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A field trial was conducted for two years to evaluate the effect of different trench spacings and doses of Zinc (Zn)
and Iron (Fe) on yield and quality of sugarcane. The treatments comprised of three trench spacing at 75, 90 and
120 cm and three foliar applications of Zn+Fe @ 2.5+5, 5+10 and 7.5+15 Kg ha™, along with a check. Different
trench spacing and levels of zinc and iron significantly affected the yield and all the quality parameters of
sugarcane crop except cane juice purity. Crop planted at 120 cm spaced trenches produced the maximum yield of
stripped cane in both years. Sub plot treatment with applied Zn+Fe @ 5.0+10 Kg ha™ gave the maximum stripped
cane yield of 106.4 & 110.4 t ha™ during 2007-08 and 2008-09, respectively. The higher sucrose contents
(18.61%) were obtained with foliar application of 5.0+10 Kg ha™ of Zn+Fe, while 90 cm and 120 cm apart
trenches gave similar sucrose contents but the higher than 75 cm apart trenches. The maximum sugar yield of
14.97 t ha™ was obtained from crop grown at 120 cm spaced trenches. Foliar application of zinc and iron @ 5+10
kg ha™ provided higher sugar yield of 15.25 t ha™. On the basis of two years study, it is recommended that
sugarcane crop should be planted at 120 cm spaced trenches fertilized @ 5+10 kg ha™ of Zn+Fe for better yield

and quality production.
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INTRODUCTION

Sugarcane is a major cash crop of Pakistan which not
only provides the main stay to sugar industry but is
also used as a raw material in many allied industries
for alcohol and chip board manufacturing. It is a source
of employment directly or indirectly to more than four
million peoples of Pakistan. It plays a very important
role in agro-industrial economy of Pakistan. The
reasons for low cane and sugar production include
conventional method of planting, poor management
practices and imbalanced nutrient management
resulting in poor plant population, lodging, dwarf and
thin canes and poor recovery percentage. Therefore, it
is imperative to develop such planting techniques and
practices which may help in maintaining appropriate
plant population to facilitate light capture, air
circulation, water saving and cultural operations.

Sugarcane is conventionally planted at 60-75 cm

spaced single rows which hinders various
management practices necessary for good crop
husbandry and hence, restrict the vyield to a

considerable extent (Chattha et al., 2004). On the other
hand, trench planting is considered more suitable and
proficient planting system that saves irrigation water
and reduces lodging due to easy inter-culture and
earthing up operations (Malik et al., 1996). Increase in

yield with planting cane at one meter spaced trenches
was reported by Sarwar et al. (1996). They also
reported that canes of better juice quality were
produced in wider than narrow trench spacings. An
intra-row spacing of 90 cm produced more dry matter
and cane yield over intra-row spacing 30 and 60 cm
but quality parameters remained similar with different
row spacings (Raskar and Bhoi, 2005). Mahmood et al.
(2007) found that sucrose contents lowered in case of
100 cm spaced triple-row ditch planting against the
maximum in 90 cm spaced double-row strips. Purity
coefficient did not exhibit significant differences due to
row spacing and seeding rates (Tej et al., 2006). Ali et
al. (2001) recorded non significant differences in
commercial cane sugar at different spatial
arrangements and planting methods. Higher sugar
yields were observed in narrow row planting as
compared to wider row spacing, probably due to more
stripped cane yield at narrower row space (Khan et al.,
2004).

The second reason for low yield and poor quality of
sugarcane is the imbalanced application of fertilizers.
Continuous cropping with high yielding cultivars,
monocropping and less attention to integrated nutrient
management result in depletion of organic matter
leading to micronutrient deficiencies (Rakkiyappan and
Thangavelu, 2000). Many researchers have reviewed
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zinc deficiency in the soils of Pakistan (Hadi et al.,
1997). High pH soils exhibit iron deficiency and create
a problem for growers of low-rainfall areas. Pakistani
soils are high in pH which results antagonistic
interaction of Zn and Fe with other nutrients and,
hence, Zn and Fe availability to plants is less.
Sugarcane cultivar LCP 85-384 was found sensitive to
zinc deficiency and addition of zinc in calcareous soils
increased the cane yield up to 24.8% over the control
(Wang et al., 2005). High values for millable canes,
cane height and per cane weight as well as brix, pol
and purity were observed with the application of zinc
sulphate and manganese sulphate (Tomer and Malik,
2004). Juice quality parameters were improved with
the application of sulfur and zinc over recommended
NPK (Bokhtiar and Sakurai, 2005). Rakkiyappan et al.
(2002) reported an increase in chlorophyll content,
cane yield and sucrose content with foliar applied iron
sulphate as compared to soil application. This increase
could be due to the presence of high quantity of
calcium carbonate content in the soil, and quick
recovery from chlorosis with foliar application. Sucrose
percent, purity percent and sugar yield were increased
with the interactive effect of Zn, Fe and their sources
(Dhanasekaran and Bhuvaneswari, 2004). The present
study was therefore undertaken to find out the suitable
trench spacing and optimum dose of Zn and Fe for
maximum yield and quality production of sugarcane.

