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To | Date: 24.06.2023
The Principal,
Shri Ram College, Muzaffarnagar

Respected Madam

Greetings

Green Land Agri Marketing India Pvt. Ltd. Muzaffarnagaris an apex representatwe body of
manufacturing the agro chemical which are very beneficial for i Increasing the crop productlon
in India. Green Land Agri Marketing India Pvt. Ltd. Muzaffarnagar chapter is a renowned
and important Agro industry of Muzaffarnagar In several meetings held in the past under the
aegis of this organization, impact of agro chemwal Like NPK fertilizer i in Muzaffarnagar
have been discussed in details. There is no data available on the i unpact of agro chemlcal Like
NPK fertilizer on growth and yield of paddy in Muzaffarnagar, due to which no plan could be
implemented in the past to mitigate these effects. In this context, the Green Land Agri
Marketing India Pvt. Ltd Muzaffarnagar wants to conduct research through Shri Ram College
which can show the direct i impact of NPK on performance of paddy.in Muzaffarnagar Green
Land Agri Marketing India Pvt. Ltd Muzaffarnagar requests to Shri-Ram College to take a
step forward in fulfilling its social responsibilities by helping in this work. The Green Land
Agri Marketing India Pvt. Ltd. Muzaffarnagar will always be ready to bear all the expenses

incurred in this research.
Awaiting your reply on the above.

Vineet Kumar Baliyan
(Vmeet Kumar Bal
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Approved by UGC, NCTE and Affiliated to MS University,Saharanpur
Muzaffarnagar - 251 001, NCR (U.P)

tGnad :
Date:02-07-2023 o
To ;
The Secretary ;%
Green Land Agri Marketing India Pvt, Ltd,
Muzaffarnagar
Respected Sir
With reference to your letter, it gives me immense pleasure to informed you that Shri Ram
College will be grateful to participate in social contribution with Green Land Agri Marketing
India Pvt. Ltd. Muzaffarnagar through the conduct of this research. We nominate Dr. Suhal
Sardar Assistant Professor in the Department of Agriculture, as the Principal Researcher&
Co- Researcher for the research. g
Dr. Suhal Sardar is a distinguished academician with extensive experience in teaching and ‘
research. His expertise in "Soj] Fertility mgt. and Production and economic feasibility of
paddy, perfectly with the objectives of this project. Dr. Suhal Sardar has consistently
demonstrated his ability to lead and deljver high-quality research outcomes.As the Principal g%
Investigator, he will be responsible for overseeing the project, ensuring adherence to the ;
proposed timeline and objectives, and contributing to the advancement of knowledge in the
field. You are aiso requested to discuss regarding project expenses duration and tota] expected
budget with him. %
I am confident that Dr. Suhal Sardar is expertise and commitment will make this project a
success and bring significant recognition to our institution. f’
1€ successful execution of this research endeavour.

We extend our best wishes to him for t}

Regards, ;

(Dr Prerna Mittal) i
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; IQAC (Shri Ram Collegg,
Muzaffarnagar

Contact @ 99270289038 992701142
» 5 ! 2
Website : WWw.srgemzn.com E-Mail ; src_mzn@rediﬁmaﬂ.com
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Green Land o T paterese 07'2023
The Principal :

Shri Ram College, Muzaffarnagar

Subject: Sponsorship for Research Project and Requirement for Fund Utilization Report

Honourable Madam

The Green Land Agrl Marketing Indla Pvt. Ltd. Muzaffarnagar is pleased to sponsor
funds amounting to 1,50,000/- for the research project titled “ To Study the effect . of NPK -
provided Green Land Agri Marketmg Indla Pvt Ltd on the yleld -and yleld L,

contributing factors of paddy in Muzaffarnagar drstrlct” undertaken by your esteemed
college. This initiative ahgns with our vision of fostermg rnnovatlon and contrrbutrng to the :
advancement of knowledge in areas critical to economical and socretal development :

We request that these funds be -utilized stuctly for the purpose outhned 1n the approved

project proposal, including but not limited to (mentron broad categones such as research.' ]

materials, data collection, analysrs and reportmg) : E :
To ensure transparency and proper aecountabrhty, we krndly ask you to provrde a detarled
utilization report upon the project's completion. This report should 1nc1ude

1. Asummary of actrvrtles and outcomes achieved. at

2. A financial statement detailing the allocation and expendlture of funds

3. Copies of i mvorces receipts, and any supportmg documentatron

%

We value this collaboration and trust that the 1nst1tutlon erl make the most effectlve use of - =

this sponsorship to achieve the desired outcornes Should you requrre any addrtronal_ o ]

assistance or clarification, please do not hesdate toreach out to us

Wi ook Korwand: Badbea j%«,z\g the utilization report and wrsh your mstrtutlon great success Tt |

this resear
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Project Fund Detail

Date: 31-03-2024
L. Title of Project: “ To study the effect of NPK provided Green Land Agri Markating India

Pvt Ltd on the yield and yield contributing factors of paddy in Muzaffarnagar
district” v

SR B S St GBI RGeS

2. Principal Investigator and Co-Investigator: Dr Suhal Sardar& Dr, Department of
Agriculture, Shri Ram College,.Muzaffarnagan

3. Implementing College and Sponsored Body: Department of Agriculture, Shri Ram College
&Green Land Agri Markating India Pvt Ltd Muzaffamagar.

4. Sanctioned Project Amount by ‘Green Land Agri Markating India Pyt Ltd

Muzaffarnagar. Rs, 150,000/~

Project Duration: July 2023 to March 2024(Nine Months)

6. Project Completion Date: March 31™ 2024

W
¢
R e e ey

Statement of Expenditure

B4

Amount Received Rs.150,000/-
Less Expenditure:

1. Total common cost of cultivation 61492.24/- i

2. Equipments 20000/- s

3. Books and Journal 3500/- f

4. Reagent for soil chemical analysis 11000/- M

5. Glass ware  4000/- )'

0. Local Travelling : 17,150/- E

7. Refreshments ‘ 14,955/-

8. Printing& Typing 7,725/-

9. Miscellaneous expenses 10,178/- - ;

150,000/- - é

e /(;Lhairman

TR e IQAC, Shri Ram Colldt

| (Dr Suhal Sardar) (Br Prerna Mittal) Muzaffarnagar
m“\ Reseq?‘f:h Pro}ect Coordinator Principal Shri Ram College '

e

i iHator Contact @ 9927028908, 9927011422
o e i ite : ! : E-Mail : src_mzn@rediffmail.com
= 1Q'AC', a Coll Webs:te www.srgecmzn.com E-Ma & @




Utilization Certificate

' 3.1.| Detail of sanction

| of Fund with
Project name and
BDuration

Amount

1. | 9 months project

on To study the

Lifect of NPK provided
By Greenland Agri
Marketing India Pvt
Limited on the yield
And yield contributing
Factors of paddy in
Muzaffarnagar District
Date of Sanction of
Fund- 05-07-2023 as
per Sanction Letter

TOTAL

150000.00 /-

150000.00/-

Kinds of checks exercise-
1 Checking of cash book

2 Checking of payment vouchers.

3 Checking of salary register.
4 Checking of expense bill.

For Shri Ram College
Secretary

Date: 07-04-2024
Place: Muzaffarnagar

IQAC, Shri
Muzaffarnagar

It is Certified that out of Rs. 150000.00/- (One
Lacs fifty Thousands only) of grants sanctioned
by  Jai Hind Agriculture Industries,
Muzaffarnagar during the year 2023-2024 in
favor of Shri Ram College, Muzaffarnagar, a
sum of Rs. 150000.00 has been utilized for the
purpose of the project for which it was
sanctioned and that the balance of Rs. Nil
remaining unutilized at the end of the year has
been surrendered. The Extra amount (If any) is
met out by Shri Ram College.

2. Certified that we have satisfied our self that
the conditions on which the grant was
sanctioned have been duly fulfilled/are being
fulfiled and that we have exercised the
following checks to see that the money was
actually utilized for the purpose for which it was
sanctioned.

/,Qeﬁ’.es Kumar Goel

Proprietor
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PROJECT
Shri Ram College, Muzaffarnagar
Identification
PROJECT TITLE: “To study the effect of NPK provided by Green Land Agri Markating
India Pvt Ltd on the yield and yield contributing factors of paddy in
Muzaffarnagar district.”
INTRODUCTION:

Rice (Oryza sativa L.)is one of the most important field crops after wheat
inthe world providing staple food to the millions. It is an indispensable source
ofcalories for almost half of the population with in Asia. More than 90% of the
worldrice is produced and consumed in Asia, which is a native for 60% of the earth’
spopulation. Rice is the first most important crop in India where it is grown in an
areaof 43.9 million ha' with a total production of 106.77 million tonnes and an
average productivity of 24.32 q ha” (Anonymous, 2015). Uttar Pradesh ranks second
afterWest Bengal where the total production is 14.41million tonnes with a share

0f13.80%to total rice productionin thecountry(Anonymous, 2014).

The green revolution played a major role in India in terms of food grain
production and productivity. Now, India has become self-sufficient in food
grainproduction but with the time it has started to show the signs of adverse effects
likedeclineinyield,deteriorationinsoilfertilityanddecliningfactorproductivity.Replacem
ent of organicmanureswhich were used prior to green revolution
andexcessiveuseofchemicalferti1izersresultedindeteriorationofsoilphysical,chemical
and biological health in rice growing areas. This has altered the ideal NPKratio which
should be 4:2:1. Soil fertility restoration is one of the major constraintswith regard to
targeted increase in crop production. Increasing land use intensitywithout adequate
and balanced use of chemical fertilizers with little or no use oforganic manure have
caused severe fertility deterioration of  our soils resulting
instagnatingorevendecliningcropproductivity(Shormyetal.,201 3).Thereisgrowing
concern about sustainability of the rice production system due to stagnationand
decline in yield of rice in some of the states like Punjab, Haryana, eastern
UttarPradesh, Madhya Pradesh, Bihar, Himachal Pradesh and Jammu and Kashmir
(Chandand Haque, 1998; Ladha et al., 2000; Mabhajan et al., 2002 and 2008; and
Paroda,1996). thepresentinvestigationentitled“To study the effect of NPK provided
by Green Land Agri Markating India Pvt Ltd on the yield® and yield
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contributing factors of paddy in Muzaffarnagar district
Objective:
1. To study the effect of NPK on growth parameter of rice.
To study the effect of NPK on yields attributing characters and yield of rice.
To study the effect of NPK on pH, EC, organic carbon and available NPK in soil.

g LI

To study the effect of NPK treatments on economics of rice crop.

REVIEW OF LITERATURE

Slaton et al (2002) observed that the four Zn fertilizers with a range of WS-Zn
contents were applied at five Zn rates (2, 4, 8, 12, and 16 1b Zn/acre) and compared to an
untreated control. In general, rice yields increased as Zn rate increased from 2 to 8 Ib Zn/acre
and then plateaued from 8 to 16 Ib Zn/acre at each location. Small numerical yield differences
were observed among Zn sources with the highest yields generally produced by Zn sources
high in WS-Zn. Zinc application rate, rather than Zn source, was the most important factor
affecting rice growth, uptake of Zn, and grain yield. When the recommended rate of granular
Zn fertilizer is applied to the soil before rice emergence, all four of the Zn fertilizers
evaluated are adequate to optimize rice yields.

Lora ef al.(2002) observed that the on a Typic Tropaquept with low Zn content
located in Villanueva, Casanare, Colombia, a study was conducted to determine the effect of
Zn application (at 0, 8, 16, 24 and 32 kg ZnO/ha) on yield and quality of 3 rice cultivars.
Observations were recorded for yield, tiller number per plant, plant height, number of grain
per panicle, 1000-seed weight and milling quality. Foliar, soil and benefit:cost analyses were
also performed. The best effect on yield was observed at 16 kg Zn/ha for R-I, Selecta and
Tailandia III. A significant effect on number of grain per panicle and seed weight was also
observed. The best income recorded was $25.8, $17.8 and $18.3 for R-I, Selecta and
Tailandia I, respectively.

