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Abstract— A field experiment was carried out at farmer’s
field during July—October 2013, to study the effectof zinc
fertilization on the growth, yield and nutrients uptake by bhendi
in coastal soil. Texturally, the experimental soilvas sandy and
taxonomically classified asTypic Usticpsammentsvith initial
soil characteristics (0-15 cm layer) of the experiental site
were, pH-8.32 and EC-1.54 dS ™ The soil registered low
organic carbon status of 2.30 g kg 134.50 kg hd of alkaline
KMnO ,—N; 9.48 kg ha of Olsen—P and 178.20 kg haof
NH4OAc-K, respectively. The available DTPA extractableZn
content of 0.71 mg kg in soil. The various treatments
included were, T;- Control (RDF alone), T, —-RDF +
Composted coirpith (CCP) @ 12.5 t hd, T3 -RDF + Zn
humate Soil Application (SA) @ 30 kg ha, T,~RDF + Zn
humate Foliar Application (FA) @ 0.5 per cent twiceat 20
and 45 DAS, T — RDF + CCP + Zn humate SA, §— RDF +
CCP + Zn humate FA and T, — RDF + CCP + Zn humate SA
+ FA. The above treatments were arranged in a Randoized
Block Design (RBD) with three replications and tesid with
bhendi var. MBH 64 as test crop. The results of thestudy
clearly showed that the yield benefit of the treatrant Zn-
humate @ 30 kg h& through soil application + foliar spray
@ 0.5 per cent twice at 20 and 45 DAS along with
recommended dose of NPK and composted coirpith @ B2t
hasuperior in increasing the growth, yield and nutrient
uptake by bhendi.

Key words —Zinc Humate, RDF, CCP, Soil Application,
Foliar Application, Growth, Yield, Nutrient Uptake, Bhendi.

|. INTRODUCTION

! which is very low and far below as compared toamat
average yield of around 6-9 t"harhe reasons being, poor
organic matter and micronutrient status of soil and
adoption of traditional management practices. Hence
there is an imperative need to increase the prauct
vegetables by way of adopting some improved cutitiva
practices such as foliar feeding of nutrients anawth
stimulants in addition to the basal applicatiomofrients.
Foliar application of humic acids through zinc huena
may solve the problem of assimilation of nutrieintshe
leaves, which resulted in an increased photosyicthatie,
better nutrient uptake from the soil and transliocanf
these nutrients from the leaves to fruits, therafyancing
higher fruit yield. Further, foliar fertilizationfautrients

to the plants helps to absorb and transport theents
without spending any energy as well as withoutlasy in
transit (Srivastava, 1995). Hence, the presentsiiyation
was carried out to study the effect of zinc ferdition on the
growth, yield and nutrients uptake by bhendi instalassandy
soil.

[I. M ATERIALS AND METHODS

A field experiment was conducted in a farmer'sdiat
Mandabam coastal village, near Chidambaram
Cuddalore districtTamilnadu during July —October, 2013.
The initial soil of the experimental site had a gt82 and
EC-1.54 d Sm. The soil was low in organic carbon (2.30
g kgh), low in available N (134.50 kg H} available P

in

Vegetables are the storehouses of most of the ivisam (9.48 kg h&) and medium in available K (178.20 kg'ha
minerals and also proteins. The nutritional value olhe various treatments included were; Tontrol (RDF
vegetables is unsurpassed many vegetables, have a &lone), T—RDF + Composted coirpith (CCP) @ 12.5t ha

glycemic index and high nutrient content as comgaoce
other foods. In majority of the coastal area, vaelet
crops are cultivated in nutrient impoverished sasolys.
Among the vegetables, bhendiglmoschus esculentus
(L.) Moench.) is one of the major vegetable cropsag
in almost all parts of the world. Bhendi fruits afeh in
minerals, vitamins and essential amino acids; anslige
valuable nutrient supplement in the tropical dietia is

! T;-RDF + Zn humate Soil Application (SA) @ 30 kg
ha, T,—RDF + Zn humate Foliar Application (FA) @ 0.5
per cent twice at 20 and 45 DAS; ¥ RDF + CCP + Zn
humate SA, T— RDF + CCP + Zn humate FA and F¥
RDF + CCP + Zn humate SA + FA. The experiment was
laid out in a Randomized Block Design (FRBD) witihete
replications, using bhendi var. MBH 64 as test crap
uniform fertilizer dose of 40 kg of N + 50 kg of® + 30

the second largest producer of vegetables in thedwokg of KO per hectare for bhendi was applied as urea,

(ranks next to china) and accounts for about 15ceet of
the world’s production of vegetable (Sabil., 2006).

