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ABSTRACT

A field experiment was conducted during cropping seaseons of 2002-03 and 2003-04 at Lucknow, to evaluate 3
sugarcane genotypes (‘ColLk 9411°, ‘CoLk 9412’ and ‘ColLk 94184’) under 3 levels of N, P and K (150, 19.6, 37.4;
200, 26.2, 49.8; and 250, 32.8, 62.2 kg/ha) in 2 seasons (spring and summer) with plant-ratoon system. Genotype
‘CoLk 94184' recorded the highest cane yield and commercial cane sugar (CCS) across the seasons as well as
plant and ratoon crops. Genotype ‘ColLk 94184’ showed the highest brix (21.21) and pol (18.49%) reading at 10-
month stage in spring-planted cane. Individual cane length and cane weight increased significantly up to 200, 26.2
and 49.8 kg N, P and K/ha. Ratoon of the genotype, ‘ColLk 94184’ produced the highest number of millable canes
(133,900/ha), cane length (186.8 cm), cane yield (70.46 t’ha) and CCS (9.39 t/ha). The plant-ratoon system indi-
cated that genotype ‘CoLk 94184’ gave the maximum net returns (Rs 98,558/ha) and benefit : cost ratio (2.99) in
the spring-planted cane. Genotype CoLk 94184 gave better yield, sucrose and net profit, hence could be adopted
in the region for optimizing sugar productivity and regulating crushing schedule at factory level. Fertility level of
200, 26.2 and 49.8 kg N, P and K/ha was optimum for growth and cane yield during spring as well as summer
planting.
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In subtropical India, sugarcane (Saccharum spp. hybrid
complex) is planted in autumn, spring and summer sea-
sons. Productivity of different genotypes is greatly influ-
enced by genetic make up and agro-techniques. Role of
nitrogen in increasing tillering and growth is well recog-
nized. Heavy application of nitrogen decreases the juice
quality. Ratooning capacity of different sugarcane geno-
types varies differently (Tripathi, 1998). Optimum nutrient
management for sugarcane plant crop plays key role, as it
establishes vigorous stubble, which affects the ratoon yield
(Shukla, 2007). Tillering period in sugarcane is the most
important growth phase which governs the cane yield in
subtropical India. Normally sugarcane germination under
subtropical conditions is 30-35% as compared to 80-85%
in tropical part of the country. When sugarcane planting is
delayed from February to April/May;, it gets lesser time for
tillering and reduces productivity (Pandey and Shukla,
2001). Thus, time of planting is a key component for ob-
taining high sugarcane productivity, which is liable to
change as per genotypes and environment. Keeping this in
view, a field experiment was conducted to study the per-

*Corresponding author (Email: sudhirshuklal51@yahoo.com)

formance of sugarcane genotypes under different planting
seasons and nutrient levels in subtropical India.

.MATERIALS AND METHODS

A field experiment was conducted during 200203 and
2003-04 at the Indian Institute of Sugarcane Research,
Lucknow, Uttar Pradesh, using 3 sugarcane genotypes and
3 NPK levels to identify suitable genotypes under various
planting seasons. Loamy soil of experimental field with
pH 7.6 was low in organic carbon (0.41%) and available
N (190 kg/ha), and medium in P (14.5 kg P/ha) and K
(215 kg K/ha). Nine treatment combinations were tested in
a 3 times replicated randomised block design. Separate
trials were conducted for spring and summer seasons.
Planting of spring (February planted) and summer cane
(April planted) was done at 75 and 60 cm row spacing re-
spectively. After harvesting of sugarcane plant crop, ra-
toon crop was raised.

Ratoon was initiated in February. Recommended pack-
age of practices were followed for ratoon crop. Treatments
were not applied to the ratoon crop, rather carry-over ef-
fects of the treatments were studied in the ratoon crop har-
vested in December. Five canes were randomly selected
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from each plot for estimation of growth attributes and
juice-quality parameters (brix, pol % juice and purity co-
efficient). Juice purity and commercial cane sugar
(CCS) were calculated.

Sucrose content in juice was determined (Chen and
Chou, 1993). Millable cane stalks were counted in No-
vember in the plant and ratoon crops. Cane-growth at-
tributes (length, diameter, and weight) were measured be-
fore harvesting at the time of juice analysis.

