65.28
Total S (%) 1.42 0.09 0.22
Micronutrient elements
Total Fe (mg/kg) 2,920.77 7.16 38.02
Total Mn (mg/kg) 700.77 1.99 3.05
Total Zn (mg/kg) 200.74 NDY 14.36
Total Cu (mg/kg) 44.27 1.39 8.40
Total B (mg/kg) 24.37 0.16 4.37
Total Cl (%) 0.89 0.14 0.16
Beneficial mineral elements
Total Na (mg/kg) 4,342.43 18.44 1,102.98

YND= Not Detected
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2. nananTasauiLlas wugindas 1
nanAniminaasials
ANNTAATEEA A N ARARTMIN
ansialsrasunudafiugindas 1 (Table 2)
TR ﬂWiiﬁgj@iﬁﬁﬁm‘")Nﬁuiﬁﬁﬂ@ﬂﬂﬂﬁfwiﬂ
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1990 (AMIA13ETNIATT1UgRANEN, 2548;
29evs, 2558; Whitehead, 2000) addaualinn
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#1918 60 41 uay 45 Ju (P<0.01) e N
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Table 2 The effect of fertilizer application and cutting date on the fresh yield (kg/rai) of Napier grass cv. Pakchong 1

Cutting date Fertilizer Average of
(days) Control CCM CCM+PMT ~ CCM+CS cutting date
45 3,130.4 4,027.8 3,830.1 4,548.6 3,884.2°
60 4,353.6 5,390.0 4,895.8 5,277.8 4,979.3°
75 5,349.9 6,028.3 6,949.8 7,136.8 6,366.2°
Average of fertilizer 4,278° 5,148.7° 5,225.2° 5,654.4°
Fertilizer (F) (P<0.05)
Cutting date (CD) (P<0.01)
FxCD ns

R*=0.87 C.V. = 16.31 Grand mean = 5,076.57
Means with a common letter in the row and the column do not differ significantly (P=0.05) by LSD

CCM = Composted cow manure PMT = Pig manure tea CS = Cow sewage

=K =

Tsaueaeluduansrsarnnisldile Sedinlasidust

-

Tushuennng e 4.19-4.37 wasidus aanndng

[~3 a .
3. wasiduntissiu (crude protein) aIUain
=y d e o Il
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a & 1 dl @ a
ANNN1TILATIZUALR AL FIFe TR

Tunnjuwdasinges 1 (Table 3) wuan nsliifa

yadndzluuusinge) Mbivaadeflilefidus

ALNNUAREURY NS kazalinn (2561) WU
ﬂmmmﬂmqum wWafidusldsin oty
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Uad il INee9An 39a19dsznay
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o A 9 %
516D N INANANEADINT UL TN WnTe
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Table 3 The effect of fertilizer application and cutting date on the crude protein (%) of Napier grass cv. Pakchong 1

Cutting date Fertilizer Average of
(days) Control ccMm CCM+PMT  CCM+CS cutting date
45 5.51 5.54 5.43 5.30 5.44°
60 4.10 3.73 4.11 3.80 3.93°
75 3.51 3.37 3.30 3.48 3.41°
Average of fertilizer 4.37 4.21 4.28 4.19
Fertilizer (F) ns
Cutting date (CD) (P<0.01)
FxCD ns
R*=0.87 C.V.=16.31 Grand mean = 5,076.57

Means with a common letter in the column do not differ significantly (P=20.05) by LSD

CCM = Composted cow manure PMT = Pig manure tea CS = Cow sewage
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The Study of Durian Planting Patterns of Farmers in Huai Yot District, Trang Province
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Abstract: The objectives of this research were to study the durian planting patterns, durian production
cost, and SWOT analysis of durian planting patterns of farmers, Huai Yot district, Trang province. Inter-
view schedule was used for data collection from forty-five farmers. Descriptive statistics, empirical data
analysis, SWOT analysis, and content analysis were applied for data analysis. The findings revealed
that the durian planting pattern of farmers can be classified into 3 main forms: 1) monocrop durian
farming, 2) integrated durian farming, and 3) agroforestry durian farming. Farmers' durian production
costs, monocrop durian farming was the most costly, followed by integrated durian farming. Finally,
agroforestry durian farming had lowest cost. While SWOT analysis of different durian farming patterns of
farmers can be summarized as follows: 1) Monocrop durian farming had yielding and high income, but
also high production costs. Lack of varied durian species or plant species, 2) Integrated durian farming
had a varied durian and plant species. Farmers had a varied income throughout the year, but lack good
durian tree management, harvesting produce, and 3) agroforestry durian farming gave a relatively high
yield. There were a wide range of species, low production costs, but lack of good care management,
making imperfect durian fruit. It could be seen that different patterns of durian planting were associated
with the environment, farm management, investment and the results of farming received by farmers.
Therefore, farmers may choose to grow durian in ways that suit their potential or in accordance with
their intended goals.

Keywords: durian, durian planting patterns, monocrop, integrated farming, agroforestry
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Table 1 Numbers and percentage of durian planting pattern

(n=45)
Durian planting pattern No. %
1. Monoculture 15 33.33
1) Monocrop 13 28.89
2) Monocrop with GAP 2 4.44
2. Integrated farming 20 44.44
3. Agroforestry 10 22.23
1) Durian and forest 3 6.67
2) Durian and rubber plant 7 15.56
Total 45 100.00
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Table 2 Durian farm characteristics by planting patterns

/194 Feusiazgluuuiiseldiedaunnsinaiu
ApUTaNIN

(n=45)
Monocrop Integrated farming Agroforestry
ltems — — —
Min. X Max. Min. X Max. Min. X Max.

Farm size (rai) 0.50 6.89 40.00 1.00 3.13 6.00 1.00 6.80 25.00
Durian tree 10.00 21.27 40.00 5.00 16.73 30.00 2.00 12.60 60.00
(tree/rai)

Yield (kg/tree) 0.40 57.36 500.00 5.00 34.34 180.00 2.00 25.70 67.00
Yield (kg/rai) 5.00 455.67  1,000.00 60.00 327.57  640.00 53.20 283.41 800.00

(4

UNUNISTHRANLTEUURINHATNS
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Table 3 Compare the costs of different durian planting patterns

(n=45)
Variable costs Monocrop Integrated fa.rming Agroforesftry
(THB/rai) (THB/rai) (THB/rai)

1. Chemical fertilizer 7,126.67 4,636.67 4,380.67
2. Organic fertilizer 7,989.33 2,701.33 2,618.67
3. Chemical herbicide 40 0 0
4. Chemical insecticide 2,651.33 66.66 0
5. Insect repellent extract 0 23.33 0
6. Chemicals fungicide 2,616.67 172 0
7. Trichoderma fungus 46.67 46.67 0
8. Durian tree pruning wages 500 0 0
9. Durian fertilizer wages 1,566.67 0 73.33
10. Weeding wages 266.67 653.33 0
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Table 3 (continued).

(n=45)
ey v o

11. Wages for spraying pesticides and pests 3,733.34 200.00 0
12. Energy cost 8,658.67 1,674.60 1,739.47
13. Harvest cost 660 0 0
14. Others 71.42 0 0
Total variable cost 35,827.44 10,174.59 8,812.14
Total fixed cost 39,504.22 11,893.90 7,666.67
Average Total costs 75,331.66 22,068.49 16,748.81
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(SWOT Analysis) Tun1silanyiseu
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a711asa (Table 4-6)
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Table 4 SWOT analysis of durian planting patterns as monocrop

Strengths

Weaknesses

1. High yields

2. High income from durian

3. Growing durian varieties with high demand
4. Good farm area for durian planting

5. Durian root supplementation

1. There is no diversify of plant varieties.

2. High costs

3. Root rot of durian

4. There is a cost of proper conditioning the area for
durian planting, grooves are made to prevent flooding.

Threats

Opportunities

1. There are many problems with diseases, insects and
durian enemies.

2. Problems from the use of chemicals and production
standards required by the market.

1. High demand for durian
2. High durian price
3. Production can be developed to the GAP standard.
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Table 5 SWOT analysis of durian planting patterns as integrated farming

Strengths

Weaknesses

1. Growing durian varieties with high demand and
indigenous varieties.

2. There is diversity of plant varieties.

3. Farm area has a suitable slope for planting durian
trees.

4. Farmers earn money in many ways, resulting in
year-round income.

1. High durian trees are difficult to care for and harvest
yields.

2. Difficult plots access conducts to problems of maintain
and harvest durian.

3. Root rot of durian.

Threats

Opportunities

1. There are many problems with diseases, insects and
durian enemies.

1. High demand for durian
2. High durian price
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Table 6 SWOT analysis of durian planting patterns as agroforestry