Jadhav et al. (2003) also noted that the highest grain yield (57.7 g/ha), straw (53.8
mg/kg) and grain (44.5 mg/kg) Zn contents, and total Zn uptake (575.7 g/ha) were obtained
with NPK + FYM + Zn at 45 kg/ha. Stfaw yield was generally higher with the combination
of Zn, FYM and NPK compared to NPK only. The N, P and K contents of grain, and P and K
contents of straw were not significantly affected by Zn and FYM. The application of NPK +
FYM + Zn at 30 kg/ha resulted in the highest total N (97.10 kg/ha) and P uptake (12.0 kg/ha),
whereas NPK + Zn at 15 kg/ha gave the highest total K uptake (128.2 kg/ha). Straw g(/?/.éa

an
44.1 mg/kg) and gx; 'IW-42.5 mg/kg) Zn contents did not significantly vary amon iB%\R(:ﬂ‘CO‘\ 152
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treated with NPK + Zn at 30 or 45 kg/ha, and NPK + FYM + Zn at 15 or 30 kg/ha, suggesting
that Zn fertilizer rate can be reduced by the incorporation of FYM.

Mythili et al. (2003) observed that the NPK at 100:50:50 kg/ha, Zn as ZnSO4 and S
as gypsum coupled with green manuring resulted in the highest grain yield for both clay loam
and sandy loam soils (46.8 and 39.4 g/pot, respectively). The uptake of Zn and S significantly
increased with green manure application in addition to improved soil fertility.

Patil and Meisheri ( 2003) observed that theapplication of Zn forms with and without
FYM resulted in significant increases in grain and straw yields of subsequent rice crop. The
Zn uptake and available Zn in the soil increased significantly when Zn was applied for the
first crop. The treatments comprising application of 25 kg ZnSO4 and 10 kg chelated Zn/ha
were at par.

Gurmani et al. (2003) exhibited that the highest significant paddy yield of 6087 kg
ha-1 was achieved from Zn + Cu + Fe + Mn compared to the yield of 4703 kg ha-1 from the
control (NPK). By separating the yield means for individual treatments, Zn, Cu, Fe, and Mn
gave an increase of 15.7, 14.5, 11.8, and 10.6% over NPK, respectively. The dry matter and
straw yields were also significantly affected and produced the highest yield of 14 818 and
8732 kg ha-1, respectively from NPK + Zn + Cu + Fe + Mn. The significantly highest
number (500) of panicles/m2 was produced by the same treatment.

Kulandaivel et al. (2003) observed thatthe successive increase in the rates of ZnSO4
and FeSO4 had a positive effect on the grain and straw yields of rice. However, it was
significant only up to 30 kg ZnSO4/ha. On an average, a 15% increase in grain yield (62.12
q/ha), due to 30 kg ZnSO4, was recorded compared to the control (54.23 g/ha). FeSO4 at 5
and 10 kg/ha did not affect the growth, yield and yield attributes of rice.

Singh ef al (2003) advocated that Significantly lower weed population and weed dry
matter were recorded at 3.0 kg Zn/ha compared to 6.0 kg Zn/ha. Zinc application up to 6.0
kg/ha increased the grain and straw yields over 3.0 kg/ha. HW twice recorded the lowest
weed population and weed dry matter accumulation among all treatments. HW twice,
anilofos + 2,4-DEE, and anilofos + 2,4-DEE + HW treatments were at par with each other in
terms of weed growth. Twice HW produced significantly higher grain (4.18 t/ha) and straw
yields (5.43 t/ha) over the weedy controi.

Bandara et al. (2003) also noted that Soil analysis revealed that the soil was
deficient in Zn and application of Zn at 2.5 kg/ha increased N use efficiency from 15.6 to
19.4 kg grain yield/kg of applied N, and N recovery from 31 to 41%, and increased rice yield.
A combination af 100 kg N/ha and 2.5 kg Zn/ha gave the same yield as that of 125}({; 1}‘%}'11 .
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alone. The interaction between N and Zn for grain yield was synergistic. The residual effect
of Zn on grain yield was also observed in the second crop of rice.

Khan et.al (2003) observed that the methods were used, i.e., nursery root dipping in
1.0% ZnSO4, 0.20% ZnSO4 solution spray after transplanting, and 10 kg Zn ha-1 by field
broadcast method. Zinc content of soil before flowering and after harvest was significantly
increased for all the methods. The yield and yield parameters also increased significantly by
the application of Zn by any method. Among the methods used the effect of Zn was
insignificant on yield components like tillers m-2, spikelets panicle-1, % filled grains, 1000-
grain weight and straw yield. However, soil application of Zn at 10 kg ha-1 was rated
superior because it produced significantly higher paddy yield.

Gurmani ef al. (2003) observed that The effects of Zn, Cu, Fe and Mn, applied alone
or in combination with NPK on the yield of rice cv. Gomal 6 were determined in a field
experiment conducted in Pakistan during the kharif season of 2000. Crop yield was highest
(6087 kg/ha) with the application of NPK + Zn + Cu + Fe + Mn. Zn, Cu, Fe and Mn
concentrations in the soil were highest with the application of NPK + Zn + Cu, NPK + Crl,
Fe and NPK + Cu, respectively. Application of NPK + Zn + Cu + Fe + Mn resulted in the
highest Zn concentration, whereas application of NPK + Cu resulted in the highest Cu
concentration in the leaves. Fe and Mn concentrations in the leaves were highest with the
application of NPK Cu + Mn and NPK +Zn + Cu + Fe + Mn, respectively.

Patil and Meisheri (2003) also noted that the Zn uptake by straw and grain and its
content in the soil were increased when Zn was applied; the increases were significantly
higher when Zn was combined with FYM. Application of Zn forms with and without FYM
resulted in significant increases in grain and straw yields of subsequent rice crop. The Zn
uptake and available Zn in the soil increased significantly when Zn was applied for the first
crop. The treatments comprising application of 25 kg ZnSO4 and 10 kg chelated Zn/ha were
at par.

Ummed et al. (2003) advocated that the treatment with 120:60:60 kg NPK/ha
significantly increased the grain and straw yields over 60:30:30 kg NPK/ha. However, the
highest grain and straw yields were recorded with 180:90:90 kg NPK/ha (4.16 and 5.32 t/ha,
respectively). Significantly lower weed population and weed dry matter were recorded at 3.0
kg Zn/ha compared to 6.0 kg Zn/ha. Ziﬁc application up to 6.0 kg/ha increased the grain apd
straw yields over 3.0 kg/ha. HW twice recorded the lowest weed population and weed }y e
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Adhikri and Mishra (2004) exhibited that the treatments comprised: 0 kg N/ha
(T1); 60 kg prilled urea (PU)/ha (T2); 120 kg PU/ha (T3); 80 kg PU + 40 kg farmyard
manure/ha (T4); 60 kg PU + 60 kg farmyard manure/ha (T5); 80 kg PU + 40 kg
vermicompost/ha (T6); 60 kg PU + 60 kg vermicompost (T7); 80 kg PU + 20 kg farmyard
manure + blue green algae (BGA)/ha (T8); and 80 kg PU + 40 kg farmyard manure +
BGA/ha (T9). Basmati 370 and Pusa Sugandh-3 gave the highest yields with T7 and T9,
respectively. Wheat yield was highest with T5 regardless of thé preceding rice cultivar.

Singh and Singh (2004) reported that the soil application of 10 kg Zn/ha was
adequate in partially reclaimed alkali soil with initial pH 10.3, exchangeable sodium
percentage of 85 and electrical conductivity of soil solution (1:2) 2.1 dS/m. Zinc sulfate was
the superior source of zinc compared to zinc frits. Zinc application increased chlorophyll and
increased the tissue concentration of Zn, Ca, Mg, K and P, whereas Na content decreased.
Zinc modified the elemental composition of plant tissues favourably and thereby accelerated
plant growth and yield.

Yokoyama et al. (2004) advocated that the effect of zinc on the auxin-induced
rooting of rice was investigated. There was no significant effect of zinc (2 vs. 36 mg litre-1)
on the shoot and root weight of rice without application of auxin. When auxin was applied at
0.1 mg litre-1, the rooting of rice was increased by 36 mg Zn litre-1. Application of 0.3 mg
litre-1 auxin induced callus formation rather than rooting of rice. It is suggested that the
increased rooting of rice could be attributed to the interaction effect of auxin and zine, and
not due to other indole compounds and counter ions of zinc.

Haq et al. ( 2005) The results revealed that the treatment 90 kg N + Azospirillum
showed significantly higher values of plant height (109.16 cm) and dry matter production
(89.75 g), followed by vermicompost + Azospirillum + 60 kg N/ha. Also a number of
panicles/m2 (335.66), grain yield (49.66 g/ha) and straw yield (91.40 q/ha) were significantly
higher as compared to other treatments.

Slaton et.al (2005) also noted that the Zinc rate had the greatest influence on grain
yields with near maximum yield produced when >9 kg Zn ha-1 was applied. During the
second year, tissue Zn concentration and yield increased iinearly or nonlinearly, depending
on location, as Zn rate increased and were not affected by Zn source. During the first year, Zn
source and rate influenced early season growth and Zn concentrations, but grain yield,

Mehlich-3 soil Zn,‘ and the residual benefits of Zn fertilization were affected only by

application rate. /}4‘/’\‘{“/3(\ e
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Khan et al. (2005) observed that the ZnSO4 was applied at 0, 0.5, 1.0 and 1.5%
solution by root dipping along with the basal doses of 120 kg N, 90 kg P205 and 60 kg
K20/ha. Four 30-day-old rice (cv. IRRI-6) seedlings were grown. A significant increase in
yield and yield components was recorded for increasing levels of Zn (P<0.05). The
application of 1.0% Zn solution appeared to be an optimum level for rice crops in these soil
series. Tikken soil series gave the highest paddy and straw yield, while the Ramak series gave
the lowest. The interaction between the sojl series and Zn levels was significant for all
parameters.

Ghatak ef al. (2005) reported that zinc fertilizer appliéation significantly increased
the plant height, effective tillers, panicle length, grains per panicle, grain and straw yields,
uptake of Zn, N and K by plant. Application of 30 kg ZnSO4/ha recorded the highest values
of yield attributes, yield, uptake of Zn, N and K by plant. Similarly, the net return was also
maximum (Rs. 4832/ha) upon treatment with 30 kg ZnSO4/ha.

Poongothai et al. (2005) reported that seed treatment with 130% Zn-P formulation
significantly enhanced the yield with 29.2% over control, besides increasing the growth and
yield attributes of rice. Though this treatment maintained its superiority, it was on par with
soil application of 5.5 kg Zn ha-1. The treatments exerted a non-significant influence on P
and Zn availability in post-harvest soil.

Hosseini et al. (2005) observed that theZn fertilizer application increased the number
of tillers, dry matter yield, and Zn, Cu, B, and K concentrations in leaves. Concentrations of
Mn and P decreased with application of Zn, but that of Fe was not affected. Soil B
application increased B, Cu, P, and K éoncentrations, but reduced the concentration of Fe.
When Zn was not supplied, the application of 2.5 mg B kg-1 significantly increased the dry
matter yields. In the presence of optimum amounts of Zn from either source, the increase in
dry matter continued up to 5 mg B kg-1. The results also showed that in soils with high levels
of B, Zn application may reduce the adverse effects of B toxicity and increase rice yield.