In Tamil Nadu, the area under cultivation of bheisdi
3,417 hectares with a production of about 21,36Mhes
and productivity is 6.25 tonnes per hectare. Bhandne
of the commonly grown vegetable crops in coasehsof
Tamil Nadu. The short duration, low cost of cultiva
and regular income due to staggered harvestingcéett
many farmers in this region to cultivate bhendiwdger,
the yield realized by the coastal farmers is ard2+3dt ha

single super phosphate and muriate of potash, ceeply.
The entire dose of N,,2s and KO were applied as basal.
Composted coirpith (CCP) @ 12.5 t“havere applied
basally and well incorporated into the soil in éfle
experimental plots. Required quantities of Zn Huemas
per the treatment schedule were applied throughasoi
well as foliar. Foliar application of Zn Humate @b Qer
cent on 20 and 45 DAS was applied as per the tezstm
Various growth components like plant height, numbér
branches plaift dry matter production (DMP) and yield
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componentsiz, number of fruits plant, fruit length and g of single fruit weight, respectively. This wadldaved by
single fruit weight were recorded at harvest stafee the treatmentss] RDF + CCP + Zn Humate SA (23.32,
fruit and stover samples were collected at harsemgje 21.94 cm and 26.62 g) treatmeng @pplication of RDF +
and analysed for the content of N, P, K and Zn using thCCP + Zn Humate FA @ 0.5 per cent (21.79, 20.65 cm
standard procedure as outlined by Jackson (1978) aand 25.07 g of number of fruits pldntfruit length and
uptake were calculated. At harvest fruit and stoyetd single fruit weight, respectively). The treatmestsplied

were also recorded. with RDF + Zn Humate through soil application @ I&p
ha' (Ts) and RDF + Zn Humate through foliar @ 0.5 per
. R ESULTS AND DISCUSSION cent (T,) recorded a number of fruits planof 20.57 and
18.97 fruit length 19.33 and 17.92 cm and singlet fr
A. Growth Characters weight of 23.41 and 21.90 g of bhendi, respectivélye

The application of Zn significantly increased aflet lowest number of fr_uits plaﬁt(15.73), fruit length (14.74
growth charactersiz, plant height, number of branchesC™) and single fruit weight (18.22 g) were recorded
and dry matter production of bhendi. In coastabgesoil control (To). , _
the bhendi responded to Zn application upto 30 & h _In promoting the over all yield atiribute charasterf
Among various treatments, the combined applicasbn bhendi, the addition of Zn-humate @ 30 kg lthrough
recommended dose of NPK + composted coirpith @ 12.50il + foliar spray twice @ 0.5% along with RDF €E
ha® + Zn-Humate @ 30 kg Hathrough soil application OU p_erformed all other _treatments. It is now well
along with foliar application of Zn-Humate @ 0.5 pent established _tha_lt Zn a positive role in the frgltniatlon
twice at 20 and 45 DAS ¢J produced the tallest plant QUe to their |_nvolvement in the metabohs_m thereby
height (136.51 cm), number of branches plat83) and Increases the yield parameters. These resultsnarevith
dry matter production (12.91 t faof bhendi. This was (Datir et al., 2010): In addltlon, fo]lar spray of_ Zn-humate
followed by the treatmentssTRDF + CCP + Zn Humate @ 0.5% resultedlln an increase in rhythm with th’eqmn_
(SA) through soil application (127.31cm, 7.25 aadig t ©f crop growth influenced the plant growth and diel
ha?), treatment § RDF + CCP + Zn Humate (FA) foliar attrlbuthg characters of bhendi. These results iare
application @ 0.5% (118.62 cm, 6.63 and 11.32H)ha cqnformlty with Yagiavet_al. (2007) and Sangee_tha and
treatment § RDF + Zn humate SA (109.27cm 6.10 and>ingaram (2007). High yield characters of bhengjimbe
10.62 t hd) and treatment T RDF + Zn humate FA attrlbuted_ to increased dry matter apcumulatlontha
(101.06 cm 5.65 and 9.83 t'hqnlant height, number re_productlve pgrts and formation of higher sink azafy
branches plarftand dry matter production, respectively)With the addition of NPK + Zn-humate. An adequate
The control treatment (RDF alone) recorded the soweSUPPly of plant nutrients enhanced the metaboliviac
growth characters viz., plant height, number ofnbhes Not_only_ amount of nutrients present in soil buioa]l_helr
plant* and DMP of bhendi as compared to othefvailability to meet out that needs of crop aticait
treatments. growth stages resulted in increased plant growthyéeld

