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Introduction

Sugarcane (Saccharum officinarum L.) belongs to 
family Gramineae and is propagated by stem cut-

tings (Khan et al., 2013). It is an important cash and 
industrial crop of Khyber Pakhtunkhwa-Pakistan. 
Molasses and bagasse are the main by-products of 

sugar industry. During 2011-12, in Pakistan the area 
covered under sugarcane was 1,057 thousand hectares, 
producing 58,396 thousand tones with average cane 
yield of 55.20 tones ha-1. In Khyber Pakhtunkhwa 
(KPK) during 2011-12, the area under sugarcane was 
105.50 thousand hectares producing 4,684 thousand 
tones ha-1 with average cane yield 44.20 t ha-1 (Agri. 
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Statistics of Pak, 2011-12). In Khyber Pakhtunkhwa 
sugarcane is planted after frost as sole or intercropped 
in wheat in spring. Peshawar valley is a major sugar-
cane-producing zone along with Dera Ismail Khan. 
Severe frost inflict heavy damages to sugarcane, ren-
dering the cane unfit for use as planting material 
makes buds unviable to germinate. Farmers are ad-
vised to trench sugarcane for use as planting material 
in spring or practice autumn plantation. The resource 
poor farmers of the province tend to plant cane crops 
at single to one and a half setts per placement. De-
lay in planting of cane setts reduce germination and 
sprouting owing to low bud moisture ( Jain et al., 
2009). Fresh cane setts as planting material increases 
germination and maximizes cane yield (Hussain et al., 
2011). Selection of planting material is key factor in 
all-agronomic practices. Top of the stalk is relative-
ly low in sucrose, high in reducing sugars and is of 
noneconomic value to the mill. The top 1/3rd portion 
contains, narrow internodes having alternate buds and 
a good supply of nutrients, which makes it valuable 
input as seed cane for planting. Setts taken from the 
top and middle portion showed better sprouting and 
emergence as compared to the bottom portion (Sime, 
2013). Top parts of sugarcane as planting material 
gave promising stand establishment relative to the 
other planting parts, and increased cane yield (Ahmad 
et al., 2013). Sub-optimal setts are negatively respon-
sible for low sugarcane yield in the country. Gap fill-
ing with fresh cane setts lowered gaps and enhanced 
growth and yield of plant crop (Singh et al., 2011). 

Figure 1:  Meteorological data Temperature °C and rainfall (mm) 
during conduction years at SCRI Mardan, located at 34° 12 N lati-
tude and 72° 03 E longitude with altitude of 283 m

The present study was aimed with the objectives to 
evaluate best planting sources, cane portions and setts 
placement methods for sugarcane yield.

Materials and Methods

The experimental site was Sugar Crops Research In-

stitute (SCRI), Mardan, Pakistan, located at 34°12 N 
latitude and 72°03 E longitude with altitude of 283 m 
above the sea level. The environmental conditions are 
warm, subtropical climate with a mean annual rainfall 
of less than 348 mm (annual) at research farm. The soil 
is silty clay loam with soil bulk density of 1.38 g cm-3. 
Chemical analysis revealed pH, organic matter, total 
nitrogen, phosphorus and potassium as 7.3, 0.55%, 
370 mg kg-1, 15 mg kg-1 and 160 mg kg-1, respective-
ly. Rainfall and seasonal temperatures (maximum and 
minimum) for the crop cycle are provided in Figure 
1. An experiment was conducted to assess the effect 
of planting source, cane portions and setts placement 
methods on the attributes of sugarcane during 2012-
13 and 2013-14. The experiment was laid out in ran-
domized complete block (RCB) design with split plot 
arrangement in three replications. Plot size was 3.6 
m x 4.5 m having 5 rows 90 cm apart. Sugarcane CV 
CP-77/400 was planted. Planting sources i.e. stand-
ing (fresh canes frost exposed, trenched i.e. (stored 
canes frost exposed) and cane portions [(top, mid-
dle, bottom and mixed (33 % each)] were assigned to 
main plots, while setts placement viz. single, one and 
a half, double and triple setts (40 cm in length) were 
allotted to sub-plots. Recommended dose of fertilizer 
for raising of plant crop were (added each year at 12 
March) as; N, P2O5, and K2 O @ 150:100:100 kg ha-1 

