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ABSTRACT

A field experiment was conducted during the spring seasons of 2007-08 and 2008-09 at Lucknow, Uttar
Pradesh, to identify maximum nitrogen-use efficiency of early-maturing sugarcane (Saccharum spp. hybrids com-
plex) genotypes for higher productivity with low-input supply. The experimental treatment consisted of 8 early-ma-
turing genotypes, viz. ‘CoS 95270, ‘CoS 96258’, ‘CoH 92201’, ‘BO 130", ‘CoS 96268’, ‘CoPt 98224’, ‘BO 128 and
‘CoLk 94184’. The genotypes were planted in furrows during the spring season (in February) along with 4 nitrogen
levels, viz. control, 150 kg N/ha, farm yard manure (FYM) @ 10 t/ha and 150 kg N/ha + FYM@ 10 t/ha. The high-
est nitrogen-use efficiency (NUE) was observed with ‘CoLk 94184’ (260.9 kg cane/kg N applied) at 150 kg N appli-
cation. The genotype ‘CoLk 94184’ grown with 150 kg N + 10 t FYM yielded 66.1 t/ha followed by ‘BO 128’. Signifi-
cant variation in the germination percentage of different genotypes was observed. The highest germination (%)
was noticed in ‘CoLk 94184’ followed by ‘CoS 96258'. Significantly highest number of millable canes (133.7 thou-
sand/ha) were observed in genotype ‘CoLk 94184’. Increase in number of millable canes was recorded with the
application of nitrogen and its fortification with organic matter (FYM). In general, the productivity of sugarcane en-
hanced at 150 kg + 10 t FYM/ha as compared to 150 kg N/ha alone. The genotypes ‘CoS 95270, ‘CoLk 94184,
‘CoS 96258’, ‘CoS 96268, ‘CoH 92201’ and ‘BO 130’ recorded significantly higher and at par commercial cane
sugar. However, ‘ColLk 94184’ gave significantly highest sugar yield (8.35 t/ha), which was statistically at par with
those produced by ‘CoS 95270’, ‘CoS 96268’ and ‘BO 128'. The sugar yield was enhanced with application of N
along with FYM. The higher root volume (71.9 cc) and root length (33.1 cm) were recorded by the genotype ‘ColLk

94184’ however ‘BO 128’ blessed with higher root spread.
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Sugarcane

Sugarcane is an important agro-industrial annual crop
involves more than 50 million skilled and unskilled work-
ers for various activities (Singh et al., 2013). Competing
sinks of vegetative growth fibre and stored sucrose in sug-
arcane undergoes complex physiological regulations that
largely depends on crop nutrition. Sugarcane is ahigh bio-
mass-producing crop that requires substantial quantities of
nitrogen from soil (Singh and Yadav, 1992; Peter, 2005).
Primary function of nitrogen in sugarcane is to increase
the photosynthetic apparatus like leaf development, |eaf
expansion, tiller formation, leaf surface area and func-
tional duration of leaves. Theyield of different genotypes
varies with their in-built genetical potential. Consequently,
the uptake of nitrogen by different genotype also varies.
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Sugarcane being along duration and huge biomass ac-
cumulating crop removes substantial amount of plant nu-
trients from the soil. A crop of 100 t/ha exhausts 208 kg N,
53 kg P and 280 kg K besides 3.4 kg Fe, 1.2 kg Mn, 0.6 kg
Zn, 0.2 kg Cu and 30 kg S (La and Singh, 2002). Since
Indian soils are universally deficient in N, the nitrogen
application rate is much higher except in some parts of
north eastern region. Nearly 50% soils are deficient in P
and 20% in K. Sulphur has become critical in low organic
matter coarse-textured soils under S-exhausting oil seed-
based cropping systems. Simultaneously, low-fertilizer N
recovery has been reported from many sugar areas
(Hartemink, 2008). More so, sugarcane genetic variations
concerned with yield and quality along with the environ-
mental impact on crop production, efficient use of fertiliz-
ers N is therefore critical (Uribelarrea er al., 2006). All
these point out to greater opportunity for using more bal-
anced fertilizers for enhancing cane yield, improving pro-
duce quality and maintaining system sustainability. Hence
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present experiment was carried out to study the growth,
yield and NUE of different genotypes under varying N
levels with and without organics.