In coastal sandy soil, application of Zn-humatetigh characters. These .results are in agreement with
soil application (SA) @ 30 kg Ha+ foliar spray (FS) @ Premsekhar and Rajashree (2009) and Akaedeil.
0.5% at 20 and 45 DAS along with recommended dbse £010).

NPK and composted coirpith @ 12.5 t*hacorded the C. qu - . _ o .
highest plant height, number of branches plaarnd dry The significant influence of zinc fer_tlllzatlon alg Wlt[h
matter production. This might be due to the incedas "ecommended NPK and CCP on fruit and stover yi¢ld o
nutrient supply with the addition of fertilizer andganics. bhendi was well evidenced in the present study. yi¢ld
Further, foliar spray of micronutrients might hamduced realised under the present field experiment corfitithe
the synthesis of chlorophyll content and direceetffof ~results of previous pot experiment. The highest field
plant growth like auxin activity which in turn reed in  (15.94 t h&) and stover yield (11.29 t hpwas recorded
higher vegetative growth parameteriz, plant height, With application of RDF (recommended dose of NPK) +
number of branches and DMP. This present findings a CCP @ 12.5 t ha along with Zn humate through soil

are in conformity with earlier workers of Waskalaal. application @ 30 kg faand foliar @ 0.5 per cent 4T
(2013) and Abbagit al. (2010). This was followed by the treatments Tg T3 T4and T.

B. Yidd characters The individual application of Zn-humate either tingh

The application of Zn humate either through soiflotinge soil or foliar alone along with RDF and organics
along with recommended dose of fertilizer (RDF) az@p  Significantly increased the yield of bhendi as C‘fmﬂ to
significantly and positively influenced the yieldaracters Control- Soil application of Zn humate @ 30 kg'f&ong
of bhendi. However, the combined addition of Znbimgh Wlth RDF and organics ¢J increased thg fruit and stqver
soil and foliage recorded the better responsespew of Yield to 14.98 and 10.43 t Rarespectively and foliar
yield characters than the sole application. application of Zn humate @ 0.5 per cating with RDF

