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ABSTRACT

Efficient energy utilization is essential for improving agricultural productivity and sustainability, particularly in
energy-intensive crops such as sugarcane. A field experiment was conducted to evaluate the energy use pattern
and efficiency of sugarcane-based intercropping systems under semi-arid conditions of Karnataka. The study
included different intercropping combinations with plant cane and ratoon cane and energy inputs and outputs
were quantified using standard energy equivalents. Total energy input in plant cane ranged from 34,678 to 46,943
MU per ha, while energy output ranged from 76,929 to 163,793 M1 per ha across different intercropping systems.
Among the treatments, sugarcane intercropped with soybean at 1.2 m spacing recorded the highest energy
efficiency (3.82) and net energy (120,889 MJ/ha), mainly due to higher energy contribution from soybean yield. In
ratoon cane, total energy input varied from 29,934 to 34,604 MJ per ha and energy output ranged from 19,971 to
89,902 M1 per ha. The highest energy efficiency (2.61) and net energy (55,448 MJ/ha) were recorded in sugarcane
intercropped with green pea followed by watermelon. Chemical fertilizers accounted for the highest share of total
energy input, followed by seed material and irrigation. Wider row spacing resulted in reduced energy efficiency
due to lower crop productivity. The results indicated that sugarcane-based intercropping, particularly with soybean
and green pea, improves energy productivity and overall system efficiency compared to sole sugarcane. Therefore,
sugarcane-based intercropping systems offer a viable strategy for enhancing energy efficiency and sustainability
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in semi-arid regions.
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INTRODUCTION

Agriculture is the process of converting solar
energy into food for humans and feed for animals
through photosynthesis. In primitive agriculture,
farmers simply scattered seeds and harvested
whatever grew, using very little energy. In contrast,
modern agriculture requires energy at every stage,
including operating machinery, irrigation, cultivation and
harvesting. Additional energy is also needed after
harvest for processing, storage and transportation.
Moreover, the production and use of fertilizers,
pesticides, insecticides and herbicides represent
important indirect energy inputs in agricultural systems.
Developed countries have benefited greatly from
increased energy use in agriculture, improving
productivity and food security. However, many
developing countries still depend on human and animal

labour due to limited access to mechanical and electrical
energy. This lack of modern energy inputs restricts
their ability to increase agricultural production and
efficiency (https://www.fao.org/4/x8054¢/
x8054¢05.htm).

Sugarcane, a C4 plant, has higher
photosynthetic efficiency and captures more solar
energy than many other crops. It has been recognized
as a potential energy crop for producing liquid fuels
and chemicals (Austin et al 1978). In India, sugarcane
cultivation requires large amounts of fossil energy and
irrigation water. Efficient energy use is essential for
sustainable agriculture, as it reduces costs, conserves
fossil fuels and lowers pollution (Uhlin 1998).
Sugarcane both consumes and produces energy, making
it important for a sustainable energy future. Due to its
bulky nature and limited mechanization in developing
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countries, it requires more energy than many other
crops, especially for planting, intercultural operations
and harvesting. Despite this, sugarcane remains a
promising green energy crop for biofuel and ethanol
production (Modi and Singh 2023). Iran studies showed
that sugarcane farming requires high energy inputs.
Karimi et al (2008) reported total energy use of 148.02
GJ per ha and energy output of 112.22 GJ per ha,
with an output-input ratio of 0.76. Irrigation was the
largest energy consumer (43%), followed by
electricity, fertilizers, fuel and machinery. Similarly,
Kumar et al (2018) found that in Madhya Pradesh,
electricity was the major commercial energy source
(75191.32 MJ/ha), while human labour was the main
non-commercial energy source (5819.21 MJ/ha).

Shahamat et al (2013) in a study on sugarcane
production in Khuzestan province, Iran, found that
sugarcane farming required very high energy input
(78094.03 MJ/ha), mainly from electricity (33.2%) and
irrigation water (25.1%), followed by fertilizers and
machinery. Although the crop produced more energy
than it consumed, the benefit-cost ratio was only 0.71,
indicating that sugarcane cultivation was not
economically profitable. The study showed that
sugarcane farming in the region was energy-intensive
and costly, with heavy dependence on electricity and
irrigation.

