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Differential response of vegetable crops to zinc fertilization in Alluvial soils
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ABSTRACT

An experiment was conducted during winteail) season of 2005-07 to study the effect of zinc fertilization on
carrot Daucus carotd..), cauliflower Brassica oleraced.) and onion Allium cepaL.) on Alluvial soil. Application
of zinc sulphate up to 30 kg/ha significantly increased the yields and dry matter production of vegetable crops, whereas
at higher zinc level (60 kg ZnSOH,0O/ha) the yield tended to decrease. The magnitude of response to zinc application
differed from crop to crop and were recorded as carrot > cauliflower > onion. Zinc application progressively increased
their concentrations and uptake in vegetable crops. The maximum zinc removal was recorded with cauliflower curd and
minimum in carrot roots. Zinc application also improved the content and yield of protein of all the vegetable crops. All
the 3 vegetable crops gave maximum net returns and B:C ratio with 30 kg.ZHS®ha. The apparent recovery of
zinc was influenced by zinc levels with maximum at 30 kg ZpnB@O/ha except onion where maximum (0.40%)
apparent recovery was recorded with 15 kg Zp®@0/ha. Better zinc use-efficiency was obtained with application
of 15 kg ZnSQ.7H,O/ha. The zinc use-efficiency decreased with its increasing levels and minimum use-efficiency was
recorded with 60 kg ZnSL¥H,O/ha application.
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Zinc deficiency in soils is prevalent world wide, especially differential behaviour of vegetable crops to zinc application
in high pH calcareous soils (Cakmak 2002, Norn&ral. under identical soil and weather conditions was considered
2003, Prasad 2006, Cakmak 2008). A recent analysis of 2.40 be of interest. The present investigation was, therefore,
lakh soil samples in India showed that 49% soils are deficientundertaken to study the variability in the response of the
in zinc (Beherat al.2009) and zinc deficiency is widespread vegetable crops to zinc application in alluvial soil of Agra.
in Indo-Gangatic plains of India (Prasad 2005). Zinc is an
important and essential limiting micronutrient for proper MATERIALS AND METHODS
growth of plants. Major portion of agricultural lands in Uttar A field experiment was conducted during winteahf)
Pradesh has been found to be deficient in available zinc. Zincseasons of 2005-07 on a sandy loam soil at the research farm
deficiency, in varying degrees of intensity has been noted onof the Raja Balwant Singh College, Bichpuri, Agra in Uttar
vegetable crops being grown on alluvial soils in the state.Pradesh. TheH, EC, organic carbon and DTPA extractable
Response to applied zinc for better growth and yield of zinc of the soil at the initial stage (before sowing/
several important field crops has been reported from almostiransplanting) were 8.0, 0.20 dS/m, 4.2 gékgl 0.53 mg/
all corners of the country (Shivat al. 2007, Shivayet al. kg, respectively. The soil was low in available nitrogen (176
2008), including Uttar Pradesh. The information on beneficial kg/ha), phosphorus (9.5 kg/ha) and medium in potassium
effect of zinc on economic yield and quality of field-grown (210 kg/ha). Zinc Sulphate was applied to soil @ 0, 15, 30,
vegetable is rather meager. The information regarding the45, and 60 kg/ha. The experiment was laid out in randomized

block design with 4 replications. Three vegetable crops,

Based on complete information of Ph D thesis of the first author name|y ‘Pusa Kesar’ CarrdDeucus carotavar. SativusL.),
SUbl“F:itted tOhDé Bth Ambedkar University, Agra during 2007 ‘Pusa Snowball 16’ cauliflowerBfassica oleraceavar.

esearc cholar H ‘ ; ’ H H

2Technical Officer (e mail: spsingh_edu@yahoo.com), bourytisL..) and the ‘Nasik Red" oniorAflium cepal..) were
Education Division, ICAR, KAB-II, Pusa Gate, New Delhi 110 012; SOWn/transplanted on 20 November and 3 December in 2005

and 2006, respectively. A basal fertilizer dosage of 60 kg

3Project Coordinator (e mail: dr_omveer07@yahoo.in), Krishi <
Vigyan Kendra, Bagpat, Uttar Pradesh nitrogen, 60 kg FOs and 100 kg KO/ha to carrot, 200 kg

