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8 ABSTRACT

9 A field experiment was carried out to investigdte influence of Integrated Nutrient

10 Management (INM) on nutrient uptake and yield afgbo Solanum tuberosum L.) in the

11 Gangetic alluviam belt of West Bengal during twosecutive years i.e. 2011-12 to 2012-13.
12 The experiment was laid out in a randomized corefdbédck design with three replications.
13 Different levels and combinations of organic (crepidue, farmyard manure and Bbio
fertilizer) and chemical fertilizers were testetht® receiving only organic manures reported
15 least amount of nutrient uptake (36-44.6, 7.5-Bh@ 44.66-72.66 kg/ha for N, P and K

16 respectively). The nutrient uptake was significahigher when chemical fertilizer was

17 applied. Maximum response was found (up-to 161,881354 % increment for N, P and K
18 respectively compared to control) when differentrses were combined together. Strong
19 correlation has been found between nutrients uptaker dry weight, specific gravity,

20 ascorbic acid and reducing sugar content suggesiiagf nutrients uptake on tuber yield
21 and quality. With increasing nutrient uptake, u@@% increment in yield was found from
22 those plots. It was noted from our experiment sudé use of organics was not effective

23 enough for supplying nutrients. However, the indtign of organic fertilizers with chemical
24 one had significantly improved soil and crop heghttoviding better crop yield and quality.
25

26 INTRODUCTION
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Potato is the one of the most important vegetatapscin India27 It removes large

28 amount of nutrients from soil in a very short tismle for supporting faster biomass

29 production (Singh and Trehan, 1998). Moreovet ritet system is shallow and poorly

30 developed (Dewt al., 2015). Thus farmers are forced to apply huge atolinorganic

31 fertilizer for profitable return in terms of yiel&ver-increasing cost of inorganic fertilizer

32 and its increasing use resulted in high cost divation and soil health deterioration and

33 decline in crop production in long run (Khetnal., 2008). On the other hand, excessive

34 nitrogen fertilization reduces starch, dry matted sugar contents in tubers, thus

35 compromising tuber quality (Simanaviciegteal., 1996; Baniuniene and Zekaite, 2008).

36 Thus, it was necessary to develop techniques &iasable crop production which is not

37 only cheap and affordable, but also helps to resdtoil health (Sepehya, 2011; Singh and
38 Kushwah, 2006).

39 Integrated nutrient management holds the key fstasning soil health and crop production.
40 Studies have indicated enhanced efficiency of agphorganic fertilizers in the presence of
41 organic manure (Singh and Biswas, 2000). By comigitioth organic and inorganic sources
42 of plant nutrients it helped in maintaining thetiféy status of the soil and production of field
43 crops (Chandrasooria al., 1994) over the use of each component separ&algriiappan
44 and Annadurai, 2007). The most widely used orgardaure is farm yard manure (FYM)

45 and vermicompost. The FYM is a mixture of plant animal waste. The animal waste is
46 rich in nitrogen (N) whereas the crop waste, gdheriae straw is rich in potassium (K;

47 Fowler et al., 1993). The potato is known to beaemyus feeder of both N and K. Thus,

48 increased plant nutrition and crop yield from origananure application was expected

49 (Srikumar, 1990; Preston, 1990; Floyd et al., 1988} only tuber production, reports were
50 available on reduced disease and pest incidenag anganic manure application (Chen et
51al., 1988; Hoitnik et al., 1993; Rich and Hodge939Tunlid et al., 1989; Voland and
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Epstain, 1994). Bio-fertilizers help in fixing atsmgheric N52 supply many other

53 micronutrients and growth promoting substancessoeiated plants. Therefore, integrated
54 use of bio, organic and inorganic fertilizers magetnthe crop nutrient requirement in a

55 sustainable manner and help in achieving targéd yislamet al., 2011; Sood, 2007;

56 Mahendran and Chandramani, 1998; Singh and Lak)200

57 Kufri Jyoti cultivar of potato is the one most cultivated virief the entire Indo-Gangetic

58 alluvial plain of India. However, very little inforation is available on the nutrient

59 management strategies for this variety (Chattesj@e, 2010). Keeping this in view the

60 present study was undertaken with an objectiverétuate the performance of potato crop
61 under the combined use of organic and inorgantdifers.

