











OUR INNOVATIONS FOR IMPROVING YOUR PERFORMANCES

Diffuser  Sugar Plants Sugar Refineries  Bioethanol
Audit - Engineering - Upgrading - Construction

PS

y
De Smet

Engineers & Contractors

Proud to contribute to the bright future of the Thai sugar industry
with the installation of the De Smet ™ Diffuseur for KSL and a
Boiling Pan Automation - BPA © for Eastern Sugar & Cane Public Co.
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Special Insight

e Smet Engineers & Contractors (DSEC) is a

well known sugar diffusion expert, owner of the
De Smet diffuser design that was developed in the 50’s by M.
Jean-Albert De Smet as an application of the famous edible oil
continuous counter-current extractor.

The De Smet diffuser can be used alternatively for beet
and cane diffusion and is still today the most efficient diffuser
for sugar cane extraction with over a hundred-unit sold around
the world (cane and beet).

It represents the best sugar extraction system in areas
where beet and cane are cultivated, allowing to extend and
optimize the use of a single diffusion unit beyond the cane
campaign.

The literature as well as all operators who have used the
De Smet diffuser will confirm the many advantages it offers
not only when compared to mill tandem but also to other
types of diffusers.

These advantages leading to an exceptional TOC (Total
Ownership Cost) are summarized below :

¢ Lower investment cost; not only because of reduced
equipment cost but also thanks to minimum civil works
and building involved;

¢ Reduced operating costs mainly through the low energy
requirement and the optimization of all operational parameters;

¢ Reduced maintenance costs that have proven to be as low
as half of the cost related to mill tandem having the same
processing capacity thanks to mild wearing conditions.
It’'s worth mentioning that a diffuser build in the 60’s has
recently undergone its first major overhaul. In another
installation, running parts are still not presenting any sign
of significant wear after 8 years of operation.

¢ Moreover, all maintenance activities can be executed on
site with the available resources. No need to transfer parts
to specialized workshops;

* Reduced combined operating and maintenance costs for
the whole diffuser in the order of magnitude of the costs
of one single set of mill tandem;

¢ Increased extraction performances by at least 1 or 2 point(s);

¢ Lowest absorbed electrical power on the market. DSEC’s
largest diffusers are driven by two motors of less than 40 kW;

¢ Improved chemical and bacteriological quality of the
juice as the level of infection is kept close to zero and
requires only simplified clarification and filtration station;

e Controlled extraction of non-sugar thanks to the diffusion
process;

*  Drastically reduced sugar losses due to the low microbiological
activity;

¢ Increased global sugar recovery thanks to higher extraction
and lower losses;

¢ Reduced use of chemicals in the process providing a more
environmentally friendly operation;

e Large utilization of locally sourced construction materials
and labour so as to limit import parts to key components.
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In addition to De Smet diffusers operating in France,
Nicaragua, Malawi, Swaziland, South Africa, Reunion, Fiji,
India, Vietnam, Brazil, Pakistan, Zambia and Ethiopia, the
diffuser recently commissioned in Thailand for KSL Group
is a good example of DSEC’s expertise:

*  World largest bagasse diffuser !

« On time execution and delivery;

e Fast track implementation and commissioning;
e Trust in the competence of our engineers;

*«  Demonstrated flexibility;

* Unfailing availability;

» Excellent productivity of the whole line.

Thanks to its broad and established experience in the
sugar industry, DSEC has been naturally led to question and
rethink important aspects of the crystallisation process. The
result of this is today providing the market with significant
performance improvement of the whole refining process as
well as with a large range of optimized, robust and proven
process components such as:

¢ Seeding systems;

¢ Vacuum Pans;

¢ Crystallizers;

* Massecuite distributors
*« Melters.

Moreover, DSEC’s expertise encompasses the complete
range of project implementation activities from feasibility
studies, FEED and basic engineering to full EPC implementation,
all in accordance with its ISO 9001:2015 certification. On top of
state-of-the art execution standards, DSEC also makes a point
of honor to respect the 10 principles of the United Nation Global
Compact that define the foundation of a corporate sustainability,
meeting the fundamental responsibilities in the areas of human
rights, labour, environment and anticorruption.