RESULTS AND DISCUSSION

Growth, yield and quality of plant crop

Spring planting : Mean data of 2 cropping seasons in-
dicated that genotype ‘CoLk 9412” showed higher germi-
nation (41%) than ‘CoLk 9411° and ‘CoLk 94184’ (Table
1). Maximum numbers of millable canes were found with
‘CoLk 94184’, owing to its higher tillering capacity. Cane
length of ‘CoLk 9411’ and ‘CoLk 94184’ were statisti-
cally at par but ‘CoLk 9412’ produced thicker canes than
the other 2 genotypes. Overall mean individual cane
weights (690.2 g) of ‘CoLk 9412’ and ‘CoLk 94184’
(683.9 g) were at par. It showed that although ‘CoLk 9412’
produced thicker canes than ‘CoLk 94184’, contribution
of cane length in cane weight compensated the effect of
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diameter, so ‘CoLk 9412’ was at par with ‘ColLk 94184°.
Higher cane yield was harvested with genotypes ‘CoLk
94184’ owing to higher number of millable canes and op-
timum cane weight. Genotype ‘CoLk 94184° showed the
highest brix (21.21%) and pol (18.49%) reading at 10-

_month stage in spring cane (Table 1). It was observed that

maximum benefit from high sugar genotype, ‘CoLk
94184’ could be harvested in December under spring-
planting situation.

Germination of spring-planted crop remained unaf-
fected due to fertility levels. Number of millable canes and
individual cane length increased significantly up to 200,
26.2, 49.8 kg NPK/ha. Moreover, higher dose of NPK also
reduced the tiller mortality, indicating that besides produc-
tion of millable canes higher nutrition level helped in
maintaining retention of tillers. The role of nitrogen in
chlorophyll formation and carbohydrate metabolism and
positive interaction of nitrogen and phosphorus and nitro-
gen with potassium is well known. It was main reason in
improving millable canes, growth and vigour of sugarcane
plant. Higher cane weight was obtained up to 200, 26.2
and 49.8 kg N, P and K/ha, as it had positive effect on
growth and development processes (Pandey and Shukla,
2001). Thus, cane yield and CCS were also higher at this

Table 1. Influence of genotypes and fertility levels applied in spring and summer crop on growth, yield and commercial cane sugar (CSS) of
sugarcane plant crop (mean data of 2 cropping seasons)

Treatment Germination Milliable Cane Cane Cane Cane Pol % CCS Nutrient uptake
(%) canes length diameter weight yield juice (t/ha) N P K
(000ma) (em)  (m) (9  (thy
Genotype Spring-planted crop
‘CoLk 9411’ 40 1235 2115 1.87 652.2 71.03 16.95 8.29 139.9 34.8 184.7
‘CoLk 9412 41 100.7 191.7 2.05 690.7 60.11 17.74 7.35 120.8 30.0 158.1
‘CoLk 94184’ 34 128.2 205.7 1.95 6839 7742 18.49 9.84 150.9 37.2 198.9
SEmzt 14 2.7 45 0.04 13.2 1.5 0.19 0.15 22 0.8 1.9
CD (P=0.05) 42 8.2 13.2 0.12 385 4.5 0.6 0.48 6.5 2.5 58
Fertility level (NPK kg/ha)
150 + 19.6 + 37.4 39 110.2 199.7 1.91 635.5 64.22 17.63 7.79 123.9 29.5 163.1
200+ 26.2 £ 49.8 40 1222 2074 2.00 693.8 73.37 17.96 9.08 146.0 35.9 190.8
250 + 32.8 + 62.2 36 1204 201.8 1.99 697.1 70.97 17.58 8.57 145.5 36.9 188.8
SEmz+ 14 2.7 4.5 0.04 132 1.5 0.19 0.15 22 0.8 1.9
CD (P=0.05) NS 8.2 13.2 NS 38.5 4.5 0.6 0.48 6.5 2.5 58
Genotype Summer-season crop
‘CoLk 9411 31 100.7 189.1 1.80 568.6 59.61 16.79 7.18 117.4 27.4 154.9
‘CoLk 9412’ 33 759 172.2 1.94 588.1 54.81 17.37 6.55 113.3 274 144.2
‘CoLk 94184’ 27 90.9 183.9 1.86 617.2 59.84 18.35 7.49 116.7 28.7 153.8
SEmz= 09 2.01 3.5 0.05 14.6 1.32 0.22 0.13 2.7 0.4 2.1
CD (P=0.05) 2.9 6.03 10.5 NS 42.6 3.83 0.69 0.4 52 14 6.1
Fertility level (NPK kg/ha)
150 + 19.6 + 37.4 30 83.3 177 1.85 550.5 53.4 17.47 6.65 103.1 24.5 135.6
200 + 26.2 + 49.8 32 90.7 186 1.83 597.3 58.82 17.54 7.31 117.1 28.8 152.9
250 + 32.8 + 62.2 29 93.6 182.2 1.89 626.1 62.04 17.51 7.51 1272 322 165.5
SEmz= 0.9 2.0 35 0.05 14.6 1.32 0.22 0.13 2.7 0.4 2.1
CD (P=0.05) NS 6.0 104~ NS 42.6 383 NS 0.40 52 1.4 6.1
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fertility level. CCS was the function of cane yield and
quality. The higher cane yield contributed greater share in
improving CCS than c¢ane quality parameters.

