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ABSTRACT

A field experiment was conducted from 2011-12 to 2013-14 at Agricultural Research Station, Kota, Rajasthan,
to find out suitable nutrient-management practices for sugarcane (Saccharum officinarum L.). The experiment was

consisted of 13 nutrient management practices, viz. control, N
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Zn+Fe +Mn, N, P, + S, +Zn, kg/ha as soil-test recommendation (STR) and FYM @ 20 t/ha were laid out in ran-
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domized block design with 3 replications. Balanced fertilization of N, P, K, along with S, +Zn_ kg/ha had signifi-
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cant influenced on tillers, number of millable canes (126,060/ha), single cane weight (880 g), cane yield (91.70
t/ha), commercial cane sugar yield (11.96 t/ha) and net profit (¥ 90,974/ha) over rest of the treatments being on a

par with treatments of N, P, K, +S,;, N, Ps Ky,

NP oK o+ 25, N
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N, PeoKiotS 2N +Fe +Mn,, N, P_+S_+Zn, kg/ha. Maximum nutrient uptake of N, P and K (265.3, 21.3 and 260
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kg/ha) was recorded with application of N, P, K, +S, +Zn_ kg/ha over rest of the treatments and it was observed
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higher positive net gain of N, P, K .and S (8.5, 3.4, 16 and 3.7 kg/ha) was recorded over initial status of soil. The
result showed that balanced application of N, P, K, +S,,+Zn, kg/ha may be recommended for obtaining higher
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millable cane yield, net return and sustained soil health in spring planted in clay loam soils of Rajasthan.
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Sugarcane is an important crop of India, which is cul-
tivated in an area of about 5.04 million hawith an average
productivity of 71.67 tonnes’ha (FAO, 2013). The average
productivity of sugarcane in the state has been around
73.10 t/ha (Commissionerate of Agriculture, Jaipur, 2013).
The development of modern agricultural technologies, in-
tensification of cropping system and changed cropping
pattern without balanced fertilization has also led to deple-
tion of major as well as micro-nutrients from the soil
(Prasad, 2006). Fertilizer use in India is inadequate,
imbalanced and isin favour of nitrogen application. Esca-
lating prices of fertilizers in the market has become a
cause of concern to sustain the sugarcane productivity.
Imbalanced nutrient-use especially NPK and limited mi-
cronutrients have created concernin India, as it may affect
overall sugarcane productivity. Nitrogen deficiency may
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decrease caneyield, while excess N availability during the
ripening period reduces the juice quality (Tabayoyong and
Robeniol, 1962). Response of sugarcane to applied nitro-
gen and phosphorus was higher than to potassium. In ad-
dition to major nutrients, smaller quantities of secondary
and micronutrients such as sulphur, zinc, iron and manga-
nese do enhance the yield as well as quality of sugarcane.
Sugarcane is an exhaustive crop which removes about
205, 24, 229, 30, 3.5, 1.2, 0.6 and 0.2 kg/haof N, P K, S,
Fe, Mn, Zn and Cu, respectively, from the soil for the cane
yield of 100 t/ha (Singh er al., 2007). Under the present
situation application of nutrient elements especially NPKS
and Zn is essential for increasing sugarcane yield and
maintaining crop production at higher level. Further, com-
bined application of major nutrients along with sulphur
and zinc resulted in higher yield and quality of sugarcane
(Shukla, 2007). Considering these facts, the present study
was, therefore, undertaken to evaluate the effect of differ-
ent combinations of NPK aong with S, Zn, Feand Mnin
spring-planted sugarcane on clay loam soil of south east
Rajasthan.
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MATERIALS AND METHODS