MATERIALS AND METHODS

The field experiment was conducted during 2007-08
and 2008-09, starting from February 2007 at the Research
Farm of the Indian Institute of Sugarcane Research,
Lucknow (26°50' N, 80°52' E and 111 m above mean sea-
level in central part of Uttar Pradesh falling in subtropical
belt of sugarcane cultivation). The soil of experimental site
is categorized in Order inceptisols under the group Udic
Ustochrepts, neutral in reaction (pH 7.4), low in organic
carbon (0.34%) and available N (158.5 kg/ha), mediumin
available P (16.6 kg/ha) and K (265.9 kg/ha). Texture of
experimental field was sandy loam (15.2% clay, 21.4% silt
and 63.4% sand) of Gangetic alluvial origin.

The field experiment was laid out in split-plot design.
The treatment consisted of 8 early-maturing genotypes,
viz. ‘CoS 95270, ‘CoS 96258, ‘ CoH 92201', ‘BO 130,
‘CoS 96268, ‘ CoPt 98224’, ‘BO 128’ and ‘ CoLk 94184’
in main plots and nitrogen levels (control, 150 kg N/ha,
farm yard manure (FYM) @ 10 t/ha and 150 kg N/ha +
FYM 10 t/ha) in as sub-plot treatment. The genotypes
were planted in furrows at 75 cm spacing during the spring
season (in February) along with 4 nitrogen levels, repli-
cated thrice. The recommended doses of P and K were 60
kg P,O, and K, O/ha each. The sources of Pand K were
diammonium phosphate-DAP (18% N and 46% P) and
muriate of potash (60% K). Full amount of Pand K fertil-
izers and one-third N were applied basal. Remaining nitro-
gen was applied in 2 equal splits-at initial (60 days after
planting) and final stages (120 days after planting) of
tillering in sugarcane. Other agronomic practices such as
plant population management, water management and
pest management were followed as per the recommenda-
tions.

Three healthy clumps (stools) per treatment were se-
lected for root studies. Each stool was dugout carefully
making all efforts to minimize loss of roots. The entire
stool was then suspended in a water tank to wash-off the
clinging soil. After washing, horizontal and vertical spread
of roots was measured from base. Thereafter, the root
mass was separated from the stalk and the fresh weight of
the roots was recorded. The measurement of vertical/hori-
zontal root spread as described by Kapur et al., (2004),
led to derivation of a cone-shaped ‘feeding zone' and was
calculated by the volume of a cone represented as.

1/3n eV ()

where h = one way (1/2 of the diameter) horizontal
spread from the core/stalk base to the tip of longest lateral

Feeding zone =
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root and V is the vertical spread

‘Root intensity’ which encompasses vertical and hori-
zontal spread of the roots and the roots mass was calcu-
lated on fresh weight basis as :

. . Root mass
Root intensity = ————— . (2
Feeding zone

The ratio of above-ground plant weight to the weight of
below ground plant part (i.e. root mass) taken as measure
of shoot: root ratio and also termed as ‘root efficiency’
computed as:

Above ground plant fresh weight

Root efficiency = - )]
Below-ground plant fresh weight

Five millable canes (ripen canes ready to send to sugar
mills) were randomly sampled for observations on yield
attributed (length, girth and average cane weight) and
juice quality parameters (brix, pol and purity). Juice purity
and commercia cane sugar (CCS) were calculated by the
formulae as described by Gupta (1977):

Juice purity (%) = Sucrose (%) in juice/corrected brix x 100 ...(4)
CCS (%) = {S(B-5) x 0.4} x 0.73 .. (5)

where Sis sucrose % in juice, and B is corrected su-
crose (%) was determined as per the method of Meade and
Chen (1977)

The apparent N recovery and nitrogen-use efficiency
were calculated as per Yadav er.al. (1997). The data
were statistically analyzed for various characters as de-
scribed by Panse and Sukhatme (1985).