According to Modi and Singh (2023), India
uses the highest energy input in sugarcane production
(153,160.5 MJ/ha), while Brazil uses the lowest
(22,861.5 MJ/ha). However, both countries produce
high energy output, with Brazil showing a much higher
net energy gain and the best energy efficiency ratio
(17.43), compared to India (2.44), Pakistan (4.35) and
Iran (3.64). The study suggested that sugarcane can
be a sustainable crop globally, but improving irrigation
efficiency is important to reduce energy use. It also
recommended using cane node and transplanting
methods to lower seed-related energy inputs and
improve overall efficiency. Energy use and agricultural
productivity are closely linked. Studying energy flow
helps understand the efficiency and technology level
of crop production systems. Direct energy comes from
sources like human labour, animals, tractors and electric
motors, while indirect energy includes seeds, manures,
fertilizers, insecticides and growth regulators. Factors
such as cropping pattern, soil type, fertilizer use, plant
protection and yield influence energy efficiency,
productivity and overall energy balance in agriculture
(Mandal et al 2005).
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MATERIAL and METHODS

Both renewable and non-renewable energy
sources were included in the energy inputs. Non-
renewable energy included chemical fertilizers (NPK),
tractors, diesel, electricity, lubricants, machinery and
agrochemicals, while renewable energy included
manual labour, animal or bullock labour, seed and
manure. Both grain and byproduct yields were included
in the total physical production. Economic and
byproduct yields were used to calculate the output
energy, while different inputs and management
practices used during crop cultivation were used to
calculate the input energy.

These factors were considered while
evaluating the efficiency of the system. Energy was
calculated for each input used and each output
obtained. A system was considered efficient when
it produced higher output energy with lower input
energy. Standard energy equivalents for different
inputs were used for energy analysis as suggested
by Singh et al (1997) and Binning et al (1983). The
energy equivalents of different inputs and outputs
used in the present study are presented in Table 1.
The different indices used for energy analysis in the
present study are given below.

Energy efficiency (EE): Mega Joules were used to
calculate and express the cultural energy used as inputs
and the energy produced as products. EE was
calculated by considering the input and output energy
for each treatment (Dazhong and Pimental 1984):

Energy output (MJ/ha)
EE

Energy input (MJ/ha)

Specific energy (SE): The specific energy of the
treatment was computed as the amount of energy
required to create one kilogram of main product and
expressed as MJ per kg:

Energy input (MJ/ha)

SE

Grain yield (kg/ha)
Net energy (NE): The net energy was estimated by
subtracting the energy input from the energy output of

a specific treatment or activity:

NE = Energy output (MJ/ha) — Energy input (MJ/ha)
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Table 1. Energy equivalents for different inputs and outputs in sugarcane production

Component Unit Energy equivalent Reference
(MJ/unit)
Input
Human labour (adult man) Man hour 1.96 MJ Gopalan et al (1989)
Human labour (woman) Woman hour 1.57M]
Animal Bullock pair/day ~ 64.56 MJ
Diesel 1 56.31 MJ (includes
cost of lubricants)
Petrol 1 48.23 MJ (includes
cost of lubricants)
Electricity KWh 11.93M1J
Machinery
Electric motor h 64.8MJ
Farm machinery including h 62.7MJ
self-propelled machines
Chemical fertilizers
Nitrogen kg 60.60 MJ
Phosphorus (P,0,) kg 11.10MJ
Potassium (K,0) kg 6.70MJ
Farmyard manure (FYM) kg 03
Chemicals (superior) kg 120
Water M3 0.63 Gundogmus (2006)
Seed cuttings and stalks (sugarcane) kg 1.2 Ricaud (1980)
Output
Seed cuttings and stalks (sugarcane) kg 1.2
Soybean kg 18.6 MJ (446 kcal/100 g) Anon (2016¢)
Green pea (dry) 100 g 352 keal (1.48 MJ) Anon (2016f)
kg 14.8MJ
Green pea (tender) 100g 81 kcal Anon (2016d)
kg 3.38MJ
Onion bulb 100 g 40 kcal (0.16736 MJ) Anon (2016c¢)
kg 1.67MJ
Watermelon fruit 100 g 30kcal (0.12552 MJ) Anon (2016b)
kg 1.26 MJ
Cucumber fruit 100g 15 keal (0.06276 MJ) Anon (2016a)
kg 0.63
Byproduct (Stem/stover) kg 12.5 Gopalan etal (1989)
Watermelon seeds kg 23473 Gravalos etal (2016)
Cucumber seeds 100 g 446 cal Anon (2016a)
kg 0.018MJ
Onion seeds kg 0.016 MJ Anon (2016c¢)