A field experiment was conducted on clay loam soil
during the spring seasons for three consecutive cropping
seasonsin 2011-12, 2012-13 and 201314 at Agricultural
Research Station, Kota, to study the response of balanced
fertilization on growth, yield, nutrient uptake, quality, fer-
tility status of soil and economics of sugarcane. The aver-
age annual rainfall received during the crop seasons was
about 865 mm. The experimental soil was clay loam with
apH of 8.10, ECe 0.25 dS/m?, medium in organic carbon
(5.4 g/kg), available nitrogen (362 kg/ha), phosphorus
(23.50 kg/ha) and high in potassium (283 kg/ha), iron
(13.24 mg/kg), manganese (20.78 mg/kg) and low in sul-
phur (9.60 mg/kg) and zinc (0.55 mg/kg) contents. Thir-
teen treatments, viz. control, N, (@200kg/ha), N, P,
N,,,PsK 4, @ recommended dose of fertilizer (RDF),

N, PsoK otZn,, N P K, +Fe, N, P

+
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N, PeoK oS, 2N +Fe + Mn, N, P, + S, +Zn, kg/haas
soil-test-based recommendation (STR) and FYM @ 20 t/
ha were tested in a randomized block design with 3 repli-
cations. The nutrients especialy NPKSZnFe and Mn were
supplied through urea, single superphosphate, muriate of
potash, elemental sulphur, zinc sulphate, iron sulphate and
manganese sul phate fertilizers respectively. Recom-
mended dose of N, P, and K, fertilizers for sugarcane
was applied as per treatments, 40 kg/ha elemental sulphur,
25 kg/ha zinc sulphate, 5 kg/hairon sulphate and 5 kg/ha
manganese sulphate were applied at the time of planting as
per treatments. Full PK and one-fourth N were applied
basal and remaining N was top-dressed in 3 equal splits
within 120 days after planting. Sugarcane variety ‘ CoPK
05191’ was planted at 75 cm row distance, keeping 3 bud-
ded 4 setts/m row length in the third week of February
during all the cropping seasons. All the recommended
agronomic practices were done throughout the crop sea-
son. Plot size for each treatment was 6.0 m x 4.5 m = 27.0
nm?. Harvesting was done manually during the third week
of February. Initial and post-harvest soil samples after 3
years collected from 0-15 cm depth were dried, processed
and analyzed for oxidizable organic carbon, N, P K, S, Zn,
Fe and Mn using standard procedures. Growth, yield at-
tributes, caneyield, quality parameters and nutrient uptake
were worked out as per standard statistical procedures.
Economics was worked out based on pooled yield data
and considering market price of input and outpuit.

RESULTS AND DISCUSSION

Growth and yield attributes

Application of N, P, K, (N, Pand K @ 200, 60 and
40 kg/ha) along with S, +Zn_ (S+ Zn @ 40 and 5 kg/ha)
had significant effect on growth and yield attributes, viz.
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tillers, cane length, cane girth, number of millable canes
and single cane weight. However, the application of
N,,PsK,, dong with S, +Zn_+Fe kg/haresulted in sig-
nificant increase in germination (46.72%) over rest of the
treatments and it was on apar with N, P K, +Zn,N, P,

200" 60" 40 200" 60
KotS,+2Zng, N, P K . +S,,+Zn +Fe +Mn, treatments
(Table 1). Significantly higher germination with balanced
nutrition of N, P, K, S, Zn and Fe was primarily owing to
the improved fertility status of soil. Millable canes, cane
length, cane girth and single cane weight were signifi-
cantly higher with the application of N, P, K, +S, +Zn,
kg/ha over the control, N

N. P.and FYM @ 20 t/ha
except cane weight and the treatment was on a par with
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rest of the treatments (N, Py, K 100 Nooo Poo Kio7S0r Nogo Peo
K4O+Zn5’ NZOO PGO K4O+ Fel’ N 200 PGO K4O+NI nl’ NZOO