RESULTS AND DISCUSSION

Growth and yield

There was significant variation in germination of the
genotypes, being with highest in ‘ ColLk 94184' genotype,
followed by ‘ CoS 96258’ (Table 1). However, low germi-
nation percentages of the genotypes were only due to ge-
notypic variation (Singh et al., 2002). Highly significant
and large variations were recorded among the genotypes
with for their tillering pattern. Genotypes ‘CoLk 94184,
‘C0S 96258, ‘ CoPt 98224, ' CoS 96258’ , were found as
high-order tillering genotypes, while ‘ CoH 92201’, ‘BO
130" and ‘Bo 128’ were of shy-tillering character. The
number of millable canes which is the exact measure of
tiller performance, also showed significant variation. Sig-
nificantly highest number of millable canes (NMC) were
recorded in ‘ CoLk 94184’ (133.7 thousand/ha). Increasein
the number of tillers and number of millable canes were
noted with the application of nitrogen and its fortification
with organic matter (FY M). In tufted grass which include
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sugarcane, the under-ground branching is limited and is
followed by formation of anumber of erect stalks (shoots),
which makes individual plants (Yadav, 1993). Higher
tillering in the genotype ‘CoLk 94184 in early-maturing
genotypes are due to their high nitrogen-use efficiency
(NUE) capahility which may also owing to enhanced pho-
tosynthetic rate, stomatal conductance, transpiration ratio
and ultimately leaf-area index.

Yield variability among the genotypes was significantly
the highest at P<0.05. The genotype ‘ CoLk 94184’ yielded
66.1 t/hafollowed by ‘ CoS 95270’. However, overal pro-
ductivity of ‘BO 128" was found better than * CoS 95270'.
The productivity of sugarcane also enhanced at 150 kg +
10t FYM in general.

Quality parameters

Pertinent genotypic variations were recorded in the
quality parameters of sugarcane like pol, purity and com-
mercial cane sugar. Similar pol (%) were recorded for the
genotypes ‘' CoS 95270" and ‘ CoLk 94184’ . The purity of
juice was significantly improved by application of opti-
mum doses of nitrogen. Genotypes ‘ CoLk 94184’ , ‘ CoS
95270', ‘CoS 96258, ' CoH 92201 and ‘ CoS 96268 were
having statistically similar sucrose content. The signifi-
cantly highest sugar yield was recorded from ‘ CoLk
94184’, which was comparable to ‘CoS 95270,
C0S96268 and ‘BO 128’ genotypes. The sugar yield was
enhanced by N application along with FY M. The quality
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parameters of the genotypes were again a part of varietal
character. Sugar yield is afunction of CCS (%) and cane
yield. The higher sugar yield of the genotype ‘ CoLk
94184 and ‘CoS 95270" were due to higher CCS% and
caneyield.

Uptake, use-efficiency and apparent recovery of nitro-
gen

The highest N uptake and nitrogen-use efficiency
(NUE) was observed with ‘ CoLk 94184" at 150 kg N ap-
plication. However, the highest apparent recovery har-
nessed by genotype ‘ CoS 95270 (Table 2). Photosynthe-
sis, growth and yield are strongly linked to N availability
in grass crops (Ranjith and Meinzer, 1997). The increase
in NUE of the genotypes with the application of FYM in
the treatment was owing to improvement in soil conditions
(Singh et al., 2007). The number of root hairsin upper and
lower portions of roots may also play an important rolein
increasing the NUE. Yadav et al. (1997) demonstrated that
the responses and N recovery declined sharply with the
increase in N dose from 75 to 300 kg/ha to sugarcane
grown in subtropical region. It isto be noted that the high-
est response and N recovery were obtained at lower level
of N dose (75 kg/ha). It isadmitted that N recovery barely
exceeds 30 to 40%. After application, a part is used by
plants, apart remainsin the soil, and remaining is depleted
through gaseous loss and leaching.