Energy productivity (EP): Energy productivity is the
amount of physical output obtained for each unit of
input and was expressed in kg per MJ:

Output (grain + byproduct) (kg/ha)

EP=
Energy input (MJ/ha)

Energy intensity (EI): Energy intensity as MJ per
ha in physical terms or MJ per rupee in economic terms,
is the ratio of energy output to total physical output or
cultivation expenses.

In physical terms (MJ/ha):

Energy output (MJ/ha)

EP=

Output (grain + byproduct) (kg/ha)

In economic terms (MJ/ha)%

Energy output (MJ/ha)

El=

Cost of cultivation (Rs)
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RESULTS and DISCUSSION

Among the different inputs used in sugarcane-
based intercropping systems, highest energy was
utilized for chemical fertilizers followed by sugarcane
seeding material and irrigation (Tables 2, 4).

Energy use and energy production (plant cane)

Among different intercropping systems, energy
input was higher in sugarcane at 1.2 m + drill sown
onion (46,943 MJ/ha) and lower in sole sugarcane at
3.6 m (34,678 MJ/ha). Energy output was higher in
sugarcane at 1.2 m + soybean intercropping system
(163,793 MJ/ha) and lower in sole sugarcane at 3.6 m
row spacing (76,929 MJ/ha). Energy efficiency and
net energy were higher in sugarcane at 1.2 m + soybean
(3.82 and 120,889 MJ/ha) compared to other
intercropping systems.

Table 2 shows the energy requirements to
grow plant cane in Karnataka. Total energy used to
grow one hectare of sugarcane ranged from 34,678 to
46,943 MJ per ha among different treatments. Indirect
energy included energy embodied in sugarcane stem
cuttings, fertilizers, chemicals and machinery while
direct energy covered human labour and diesel used in
the sugarcane production.

Energy outputs among different cropping
systems ranged from 76,929 MJ per ha to 163,793 MJ
per ha. Data in Table 4 show that in the studied region,
the energy efficiency (3.59) and net energy (118,145
MlJ/ha) were the highest in sugarcane at 1.2 m +
soybean. This might be due to higher energy content
in soybean output ie grains (18.6 MJ/kg) which was
higher than tender green pea (3.38 MJ/kg) and drill
sown onion bulb (1.67 MJ/kg).

Energy use and energy production (ratoon cane)

Among different intercropping systems, energy
input was higher in sugarcane at 1.2 m + green pea
followed by cucumber (34,604 MJ/ha) and lower in
sole sugarcane at 3.6 m (29,934 MJ/ha) (Table 3).
However, the energy output was higher in sugarcane
at 1.2 m + green pea followed by watermelon in ratoon
(89,902 MJ/ha) and lower in sugarcane at 3.6 m +
soybean followed by cucumber in ratoon (19,971 MJ/
ha) (Table 5). Energy efficiency and net energy in
ratoon sugarcane were higher in sugarcane at 1.2 m +
green pea followed by watermelon (2.61 and 55,448)
compared to other intercropping systems.
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Table 3 shows the energy requirements to
grow ratoon cane in Karnataka. Total energy used to
grow one ha of ratoon cane ranged from 29,934 to
34,604 M1J per ha among different treatments. Indirect
energy included energy embodied in sugarcane
settlings, fertilizers, chemicals, machinery while direct
energy covered human labour and diesel used in the
sugarcane production.

Table 5 shows that in the studied region, the
energy efficiency (2.61) and net energy (55,448 MJ/
ha) were the highest in sugarcane at 1.2 m + green
pea followed by watermelon in ratoon. This may be
due to higher yield of sugarcane in this treatment
compared to other intercropping systems. The net
energy values were negative in sugarcane at 3.6 m
spacing. This could be because of low yield of
sugarcane at 3.6 m spacing. It can also be noticed
that the energy efficiency decreased with increase
in row spacing due to lower yields of sugarcane at
2.4 m and 3.6 m paired row spacings compared to 1.2
m spacing.