E ShengZhe et al. (2005) observed thatThe effects of N,P and K fertilizers on the
Fe, Zn, Cu, Mn and Mg content and yield of rice cultivars Diantu 502 and Hexi 39 were
determined in a field experiment conducted in Sichuan, China. Fe, Zn, Cu, Mn and Mg
content increased with increasing N rates. For Diantu 502, the mineral contents and crop
yield reached their highest with the application of 90 and 270 kg N/hm2. For Hexi 39, the
highest mineral contents and crop yield were recorded with the application of 180 and‘270 kg

N/hm?2. P fertilizer reduced the Fe, Mn, Cu and Ca content in rice. K at 90 kg/hm2 increased

J i} ”‘\‘
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Slaton et.al (2005) observed that Zn fertilizer source, averaged across application
times, significantly affected grain yield at all sites, with Zn fertilizer application increasing
yields by 12-180% compared with the untreated control. Zn application time, averaged across
Zn sources, significantly affected grain yield at only one site, which had severe Zn
deficiency. Zn applied PPI (6915 kg grain ha-1) and DPRE (7456 kg grain ha-1) produced
similar yields that were greater than Zn applied POST (5526 kg grain ha-1). Zn solutions
sprayed at 1.1-2.2 kg Zn ha’ generally produced yields that were comparable with yields
from granular fertilizers applied at 11.2 kg Zn ha™.

Singh and Tripathi (2005) observed that The 15 treatment combinations with one
absolute control. Significantly the highest grain and straw yields (48.36 and 87.19 g/ha) and
yield attributing characters were recorded with M3, whereas the lowest grain and straw yields
(18.55 and 31.05 g/ha) and yield attributing characters were noticed with the absolute control.
Amongst the methods of Zn application, Zn4 recorded significantly higher grain and straw
yields (45.84 and 81.82 g/ha) and related characters compared to Znl. Zn3 was found to be
superior to Zn2, but it did not cross the level of significance. The highest amount of Zn
acquisition by graint+straw was recorded with M3 (135.55 g/ha) and Zn4 (127.15 g/ha).
However, the interacﬁon effects were not significant.

Singh and Tripathi, (2005) reprted that theamongst the methods of Zn application,
Zn4 recorded significantly higher grain and straw yields (45.84 and 81.82 g/ha) and related
characters compared to Znl. Zn3 was found to be superior to Zn2, but it did not cross the
level of significance. The highest amount of Zn acquisition by grain+straw was recorded with
M3 (13555 g/ha) and Zn4 (127.15 g/ha). However, the interaction effects were not
significant. |

Cheema et.al (2006) advocated that the final plant height, number of tillers/hill,
panicle bearing tillers, number of primary and secondary spikelets; panicle size, 1000-grain
weight, paddy and straw yield and harvest index showed positive correlation with the
increase in ZnSO4 levels from 2.5 to 10 kg/ha. However, sterility percentage decreased as the
level of ZnSO4 increased. All the yield components exhibited significant increase, except
harvest index, though, had increased but not significantly indicating that a still higher level of
zinc may be required to obtain a significant difference or otherwise. It is concluded that not
only Basmati rice, but the coarse rice like IR-6 is also affected by various levels of zinc for
growth and yield of rice.

Ruan et al. (2006) observed that the effect of Zn fertilizer on rice yield and yield
ilize
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significantly affected rice growth, yield and yield characters more at the late growth phase
than at the early growth phase. Under the test conditions, the highest yield comes from
treatment B (0.4 g Zn/dish), which was 23.0% higher than that of the control, and 17.2%
higher than that of treatment D (0.8 g Zn/dish). Yields of treatments A and C (0.2 and 0.6
g/dish) were also higher than that in the control, and the difference is extremely significant.
In treatment D (0.8 g Zn/dish), the available ear, seed number and yield decreased.

Tanmoy et.al (2006) also noted that the Zn content in rice dry matter increased (9.42
mg/kg) with the application of chelated Zn (Zn-EDTA) in 2 splits compared to split
application of ZnSO4 (8.56 mg/kg). The Zn content and uptake by grain and straw were
highest (87.97 and 122.48 g/ha) in the treatment where chelated Zn (Zn-EDTA) was applied
as splits. The yield of rice grain was highest (4.56 tonnes/ha) in the treatment receiving split
application of chelated Zn. The yields of grain and straw were significantly positively
correlated with their corresponding Zn content.

Singaravel et al (2006) studied that the effects of foliar application of micronutrients
on the yield and micronutrient uptake by rice (cv. ADT 43). The experimental soil was clay
loam with a pH of 7.84 and electrical conductivity of 0.56 dS m-1. The treatments consisted
of the control (recommended NPK) and foliar spraying of Kiecite (a micronutrient mixture
containing Fe, Mn, Zn, Cu, B and Mo) at various rates 0.5, 1.0, 1.5 and 2.0%). NPK +
spraying of 1.0% Kiecite significantly increased grain and straw yields, and uptake of Fe,
Mn, Zn, Cu and B.

Jin LingNa et al (2006) studying the upland rice cultivars Handao 502 and Baxi
Ludao in greenhouse, to study the effects of different Zn application levels (0, 0.1, 0.5, 2.3,
5.0 and 10.0 mg Zn/kg) on Zn distribution and dry matter accumulation. The above-ground
dry matter in the 2 cultivars tended to increase with increasing Zn level in a range of 0-5.0
mg/kg. The highest above-ground dry matter in Handao 502 and Baxi Ludao was noted with
application of 5.0 mg Zn/kg, being 5.73 and 42.46% higher than that no application. The Zn
absorption amount tended to increase with increasing Zn level, and the Zn absorption
capability of Baxi Ludao was higher than that of Handao 502. In addition, the Zn contents in
root and sheath were markedly higher than in leaf. The Zn contents in root and sheath
increased markedly with increasing Zn level, whereas that in leaf increased steadily.

J. Mirzavand (2007) also noted that The ANOVA of the two-year data showed that
the effect of ZnS04.7H20 on grain yield, number of grain per spike, N and P was significant
(5%) and highly significant (1%) on the protein content of grain. The effect of zinc exide on
1000 Kesnel weight and protein content were significant at 5 and 1% level, respecti etf’ﬁ/
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was concluded that the application of Zn in paddy fields of Pars province is essential, but
with regards to the fertilizer source and amounts, further study is needed.

Khan ef al. (2007) reported that Zn as ZnSO4 7 H20 (21%) was applied @ 0, 5, 10
and 15 kg ha-1 along with the basal doses of 120 kg N, 90 kg P205 and 60 kg K20 ha-1.
Thirty days old four seedlings of rice cv. IRRI-6 were grown. The increasing levels of Zn in
these soil series significantly influenced yield and yield components of the crop. Application -
of 10 kg Zn ha-1 appeared to be an optimum dose for rice crop in these soil series. Tikken
soil series gave the highest paddy and straw yield while the Ramak gave the lowest. The
interaction between soil series was also found significant for all these series.

Khan et.al (2007) exhibited that Zn application also affected significantly to the yield
parameters of rice like the number of spike m-2, number of spike/plant, spike length, plant
height and 1000 grain weight over control from the above said treatment of 10 kg Zn ha-1.
The direct application of 5 and 10 kg Zn ha-1 gave an increase of 39 and 45% while residual
effect 30.0 and 43.0%, cumulative effect of 38 and 50% over control, respectively. The
residual application of 10 kg Zn ha-1 can be recommended for economical production in
wheat rice system.

J. Mirzavand, (2007) reported that the effect of immersing the seedlings in zinc
oxide in the first year had a significant affect (5%) on the zinc and protein content of the
grain, and highly significant effect (1%) on N content of grain. In the second year, the effect
of zinc oxide on grain yield, N, K and protein content of grain was significant (5%). The
ANOV of the two-year data showed that the effect of ZnS04.7H20 on grain yield, number of
grain per spike, N and P was significant (5%) and highly significant (1%) on the protein
content of grain.

Jiang et al. (2007) advocated that the low-Zn tolerance index for grain yield was
effective in screening for high stability and high potential of grain yield, and the low-Zn
tolerance index for grain-Zn mass concentration was effective for grain-Zn mass
concentration under low and high soil-Zn conditions. Genotypic differences in yield and
grain-Zn mass concentration were shown to be unrelated and therefore deserve separate
attention in breeding programmes. Combining the low-Zn tolerance index for grain yield and
the low-Zn tolerance index for grain-Zn mass concentration in a single low-Zn tolerance
index was considered but did not appear to be superior to using the two indices separately.

Wei YiChang ef al. (2007) exhibited that the number of panicles per square meter,
grain number, per panicle, 1000-grain weight, and yield of rice increased significaptly with
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kg/hm2, with the yield showing an increase of 16.9%. In addition, Zn concentration in rice
plants and grains increased with rising Zn application rate, but the duration to maturity
decreased. Soil residual available Zn and NH4+ concentrations increased significantly, but
soil residual available P, K, Ca, Mg concentrations decreased and other soil available nutrient
(S, B, Cu, Fe, Mn) concentrations and soil organic matter content and pH remained
unchanged with the increase of zinc application rate, and the residual available Zn
concentration was 1.83 mg/L at the recommended zinc application rate, which was nontoxic
to rice growth. Therefore, zinc application rate on the basis of soil ASI testing not only
improve the rice yield components, but also cause no zinc pollution.

Rahmatullah et al. (2007) reported that the paddy yield was also significantly
affected by Zn levels ranged from 3.9 to 5.9 t ha-1. The highest yield was obtained from 10
kg Zn ha-1 each applied to both crops. Similarly Zn application also affected significantly to
the yield parameters of rice like the number of spike m-2, number of spike/plant, spike
length, plant height and 1000 grain weight over control from the above said treatment of 10
kg Zn ha-1. |

Khan ef al. (2007) reported that the Highest yield for paddy and straw was recorded
by the combined application of NPK+GM+Zn (soil application) (T7), which was statistically
different from all other treatments except T6 and T10. The combined application of NPK and
organic manures (GM or FYM) and Zn significantly increased the paddy and straw yields of
rice crop.

Ramkala ef al. (2008) observed that the Zinc was applied @ 1.8 and 5.0 kg ha-1
through ZnSO4 and NPZn in kharif and rabi. Grain and straw yields of rice and wheat were
maximum in 3.2 kg Zn through ZnS04+1.8 kg Zn through NPZn. Both crops responded
significantly in terms of yield attributes, number of tillers/hill and panicle weight. Phosphorus
and zinc uptake in rice and wheat were found highest and significantly higher over control
when Zn was applied through NPZn éomplex fertilizer and zinc sulphate combined. The
effect of all the treatments was found non significant on N and K content but significant on
their uptake. Agronomic efficiency of zinc for total biomass and grain yield of rice and wheat
was found maximum where 5 kg Zn ha-1 was applied through both 1.8 kg through NPZn and
3.2 kg through ZnSO4. Post harvest build-up of available N, P, K and Zn was also observed.

Tripathi and Verma (2008) also noted that the treatments having nutrition through

farmyard manure and vermicompost, respectively, recorded 29.0 and 30.6% reduction ‘in
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number of filled grains per panicle (80.3) and low percentage of floret sterility (20.7),
however, it recorded the lowest grain yield due to their low number of ear-bearing shoots.

Das et al. (2008) also noted that the results of the field experiment show that the
grain yield of continuous flooding (4.84 t/ha) and intermittent flooding up to 40 days after
transplanting followed by continuous flooding (4.83 t/ha) with the application of ZnSO4 at
the rate of 25 kg/ha did not vary significantly. The lowest grain yield (3.65 t/ha) was recorded
in. the treatment where the intermittent flooding was maintained throughout the growth period
without the application of zinc. The amount of arsenic was, however, much lower in the
treatment where intermittent flooding was maintained throughout the growing period
combined with zinc sulphate application.