Sugarcane prefers N in NO, form and also takes the

Table 1. Effect of nitrogen levels on growth, yield and quality of early-maturing sugarcane genotypes (mean data of 2 years)

Treatment Germination Tillers/ha (* 000) NMC  Yied Brix Pol Purity CCs CCs
(%) May June July Aug. (000/ha) (t/ha) (%) (%) (%) (%) (t/ha)
Genotypes
‘CoS 95270 355 1024 1254 1909 1889 89.9 58.8 209 18.15 87.07 12.46 7.34
‘Co S96258' 384 129.0 1355 2082 1909 87.5 458 206  18.13 88.09 1251 5.74
‘CoH 92201’ 23.1 72.0 1051 1554 1518 67.8 40.4 205 17.89 87.19 12.29 4.94
‘BO 130’ 25.6 79.7 117.8 1748 1652 73.4 48.1 209 1784 8549 1214 5.85
‘CoS 96268’ 36.8 1333 1363 2189 196.0 951 54.2 209 18.23 87.00 1252 6.73
‘CoPt 98224’ 359 1265 1203 1545 158.0 101.9 49.3 211 1754 83.12 11.75 5.81
‘BO 128’ 354 1018 1274 1658 1569 1126 60.2 204  17.40 85.35 11.82 7.15
‘CoLk 94184 421 1446 1442 2209 2109 1337 66.1 20.3 18.15 89.31 12.61 8.35
SEmz+ 1.10 4.50 4.69 6.14 6.57 427 270 0.67 0.15 044 021 0.67
CD (P=0.05) 3.97 13.65 1424 1863 20.65 1297 8.17 NS 0.46 1.36 0.63 2.05
N levels
Control 33.8 85.9 98.1 1427 1394 755 375 208 17.80 85.77 12.13 454
150 kg N/ha 331 1240 1431 2141 1991 1037 59.6 204  17.64 86.45 12.07 7.20
10t FYM/ha 34.9 94.3 108.2 1532 1509 84.6 48.1 209 18.10 86.69 12.39 5.95
150kgN + 10t 347 1404 156.6 2348 2199 117.2 66.4 208 18.13 87.40 1247 8.27
FYM/ha
SEmz+ 0.95 281 3.18 3.64 3.52 261 1.95 0.52 0.63 0.29 0.59 0.44
CD (P=0.05) NS 7.86 892 1021 9.86 731 546 NS NS 0.82 NS 1.25

CCS, Commercial cane sugar
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Table 2. Effect of nitrogen levels on nitrogen uptake, use efficiency, apparent recovery and root characters of early-maturing sugarcane
genotypes (mean data of 2 years)

Treatment N upteke  NUE (kg  Apparent Root Feeding Root Root Root Number
(kg/ha)* cane/lkg  Nrecovery  spread zone intensity volume length of root
N)* (%)* (cm) (m?/stool) (g/md) (cc) (cm) hairs’lcm
root

length/
clump

Genotypes
‘CoS 95270 95.20 220.77 33.08 23.9 0.020 13,049.2 53.08 32.68 529.83
‘CoS 96258’ 76.60 201.84 25.53 23.2 0.017 15,559.3 42.25 28.18 284.87
‘CoH 92201’ 49.19 169.25 18.72 21.3 0.010 25,296.8 39.58 19.33 317.02
‘BO 130’ 59.72 156.96 15.51 224 0.015 16,297.6 31.29 27.05 283.74
‘CoS 96268’ 81.08 199.70 24.22 24.1 0.017 15,642.6 43.89 26.86 393.97
‘CoPt 98224’ 73.89 166.81 23.98 19.8 0.012 19,673.8 38.59 28.32 291.24
‘BO 128 81.50 161.81 25.11 253 0.023 11,581.7 65.40 32.04 694.77
‘CoLk 94184 99.97 260.99 31.63 20.9 0.016 16,012.6 71.91 33.09 915.95
SEmz+ - - - 111 0.010 1,440.9 2.85 414 88.7
CD (P=0.05) - - - 3.36 NS 43,66.2 8.65 12.55 263.8