De Smet Engineers & Contractors
Watson & Crick Hill | Building J
Rue Granbonpré 11 - Box 8

B-1435 Mont-Saint-Guibert |
Tel: + 3210 43 43 00
www.dsengineers.com

Belgium
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artnering with the Renewable Fuels

Association, Growth Energy and
USDA'’s Foreign Agricultural Service—and
with support from the Market Access
Program program funds and state check-off
contributions—the U.S. Grains Council has
been able to help promote corn ethanol
sales globally for a new export record in
marketing year 2016/2017 of nearly 1.4
billion gallons.

LU.S. GRAINS

Calendar year 2017 saw Council
ethanol promotion programs in
China, Japan, South Korea, Colombia,
Peru, Canada, Mexico, India, the
Philippines and Taiwan. Addition-
ally, the Council provided public
comments and scientific data on
numerous

Foreign countries’ biofuel
regulatory framework processes.
The Grains Council also took
up the fight to defend the U.S.
ethanol industry on trade policy
issues occurring in Brazil, Peru,
Colombia, India and Mexico to
ensure key markets remained open
to exports of U.S. ethanol.

As a result of these efforts
and the competitiveness of
US corn-based ethanol in the
marketplace, nearly 1.4 billion
gallons of the biofuel (valued at
$2.37 billion) were exported
worldwide. Top customers
included Brazil, Canada, India, the
Philippines and China. This export
figure beats the previous record
of nearly 11 billion gallons exported in marketing
year 2011/2012, before USGC developed an
ethanol program. Additionally, the U.S. market share
of total global ethanol exports jumped from 50
percent in 2016 to nearly 65 percent in 2017.

Increased ethanol exports have a direct impact
on corn and sorghum farmers in the Midwest as
they continue to face low commodity prices and
depressed farm incomes. As global demand for
U.S. coarse grains has remained relatively flat to
slightly declining over the last decade, value-added
products such as ethanol have increased returns
for producers facing record supply of commodities
worldwide. Ethanol has become a part of the
portfolio of avenues by which grains are exported
from the United States.

The ethanol program at the Council began in
2014 as a push to increase the exports of value-added
coarse grain products. With the export share of
U.S. commodities such as corn, sorghum and
barley remaining stagnant or declining, it was
imperative to explore new opportunities to
market surplus corn stocks. As nations become
increasingly more concerned with climate change
caused by greenhouse gas emissions as well as
air quality and its effects on human health, the
Council has promoted the benefits of blending
ethanol with fuel from environmental, human
health and economics standpoints.

MAP funds accounted for nearly $2.5 million
of the ethanol programming dollars last year.
Given that the increased ethanol exports of
300 million gallons valued at $508.5 million, the
return on investment (ROI) was $203 for every
$1 of MAP invested.
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Hydrous Ethanol Sales rise 43%
in Brazil’s Centre-South
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razil's Centre-South ethanol producers

sold 962.32 million litres (254.21

million gallons) of hydrous ethanol
in the first two weeks of the September
for a 42.69% year-on-year increase.

Anhydrous ethanol sales stood at around
353.68 million litres. In all, the total ethanol sales
for the first half of the month amounted to a little
over 1.31 billion litres, local sugarcane industry
association Unica announced.

From the start of the sugarcane harvest up
until September 15, the total volume of ethanol
sold in the country’s Centre-South region was
13.58 billion litres, of which about 775 million
litres of the biofuel were intended for export
and 12.8 billion for domestic consumption.

Ethanol production stood at 2.25 billion
litres in the country’s Centre-South region for
the first half of September, up 6.86%%, with
hydrous ethanol accounting for 1.56 billion litres,
Unica noted.
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ANALYZE REAL-TIME ONLINE IN PROCESS AND LABORATORY
QUALITY CONTROL (QC) OF RAW AND REFINE SUGA
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Turnkey solution for the sugar industry
easy integration and auto calibration function

~ £\
M
N'R*@nllne } /
e Process Applications,
® Liquide ® solid
+ First Juice + Raw Sugar (Wet, Dry)
+ Mix Juice + Refine Sugar (Wet, Dry)
+ Clarify Juice + Bagasse
+ Syrup
* Properties and parameter,
® Color ® Ppol ® Brix
® Moisture ® Fiber ® Ethanol

Online Solution Co. Lid.
Rogj 124/123 K 2 UUNS 5 NUUUASAUNS cNUAUWANSY SINGUINSIY AK3auunys 11130
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USGC Asks India To Allow
Ethanol Imports To Lower

Crude Oil Import Bill
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llowing imports of ethanol can

help lower the country’s crude

oil import bill, according to
the US Grains Council, a global biofuel
promoting organisation.