from Urea, DAP and SOP. Nitrogen was applied in 
two split doses at sowing (each year at 12 March) and 
at earthing up (in June). Canes were stored in trench-
es along with roots, tops and trash before the start 
of frost (in December) and roots were trimmed, trash 
and tops were removed (stripped) at the time of plant-
ing. Thiodon @ 2.5 liters ha-1 was sprayed at planting 
time, to control termites. Ametrin + Atrazine both @ 
1.5 kg ha-1 were applied one month after planting for 
the control of weeds. Furadon @ 20 kg ha-1 were used 
against borers. Other cultural practices like inter-cul-
turing, earthing up, and irrigation were kept uniform 
for all the treatment. Data were analyzed following 
Steel et al. (1997). Data were recorded after 30 days of 
plantation as described below. 

Emergence (%)
Number of buds sprouted plot-1 were recorded after 
30 days of plantation. 

Emergence % = Total emerged shoots out of total 
planted buds i.e. visible shoots/ total  planted buds × 
100.
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Table 1: Two year combined analysis of variance for selected traits of sugarcane as affected by planting sources, cane 
portions and sett placement methods during 2012-13 and 2013-14
SOV Df Emergence (%) Cane length (cm) Millable canes (000, ha-1) Cane yield (t ha-1) 
Years (Y) 1 2.14 273.13* 29056245 27.36
Reps within Y 4 19.33 14.68 12367906 4.77
Treatments (T) 7 398.52** 833.84** 363647462** 109.67**
ST (1) 264.73* 190.01 85037294 13.67
Cane Portion (CP) (3) 838.00** 1879.05** 814918410** 250.83**
ST x CP (3) 3.63 3.26 5246570 0.51
Y x T 7 25.70 15.33 10197437 2.06
Y x ST (1) 15.29 3.80 6003356 1.44
Y x CP (3) 11.46 6.05 1912474 1.17
Y x ST x CP (3) 9.14 8.02 6283844 0.41
Error-1 28 64.04 135.38 45153178 7.11
SPM 3 21.21 1589.20** 6062546439** 588.32**
Y x SPM 3 10.52 10.92 3314911 0.61
ST x SPM 3 7.39 1.44 10596999* 0.19
CP x SPM 9 11.69 20.61* 55175089** 3.93**
ST x CP x SPM 9 10.45 4.28 5271267 0.17
Y x ST x SPM 3 7.16 2.03 298349 0.04
Y x CP x SPM 9 10.67 1.51 2780397 0.65
Y x ST x CP x SPM 9 11.49 4.51 1672560 0.15
Error-2 96 10.88 6.58 3474339 0.55
 Total 191

ST= Standing (fresh canes-frost exposed) x Trenched (stored canes-frost protected); CP= Cane portions; SPM= Setts Placement Methods

Stripped cane length (cm)
Ten randomly selected canes from each treatment 
were measured from bottom to the terminal point 
with the help of a meter rod and then averaged.

Millable canes (thousand, ha-1)
Millable canes refer to canes that attained normal 
height and thickness at physiological maturity and is 
ready to harvest for processing. Number of millable 
canes  were counted in three central rows of each 
treatment at harvest and converted to millable canes 
ha-1.

Stripped cane yield (t ha-1)
Stripped canes were weighed with the help of a scale 
excluding trash and tops in each treatment randomly 
from three central rows and converted to tones ha-1.

Results and Discussion 

Emergence (%)
Emergence percentage is the most essential physi-
ological phase in the life cycle of a plant. Emergence 
% age were significantly (P≤0.05) affected by planting 
sources and cane portions (Table 1). Interactions were 
non-significant. Mean (Table 2) results showed that 
maximum emergence % age (51.2) were recorded in 
standing source compared to minimum (48.2) emer-
gence percentage in trenched planting source. Mean 
highest emergence % age (54.3) were observed in cane 
top portions while lowest emergence % age (44.4) were 
noticed for cane bottom portion. The top and middle 
portion contain young buds with primordial cells which 
contain enzymes and easily activated during sprouting. 
Lower emergence % in the bottom cane portion could 
be attributed to growth inhibitors with aging of buds. 
Aged buds affects sprouting due to internal physiologi-
cal condition (growth inhibitors) (Subbaro and Prasad, 
2010). Cane top portion followed by middle showed 
better sprouting and emergence as compared to the 
bottom portion (Sime, 2013). Mohanthy and Nayak 
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(2011) recorded highest germination percentage in 
setts having more buds. Recommended number of 
setts had a significant impact on germination than 
lower number of setts (Patel et al., 2014). The Re-
duced emergence % may also be attributed to low bud 
moisture ( Jain et al., 2009). 