62

63 MATERIALSAND METHODS

64 Field experiment

65 Field experiment was conducted at the farmersdfa#lAdisaptagram Block, Hooghly

66 district, West Bengal, India (22°76’ N, 88°21’ EchAltitude 9.75 m above MSL) with

67 Groundnut (Arachis hypogea L.)-Fallow-Potato cropping sequence during wingason

68 (December-March) of 2012 and 2013 under irrigataatdion. Kufri Jyoti being the mostly
69 cultivated potato variety in the Indo-Gangetic il tract was chosen for the present study.
70 The Initial soil physico-chemical properties westdd in Table 1. The experiment was set up
71 with 4mx3m plot size in randomized block design [(RBvith three replicates. The

72 treatments were as followsi {Control, native nutrient), 2[Full N as Crop residue; Rice

73 straw), B (Full N as Crop residue + Bio-fertilizer)4150% N as Crop residue + Bio
fertilizer +50% N as Bio dynamics, Enmite) (0% N as Crop residue + Bio-fertilizer +
50% N as FYM), §(Full N as FYM ), T (100% RDF), & (*d Crop residue +m 75 FYM +
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Bio-fertilizer + 50% RDF), $ (% Crop residue #dFYM + Bio-fertilizer 76 + 75% RDF),
T10(%rd Crop residue % FYM + Bio-fertilizer + 100% RDF) andii(%rd 77 Crop residue +

%ra 78 FYM + Bio-fertilizer + 150% RDF). The bio-fertilizenoculation was done with
Azotobacter @10g kg1 79 potato seed before planting in both the years.rébemmended
fertilizer dose (RDF) for winter potato was 150: 1100 kg N: BOs: K20 hai. The %80 of N

81 and full dose of BDsand KO were applied as basal and the remaining % N ogmdressed
82 at first earthling up as per the treatments planRedommended amount of FYM (0.6% N,
0.23% ROs,and 0.5% KO) @ 25 t has3, Enmite (3.7% N, 2%4®s,and 1.5% KO) @ 3.2 t
haiand crop residue (0.37% N, 0.08%0F and 0.69% K20) @ 32.5 t ha4 were applied at

85 the time of final land preparation as per the treatts. After harvest in each year, the

86 composite soil samples from 0-15 cm and 15-30 cptidigom each plot were collected and
87 prepared for analysis.

88 Specific gravity of tuber was determined followingderwater weight method using 2.5 kg
89 of medium sized tuber by the following formula:

Specific gravity =

90

91 Ascorbic acid content of the harvested tubers veasrchined following the method

92 developed by Rangana (1979). The ‘Lane and Eyndhaode(Ruck, 1963) was followed for
93 estimating reducing sugar content of tubers. ThalTatrogen content of tuber was

94 determined by Micro-Kjeldahl method. Phosphorusteonin tuber extract was determined
95 colorimetrically using Vanado-molybdate yellow catanethod (Jackson, 1973) after tri-acid
96 digestion. Potassium was estimated using FlameoRtadty after tri-acid digestion (Jackson,
97 1958). Finally the nutrient uptake by the crop wasked out by multiplying the dry matter
98 yield of crop with nutrient concentration of eadéraent.

99 Satigtical Interpretation
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The pooled and individual year data were statityieaalyzed100 following the

101 technique of analysis of variance (ANOVA) at 5%lmability levels for randomized block
102 design for the interpretation of results as desdriby Gomez and Gomez (1984).

103 Correlations between N, P and K uptake and potaaditg and yield parameters were made
104 using MS Excel software 2007.