“To reduce the price of petrol and reduce
the nation’s energy import bill and save foreign
exchange, India should immediately focus on
achieving a 10 per cent ethanol blend across the
country. This can be accomplished by supplementing
domestic production with ethanol imports to
achieve the necessary blend rate on a consistent
basis,” said Mike Dwyer, Chief Economist at the
US Grains Council.

At present, the National Policy on Biofuels
2018 does not allow imports of ethanol for
blending purposes.

In an statement, the USGC said, “India should
leverage the experience of other countries that
have undertaken higher ethanol blends, such as
the Philippines, where a two-tier procurement
system transformed its biofuel value chain to
achieve a 10 per cent blend mandate — thereby
increasing investment in the industry, creating
employment, and growing its domestic industry
within a decade.”
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he two companies will also collaborate

with Chempolis from Finland to

introduce Cellulosic Technology
which aims to add value of sugar cane
pulp, hoping to continue the 2 nd phase of
Nakhon Sawan Bio-Complex Project.

The managing board member of Global
Green Chemical Public Company Limited (GGC)
Mr. Seksan Arttanmangkul said that the GGC and
KTIS had since the beginning of this year signed a
memorandum of understanding (MOU) to study
and plan the NBC project together. The project is
divided into 2 phases. The first one, worth about
7,650 million Baht, includes an investment for
developing a complete biochemical industry, consisting
of ethanol, biomass electricity, infrastructure
and systems to promote central manufacturing
processes of the 2 nd phase infrastructure. The
second phase, with an estimated investment
value of 10,000-30,000 million Baht, will be
composed of a bioplastic and chemical factory
and a supplementary food one.

During the 2 nd phase, GGC and KTIS are
planning to add value of sugar cane pulp, a
type of biomass, as a raw material to make an
environmentally friendly chemical product. At
the same time, they realized that Chempolis
was developing Cellulostic Technology and
had successfully transformed sugar cane pulp
to some sugar and high-value substances like
Furfural Acetic Acid and Lignin. So, the two
companies would like to explore possibilities for
future development, which led to the recently
signed MOU.

Mr. Seksan added that the company’s long-term
expectation for 5-10 years from construction of
Nakhon Sawan Bio-Complex was an increase
of both bio-economical and sugar cane values,

knowledge improvement and promotion of
agriculture at the initial stage, an increase of individual
farmers’ annual income from employment rates,
recruitment of various knowledge workers and
high-tech labors of bioenergy, biochemical and
bioplastic, support sustainable and competitive
bioenergy production according to the Alternative
Energy Development Plan of B.E. 2558-2579,
improvement of research and innovation as
well as construction of an innovation center in
Nakhon Sawan. The innovation center aims to
increase effective agricultural and advanced
biotechnology products via cooperation of
concerned research and development centers.
Also, the Bio-Complex construction will promote
local and international investment of biochemical
and bioplastic industry.

As a flagship of PTT Global Chemical (PTTGC)
Pl. Co. Ltd. and a leader of environmentally friendly
chemical products in Thailand, GGC is ready to
add more value to palm and sugar cane, which
are industrial crops of the country, through an
over 14 million Baht investment. The company
will launch a pilot project to develop both the
EEC area, where the second Methyl Esther
factory of Thailand has started working since
the end of August, 2018, and the NBC project
in the lower northern area of the country.

The chairman of KTIS executive board Mr.
Prapan Siriwiriyakul said that the present cabinet
had approved an amendment of the National Act of
Sugar and Sugar Cane to promote bio-investment
so that a new press sugar cane factory would
be built close to an old one. However, the owner
of the old press sugarcane factory has to give a
consent to prevent fights over sugar cane as a
raw material between manufacturers. Besides,
molasses can be used to produce ethanol in
addition to sugar. Also, with the same privilege
to area of the Eastern Economic Community
(EEC) investment, the 2 nd phase of the NBC
is more possible. Now, more manufacturers are
talking about joint-investment for the project, of
which the investment of the two phases costs
approximately 40,000 to 50,000 million Baht.