Strengths

Weaknesses

1. The yield on the farm is quite high.
2. Growing durian varieties with high demand and
indigenous varieties.

3. The area has a suitable slope for planting durian trees.

4. There are various of plant varieties.
5. Lower costs

1. High durian trees are difficult to care for and harvest
yields.

2. Difficult plots access conducts to problems of maintain
and harvest durian.

3. Root rot of durian

4. Imperfect durian fruits

Threats

Opportunities

1. There are many problems with diseases, insects and
durian enemies.
2. Transportation of durian produce is difficult.

1. High demand for durian
2. High durian price
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Potassium Fertilizer Management for Siam Ruby Queen Sweet Corn in High Level of
Exchangeable Potassium Soil
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Abstract: Timing of potassium fertilizer application on yield and yield components of sweet corn var. Siam
Ruby Queen on Kamphaengsaen series which contains high availability of exchangeable potassium
was performed. The experimental design was randomized complete block (RCBD) with 4 replications
and 5 treatments as followed: 0 kg KZO/rai (T1)and 5kg KZO/rai applied at 15 (T2), 25 (T3), 35 (T4) and
45 (T5) days after planting. The result showed that plant height of various treatments was not significant
at both 30 and 60 days after planting. The control and 5 kg Kzo/rai treatment at various times of
application had no effect on yield and yield components. The yield of ear weight with husk was 323-353
glear (2,756-3,012 kg/rai). The diameter, and length of ear without husk appeared between 18.3-18.8
cm and 4.61-4.87 cm, respectively. The sweetness as presented in total soluble solids (TSS) form was
in the range of 17.2-18.0 °Brix. The range of shoot fresh weight was shown at 0.43-0.52 kg/plant. The
range of N, P and K concentration by plant dry weight was 1.37-2.55 %, 0.18-0.25% and 2.34-2.61%,
respectively. The application of potassium fertilizer on very high level of exchangeable potassium soil

at various stages of sweet corn growth had no effect on growth, yield and yield component.

Keywords: potassium fertilizer, sweet corn
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Table 1 Some soil properties before the experiment
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Parameters Results Level
pH (soiI:HQO; 1:1) 7.50 Slightly alkaline
Soil organic matter (mg/kg) 11.6 Moderately low
Available P (mg/kg) 141 Very high
Exchangeable K (mg/kg) 172 Very high
Exchangeable Ca (mg/kg) 3,211 High
Exchangeable Mg (mg/kg) 158 High

* Land classification division and FAO projects staff (1973)
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Table 2 Plant height, ear size and sweetness of Siam Ruby Queen sweet corn as affected by various times of K application.

Plant height Ear size (without husk)
- (cm) ) Sweetness
K fertilizer Length Diameter o .
(TSS; ~Brix)
30 DAP 60 DAP (cm/ear) (cm/ear)

0 20.7 187 18.8 4.87 a 17.8
5/15 19.4 184 18.7 4.77 ab 17.2
5/25 19.3 182 18.3 4.73 ab 18.0
5/35 18.6 180 18.5 463 b 17.9
5/45 19.3 188 18.5 4.79 ab 17.8
F-test ns ns ns * ns

CV (%) 4.05 2.52 2.52 2.57 2.95

Means in each column followed by different letter indicate significant difference using Duncan's Multiple Range test

(DMRT) at 5% probability level (*); ns = not significant.

Table 3 Ear weight and yield of Siam Ruby Queen sweet corn as affected by various times of K application

Ear weight (g/ear) Yield (kg/rai)
Kfertilizer with husk without husk with husk without husk
0 370 a 246 a 3,157 a 2,096 a
5/15 347 ab 234 ab 2,961 ab 1,994 ab
5/25 345 ab 224 ab 2,944 ab 1,909 ab
5/35 355 ab 214 b 3,026 ab 1,823 b
5/45 340 b 226 ab 2,901 b 1,926 ab
F-test * * * *
CV (%) 4.72 7.53 4.72 7.53

Means in each column followed by different letter indicate significant difference using Duncan's Multiple Range test

(DMRT) at 5% probability level (*); ns = not significant.
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Table 4 Shoot fresh weight, shoot dry weight and nutrient concentration of Siam Ruby Queen sweetcorn as affected by

various times of K application

Shoot weight (kg/rai) Nutrient concentration by dry weight (%)

K application Frosh Dry N 5 K
0 4,406 1,286 1.78 0.18 b 2.40
5/15 4,389 1,205 1.27 0.25a 2.34
5/25 4,261 1,189 1.59 0.23 ab 2.61
5/35 3,703 1,089 1.53 0.23 ab 2.45
5/45 4,036 1,083 1.37 0.22 ab 2.55
mean 4159 1170 1.51 0.22 2.47
F-test ns ns ns * ns
CV (%) 10.9 121 23.8 16.6 9.80

Means in each column followed by different letter indicate significantl difference using Duncan's Multiple Range test

(DMRT) at 5% probability level (*); ns = not significant, *=significant.
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Tourists’ Satisfaction and Needs towards the Agrotourism: A Case Study of Saun Lang
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Abstract: The purposes of this research were to study 1) tourists’ behavior at Saun Lang Ban Learning
Center, 2) tourists’ satisfaction and 3) tourists’ needs. The sample group were 32 tourists visiting at
Saun Lang Ban Learning Center by accidental sampling method. The obtained data were collected by
questionnaire and analyzed by descriptive statistics. The findings indicated that the majority of tourists
were female (65.62%), 29.80 years old on average, with 22,209 baht of monthly income on average.
The travelling behavior of most tourists were coming with friends in private cars (37.50%). They travelled
during weekends and holidays (59.38%) to experience the natural environment (62.50%). Travel ex-
penses were about 500-1,000 baht (34.38%). As a whole, the tourists’ satisfaction of visiting Saun Lang
Ban Learning Center was in highest level (X = 4.39). Furthermore, they were most satisfied with tourist
services (X = 4.71), followed by tourism resources ( X = 4.67), activities ( X = 4.10), and travelling (X =
4.07). Moreover, tourists had the highest request for seating areas (90.63%), followed by more restaurants

(90.63%), clear directions (84.37%), and educational activities about learning of plant varieties (40.63%).

Keywords: Satisfaction, Tourists’ need, Agrotourism
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Table 1 Tourists’ satisfaction of visiting Saun Lang Ban Learning Center

(n=32)
Tourists’ Satisfaction Aspect X S.D. Level
1. Tourism resources
1.1 Surrounding of rice farming area 4.69 0.47 Highest
1.2 Surrounding of vegetable farming area 4.59 0.50 Highest
1.3 Surrounding of livestock farming area 4.78 0.42 Highest
1.4 Design and decoration of the surrounding area 4.63 0.49 Highest

Total

4.67 Highest
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Table 1 (continued).

(n=32)
Tourists’ Satisfaction Aspect X S.D. Level
2. Activities
2.1 Egg collecting activity 4.25 0.62 Highest
2.2 Clay activity 4.06 0.72 High
2.3 Earthworm activity 3.84 0.72 High
2.4 Frog farming activity 3.81 0.64 High
2.5 Pan rice cake with egg activity 4.25 0.84 Highest
2.6 Pandanus salted egg activity 4.00 117 High
2.7 Banana rib hobbyhorse riding 3.63 0.61 High
2.8 Rice planting activity 4.50 0.62 Highest
2.9 Water play activity for children 4.59 0.56 Highest
Total 4.10 High
3. Services
3.1 Cleanliness surrounding area 4.72 0.46 Highest
3.2 Cleanliness of the toilet 4.28 0.59 Highest
3.3 Selling of agricultural crops 4.88 0.42 Highest
3.4 Demonstration and lecture about New Theory 4.94 0.25 Highest
3.5 Services for Covid-19 measure with safety and convenience 4.72 0.46 Highest
Total 4.71 Highest
4. Travelling
4.1 Condition of easily reachable 4.06 0.84 High
4.2 Direction signage 4.09 0.70 High
4.3 Adequate parking available 4.09 0.78 High
4.4 Safety and shady parking spaces 4.03 0.74 High
Total 4.07 High
Total 4.39 Highest
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Abstract: The objectives of this research were to study behavior and demand towards purchasing grape
products, and marketing mix related to consumers' decisions in purchasing grape products in PB
Valley Kao Yai Winery, Pak Chong district, Nakhon Ratchasima province. Accidental sampling was used.
Questionnaire was applied for data collection from seventy grape product consumers in November
2017. Descriptive statistics was applied to data analysis. The findings revealed that the samples had
behaviors of buying grape products from PB Valley Khao Yai Winery for self-consumption and souvenir
for others. The 100% fresh grape juice was the most purchased, followed by wine. The average
purchase value of grape products was 638.28 baht/time. There was a growing demand for a wide range of
products in stores, including grape ice cream, grape cake, grape jelly and pickled grapes. The most
favorite packaging style and size were glass bottles and small size because it was convenient to
consume and also be reused. The marketing mix issues that consumers demand the most were
distribution channels, followed by marketing promotion, product, and price, respectively. Products
with quality certification labels and quality certification awards from the Tourism Authority of Thailand

and the reputation of farm could create credibility for the products.