P60K40+S40+2n5+ Fel’ NZOO P60 K40+S40+2n5+ F_el-'-lv_I nl’ N150
P,*+S,*Zn, kg/ha). However, application of
N, PeoK 10 tS,,+ZN, aong with Fe and Mn did not show
any significant effect on growth and yield attributes over
N,,Ps,K,, dong with S, +Zn, kg/ha. It was observed that
Zn and high soil P levels also reduced Fe uptake in treat-
ment combinations of NPK SZnFe and NPKSZnFeMn.
Shahi et al. (2000) reported also antagonistic relationship
between Fe and Mn aswell as Zn and P. Tiller population
at 90 and 120 days after planting (DAP) was maximum
with the application of N, P, K, along with S, +Zn, kg/
ha (Table 1). Significantly higher values were obtained
over the remaining treatments and at par with N, P,
K +S,+tZn+Fe and N, P, K, +S, +Zn+Fe+Mn . Ba-
anced dose of NPK along with S, +Zn, also reduced the
tiller mortality, indicating the besides production of
millable canes. Higher nutrition level helped in maintain-
ing retention of tillers. The increase in the rate of physi-
ological processesin the plant system increased tiller for-
mation. Navnit Kumar (2012) also reported similar results.
Desired NPK level created better nutritional environment
in soil—plant system which resulted in significant improve-
ment in millable canes and individual cane weight. Syner-
gistic relationship between nitrogen and phosphorus and
nitrogen with potassium are also well known. Shukla
(2007) also found improvement in tiller, millable canes
and cane yield with higher doses of NPK.

Yield and quality

All the nutrient-management treatments significantly
improved green top and trash yield as well as cane yield
over the control (Tables 1 and 2). The maximum top green
yield produced under the application of N, P, K, along
with S, +Zn_ kg/ha was significantly superior to the con-
trol, N, N, ,P,and FYM @ 20 t/ha, and at par with rest
of the nutrient-management treatments. Higher green top
yield in thereferred treatment was the result of higher tiller
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population and leaf area. It produced 69.42% higher shoot
population than the control. Our results confirmed the
findings of Tyagi er al. (2011). The highest trash yield was
obtained with N, P, K, +S, +Zn+Fe , which was signifi-
cantly higher than all the treatments except N, P, K .,
NZOOPGOK S40’ NZOOPGOK +Zn NZOOPGOK +S +Zn

N, PsK 40+S40+Zn +Fe + Mn and N, P, *S, +Zn kg/ha
The maximum cane y|eId obtained with of NZOOP(BOK40

along with S, +Zn, kg/ha, was significantly higher than
the control, N N Pas, NogoPeoK o tMN, N P +S, +7Zn,
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kg/haand FYM @ 20 t/ha, and was on a par with rest of
the treatments. It was noted that cane yield under various
nutrient-management treatments was significantly higher
than the control. This could be because of continuous and
balanced supply of NPK along with S and Zn and thus
increased the absorption of plant nutrients. Theincreasein
cane yield attributed to higher number of millable canes,
individual cane length and cane weight. However, addition
of Fe and Mn nutrient along with NPKSZn did not show
any significant response in cane yield over al the treat-

Table 1. Effect of plant nutrient treatments on growth, yield attributes and yield of spring-planted sugarcane (pooled data of 3 years)

Treatment Germination  Tillers population Cane NMC Cane Single Green Trash
(%) at 35 (x 10%ha) length  (x 10%ha) girth cane top yield yield

DAP 90 DAP 120 DAP (cm) (cm)  weight(g)  (t/ha) (t/ha)

Control 34.9 117.2 133.8 178.7 101.2 7.3 670 12.1 5.8
N,oo 405 137.8 148.7 207.4 114.1 8.6 725 15.6 6.7
N,ooPso 40.9 143.3 154.8 213.8 115.2 8.8 750 17.1 7.8
N,o,PeoK o (RDF) 40.7 145.1 154.9 221.8 117.8 9.6 840 17.7 8.0
N,ooPooK iotSs0 429 146.3 158.1 224.5 118.7 9.7 855 18.6 85
N, oo PooK 2N, 432 148.2 162.6 223.8 116.4 9.3 860 18.7 8.6
N,ooPeoK o Fe 426 150.3 163.5 229.1 118.6 9.9 850 17.8 7.7
NZOOPGOK n, 425 144.6 157.3 225.8 115.3 9.7 845 175 7.3
N, PeoK oS, 2N, 459 159.7 174.3 244.2 126.1 10.2 880 20.5 89
N,ooPooK io+S, +Zn +Fe, 46.7 158.4 173.0 230.4 117.9 9.5 865 194 9.2
N,ooPsoK 40+S40+Zn +Fe +Mn, 45.0 158.8 172.0 238.1 113.0 9.6 870 20.0 9.0
N, P, +S,+Zn, (STR) 41.8 145.7 158.5 221.1 110.3 9.6 845 17.7 7.9
FYM @ 20 t/ha 36.7 1375 156.1 188.7 101.7 77 800 15.8 7.6
SEmz+ 133 4.92 4.10 8.33 3.94 0.32 42 1.08 051
CD (P=0.05) 3.70 14.82 9.39 12.30 10.92 0.86 120 3.05 1.45