Table 2: Mean emergence (% age) of sugarcane as affect-
ed by planting sources, cane portions and setts placement 
methods during 2012-14
Planting Sources 
(PS) 

Year 2012-13 Year 2013-14 Mean

Standing  (S) 51.3 a 51.0 a 51.2 a
Trenched (T) 48.4 b 49.2 b 48.8 b
Significance  ** ** *
Cane Portions (CP)
Top 54.0 a 54.6 a 54.3 a
Middle 51.2 b 51.8 b 51.5 a
Bottom 43.9 c 44.8 c 44.4 c
Mixed 33.3% each 50.3 b 49.0 b 49.7 b
LSD (0.05) 2.0 1.2 3.3
Setts Placement Methods (SPM) 
Single setts 49.3 50.1 49.7
One and half setts 48.9 49.4 49.1
Double setts 50.0 50.6 50.3
Triple setts 51.2 50.0 50.6
LSD (0.05) - - -
Interaction                                           
ST x CP - - -
ST x SPM - - -
CP x SPM - - -
ST x CP x SPM - - -

PS= Planting sources; ST= Standing (fresh canes-frost exposed) x 
Trenched (stored canes-frost protected); CP= Cane portions; SPM= 
Setts Placement Methods. Means for each category followed by dif-
ferent letters are significantly different from each other at 5% level of 
probability ns = non significant

Stripped cane length (cm)
The length of a cane is directly related to final cane yield. 
Stripped cane length (Table 1) exhibited significant var-
iations for cane portions and setts placement methods. 
Interaction CP x SPM over years were found signifi-
cant. Mean (Table 3) lengthy stripped canes (221.0 cm) 
were observed in cane top portion with shorter (206.2 
cm) stripped canes in cane bottom portion for aver-
age of both years. Average maximum (222.0 cm) cane 
length were recorded from triple setts with a minimum 
(208.4 cm) cane length in single setts over years. The 
increased cane length in top portion might be due to 
early emergence, utilized an adequate quantity of light, 

water and nutrients on time for their development. Fa-
vorable growing conditions have a positive impact on 
cane length and yield ( James, 2007). Highest stripped 
cane length may be ascribed to better utilization of wa-
ter and nutrients for growth and development of canes 
(Mahmood et al., 2007). The increased stripped cane 
length may be attributed to the inter plant competi-
tion for resources. Shukla and Menhilal (2003) record-
ed maximum canes lengths in three setts than one and 
 
Table 3: Mean stripped cane lengths (cm) of sugarcane as 
affected by planting sources, cane portions and setts place-
ment methods during 2012-14

Planting Sources 
(PS) 

Year 2012-13 Year 2013-14 Mean

Standing  (S) 214.3 217.0 a 215.6
Trenched (T) 212.6 214.7 b 213.7
Significance - * -
Cane Portions (CP)
Top 220.3 a 221.7 a 221.0 a
Middle 215.6 b 218.1 b 216.9 b
Bottom 204.6 d 207.7 d 206.2 d
Mixed 33.3% 
each 

213.2 c 215.7 c 214.5 c

LSD (0.05) 0.5 0.5 1.1
Setts Placement Methods (SPM)
Single setts 207.7 d 209.1 d 208.4 d
One and half 
setts

211.1 c 213.5 c 212.3 c

Double setts 214.9 b 217.0 b 215.9 b
Triple  setts 220.1 a 223.8 a 222.0 a
Lsd (0.05) 0.4 0.5 0.3
Interaction
ST x CP - - -
ST x SPM - - -
CP x SPM - - **
ST x CP x SPM - - -

