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ABSTRACT

A study was conducted to identify the causatives for low ratoon yield in sugarcane
plantation with special reference to hydro-geomorphologic parameters of the landscape.
Hydro-geomorphologic parameters ie. closed depressions, flow accumulation and
topographical wetness index were assessed. These hydro-geomorphologic parameters were
used as indicators for characterizing land drainage status. Closed depressions, flow
accumulation and topographical wetness index were generated based on digital elevation
model created by shuttle radar topography mission using system for automated
geoscientific analyses software (SAGA) and quantum GIS (Q GIS) software. The yield of
plant crop, first and second ratoon crops in 3,937 farmer fields over 4,865 ha plantation
were taken for the evaluation. Correlation analysis was conducted on sugarcane yield in
plant crop, ratoon crops 1 and 2 against closed depressions, flow accumulation and
topographical wetness index values of each farmer field. The results showed that yield of
plant crop or ratoon 2 were not significant with the parameters; closed depressions and
topographical wetness index. However, the sugarcane yield positively correlated with
parameters, flow accumulation and topographical wetness index in ratoon 1.

Keywords: Geographical Information System, hydro-geomorphology, sugarcane ratoon

yield

INTRODUCTION

Sugarcane yield declining in ratoon crops is
reported as a serious issue in Gal-oya
Plantation L., Hingurana since 2012.
Ratoon yield declining  is  generally
acceptable for even high productive healthy
crop lands. Sugarcane replanting is often
€conomically justifiable after five to six
ratoons (Henry and Ellis, 1995). Currently
Sugarcane farmers in Hingurana are claiming
that they cannot get good ratoon yield even

in the ratoon 2 though it gives good yield in
plant crop. Normally, sugarcane crop can be
maintained up to five to six ratoons in most
other sugarcane growing areas in Sri Lanka.
Frequent replanting practice s not
economically viable under Sri Lankan
condition as most of the farmers start to
receive profit from ratoon | crop. Usually
cost incurred with land preparation and
planting is deducted from the plant crop (1*
year income).
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The entire plantation in Hi“g“ra"a i
cultivated under irrigated condition wher;:
furrow irrigation is practiced. c.on.trol.le
water supply is important in furroy irrigation
actices as over irrigation negative
fhre yield (Holden and McGuire, 1998). If un-
controlled irrigation occurs, excess. water
tends to accumulate at lower flat terrain areas
and slowly drained into natural dran.nageS-
The main natural drainage in the area 1S G_al'
Oya river. River banks of Gal-Oya are being
inundated by flooding during Maha rainy
season particularly in the month of
November to December in some years which
records high rainfall. Factors such as slope,
terrain and relief forms, are the main
physical attributes which determines the rate
of surface drainage process (Souza et al,
2010). Low rate of drainage tends to form ill
draining areas and it causes significant yield
loss of sugarcane cultivations (Abeysinghe ef
al., 2018; Holden and McGuire, 1998) even
in high productive fertile lands. Hydro-
geomorphic indexes like closed depression
(CD), flow accumulations (FA) and
topographic wetness index (TWI) have been
widely used to characterize water logging or
flood risk areas (Kumhalova et al., 2014;
Grabs, 2009; Alberto et al., 2017). CD of the
landscape often tends to create il draining
situations resulting soil moisture levels in
root zone often higher than the saturation
level during the entire rainy period
(Eslamian, 2014). FA areas are more
vulnerable to floods and soj] erosion
(Baffour et al, 2012). Soil moisture levels
are often high in lower catena due to
subsurface  flow accumulation  apg
groundwater discharging. TWI is often used
to .characlcrizc such variations of soil
(r)nro:;lu;c Icvc)ls across the landscape catena
Smedr: 2?)?40)U:::.m'.yd“°"- 2006; Liu and
' - Accordingly, a hypothesis can

ly affect

be formed as lowering of ratoop yield in
a may have some association with
this hydro-geomc?rph.ic parameters.
Therefore, this investigation was fionducted
to understand the effect of terrain related
hydro-geomorphic parameters on lowering
the sugarcane yield in Hingurana.