Keywords: Marketing mix, Agrotourism
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Table 1 Percentage of consumers' grape-based product shopping habits

(n=70)
Items F %
Behavior of buying grape products
- Self-consumption 29 41.43
- Souvenir for others 16 22.86
- Self-consumption and souvenir for others 25 35.71
The most purchasing grape products
- 100% Fresh grape juice 28 40.00
- Wine 17 24.29
- Grape jam 7 10.00
- Raisin 4 5.71
- Grape pie 6 8.57
- Grape paste 5 7.14
- Others 3 4.29
The value of purchasing grape products (THB)
- Less than 200 16 22.86
-201-500 24 34.28
-501 - 1,000 16 22.86
- More than 1,000 14 20.00
Other fruit products of your choice besides grapes
- Passion fruit products 14 20.00
- Strawberry products 20 28.56
- Mulberry products 17 24.29
- Mango products 3 4.29
- No other products have been purchased. 16 22.86
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Table 2 Percentage of consumer demand for grape products
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(n=70)
Items F %

The demand of increasing new grape products

- Grape ice cream 28 40.00

- Grape jelly 15 21.43

- Pickled grapes 9 12.86

- Grape cake 18 25.71
Favorite packaging style

- Glass bottles 42 60.00

- Plastic 21 30.00

- Others 7 10.00
Required packaging size

- Small size, convenient to consume. 55 78.57

- Large size, kept for long time. 15 21.43
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Faavlaidantendniusiannagurasilna

WU AduARLiufiTidediutlsvan
M1anIAan AR EITaeT N TR nALla I dende
panduriaInaureddLTing Tunineuaetly
STAUNN (X = 4.02+0.52) Iz fumNNAn LT
agluszAuunnnNAIL FaeanAuaIn dudes
NNNIAARNUNEY ATUNTAULATUNTINE AL
NARANIT LAZANUIIAT MNAATN TUUAAZ AN
WUIN

ANUTRININNMTARINUNE NGNFIDENS
Justna HannAaiulun nsanegTuszatinn
(X =4.10£0.47) Imﬁﬂmﬁuﬁﬁmwﬁmﬁumﬂu
ssuann Tdun fianuidedereanuiidnsiming
(X = 4.14+0.36) 989841 AnuRsAI g
flaamsndzaan (X = 4.1040.43) LALTINIA

wansliiiudn{usinaliacndrAnyiumaini
A Ao o | = = A o
ITR0aRIAN WA FeuNeDTaLdes
29491ls Fenanslifiudndeanianisananie
warANUman e et Neadaeiunng
Arduladendenaningiaineuaesuiine
ABAARDINL LAEYINT (2553) TIANHIADININ
UIN9999N19v BN T N R LW lsadu wud
o A = = o %
inviaanaaianianalaluaduniasuagia
UngiafaNINgn A9iuuINInI WM UIde9

o o 1 -dl v K Y o a 2
NINgdnauinanatn sl feusnalauan
W WanTNaIN1I0ai9ANITa U aTaIng
Aananqnazinasanisan e uALaymnaL
AUBIANNADINITRIHLTINATANINTY Faeing
i nsaeduseauladnialdianisaiiunig
29915 1{lusiu



Agricultural Science and Management J. 5 (3) : 44-51 (2022)

49

ATUNISRILATNNITUIY NANATDELNN
Austna darnAaiuluninsneglusziunan
(X = 4.0120.55) Ineiltlsifin ﬁﬁmmﬁmﬁuﬂgj
Tuszaunnn lawn Bnsinanuaee ldAuwustindumn
(X = 4.11£0.68) AN finnssatustudulugag
WANIA (X = 3.97+0.54) wazRuansineiliansda
04 AARMUNE (X = 3.9420.42) UAAWLTIWIINIS
unzAuAanninewinlifuitnaaulauay
FaRuladenTedudn

AUNARAUI ngusaet1eduiing
faouAaiulun wsnaes luszAuNIn (X =
4.00+0.53) oR wans Wisiudngusinalianudsny
Autladasunaninet TnalaouAniugnde
Bt luszALNIN Buann wARAaTaa NiUseq
mmmwmnmmﬁ’mmmnmm (X = 4.09+0.72)
FRTANER) uﬁfiﬂmmwmmn‘lumamnaumwn
(F = 4.03£0.34) dadihiilslamgsuannnis

131nA (X = 4.00+0.46) Hansnuaianssaiuldle

WU (X = 3.99+0.68) AAMANHUTNIEUEN 1T
AHAVEUDILARNT AT (X = 3.970.47) WazU9Iq
Aniansdautsznauenednia (3.94+0.54)
wansiliiudn JistnaAnilaiennsiuseanunIn
ai d‘ A 2 o rr_'i v
naenals uazniseenuuLLsISine liNny
WN19 N ULAZ AN AN

AU naNdaeteuiing Haaw
AnillunInaaneg luszAUNIN (X = 3.95£0.52)
Tneifiyssifin ﬁﬁmmﬁmﬁuaﬂm:ﬁumn Iaun
Nﬂqmmmﬁmfnmu (X = 4.04+0.18) §5s1A"
vangszslsfiAanta (3.93+0.79) LAZINATNNAN
WMNITANAULTHIURAATININTBIRUAT (X =
3.89+0.59) m@@ﬁmﬂimﬁ mmmm@mummﬁq
ANSUAANTIAN LAYNNIAINANMN AL ALRUAN TS
dslnasansuls

ANNAAINA1RLTULAINTANLANGNS
ANNANNIINE 184 iR UasWusans (2561)
ﬁiﬁﬁﬂquﬁmiumiﬁiﬂﬂLmznwﬁmﬁu‘l@
Lﬁﬂﬂ%ﬂﬁﬂmﬁmmtiu?“lﬁmluamuﬂsm@umi
A1 sauael g larfined srinethndes Samdn

= ] o A Y o o =
UATTITANT WL ﬁQQEWLﬂHQT@QﬂUﬂ'}?mﬂ@u

laldenteinadniidn Aty Aendndnel Tdun
ANBLY WAZIATIAIRINAAAUT TR9a9uLTU
F09N19N19IAINMLUNY AANNITeAeTITIRaANN
dszneunis thanmeguiuses GAP ANaYaIn
4E0UR UNNITAIMUNE LaTIIANRIMLNER
Ligainldindidasiusandesnan dudad

{u3lnasfieanig

Table 3 Average market contribution factors related to consumer purchasing decisions

(n=70)
ltems X S.D. Description
Distribution Channels
1. Shops within the farm 414 0.36 High
2. Convenient parking 4.10 0.43 High
3. The opening and closing hours are appropriate. 4.06 0.62 High
Average 4.10 0.47 High
Marketing Promotion
1. Staff are available to advise you. 411 0.68 High
2. There are food products to try at the sale point. 3.94 0.42 High
3. Promotions are held during the festival. 3.97 0.54 High
Average 4.01 0.55 High
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Table 3 (continued).

(n=70)
ltems X S.D. Description
Products
1. Based on external characteristics, such as the aesthetics of 3.97 0.47 High
the product model.
2. Packaging clearly shows key components of the product. 3.94 0.54 High
3. The product has a quality certification label from the product 4.09 0.72 High
standard.
4. The product can be stored for a long time. 3.99 0.68 High
5. Considered the benefits of consumption. 4.00 0.46 High
6. Convenient packaging to take around. 4.03 0.34 High
Average 4.00 0.53 High
Price
1. The reasonable price for the quantity and quality of the 3.89 0.59 High
goods.
2. Easily notice of price tag. 4.04 0.18 High
3. There are many different levels of price to purchase. 3.93 0.79 High
Average 3.95 0.52 High
Total Average 4.02 0.52 High
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Abstract: The investigation of the proper timing of applying rice husk charcoal (RHC) to improve soil
inorganic nitrogen (N) and rice growth is still limited. This paper, therefore, aimed to examine the
effects of various timings of RHC (involving unamended and different timings of RHC application as in
inversely chronological order varied from the late to early applications as 0, 15, 30, and 60 days before
rice transplanting) on soil NH41N and NOS'fN concentrations and rice growth in a loamy paddy soil of
Northeast Thailand. On the rice transplanting date, the earlier application of RHC brought about lower
NH4*—N but higher NOs'—N concentrations than the later counterparts, indicating that the earlier charcoal
application rendered a more extended transformation of NH4+ to NOg'. Because rice preferred NH4*
over NO3’, this effect led to less rice growth in the earlier than later applications of RHC before the rice
transplanting. Therefore, the application of RHC into a loamy paddy soil on the date of rice transplanting

was recommended to manipulate proper concentrations of soil inorganic N for maximizing rice growth.