PS= Planting sources; ST= Standing (fresh canes-frost exposed) x 
Trenched (stored canes-frost protected); CP= Cane portions; SPM= 
Setts Placement Methods. Means for each category followed by dif-
ferent letters are significantly different from each other at 5% level of 
probability ns = non significant

two setts. Maximum stripped cane lengths could be 
achieved from 75,000 double budded setts with 90 cm 
spaced rows (Ehsanullah et al., 2011). The only interac-
tion (CP x SPM) was found significant. Stripped cane 
lengths were increased with each level of setts enhance-
ment and excelled when top cane portions were planted 
as 3 setts per placement (Figure 2). 
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Figure 2: Stripped cane length (cm) of sugarcane as affected by cane  
portions and setts placement methods

Table 4: Mean millable canes (thousand, ha-1) of sugarcane 
as affected by planting sources, cane portions and setts place-
ment methods during 2012-14

Planting Sources 
(PS) 

Year 2012-13 Year 2013-14 Mean

Standing  (S) 89236 a 90368 a 89801
Trenched (T) 88259 b 88683 b 88471
Significance 708 1163 -
Cane Portions (CP)
Top                          93441 a                 94007 a 93724 a
Middle 89789 b 90792 b 90291 b
Bottom 83204 d 84413 d 83809 c
Mixed 33.3% 
each 

88554 c 88889 c 88722 b

LSD (0.05) 1002 1645 2810
Setts Placement Methods (SPM) 
Single setts 75720  d 77186   d 76453  d
One and half 
setts

83951  c 84774   c 84342  c

Double setts 92927  b 93544   b 93236  b

Triple  setts 102393 a 102598 a 102495 a
LSD (0.05) 927 1217 755
Interaction                                      
ST x CP - - -
ST x SPM - - *
CP x SPM ** ** **
ST x CP x SPM - - -

PS= Planting sources; ST= Standing (fresh canes-frost exposed) x 
Trenched (stored canes-frost protected); CP= Cane portions; SPM= 
Setts Placement Methods. Means for each category followed by dif-
ferent letters are significantly different from each other at 5% level of 
probability; ns = non significant

Millable canes (thousand ha-1)
The magnitude of final cane yield is determined 
by millable cane count and it has a direct effect on 
cane yield. Significant differences (Table 1) for mill-
able canes were exhibited by cane portions and setts 
placement methods. Interaction of CP x SPM and ST 
x SPM were found significant. Mean (Table 4) maxi-
mum millable canes (93,724 ha-1 ) were produced from 
cane top portions while minimum (83,809 ha-1) mill-
able canes were observed in canes bottom portion in 
average of  both years. Average higher millable canes 
(1,02,495 ha-1) were recorded in triple setts compared 
to lower (76,453 ha-1) millable canes in single setts. The 
enhanced number of millable canes could be attributed 
to early emergence and more tillers in the cane top and 
middle portion which counts for the final cane yield.

Millable canes are the most important component of 
two setts. Maximum stripped cane lengths could be 
achieved from 75,000 double budded setts with 90 cm 
spaced rows (Ehsanullah et al., 2011). The only inter-
action (CP x SPM) was found significant. Stripped 
cane lengths were increased with each level of setts en-
hancement and excelled when top cane portions were 
planted as 3 setts per placement (Figure 2). cane yield 
( James and Miller, 2009). Higher number of millable 
canes were attributed to higher germination and better 
tillering (Mahmood et al., 2007). Higher millable canes 
in double and triple setts might be due to maximum 
number of buds and improved germination percentage. 
Maximum number of millable canes in two and three 
budded setts than one budded setts could be due to 
improved germination percentage (Devi et al., 2011). 
Growth performance of top and middle portion of the 
cane is better than the bottom cane portion (Kolo et 
al., 2005). Normal seed rate of 100 % recommended 
buds with three budded setts ha-1 have significant im-
pact on millable canes compared to low seed rate of 
recommended buds ha-1 (Patel et al., 2014). Planting 
sugarcane using 16800 three budded cane setts ha-1 
significantly increased millable stalks m-2 compared to 
12600 3-budded setts ha-1( El-Sogheir et al., 2003). The 
interaction ST x SPM showed marked increase in mill-
able canes raised from triple setts. A linear increase in 
millable canes was observed for planting source with 
setts placement methods and excelled when cane from 
standing plant crop was planted at triple setts. (Figure 
3). The interaction (Figure 4) showed a linear increase 
from single to triple setts placement for all cane por-
tions. Millable canes excelled when top portion was 
planted at triple setts per row followed by mid portion 
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with the same cane planting method.