The first phase of the NBC project, under the
so-called Chaba project, highlights a sugar cane
pressing factory with yearly capacity of 2.4 tons
of sugar cane, an 85 MW electrical plant and an
ethanol factory with daily capacity of 600,000
liters. It is believed to mobilize Thai economy and
encourage local farmers.

Now, Thailand has a large amount of sugar
cane, but sugar pressing completion takes quite
some time. Normally, the process starts in November,
but prolongs until April or May in the following
year. The NBC project will help Thai farmers to
complete the press sugar more quickly.
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Increasing Sugarcane Production Efficiency with
Optimized Water, Nutrient And Cultivar Management
For Takhli Soil in Nakhon Sawan Province, Thailand
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ugarcane is an important industrial crop in Thailand, which is the

world’s fourth largest sugarcane producer and second largest

sugar exporter after Brazil. In the production year 2016/17, the
sugarcane cultivation area covered 10.99 million rai, with 9.86 million rai
dedicated to industrial cultivation and the remaining 113 rai dedicated
to growing cultivars. The total area decreased from the production year
2015/2016 by 24,350 rai, or about 0.22 percent, as a result of drought.
The average productivity across the country stood at 9.51 million tons.
The five provinces with the largest cultivation area are namely Nakhon
Sawan, Kamphaengphet, Kanchanaburi, Udon Thani, and Lop Buri,
respectively (The Office of the Cane and Sugar Board, 2017. Of Thailand’s
entire sugarcane cultivation area, 80% is rainfed; only some locations
have access to groundwater or other natural water sources when there
is a lack of rainwater. Sugarcane in rainfed areas is usually shorter and
exhibits low growth of harvestable stalks, and the shoots are usually
destroyed by sugarcane borers or lack of proper care. In conjunction
with the development of other technology, research aimed at developing
fast-growing sugarcane that produces maximum stalks for cultivation in
areas with limited or fluctuating rainwater volumes can increase sugarcane
productivity to 12-15 tons/rai in average, depending on the environmental
factors of each year. Therefore, improving high-yielding sugarcane
cultivars with high sugar content can provide a way of helping sugarcane
growers save production costs and enable the country’s sugarcane and
sugar industry to compete with the world’s major exporters. In addition
to high productivity and sugar content, good cultivars must be resistant
to diseases and insects and have desirable agricultural characteristics.
For instance, they should be able to be harvested for several years and
resist breaking. They should also not bloom and should be adaptable
to major cultivation areas in each region (The National Science and
Technology Development Agency, 2014).

Based on an analysis of previous cane research projects, it is evidently that
sugarcane productivity is dependent on soil characteristics and the amount
of water, and irrigation systems or additional water in critical periods from
the establishment stage to the tillering stage have been shown to be able to
increase productivity. In addition, as each cane variety responds to
production factors differently, its response to nutrient and water
management in different environments should be studied.
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The research studied the enhancement of sugarcane productivity by
optimizing water and nutrient management as well as the use of suitable
cultivars for Takhli soil in Nakhon Sawan Province. The experiment was
statistically designed into split plots with four replicates. The main plots
consisted of 1) rainfed condition with fertilizer application of 12-9-12 kg
N-P205-K20/ rai; 2) drip irrigation with fertilizer application of 12-9-12 kg
N-P205-K20/rai; and 3) drip irrigation with fertilizer application of 18-9-12
kg N-P205-K20/rai. The sub plots comprised KKO7-037 clones, LK 92-11,
and Khon Kaen 3 sugarcane cultivars.

The experiment was conducted from January 2017 to January 2018.
The results showed that the average yield of sugarcane grown under
different treatments of water and fertilizer management were not significantly
different, while there was a significant difference among the three cultivars,
in which Khon Kaen 3 and KKO7-037 clones produced higher yields than
LK92-11. The average yield of Khon Kaen 3 and KKO7-037 clones was about
1914 and 19.51 t/rai. The water use efficiency was highest in both under
rainfed and drip irrigation conditions, with the average yield of 9.97 and
10.16 kg/rai per 1 millimeter, respectively. The analysis of the Benefit - Cost
Ratio (BCR) showed that plant cane production in Takhli soil in Nakhon
Sawan by planting Khon Kaen 3 variety under a rainfed condition with the
application of 12-9-12 kg N-P205-K20 fertilizer /rai showed the highest
BCR of 1.06, whereas the other treatments of fertilizer, water and variety
management resulted in BRC of less than 1.0.