Hingul’an

METHODOLOGY
Study area: The study was conducted ip
Hingurana sugarcane growing area, between
latitude from 7.160 to 7.280 (°N) and
longitude from 81.610 to 81.750 (°E) over
4,865 ha in land extent. Hingurana area
located in the Low Country Dry Zone in the
Eastern boundary of the island, nearly 20 km
proximity to the nearest sea. The terrain of
the land is characterized as flat terrain,
elevations range from 15 m to 65 m above
mean sea level. Soils of this area mainly
belong to three sub groups, i.e. alluvial, non-
calcic brown and reddish-brown earth
(Abeysinghe et al., 2018; Weerasinghe et al,
2011). Soils of the area are dominant with
sands, particularly loamy sand and sand in
texture according to the USDA classification
(Wijayawardhana, 2014). The average
annual rainfall in this area is 1,782 mm. The
main rainy season spreads from October to
December that receives rainfall from North
East monsoon contributing 70% of total
annual rainfall. Average annual ambient air
temperature is 29.7 °C and the annual
evaporation is 1506 mm per year
(Wijayawardhana, 2014).

Identifying low ratoon yield reporting
sugarcane fields: Sugarcane yield data of
3,937 farmer fields from 2013 to 2016 in
Hingurana Sugarcane  plantation =~ Were
obtained for the analysis. In order to identify
low ratoon yielding lands, yield ratios (ratio

= |_and 2) between two consecutive CroP
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cycles were calculated for each farmer field
as per equation 1 and 2.

Ratoon 1 yield (é)

Ratio 1 =
Plant crop yield (h—‘a)

Ratoon 2 yield (é)

atio 2 =
K Ratoon 1 yield (ﬁ)

If ratoon yield is in decreasing pattern as
ratoon number increases, above two ratios
should be less than 1 (ratio value<l). As
such, all the farmers” fields that appeared in
the above pattern (both ratio values less than
1) were considered as low ratoon yielding
lands. Other lands were omitted from the
analysis. These selected farmer fields were
again  re-categorized into five groups
according to plant crop yield (tha) i.e., <50,
50-100, 100-150, 150-200 and >200,

respectively.

Spatial distribution of problematic farmer
fields: Magellan GPS was used to take
global position data at each farmer field.
Most probable center location of each farmer
field was taken as the GPS poiﬁl.
Subsequently, the identified low ratoon
yielding lands were plotted on a map.

Identification of ill drained lands: Most of
the hydrological properties that determines
the drainage status of the landscape is
strongly linked with the terrain parameters
(Hoffmann and Winde, 2010). Parameter
CD, FA and TWI were used to characterize
the farmer ficld’s ill draining conditions of
farmer ficlds. CD, FA and TWI were derived
using digital elevation model (SRTM data,
90 m) with SAGA-GIS and Q-GIS software
Jarvis eral, 2007). X and Y axis of DEM
were converted into meter scale as SRTM
data of the satellite images have been given
in latitude and longitude scale (Vern, 2010).

SAGA GIS has a high efficiency in
processing spatial data (Alberto er al., 2017),
and its many offered options for dealing with
most  environmental and hydrological
modeling purposes.

Closed depressions: Protocol developed by
Olaya and Conrad (2009) was used to create
CD raster layer. Depression areas of the land
form always tends to accumulate excess
rainfall water during rainy seasons (Liu and
Smedt, 2004), creating temporary flooding or
ponding even the adequate drainage facility
has been provided. Ponding time or flooding
occurred in these depression areas often
depends on the slop of the terrain and
distance toward the natural drainage system
and the intensity of the effective rainfall.