Prado ef al. (2008) also noted that the treatments comprised 5 Zn concentrations (0,
1.0, 2.0, 4.0 and 8.0 g/kg of seed) and 2 Zn sources (zinc sulfate and zinc oxide). At 30 days
after sowing, the root and aerial dry matter and Zn content and accumulation were evaluated.
Zinc sulfate provided greater production of total dry matter in rice seedlings in relation to
zine oxide. ,

Das et al. (2008) The results of the field experiment show that the grain yield of
continuous flooding (4.84 t/ha) and intermittent flooding up to 40 days after transplanting
followed by continuous flooding (4.83 t/ha) with the application of ZnSO4 at the rate of 25
kg/ha did not vary significantly. The lowest grain yield (3.65 t/ha) was recorded in the
treatment where the intermittent flooding was maintained throughout the growth period
without the application of zinc. The amount of arsenic was, however, much lower in the
treatment where intermittent flooding was maintained throughout the growing period

combined with zinc sulphate application.
Kumar ez al. (2008) studied that the stubbles+ZnSO4/Zn EDTA, Stubbles+FYM,
Stubbles+ZnS04/Zn EDTA+FYM and Stubbles were the four different situations in the

farmer fields identified for the study. Soils of surveyed area were neutral to alkaline in -

reaction (7.4 to 8.6), low in salt content (0.18 to 0.21 dsm-1), low to high in organic matter
content (2.4 to 8.5 gkg-1) and high in CaCO3 content (4.6 to 12.1%). Residual Zinc fraction
was the dominant Zn fraction among different Zn fractions, while the values of water soluble
exchangeable Zn were the least (0.18 to 0.13 mg kg-1) which were below the critical limit.
Application of stubbles+ZnS04/Zn EDTA+FYM resulted in higher grain and straw yield of
paddy (61.1
Vivel‘

increased the

81.0 q ha-1, respectively).

etal (2008) reported that the Zn application at different nutrient levels
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observed with 75% NPK, although yield increased significantly when Fe was applied at 100
and 125% NPK during both years. A significant variation was observed between the effect of
Zn or Fe application with nutrient levels, and application of Zn recorded significantly higher
yield than Fe at the same fertilizer rate. Grain yield of rice in the control plot (34.98 and
34.15 g/ha) increased significantly up to 53.39 and 55.81 q/ha upon the application of 125%
NPK+Zn+Fe in 2003 and 2004, respectivelyv. Yield attributes also significantly increased
upon treatment with Zn and Fe at different levels.

Chakeralhossein er al. (2009) results showed that in first year, zinc application
increased yield significantly at 5% probability level. The highest yield was 7508 kg/ha with
application of 40 kg Zn sulfate/ha in addition to foliar spraying ZnSo4 with 0.003
concentrations. In the second year, fertilizer application increased yield significantly at 1%
probability level. Grain yield was 3988 kg/ha in control, which increased to 6366 kg/ha with
application of 40 kg Zn/ha soil application in addition to foliar spraying of znso4. Results
showed that soil application of 40 kg znso4/ha plus foliar spraying of 3/1000 znso4 increases
the rice yield.

Chakeralhossein ef al.(2009) studied that Soil application and foliar spraying of
ZnSo4 and root exposure to 2% Zno suspension. Design was in a completely randomized
block (RCBD) with tree replication. The results showed that in first year, zinc application
increased yield significantly at 5% probability level. The highest yield was 7508 kg/ha with
application of 40 kg Zn sulfate/ha in addition to foliar spraying ZnSo4 with 0.003
concentrations. In the second year, fertilizer application increased yield significantly at 1%
probability level. Grain yield was 3988 kg/ha in control, which increased to 6366 kg/ha with
application of 40 kg Zn/ha soil application in addition to foliar spraying of znso4. Results
showed that soil application of 40 kg znsod/ha plus foliar spraying of 3/1000 znso4 increases
the rice yield.

Jana et al. (2009) working on a field experiment conducted to study the effect of zinc
application on transplanted rice grown on farmer’s field of red and laterite soil indicated that
zinc application produced significantly greater yield attributes, higher grain and straw yields
of rice. Application of 30 to 40 kg ZnSO4/ha gave significantly higher values of plant height,
number of effective tillers, panicle length, grain number per panicle, grain and straw yields
and higher uptake of N, P, K and Zn in grain and straw of rice. Also 30 to 40 kg ZnSO4 gave
greater yield response (10 to 13 g/ha) and higher net return (Rs. 4836 to Rs. 6371/ha).

Ha¢ HuLin ef al. (2009) reported that under the condition of pot cultivation_with
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in the shoot of IR68144 increased significantly, compared with the control without fertilizer,
and their distribution in brown rice of the two varieties increased significantly. Moreover, the
amounts of Fe,Mn, Cu and Zn accumulated in the shoot of IR68144 were higher than those of
IR64 at different P fertilizer application levels, which suggested that the transportation ability
of Fe, Mn, Cu and Zn from the root to the shoot of IR68144 was stronger than that of IR64.
Besides, P fertilizer promoted the accumulation of protein in brown rice of IR68144,
decreased the accumulation of amylose, and enhanced gel consistency of brown rice, and had
scarcely any effect on brown rice quality of IR64. Those results indicated that appropriate P
fertilizer management can increase micronutrients in rice grain and improve the nutrition
quality of rice.

Srivastava ef al.(2009) Observed that a new Zn source (ZEMB) contained most of
the Zn (98.4% of total Zn) in citrate-soluble form as compared to ZSH which had all Zn in
water-soluble form. Chemical speciation of Zn in the aqueous solution of both fertilizers
revealed that 85.8% of water-soluble Zn present in ZEMB existed as complexes of dissolved
organic matter. In the field experiment, application of ZEMB at 5 kg Zn ha-1 to I-year rice
increased the grain yields of rice and wheat in both years significantly over the control while
application of ZSH at 5 kg Zn ha-1 to I-year rice increased only grain yields of I- and II-year
rice (first year and second year, respectively). The magnitude of increase in grain yields was
also higher with ZEMB than with ZSH.

Kumar amd Kumar (2009) studying the effect of rates and methods of zinc (Zn)
fertilizer application in rice under flood prone conditions. There was a significant increase in
the yield and yield attributes of rice up to 45 kg ZnSO4/ha. The content and uptake of Zn also
increased significantly with increasing levels of zinc sulfate. Soil applied Zn was superior
compared to its foliar application. Soil application of 45 kg ZnSO4/ha was the best, which
recorded the highest net monetary return of Rs. 8111/ha with a B:C ratio of 1.63.

Chakeralhossein ez al. (2009) observed thatthe soil application and foliar spraying of
ZnSo4 and root exposure to 2% Zno suspension. Design was in a completely randomized
block (RCBD) with tree replication. The results showed that in first year, zinc application
increased yield significantly at 5% probability level. The highest yield was 7508 kg/ha with
application of 40 kg Zn sulfate/ha in addition to foliar spraying ZnSo4 with 0.003
concentration. In the second year, fertilizer application increased yield signifi 1cantly at 1%
probability level. Grain yield was 3988 kg/ha in control, which increased to 6366 kg/ha with
40 kg Zn/ha soil application in addition to foliar spraying of znsoé);;{esglﬁ(/
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showed that soil application of 40 kg znso4/ha plus foliar spraying of 3/1000 znso4 increases
the rice yield.

Jana et al. (2009) studying on the application of 30 to 40 kg ZnSO4/ha gave
significantly higher values of plant height, number of effective tillers, panicle length, grain
number per panicle, grain and straw yields and higher uptake of N, P, K and Zn in grain and
straw of rice. Also 30 to 40 kg ZnSO4 gave greater yield response (10 to 13 g/ha) and higher
net return (Rs. 4836 to Rs. 6371/ha).

Singh et al. (2009) observed that in rice and wheat, 25-50% NPK could be
substituted by farmyard manure, vermicompost or farmyard manure + vermicompost. Percent
yield reduction in rice following the substitution of 25% NPK with farmyard manure,
vermicompost or pressmud, and substitution of 50% NPK with farmyard manure +
vermicompost over 100% NPK were 2.5, 1.46, 6.3 and 7.31%, respectively, during 2005-06
(corresponding yield reductions during 2006-07 were 5.02, 4.79, 9.59 and 11.18%). Greater
removal of plant nutrients was recorded for plots treated with chemical fertilizers under a
similar yield level. Vermicompost and farmyard manure were better organic sources than
pressmud.

' Sing et al. (2009) also concluded that three modes of zinc nutrition, i.e. basal

application of ZnSO4 at 15 and 25 kg/ha and seed soaking with 1.5% aqueous ZnO solution
in addition to the control plot receiving no zinc, were compared. Being at par with the higher
dose of ZnSO4 (25 kg/ha), the application of ZnSO4 at 15 kg/ha registered significantly
higher values of growth characters, yield attributes and yield of the genotypes. USAR group
performed better than CSR group. The application of 15 kg ZnSO4/ha to USAR group gave
almost similar yield as that of 25 kg ZnSO4/ha. However, CSR group responded more to 25
kg ZnSO4/ha than to 15 kg ZnSO4/ha.

Jana et al. (2009) studying on the application of 30 to 40 kg ZnSO4/ha gave
significantly higher values of plant height, number of effective tillers, panicle length, grain
number per panicle, grain and straw yields and higher uptake of N, P, K and Zn in grain and
straw of rice. Also 30 to 40 kg ZnSO4 gave greater yield response (10 to 13 g/ha) and higher
net return (Rs. 4836 to Rs. 6371/ha).

Kumar and Kumar ( 2009) studying There was a significant increase in the yield
and yield attributes of rice up to 45 kg ZnSO4/ha. The content and uptake of Zn also
increased significantly with increasing levels of zinc sulfate. Soil applied Zn was superior

compared to its foliar apphcatlon Soil application of 45 kg ZnSO4/ha was the best which

recorded the, hig! Zt/at monetary return of Rs. 8111/ha with a B:C ratio of 1.63. M
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Fu LiCheng ef al. (2010) also noted that when the concentration of zinc sulfate was
increased from 0 to 0.2%, the zinc contents in brown rice of Liangyoupeijiu were increased,
while that in grain hull was increased and much higher than that in brown rice, and for
Jiahual, the zinc content in grain hull was higher too. With the increase of fertilization, more
zinc and iron distributed in grain hull and panicle structures.

Ram et al.(2011) also noted that M7 (Zn as foliar application through Zn-EDTA 1.00
kg/hatFe as foliar application through Fe-EDTA 0.5 kg/ha), M8 (Fe as soil application
through Fe-EDTA 1.00 kg/ha+Zn as foliar application through Zn-EDTA 0.5 kg/ha) arranged
in split plot design and replicated three times. Among varieties and fertilizer level V1
treatment recorded significantly higher NPK uptake, grain and harvest index than V2 while in
fertilizer levels F2 treatment recorded signiﬁcaﬁtly higher N, P, K, Zn and Fe uptake, grain
and harvest index than F1. Among the different micronutrient treatments M7 recorded
significantly higher N, P, K, Zn and Fe uptake, grain yield and harvest index over other
treatments.

Pooniya and Shivay (2011) also noted that the application of 2.0% zinc-enriched
urea (ZEU) 'ZnSO4.H20' recorded the highest grain yield (3.79 t/ha) of Basmati rice as
compared to remaining treatments closely followed by 2.0% ZEU (ZnO). The highest N
(159.7 kg/ha) and Zn (3085.3 g/ha) uptake in Basmati rice was recorded with 2.0% ZEU
(ZnS0O4.H20) followed by 2.0% ZEU (ZnO) and 0.2% foliar spray of ZnSO4.H20.