MATERIALS AND METHODS

Plant material and growing conditions: Sugarcane
cultivar HSF-240 was grown in an irrigated field
experiment conducted for two consecutive years.
Physico-chemical analysis of experimental soil was
conducted before sowing and after harvest of the crop
during the both years of study. The soil analysis
indicated that the experimental soil was a loam with
slight alkaline reaction. The soil seemed to be
productive without any problem for crop husbandry. It
was medium in K,O (107-131 ppm), marginal in zinc
(0.81-1.19 ppm) and iron (3.06-3.65 ppm); but deficient
in N (0.035-0.051%), P,Os (6.1-8.9 ppm) and organic
matter (0.62-0.98%).

The field was prepared uniformly during the both years.
Each year before seedbed preparation, land was
leveled with the help of laser land leveler. Chisel
ploughing was done once. Pre soaking irrigation of 10
cm was applied. Once the soil reached the proper
moisture level, the seedbed was prepared by
cultivating the land with tractor mounted cultivator to a
depth of 10-12 cm followed by planking. The
treatments comprised of three trench spacings (75, 90
and 120 cm apart) and three foliar applications of
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Zn+Fe @ 2.5+5, 5+10and 7.5+15 Kg ha™, along with a
check. Trenches were made by ridger. Seed rate of
75,000 double budded setts per hectare was used and
it was adjusted according to the width of the trenches.
Fertilizers were applied at the rate of 175, 115 and 115
kg ha® N, P,Os and K,O, respectively. All of
phosphorous, potash and half of the nitrogen were
applied in trenches at the time of sowing in the form of
SSP (Single Super Phosphate), SOP (Sulphate of
Potash) and Urea, respectively. Remaining half of
nitrogen was applied in two installments at the start of
tillering and before earthing up. The foliar spray of 1/3
dose of Zn and Fe was applied 50 days after sowing
and the remaining 2/3 was applied in two equal
installments with 20 days interval after the 1* spray.
The sources of Zn and Fe were Zn SO,4.H,0 (35% Zn)
and Fe SO,.7H,0 (19% Fe), respectively. Earthing up
of sugarcane was done 90 days after planting. The
plots were arranged according to split plot arrangement
in RCBD with four replications, where the main plots
corresponded to trench spacing. Net plot size was 4.5
m x 8.0 m for 75 cm and 90 cm spaced trenches while
4.8 m x 8.0 m for 120 cm spaced trenches. Sixteen
irrigations (1600 mm) were applied to crop during each
year of experiment in addition to 339 and 583 mm
rainfall received during 2007-08 and 2008-09,
respectively. Meteorological data for growing periods of
the crop were collected from the Observatory, Pakistan
Agriculture Research Council (PARC) unit, Ayub
Agriculture Research Institute, Faisalabad, Pakistan as
depicted in Figure 1.

The yield and quality parameters were recorded as
described below:

Stripped cane yield: All stripped canes from two
trenches in each experimental unit were weighed and
converted to tons per hectare.

Quality parameters: Ten canes randomly selected
from every plot were crushed using a cane crusher and
the juice was collected in glass jars. With the help of
polarimeter, pol reading of extracted juice of every
treatment was recorded. Sucrose content in cane juice
was calculated with the help of Schmitz’'s table
(Spancer and Meade, 1963).