Methodology

The experiment was conducted on Takhli soil series (Loamy-
Skeletal, Carbonatic, Isohyperthermic Entric Haplustolls), which is black
and dark brown clay loam speckled with marl inside and on the surface, in
Kao Chai Thong Sub-district, Tak Fa District, Nakhon Sawan Province, with
the experimental plots located at 47P 653207E 1686978N. The experiment
period was from January 2017-January 2018. The experiment employed a
split-plot design with four replicates. The main factor for the main plots was

three water and fertilization application types, namely 1) a rainfed condition
with the application of 12-9-12 kg of N-P205-K20 fertilizer/ rai; 2) drip

irrigation with the application of 12-9-12 kg of N-P205-K20 fertilizer/rai; 3)
drip irrigation with the application of 18-9-12 kg of N-P205-K20 fertilizer/rai.
The subsidiary factor for the sub-plots was the three sugarcane cultivars,
namely KKO7-037 clones, LK 92-11 cultivars, and Khon Kaen 3 cultivars,
all grown in 11.7x9 sub-plots, which were placed 1.50 meters apart from
each other and administered with a chemical fertilizer (1/2N-P-K). The
cultivars were planted in a 1.5x0.5 m. area, with two three-budded stalks
planted in each hole. Once the sugarcane plants were 3-4 months old, a
nitrogen fertilizer (1/2N) was applied 10-15 centimeters from the burrows.
The cultivars were planted on January 25, 2017 and harvested on January
22,2018. The water balance was considered every seven days to determine
the amount of supplemented water for the cultivars, using the following
equation: Etc = Kc x ETo, with the Kc of Khon Kaen 3 (Kobkiat et al, 2012)
and ETo calculated with Blaney and Criddle’s method (FAO, 1986). ETC is
crop evapotranspiration (m.m./day); Kc is the crop coefficient (the Kc of
Khon Kaen 3 was used); and ETo is the reference water use (m.m./day).
ETo is equal to p (0.46Tmean+8), in which p represents the percentage
of daylight hours in a year and Tmean represents the average monthly
temperature. Tmean is equal to (Tmax + Tmin)/2, in which Tmax is the sum
of the maximum temperatures during the month/the number of days in
the month and Tmin is the sum of the minimum temperatures during the
month/the number of days in the month. The equation could be used to
calculated the supplemented amounts of water required from planting
to the harvesting stage. Once combined with the amount of rainfall, the
rainfed condition and the drip irrigation condition received 1,878.90 and
1,940.81 m.m. of water in total, respectively (Table 1).

The measurements taken to record cane grown were stalk length,
stalk diameter, the number of stalks per bunch, the number of stalks per
planting area, fresh weight, Brix, and CCS. Soil samples at depths of 0-20
and 20-25 cm were collected. and their chemical properties were analysed,
including their pH values, measured from a mixture of soil to water in a 1.1
ratio with a pH meter; organic matters, measured with Walkley and Black’s
method (1934); available phosphorus, extracted from the soil samples with
Bray Il solution and measured with the formation of the molybdenum blue
spectrophotometric method; and exchangeable potassium, extracted from
the soil samples with IN Ammonium Acetate, pH 7 and measured with an
atomic absorption spectrophotometer.
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Water use efficiency of cane =
Cane yield
Total water received (rainfall + supplemented water)

An analysis of variance was conducted using the software MSTAT-C.
The statistical differences in the dataset were measured with Duncan’s
Multiple Range Test at a 95% confidence level and over.

The economic returns were analyzed with the following equation:
Benefit cost ratio (BCR) = variable cost (cost) divided by net profit
(benefit).