Keywords: Biochar, Mineral nitrogen, Nitrification, Nitrogen transformation, Paddy soil
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Introduction

Paddy soil degradation in Northeast
Thailand is of natural and anthropogenic
accomplishments (Vityakon, 2007). The RHC
is seen as a promising amending material in
Thailand since it is produced from a by-product
of rice production, creating a massive amount
of rice husk (Thambhitaks and Kitchaicharoen,
2021) that is nationwide readily available
and practically used. Charcoal used as a soil
amendment, termed biochar, is interested in
practical use and academic investigation
(Latawiec et al., 2017). It showed agronomic
benefits (Butnan et al., 2015) and environmental
issue mitigations (Butnan et al., 2016). However,
certain studies showed no effects of using
charcoal as a soil amendment in rice production
(Si et al., 2018), while some negative outputs
were demonstrated (Ly et al., 2015). The
availability of soil nitrogen (N) might be a critical
factor affecting such undesirable outputs.
Therefore, the proper time for charcoal
application was conceivable of the availability
of soil N for rice growth. Unfortunately, the
investigation of timings in charcoal application
is still limited.

The hypothesis of the current study
addressed a general hypothesis that the timings
of RHC application would affect the availability

of soil N. This study therefore aimed to examine

the effects of the timings of RHC application prior
to rice transplanting on soil NH4+—N and NOS'—N
concentrations and rice growth in paddy soil of
Northeast Thailand.

Materials and Methods
Soil and rice husk charcoal

A soil used in this study was identified
as Roi-et series (Fine-loamy, mixed, subactive,
isohyperthermic Aeric Kandiaquults), which
was classified following the Land Development
Department (2021). It was collected from a
paddy field in Sakon Nahon province at a depth
of 0-15 cm. The soil was air-dried and then
sieved through a 2-mm mesh before being
employed in the experiment. Soil texture was
detected as loam. Soil organic matter and
total N were 0.97% and 0.04%, respectively.
Concentrations of NH4+—N and NOB'—N
in soil were 8.23 and 12.25 mg/kg, respectively.
Soil pH was 4.5, and electrical conductivity was
0.04 mS/cm.

RHC was produced under a kiln modified
from a 200-liter metallic tank using a pyrolysis
temperature of 450 °C for 2 hours and left to
cool down for 6 hours. The charcoal contained
52% fixed carbon, 18% volatile matter, and 30%
ash. The pH of the RHC was 6.79, and electrical

conductivity was 0.63 mS/cm.
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Pot experiment

A pot experiment was conducted under
a greenhouse equipped with an evaporative
cooling system during June-November 2019.
Mean air temperature was 30.8 °C. Different
timings of RHC application before rice
transplanting (DBT) was evaluated, including i)
unamended ( No RHC, 0 DBT), and different
timings of RHC application in inversely
chronological order varied from the late to early
applications as follows, ii) 0 (RHC, 0 DBT), iii) 15
(RHC, 15 DBT), iv) 30 (RHC, 30 DBT), and v) 60
(RHC, 60 DBT).

A pot with a volume of 6,823 cm® was
filled with 6 kg air-dry soil mixed thoroughly with
120 g of RHC equivalent to 2% w/w. The timings
of rice husk application were undertaken at times
corresponding to the above-aforementioned
treatments. Each pot received 1,506 ml of water,
equivalent to 70% of the soil water holding
capacity till rice transplanting that was later
maintained to a 3-cm depth of water until seven
days before the rice was harvested. The RD.22
variety rice was seeded and nursed in a nursery
tray for 30 DBT. A couple of seedlings were
transplanted to each pot. Chemical fertilizer
grades 46-0-0, 18-46-0, and 0-0-60 were
applied three times to all pots at 3, 20, and 37
days after transplanting (DAT) to obtain 180 kg
N/ha, 26.2 kg P/ha, and 74.7 kg K/ha (Sun et
al., 2015). Rice was harvested at 98 DAT or 128
days after seeding. The rice results presented
herein are only the growth parameters, including
height, tillering, leaf area, chlorophyll content.
The soil was sampled at 0, 42, and 98 days after
rice transplanting or 30, 72, and 128 days after
seeding. These fresh soil samples were later
used to analyze inorganic (NH4+ and NOS’) N

concentrations.

Plant growth measurement and laboratory
analyses

Leaf area determination was
undertaken following Butnan and Toomsan
(2019). Meanwhile, leaves’ chlorophyll content
was achieved by using a SPAD chlorophyll meter
(SPAD 502 Plus, Spectrum Technologies, Inc.,
lllinois, USA).

Soil texture was obtained by the pipette
method (Kroetsch and Wang, 2008). Soil pH
was measured in a soil-to-distilled water of 1:1
w/v (Thomas, 1996), while that of RHC was 1:10
(Singh et al., 2017). Electrical conductivity of soil
was measured in a ratio of 1:5 w/v, and that of
the charcoal was 1:10 w/v. Soil organic matter
was assessed using Walkley and Black (Nelson
and Sommers, 1982), while total N was by the
Kjeldahl method on a micro-Kjeldahl distillator
(Bremner and Mulvaney, 1982). The charcoal's
fixed carbon, volatile matter, and ash were
determined following the proximate analysis
regarding ASTM D7582-15 (American Standard
of Testing Material, 2015).

Statistical analysis

One-way analysis of variance based
on a completely randomized design using
the PROC ANOVA procedure following SAS
Institute Inc. (2004) was conducted to estimate
the effects of varied timings of RHC application
on soil NH4+—N and NOB'—N concentrations and
rice growth. Multiple comparisons were assessed
using Fisher’s least significant difference test.

Significant differences were at p < 0.05.

Results and Discussion
Earlier application of RHC into the soil
prior to rice transplanting brought about the
more extended transformation of NH4+ to NOs'

as seen in decreased NH4+—N and increased



Agricultural Science and Management J. 5 (3) : 52-60 (2022)

55

NO3’—N concentrations on 0 DAT, which was
generally more pronounced in the early than the
later charcoal applications (Table 1). The result
indicated that the earlier applications of RHC
rendered more stimulation of the nitrification of
this acid soil. Several mechanisms of charcoal
stimulating the nitrification were proposed by
Prommer et al. (2014). First, the alkaline nature of
charcoal increased the pH of acid soils, including
the very strongly acid soil (pH 4.5) used in this
study. Even though the RHC employed in the
current study herein was not alkaline (pH 6.79),
it raised the pH of the acid soil to nearly neutral
thanks to its higher pH, which benefited nitrifiers
whose optimal pH ranged from slightly acidic
to neutral. Second, charcoal fueled nitrification

by providing N for nitrifiers. The premise can be

validated by a result shown by Kizito et al.
(2015), RHC contained 8.9 g N/kg. Third, the
high specific surface area and porosity of RHC
created a high adsorption capacity of the
charcoal for substances that behaved like
nitrification inhibitors such as ethylene and
acetylene, which originated from the
decomposed organic materials. Fourth, since
the nitrifying activity was dependent upon
oxygen availability, the high porosity of
charcoal increased the oxidized condition of
the soil. On 0 DAT, the absence of charcoal in
nitrification stimulation might explain the higher
NH4+—N concentration in unamended soil (No
RHC, 0 DBT) than in the charcoal treatments
(Table 1).

Table 1 Soil NH;—N and NOs'—N concentrations as affected by various timings of rice husk charcoal application.

NHAZN (mg N/kg)

NO -N (mg N/kg)

Treatment
0 DAT t 42 DAT 98 DAT 0 DAT 42 DAT 98 DAT

No RHC, 0 DBT t 102at 7.69a 6.15 1.1d 1.30 ab 1.32
RHC, 0 DBT 89c 8.11a 6.09 0.8d 157 a 1.50
RHC, 15 DBT 95Db 6.48 b 6.09 8.3c 1.69 a 1.98
RHC, 30 DBT 58d 6.41 Db 5.67 15.2b 1.09 b 1.20
RHC, 60 DBT 56d 6.89 b 5.88 425 a 1.10 b 1.82
p value <0.001 <0.001 0.953 <0.001 0.030 0.572
F test - - ns - X ns

CV (%) 3.99 3.98 14.31 9.68 17.17 41.84

*p < 0.05; *** p < 0.001; ns = not significantly different (F test).

T RHC = rice husk charcoal; DAT = days before rice transplanting; DAT = days after rice transplanting.