Cane juice purity was determined as described by
Spancer and Meade (1963) as under:

Pol (%) juice N
°Brix juice
Commercial cane sugar (CCS %) was calculated by
using the method of Spancer and Meade (1963) as

under:

Cane juice purity (%) = 100
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CCS (%) = EP[l—ﬁj——B[l—F—Jrsj
2 100 2 100
Where, P= Pol (%) in juice; B= °Brix in juice, F= Fiber
(%) in juice (12.5%).
Cane sugar recovery percent (CSR %) was calculated
by following formula:
CSR (%) = CCS(%) x 0.94
Where, CCS is commercial cane sugar, and 0.94 is net
titer (sugar losses).
Sugar vield (t ha) was determined by the following
formula:
Sugar yield (t ha) =

Stripped cane yield (t ha'lj X CCS (%)

1

100

Statistical analysis: Data collected from both
experiments were statistically analyzed by MSTATC
and differences among the treatment means were
compared for significance using the Duncan’'s New
Multiple Range Test (DNMRT) at 5% probability (Steel
et al.,, 1997). The significance of regression (y) was
tested against tabulated values given by Snedecor and
Cochran (1989).

RESULTS AND DISCUSSION

Stripped cane yield: Stripped cane yield was more
during 2008-09 than 2007-08. It was mainly attributed
to more number of millable canes and higher stripped
cane weight during 2008-09 than 2007-08. The yield
differences between the years might be due to daily
variation in the maximum and the minimum
temperature resulting in different micro-climate across
the season, and secondly due to more rainfall during
the year 2008-09 as compared to 2007-08 (Fig. 1).
Such environmental variations across the year
promoted growth parameters during the later year
which ultimately gave higher stripped cane yield.
During the both years 120 cm spaced trenches
produced more stripped cane yield than 90 and 75 cm
apart trenches (Table 1). The Higher stripped cane
yield at 120 cm spaced trench planting might be
attributed to higher values of vyield contributing
parameters like cane length, cane weight and cane
diameter. These results are in line with Bashir et al.
(2005) who reported that a row spacing of 120 cm was
found optimum for higher stripped cane yields.
Cheema et al. (2002) and Raskar and Bhoi (2003) also
observed that cane yield was significantly higher in 90
cm spaced trenches compared with 60 cm row
spacing.
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Figure 1. Meteorological data of experimental site

The stripped cane yield increased in quadratic manner
with increasing level of Zn+Fe during the both
experimental years (Table 1). F, treatment (5+10 kg
Zn+Fe ha™) gave maximum stripped cane yield in all
the trench spacings. The minimum stripped cane yield
was noted in F; level (7.5+15 kg Zn+Fe ha™) that was
almost similar to unfertilized plots. Significant increase
in stripped cane yield up to an optimal level of zinc and
iron has already been reported by Aslam et al. (2004)
and Balaji et al. (2006). The decrease in stripped cane
yield with higher level of zinc and iron may be due to
their toxic effect at higher concentration. Nayyer et al.
(1989) reported that all the yield contributing traits like
tillers, plant height, cane length and per cane weight
are positively affected by the application of Zn and Fe
sources; they also observed that application of these
elements beyond certain levels adversely affected the
yield components of the crop.

Sucrose contents: The data presented in Table 1
showed that year effect on sucrose contents was
highly significant and more sucrose contents of 19.01%
were measured during 2007-08 than the later year
producing sucrose content of 17.61%. This huge
difference in sucrose content might be due to climatic
changes, as high rainfall was noted during the growth
period of the crop during 2008-09 (Fig. 1) that resulted
in high water contents in the cane juice and lesser
sucrose content.
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Sucrose content of cane juice was not affected
significantly by different trench spacing during 1% year,
but was significantly affected during 2008-09. In the
later year, sucrose content decreased with decrease in
trench spacing and maximum sucrose content
(17.81%) was noted in 120 cm spaced trenches that
was statistically similar with 90 cm spaced trenches
(17.72%). The minimum sucrose content (17.32%) was
noted in 75 cm spaced trenches. The results are in
agreement with Kathirisan and Narayanasamy (1991)
who reported that sugarcane planted in 80 cm spaced
rows produced more sucrose than in 60 cm spaced
rows.

Different fertilizer levels significantly affected the
sucrose contents for quadratic trend during both the
years (Table 1). In 2007-08, the maximum sucrose
content (19.30%) was produced with the application of
5+10 kg Zn+Fe ha™ followed by treatment F; (2.5+5 kg
Zn+Fe ha™) producing sucrose content of 19.01%. The
minimum sucrose content (18.80%) was noted in
unfertilized plots that were at par with application of
5+10 kg Zn+Fe ha™® producing 18.93% sucrose
content. Similar results were observed during 2008-09.
On contrary, foliar spray of 0.5% iron and zinc (Pawar
et al., 2003), and soil applied zinc and iron (Sharma et
al., 2002) showed non significant response to sucrose
content. Interactive effect of different trench spacing
and fertilizer levels was found to be statistically similar.