105 RESULTS AND DISCUSSION

106 Nutrient uptake

107 The uptake of N, P and K by potato crop variedificantly due to different organic,

108 inorganic and integrated fertilizer treatment (¥able 2). Highest uptake was found for K
109 nutrient, followed by N and P. Among the treatmentaximum uptake of N, P and K were
recorded in T1(93.84, 24.28 and 202.77 Kg-ha10 respectively) followed by 16(93.16, 23.75
and 198.03 Kg ha111 N, P and K). However, the differences between thesdreatments were
statistically insignificant. The lowest uptake eftrientsiwu1](36.00, 7.57 and 44.66 Kg-ha12
113 respectively for N, P and K) by potato crop wasidin controlled plot. Their uptake was
114 increased only up-to 50 % over the control whery onyjanics sources were applied {@

115 Ts). The lowest nutrients uptake from solely orgamieated plots showed incapability of
116 organic manures to supply nutrients alone. Sloweeralization process at lower

117 temperature during winter time (Kumetral., 2011) might cause lesser nutrient available to
118 plants causing slower uptake. The nutrient uptake wwcreased immediately by a factor of
119 two with the introduction of inorganic fertilizerShere were 161, 221 and 354 % (for N, P
120 and K respectively) increase in nutrient uptaké&itover Ti. Though, solely inorganic

121 fertilizer treated plots were able to deliver sfgr@int amount of plant nutrients, their uptake
122 enhanced significantly when applied together witiaaic and bio-fertilizer. Similar findings
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were reported earlier (Bohm and Dewes, 1997; Kuehalr, 2011; Sarkat23 et al., 2007; Roy

124 et al., 2001; Kumaet al., 2008; Baishya, 2009).

125 Quiality of potato tuber

126 The positive influence of enhanced nutrient uptake observed in both the tuber

127 quality and production. Data on tuber quality upldferent nutrient management are

128 presented in Table 3A and 3B.

129 The specific gravity of tuber is important indicatd potato seed quality. It indicates

130 the dry matter content of tubers. Generally higherspecific gravity, higher is the dry matter
131 content. The maximum specific gravity (1.09) wasorded in INM plots, whereas least

132 (1.03) was recorded from control (Table 3A). We Fahd six percent increase in tuber

133 specific gravity in Toand Tizcompared to controlled treatment).TSpecific gravity of

134 potato tuber was strongly correlated with nutriarggake (r= 0.85, 0.88 and 0.83 for N, P
135 and K respectively, p<0.001; Table 4). Nutrienke IN, P and specially K promoted dry

136 matter and starch content of tuber (Bergmann, 188Rarya, 2006) leading to higher

137 specific gravity of potato.

138 The vitamin C, also known as ascorbic acid, condétiber was reported to be

139 influenced by nutrient management. Increase inrocgacid concentration due to higher

140 concentrations of K was reported to have positifleience on ascorbic acid content of potato
141 tuber (Bergmann, 1992). The minimum ascorbic aoitent (10.04 mg/100 g) was recorded
142 in controlled plot. Whereasrecorded the maximum ascorbic acid content (15.g.00

143 g), followed by To(15.55 mg/100 g). Thus, over 50 % increase in &scaicid content was
144 recorded in INM practices. Strong positive cortielatbetween NPK and ascorbic acid

145 content (r = 0.84 and 0.88 and 0.88, p<0.001 foP ldnd K respectively) suggested influence
146 of INM on the vitamin content of tuber. Studies gesgting influence of N, P and K on
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ascorbic acid content of tubers are also repottmivere (Imas and Bansa7 1999; Sucket

148 al., 1990; Sarkaet al., 2007).

149 Reducing sugar content in potato tubers was regpdotbave a strong influence on

150 chipping quality of potato. Generally, lower thentent of reducing sugar, better is the

151 quality of tubers. The maximum reducing sugar coin{845.97 mg/100 g) was found in, T
152 probably due to K nutrient deficiency (Perrenou@R3). Crop suffering from K nutrient

153 deficiency were reported to accumulate reducingusigharvested tubers (Usherwood,

154 1985). The reducing sugar content decreased witkeasing level of applied fertilizer

155 (Fig.1). The minimum reducing sugar content (2962100 g) was recorded in the

156 treatment Tiwhere plots were followed byd. Similar results were reported elsewhere

157 (Mondalet al., 1996; Acharya, 2006; Sarketral., 2007). Decrease in glucose content upon
158 balanced and increased uptake of NPK in INM plas vesponsible for reduced the reducing
159 sugar content of tubers (Singh and Singh, 1995).