“Head (e mail: apr_1999@yahoo.co.in), Department of nhitrogen, 100 kg fOs and100 kg K,O/ha to onion and 120
Agricultural chemistry and Soil Science kg N, 80 kg BOs; and 60 kg KO/ha to cauliflower was
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applied through prilled urea, di-ammonium phosphate and a >3 ~ =
muriate of potash, respectively. Full dose of phosphorus and
potassium along with half nitrogen were applied at sowing/ S & oo
transplanting and the remaining half dose of nitrogen was % TS RN R 3 Q
applied after 45 days of sowing/transplanting. The vegetable,a T |a § weeevscoe
crops were harvested at their maturity and the yields were & 2
recorded. Plant samples were drawn and processed for> Sl e =
chemical analysis taking utmost care against zinc & IS '95_) S35 L2 § § % 5 < 9
contamination. The samples were digested in di-acid mixture % g a >3 N
and zinc concentration was determined using an atomicg S
absorption spectrophotometer (Prasddal. 2006). The 2 e =
. . . 3 o |gT £ @ QMmO I~ gy
economics was calculated on the basis of prevailing market g 2122 S N3O 4 m
. . . > o o c © O O N~ O oo
prices of different inputs and outputs. e 5| ax 3
Y— c
5 £
RESULTS AND DISCUSSION ke, 2 =
Q T | £
Economic yield > - 23 E:n § § 5 § g ® 5
The results on economic yield distinctly indicated that ‘g a >
all the test crops responded markedly to zinc application g
(Table 1). In general, each additional dose of zinc application © -

. . = £ c — O 0 O O N I~
up to 30 kg ZnSQ7H,O/haincreased significantly the yields ~ © RS ® QS =N AN
and thereafter a decreasing trend was observed.AppIicati0n§ E § ®YSYSYSToee
of 30 kg ZnSQ.7H,0/ha appeared to be the optimum dose §
under this experimental conditions. Meena and Singh (1998) -
and Dubeyet al. (2003) also reported significant response & . T T 0O O Moo

. . o o > 0 9 G T N MM
of onion and tomato to zinc application. It was also apparent s | © 5E> N ®wy Moo
that vegetable crops differed significantly amongst 2 | 3 g
themselves in their magnitude of response to zinc application.g a;) o
The maximum yield response of carrot, onion and .2 | © g S 0o AN o O N o
cauliflower were 38.8, 31.9 and 35.7 tonnes/ha, respectively. 5 | 5 s3 g cionaes2
In terms of yields the vegetable crops responded in the orderg | O S>8 N ®@mo o
carrot > cauliflower > onion. Singét al. (1983) reported E ) w
similar results in vegetables crops to zinc application. © 2 o
Increasing levels of zinc significantly increased dry matter % T .52 g o < © ™
production in carrot roots from 4.2 to 5.2 tonnestha, onion ¢ | 5 | § | § § > £ °sa%¥sss
bulb from 4.1 to 5.1 tonnes/ha and in cauliflower curd from § | 3 | 2 E £
12.1 to 15.3 tonnes/hg to 30 kg ZnS@Pha. The average § ||
dry matter yields of vegetable crops exhibited practically @ | €| € | o &8
. c (@] © £ 5 oOwmN~L LW oo N
no difference at 30 or 45 kg Zng@H,0O/ha level. Hence, o 0|6 T Q| ©@ TR M
30 kg ZnSQ.7H,0/ha can be regarded as suitable dose for § Elg2 ¢ QAIT88I°°
all vegetable crops. Dry matter yield of these vegetable crops § w e =
tends to reduce at 60 kg ZngTH,O/ha. Dubeet al.(2003) S w
also reported significant response of tomato crop to zinc% §
application. £ ~5337/ 8298259 3
“‘; = O8> f¥vwFoc S
Protein content and protein yield 5 | 8 g S
Increasing levels of zinc significantly increased the £ | B —~ o
. . . L S o © o
protein content in roots of carrot, bulb of onion and curd of — | § E .5 -
. c
cauliflower from 3.8 to 4.5, 6.1 to 7.0 and 5.9 to 6.7% 2 g T 2 gowuwygl S
respectively, with 45 kg ZnSQ7H,O/ha application < 8 > § G 6~ B o o §
(Table 1). Among these crops, the minimum value of protein = @ oo g 5
content was recorded in carrot roots. Cauliflower curd and S g
the onion bulbs contained more or less similar amounts of T — +H Llll, T
protein in their productive parts. The protein yield increased o < w 8 N
up to the level of 45 kg Zn§Q'H,0/ha over control. The 5 2 ong9eg @
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maximum value of protein yield was recorded in cauliflower ES23538%38 Y8 8o