RDF, Recommended dose of fertilizer; STR, soil test recommendation; FY M, farm yard manure; NMC, number of millable canes, DAP,

days after planting

Table 2. Yield, quality and economics of spring-planted sugarcane as influenced by plant nutrient treatments (pooled data of 3 years)

Treatment Cane ‘Brix Sucrose Purity CCs CCs Cost of Net Benefit:
yield (%) (%) yield  cultivation returns cost
(t/ha) (tha)  (x 10°3/ha) (x 10°F/ha)  ratio
Control 58.1 20.1 17.6 87.3 12.0 6.99 93.5 37.0 1.40
N,oo 74.1 21.2 18.7 88.2 12.9 9.55 96.1 64.5 1.67
N,ooPso 77.8 20.5 17.9 87.6 12.3 9.59 9.1 64.1 1.65
N,ooPeoK o (RDF) 80.4 21.0 185 88.0 12.8 10.24 100.3 65.7 1.66
N,ooPooK iotSs0 84.7 21.6 19.1 88.5 13.2 11.19 101.7 75.5 1.74
N,ooPooK 2N, 85.7 218 19.3 88.5 134 10.91 101.3 77.8 1.77
N,ooPeoK 0T FeE, 84.9 21.2 18.7 88.3 12.9 10.94 101.3 76.6 1.76
N, PooK e tMN, 79.5 216 19.1 88.4 13.2 10.48 101.1 67.7 1.67
N,ooPeoK ot S, tZN, 91.7 21.3 18.8 88.2 13.0 11.96 103.7 91.0 1.88
N, PooK oS, o HZN.+Fe, 88.2 20.9 184 87.9 12.7 11.15 104.7 84.3 181
N,ooPeoK o S4O+Zn5+Fe +Mn, 88.7 20.7 18.1 87.5 125 11.13 105.6 80.8 177
N, P.+S,+Zn, (STR) 789 211 18.6 88.1 12.8 10.12 99.6 64.9 1.65
FYM @ 20 t/ha 75.2 21.0 185 88.0 12.8 9.59 109.5 41.6 1.38
SEmz+ 431 0.56 0.57 125 0.31 0.73 - 2.86 0.13
CD (P=0.05) 11.96 1.68 1.72 NS 0.87 2.02 - 8.06 0.37

RDF, Recommended dose of fertilizer; STR, soil test recommendation; FY M, farm yard manure; CCS, commercia cane sugar
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ments except control, N, , N, P,,and FYM @ 20 t/ha.
Combination of NPK along with S and Zn increased the
caneyield because of better nutrient-supplying capacity of
the soil. Hence higher number of tillers converted into
number of millable canes, which lead to higher cane yield.
The results are in agreement with the findings of Khan ez
al. (2005), Thakur et al. (2007) and Navnit Kumar (2012).

Application of N, P, K,, along with S, +Zn, kg/ha
brought significant variation in “brix and sucrose, but did
not significantly influence juice purity. Application of
N,,PsK 4 @ong with S, kg/ha significantly increased
“brix and sucrose over the control and was on a par with
rest of the treatments. The effect of N, P K, aong with
S,,+Zn, kg/haon sugar yield was significantly higher over
the control, N, N, ,P,,and FYM @ 20 t/ha. The percent-
age increase in the sugar yields by the application of
N, ,PoK o dong with S, +Zn_ kg/hawas 71.10, 25.24 and
24.71 during first, second and third cropping seasons re-
spectively. The minimum sugar yield was recorded when
sugarcane was grown without fertilizer. The highest CCS
(13.22%) was obtained with the application of
NP K 40 TZN, Which was significantly higher over the
control and N, P, and at par with rest of the treatments.
Thus, cane yield and commercia cane sugar yield (CCS)
were aso higher at this level. The higher cane yield con-
tributed larger share in improving CCS than cane-quality
parameters. The higher dry-matter accumulation in N, P,
K, S and Zn added plots was primarily responsible for
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higher sugar yield. Vijayaer al. (2007) and Navnit Kumar
(2012) also reported positive effect of nutrients on sugar
yield.