CONCLUSION

The present study demonstrated that
sugarcane-based intercropping systems significantly
influence energy use efficiency and overall system
productivity under semi-arid conditions of Karnataka.
Among the different energy inputs, chemical fertilizers
contributed the largest share, followed by seed material
and irrigation, highlighting the importance of efficient
nutrient and water management in reducing total energy
consumption.

Intercropping sugarcane with soybean in plant
cane and green pea followed by watermelon in ratoon
cane recorded the highest energy efficiency and net
energy compared to other intercropping systems and
sole sugarcane. This improvement was mainly due to
higher total biomass production and additional energy
output from intercrops. In contrast, wider row spacing
resulted in lower energy efficiency and, in some cases,
negative net energy due to reduced crop yield and
inefficient utilization of inputs.

Overall, sugarcane-based intercropping
systems proved to be more energy-efficient and
productive than sole sugarcane cultivation. These
systems enhance energy productivity, improve resource
utilization and contribute to sustainable agricultural



Energy use in sugarcane-based intercropping systems

879

7688
LY

91

0009
879

879

7688
LY

0009

879

8709

7688
LILY]

Sl

el

0081

0009

879

879

7688
LY

879

7688
L1LY]

91

0006
879

879

7688
LK1

0006

879

879

7688
LY

Sl

el

008

0006

879

8709

7688
LILY']

0006 0006
- 879

879 879

7688 7688
LIV L1LY']

0006

8709

8709

7688
L1LY']

ST9I°l

el

008

0006

879

879

7688
L1LY]

(£6-NKjoren)
uoruQ
(€dv Atien)
ead U221
(Sog6St
Kja1reA) ueagqhos
spoos dororojug
s3urpes auedredns Jo
Suryy des 103 moqe
Sury ded
10y s3urpoes aueoredng
(2€09800 £1011EA)
$119S auedIEING
uoruQ
vad usal1n
uedgqhos
sdoroxojut Jo Suimos
SIEN
oueoredns jo Sunue[q
Sunyrew
quI[ pue 19J00Y
IojeAn[nD
uoneredaid pue|

4!

01

9

L

JUOIBAI ],

juduodwo))

oued jueld ur syudunean; JUdIPIP ur (ey/(IN) ndur A31ouy 7 9[qeL

36



Nadiger and Hunshal

w 9°¢ 18 ouroIRSNS 9[0§ X' [ ‘UOIHO UMOS [[LIp 4+ W 9°¢ 1B durdredng ;' |
‘ead woa18 + w 9°¢ 1e suroredng :*' | ‘UraqAOS 4w 9°¢ 1B duRoIRSNG :° | ‘W 7 18 duroIeNS 910§ ¥ T ‘UOTHO UMOS [[LIp + W 7 1B duedIeSng T “@ad usaIS + w7 18 duroredng
‘uBaqA0S 4 W 47 18 durdIeINgG :° [ ‘W 7' [ 18 surdIedns 910§ ¥ I ‘UOIUO umos [[LIp + w 7' [ 18 dueroredng :* T ‘ead usoid + wi 7' 18 sueoreSng | ‘uraqhos + w g | 18 suoIe3ng ;'

8L9%E I8y TWOLE  WSTP  LELLE 1889 T990F  809'Sy  ILLLE  €¥6F  tOL'OV  8F9'SH (ey/[N) ndur A310uy
LSzl 'Syl Tl 0011 €81 8091 L181 6°€LI 1'81¢C ¥91¢C €€ 44\ ouedIESNS JO FUNSIAIEY 10f INOQE]

- ¥'79 - - - v'79 - - - ¥'79 - - uoruQ

- - 961 - - - 961 - - - 961 - vad uoa1n

- - - 88y - - - 88Y - - - 88Y ueaqhog
onHotauE Jo wﬁuwo\ﬁmn 10J Inoqe |
- - - - - - - - - - - - SunsoAreyq
- - - - - - - - - - - - uoneordde opronsad 10} anoqe