Summer planting: Summer (April)-planted crop exhib-
ited lower germination (30%) than spring-planted one
(38%). “CoLk 9412’ maintained its superiority for higher
germination during both the seasons. Summer cane pro-
duced lesser number of tillers over the period due to less
time available for tillering. These results are in close con-
formity with the results obtained by Pandey and Shukla
(2003). ‘CoLk 9411’ produced the highest number of
millable canes, while ‘ColLk 9412’ relatively longer and
thicker canes. Cane yields of ‘CoLk 9411° and ‘CoLk
94184° were at par during summer planting, indicating
better competitive ability of former genotype when planted
in summer season compared to spring season. Highest
CCS was obtained with ‘CoLk 94184°. It was owing to
higher cane yield and quality of ‘CoLk 94184°. Planting of
various high sugar genotypes in summer (April) exhibited
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variation in sucrose accumulation pattern over spring

-cane, so through selection of genotypes the high sugar of

good quality could be harvested even in the summer sea-
son under north Indian conditions. »
Various fertility levels could not influence germination

.of sugarcane significantly (Table 1). Production of

millable canes and cane length increased significantly up
t0 200, 26.2 and 49.8 kg N, P and K/ha. Thus, significantly
higher cane weight and cane yield were obtained up to
200, 26.2 and 49.8 kg N, P and K/ha. Higher cane yield
was obtained because of production of millable canes and
cane weight and it led to finally higher CCS at similar fer-
tility level. Nutrient application beyond 200, 26.2 and 49.8
kg N, P and K/ha could not show significant impact on
cane yield and CCSin summer planted cane.

Correlation coefficient among various major growth
and yield-contributing characters indicated highly positive
relationship between these character (r=0.97) and millable
cane to cane yield (r=0.95), indicating higher contribution

Table 2. Influence of genotypes and fertility levels on spring and summer plant crop on growth, yield, nutrient uptake of sugarcane ratoon

and economics of plant-ratoon system

Treatment Milliable Cane Cane Cane Pol% Cane CCS Nutrient uptake (kg/ha) Plant-ratoon system*
canes length diameter weight juice yield (t/ha) N P K Gross Net Benefit:
(‘000/ha) (cm) (cm) (g) (t/ha) returns returns  cost
(x10°  (x10°  ratio
Rs/ha) Rs/ha)
Ratoon of spring cane
Genotype
‘CoLk 9411°  116.8 180.9 -1.81 525.5 18.11 6034 756 1164 28.9 1533 1314 82.0 2.66
‘CoLk 9412 90.6 158.0 2.08 571.1 1797 57.0 7.13  111.2 28,5 1465 117.1 67.3 2.37
‘CoLk 94184° 1339  186.8 1.78 5544 1924 7046 939 1346 324 1768 1479 98.6 2.99
SEm+ 2.6 32 0.05 102 027 2.16 027 1.8 0.6 2.1
CD (P=0.05) 7.8 9.5 0.15 305 0.78 6.4 0.80 43 1.8 6.2
Fertility level (NPK kg/ha)
150+419.6+37.4 1054 1794 1.92 551.1 1834 6430 8.18 1215 296 147.8 1285 80.1 2.65
200+26.2+49.8 1155 172.9 1.89 556.6 18.58 58.19 748 1123 279 1614 1316 82.3 2.67
250+32.8+62.2 120.5 173.4 1.85 5444 1841 6430 823 126.7 322 1653 1353 85.0 2.69
SEmz+ 2.6 32 0.05 102 0.27 2.16 0.27 1.8 0.6 2.1
CD (P=0.05) 7.8 NS NS NS NS NS NS 4.3 1.8 6.2
Ratoon of summer cane
Genotype
‘CoLk 9411° 1309 2077 2.02 5844 17.09 77.08 9.03 14838 369 1958 1367 87.4 2.77
‘CoLk 9412’ 100.5  202.5 2.25 625.1 1698 6450 7.52 1258 323  165.8 1193 68.9 242
‘CoLk 94184° 148 215.4 2.15 502.2 18.65 83.55 10.70 159.6 384 2097 1434 94.1 291
SEm+ 2.2 3.1 0.06 16.1 0.21 1.85 022 1.6 0.6 2.1
CD (P=0.05) 6.8 9.2 0.17 46.5  0.60 550 06 4.9 1.8 6.4
Fertility level (NPK kg/ha)
150+19.6+37.4 117.8  206.6 1212 536.6 17.76 70.78 8.73 1338 326 1777 1242 75.7 2.56
200+426.2+49.8 126.2 2122 2.1 581.1 17.87 7421 9.11 1432 35.6 1885 133.0 83.7 2.70
250+32.8+62.2 1354  206.8 2.2 5933 1747 8024 9.60 158.1 40.1 2062 1423 93.0 2.83
SEmz+ 22 3.1 0.06 16.1 0.21 1.85 022 1.6 0.6 2.1
CD (P=0.05) NS NS NS NS NS 5.50 0.60 4.9 1.8 6.4