Economics

The economic analysis of different treatmentsindicated
that net returns and benefit: cost ratio were influenced by
nutrient-management treatments. There were differences
in cost of cultivation and net returns owing to different
variable costs. Application of N, P, K, along with
S,,+Zn, kg/hafetched significantly higher net returns over
remaining treatments except N, P, K, +S, +Zn+Fe,.
Benefit: cost ratio of 1.88 was significantly superior under
the application of N, P, K, along with S, +Zn_ kg/ha
over the control and FYM @ 20 t/ha, however rest of fer-
tility levels were statistically at par with each others. It
showed increase of 145.61% in net returns and 34.29% in
benefit: cost ratio over the control, indicating the response
of NPK along with S and Zn was found positive response
to N, P, and K along with S and Zn. However, the rate of
increase in net returns was very lesswith N, P_ K, +Fe,

N, PeoK oM, N, P K, +S, +Zn+Fe and N, P K, +
S, +Zn+Fe+Mn, kg/ha, indicating the non-responsive-
ness and the non suitability of these treatments for increas-
ing sugarcane production. Maximum cane production cost
recorded with FYM @ 20 t/ha was due to higher cost of
FYM and less addition of nutrients, whereas minimum

production cost and net returns recorded in the control

Table 3. Balance sheet of soil N and P as influenced by different nutrient management in spring-planted sugarcane (pooled data of 3 years)

Treatment Nitrogen (kg/ha) Phosphorus (kg/ha)

Initial N N Expected Soil Net  Initial P P  Expected Soil P Net

soil N added uptake balance gan <soil P added uptake balance status gain

status (atb)-c status over  datus (atb)-c  after over

after  initial harvest initial
harvest status status

a b c d e (e-q) a b c d e (e-q)

Control 362 - 150.2 2118 3023 -59.7 235 - 124 111 20.5 -3.0
N,o, 362 200 2304 3316 3555 65 235 - 14.7 8.8 214 21
N,ooPeo 362 200 2551 3060 3574 46 235 60 174 66.1 24.7 -1.2
N,o,PsoK .o (RDF) 362 200 2575 3045 3602 -18 235 60 185 65.0 265 +3.0
N,ooPeoK oS50 362 200 2607 301.3 3655 +3.5 235 60 19.2 643 268 +3.3
N,ooPeoK i tZN, 362 200 2625 2995 3674 +54 235 60 198 637 265 +3.0
N, PeoK ot Fe, 362 200 2589 3032 3606 -14 235 60 179 65.6 214 -21
N, PeoK oM, 362 200 250.7 311.3 3584 -36 235 60 172  66.3 217 -18
N,ooPeoK sot St 2N, 362 200 2653 296.7 3705 +85 235 60 21.3 622 269 +34
N, PeoK it S, o2, +Fe, 362 200 2504 3116 3652 +32 235 60 20.1 634 224  +11
N, PooK 018, 12N, +Fe +Mn, 362 200 2530 3090 3628 +08 235 60 20.2 633 228 -08
N, P, tS,:t2ZN, (STR) 362 150 2482 2640 3254 365 235 50 205 530 236 +0.1
FYM @ 20 t/ha 362 100 2175 2445 3206 414 235 40 20.7 428 248 +13

SEmz+ - - 34 - 16.2 - - - 0.9 - 2.08 -
CD (P=0.05) - - 9.6 - 49.3 - - - 24 - 5.25 -

RDF, Recommended dose of fertilizer; STR, soil test recommendation; FY M, farm yard manure
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plot. The combined effect of plant nutrients played very
significant role owing to their synergistic effect and en-
hanced the partitioning of photosynthates in vegetative
and reproductive parts that go simultaneously in the later
growth phases. The increase in yield attributes and yield
fetched higher net returns and benefit: cost ratio. The re-
sults confirm the findings of Tyagi et al. (2011), Navnit
Kumar (2012) and Kumar et al. (2014).