T6L - - - T6L - - - T6L - - DH 0¢ dreoyjoui(

00¢ 00¢ 00¢ 00¢ 00¢ 00¢ 00¢ 00€ 00¢ 00¢ 00€ 00¢ suizeny

- - - ovT - - - ovC - - - ovc dM SL 99ZoduEN

081 031 031 081 031 081 081 081 081 031 031 081 soydufdorory)
m_moﬂboﬂo QOEUOHOHQ aﬁm_m
veer'L — veerL  veovL  veerL  veovL  veerL  veovL  veerL  veovL  veerL  ¥eevL  v6e6hL uonesur duq
§'€s8 $'€s8 S¢S $'€s8 S¢S $'€s8 §'es8 §€s8 §'€s8 §'es8 S¢Sy §'€s8 (101113 10M0d £q) HOTIRADNO-10}U]
90t 90t 90t €0C 90t 90t 90t €0T 90t 90t 90t €0C Surpoom pueH
- GL968  0SO¥T  S6LbE - SL968  0SOFT  S6LYE - GL968  0SOYT  S6LY'E (doxdiayur 10§) SIOZITIO
SSSTLY  SSSTLL  SSSTLI  SSSTLL  SSSTLL  SSSTLL  SSSTLI  SSSTLL  SSSTLI  SSSTLL  SSSTLI  S'SSTLI (sueoxe3ns 10§) SISZI1ID
Qoﬁm\wﬁﬁzo-.ﬁouﬁi ﬁﬁm m.HoN:ﬁho Gl

2..—1 :.H E.H mr—n w.H nrﬁ or—n m.H vr—n mr—n N.H ~..—L

JUdW)BAI], juduodwo))

- PIUO) T A[qRL

37



Energy use in sugarcane-based intercropping systems

uoo7RI UL UO[PUWLIDEM qf Bad USaIS + W 7 18 suroredng ¥ [ ‘uoorer ur equmnono g/ ead usai3 + w 7 18 sueoredng :* | ‘uoojel ur uojowLISTRM Gf
ueaqA0s + W 47 18 oueoredng :* [ ‘uooiel ur lequnonod ¢/ ueaqhos + Ul 47 Je duroredng ;" [ ‘w 7] j8 oueoIe3ns 9[os gful 7' 18 suroredns 9[0g ;' I, ‘U00JRI Ul UO[oULIDIRM qf
UOTUO UMOS [[LIP + W 7' | 18 dueoredng :* | ‘uoojel ur 1oqunond g/ uoruo umos [[LIp + W 7' [ Je ouedredng : ] ‘uoojer ur uoouaiem ¢fad usais + w 7' [ 18 ouroresng :
‘u007RI UL JoquNoNo g/ ead ‘U9aI3 + W 7' [ 8 oUBOIEING ;[ ‘UOOJRI Ul UO[OULISTRM Gf UBSQAOS + WL 7' T suedredng :*' [ ‘Uoojel Ul loqunony) g/ ueaqAos + w 7 [ je aueoresng ;"'