Table 1 Weekly Rainfall, Sugarcane Evapotranspiration and Amount of Supplemented Water During 1-27
Weeks Farmer Field At Nakhon Sawan

Week Kc of Weekly Ave. Ave. Evapotra iration Date of Amount of

plant cane Rain Tmax  Tmin El irrigation Supplemented water
(mm/week) (0C) (00 (mm/week) (mm)
Rainfed Irrigate
1 0.21 0.0 32.6 19.4 0.00 26/1/2017 37.45 37.45
2 0.21 0.0 343 19.6 6.50 1/2/2017  20.81 20.81
3 0.21 0.0 32.9 19.8 7.80 8/2/2017 20.81 20.81
4 0.21 0.0 349 203 8.80 16/2/2017 2081 20.81
5 0.21 0.0 354 234 7.91 23/2/2017 33.29 33.29
6 073 0.0 358 232 19.87 2/3/2017 2081 20.81
7 0.73 0.0 370 241 29.74 9/3/2017 20.81 20.81
8 073 0.0 36.5 248 34.70 16/3/2017 2497 24.97
9 0.73 0.4 355 242 30.53 24/3/2017 24.97 24.97
10 0.73 26.0 36.1 243 25.71 30/3/2017 24.97 24.97
[ 0.73 1.4 367 258 26.50 5/4/2017 24.97 24.97
12 073 42 367 254 27.43 11/4/2017 2497 24.97
13 0.73 14.5 39.1 263 36.44 19/4/2017 24.97 24.97
14 073 0.0 37.4 265 32.95 26/4/2017 0 39.32
15 073 24.0 374 265 32.83 3/5/2017 0 22.68
Total 70.5 327.71 324.61 386.61

Results and discussion
Characteristics of the Soil

The Takhli soil in the experiment area was black and dark brown clay
loam speckled with marl inside and on the surface. The analysis showed that
the soil from the 0-20 cm depth was pH 7.81 and contained 2.11% organic
matter, 3 mg/kg of available phosphorus, and 85 mg/kg of exchangeable.
The soil from the 20-50 cm depth was pH 7.83 and contained 1.97% organic
matter, 4 mg/kg of available phosphorus, and 75 mg/kg of exchangeable.
In accordance with this soil analysis, 12-9-12 kg of N-P205-K20 fertilizer
was applied for the plant cane.

Table 2 Characteristics Of Takhli Soil Series At Nakhon Sawan Province Before Planting Sugarcane
In 2017/2018.

Depth (cm) pHI1:1 OM (%) Avai. P (mg/kg) Exch. K (mg/kg)
0-20 7.81 2.11 3 85
20-50 7.83 1.97 4 75

Sugarcane Yield and Sugarcane Composition

The clay in the Takhli soil series was black and dark brown clay
loam. It was basic in properties and contained high organic matter, low
available phosphorus, and high exchangeable potassium. The nutrient and
water management did not produce significant differences in the length
of the harvested stalks. Nitrogen fertilizer was applied 1.5 times of the
recommended rate, based on the soil analysis, and the 18-9-12 kg/rai
N-P205-K20 fertilizer application and drip irrigation were used. The
average stalk length was 297 cm. The differences in the stalk length of the
three varieties were statistically significant. KKO7-037 clones yielded the
highest length average of 339 cm. No interaction between the nutrient
and water management and the stalk diameter of the harvested plant
cane was found. The nutrient and water management did not produce
significant differences in stalk diameter; the three varieties did not produce
significant difference in stalk diameters. No interaction between the nutrient
and water management and the cane varieties was found (Table 3).

Table 3 Stalk Length and Stalk Diameter (Cm) Of Plant Cane Grown On Takhli Soil at Nakhon Sawan

Province during 2017/2018 under Different Management of Water, Fertilizer and Cultivar

Sugarcane Stalk Length (cm) Stalk Diameter (cm)
Cultivars/Clone  12-9-12  12-9-12  18-9-12  Average 12-9-12 12-9-12 18-9-12 Average
Rainfed Irrigation Irrigation Rainfed Irrigation Irrigation

KK07-037 334 345 338 33%a 2.63 2.66 2.63 2.64
LK92-11 238 229 243 237¢c 2.60 2.64 2.65 2.63
KK 3 302 301 311 304b 2.55 2.62 2.72 2.63
Average 291 292 297 293 2.59 2.64 2.67 2.63
C.V. (a) 9.35% C.V. (b) 5.25% C.V. (a) 528 % C.V. (b) 5.49%

F-test : A=ns, B=**, AxB=ns F-test : A=ns, B=ns, AxB=ns
Means follow by the same letter in columns and rows are not significant different at 5% level by DMRT
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The management of nutrients, water, and cultivars did not result
in significant differences in stalk number. Similarly, it did not produce
significant differences in productivity. However, it was found that there
were significant differences in the cane yield among the three cultivars
yielded, with Khon Kaen 3 and KKO7-037 clones producing the highest
average yield of 1914 and 19.51 tons/rai. No interaction between the nutrient
and water management and the cane varieties was found (Table 4).