N levels

0 control - - - 20.6 0.014 19,053.1 39.54 21.33 383.80
150 kg/Nha - - - 23.2 0.015 17,853.1 51.55 30.43 482.64
10t FYM/ha - - - 21.8 0.018 14,742.0 45.97 26.86 473.03
150 kg N +10tFYM - - - 24.8 0.019 14,908.5 55.93 35.16 516.23
SEmz+ - - - 051 0.013 949.2 1.90 3.08 42.40
CD (P=0.05) - - - 141 NS 2,658.2 5.36 8.63 118.6

*Observed at 10 t FYM/ha + 150 Kg N/ha

Table 3. Combined effect of genotypes and level of N application on number of millabel canes and yield (mean of 2 years)

Treatment *NMC CaneYield Sugar NMC Cane Sugar
(000/ha) (t/ha) yield (000/ha) Yield yield
(t/ha) (t/ha) (t/ha)
Genotypes N levels
0 (control) 150 kg N/ha
‘CoS 95270 60.7 40.6 5.03 102.2 64.8 7.92
‘CoS 96268’ 64.2 304 381 100.7 53.0 6.64
‘CoH 92201’ 50.8 28.6 3.56 74.7 44.9 5.17
‘BO 130’ 63.2 34.9 4.09 73.7 56.5 6.84
‘CoS 96268’ 80.3 40.2 5.09 102.3 60.0 7.37
‘CoPt 98224’ 81.7 35.4 4.02 109.5 57.4 6.44
‘BO 128’ 93.3 46.9 5.29 118.8 65.7 7.76
‘CoLk 94184 109.7 432 5.39 146.8 74.2 9.41
10t FYM/ha 150 kg N+10 t/FYM
‘CoS 95270 81.7 56.1 7.01 114.9 73.8 9.38
‘CoS 96268’ 76.3 39.2 4.85 108.7 60.7 7.65
‘CoH 92201’ 57.7 34.4 4.25 88.2 54.0 6.78
‘BO 130’ 65.1 428 5.21 915 58.4 7.25
‘CoS 96268’ 85.2 46.5 5.90 112.6 70.2 8.55
‘CoPt 98224’ 88.4 439 5.36 128.1 60.5 7.41
‘BO 128’ 101.7 57.1 6.81 136.8 71.2 8.72
‘CoLk 94184 1211 64.6 8.20 157.1 82.4 10.38
‘Genotype x N NMC Caneyield Sugar yield
SEmz+ 8.10 6.86 1.22
CD (P=0.05) 22.73 19.29 3.47

*NMC, Number of millable canes
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NH,*form. The latter is subject to microbial attack that
depletes NH,* —N. In Brazil, cane is grown on low-N in-
puts, rarely exceeding 60 kg/hafor plant crop and 80-120
kg/hafor ratoons. The yield pattern is 6570 t/ha with an
N uptake of 100—200 kg/ha. (Urquiaga et al., 1992). In the
aluvial soils of Texas, USA, the plant crop receives 56 kg
N/ha (Wiedenfeld, 1998). Higher rates are applied to
clayey soils than loamy soils.