YOb'vE 65SH¢ 0IF'PE  T9SHE 6000€  LTHbE 1LS%E YSr're  H09tE (5743 T8SHE (ey/[N) Indur AS10ug
668 €L6 866 9001 €LIT vErl €601 covl 6'Th1 L9T1 80Tl SuBdIEINS JO SUNSIAIRY 10§ INOQE]
951 95Tl 96Tl 96Tl 95Tl UO[QULIIBA
- €8¢ - €8¢ - - €8¢ - €8¢ - €8¢ Joqunony)
mQOHohoﬁ\: Jo wcmuwo\ﬁ.mn 10J Inoqe |
3unsoarey
6S 6S 66 6S 6S 6'S 6'S 6'S 6'S 6'S 6'S uoneorjdde apronsad 10y moqe]
00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ suIzeny
09 09 09 09 09 09 09 09 09 09 09 (DAMm 06 urprueryio[)) nsjoyueq
09 09 09 09 09 09 09 09 09 09 09 [BUERl|
S[edrudyd ﬁOEoBOHQ ueld
667'L 667'L 667'L 667'L 665'L 661'L 667°L 667'L 661'L 667°L 66v'L uonegLur dug
S'ess S'ess S'ess Sess S¢S $'¢s8 S¢S S'es8 $'€s8 S'es8 S'€s8 dva 0Z1 ¥e (1911 Jomod £q) uoneAnNOIU]
80t 80t 80t 80t 80t 80t 80t 80t 80t 80t 80 Surpoom puey
4157 9TS 4157 9TSY 4137 9TSY 4157 9TSY sy 9TS (doxozayur) SI9ZIIIS
SSSTLL  SSSTLL  SSSTLY  SSSTLL  SSSTLL  SSSTLY  SSSTLL  SSSTLL  S'SSTLT  SSSTLI SSSTLI (sueoIe3ns) SIZII
91'C8 - 91°C8 - - 91°C8 - 91°C8 - 91'T8 - (ereqnupe priqAy) uooULIIEA\
- S00 - SO0 - - SO0 - SO0 - SO0 (Jeoo] wneSjog A1vLieA) oqunon)
SPaas
LSI - LSI - - LSI - LSI - LSI - UOTOUWIISIEAN
- LSI - LSI - - LSI - LSI - LS1 Joqunony)
sdo1o1aiul Jo Suimos
LLT LL1 LLT LL1 LLT LLI LLT LLT LLI LLI LLY Suryy des 1oy moqe]
YPe8T  ¥P68C  PH68T  vYeST  ¥PEST 68T vhe8T  vHeST  vP68T  ¥H68T v768C Suipry ded 1oy s3urmos sueoredng
S'ess S'ess Sess Sess S¢S $'€s8 S'es8 S'es8 $'€s8 S'es8 S'€s8 (1011 1omod £q) uorEARND-10}U]
86 86 86 86 86 86 86 86 86 86 86 Suraeys 9[qqmIs
80t 80 80t 80t 80t 80 80t 80t 80t 80t 80 (uooyer) [eAotwaI YseL],
soonoeld Juowadeuew doio uoojey
norﬁ 3..—1 nm.H wmr—n vrﬁ nmr—n xmrﬁ nmr—n wmr—n £.H 2..—1
JuUdU)BAI], juduodwo)

JuBd UOOJRI UT SJUdWILII) JUIYIP ul (By/[IA) Indur A31ouy “¢ 9[qeL,

38



Nadiger and Hunshal

18 oueoredng ;""" | ‘woojeI UL IOqUINOND Gf UOTUO UMOS [[LIP + W §°¢ 18 durdIR3ng :

w 9°¢ 18 durdILINS 9[0S ¢/ W 9°¢ 18 durdIedng ' [ ‘UOOIRI U UO[OUWLIDIEM ¢/ TOTUO UMOS [[HP + W §°¢

BLL

1 ‘uoojer ur uopoundem gfead usoi3 + w 9°¢ Je ouroIL3NgG -

' 1 ‘aoorer ur oqunond gfead

10218 4+ w 9°¢ 18 dueotedng ' [ ‘uoorel Ul UO[IULINIEM gf URIQAOS + W 9°¢ 18 dueoIedng :*° T ‘w001RI U ToqUINOND ¢f UBIQAOS + W 9 ¢ 1B durdIedng :*° ‘w 7 18 suvoredns
9108 qJ W 7 18 duedIedns 910§ :* I ‘U00IRI UI UO[OWLIdIEM g/ UOTUO UMOS [[LIP + W 7 18 dueoredng :* 1 ‘0o0je1 ur 10quinond g/ uoruo umos [[LIp + W ' 18 dueoredng :

YE6'67 PIEHE 61SHE L9EHE 0TSt LIEYE 8ISHE 1L6'6C 6HE 1LS%E (ey/[N) Indur AS10ug
2 X7 6£0S 9S'LS 9IS LO'6S [4%3S 7995 €L6L 11°SI1 €601 oueoIEZNS JO FUNSIAIRY 10J INOQET

96Tl 96Tl 95Tl 96Tl UO[OULIDJEA

- - 1414 - 98¢ - 98T - - 98¢ Joqumony
sdororojur Jo SunsoAley 10§ INOqe|
SunsoAreyq
88'S 88'S 88'S 88'S 88'S 88'S 88'S 88'S 88'S 88'S uonesr[dde apronsad 10y moqe]