(1 020 kg/ha), followed by onion (350 kg/ha) and carrot (220 g s §’ 3 § 2 N g

kg/ha) at 45 kg ZnSEPrH,O/ha level. This increase in protein o S 2 g S g ©

yield may be attributed to higher production of vegetable § < § > T £ ~ ™ ©

crops and an improvement in protein content. The highesta g9 2 R

level of 60 kg ZnSQ.7H,O/ha could not improve © Q ) § S 2

significantly the protein production in all the vegetables crops § N = ©

over 45 kg ZnSQ7H,O/ha. The increase in protein yield g )

\(/;lgggl)nc application has been also reported by Dudie]. § o z § % - 5 § §

. e L 8 9o O — (e} N
2 SSggSgeg QRIS
| | 2 g2 ®2855% 2

Zinc concentration and uptake g2 28229
Application of zinc significantly increased zinc é B 2 =

concentration in carrot roots, onion bulbs and cauliflower ' 9 5 0 SRV

curds from 34.0 to 62.5, 39.0 to 65.5 and 49.5to 76.5 mg/kg,% e 2 § . © e 10

respectively with 60 kg ZnSQrH,0O/ha(Table 2). This § E‘ NCeS o

increase in zinc concentration may be attributed to increased,,

zmc_cor_lcentra_non in soil $0Iut|on Wlth its application. -5 08 3o ®QQ

Application of zinc tended to increase its uptake by vegetable.e E252 0% . ~ g o 2

crops. The average zinc uptake increased from 145.0 to 295. 5 e £ E ‘g S ag ® N3ed

g/ha in carrot roots, 155.0 to 305.0 g/ha in onion bulbs and S S 5288552 N

605.0 to 1 135.0 g/ha in cauliflower curd at 60 kg & < oEX®

ZnSQ,.7H,0/ha. This increase in zinc uptake may be (‘% =

. - . . . Y = > M M0

Table 2 Effect of zinc fertilization on zinc concentration and its £ 0o 8% cooco

uptake in vegetable crops (mean of 2 years) § ,%, g 3
haed (8]
= o
0 15 30 45 60 SEMt CD § " o o
% 5 0Ox e s B B
Carrot root o | 2 o -
Zinc 340 420 495 56.0 625 151 3.30 E ";’ o ™ o
- — fee]
concen- S |2 23 BES gD
tration = |5 - 5 < © A 22
pad I O = » <t @
(mg/kg o | O z o © o343
DM) & -

Zinc 145.0 200.0 255.0 280.0 295.0 0.015 0.030 g 4o ®a©
uptake 5 O ©®CC o
(g/ha) o) % 9| & < oo ddo

Onion bulb § -g s
H o

Zinc 39.0 46.0 53.0 620 655 1.09 236 c .g = 0= TS558
concen- ° gl 2|~ EZS 3BT

i 5 wiez2yg © N~ A~
tration = Z o x < O © ©
(mg/kg g T
DM) b=

Zinc 155.0 215.0 265.0 305.0 30.50 0.010 0.020 2 o8 288 L
uptake e |5 m © s
(g/ha) Nle

Cauliflower curd e |8

Zinc 495 57.0 66.0 745 765 102 224 é g - g _’CctT PR I
concen- i} %Bm 2?)3.;:012
tration ™ L x ~© o O ©
(mglkg =
DM) <

Zinc 605.0 765.0 1005.0 1025.0 1135.0 0.020 0.040 T =
uptake P g
(g/ha) c g 0 oWwo

N O =M< ©
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attributed to increase in zinc concentration in vegetable crops REFERENCES

and dry matter yield due to rising zinc levels.
Behera S K, Singh M V and Lakaria B L. 2009. Micronutrient

Apparent recovery and zinc-use efficiency deficiencies in India and their amelioration through fertilization.