1 Means within the same column followed by the same letter are not significantly different at p < 0.05 (Fisher’s least

significant difference).
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Decreased NH4+—N and NO_ -N
concentrations on 42 DAT in the earlier
compared to the later charcoal application, and
no significant difference in NH4+—N and NO3’—N
on 98 DAT (Table 1) might follow the first-order
kinetic (Mohanty et al., 2008) of which inorganic
N (NHJand NO3’) decreased as a declined urea
that was a primary substrate for nitrification of the
current study.

The decreases in NHJ concentrations
and increases in NOS' concentrations brought
about a reduction in rice growth. The trends of
lower NH4+—N concentrations in 0 DAT in the
earlier applications of RHC compared to the later
application counterparts (Table 1) resulted in
decreased rice growth. The general decreases
in rice’s height (Figure 1A), tillering (Figure 1B),

leaf area (Figure 2A), and chlorophyll content

140 -
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Tillering (Plant number/hill)

(Figure 2B) evidenced the deleterious effect of
earlier application of RHC relative to the later
application counterparts. Rice generally prefers
taking up more NH; over NOS’(Mengel and
Kirkby, 2001). According to a critical review
of Fageria (2014), rice cultivated in an NH;
solution had a greater shoot and root biomass
than that grown in a NOs' solution. Fried et al.
(1965) have put forward that even though rice
uses both NH4+ and NO3’ from the soil solution,
it uptakes NH4+ as fast as 5-20 times as NOs'
does. The energy needed for NOB' uptake is
higher than that for NH4+ (Fageria et al., 2011).
After NOB' is taken up, the energy was required
for the NOS' reduction reaction prior to the
assimilation and transportation within the rice

plant (Fageria, 2014).

(B) Tillering
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Figure 1 Height (A) and tillering (B) of the rice plant as affected by various timings of rice husk charcoal (RHC) application.
The table accompanying each figure demonstrates comparisons of the application timings at each time interval or each
period of day after rice transplanting (DAT). Similar letters within a DAT are not significantly different (p < 0.05; Fisher’s
least significant difference test). Vertical bars are the standard deviation.
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Nevertheless, the significantly higher
NH; concentrations in unamended soil (No RHC,
0 DBT) relative to the RHC amended soil of the
same application date (RHC, 0 DBT) did not
generally translate into significantly higher rice
growth (Figure 1A, 1B and 2A), except chlorophyll
content (Figure 2B). Besides available inorganic
nitrogen, i.e., NH4+ and NOs', RHC provided
other essential elements to the rice plant (Asadi
et al., 2021). Charcoal constituted vital
components that were proven to influence plant

growth, i.e., fixed carbon, volatile matter, and
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ash (Deenik et al., 2010; Deenik et al., 2011).
Among these charcoal components, ash of RHC
contained a variety of minerals that are a source
of essential elements for the rice plant, e.g.,
N, P, K, Ca, Mg, and Si (Nwajiaku et al., 2018;
Asadi et al., 2021). These ash-derived elements
exhibited both positive and negative effects on
plant growth (Deenik et al., 2011; Butnan et al.,
2015). Therefore, the influences of plant nutrients
derived from the ash component of RHC ought

to be further investigated.

(B) Chlorophyll content
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Figure 1 Leaf area (A) and leaf chlorophyll content (B) of the rice plant as affected by various timings of rice husk charcoal
(RHC) application. The table accompanying each figure demonstrates comparisons of the application timings at each
time interval or each period of day after rice transplanting (DAT). Similar letters within a DAT are not significantly different
(p < 0.05; Fisher’s least significant difference test). Vertical bars are the standard deviation.
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Conclusions

Results of this study showed that the
earlier application of RHC into the soil before
the rice transplanting brought about a more
extended transformation of NH4+ to NOs'
manifesting decreases in rice growth. Applying
RHC into a loamy paddy soil on the date of rice
transplanting was recommended for proper soil
inorganic N concentration to maximize the rice
growth in paddy acid soil. However, other soil
parameters, particularly ash-derived elements
constituted in RHC that potentially affect rice

growth, are required to be further investigated.
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Abstract: The objectives of this research were to study 1) social and economic conditions 2) knowledge
of integrated pest management 3) needs of integrated pest management of pomelo production and
4) problems about extension of integrated pest management of pomelo production of farmers. The
population of this research was 205 pomelo farmers in Nakhon Chaisri district, Nakhon Pathom prov-
ince 205 member who had registered with the Department of Agriculturel Extension in 2021. Interview
questionnaire were used to collect data. Data were analyzed by using statistics i.e. frequency,
percentage, mean, standard deviation, and ranking. The results indicated that (1) Most of the farmers
were male, average age 50.81 years old, graduated primary school. Experienced in pomelo cultivation
on average 8.76 years. Average labor in pomelo production 2.03 person. The average number of
pomelo production areas was 4.49 rai. The average income from pomelo production per year was
225,712.50 baht. (2) Farmers were the most integrated pest management on the use of natural
substances and lack of knowledge of how to use physics as much as possible. Farmers were the most
practice using the karmic field method and minimal use of physics methods. (3) Farmers' needs for
the promotion of integrated pest management methods are at a high level, issue on extension and
support. (4) Problems with the extension of integrated pest management, issue on extension and
support. Suggestions for officials to follow the pomelo plantation. Organize activities to survey plots to

study diseases and insects.

Keywords: Extension; Integrated pest management; Nakhon Chai Si district
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(Table 1)

Table 1 General information of Pomelo farmers in Nakhon Chai si district, Nakhon Pathom province

(n=136)
ltems Frequency Percentage
1. Gender
- Male 76 55.88
- Female 60 4412
2. Age (years old)
<40 16 11.76
41-45 17 12.50
46-50 31 22.79
51-55 39 28.68
= 56 33 24.26
Min = 27 Max = 71 X = 50.81 SD = 8.909
3. Education level
Below primary school 3 2.21
Primary school 49 36.03
Secondary school 38 27.94
High school 28 20.59
Diploma 5 3.68
Bachelor degree " 8.09
Master degree 2 1.47
4. Pomelo cultivation experience (yrs.)
<5 65 47.79
6-10 41 30.15
11-15 16 11.76
=16 14 10.29
Min = 1 Max = 40 X =8.76 SD = 8.222
5. Group/Organization membership (more than 1 answer)
Bank for Agriculture and Agricultural Cooperatives customer group 101 74.26
Farmer group 41 30.15
Collaborative farm group 26 19.12
Farm women development group 7 5.15
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Table 1 (continued).

(n=136)
Items Frequency Percentage
6. Knowledge training of Integrated Pest Management (times/year)
Never 65 47.79
1 40 29.41
2 26 19.12
3 5 3.68
Min = 0 Max = 0.79 X = 0.79 SD = 0.881
7. Agency training of Integrated Pest Management (more than 1 answer)
State agency 63 46.32
Leader farmer 23 16.91
Private agency 20 14.71
8. Labor in pomelo production (person)
1-2 95 69.85
34 35 25.74
=5 6 4.41
Min =1Max=5 X =203 SD =1.108
9. Pomelo production areas (rai)
<2 57 41.91
3-4 27 19.85
5-6 30 22.06
7-8 3 2.21
=9 19 13.97
Min = 1 Max = 20 X =4.49 SD = 4.186
10. Land tenure for pomelo production
Land owner 86 63.24
Rented land 46 33.82
Partial owner and rented land 4 2.94
11. Income from pomelo production (baht/ year)
< 100,000 81 59.56
100,001-200,0000 11 8.09
200,001-300,000 8 5.88
300,001-400,000 12 8.82
= 400,001 24 17.65
Min = 15,000 Max = 1,850,000 X = 225,712.50 SD = 343,471.032
12. Total household expenses (baht/ year)
< 50,000 11 8.09
50,001-100,0000 7 56.62
100,001-150,000 32 23.53
150,001-200,000 2 1.47
= 200,001 14 10.29

Min = 15,000 Max = 643,000 X = 113,938.97 SD = 93,474.048
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Table 2 Summary of farmers' needs for the promotion of integrated pest management pomelo production for farmers in

Nakhon Chai Si district, Nakhon Pathom province

Needs Mean SD Level Ranking
1. Extension method 3.69 0.998 High 3
2. Knowledge 3.94 0.947 High 2
3. Extension and support 3.95 1.126 High 1
3.86 1.024 High
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Incidence of Entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae
and Associated Rice Pest Insects in Phitsanulok Province, Thailand
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Abstract: This research investigated the incidence of Beauveria bassiana and Metarhizium anisopliae,
entomopathogenic fungi (EPF), from infected rice and insect pests in paddy fields at Pitsanulok
province, Thailand. The results of the survey of EPFs and insect pests (rice insect pests infected by
those two EPFs) revealed that the abundance of some important Lepidoptera pests were 0.01-0.58
insects per site. Pyralid larvae, including the Yellow stem borer (Schoenobis bipunctifer) and Rice
leaffolder (Cnapholochrocis medinalis) were mainly found. The dead insects that were infested with
B. bassiana or M. anisopliae included the green leafhopper (Nephotettix virescen), and other members
of Hemiptera, including plant-leafthoppers, as well as members of Coleoptera, Lepidoptera, and
Diptera. Isolation and identification of B. bassiana revealed it had white colonies filamentous and had
definite cell walls. Under the same laboratory condition, M. anisopliae had hyaline to greenish hyphae
that formed a sporodochium where conidiogenous cells were born. The basipetally produced chains

adhered in distinct cylindrical columns with rounded ends, and were green (phialospores) in color.