The management of nutrients, water, and cultivars did not produce
significant differences in Brix. However, it was found that the Brix of the
three cane varieties was significantly different, with LK92-11 yielding
the highest Brix degrees of 22 on average. No interaction between the
management of nutrients, water, and cultivars and the cane varieties in terms
of CCS was discovered; the nutrient and water management did not result
in significant differences in the CCS of the plant cane. However, there were
significant differences in the CCS among the three cane varieties, with LK92-11
yielding the highest CCS at 17 on average. No interaction between the nutrient
and water management and the cane varieties was found (Table 5).

Table 4 Number of Millable Stalk (Stalk/Rai) and Sugarcane Yield (Ton/Rai) Of Plant Cane Grown On TakhliSoil at

Nakhon Sawan Province during 2017/2018 under Different Management of Water, Fertilizerand Cultivar

Sugarcane Stalk Length (cm) Stalk Diameter (cm)
Cultivars/Clone 12-9-12 12-9-12 18-9-12 Average 12-9-12 12-9-12 18-9-12 Average
Rainfed Imigation  Irrigation Rainfed Irrigation  Irigation
KK07-037 334 345 338 33%a 2.63 2.66 2.63 2.64
LK92-11 238 229 243 237¢ 2.60 2.64 2.65 2.63
KK 3 302 301 311 304b 2.55 2.62 272 2.63
Average 291 292 297 293 2.59 2.64 2.67 2.63

Table 6 Sugar

C.V.(a) 835%C.V. (b) 8.44 % C.V. () 19.36 % C.V. (b) 827 %
F-test : A=ns, B=ns, AxB=ns F-test : A=ns, B=**, AxB=ns
Means follow by the same letter in columns and rows are not significant different at 5% level by DMRT

Table 5 Brix and CCS of Plant Cane Grown On Takhli Soil at Nakhon Sawan Province during

2017/2018 under Different Management of Water, Fertilizer and Cultivar

Sugarcane Stalk Length (cm) Stalk Diameter (cm)

Cultivars/Clone  12-9-12  12-9-12 18-9-12  Average 12-9-12 12-9-12  18-9-12 Average

Rainfed Irrigation Irrigation Rainfed Irrigation Irrigation
KK07-037 334 345 338 33%a 2.63 2.66 2.63 2.64
LK92-11 238 229 243 237¢c 2.60 2.64 2.65 2.63
KK 3 302 301 311 304b 2.55 2.62 2.72 2.63
Average 291 292 297 293 2.59 2.64 2.67 2.63
C.V. (a) 9.35% C.V. (b) 5.25% C.V. (0) 528 % C.V. (b) 5.49%

F-test : A=ns, B=**, AxB=ns F-test : A=ns, B=ns, AxB=ns
Means follow by the same letter in columns and rows are not significant different at 5% level by DMRT

The management of nutrients, water, and cultivars did not result in
significant differences in sugar yield. The three cane varieties resulted in
significant differences in sugar yields, with Khon Kaen 3 having the highest
sugar vield at 3 tons/rai. No interaction between the nutrient and water
management and the cane varieties was found (Table 6).