Flow accumulation: Often natural drainages
or valley beds are characterized by flow
accumulating areas. Protocol developed by
Olaya and Conrad (2009) was used to create
FA raster layer using SAGA GIS software.

Topographic Wetness Index: Topographic
wetness index was first introduced by Beven
and Kirkby (1979). Since then it has become
one of the most commonly used topographic
indices. Topographical wetness index values
were generated based on the DEM derived
slope maps using SAGA GIS software based
on the protocol developed by Olaya and
Conrad (2009). TWI give relative wetness of
the soils and often link with the shallow
groundwater areas or groundwater discharge
areas (Brydsten, 2006).

Higher TWI
depressions or ill draining patches and lower

values  represent  drainage
values represent crest, ridges or relatively
dry patches. Arcas with high TWI values are
more hkely to drain by saturated excess flow
during wet period. Thus, water accumulated
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Statistical analysis:lgD. FA aerlctlr;l;\:{i\:;:z::
' field were extr .
;-'nigz:r]:hZ fzllsrinn];;rQGlS software (Mancusi :nl
al., 2015; QGIS project, 2014). Spcall;l.lll.-‘
Rho correlation analysis at 95% probability
was conducted between TWI vs plant cr(;s
yield (P), ratoon 1 yield (R1), ratoon 2 yie

R

9 d yield reduction % from plant crop
(R2) an

to ratoon 2.

RESULTS AND DISCUSSION |
Spatial distribution of low rzfloon yicl(;;n;!
;alnds: Out of total lands c.onsu-icrcd, 3.l '
1.107 lands have been identified as o‘w
ra'toon yielding Iaers that fcp'om.d
significant yield declining pattern as ratoon

number increases.

A

™~ -

-

Fig. 1. Spatial distribution of low ratoon yielding lands

Yield declining pattern: Yield statistics of §
groups categorized according to their plant
crop yield (Vha) ie., <50, 50-100, 100-150,
150-200 and >200 are given in the Table

According to the Table 1, ratoon yield
declining problem in Hingurana s not a
myth. In average, 739, yield declining was
recorded in ratoon 2 even though some
farmer fields gave plant crop yield higher
than 200 vha, Yield figures of he plant crop
In most farmer ficlds reflec that those lands
have high potential 1o give g £ood sugarcane
yield. Average plant Crop yield wag 1226
62

Uha and had been drastically decreased down
t0 31.3 Uha within three years.

llydro-gcomorphic parameters:  Spatial
distribution of CD, FA and TWI indices are
given in Figure 2, Spatial distribution of
Parameter CD is limited into few locations.
These Cp arcas h

ave a tendency for occur
lood inund

ations during rainy seasons, and
the severity  ang inundation period  often
depends o the raing
of consecutjye
Catchmeny.

all intensity and number
rainy days occurred over the
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Table 1. Average vicld of plant crop. rai000 1, raioon

:ardtheirre‘.smcctm;tst«\mcxhcgp

cycles ‘
Relative change
Yield Yield (tha)

N . RI-R2% P-R2"
“;:) " ®» (R (R} PRI RI-R2 P-R2 PRI RI-R ; ”.4
= 3 3 R, 66. /.
>30 459 364 114 3.4 250 344 :0.9 o o
<c-uoo 98 S48 383 250 %4 518 306 £
: - - s 3 75 3 2 683
100-150 1099 715 47 3z 3 368 752 349 f‘-)j s
150-200 155.7 1330 k2.5 3.7 1002 - 1229 146 75 .".8
<00 2316 139.7 291 $19 906 17235 369 629 ; g
Average 1226 £7.1 313 335 $58 913 > 61.1 73.0
P= Plant crop. R1=Ratoon 1 and R2= Ratoon 2
Banks of Gal-Ova mer and most Correlation coefficient of  evaluated

downstream areas have relatively high TWI
values. Unlike CD and TWL parameter FA
was widely dismbuted (mosaic distibution
panem) over the entire sugarcane projact

parameters against the plant crop (P). ratoon
1 (R]) and ratoon 2 (R2) are given in the
Table 2. .