00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ 00€ suIzeny

09 09 09 09 09 09 09 09 09 09 (DAM 0§ UIpIUEIYOL)) NSjojue(q

09 09 09 09 09 09 09 09 09 09 ejuaoe]
m_moﬂboﬂo QOEUOHOHQ uﬁm_m
Y66 'L Y 66'L Y66v'L Y66 'L Y66 'L Y661 'L Y66'L Y66v'L Y66 'L Y66 'L uonegrur dug
dvaocl
$'ess $'gss S S'ess S'es8 S'€s8 S'€s8 $'es8 §'€s8 S'es8 1e (1o Jomod £q) uoneAnNO-IAIU]
80F 80 80F 80F 80F 80F 80 80F 80F 80F Surpoom puey
4857 9TSH 4154 9TS 4857 9TS 454 9TSY (dozorayur) s1azr[nie g
S'SSTLI SSSTLI SSSTLI SSSTLI SGSTLI S'SSTLI SSSTLI SSSTLI SSSTLI SGSTLI (sueoredns) s10z1[1310

91'C8 91'C8 91'C8 91'C8 (ereqnupegy prIgAy) uo[ULIIEA\

(eoo1

- - SH0'0 - SH0°0 - SH0'0 - - SH0°0 wneg[og AjoLeA) 1quinonyy
Spaas

- LST - LSI - LST - - LSI - UO[QULISYBAN

- - LSI LST LST - - LSI Joqunony)
sdo1oiaiul Jo uimos
LLT LLT LL1 LLT LL1 LL1 LL1 LL1 LLT LLT Suryy ded 105 moqe]
vy68°C v 68T ¥ 168°C ¥ 68T ¥y68°C vy68°C v 68T ¥168°C ¥ 168°C ¥y68°C Surqqy des 1oj s8unias sueroredng
$'ess $'ess $'ess $'ess S'es8 §'€s8 S'€s8 $'es8 $'€s8 S'es8 (1011 10m0d £q) uonBAND-1OYU]
86 86 86 86 86 86 86 86 86 86 Suraeys 9[qqmig
80 80 44114 64114 80 80 80 4114 64114 80 (uooyer) [eAowar Yser],
soonoeld Juowadeuew doio uoojey

ﬁ.ﬁ n:.ﬁ m:.ﬁ noﬁ.ﬁ mE.H n_o.ﬁ ao.ﬁ w.ﬁ nF.H aw.ﬁ

JuSUBAIL], jusuodwo)

"pIIoD) "€ 9[qeL

39



Energy use in sugarcane-based intercropping systems

Table 4. Energy indices in sugarcane-based intercropping systems as influenced by row spacing in plant cane

Treatment Mix Energy input Total energy Energy Net energy

(planting pattern) proportion (MJ/ha) output (cane + efficiency (MJ/ha)
(%) intercrop) (MJ/ha)

T,:Sugarcane at 1.2 m + 100: 84 45,648 163,793 3.59 1,18,145

soybean (1:4)

T,: Sugarcane at 1.2 m + 100: 84 40,704 139,892 344 99,188

green pea (1:4)

T,: Sugarcane at 1.2 m + 100: 84 46,943 140,399 299 93,456

drill sown onion (1:4)

T,: Sole sugarcane at 1.2 m 37,771 133,525 3.54 95,754

T.: Sugarcane at2.4 m + 100: 75 45,608 137,288 3.01 91,680

soybean (2:7)

T,: Sugarcane at2.4 m + 100: 75 40,662 113,751 2.80 73,089

green pea (2:7)

T.: Sugarcane at2.4 m + 100: 75 46,887 105,851 226 58,964

drill sown onion (2:7)

T,: Sole sugarcane at 2.4 m 37,737 112,808 299 75,071

T,: Sugarcane at 3.6 m + 67:79 42,544 98,803 232 56,259

soybean (2:10)

T, ,Sugarcane at 3.6 m + 67:79 37,642 101,904 271 64,261

green pea (2:10)

T, : Sugarcane at 3.6 m + 67:79 43,871 96,420 220 52,549

drill sown onion (2:10)

T ,: Sole sugarcane at 3.6 m 34,678 76,929 222 42,250

production in semi-arid regions. Therefore, adoption
of suitable intercropping combinations such as
sugarcane + soybean and sugarcane + green pea can
be recommended to improve energy efficiency,
profitability and sustainability of sugarcane cultivation.
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