160 Grade of potato tuber is an important parametéurler quality perspective. Higher

161 percentage of Grade A (>100g) and B (50-100g) sepres better quality of potato, whereas
162 higher percentage of Grade C tuber qualifies farmuality tuber. The highest amount of
163 grade A and B tubers were found in the plots reagifigher levels of inorganic fertilizers
164 associated with various combinations of organic laiodertilizers (ioand Ti1). On the other
165 hand, the percentage of Grade C tubers was maxifaaib8 %) under the control treatment
166 (T1), which was reduced to half as im@and Ti1(23.81 and 27.05 % respectively). The

167 results indicated that the size of potato tuber desriorated due to insufficient application
168 of fertilizers either in the form of organic anarganic solely or in combination. Similar

169 findings were reported elsewhere (Bohm and Dew@®7;1Kumaret al., 2011).

170 Tuber yield
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Figure 2 shows the variation in potato tuber yighdier different nutrient71 management
practices. The tuber dry weight was maximum (632.3&172 ) in the treatment ik, followed

by T10(630.21 g m173 ) where nutrient uptake by potato crop was higHaster yield in solely
174 organic treated plots (only upto 30 % increase goaitrol treatment) indicated that use of
175 organics alone was not enough to supply plantenttfor best yield. However, the yield can
176 be increased with the incorporation of inorganid arganic fertilizer together. We found 80
177 % hike in tuber production from integrated useesfifizers over control treatment. Strong
178 positive correlation (r=0.98, 0.97 and 0.92, p80.@espectively) was found between N, P,
179 K and tuber yield, suggesting their primary rolgatato yield.

180

181 CONCLUSION

182 The study revealed that application of organic imedganic sources of nutrient to

183 potato crop increased the nutrients uptake by plahich were strongly correlated with tuber
184 yield and other quality parameters. The nutrienake didn't increase in appreciable manner
185 (only up to 50 % over the control) when only organivere applied ¢fto Te). wuzjHowever,

it

186 increased several folds when inorganic fertilizeese introduced. Maximum increment (161,
187 221 and 354 % for N, P and K respectively) was & in Tizover the control treatment.

188 Slower mineralization process at lower temperadluréng winter time was responsible for
189 reduced nutrient uptake in organics treated piets;The better quality large and medium
grade

190 (Grade A and B; with higher specific gravity and@bic acid content) tuber yield increased
191 against enhanced nutrient uptake, whereas pooityjsalall grade (Grade C) tuber yield was
192 decreasing. Strong inverse relation between nutdptake and reducing sugar content of
193 potato suggested improved quality tuber under batiient management practice. The

194 tuber weight was strongly correlated with N, P &naptake. Thus, highest tuber yield
(632.38 gm m2) was recorded from plot receivifigi Crop residue +rd195 \FYM \[wu4]+ Bio-
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fertilizer + 150% RDF (T1) followed by Tio(630.21 gm m) where196 100% RDFwusjwere

197 practiced along with organics.

198 It was found that integrated managementt¢TT11) had produced better result in each

199 and every aspect. These treatments varied fromaheh only in respect of RDF. From this
200 experiment it was evident thatocbind Tiaboth produced similar (statistically insignificant)
201 results in nutrient uptake, tuber quality and yiékhere the cost of cultivation is concerned,
202 T1acomprises 150 % of RDF andolnclude only 100% of RDF. Thus it can be concluded
that application ofird Crop residue +rd203 FYM + Bio-fertilizer + 100% RDF (70) was more
economical thaftra Crop residue #rd204 FYM + Bio-fertilizer + 150% RDF (T2).

205
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323 Figure Captions:

324 |, Influence of integrated nutricnt management on Reducing Sugar (mg/100g) Content of
325  tuber

326 2 InfMuence of integrated nutrient management on potato uber yield (g'm’)
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Table 1: Soil classification and some selected physic-chemical properties of the

experimental soil.

Agro-climatic Zone
Texture

New Gangetic Alluvial zone, West Bengal
Sandy loam

Order Incepuisol
Bulk density .51 Mgm™
Porasity 48.42%
Organic carbon 0.65%
Available N (kg ha™) 244
Available P20 (kg ha™) 63
Available K5O (kg ha'') 181

pH 7.15

EC 0.15 dsm™'
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