Cane juice purity: The purity of juice refers to the
proportion of sucrose to total solids in the cane juice
and is expressed as percentage. The high quality
sugarcane should be of high juice purity with a smaller
proportion of solids other than sucrose, moderate fiber,
high milling quality and sucrose content. Data showed
that year effect on cane juice purity was highly
significant and more juice purity (87.51%) was
measured during 2007-08 than in the 2™ vyear
producing juice purity of 86.26% (Table 1). This
difference in cane juice purity might be due to
environmental differences (339 mm rainfall during
2007-08 and 583 mm during 2008-09) during the
growth period of the crop during both years (Fig. 1).
Spacing factor was non-significant during both the
years. In different trench spacing, percent purity
ranged from 86.55-88.48% and 86.06-86.47% during
2007-08 and 2008-09, respectively. As such, purity
coefficient did not exhibit significant differences for
varied row spacing and seeding rates (Tej et al., 2006).
Whereas, Kathirisan and Narayanasamy (1991)
observed that sugarcane planted in 80 cm spaced
rows gave more cane juice purity (85.64%) than in 60
cm spaced rows.
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Purity of cane juice was not affected significantly by
different nutrient levels in the 2™ year, but was
significantly affected for quadratic trend during the
earlier year (Table 2). During 2007-08, maximum juice
purity (89.04%) was Produced by the plots fertilized @
5+10 kg Zn+Fe ha™. Minimum purity (86.55%) was
noted in untreated plots that was at par with treatment
F. (2.5+5 kg Zn+Fe ha™) and treatment F5 (7.5+15 kg
Zn+Fe ha™) producing juice purity of 87.15% and
87.32%, respectively. Dhanasekaran and
Bhuvaneswari (2004) also noticed that zinc and iron
either alone or in combination significantly increased
percent purity of cane juice. However, Sharma et al.
(2002) reported non significant effect of zinc
application on purity co-efficient of cane juice. The
interactive effect between different trench spacing and
levels of zinc and iron on cane juice purity was found to
be statistically non-significant during both the
experimental years.

Commercial cane sugar: The real cane quality is
reflected by its commercial cane sugar (CCS)
percentage. Data (Table 2) revealed that year effect on
CCS percentage was highly significant and more CCS
(14.34%) was measured during 2007-08 than the later
year producing CCS of 13.17%. This difference in CCS
might be due to environmental differences during both
the years of study (Fig. 1).

CCS percentage was not affected significantly by
different trench spacing in earlier year; but was
significantly affected during 2008-09 with linear trend.
During 2008-09, percent CCS increased with increase
in trench spacing and maximum CCS (13.31%) was
noted in 120 cm spaced trenches that were statistically
similar with 90 cm spaced trenches providing CCS of
13.23%. The minimum CCS (12.96%) was noted in 75
cm spaced trenches. Khan et al. (2004) also recorded
maximum CCS of 12.73% with crop planted at wider
inter row spacing than narrow row space, producing
11.52% CCS. On the other hand, Malik et al. (1996)
and Vains et al. (2000) reported non-significant
differences in commercial cane sugar at different
spatial arrangements and planting methods.

Different Zn+Fe levels significantly affected the percent
CCS for quadratic response during both the years
(Table 2). Application of 5+10 kg Zn+Fe ha™ produced
maximum CCS of 14.72% and 13.45% during 2007-08
and 2008-09, respectively. Whereas, the minimum
CCS of 14.08% and 12.92%, was noted in unfertilized
plots that was also at par with F3 treatment (7.5+15 kg
Zn+Fe ha™) producing 14.26% and 13.01% CCS in
2007-08 and 2008-09, respectively. The significant
response of different nutrient levels to CCS% might be
due to their significant effects on sucrose contents
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(Table 1). In line with our results, Pawar et al. (2003)
found significant increase in CCS% with foliar
application of phosphorus and 0.5% zinc and iron as
compared to control. According to Wang et al. (2005)
and Sharma et al. (2002), commercial cane sugar was
not altered significantly with zinc application. Combined
effect of both the factors was found to be statistically
non-significant during both the study years.