Dixit et al.(2012) studying the effect of sulphur and zinc on yield, quality and nutrient
uptake by hybrid rice grown in sodic soil. Application of 40 kg S ha—1 recorded significantly
high grain and straw yield, protein content and sulphur uptake. Similarly, positive response of
hybrid rice to zinc application was also noticed significantly up to the zinc dose @ 10 kg
ha—1. Increasing doses of sulphur and zinc enhanced significantly their uptake by hybrid rice
crop. The interaction effect of sulphur and zinc was found non-significant and the highest
grain and straw yields were recorded with application of 40 kg S and 10 kg Zn ha-1.
Nitrogen, phosphorus and potassium uptake in crop increased significantly with sulphur and
zinc application.

Shivay and Prasad ( 2012) observed that the 2% Zn-coating with zinc sulfate
(ZnS0O4.7H20) was found to be the best but a 2% Zn-coating with zinc oxide (ZnO) was
very close to it in terms of grain and straw yield and Zn concentrations in basmati rice grain
and straw under Zn stress conditions. Partial factor productivity (PFP) of applied Zn varied
from 984-3,387 kg grain kg Zn-1, agronomic efficiency (AE) varied from 212-311 kg grain
ke-1 Zn (ap liew physiological efficiency (PE) of Zn varied from 6,384-17%077 kg grain
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kg-1 Zn (absorbed). Thus, adequate Zn fertilization of basmati rice can lead to higher grain
yield and Zn-denser grains with improved cooking quality in basmati rices under Zn stress
soil conditions.

Tripathi and Kumar (2013) studied that the application of gypsum @ 50 and 100%
of gypsum requirement (GR) significantly enhanced nutrient uptake, yield components and
grain yield over the control during both the cropping seasons. The response was more
pronounced when gypsum 50% of GR was applied in conjunction with green manure (GM) at
10 t ha-1 or ZnSO4 (60 kg ha-1). The response of gypsum 50% of GR+GM @ 10 t ha-1 on
the yield and yield attributes was at par with the treatment receiving gypsum 50% of
GR+ZnSO4 (60 kg ha-1) in both the ricé cultivars.

Mabesa et.al (2013 )reported that thbe foliar Zn application at the two tested growth
stages failed to overcome agronomic Zn deficiency. Three of the biofortification breeding
lines (IR68144, IR85800, and IR83668) had high grain Zn content that was independent of
grain yield. In a separate experiment to test a wider range of spraying times at the severely
deficient site with IR64, the spraying at the early milk stage emerged as the most effective
stage for increasing brown rice Zn concentration. Our results show that agronomic Zn
biofortification through foliar Zn application is likely to be much more effective at increasing
grain Zn concentration of genotypes with strong Zn-remobilization capacity than those with
weak remobilization capacity.

Impa et. Al (2013) ‘observed that the Zn deficiency is a widespread problem in rice
(Oryza sativa L.) grown under flooded conditions, limiting growth and grain Zn
accumulation. Genotypes with Zn deficiency tolerance or high grain Zn have been identified
in breeding programmes, but little is known about the physiological mechanisms conferring
these traits. A protocol was developed for growing rice to maturity in agar nutrient solution
(ANS), with optimum Zn-sufficient growth achieved at 1.5 micro M ZnSO4.7H,0. The redox
potential in ANS showed a decrease from +350 mV to -200 mV, mimicking the reduced
conditions of flooded paddy soils. In subsequent experiments, rice genotypes contrasting for
Zn deficiency tolerance and grain Zn were grown in ANS with sufficient and deficient Zn to
assess differences in root uptake of Zn, root-to-shoot Zn ftranslocation, and in the
predominant sources of Zn accumulation in the grain.

Somayanda et al.(2013) studied that Zn efficiency of a genotype was highly

influenceq by root-to-shoot translocation of Zn and total Zn uptake. Translocation of Zn from
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sufficient conditions, continued root uptake during the grain-filling stage was the
predominant source of grain Zn loading in rice, whereas, under Zn-deficient conditions, some
genotypes demonstrated remobilization of Zn from shoot and root to grain in addition to root
uptake. Understanding the mechanisms of grain Zn loading in rice is crucial in selecting high
grain Zn donors for target-specific breeding and also to establish fertilizer and water

management strategies for achieving high grain Zn.

Naik, and Das (2010) studying the among the various extractants, the performance of
0.1 N HCl in extracting Zn was better than the other two extractants and followed the trend
0.1 N HCI >0.005 M DTPA >0.05 N HCL. The greatest increase in grain and straw yield of
rice was 37.8 and 20.4%, respectively, over the control in the treatment T7 (1 kg Zn ha-1 as
Zn-EDTA at basal).

Patnaik ez al .(2010) advocated that the Zinc application (as Zinc sulphte) up to 50
kg/ha had significantly increased the yield of direct crop of hybrid rice and first residual crop
i.e., soybean in the system. Application of Zn at highest dose i.e., 100 kg/ha resulted in the
residual effects up to fourth crop of soybean. If an additional dose of 25 kg is applied to the
third crop of hybrid rice to the initially applied 50 kg/ha to hybrid rice, significant response in
fourth crop (soybean) was observed. There was a built up in the available Zn status up to
20.5% at 0-15 cm depth. Application of Zn significantly increased the available Zn in soil.
Available Zn was reduced in the control plots to an extent of 12.1 and 22.4% after direct and
fourth crops in the system.

Naik, and Das (2010) advocated that the diethylenetriarhinepentaacetic acid (DTPA),

0.1 N hydrochloric acid (HCD), and 0.05 N HCl-extractable Zn concentrations in soil
increased initially up to the Z29 stage of crop growth when Zn was applied as a single basal
source, being greater with Zn ethylenediaminetetraacetic acid (Zn-EDTA) compared to zinc
sulfate (ZnSO4) application. Among the various extractants, the performance of 0.1 N HCl in
extracting Zn was better than the other two extractants and followed the trend 0.1 N HCI
>0.005 M DTPA >0.05 N HCI. The greatest increase in grain and straw yield of rice was 37.8
and 20.4%, respectively, over the control in the treatment T7 (1 kg Zn ha-1 as Zn-EDTA at
basal).

Vijay Pooniya Shivay, Y. S. (2011) exhibited that the application t&f 2.0% zinc-
enriched urea (ZEU) 'ZnS04.H20' recorded the highest grain yield (3.79 t/h;\)\of Basmati
rice as compaied to remaining treatments closely followed by 2.0% ZEU (Zn(‘l)./’l’)ueﬁiglgm' i
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N (159.7 kg/ha) and Zn (3085.3 g/ha) uptake in Basmvati rice was recorded with 2.0% ZEU
(ZnS04.H20) followed by 2.0% ZEU (Zn0) and 0.2% foliar spray of ZnSO4.H20.

Zayed et al.(2011) reported that the rice grain yield, straw yield, harvest index and
yield components; panicle numbers, panicle weight, filled grains/panicle and 1000-grain
weight were significantly increased by application of micronutrients application. The
combination of Zn+2+Fe+2+Mn+2 gave the highest values of most studied traits without any
significant differences with those produced by foliar spray twice. It could be concluded that
micronutrient application especially through foliage under saline soil conditions is beneficial
for rice growth and yield under such circumstances.

Ishimaru ef al. (2011) observed that the Zinc (Zn) is an essential micronutrient with
numerous cellular functions in plants, and its deficiency represents one of the most serious
problems in human nutrition worldwide. Zn deficiency causes a decrease in plant growth and
yield. On the other hand, Zn could be toxic if excess amounts are accumulated. Therefore, the
uptake and transport of Zn must be strictly regulated. In this review, the dominant fluxes of
Zn in soil-root-shoot translocation in rice plants (Oryza sativa) are described, including Zn
uptake from soils in the form of Zn2+ and Zn-DMA at the root surface, and Zn translocation
to shoots. Knowledge of these fluxes could be helpful to formulate genetic and physiologic
strategies to address the widespread problem of Zn-limited crop growth.

Mustafa et al. (2011) observed that Zinc application methods and timing had
significantly pronounced effect on paddy yield. Maximum paddy yield (5.21 t ha-1) was
achieved in treatment Zn2 (Basal application at the rate of 25 kg ha' 21% ZnS04) and
minimum paddy yield (4.17 t ha-1) was noted in Zn7 (foliar application at 75 DAT @ 0.5%
Zn solution). Zinc application increases the crop growth rate of rice.

Reddy et al (2011) reported that the It was found that significantly higher yield
attributes, grain yield (7312 and 7042 kg/ha, respectively) and net returns (Rs.51, 212 and
62,344/ha, respectively) were recorded with basal application of Biozinc or ZnS04 @ 50
kg/ha+foliar spray @ 3 g/l at 30 DAT. Even foliar spray of ZnS04 or Biozinc @ 3 g/l at 30
and 45 DAT recorded significantly higher yield attributes, grain yield and net returns over
control but inferior to basal application of Zn during both the years of study.

Sarwar (2011) reported that the average yield per hectare was increased at all doses
of Zn and by applying it at the rates of 20, 25 and 30 kg/ha, the differences in grain yield

were not significant, but production increased significantly over the untreated crop due to
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decreased infestation, while, applications at 20 and 25 kg permitted slightly more dead hearts
and whiteheads incidence, but differed significantly from unfertilized control.

Reddy et al. (2011) It was found that significantly higher yield attributes, grain yield
(7312 and 7042 kg/ha, respectively) and net returns (Rs.51, 212 and 62,344/ha, respectively)
were recorded with basal application of Biozinc or ZnS04 @ 50 kg/ha+foliar spray @ 3 g/l at
30 DAT. Even foliar spray of ZnS04 or Biozinc @ 3 g/l at 30 and 45 DAT recorded
significantly higher yield attributes, grain yield and net returns over control but inferior to
basal application of Zn during both the years of study.

Ram et al. (2011) also noted that among varieties and fertilizer level V1 treatment
recorded significantly higher NPK uptake, grain and harvest index than V2 while in fertilizer
levels F2 treatment recorded significantly higher N, P, K, Zn and Fe uptake, grain and harvest
index than F1. Among the different micronutrient treatments M7 recorded significantly
higher N, P, K, Zn and Fe uptake, grain yield and harvest index over other treatments.

Zayedet al.( 2011) studied tﬁat dry matter production, leaf area index and
chlorophyll content (SPAD value) as well as plant height and panicle length were
significantly higher when rice plant received the micronutrient rather compared to the
control. Rice grain yield, straw yield, harvest index and yield components; panicle numbers,
panicle weight, filled grains/panicle and 1000-grain weight were significantly increased by
application of micronutrients application.

Mustafa et al. (2011) studied the experiment was comprised of eight treatments viz.,
control, rice nursery root dipping in 0.5 % Zn solution, ZnSO4 application at the rate of 25 kg
ha-1 as basal dose, foliar application of 0.5 % Zn solution at 15, 30, 45, 60 and 75 days after
transplanting. Super Basmati, a promising variety of rice was used as a test crop. Remarkable
effects were noted on yield components such as number of productive tillers per hill, kernel
per panicle, 1000-kernel weight, biological yield, kernel yield and harvest index. Maximum
productive tillers per m2 (249.80) were noted with basal application at the rate 25 kg ha-1 21
% ZnSO4 and minimum (220.28) were recorded with foliar application at 60 DAT @ 0.5 %
Zn solution. Zinc application methods and timing had significantly pronounced effect on
paddy yield.

Mahajan et al. (2012) it was concluded that GLM (10 tonnes/ha) or GLM (5
tonnes/ha)+VC (2.5 tonnes/ha) or neem cake (2.5 tonnes/ha) are an ideal organic nutrition

module/dose to meet the nutritional requirement of basmati crop and is best altergetive to
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Sridhara et al. (2012) The results revealed that among the genotypes, BI-43 recorded
significantly higher grain yield (49.5 q ha-1) and higher number of tillers (23.5 plant-1) as
'compared to other genotypes. Among the method of micronutrient application, soil
aﬁplication of zinc and iron recorded significantly higher grain yield (49.5 q ha-1) as
compared to other methods.