Keywords: Beauveria bassiana, biological control, Metarhizium anisopliae, paddy field, survey
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(Cnapholochrocis medinalis) WULLAITIANEANNNTIEYINaNeT8q B. bassiana e M. anisopliae Lo
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INTRODUCTION

Globally there are over 800 species of
insects found in paddy fields, but less than 200
species are general regarded as of economic
importance (pests or beneficial insects) (Barrion
and Litsinger, 2010). Many rice insect pests
attack sporadically, so that an important insect
pest at one locality may become unimportant or
disappear there at later times. These complexes
in Southeast Asia are comprised of the rice stem
borer complex, which consists of Scirpophaga
incertulas, Chilo suppressalis, C. polychrysa
and Sesamia inferens; the leafhopper and
planthopper complex, which consists mainly of
the green leafhopper, Nephotettix virescens,
plus N. nigropictus; and the planthopper
complex, consisting of the brown planthopper,
Nilaparvata lugens and white-backed
planthopper, Sogatella furcifera. (Rombach et
al., 1987). Well known minor insect pests of rice
are the rice leaf folder (RLF), Cnaphalocrocis
medinalis; rice gall midge, Orseolia oryzae;
rice hispa, Dicladispa armigera; and rice thrips,
Baliothrips sp. (Wongsiri, 1991; Liong, 2015).
The survey was carried out in Phitsanulok

Province at various paddy fields, particularly

where the rice farmers applied less pesticide.
Rice production is the central component of the
agricultural sector. Most paddies at the study sites
are in plain regions with rich black soil. Moreover,
intricate canal systems and abundant rainfall
provide a suitable environment for growing rice.

As for the naturally-occurring
entomopathogenic pathogens in rice pest
insects, the green rice leafhoppers and
brown planthoppers are infected by various
entomopathogenic fungi (EPF), such as
Metarhizium anisopliae, M. flavoviride, Beauveria
bassiana, and Hirsutella citriformis (Rombach
et al., 1987; DeFaria and Wraight, 2007).
However, no significant attempts have been
made to extensively utilize them as microbial
control agents yet. In this study, we examined
the incidence of EPF, found to be B. bassiana
(Balsamo) Vuillemin and M. anisopliae
(Metchnikoff) Sorokin (Hypocreales:
Clavicipitaceae), and associated rice pest
insects, to evaluate their potential to control rice
pest insects as part of augmentative biological
control using native or endemic natural enemies

as well as to support organic farming.
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MATERIALS AND METHODS

A study was made during the rice
planting season in Phitsanulok province,
Thailand at 10 different paddy fields. The
locations chosen were in the three Districts of
Wat Bot, Mueang Phitsanulok, and Wang Thong
(16.60-17.50° N and 100.30-100.60° E). Ten
contiguous paddy fields of 4,000 m” each were
set up and all fields were mapped. Each study
site was divided into 10 subplots of 20 x 20 m?,
and in each subplot 50 samples of rice plants
were sampled each month. Each sample was
evaluated using the top half of the rice tiller. Dead
insects (cadavers) found to be sticking to the
leaves or part of the tiller or covered by cottony
mycelia and/or overgrown by chalky white or
green mass of conidia were collected in a sterile
plastic tube and kept in a cooler box to avoid
cross contamination from handling. Soil samples
were also taken from each of the ten survey sites
using a spoon. At each random sampling point
(0.36 m®) five subsamples of approximately
0.5-0.8 g soil samples were taken from the
top 2 cm of soil because the majority of fungal
inoculums are usually concentrated in this soil
layer (Storey et al., 1989). For each site, the five
subsamples were pooled and mixed thoroughly
in the laboratory for further investigation.

Isolation and Identification of the EPF
Collected from the Paddy Fields

The insect cadavers that appeared to be
infected by fungi were collected during the survey
and isolated as detailed above. The isolation of
B. bassiana and M. anisopliae was conducted
using the descending conidia showering method
(Papierok and Hajek, 1997). Field-collected rice
pests infected with B. bassiana that were filled

with hyphal bodies were surface sterilized by

dipping them in 70% (v/v) ethanol for 15 s, 2%
(w/v) sodium hypochlorite solution for 2-3 min,
and then washed twice with sterile water.

Isolation of B. bassiana from soil
samples was performed using the “Galleria bait
method” (GBM) (Goettel and Inglis, 1997) with
slight modifications. Silkworm larvae, Bombyx
mori L. fed with cut mulberry leaves in a
continuously reared colony maintained at
28-30 °C, were used as the bait insect. Before
the baiting procedure, the B. mori larvae were
soaked in 50 °C water for 15 s to reduce their
ability to produce silk webbing in the soil, which
might otherwise limit the exposure of the larvae
to EPF spores in the soil. Approximately 400 mL
of the moistened sampled soil (moistened with
distilled water if necessary) was placed in a
500-mL clear plastic box with a perforated cover
and was then baited with at least ten third to fourth
instar B. mori larvae.

Isolation of M. anisopliae from the
cadavers of infected field-collected rice insect
pests was performed in the same manner as for
B. bassiana, while isolation of M. anisopliae from
soil samples used the GBM as above except as
follows. After baiting on the soil sample, dead
B. morilarvae were removed, surface-sterilized,
and incubated at 25-30 °C for a few days until
the white color mycelium was observed and
turned green because of sporulation. The diluted
suspensions were then inoculated on PDA plates
using the dilution plate method and cultured
at 20-25 °C for 3-5 d and examined for the
growth and development of M. anisopliae single
colonies (Ali et al., 2010). The obtained EPF
isolates were then sub-cultured to clonality and

stored on PDA slants for further study.
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Macroscopic and microscopic
identification of the EPF

The B. bassiana and M. anisopliae
isolates obtained from cultures grown on PDA
were examined. Monosporic isolates of each
fungal species were incubated in Petri dishes
at 25 °C in darkness for 72 h. Then, three single
colonies from each plate were removed and
transferred to three sterile Petri dishes containing
malt extract agar and PDA and incubated
for 14 d in darkness at 23-25 °C. Micro-
morphological characteristics were studied
using and mounting young colony structures in
lactophenol cotton blue [0.01% (w/v)] (Poinar and
Thomas, 1984). Morphological characteristics of
the hyphal body and conidia, and pigmentation
descriptions were made and identified
according to Steinhaus (1967).

Quantity and Viability of the EPF

The conidia from 14-d-old culture were
collected in 0.5 mL of sterile distilled water
supplemented with 0.02% (v/v) Tween 80
(carrier) and then the concentration of
suspension was determined using
hemocytometer with 5 replications/isolate
(Goettel and Inglis, 1997). All isolated EPF
were subjected to conidia germinating test
on PDA in order to determine their viability as
previously reported (Migiro et al., 2010). The
isolate from each study site that produced
the highest conidial amount and viability was
selected for further study, giving 10 isolates of

either each of B. bassiana and M. anisopliae.

RESULTS AND DISCUSSION
The incidence of some important insect
pests of rice and the two obtained EPF species,
B. bassiana and M. anisopliae, were evaluated

at 10 study sites in Phitsanulok province. As

shown in Table 1, the important rice pests
were found in the paddy fields at 0-0.14 and
0.01-0.02 insects per site, respectively, while
the rice leafhopper and planthopper complex,
consisting of rice green leafhoppers, Nephotettix
virescens, N. nigropictus, zigzag leafhopper,
Recilia dorsalis, white leafhopper, Cofana spectra,
orangeheaded leafhopper, Thaia oryzivora,
brown planthopper (BPH), Nilaparvata lugens,
and the white-backed planthopper (WBPH),
Sogatella furcifera were commonly found in
paddy fields in almost all locations at 0.01 to 0.14
insects per site.