Table 2. Correlation coeflicients of CD, FA 27d TWI berween plant crop (P). ratoon 1 (R1 ). ratoon 2
(R2) yeld and yicld declining percentagze from P - R2

Parameter Plant crop vield Ratoon 1 yield Ratoon 2 vield Yicld declining ®
(P) (R1) (R2) (P-R2)

CD 0.067 (0245) -0.003 (0.963) -0.085 (0.136) 0.064 (0267)

FA 0.163(0.004)° 0.168 (0.003)* 0.058 (0.083) <0.039 (0.500)

™W1 0.067 (0239) 0.167 (0.003)* 0.069 (0.22%) -0.035 (0.542)

® Fizures in parentheses are the probability values

As per the analysis, CD has 2 weak Degative
correlation with yields of P, R1 and R2 and
W2s not significant in any combination. Flow
accumulation areas (FA) showed strong
positive correlations with sugarcane vield o}
P and RI. This indicates that the river bapk
areas of the Gal-Oya river gave high
sugarcane yiclds, so that no drainage issye
cexhibited. TW] positinely correlated with the
sugarcane yicld data in R, Percentage yicld
dcdmmg significant
correlation 1n any combination of CD, FA
and TW1 parameters Theorcucally, cp and

4

FA areas should give a significant neganve
correlation with sugarcane yveld as these
areas have more tendency for occurrence of
floods or soil erosion. Yet, results of this
study did not show such relanonship. This
means ldtnuﬁai lands should have other
feasoas W give low ratoon yicld than the land
drainage associated ISsues.

As per the Previous  study
Wiyayawardhan, (2013), :
dominang in MOst arcas 1n
ll.‘kl.tblhl) 0

conductad b_\

sandy souls are
Hingurana. Low

{ farm machinencs is ofien 3
¥Nous problem in

such sandy soils. This
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problem s significant i ranfall occurred
during  the  harvesting  scason,  Transport
operations of harvested cane during rainy
period cause sinking of tractors in sugarcane
cultivated  ficlds.  Sometimes,  heavy
machines lhike excavators or backhoes are
used to evacuate such stuck tractor engines
or loaded trailers.  Field
conducted during the study penod identified
these issues. On the other hand, tractors

observations

running across the moist soil with heavy
cane loads destroy nidge and furrow system
of the sugarcane ficlds, These activities
directly cause the destroying of productive
arcas of cropping lands, internal road system
and forming gullies inside the cropping
arcas. Blocking of water in these gullies,
disturbed roads, drainages and furrow lines
which may be causatives to reduce ratoon
crop yicld significantly, as most runolT and
irrigation water tend to be blocked due to
these disturbances, Also, it aflects on the
distribution umiformity of irrigation water
adversely,

CONCLUSION

The cvaluated hydro-geomorphic
parameters; CD, FA and TWI did not show
negative correlations with sugarcane ratoon
yield. FA and TWI showed
correlation with the  sugarcane  yield. It
means the ratoon yield declining problem has
no associntion with land drainage issue, but

positive

with other factor like management weakness.
Therefore, further investigations are needed
in order to find out actual causatives for the
lowering  of ratoon yield in  sugarcane
plantations in hingurana,

Establishment  of  efficient internal  road
systemsy plantation  even  in

individual farmer fields and concentrating

inside  the

the harvesting operations into dry scasonys are
possible options for such problematic Tands

Sugarcane ratoon yield declining problem in Hingurana

as immediate action to rectify the problem of
dechning yiclds,  Concern  on
rehabilitation of drainage network and other
should  be

ratoon
land  development  activities
considered as the next step, Thgh capital
intensive  work  such  as  land
improving operations can be implemented as
n long-term activity as per the availability of
financial and human resources in long run,

dranage
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