Figure 3: Mean millable canes (thousand, ha-1) of sugarcane as af-
fected by planting sources and setts placement methods.

Figure 4: Mean millable canes (thousand, ha-1) of sugarcane as af-
fected by cane portions and setts placement methods

Stripped cane yield (t ha-1)
The final cane yield is a function of integrated inter-
play of various yield components. Stripped cane yield 
(Table 5) showed significant variations for cane por-
tions and setts placement methods. Interaction CP x 
SPM were found significant over years. Cane portions 
have significantly boost up stripped cane yield. Aver-
age maximum (72.4 t ha-1) cane yield was obtained 
from cane top portion followed by (66.9 t ha-1) cane 
yield from cane bottom portions. Mean higher (73.3 t 
ha-1) cane yield was noticed in triple setts than lower 
(65.2 t ha-1) cane yield in single setts placement meth-
ods. High cane yield could be due to short internodes, 
maximum number of buds, higher germination per-
centage and increased millable canes in the top cane 
portion. High cane yield could be attributed to im-
proved germination percentage and increased number 
of millable canes in two and three budded setts (Devi 
et al., 2011). Significant effect of millable canes on 

Table 5: Mean stripped cane yield (t ha-1) of sugarcane 
as influenced by planting sources, cane portions and setts 
placement methods during 2012-14
Planting Sources 
(PS)

Year 2012-13 Year 2013-14 Mean

Standing  (S) 69.8 70.7 a 70.3
Trenched (T) 69.4 70.0 b 69.7
Significance - * -
Cane Portions (CP)
Top 72.0 a 72.9 a 72.4 a
Middle 70.1 b 70.8 b 70.5 b
Bottom 66.4 c 67.4 c 66.9 c
Mixed 33.3% 
each

70.0 b 70.3 b 70.2 b

LSD (0.05) 0.5 0.5 1.1
Setts Placement Methods (SPM) 
Single setts 65.0 d 65.5 d 65.2 d
One and half setts 69.4 c 70.0 c 69.7 c
Double setts 71.4 b 72.2 b 71.8 b
Triple  setts 72.7 a 73.8 a 73.3 a
LSD (0.05) 0.4 0.5 0.3
Interaction
ST x CP - - -
ST x SPM - - -
CP x SPM ** ** **
ST x CP x SPM - - -

PS= Planting sources; ST= Standing (fresh canes-frost exposed) x 
Trenched (stored canes-frost protected); CP= Cane portions; SPM= 
Setts Placement Methods. Means for each category followed by dif-
ferent letters are significantly different from each other at 5% level 
of probability ns = non significant; LSD value (CP X SPM)= 0.52

cane yield might be due to high population density 
(Mohanthy and Nayak, 2011). Hussain et al. (2011) 
recommended fresh setts for maximum cane yield 
over stale cane setts. On contrary, Bell et al. (2004) 
reported that high density planting causing undesir-
able effects like lodging which reduce stalk size, stalk 
weight and cane yield. For maximum cane yield 100% 
recommended three setts ha-1 is needed over lower 
number of setts of 75% recommended single setts ha-1 

(Patel et al., 2014). Singels et al. (2009) observed 21% 
stalk yield increased as per meter reduction in row 
spacing occurred. Significantly higher stripped cane 
yield was observed in 90 cm row spacing among four 
planting geometries (Chakrawal and Kumar, 2014). 
The interaction, CP x SPM observed significant (77.0 
t ha-1) for stripped cane yield in cane top portions tri-
ple setts placement with (62.9 t ha-1) stripped cane 
yield in cane bottom portion single setts placement. 
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Stripped cane yield excelled when top portion were 
planted at triple setts per unit placement followed by 
the same cane portions planted at double setts per 
unit placement (Figure 5).

Figure 5: Stripped cane yield (t ha-1) of sugarcane as affected by cane 
portions and setts placement methods.

Conclusions

Over all it can be concluded that planting fresh plant’s 
top portions, obtained from plant crop, with double 
and triple setts placement were found best for yield and 
yield attributing traits. However, triple setts placement 
increased cane yield at increasing setts costs (Data ex-
cluded). 
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