Rengel et al. (2012) observed that the results indicated that foliar application with
350 g ha-1 of zinc significantly increased plant height (14.4%) and nutrient use efficiency
(11.99 kg grain/g Zn), while with 700 g ha-1, yield and 1000 grain weight were significantly
increased in 63.Q and 2.76%, respectively. The aspersion of boron in dose of 225 g ha-1
significantly increased plant height in 7.9% over the absolute control, while the application of
smallest dose (150 g ha-1), the biggest partial productivity of factor was obtained (28.9 kg
grain/g B). "

Vijay Pooniya and Y. S Shivay (2012) advocated that as regards to the economics
of Basmati rice, SGMI and 2.0% ZEU (ZnSO4.H20) Zn fertilization treatments gave the
highest gross (SGMI, 85,985 and 91,582 INR ha-1; 2.0% ZEU, 89,837 and 59,851 INR ha-1)
and net (SGMIL, 56,997 and 61,445 INR ha-1; 2.0% ZEU, 59,851 and 64,442 INR ha-1)
returns, respectively, compared with incorporation of the remaining summer green manuring
residue and Zn fertilization treatments in 2008 and 2009. A significantly higher benefit:cost
ratio was recorded with SGMI and 2.0% ZEU (ZnSO04.H20). Overall, Sesbania aculeata
green manuring and 2.0% ZEU (ZnSO4.H20) are excellent sources of N and Zn for
improved productivity of Basmati rice.

Raghuvir et al (2012) reported thatthe treatments comprised vermicompost at 4.0
t/ha (T1), CPP [cow pat pit] at 2 kg/ha (T2), farmyard manure (FYM) at 10 t/ha (T3), 50%
NPK-+vermicompost (VC) at 0.5 t/ha (T4), 50% NPK+CPP at 2 kg/ha (T5), 50% NPK+FYM
at 5 t/ha (T6), 50% NPK+VC at 0.5 t/ha+CPP at g kg/ha (T7), 50% NPK+VC at 0.5
t/ha+FYM at 5 t/ha (T8), 50% NPK+VC at 0.5 tha+FYM at 5 t/ha+CPP at 2 kg/ha (T9), and
100% NPK (T10). The greatest plant height (89.9 cm) was recorded with T10, which was at
par with all the treatments, except T2 and T3. The maximum plant stand/m2 was recorded
with T10 (350), followed by T8 (345). The greatest grain weight (3.52 g) was recorded with
T9, followed by T7 (3.48 g) and T1 (3.41 g). T10 recorded the highest grain yield of 47.42
and 39.29 g/ha during both years, respectively, which was at par with T9 (45.76 and 36.44
g/ha) and T8 (42.42 and ‘35.91 q/ha). The highest straw yield (60.12 and 53.36 q/h@ was

recorded in T10, fo{ldwed by T9 (58.32 and 52.43 g/ha). - —
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Shivay et al. (2012) also noted that the application of 2.0% ZEU as ZnSO4.H20
recorded the highest Basmati rice grain yield, i.e. 3.79 t ha-1 and the increase was registered
to the tune of 12.78%, 2.43%, 3.26%, 5.71%, 7.05% and 5.27% over control (only N), 2.0%
ZEU as ZnO, 5 kg Zn ha-1 as ZnSO4.H20, 5 kg Zn ha-1 as Zn0, 0.5 kg Zn as ZnO slurry
and 1.0 kg Zn through 0.2% foliar sﬁray, respectively. Our results clearly indicated that
incorporation of S. aculeata SGMC residue in conjunction with 2% ZEU as ZnSO4.H20
significantly enhanced soil microbial activities, which are vita] for the nutrient turnover and
long-term productivity of soil, leading to enhanced productivity of Basmati rice,

Asadi, et al. (2012) also noted thatHydroponicaHy studies were conducted in rice
seedlings (Oryza sativa L, cv. Tarom Hashemi) under different Zn levels. The nutrient
solution treatments were prepared of three 4 zinc levels (0.5, 5, 50 and 100 micro M ZnS04).
Zn decreased Zn-TF, increased Zn accumulation in roots. Addition of Zn from 0.5 to 5 micro
M in nutrient solution increased shoot length, plant dry weight, Superoxide dismutase (SOD)
and decreased ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) while addition of
Zn from 5 to 100 micro M had the reverse effects.

Muthukumararaja ez al. (2012) observe that the Zinc deficiency in flooded soil is
impediment to obtain higher rice yield. Zinc deficiency is corrected by application of suitable
zinc fertilizer. The results revealed that rice responded significantly to graded dose of zinc
applied. The highest grain (37.53 g pot-1) and straw yield (48.54 g pot-1) was noticed at 5
mg Zn kg-1 which was about 100 % and 86% greater than control (no zinc) respectively.

Abbas et al. (2013)The results showed that soils were heavy in texture, non-saline,
moderately alkaline in reaction and low in organic matter. Micronutrients B, Zn, Cu, Fe and
Mn found in the soils were low in at 0-15 and 15-30 cm soil depth. Higher TGM: 25.7 g, 24.3
8 24.3 g, 254 g and 25.8 g paddy yield:12.6, 11.3, 10.9, 12.3 and 11.5 tons per hectare;
protein 11.1, 10.7, 10.4, 10.5 and 10.9%; fat 2.5, 2.6, 2.6, 2.7 and 2.5% was found at T2
(N+P+Zn+B) in the varieties IR6, IR8, DR92, DR83 and Shahkaar respectively. Yield, TGM
and protein significantly (p<0.05) increased within varieties at each treatment whereas fat
contents in all varieties were found to be non-significant (p>0.05).

Niru et al. (2013) reported that the productivity of rice-wheat was 21.4% higher than
rice-lentil system (3.09 REY t/ha). All combinations of organic manuring were equally
effective in increasing productivity of system, decreased the bulk density and increased water

holding capacity, microbial population, soil fertility than the initial values as compareq to

control treatment over a period of four years study. W/
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Vijay Pooniya and Y. S.(Shivay, 2013) also noted that the agronomic efficiency
(AE) of applied Zn to rice crop was significantly higher with mungbean (Vigna radiata) GM
and ZnO slurry Zn fertilization treatment, however, 0.2% foliar spray of ZnSO4.H20
recorded the highest Zn crop recovery efficiency (Zn CRE) viz. 57.6 and 61 -6%, respectively.
Overall, application of Zn fertilizer (ferti-fortiﬁcation) to basmati rice through ZEU and foliar
spray of 0.2% (ZnS04.H20) increased Zn concentration in grain and Straw, resulting in
greater bio-availability of grain Zn. Therefore, this would be a very important and useful
strategy in solving the Zn deficiency related problems in Indo-Gangetic plains of India,

Singh et al. (2013) studied the higher levels of nitrogen and zinc sulfate enhanced
significantly plant height, number of tillers/plant and grain and straw yield of rice. Nitrogen
application at 120 kg/ha increased grain yield to the extent of 23.57 and 26.94% during first
and second years over 60 kg/ha level of nitrogen while zinc sulfate at 50 kg/ha increased
grain yield by 44.20 and 40.93%, during first and second year over control, respectively.

Boonchuayet al. (2013) studying the largest increases of up to ten-fold were in the
husk, and smaller increases in brown rice Zn. In the first few days of germination, seedlings
from seeds with 42 to 67 Zn mgkg! had longer roots and coleoptiles than those from seeds
with 18 mg Zn kg_1, but this effect disappeared later. Zinc in rice grains can be effectively
raised by foliar Zn application after flowering, with a potential benefit of this to rice eaters
indicated by up to 55% increases of brown rice Zn, and agronomically in more rapid early
growth and establishment.

Tripathi and Kumar (2013) observed that the application of gypsum @ 50 and
100% of gypsum requirement (GR) significantly enhanced nutrient uptake, yield components
and grain yield over the control during both the cropping seasons. The response was more
pronounced when gypsum 50% of GR was applied in conjunction with green manure (GM) at
10 t ha-1 or ZnSO4 (60 kg ha-1). The response of gypsum 50% of GR+GM @ 10 t ha-1 on
the yield and yield attributes was at par with the treatment receiving gypsum 50% of
GR+ZnS04 (60 kg ha-1) in both the rice cultivars.

Ghasemi ef al (2013) observed that Zn application had significant increased on 1000-
grain weight and also there was a significant interaction effect with other fertilizers.
Therefore, grain yield and harvest index had similarly increased with K application and
without or with Zn application. Generally, it seem that there was relationship replacement

between Zn and K fertilizer in rice because grain yield had severe decreased without K and
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Singh et al. (2013) exhibited that the Interaction effect between EC and nitrogen and
EC and zinc showed that increasing levels of N and Zn increased grain and straw yield
signiﬁcantly under each level of water salinity indicating that adverse effect of water salinity
can be reduced by N and Zn application.

Hafeez et al. (2013) observed that the direct and residual response of Zn on rice
genotypes at the rates of 0 and 15 kg Zn ha-1 in low-Zn-content acidic submerged soil. The
genotypes differed significantly in grain yield and its components. Single application of Zn
significantly increased the growth and yield of the crop for two seasons. Based on the grain
yield efficiency index, the most Zn-efficient genotypes were MR 106 and Seri Malaysia Dua.
Two genotypes, MR 220 and MR 219, were moderately efficient, but MR 211 and Bahagia
were classified as inefficient.

Srivastava et al. (2014) advocated that thefoliar applications of Zn increased the P
concentration in grain and straw and the fotal P uptake by basmati rice and the P
concentration in flag leaves of wheat significantly, while soil or foliar application of Zn
increased the total P uptake of wheat. Phosphorus application increased the Zn concentration
in flag leaves, grain and straw of basmati rice and in grain and straw of wheat and the tota] Zn
uptake of both crops.. Phosphorus levels up to 17.5 kg P ha-1 increased utilization efficiency
of soil or foliar application of Zn. Zine application increased the P utilization efficiency of
basmati rice and wheat up to 17.5 kg P ha-1 level; foliar Zn application was more effective in
a wheat crop than a rice crop.

Singh et.al (2014) observed that It recorded the highest Basmati rice grain (5.46 t
ha-1) and straw yields (9.89 t ha-1), and the increase was registered to the tune of 23.5% and
12.9%, 5.6% and 2.9%, 8.98% and 5.1%, 17.4% and 9.8%, 12.67% and 7.2% over control
(no Zn application), ZnS0O4.7H20, ZnS04.H20, ZnO and ZnSO4.7H20+Zn0 (50%+50%),
respectively.

Guo JiuXin et.al (2014) studied that compared with control Zn fertilizer vapplication
could significantly improve the rice grain yield by about 0.3%-13.0%, with the yield
increasing by rising Zn fertilizer rate, and the yield-improving efficiency of Zn fertilizer
application in the borderline Zn deficient soil was higher than that in low Zn soil. In addition,
application methods of Zn fertilizer also significantly affected grain yield and Zn content in
individual rice organ. The yield-improving efficiency of soil application was higher than that
of foliars spray, but the foliar spray of Zn fertilizer evidently increased Zn content in

individual rice organ relative to the soil application of Zn fertilizer, and the effect of
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application method on Zn content followed a general trend as soil application-+foliar spray >
foliar spray > soil application > control. ‘

Srivastava et.al (2014) reported that theFoliar applications of Zn increased the P
concentration in grain and straw and the total P uptake by basmati rice and the P
concentration in flag leaves of wheat significantly, while soil or foliar application of Zn
increased the total P uptake of wheat. Phosphorus application increased the Zn concentration
in flag leaves, grain and straw of basmati rice and in grain and straw of wheat and the total Zn
uptake of both crops. Phosphorus levels up to 17.5 kg P ha-1 increased utilization efficiency
of soil or foliar application of Zn. Zinc application increased the P utilization efficiency of
basmati rice and wheat up to 17.5 kg P ha-1 level; foliar Zn application was more effective in
a wheat crop than a rice crop.