Nutrient uptake and balance in soil

Sugarcane is a highly nutrient-exhaustive crop, as evi-
dent from nutrient removal data presented in Table 3, 4
and 5. Significantly higher nutrients uptake under various
nutrient-management treatments over the control indicated
availability of these nutrients in labile pool to support the
crop growth and yield. Of the nutrient-management treat-
ments, N, P, K, dongwith S, +Zn_showed significantly
higher N uptake over all the remaining treatments except
N200P60K4O’ NZOOPGO K4O+S4O’ N200P60K4O+Zn5 and NZOOPGO
K,,+Fe,. Thenet N balance was found to be more negative
under no-fertilizer treatment (-59.7 kg/ha), whereas it was
more positive under the application of N, P K, along
with S, +Zn, (+8.5 kg/ha) except al other treatments. The
uptake of P was significantly more with N, P, K, along
with S, +Zn_ kg/ha than the control, N, NZOOPGO’
N.ooPsoK sor NoooPeoK 1o tFe, and N, P K, +Mn,. The net
gain over initial P status was slightly higher (+0.1 to 3.4

kg/ha) under the treatment receiving P nutrient except no
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use of Pfertilizer treatment aswell as use of P along with
Fe and Mn nutrients treatments, indicating balanced
amount of nutrients essential for soil health sustainability.
A net gain of +3.4 kg P/hawas found with N, P, K,
along with S, +Zn_ kg/ha, whereas it was the most nega-
tivein no-fertilization treatment (3.0 kg/ha). The increase
in uptake of phosphorus was due to the complexing prop-
erties of organic material which prevented the precipita-
tion and fixation of nutrient and kept them in soluble form.
These results are in accordance with those of Thakur ez al.
(2013).

Maximum uptake of K was observed with N, P K
along with S, +Zn_ kg/ha which was significantly higher
over the control, N, Noo Peyr NoooPeo KiptMN and FYM
@ 20 t/haand at par with rest of treatments. The highest
net gain of + 16 kg K/ha over initial soil K status (283 kg/
ha) was recorded with N, P, K along with S, +Zn_kg/
ha treatment and other potassium applied treatments ex-
cept use of Fe and Mn nutrients along with NPK. While
more negative net gain —56 kg K/ha was observed in the
soil under no fertilization. The magnitude of increase in
net gain was the maximum under the application of potas-
sium fertilizer each year. Soil K balance had a so negative
valuesin al the treatments receiving no-potassium appli-
cation and K application along with Fe and Mn nutrients.
Thisresults showed that K uptake exceeded the initial and
without added amount of K |eaved higher negative K bal-
ance (—39 to —56 kg/ha). The depletion of nutrient reserves

Table 4. Balance sheet of soil K and S as influenced by nutrient-management practices in spring-planted sugarcane (pooled data of 3 years)