In contrast, lepidopteran pests were
observed at 0.01-0.58 insects per site (Table 1).
Amongst these lepidopteran species, the yellow
rice stem borer, Scirpophaga incertulas, and
the RLF, Cnaphalocrocis medinalis, were the
main species found in the paddy fields and to a
lesser extent were the rice caseworm, Nymphula
depunctalis, rice skipper, Pelopidas mathias,
bush hopper, Ampillia dioscorides, according to
Wongsiri (1991), there are at least 15 lepidopteran
pests recorded as rice pests.(it was similar or
different to the reference) Although the yellow
stem borer and RLF were the main lepidopterous
pests encountered in the paddy fields at
Phitsanulok province, they were apparently not
serious pests in the area during the survey.
Paddy fields in South East Asia play the
importance of the RLF and rice stem borer also
reported very few cases of their severe damage
(Rubia et al., 1996). This may be due to the benefits
of natural enemies in the paddy fields, such as the
predators, parasitoids, and entomopathogens,
which suppress the pest population, and so
implies some sort of rough balance between
these pests and their natural enemies (DeBach
and Rosen, 1991; Migiro et al., 2010).
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This study indicated that the natural
occurrence of white or green muscardine
diseases on insect pests in the paddy fields
was scarce. In total, from both the field and
laboratory screening of insects, 36 insects
(39.13%) were infected with B. bassiana, giving
an incidence of 0.08+0.08 samples per site
(Table 1). The infected insects included
Coleoptera, rice green leafhopper, Nephotettix

virescens, Diptera and lepidopteran larvae.

For M. anisopliae, a total of 12 infected insects
were found (13.04%), giving an incidence of
0.04+0.05 samples per site. The insects
infected with M. anisopliae were leafhoppers,
Asian rice gall midge, Orseolia oryzae,
lepidopteran larva and Hemipter at an average
of 0.04+0.05 samples per site. The difference
in the incidence of B. bassiana and

M. anisopliae was not significant.

Table 1 Incidence of important rice pests infected by B. bassiana and M. anisopliae in paddy fields at Phitsanulok
Province (16.60-17.50° N; 100.30-100.60° E) (n = 100 subplots)

Organism

Average number of rice pests
infected (mean + SD)

Leafhoppers (Hemiptera: Cicadellidae):
Rice green leafhopper, Nephotettix virescens
Rice green leafhopper, N. nigropictus
Zigzag leafhopper, Recilia dorsalis
White leafhopper, Cofana spectra
Orangeheaded leafhopper, Thaia oryzivora
Planthoppers (Hemiptera: Delphacidae):
Brown planthopper (BPH), Nilaparvata lugens
Whitebacked planthopper (WBPH), Sogatella furcifera
Lepidopterous insects
Lepidoptera: Pyralidae:
Yellow stem borer, Scirpophaga incertulas
Rice leaffolder, Cnaphalocrocis medinalis
Rice caseworm, Nymphula depunctalis
Lepidoptera: Hesperiidae:
Rice skipper, Pelopidas mathias
Entomopathogens: Hyphomyces:
Beauveria bassiana

Metarhizium anisopliae

0.14+£0.05
0.02 £0.02
0.02£0.13
0.01+0.01
0.01+0.02

0.01+0.02

0.02+0.03

0.568 +0.22
0.44 +0.16
0.01 £0.22

0.10+0.02

0.08 £ 0.08
0.06 £ 0.15
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EPF Collected from Paddy Fields

Beauveria spp. are cosmopolitan in
distribution, easily recognized and isolated,
occur at a high frequency in nature, and have
a wide and broad host range, including more
than 700 insect species. On the the other hand,
Metarhizium spp. are known to infect more than
200 insect species, many of which are major
agricultural pests (Steinhaus, 1967). All the
dead insects infected with B. bassiana were
covered with a dense cottony white mycelium
covering on their exoskeleton, and some of these
mycelia had sporulated. This characteristic of
the dead insects was consistent with Beauveria
vuillemin or the white muscardine (Lacey et
al., 1999). According to the macro- and micro-
characteristics of the EPF isolates mentioned
above, they were identified as B. bassiana and
M. anisopliae, had been isolated and identified
from differentinsect hosts collected from different
study sites of Phitsanulok province. A total of 99
EPF isolates were obtained from the cadavers
and soil samples. Of these, 52 were from

B. bassiana-infected insects, including 19

Nephotettix spp., 6 R. dorsalis, 2 C. spectra,
14 O. oryzae, 3 unknown coleopteran insects,
3 unknown hemipteran insects, 4 unknown
lepidopteran larvae, and one dipteran larva.
Another 40 were from M. anisopliae-infected
insects, including 13 Nephotettix spp., 2
R. dorsalis, 1 C. spectra, 16 O. oryzae, 3 unknown
coleopteran insects, 2 unknown hemipteran
insects, 4 unknown lepidopteran larvae, and
1 dipteran larva. In addition, 2 isolates of
B. bassiana and 5 isolates of M. anisopliae
were obtained from 7 out of 10 soil samples
from the 10 different study sites using the GBM
(Figure 1).

Quantity and Viability of EPF spores

The susceptibility of most insects to
EPF infection depends on the spore dosage,
with a positive correlation between the number
of infective spores and mortality by mycosis
(Ferron, 1981). The EPF characteristics, spore
production, and spore viability were evaluated
for selecting the highest productivity isolate from

each of the ten sampled locations (Figure 1).
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The B. bassiana and M. anisopliae
isolates with the highest productivity of viable
conidia were selected from each of the
ten locations. It shows that the selected
B. bassiana isolates (Bb01-10) produced
conidia ranging from 107-1016 spores mL”,
while their spore germination rate at 23 - 28 °C
for 24 hranged from 85.0 £ 3.96% 10 92.0 + 3.53%
(Table 2). Marti et al. (2005) reported that the
B. bassiana isolated from 301 adults and 274
nymphs of Triatoma infestans (Hemiptera:

Reduviidae) collected in nine localities of five

provinces in Argentina had a spore viability of
100% at 24 h at 25 °C. Whereas, the germination
rate of B. bassiana isolated from Lygus lineolaris
(Heteroptera: Miridae) at 25 or 35 °C ranged
from 88-100% at both 24 and 48 h (Leland and
Behle, 2005). This difference may reflect that
spore germination is very variable and depends
on the spore type, host species, and oxygen level
(Feng et al., 1994). Accordingly, the germination
level observed in this study is in the acceptable
range and the difference could due to the different

insect host species.

Table 2 The EPF isolates selected for pathogenicity testing based on the spore quantity and viability.

B. bassiana (Bb)

M. anisopliae (Ma)

Location
Lt Germination Germination
(subdistrict) Source Spore mL” nat Source Spore mL™ nat
(%) (%)
Tha N Nephotetti . il (Ma01
ahgam ephotettix spp 1.54x 10" 90.8+3.4 Soil (Ma01) 1.42x 10" 91.6+43
(Bb01)
Wat B Nephotetti . /i
at Bot ephotettix spp 1.15%x 10" 85.8+4.0 Orseolia oryzae 1.41x10" 93.0+4.4
(Bb02) (Ma02)
Ban Pa Coleopterous 10 Orseolia oryzae 1
, 1.56 x 10 89.2+1.9 1.98x 10 93.1+3.8
insect (Bb03) (Ma03)
Don Thong Recilia dorsalis 10 Recilia dorsalis 10
1.39x 10 85.6+6.9 1.53x 10 918+13
(Bb04) (Ma04)
Kh Nephotetti . Nephotetti .
Samo Khae ephotettix spp 1.40x 10" 88.2+47 ephotettix spp 1.49 x 10" 91.8+3.0
(Bb05) (Ma05)
Aranyik Nephotetti ) Nephotetti .
rany! OPNOICUIXSPR: 4 45 x 10" 91.8+30 | COIOCHXSPR 510" 942453
(Bb06) (Ma06)
Wang Th Hemipt Nephotetti .
ang thong emiptera 153x10° 920436 P OCHXSPR 4ex 10" 922408
(Bb07) (Ma07)
Wang NokA Nephotetti . Soil (Ma01
ang RorAen GPNOTEHX SPP 1.13x 10" 92.8+29 oil (Ma01) 1.81x10" 93.8+25
(Bb08)
Din Th Nephotetti ) Orseoli
n fhong OPNOIEHIXSPR: 4 41 x 10" 91.8+20 AN 1.56 x 10" 90.8+18
(Bb09) (Ma08)
Wang Phikun . ; Orseolia oryzae 10
Diptera (Bb10) 1.19x 10 916+4.8 1.47 x 10 90.8+1.3

(Ma09)
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Metarhizium anisopliae isolated from
different insect hosts have varying degrees
of virulence, which is linked with its spore
germination (Altre et al., 1999). Goral (1978)
reported that the virulence of M. anisopliae
conidia against insect species was increased
when the spores were produced on certain
complete media. In our study, each of the ten
selected M. anisopliae isolates produced a
spore amount ranging from 10" to 10"
spores mL”, with isolate Ma03 obtained from
Orseolia oryzae in Subdistrict Ban Pa, District
Mueang Phitsanulok having the highest spore
productivity (1.98 x 10'"® spores mL™). On the
other hand, there was no difference in the
spore viability (as germination) among these 10
selected isolates, which ranged from 90.80 +
1.30% to 94.20 + 5.31% at 23 - 28 °C for 24 h
(Table 2). The germination level in this study
is within the range found from 27 cultures of
M. anisopliae isolated from different insects in
the Orders Coleoptera and Hemiptera in
Argentina, which varied from 85.30 = 9.40% to
100% (Toledo et al., 2008).