2.2 Effect of Zinc sources and application modes on residual soil fertility in basmati rice
field

Dwivedi and Srivastava (2008) recorded on application of 0, 6.25, 12.5 and 25.0 kg
zinc sulphate ha-1 to first year rice crop with or without cyclic incorporation of 1.5, 3.0 and
6.0 t ha-1 wheat straw for rice and rice straw for wheat crop for two years influenced organic
carbon content, available N, available P and available K significantly. EC and pH of soil were
not affected. In general, after rice harvest the content of soil organic C was higher than after
wheat harvest. Incorporatior; of straw @ 6.0 t ha-1 with Zn application helped accumulation
of available soil N. After two crop cycles, available P content of soil increased significantly
with the incorporation of straw @ 3.0 t ha-1. Available K content in soil increased
significantly with the conjunctive use of straw and ZnSO4.

Naik and Das (2010) advocated that the diethylenetriaminepentaacetic acid (DTPA),
0.1 N hydrochloric acid (HCI), and 0.05 N HCl-extractable Zn concentrations in soil
increased initially up to the Z29 stage of crop growth when Zn was applied as a single basal
source, being greater with Zn ethylenediaminetetraacetic acid (Zn-EDTA) compared to zinc
sulfate (ZnSO4) application. Among the various extractants, the performance of 0.1 N HCl in
extracting Zn was better than the other two extractants and followed the trend 0.1 N HCI
>0.005 M DTPA >0.05 N HCL. The greatest increase in grain and straw yield of rice was 37.8
and 20.4%, respectively, over the control in the treatment T7 (1 kg Zn ha-1 as Zn-EDTA at
basal).

Patnaiket ef.al (2010) opined that Zinc application (as Zinc sulphte) up to 50 kg/ha
had significantly increased the yield of direct crop of hybrid rice and first residual crop i.e.,

soybean n \the system. Application of Zn at highest dose i.e., 100 kg/ha resulted E‘the/
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residual effects up to fourth crop of soybean. If an additional dose of 25 kg is applied to the
third crop of hybrid rice to the initially applied 50 kg/ha to hybrid rice, significant response in
fourth crop (soybean) was observed. There was a built up in the available Zn status up to
20.5% at 0-15 cm depth. Application of Zn significantly increased the available Zn in soil.
Available Zn was reduced in the control plots to an extent of 12.1 and 22.4% after direct and
fourth crops in the system.

Pooniya and Shivay (2012) advocated that as regards to the economics of Basmati
rice, SGMI and 2.0% ZEU (ZnS04.H20) Zn fertilization treatments gave the highest gross
(SGML, 85,985 and 91,582 INR ha-1; 2.0% ZEU, 89,837 and 59,851 INR ha-1) and net
(SGMI, 56,997 and 61,445 INR ha-1; 2.0% ZEU, 59,851 and 64,442 INR ha-1) returns,
respectively, compared with incorporation of the remaining summer green manuring residue
and Zn fertilization treatments in 2008 and 2009. A significantly higher benefit:cost ratio was
recorded with SGMI and 2.0% ZEU (ZnS04.H20). Overall, Sesbania aculeata green
manuring and 2.0% ZEU (ZnSO4.H20) are excellent sources of N and Zn for improved
productivity of Basmati rice.

Shivay et al. (2012) also noted that the application of 2.0% ZEU as ZnSO4.H20
recorded the highest Basmati rice grain yield, i.e. 3.79 t ha-1 and the increase was registered
to the tune of 12.78%, 2.43%, 3.26%, 5.71%, 7.05% and 5.27% over coﬁtrol (only N), 2.0%
ZEU as ZnO, 5 kg Zn ha-1 as ZnSO4.H20, 5 kg Zn ha-1 as ZnO, 0.5 kg Zn aé Zn0 slurry
and 1.0 kg Zn through 0.2% foliar spray, respectively. Our results clearly indicated that
incorporation of S. aculeata SGMC residue in conjunction with 2% ZEU as ZnSO4.H20
significantly enhanced soil microbial activities, which are vital for the nutrient turnover and
long-term productivity of soil, leading to enhanced productivity of Basmati rice.

Abbas et al. (2013) The results showed that soils were heavy in texture, non-saline,
moderately alkaline in reaction and low in organic matter. Micronutrients B, Zn, Cu, Fe and
Mn found in the soils were low in at 0-15 and 15-30 cm soil depth. Higher TGM: 25.7 g,24.3
g, 24.3 g, 25.4 g and 25.8 g; paddy yield:12.6, 11.3, 10.9, 12.3 and 11.5 tons per hectare;
protein 11.1, 10.7, 10.4, 10.5 and 10.9%; fat 2.5, 2.6, 2.6, 2.7 and 2.5% was found at T2
(N+P+Zn+B) in the varieties IR6, IRS, DR92, DR83 and Shahkaar respectively. Yield, TGM
and protein significantly (p<0.05) increased within varieties at each treatment where as fat
contents in all varieties were found to be non-significant (p>0.05).

Niru et al. (2013) reported that the productivity of rice-wheat was 21.4% higher than
rice-lentil system (3.09 REY t/ha). All combinations of organic manuring were equally

effective in increaging productivity of system, decreased the bulk density and increased water
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holding capacity, microbial poptuilation, soil fertility than the initial values as compared to
control treatment over a period of four years study.

Singh et.al (2013) reported that the Interaction effect between EC and nitrogen and
EC and zinc showed that increasing levels of N and Zn increased grain and straw yield
significantly under each Jevel of water salinity indicating that adverse effect of water salinity
can be reduced by N and Zn application. The ECe of experimental soil increased remarkably
with increasing water salinity levels indicating reasonable accumulation of soluble salts in the
soil. The pH value of the soil could not affect with water salinity. Application of nitrogen and
zinc sulfate could not produce any remarkably variation in ECe and pH of the soil.
Materials and Methods
Details of layout plan

1 Design of Experiment L Randomizedelock Design
E Number of Treatments A T
3 Number of replications : 03
4 Total number of Plots : 30
L 5 Plot gross size il 5%x4m=20m?
6 Block Border : 0.75 m wide
7 Irrigation channel : 1.5 m wide ﬁ’
/¥ 8 Spacing : + 20cm x 15 cm
L9 Rice variety ; Pusa Basmati-1121
|
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Treatments Description:

S. No. | Treatments Symbolj
1 Control (without NPK) T,
2 100 % RDF (NPK @ 120: 60:60) T,
3 50 % RDF (NPK @ 120: 60:60) + 10Kg Zn through ZnS0,.7H,0 Ts
4 75 % RDF (NPK @ 120: 60:60) + 10 Kg Zn through ZnS04.7H,0 T,
5 100 % RDF (NPK @ 120: 60:60) + 10 Kg Zn through ZnS04.7H,0 Ts
6 50 % RDF (NPK @ 120: 60:60) + 10 Kg Zn through Mono Ts
ZDSO4.7H20
7 75 % RDF (NPK @ 120 : 60:60) + 10 Kg Zn through Mono T,
ZnSO4.7H20
8 100 % RDF (NPK @ 120 - 60:60) + 10 Kg Zn through Mono Ts
ZI’ISO4.7H20
9 100 % RDF (NPK @ 120 : 60:60) + Micronutrient mixiure @50kgha™ | T9
B 100 % RDF (NPK @ 120: 60:60) + Vermicompost @ 6 tones ha’! Tio

3.1  Experimental site and location

The experiment was conducted at the Crop Research Center, Shri Ram College
Muzaffarnagar (U.P.) which is located at a latitude of 29° 40’ North and longitude of 77° 42
East and at an altitude of 287 meter above mean sea level (MSL). Muzaffarnagar lies in
western Uttar Pradesh and has semi arid to sub-tropical climate.

3.2 Climate and weather '

The region enjoys semi-arid and subtropical climate with extremes of hot weather in
summer and cold in winter season. The area does have 3 distinct seasons viz- kharif, rabi and
spring. There is gradual decrease in mean daily temperature from October reaching as low as
2-4°Cin January and further a gradual increase is registered from February reaching as high
as 43-45°C in May. The rains are predominantly caused by south-west monsoon which sets
in the last week of June, reaches its peak in July-August and withdraws by the end of
September. The area receives 862 mm of rains annually on an average, of which 90% is
confined to rainy season (July - September).

The meteorological data recorded at the observatory of the University and the

Project Digectorate for Farming System Research, Modipuram is given in Appendix-I & II
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and depicted in Fig 1 a and 1 b. Perusal of the data revealed that mean weekly maximum
temperature varied from 36.1 °C in 31" week (Aug.1-7) t0 27.3 °C in 47" week (Nov. 22-30),
and the mean weekly minimum temperature ranged from 26.2 °C in 35t week (Sep.1-7) to
12.0 °C in 47" week (Nov. 22-30) during 2011. During next season i.e. 2012, mean weekly
maximum temperature varied from 33.79 °C in 40™ week (Oct 1-7) to 26.29 °C in 45™ week
(Nov. 8-14), and the mean weekly minimum temperature ranged from 30.57 °C in 33™ week
(Augl5-21) to 13.36 °C in 45% week Mean weekly relative humidity fluctuated from 88.35%
in 33% week (Aug. 15-21) to 67.88% in 47 week (Nov. 22-30) during 2011, whereas it
ranged from 76.47% in 34™ week (Aug. 22-31) to 53.17% in 43" week (Oct. 22-31) during
2012 in the consecutive kharif season. The total rainfall of 286.88 mm was received by the
crop in 62 rainy days during 2011 and 614.7 mm in 79 rainy days during 2012.

3.3 Soil of the experiment field

Soil samples from a depth of 0-15 cm were collected from each plot of the experiment
prior to transplanting and a composite sample was drawn for determining its physico-

chemical properties (Table. 1)
3.4 Sequence of the crops grown on the experimental field

The production potential of the experimental field can be judged from the cropping
history. The details of the cropping history of the experimental field are presented in the
Table.2 Perusal of the table showed that the field was cropped with the general rotation of

rice-wheat in preceding four years and having normal fertility.