Treatment Potassium (kg/ha) Sulphur (kg/ha)
Initial K K Expected Soil K Net gain Initia S S  Expected Soil S Net gain
soil K added uptake balance status over soil S  added uptake balance status — over
status (atb)-c  &fter initid  status (atb)-c after  initid
harvest  status harvest status
a b c d e (e-q) a b c d e (e-q)
Control 283 - 190 93 227 -56 9.6 - 5.1 45 75 21
N,o, 283 - 210 73 237 46 9.6 - 55 4.1 84 12
N,ooPeo 283 - 218 65 244 -39 9.6 - 6.2 34 77 -19
N,ooPsoK .o (RDF) 283 40 250 73 298 +15 9.6 - 75 21 88 08
N,ooPeoK iotSs0 283 40 247 76 292 +9 9.6 40 14.7 34.7 125 429
N, PsoK i tZNg 283 40 246 77 295 +12 9.6 - 7.3 23 105 04
N, PsoK o tFeE, 283 40 248 75 297 +14 9.6 - 85 11 84 12
N,ooPooK o tMN, 283 40 240 83 282 -1 9.6 - 7.8 18 85 -11
NoooPsoK it S,0+ZNg 283 40 260 63 299 +16 9.6 40 16.3 333 133 437
N, PeoK it S,o 2N, +Fe 283 40 251 72 274 -9 9.6 40 15.2 34.0 1.2 +1.60
N, PeoK oS, HZNn,+Fe+Mn, 283 40 249 74 270 -13 9.6 40 15.6 35.2 1.3 +1.70
N, P, *S,+Zn, (STR) 283 - 245 38 260 -23 9.6 25 14.4 20.2 102 +06
FYM @ 20 t/ha 283 40 220 103 288 +5 9.6 - 8.6 14 1.2  +16
SEmz+ - - 5.64 - 8.12 - - - 0.80 - 155 -
CD (P=0.05) - - 15.91 - 24.44 - - - 2.26 - 4.68 -

RDF, Recommended dose of fertilizer; STR, soil test recommendation; FY M, farm yard manure
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from the soil is often a hidden form of land degradations
and it was significantly influenced by the application of
N, ,PK,, dong with S, +Zn_ kg/haover all the remaining
treatments except N, P, K ,,+S,5: N,y P K 0 +S,,HZN+Fe,,
N, PsoK o +S,, 2N +Fe +Mn and N150P50+S +Zn,(STR).
Sulphur loss was recorded under the no-sulphur applica-
tion with NPK. Maximum negative gain of Swas noted in
the control treatment. However, the maximum positive net
gain of S (+ 3.7 kg/ha) over initial S status (9.6 kg S/ha)
was also recorded under the application of N, P, K,
aong with S, +Zn_kg/ha.

The positive soil NPK and S balance were observed in
the plots receiving NPK and S fertilization in plant crop
each year. The results further indicated that among the
major nutrients, relatively higher uptake of N was re-
corded followed by K and P irrespective of treatments.
The results are in close agreement with the findings of
Thakur et al. (2012) and Kumar et al. (2014). It was due
to fact that added nutrients increased the N, P, K and S
concentration in sugarcane by providing balanced nutri-
tional environment inside the plant and higher photosyn-
thetic efficiency which favoured higher dry-matter accu-
mulation resulted in more uptakes of N, P, K and S by sug-
arcane.

Available nutrients status in soll

Available status of NPK and S at the end of crop cycle
revealed that a positive effect of nutrient-management
strategies was observed. The soil organic carbon, soil pH
and ECe vaues recorded in the different treatments did not
vary significantly among them. However, the highest or-
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ganic carbon content (0.50%) and lowest soil pH and ECe
were observed under the treatment of application of FYM
@ 20 t/ha. This was owing to improvement in soil health
with the application of FYM. Available Zn, Fe and Mn
were found the highest in treatment of N, P, K, +Zn,,

N,,,PsK 0T Fe, and N, P, K, +Mn,, respectively, which
were significantly higher over the control except rest of
the treatments. However, Zn value of the best treatment
was at par with N, P, K, +Fe and N P, K, +Mn,, Fe

valuewith N, P K, +Zn_, N, P and N, P, K, +Mn and

200" 60 40 200" 60° 40
Mn value with N Non 5|gn|f|cant variation |n re-

sidual soil-nutrient Ostgius statistically varies, whereas all
the treatments received same amount of NPK (Table 5).
Application of N, P, K, along with S, +Zn, kg/ha
showed significantly improvement in avallable of nitro-
gen, phosphorus, potassium and sulphur in the soil over
the control and was at par with rest of the treatments. The
highest available N was recorded with N, P, K, along
with S, +Zn, kg/ha, which was significantly higher than
the control except rest of the treatments. It was declined in
N-deficient treatment as well asin use of N with Fe and
Mn. The available soil phosphorus content increased with
all P-containing treatments and declined to critical level in
all phosphorus-deficient treatments as well as use of phos-
phorus in combination of Fe and Mn containing treat-
ments. The highest available phosphorus was recorded
with the application of N P, K, aongwith S, +Zn_ kg/
ha which was significantly higher over the control and
N, treatment and statistically at par with rest of the treat-
ments. The post-harvest available P content of the soil in-
dicated a significant and progressive increase with corre-