The highest number of fruits plaptfruit length and and organics (g) increased the fruit gand stover yield to the
single fruit weight was found with-Tapplication of RDF tune of 14.16 and 9.73 t haespectively as compared to
+ Zn Humate SA @ 30 kg Rar Zn Humate FA @ 0.5 per individual app!lcatlon of Zn humate through soitidoliar
cent along with CCP @ 12.5 t havhich recorded 24.57 alone along with RDF.
number of fruits plant, 23.20 cm of fruit length and 28.40
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Among the treatments,;Twhich received Zn humate NPK alone (T). The lowest N uptake of 38.11 and 21.94
through both the soil and foliage along with recoented kg ha’ by fruit and stover was noticed in control.
dose of NPK and CCP recorded the higher fruit yield The N uptake was increased by combined applicafion
(15.94 t hd) and stover yield (11.29 t Baas compared to NPK + Zn-SA @ 30 kg Haand ZnFA @ 0.5% twice along
control which recorded the 51.52 and 54.02 per giid ~ with organics as compared to sole application okiZher
increase over control. The favourable effect ofadnfruit  through soil or foliar. This is because of thet fdat the
yield also could be attributed to their effect imintaining micronutrient like zinc is involved in nitrogen &&on and
soil available nutrients in balanced proportions Better translocation into plant parts, which might haver@ased
growth in bhendi. The pronounced effect of Zn-hwenatthe N content of plants. The higher nitrogen ahison
foliar spray might be attributed to the benefic@k of Zn may also be due to stimulatory effect of zinc omagien
present in Zn-humate supplied through foliar spraght  uptake. In line with the present study, Jeaetrs. (2003)
have helped in enhancing the enzyme and photodimitheand Snajay Swami and Kapila Shekhawat (2009) efsarted
activities, accumulation of photosynthates therblgher similar results.
fruit yield. This findings corroborates the earlieport of Phosphorus
Talukderet al. (1999) and Patel and Singh (2010). A significantly higher P uptake by bhendi was oledr
The increase in fruit yieldmight be due to increhasedue to the zinc fertilization. Application of zimtong with
nutrients uptake from soil, effective utilizatiori liar  either NPK alone or NPK + CCP favourably improvkd t
applied nutrients from Zn-humate, which resultedétter uptake of phosphorus by bhendi. Mode of applicatiad
vegetative growth coupled with btter partitioningnda a significant difference in improving P uptake byehdi.
promotion of photosynthesis and respiration contéd Soil application of Zn shared better response tudiar
by the proteins and quinone groups, respectively @pray. Application of Zn through both soil and &gje
accumulated humic substances. The reports of Ertagcorded the highest response in response of Reupia
Yildirim (2007) and Fathima and Denesl2013) bhendi.
confirmed the present findings. The improvement impplication of Zn as zinc humate by both the modes
higher fruit and stover yield with foliar spray @n- soil (Zn humate @ 30 kg Haand foliar (Zn humate @
humate and NPK fertilizer could be ascribed to the.5 %) along with CCP () accounted for the highest P
promoted cell division and cell elongation. Furthire uptake by bhendi in fruit and stover.
humic acids are known form chelates with microreunit$ The highest phosphorus uptake of 16.08 K§ Iafruit
like Zinc and thus it improves translocation of therient and 10.89 kg h& by stover respectively were recorded
cations within the plant system. The increased thhenwith RDF (recommended NPK) + CCP along with soil
yield due to the application of humic acids and NPpplication of Zn humate @ 30 kg hafoliar application
fertilizer have already been well documented byggatha of zn humate @ 0.5 per cent;T The single mode of
and Singaram (2005) and Dhanasekaran anrgbplication of Zn humate through soil alone ordotalone
Bhuvaneswari (2005). along with NPK and organics significantly increasieel P
D. N, P, K and Zn nutrients uptake Nitrogen uptake as compared to NPK alone. This was follotsed
The N uptake by bhendi at harvest stage in fruit arthe treatments sTZn humate SA and Zn humate FAXT
stover was significantly increased withthe zin@long with recommended NPK recorded a P uptake of
fertilization. Application of zinc as Zn humate hst 13.45 and 8.66 kg Haand 12.46 and 7.75 kg hay fruit
through soil or foliage and or both significanthcieased and stover, respectively. The control recordeddhest P
the uptake of major nutrients by bhendi. Among theptake (10.64 and 6.38 kg hain fruit and stover,
treatments evaluated, the combined application of Zespectively as compared to treatment(I1.67 kg ha by
humate through soil and foliage along with recomdeeh fruit and 7.20 kg hdin stover).
dose of NPK and organics recorded the highest ikaept The addition of NPK fertilizers along with foliapay
by bhendi as compared to other treatments. Thanieza Of Zn-humate enhanced the uptake of NPK by bhendi.
T, recommended dose of NPK + CCP along with solfhis might be due to increased availability of thes
application of Zn humate @ 30 kghand foliar spray @ nutrients released from applied fertilizers. Furtfeimic
0.5 per cent ranked best and recorded the highegtake substances as zinc humate applied through foliagédw
of 56.58 and 32.85 kg Haby fruit and stover, have been easily absorbed and translocated inldmesp
respectively. This was followed by, Tsoil application of Wwithout any loss which resulted in enhanced nutsien
Zn humate @ 30 kg HaTs, foliar application of Zn uptake by the crop. Similar findings were obsertsd
humate @ 0.5 per cent along with RDF and CCP. Alexander and Schroeder (1987). The higher P coareh
The treatment J recorded a N uptake of 53.67uptake may be due to the solubilization of native
and31.16 kg hhand treatment J recorded a N uptake of phosphorus by the organic acids namely, lacticcagig,
50.63 and 29.45 kg Heby fruit and stover, respectively. citric and succinic acid present in CCP. In additio
The application of RDF + Zn humate SAsJBnd RDF + applied NPK resulted in better root growth and éased
Zn humate FA (7) treatments without organics recorded ghysiological activity of roots to absorb more phiosrus.
lower N uptake by bhendi as compared tpand T, These findings are in conformity with Akande al.
Application of CCP along with RDF ¢Y received higher (2010) and Mehtat al. (2011).
N uptake as compared to the treatment which redeive
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Potassium
The uptake of potassium by bhendi fruit and stovas Patel et al., 2012) also recorded the highest uptake of