The maximum values of apparent recovery of zinc by _ 'ndian Farming59 (2): 28-31. .
. . Cakmak |. 2002Plant nutrition research: priorities to meet human
carrot and cauliflower were 0.37 and 1.33%, respectively, at

. . needs for food in sustainable wajant and Soi47. 3-24.
30 kg ZnSQ.7H,O’ha except onion where maximum Cakmak . 2008Enrichment of cereal grains with zinc: Agronomic

(0.40%) apparent recovery of zinc was noted at 15 kg o genetic biofortificationPlant and SoiB02 1-17.
ZnS0,.7H,0/ha(Table 3). The minimum values of apparent pupey B K, Sinha P and Chatterjee C. 2003. Effect of zinc on
recovery of zinc in all the vegetable crops were noted at 60 vyield and the quality of tomatindian Journal of Horticulture

kg ZnSQ,.7H,O/halevel. Zinc utilization efficiency (kg 60 (1): 59-63.

produce increase/kg Zngdeclined with the increase in Meena O S and Singh D. 1998. Effect of sulphur and zinc
the rates of zinc sulphate application. The response in kg application on onion yield, sulphur and zinc uptake in three
produce increase/kg zinc sulphate showed an increase up to Zggolrl%ers.]ournal of the Indian Society of Soil ScieA644):

the level _Of 15kg Z.nSQ7H20/ha in all the vegetable crops. Norman R J, Wilson Jr C E and Slaton N A. 2003. Soil fertilization
Further Increas_e n th_e Ie_vel of_Z_n§Q]—|20 tende_d to and mineral nutrition in US mechanized rice cultuirg). Rice
decrease the zinc utilization efficiency. Better zinc-use Origin, History, Technology and Productiopp 331-412.
efficiency was obtained with application of 15 kg Smith, C W and Hilday R H. (Eds), John Wiley, New Jersey,
ZnSQ,.7H,0O/ha and recorded 275.3 kg in carrot root, 236.7  USA.

kg in onion bulb and 242.9 kg produce increase in cauliflower Prasad R, Shivay Y S, Kumar D and Sharma S N. 208#ning

curd per kg ZnSQ7H,0 applied. by Doing Exercises in Soil FertiliA practical manual for soil
fertility). p 68. Division of Agronomy, Indian Agricultural

Research Institute.
-wheat cropping sysfaiwance in Agronomy

Economics :

All the vegetable crops gave higher net returns with Pra;gdzgszggg' Rice
zinc application (Table 3). The maximum net returns (Rs p . I . . )

. . rasad R. 2006. Zinc in soils and in plant, human and animal

116 905/ha) was obtalned_ by cauliflower, foIIowed_ by carrot | itrition. Indian Journal of Fertilizer< (9): 103-19.
(Rs 95 861/ha) and onion (Rs 67 242/ha) with 30 kg shivay Y S, Kumar D, Ahlawat | P S and Prasad R. 2007. Relative
ZnSQ,.7H,O/ha. Similarly the maximum values of B:C efficiency of zinc oxide and zinc sulphate coated urea for rice.
ratio in carrot (1.62), onion (1.08) and cauliflower (1.91) Indian Journal of Fertilizers (2): 51-6.
were obtained with 30 kg ZnSOH,0O/ha. Singh and  Shivay Y S, Kumar D, Prasad R and Ahlawat | P S. 2008. Relative
Balyan (1994) also showed that the B:C ratio was yield and zinc uptake by rice from zinc sulphate and zinc oxide
significantly superior with the application of zinc sulphate ~ coatings onto uredutrient Cycling in Agroecosysterée (2):
in cauliflower. 181-8.

Based on 2 years of field study it may be concluded thatSlngh B P, S'F‘gh AP _and_ Sal.(al R. 1983. Differential response of
crops to zinc application in calcareous sodlsurnal of the

application of zinc sulphate @30 kg/ha to tanter (rabi) Indian Society of Soil Scienga (4): 534-8.

season vegetables, viz carrot, onion and cauliflower iSSingh J and Balyan D S. 1994. Effect of nitrogen and zinc on
sufficient dose for increased productivity and quality of  cauliflower cv. Snowball-164aryana Journal of Horticulture
vegetable produce under zinc-deficient conditions. Science23 (1): 73-6.