The water use efficiency of plant cane was calculated from the
proportion between the yield and the total amount of water that plant
cane received from planting to harvesting. It was found that KK 07-037
clones showed the highest water use efficiency both in the rainfed and
irrigated conditions, yielding 10.16 kg of products on average per 1 mm of
water, followed by Khon Kaen 3, whose water use efficiency in both rainfed
and irrigated conditions was 9.97 kg per 1 mm. of water. (Table 7)

Yield (Ton/Rai) Of Plant Cane Grown On Takhli Soil at Nakhon Sawan Province during 2017/2018 under

Different Management of Water, Fertilizer and Cultivar

Table 7 Water Use Efficiency of Plant Cane Grown On Takhli Soil at Nakhon Sawan Province during
2017/2018 under Different Management of Water, Fertilizer and Cultivar

Sugarcane Sugar yield (ton/rai)
culivarsicions 12:9-12 12:9-12 189.12  Averase
Rainfed Irigation Irrigation
KK07-037 2.20 2.36 2.00 2.18b
LK92-11 2.33 2.00 2.54 2.29b
KK 3 3.12 2.97 2.91 3.00a
Average 2.55 2.44 2.48 2.49
CV.(a)17.13% C.V. (b) 10.97 % F-test : A=ns, B=**, AxB=ns

Means follow by the same letter in columns and rows are not significant different at 5% level by DMRT
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Sugarcane Water use efficiency
Culfivars/Clone
12-9-12 12-9-12 18-9-12
Rainfed Irigation Irigation
(1,878.90 mm.) (1,940.81 mm.) (1,940.81 mm.)

KK07-037 10.02 10.86 9.60 10.16
LK92-11 7.7 6.18 7.57 6.97
KK 3 10.22 9.71 9.99 9.97
Average (a) 9.14 8.92 9.05 9.03

Economic returns

An analysis was conducted to determine the economic returns from
the cane cultivation efficiency optimization through the management of
water, nutrients, and cultivars for the Takhli soil series, which was black
and dark brown loamy clay. The benefit cost ratio analysis showed that
the combination of the 12-9-12 kg/rai N-P205-K20 fertilizer application,
the rainfed condition, and Khon Kaen 3 involved lower risks, with the BCR
value of 1.06 and net profit of 11,951 baht/rai, which indicated that the
treatment was worth the investment (Table 8)

Table 8 Analysis of Benefit-Cost Ratio of Sugarcane Production under Different Treatments of Water, Nutrient and

Variety Managements In Takhli Soil At Nakhon Sawan During 2017/2018

Sugarcane Yield Cost Income Benefit BCR
Cultivars Clone (ton/rai) (Baht/rai) (Baht/rai) (Baht/rai) (%)
12-9-12 Rainfed

KK07-037 18.83 11,120 18,330 7,211 0.65

LK92-11 13.48 9.515 16,987 7,472 0.79

KK 3 19.20 11,231 23,181 11,951 1.06
12-9-12 Irrigation

KK 07-037 21.07 13,189 19.877 6,687 0.51

LK 92-11 12.00 10,468 14,837 4,369 0.42

KK 3 18.85 12,523 22,311 9,788 0.78
12-9-12 Irrigation

KK 07-037 21.07 13,189 19,877 6,687 0.51

LK 92-11 12.00 10,468 14,837 4,369 0.42

KK 3 18.85 12,523 22,311 9,788 0.78
18-9-12 Irrigation

KK 07-037 18.63 12,714 17,152 4,437 0.35

LK 92-11 14.70 11,535 18,509 6,973 0.60

KK 3 19.38 12,939 22,150 9,211 0.71

Fertilizer price: 21-0-0 (42.9 baht/kg N) 0-46-0 (58.7 baht/kg P205) 0-0-60 0 (30.5 baht/kg K20) Yield

price 10 ccs: 880 baht/ton

Conclusion

In optimizing of cane production efficiency through the management
of water, nutrients, and cultivars for the Takhli soil series in Nakhon Sawan
Province, it was shown that different water and fertilizer applications did
not lead to significantly different cane yields. The cane varieties, however,
were shown to create significant differences. Khon Kaen 3 and KKO7-037
clones produced the highest yields of 19.14 and 19.51 tons/rai on average
and exhibited the highest water use efficiency in both rainfed and irrigated
conditions, producing 9.97 and 10.16 kg of products per 1T mm of water
used on average. LK92-11 showed the lowest water use efficiency in both
rainfed and irrigated conditions, yielding 6.97 kg of cane per 1 mm of
water used on average. According to the benefit cost ratio analysis, the
combination of the 12-9-12 kg/rai N-P205-K20 fertilizer application, the
rainfed condition, and Khon Kaen 3 produced economic returns that were
worth the investment, showing a BCR value of 1.06, compared to the other
treatments, whose BCR values were lower than 1.0.
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