also significantly increased with zinc applicatiohhe
application of RDF + CCP + Zn humate @ 30 k¢ h&Zn
humate @ 0.5 per cent twice/{Tregistered the highest
uptake of K by fruit and stover. It recorded a Kake of
46.18 and 31.75 kg Haby fruit and stover, respectively.
This was followed by treatments, Tapplication of RDF + [1]
CCP + Zn humate SA @ 30 kg'hand T, application of
RDF + CCP + Zn humate FA @ 0.5 per cent. The cbntro
treatment T, application of 100 per cent NPK alone (RDFz;
alone) recorded a comparatively lower K uptake @33

kg ha' by fruit and 21.03 kg hbby stover as compared to
application of RDF along with organics AT which 3]
recorded a K uptake of 32.97 and 23.07 kg bg fruit [4]
and stover, respectively.

Increased K uptake might be due to better planividro
leading to higher uptake of nutrients and furthertbe
stimulatory effect of Zn in absorption of potassiurhese
results are in accordance with the findings ofriskt al.
(2011). The ready availability of K and other nemris (6]
from inorganic sources produced adequate biomash wh
resulted in better nutrient uptake of the crop.esehfindings (7]
are in agreement with Singlt al. (2004). Further added
organics improved the organic carbon content of soi
through decomposition which helped in the releake o
organically bound macro and micronutrients in doilthe [g)
overall improvement of NPK uptake with applicatioh
NPK, micronutrients and organics improved the plarif]
growth and accumulation of greater biomass whidhdte
to increased the uptake. Similar results of earéported
by Punithrajet al. (2012). [10]
Zinc uptake

The application of zinc humate either through smil 1,5,
foliar along with NPK and composted coirpith had[
significant influence on zinc uptake by bhendi. Argdhe
various treatments, the highest Zn uptake by {d#8.00 g
ha') and stover (96.62 g Mg was recorded with the
application of recommended NPK + CCP @ 12.5'tdlang
with soil application of Zn humat® 30 kg h& and [13]
foliar spray @ 0.5 per cent{T This was followed by the
treatment supplied with RDF + CCP @ 12.5 t'haZn
humate SA @ 30 kg Ha(Ts) and the application of RDF [14]
+ CCP @ 12.5 t hhalong with Zn humate FA @ 0.5 per
cent (Ts). The treatments which received Zn humate
through soil application @J and foliar application (J (15
along with recommended NPK recorded a Zn uptake of
101.49 and 81.39 g Haand 94.47 and 75.42 ghay fruit
and stover, respectively. The control (RDF alomgjistered
the lowest Zn uptake (82.10 g'hby fruit and 64.25 g ha
by stover) as compared to treatment @pplication of [17]
RDF along with CCP (88.32 g hay fruit and 70.71 g ha
! by stover).