*Cost of production of plant cane, Rs 28,300/ha; cost of production of ratoon cane, Rs 21,022/ha
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of millable cane and cane length in cane yield. Millable
cane contribution was higher to that of cane weight, which
showed importance of earlier formed tillers in increasing
cane productivity in north Indian conditions. Cane yield
and CCS in December were positively correlated (r=0.78),
whereas contribution of cane yield to CCS in February de-
creased (r=0.57). It was due to increase in cane quality
parameters in all the genotypes.

Ratoon of spring cane

Ratoon of summer planted cane produced higher num-
ber of millable canes than of spring cane (Table 2), owing
to higher number of millable canes. Lower cane diameter
of these genotypes increased the extent of millable cane in
yield contribution. ‘ColLk 94184 produced the highest
number of millable canes and higher cane length, while
cane weight was higher with ‘CoLk 9412’ owing to more
cane diameter than with the other genotypes (Table 2).
Higher pol per cent juice was recorded in ‘ColLk 94184,
Cane yield and CCS were maximum with ‘CoLk 94184°.
Various fertility levels applied in plant crop influenced
ratoon growth, yield and quality significantly.

Ratoon of summer cane

Highest number of millable canes and cane length were
obtained with ‘CoLk 94184°. ‘CoLk 9412 produced
thicker canes (cane diameter, 2.25), which led to higher
individual cane weight (625.1 g). Juice quality parameters
indicated higher quality with ‘CoLk 94184 than ‘CoLk
9411’ and ‘CoLk 9412’. Ratoon yield was also highest
with ‘CoLk 94184°. Maximum CCS was obtained with
‘CoLk 94184°. It was because of higher number of
millable cane, cane yield and cane quality. Fertility levels
of plant crop could not influence individual cane length,
diameter and weight significantly. Vigorous stubble in ra-
toon at higher rate of application of nutrients contributed
significantly in production of millable canes. Besides, it
also received minimum number of gaps in field under
higher fertility condition. Similar results were also ob-
tained by Pandey and Shukla (2003) at Lucknow. Thus
significant increase in ratoon yield and commercial cane
sugar was obtained up to 200, 26.2, 49.8 kg NPK/ha.

Nutrient uptake and economics

Nutrient uptake by plant and ratoon crops determined
(Tables 1, 2) at harvest stage showed that. ‘ColLk 94184’
removed the maximum NPK from soil during both the
cropping seasons. Spring-planted crop analysed higher
mean values (137.2 kg N, 34 kg P and 180.6 kg K/ha) of
nutrient removal compared to counterpart summer planted
cane (114.8, 27.85 and 151.0 kg NPK/ha) due to higher
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tonnage harvested. Increasing levels of NPK showed in-
crease in nutrient removal through plant and ratoon cane.
However, greater differences were observed in plant cane
than in ratoon cane. Residual effect of P and K application
to plant crop was observed on ratoon crop. It might be due
to fixation of these nutrients in soil and release in next
ratoon crop after wetting and drying under seasonal
changes. Nutrient removal through plant and ratoon canes
depicted positive balance with N and P in soil and nega-
tive balance with K. Spring cane (plant crop) showed
higher nutrient uptake than its ratoon but the trend was
reversed in summer-planted cane. Singh and Yadav (1992)
also reported similar results.

Higher benefit : cost ratio was observed with ‘CoLk
94184°. In spring-planted cane, benefit : cost ratio in-
creased up to 200, 26.2 and 49.8 kg N, P and K/ha. Ratoon
cane showed higher benefit : cost ratio than plant cane. It
was due to lower cost of production (Rs 21,022/ha) of ra-
toon cane compared to plant cane (Rs 28,300/ha). Ratoon
of summer-planted cane gave higher net returns than
spring cane. Plant-ratoon system indicated that ‘CoLk
94184’ gave the highest net returns and benefit : cost ratio
in the spring-planted cane (Table 2). The fertility level of
200, 26.2 and 49.8 kg N, P and K/ha resulted in higher
benefit : cost ratio in summer cane than inspring cane.

Thus, high sugar genotype, ‘CoLk 94184°, could be
adopted for optimizing sugar productivity and regulating
crushing schedule at factory level. Fertility level of 200,
26.2 and 49.8 kg N, P and K/ha is optimum for growth,
quality and yield during spring as well as summer seasons.
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