Root growth and feeding zone

The root spread, feeding zone and root intensity varied
for different genotypes. Maximum root spread and feeding
zone was observed in genotype ‘BO 128’ ; however, high-
est root intensity was observed in ‘ COH 92201'. Sugar-

Table 4. Effect of different treatments on physical properties of soil
at harvest of sugarcane (mean of 2 years)

N levels *N, N, N, N, Mean
Genotypes Bulk Dendity (Mg/m) 0-30cm
‘CoS 95270 134 1.33 1.30 1.29 1.32
‘CoS 96268’ 1.33 134 1.32 1.30 1.32
‘CoH 92201’ 1.33 134 1.30 1.28 131
‘BO 130’ 1.34 134 134 1.32 134
‘CoS 96268’ 1.33 133 131 1.28 131
‘CoPt 98224’ 1.33 133 1.32 1.28 1.32
‘BO 128 1.33 133 1.33 131 1.33
‘CoLk 94184 1.33 134 1.32 1.29 1.32
Mean 1.33 134 1.32 1.29 -
Initial 1.36 Mg/m?®

Infiltration rate (mm/hr)
‘CoS 95270 3.73 3.34 3.96 4.12 3.79
‘CoS 96268’ 3.74 3.73 3.89 4.10 3.87
‘CoH 92201’ 3.75 3.74 3.87 4.10 3.87
‘BO 130’ 3.73 3.72 3.92 4.17 3.89
‘CoS 96268’ 3.70 3.70 3.97 421 3.90

‘CoPt 98224 3.67 3.71 3.89 4.22 3.87

‘BO 128 3.69 371 3.89 411 3.85
‘CoLk 94184 3.72 3.73 3.94 4.00 3.85
Mean 3.72 3.67 3.92 4,13 -
Initial 3.61 mm/hr

Organic carbon (%) 0-30 cm

‘CoS 95270 0.33 0.33 0.36 0.39 0.35

‘CoS 96268 0.32 0.32 0.36 0.40 0.35
‘CoH 92201 0.33 0.32 0.36 0.39 0.35
‘BO 130 0.34 0.33 0.37 0.41 0.36

‘CoS 96268 0.33 0.34 0.37 0.40 0.36
‘CoPt 98224 0.32 0.33 0.36 0.39 0.35

‘BO 128 0.33 0.32 0.36 0.40 0.35
‘CoLk 94184 0.33 0.32 0.37 0.41 0.36
Mean 0.33 0.33 0.36 0.40 -
Initial 0.30

*N,, 0 (control); N,, 150 kg N/ha; N,, 10t FYM/ha; N,, 150 kg N +
10t FYM

[Val. 60, No. 1

cane genotype ‘ CoLLk 94184' produced bulky, longer roots
and higher number of hairs bearing roots. This was fol-
lowed by ‘BO 128'. Genotype ‘BO 130" with the lowest
root volume beared less number of root hairs. The root
length increased may be due to higher apparent recovery.
The root biomass is observed to be the function plant
genotype and management factor.

Combined effect of genotypes and nitrogen levels

The combined effect of genotypes and nitrogen levels
was found significant for many attributes, but the data on
number of millable cane, cane yield and sugar yield are
presented in Table 3. Significantly highest number of
millable canes, cane yield and sugar yield were recorded
in ‘ColLk 94184 genotype applied with 150 kg N + 10 t
FY M/ha. The genotypes ‘ CoS 95270', ‘BO 128’ and ‘ CoS
96268’ aso performed similar to ‘ CoLk 94184’. The ad-
dition of FYM in the field reflected with 3 fold improve-
ment in the soil-plant system, i.e. pool of plant nutrients
which have direct effect on plant growth, increased or-
ganic matter content of soil that improved the physical
properties of soil and it provides food for many microor-
ganisms essential for increase in their activity which in
turn help convert unavailable plant nutrients into available
form. The change in soil physical propertiesviz. bulk den-
sity, infiltration rate and organic carbon are presented in
Table 4. It is clear from the data that plots receiving FY M
@ 10 t/ha played major rolein reducing bulk density,
increasing infiltration rate and organic carbon, which ul-
timately resulted in higher productivity of cane and sugar
both. Similar observations were also reported by Singh et
al. (2007).

It may be concluded that nitrogen-use efficiency varies
with the genotypes and application of organics proved
beneficial for enhancing the growth, yield and quality of
sugarcane. Root growth is solely decides the genotypic
ability to grow and uptake of nutrient.
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