The addition of Zn as Zn-humate though soil apfibca [,
and also the release of micronutrients from theeddd
organics could have contributed for better avdilgtrn
in rhizosphere. These results are in agreement with

(5]

[12]

[16]
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findings of the several researchers (Jeasira., 2003 and

micronutrients (Zn, Cu, Fe and Mn) with the comtiom
of different zinc fertilizer and organic applicatio
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Table 1. Effect of Zn fertilization on the growth dharacters of bhendi

Treatments Plant height Number of t?lranches g:nggttit()er:
(cm) plant (t ha’)
T,— Control (RDF alone) 81.67 4.52 8.16
T,- RDF + CCP @ 12.5tHa 91.91 5.18 9.14
T;— RDF + Selected Zn Humate SA @ 30 kg ha 109.27 6.10 10.62
T, RDF + Zn Huamte FA @ 0.5% 101.06 5.65 9.83
Ts- RDF + CCP + Zn Humate SA 127.31 7.25 12.13
Te- RDF + CCP + Zn Humate FA 118.62 6.63 11.32
T,- RDF + CCP + Zn Humate SA + FA 136.51 7.83 12.91
S 3.44 0.21 0.31
CD (p=0.05) 7.05 0.43 0.63
Table 2. Effect of Zn fertilization on the yield claracters and yield of bhendi
No. of Fruit Single fruit Yield (t ha'®)
Treatments fruits length weight
plant™ (cm) (9) Fruit Stover
T,— Control (RDF alone) 15.73 14.74 18.22 10.57 7.31
T,— RDF + CCP @ 12.5tHa 17.78 16.70 20.25 11.41 8.13
T3;— RDF + Selected Zn Humate SA @ 30 k'd ha 20.57 19.33 23.41 13.22 8.87
T, RDF + Zn Huamte FA @ 0.5% 18.97 17.92 21.90 12.2D 8.18
Ts- RDF + CCP + Zn Humate SA 23.32 21.94 26.62 14.98 10.43
Te- RDF + CCP + Zn Humate FA 21.79 20.65 25.07 14.1p 9.73
T,- RDF + CCP + Zn Humate SA + FA 24.57 23.20 28.40 15.94 11.29
S 0.56 0.55 0.70 0.35 0.31
CD (p=0.05) 1.16 1.14 1.45 0.72 0.65

Table 3. Effect of Zn fertilization on the N, P, K(kg ha') and Zn uptake (g ha') by bhendi

Nitrogen Phosphorus Potassium Zinc
Treatments Fruit Stover Fruit Strove Fruit Stover Fruit Stover
T,— Control (RDF alone) 38.11 21.94 10.64 6.38 30/3121.03 82.10 64.25
T,— RDF + CCP @ 12.5tHa 41.36 24.00 11.67 7.20 32.97 23.0 88.32 70/71
Ts;— RDF + Selected Zn Humate SA @ 30 k@ ha 47.42 27.82 13.45 8.64 38.34 26.7] 10149 8139
T,- RDF + Zn Huamte FA @ 0.5% 44.47 25.89 12.46 7]71335.47 24.98 94.47 75.42
Ts5- RDF + CCP + Zn Humate SA 53.67 31.16 15.p2 10.263.57 30.13 114.47] 91.88
Te- RDF + CCP + Zn Humate FA 50.63 29.45 14.40 94811.02 28.59 108.15 86.85
T,- RDF + CCP + Zn Humate SA + FA 56.58 32.85 16.08.0.89 | 46.18 31.75 123.0 96.69
Sk 1.32 0.75 0.36 0.25 1.18 0.73 2.86 2.2
CD (p=0.05) 2.71 1.55 0.74 0.52 2.42 1.50 5.85 4.62

*RDF- Recommended dose of fertilizer; CC®mposted coirpith; SA- Soil Application; FA- FaliApplication
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