CONCLUSIONS

The incidence of B. bassiana and
M. anisopliae in natural paddy fields was found
to range from 0-0.16 and 0.01-0.11 samples
per site. The insect pests associated with the
EPF were the rice leafhopper and planthop-
per complex which ranged from 0.01 to 0.14
samples per site. Moreover, changes in the
population density of these organisms were
dependent on the rice growing stages; all insect
pests increased gradually from the tillering to
milky stages, followed by the occurrence of

the two EPF, B. bassiana and M. anisopliae. At

the laboratory level, the EPF collected from the
paddy fields were isolated and identified
based on their macro- and micro-morphologies
according to the current identification keys.
A total of 99 EPF isolates were obtained from
92 dead insects (cadavers) and seven soil
samples (following the GBM). Major insect hosts
infected with B. bassiana and M. anisopliae
were the rice green leafhopper, N. virescens,
and other Hemiptera. The result indicated that
the natural occurrence of M. anisopliae and
B. bassiana on insect pests in paddy fields
were scarce up to 0.06-0.08 samples per site.
Additionally, the occurrence of M. anisopliae
was lower in frequency when compared to
B. bassiana, but this difference was apparently

not significant.
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Abstract: Green perilla or shiso (Perilla frutescens (L.) Britton) is a culinary herb for cooking and dish
decoration. Shiso is a short-day plant that light supplement is necessary for prolong vegetative growth
and delay flowering. This research consists of 2 parts of the experiments in order to clarify the effect
of light duration per day and the effect of LEDs light supplement on flowering of shiso; 1) study of the
effect of light duration (11, 12, 13, 14, 15, 16 h) from white fluorescent light, 120 umol m?s™ on flowering
time of shiso 2) study of the effect of supplemented light spectrum (white, red, blue and red and blue
combination) from LEDs 12 pmol m”s™, 4 h following white LED 120 pmol m®s”, 12 h on growth and
days to flower of shiso. The experimental design was completely randomized (CRD) with 3 replications
per treatment and six plants per replication. Shiso plants were grown in a closed room with controlled
air temperature at 25 °C and relative humidity of 65-70%. The results showed that the application of
white fluorescent light for 15-16 h per day delayed days-to-flowering of shiso up to 180 days after
transplanting (DAT). For the LED light spectrum experiment, the red-LED light strongly promoted the
average number of leaves (21.25 leaves) and the combination of red and blue light promoted the plant
average height (87.14 cm) which were significantly different from the white LED which the plant had 15
leaves and 64.58 cm in plant height, respectively. However, the white LED considerably had the longest
the days-to-flowering of 103.58 DAT, while the blue-LED had only 49.17 DAT.

Keywords: herb, light supplement, LEDs, light duration
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fertigation system (C).



84

ANTNANAASLNHATUASNITAANIS 5 (3) : 81-88 (2565)

MsNAaRad 2 NsAnE K@ NLALNLEY
naan LEDs sianisiastyimuiniarn1seaanananaas
Fut s Tuan wiaannang
MEIRNNITUHAAINNNINARET 1 7
Ansszazinainisliuasiaiudanistingyey
nanisasyauianisaifu wazvinliaanaan
g idasnansenanunidlunimaaesd 2
Taelunnmaaesii 2 AN NaT89AINNENIARY
wasdpine) anszuul LEDs slaniswasoyiauls
uaznseenmentesdidley tnefaseln LEDs
Av1aluusazg iAo uduuas 120 lulns
Tuadan1s1aumsAaduIflanaazianig
Lﬂm”LWmﬂmmﬁﬂqm?;m 12 dalussiady
(6.00-18.00 u.) anndwiasudasle LEDs

Asinee inaniuszes 4 42109 (18.00-22.00 1))
souiilulasunas 16 dalavsadisanaununimaaes
wuuguanysnd senausag 4 vianiuus laun
1) ngvasumaell LEDs 8919 2) LEDs AwAd
3) LEDs A1N{unay 4) LEDs Auadianiudun [y
. 1 = o=l 96/ v

(Figure 2) WAAZNINNURN 6 11 (L) AILAN
fruu)IieIRaanaNiNMmMaaesnlsziin
25 a9ANTATEd ANTUANANS 65-70% 19F
ANTATANLEIDINITNIUNINIT UL L ALTY
WeanunIsaaasi 1 anduiiuindasganns
Wwatliule wazanuandunldlunnseannanans
. - . o
fudler WRauiaumnuuansaaasAedeine
7% Duncan’s new Multiple Range Test (DMRT)

Figure 2 Light spectrums for white (A), red (B), blue (C) and red plus blue (D) LED used in this experiment.

NANISNAARILATIANTOL
NIRRT 1 HATBIAINNENITURaNsBaNABN
709A1ua e luan nieamnaans

arnni1snaaesdgnaudiaslug
naaaslagliflasuuasainuasangaaisaimus
AaduLas 120 lulastuasan1s19iunsse
Funit usraieanuAnANSTuRaLs 11 B9
16 daluesndu wudndudlaosildsunas 11
Falussiady I4nanluniseanaaniiies 18 3u
usdiel@sunsaungn 15-16 daluesadi 1amn
Tunnseaneanidindy 180 Su (Table 1) Faviu

ANNENITUASHAFDNNIEABNYNIFDBNABNTD
v = 4 . S .
sudlne I A laeNaAINENITUIANTY AU TN
W1t lna0nABNALIRNAIWMLILIVAM (non-linear)
v ¥ - P

yaniluwenzd loeilunadudu Walasuaiueng
TudpandiAanenaduing i (critical day length)
RzaanAaN MUNNAAUABENIATUAI NS
mrmf.hmwmﬁuﬁﬂqﬁ@ﬂﬂmﬂmﬂ NANNG
NARBIIT T UIIAINNENITUIENIN 11-14 T2 Tua
AedululiardesndIANe1UaNg ATeIAY
a = P o R I
Tlz Feaaaei 15-16 Faluesiady vizeantianil



Agricultural Science and Management J. 5 (3) : 81-88 (2022)

85

AedasnanansAudelaiifiu 8-9 daluesadis
TunsnaResEN LA FUEln T LA T ANLEN TR
15 uaz 16 falueredu lifiniseannaniaemds
nsdnetlgnauasy 180 Ju uﬂﬂmnﬁwqﬁﬂﬁm
gasnnseanaanidiiiluiedaaiiencnuenadi
@mudifaLﬁlu‘*ﬁ?uri@uﬁqmmmﬁuﬁnqﬁmmﬁﬁh:

©

2

fnulunsfnenaseii Wifui sy
flesudiuuuy Quantitative nénaAenissenaen
mmwmxmmmuiﬁﬁq‘%uu?@%mq%u@ﬁﬁumw
819909399 TuR | FFutesndipauenafuingd

Wela (uinw, 2556)

Table 1 Days to flowering of green perilla grown under different light duration per day condition.

Treatments
(exposure time of light/day)

Days to flowering (days)

11h 18a
12h 19b
13h 24c
14 h 56d
15h 180e
16 h 180e
F-test *

Notes: Different letters within a column indicate significant differences at P < 0.05 according to Duncan's new multiple

range test. * = Significantat at p < 0.05.
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Table 2 Growth of green perilla at 70 days after transplanting and illuminated with white LED light, PPFD 120 pymol

m?s” for 16 h followed by supplemented LED lights with various colors of lighting for 4 h.

Treatments Plant height (cm) Canopy size (cm) Number of leaves
White 12 h+ white 4 h 36.18 64.58b 15.00b
White 12 h+red 4 h 36.67 84.54a 21.25a
White 12 h+ blue 4 h 33.71 83.94a 15.67b
White 12 h+ red plus blue 4 h 35.79 87.14a 17.67ab
F-test ns * *

Notes: Different letters within a column indicate significant differences at P < 0.05 according to Duncan's new multiple

range test. ns= non-significant difference. * = Significantat at p < 0.05.
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Table 3 Days to flowering of green perilla grown under different LEDs lighting condition

Treatments

Time to flowering (days)

White 12 h + white 4 h

White 12 h +red 4 h

White 12 h + blue 4 h

White 12 h + red plus blue 4 h

103.58a
59.33¢c
49.17d
71.08b

F-test

*

Notes: Different letters within a column indicate significant differences at P < 0.05 according to Duncan's new multiple

range test. * = Significantat at p < 0.05.

Blue+Red N

Figure 3 Growth of green perilla grown in growth chambers at 70 days after transplanting.
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