Table 5. Effect of nutrients management treatments on soil properties and available soil nutrients after harvest of spring-planted sugarcane

(pooled data of 3 years)

Treatment Organic Soil ECe Available soil nutrients (mg/kg)
carbon (%) pH (dS/m?) Zn Fe Mn
Control 0.47 8.00 0.30 0.40 14.15 20.70
N,oo 0.46 8.07 0.32 0.42 15.10 22.32
N,ooPso 0.47 8.05 0.29 0.47 16.20 23.27
N,ooPeoK 4o (RDF) 0.48 8.10 0.35 0.49 17.34 27.50
NZOOPGOK40 40 0.48 8.09 031 0.50 17.10 23.40
N,ooPeoK i 2N, 0.48 8.10 0.30 0.60 16.15 24.50
N, Pk o FFe, 0.47 7.98 0.36 0.46 20.16 24.30
NZOOPGOK40 +Mn, 0.46 8.15 0.35 0.45 16.40 28.15
N,ooPsoK it S,0 2N, 0.49 8.12 0.32 0.57 18.70 23.35
N,ooPoK, 0+S40+Zn +Fe, 0.47 8.14 0.33 0.52 19.50 27.20
N, PoK 40+S40+Zn5+Fe +Mn, 0.46 8.23 0.32 0.55 18.20 28.05
N, P, +S,.+Zn, (STR) 0.48 8.15 031 0.46 16.50 25.20
FYM @ 20 t/ha 0.50 7.95 0.27 0.47 16.75 25.80
SEmz+ 0.07 0.15 0.06 0.06 1.25 1.60
CD (P=0.05) NS NS NS 0.14 3.76 4.82

RDF, Recommended dose of fertilizer; STR, soil test recommendation; FY M, farm yard manure
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sponding P-applied treatments. It was owing to addition of
adequate amount of P through fertilizer. Besides supplying
proportionate balance amount to sugarcane, considerable
amount of unutilized P was left in the soil. It was found
that the available soil potassium content wasin medium to
high range. The higher available potassium and sulphur in
post-harvest soil was recorded significantly under the ap-
plication of N K,, adong with S, +Zn_kg/ha over the
control ! Nzoo’ Nzoopeo’ N200P60K40+S40+Zn5+ Fel’
N, PeoK oS, +ZNn+Fe +Mn and N, P_+S,.+Zn, for po-
tassium and the control, N, N, Py, N, P K o FE;
and N, P, K, + Mn, treatment for sulphur and at par with
rest of the treatments. It must be assumed that either K was
released from the reserves held in the clay inter-layers, or
some other form of K has been taken up by sugarcane. The
highest improvement in the soil-fertility status with 100%
NPK along with S and Zn had positive interaction of ap-
plied nutrients in balanced amount which solubilize the
soil-nutrient reserve and make it available to crop. Positive
balance of major nutrients (N, P and K) in soil at the end
of crop cycle revealed soil fertility enriching effect of the
nutrient-management treatments, indicating adequate
availability of N, Pand K nutrients to ensure remunerative
crop production.

It was concluded that application of NPK (200:60:40
kg/ha) along with 40 kg S and 5 kg Zn/ha may be recom-
mended to obtain higher values of yield attributes, millable
canes and top green, trash and cane yields of sugarcane,
with maximum net returns with benefit: cost ratio. Simi-
larly, sustained soil fertility was also observed in higher
nutrient uptake and gains (N, P and K) and more available
nutrient status of N, P, K and S. Hence this treatment
showed better economic output, improved soil health in
terms of positive nutrient balance under clay loam soils of
humid south- east plain zone of Rgjasthan.
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