Cane sugar recovery percent: Cane sugar recovery
(CSR) percent is an indicator of cane quality and
depends upon genetic make up of cane cultivars and
climatic conditions. The data expressed in Table 2
showed that year effect on percent CSR was highly
significant and more CSR (13.48%) was measured
during 2007-08 than the later year producing CSR of
12.38%. This large difference in CSR might be due to
environmental changes, as high rainfall and relative
humidity was received during the growth period of the
crop in 2008-09 (Fig. 1) that resulted in high water
contents in the cane juice and lesser sucrose content
that ultimately resulted in less recovery percentage.
Trench spacing significantly affected percent CSR for
linear trend in the year 2008-09, but did not
significantly affect percent CSR in 2007-08 (Table 2).
During 2008-09, maximum CSR (12.51%) was
recorded in 120 cm spaced trenches and was at par
with 90 cm spaced trenches providing 12.44% CSR.
The minimum CSR (12.19%) was noted in 75 cm
spaced trenches. These results are in contrary with
those of Murayama et al. (1990) who reported non-
significant differences in sucrose contents by planting
sugarcane either at wider or narrow row spacing.
Different Zn+Fe levels significantly affected the percent
CSR for quadratic response during both the years of
study (Table 2). Application of 5+10 kg Zn+Fe ha™
produced highest CSR of 13.84% and 12.64% during
2007-08 and 2008-09, respectively. The lowest CSR of
13.24% was recorded in control plots and was at par
with the application of 7.5+15 kg Zn+Fe ha™* and 2.5+5
kg Zn+Fe ha™ producing CSR of 13.37% and 13.45%,
respectively, in 2007-08. During 2008-09, the minimum
CSR (12.14%) was noted in unfertilized plots that was
at par with the application of 7.5+15 kg Zn+Fe ha™
providing 12.23% CSR. In line with our results, percent
sugar recovery of the cane juice also increased with
the application of zinc as reported by Gawad et al.
(1992). The interactive effect of different levels of
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Zn+Fe and trench spacing was found to be statistically
non-significant during both the years of study.

Total sugar yield: The total sugar yield (t ha) is the
interactive effect of stripped cane vyield (t ha™) and
CCS %. The data presented in Table 2 revealed that
the year effect on total sugar yield was non-significant.
The mean total sugar yield was 13.91 t ha™ and 13.59 t
ha™ in 2007-08 and 2008-09, respectively.

Averaged over years, trench spacings had highly
significant effect on total sugar yield. The crop planted
at 120 cm spaced trenches gave significantly more
total sugar yield (14.97 t ha™) and was followed by 90
cm spaced trenches producing total sugar yield of
13.87 t ha, whereas, the minimum total sugar yield
(12.40 t ha™) was recorded in 75 cm spaced trenches.
The increasing trend of total sugar yield with increase
in trench spacing was also justified with the findings of
Durai et al. (1989) who reported that significantly
higher sugar yield was recorded at wider row spacing
as compared with narrow row spacing. In contrary,
higher sugar yields were observed in narrow row
planting than at wider row spacing, probably due to
more stripped cane yield at narrow row space (Khan et
al., 2004).

Nutrient factor was highly significant for quadratic
effect during both the years. Averaged over years,
maximum total sugar yield (15.25 t ha™) was recorded
with the application of 5+10 kg Zn+Fe ha™ followed by
treatment F, (2.5+5 kg Zn+Fe ha™) that produced total
sugar yield of 13.86 t ha™. The minimum total sugar
yield (12.83 t ha™') was measured in unfertilized crop
plots that was statistically similar with total sugar yield
of 13.06 t ha™ recorded with application of 7.5+15 kg
Zn+Fe ha™. Significant differences in sugar yield at
different zinc and iron levels observed in the present
study may be due to different stripped cane yield and
CCS% (Table 2). Sugar vyield differences under
different zinc and iron levels were also reported by
Dhanasekaran and Bhuvaneswari (2004), Chandra
(2005) and Wang et al. (2005). However, according to
Sharma et al. (2002) sugar yield was not altered with
the application of zinc.

The combined effect of both factors on total sugar yield
was statistically similar during both years of
experiment. Regression model indicated the
dependence of sugar yield on stripped cane yield
during both years (Fig. 2).
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