Table 1: Physico-chemical properties of the experimental field soil

SN Characteristics Values Method followed Reference
A | Particle size Percen Bouyoucons
t Hydrometer method (1965)
1{ Sand 53.54
2{ Silt 27.6
3| Clay 18.86
4f Textural class Sandy | USDA triangular | Brady (1996)
loam diagram
B | Physical Characteristics
1| Bulk density (g/cc) 1.57 Core method Black, 1965
2| Particle density (g/cc) 2.38 Pichnometer Method Danienlson&S
utherl, (1986)
3] Porosity (%) 35 1-BD/PD - .
K hoi
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4| Soil aggregate stability (%) 54 Wet sieving method
5| Infiltration rate (cm/hr) 3.37 to | Double ring
0.25 Infiltometer method
6| Hydraulic conductivity (cm/hr) | 1.89 to | Constant Head Method
0.82
C | Chemical characteristics
pH (1:2.5 Soil : water) 8.35 Glass electrode pH | Richard (1954)
_ meter
2|EC (dSm ' at 25C% (1:2.5(0.189 Solubridge Richard (1954)
Soil: Water)
3| Organic Carbon (percent) 0.42 Rapid titration method | Walkley and
: : Block (1965)
4| Available nitrogen (N kg ha™) |[206.30 [ Alkaline potassium | Subbiah  and
permanganate method | Asija (1956)
5| Available phosphorus (P kg ha” | 18.60 | Extraction by 0.5 M| Olsen et al,
h NaHco; Solution at pH | (1954)
8.5 (Olsen’s method) -
6| Available potassium (K kg ha™ | 278.70 | Extraction with Neutral | Hanway and
N 1 N ammonium acetate | Heidel (1952)
and estimated by flame
photometer _
9| DTPA extractable Zinc (ppm) | 1.23 DTPA  extractant and{Lindsay and
’ estimated on  atomicNorvell (1978)
absorption
spectrophotometer
10 | DTPA extractable Iron (ppm) 14.85 |DTPA extractant and|Lindsayand
estimated on  atomic[Norvell (1978)
absorption
) spectrophotometer ‘
11 | DTPA extra ctable Copper |2.43 DTPA extractant and Lindsayand
(ppm) estimated on atomic Norvell (1978)
absorption
spectrophotometer
12 | DTPA extractable Manganese | 10.91 [DTPA extractant and Lindsayand
(ppm) cstimated on AAS Norvell (1978)

The experimental field was ploughed immediately after the harvest of previous wheat crop

by a tractor drawn harrow in summer to expose weeds and the eggs of harmful insects. The

field was prepared by practicing two cross disc harrowing and two cross tiller operafions and
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3.6.2 Seed
Seed of basmati rice variety Pusa basmati -1121 purchased from Basmati Export

Development Foundation; Meerut (U.P.) was used for experiment. |
3.6.3 Nursery raising

The seedling of rice variety Pusa basmati-1121 raised in nursery plot by “Wet.bed
method”. A seed bed of 8 x 1.25 m size was prepared in dry condition. On sowing date, the
beds were flooded with water and puddle manually. After leveling, a mixture of 135 g urea
(60 kg ha), 187.5 g single super phosphate (30 kg ha™) and 25 g zinc sulphate per bed was
broadcasted and incorporated in to the soil.’ Sproufed seed were sown then beds kept saturated
initially up to a week and then submerged with a thin layer of water throughout the nursery
period. These beds were irrigated on alternate days during rainless period.
3.6.4 Application of fertilizers _

A uniform dose of NPK and MOP , Zinc Sulphate , Mono Zinc suphate, Chelated Zinc,
micronutrient mixture and Vermicompost were used to provide N, P, K, Zn, Cu, Fe, Mn as
per treatments in T»-T12 Whereas in T no fertilizers were used.

3.6.5 Uprooting of seedlings, transplanting and gap filling

The nurséry beds were irrigated one day before seedling uprooting to make the soil soft
and about 29 days old seedlings were uprooted by holding at the base and pulling them up
one by one and their roots were washed to remove the soil. Transplanting was done manually
as per treatments keeping two seedlings hill”'. One week after transplanting, gap filling was
done from the same nursery for maintaining the optimum plant population.

3.6.6. Water management :

A thin layer of water (approximately 3.0 cm) was maintained during the initial stage of
crop growth for better establishment of seedlings and maximum 5.0 cm at tillering stage and
later an intermittent irrigation at the time of panicle initiation, flowering and grain formation
stage were applied. Water was drained out from the field at least one week before the
harvesting of crop.

3.6.7 Plant protection measures

In order to control stem borer, leaf hopper, gundhy bug and other insect, the
recommended insecticide as Cartap hydro chloride 4G and to control the disease

recommended fungicide as Carbendazim @ 0.1% etc were applied on the basis of economic
3

threshold level (ETL).
/
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Harvesting was done manually when the crop reached at full physiological
maturity stage. First of all, the border rows were harvested and separated. Later, the crop
from net plot area was harvested and sun dried. The harvested material from each plot
was carefully bundled, tagged and brought to threshing floor. Threshing was done plot
wise and grains were cleaned, dried and weighed separately for each net plot and
computed to gha™ at 14% moisture level. The straw yield was also recorded plot wise
after sun drying and computed to q ha™.

3.7 Observation recorded and sampling procedures
The various observations recorded during the course of investigation to study the

effectiveness of differernt treatments are described in this section.
3.7.1 Observations on crop

3.7.1.1 Growth studies
3.7.1.1.1 Plant height

Ten plants were selected and tagged to measure the plant height. The plant
height was measured from the base of plant to tip of the fully opened leaf till panicle
emergence and at harvest (after panicle emergence) the height was measured from the base
of the plant to the tip of the upper most spikelet and expressed as average plant height in

cm.

3.7.1.1.2 Number of tillers (No.m™)-

Number of tillers was recorded by using a quadrate of one square meter from
three places in each plot at 30 and 60 DAT and at harvest stage; average of three places was
taken for analyses.

3.7.1.1.3 Dry matter accumulation (kg ha™)

Dry matter accumulation was recorded by selecting five hills randomly from
observation row of each plot. Selected hills were cut carefully closed to the ground surface at
30 and 60 DAT and at harvest stage. After sun drying these samples were collected in paper
bags by cutting in small pieces and were put in a electric oven at 60+1 °C till constant weight.
After this the weight was recorded on electronic balance and expressed as dry matter

accumulation in g m™. M
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3.7.2. Yield and yield attributes
3.7.2.1 Panicle length (cm)
Twenty panicles were selected from five marked plants from each piot and

recorded the panicle length in cm on average basis.

3.7.2.2 Test weight (g)

A handful of seeds were taken without any bias from the total seeds of the plot, after
threshing and cleaning. One thousand filled grains from each plot samples were counted

and weighed on electronic balance and their weight was expressed in grams.
3.7.2.3 Grains yield (gha™)

After cleaning and drying the grains, the grain yield was recorded in kg per plot.

The moisture percentage in 100 g samples drawn from each treatment was determined with

the help of moisture meter and grains yield per p'lot was adjusted to 14 percent moisture.
The yield of net plot, thus converted to 'qha'l.

3.7.2.4 Straw yield (qha™)

Dry weight of straw collected from net plot was recorded after sun drying for 5-6 days

o

and expressed in gha™.

3.7.2.5 Biological yield (qha™)
The total above ground produce (grain + straw) was recorded on dry basis after sun

drying from net plots and expressed in (qha™).
3.7.2.6 Harvest index (%)

The harvest index of rice was obtained by dividing the economical yield (grains

yield) with the biological yield (grains + straw) and represented in percentage.

Economic yield(q/ ha)

Harvest Index = x100

Biological yield(q/ ha)
3.8 Chemical analysis
3.9 Soil analysis

3.9.1 Collection of soil samples

Soil samples were collected from 0 -15 cm. depth from each plot. These samples
were processed and analyzed for various physico-chemical and biological properties in the

laborat
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3.9.2 Available soil N

Auvailable nitrogen in soil was determined by the procedure outlined by Subbiah and
Assija,( 1956.)

3.9.3 Available soil P

Available phosphorus in the soil was extracted by 0.5 M Sodium bicarbonate
(NaHCO:s3) adjusted to pH 8.5 and P in the aliquot was determined by Ascorbic acid method
(Olsen et al; 1954).

3.9.4 Available soil K

Available K in the soil was extracted by 1IN neutral ammonium acetate as an
extractant, (Hanway and Heidel, 1952) and K in the extract was estimated by Flame

photometer.

3.9.5 DTPA extractable micro nutrients

Available Zn, Fe, Mn , and Cu in the soil was extracted by DTPA and nutrient

concentration in extract was determined by Atomic Absorption Spectrophotometer .
3.9.6 EC measurement

The EC was determined with the help of glass electrode of EC meter in 1:2.5 soils: water

suspension (Jackson, 1973).
3.9.7 pH measurement

The pH was determined with the help of glass electrode of a pH meter in 1:2.5 soils:

water suspension (Jackson, 1973).

3.10 Statistical studies

The data recorded during the course of investigation were subjected to statistical
analysis using analysis of variance technique (ANOVA) for randomized block designed as
prescribed by Cochran and Cox (1959). Standard error of mean in each case and critical

difference only for significance cases were computed at 5% levels of significance as under

3.10.1 Critical difference
The data obtained were subjected to statistical analysis as outlined by Gomez and

Gomez (1984). The treatment means were compared by using the transformed values. The
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treatment differences were tested by least significant difference at 5 per cent of probability

and calculated by the following formula:

2 x Error mean square

CD = Xtoos
r
Where,
CD = Critical difference

r = Number of replications of the factor for
which C.D. is to be calculated.
Result and Discussion
4.1.1 Plant height
The data regarding the application effect of various sources of zinc in different mode
and vermicompost along with RDF on plant height of rice at 30, 60 DAT and harvesting
during experimental yearare shown in Tablelt is clear from the table that measured plant
height was affected significantly by different treatments at all the observation interval during
experimental year. Plant height increased at faster rate till 60 DAT while after that the
increment in plant height was slower. The plant height measured at 30 DAT ranged from
72.30 to 90.94 cm during experimental yearuhder different treatments Aand affected
significantly by different treatments. Plant height of rice during experimental yeardid not
varied significantly with the application of zinc through different sources. Plant height
recorded in Tip (RDF+VC) was significantly higher than the rest of the treatments during
experimental year. At 60 DAT stage plant height ranged from 87.35 to 109.78 cm during
experimental yearunder different treatments and varied significantly. Plant height increased
by 20.71 to 20.82 per cent from the height recorded at 30 DAT under different treatments
during experimental year.At this stage the maximum plant height (109.78) was recorded in
T1o where vermicompost was applied with recommended NPK in experimental yearfollowed
by Ts(106.64) where micronutrient mixture was applied with recommended NPK.At this
stage increment of 4.31 per cent in plant height was found during experimental year. At
harvesting stage maximum plant height (1 11.52 cm) was recorded in Tjo(vermicompost with
recommended NPK) followed by To (108.93) where micronutrient mixture with

recommended NPK was applied. At all growth stages highest plant height was recorded in

Tiowhere\vermicompost with RDF was applied.Plant height of rice at different s}age was
Co-av [ m
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affected significantly by different treatments. Similar results were also reported by Jana, et
al. (2009). Theyreported that the application of 30 to 40 kg ZnSO4/ha gave significantly
higher plant height. Khan et.al (2007) also found the similar results.

T able : Effect of NPK and zine sources on plant height (cm) of rice at different stages

Cha"nl\in
Sh[l Qu.. L

Collage,
Muzaﬁan.ag

~
v
o
ul

IQAC, Shri Rém Caorlage

Muzaffarnagar



Treatments 30 DAT 60 DAT At harvest
T 72,30 ' 87.35 89.34
T, 75.75 99.37 101.88
T3 85.94 105.65 108.37
Ty 84.54 105.12 107.42
Ts 82.23 104.54 107.23
Ts 82.23 104.47 107.10
T, 81.96 104.20 106.97
Ts 80.82 101.57 105.31
Ty 87.87 106.64 108.93
T1o 90.94 | 109.78 111.52
SE (m) 1.63 1.95 158
CD(p=0 .05) 4.81 5.76 4.66

4.1.1.2 Number of tillers per meter row length at different day interval

The data regarding application effect of various sources of zinc in different mode and
vermicompost along with RDF on number of tillers per meter row length of rice at 30, 60
DAT and harvesting during experimental year are shown in Tablelt is clear from the table
that measured number of tillers per meter row length were affected significantly by different
treatments at all observation interval during experimental year. Number of tillers increased at
faster rate\til60 DAT dnd there after a slight decline in number of tillers per meter row
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length was noticed. The number of tillers per meter row length counted at 30 DAT varied
from 22 to 49 during experimental year. Maximum number of tillers 49 during experimental
yearin T1o were found statistically at par to T, Ty, and significantly higher than the rest of the
treatments. Result reveals that application ZnSO4@ 25kg ha'was equally good to the
application of micronutrient mixture or VC. Foliar application of. zinc through either source
was found significantly inferior to the application of zinc sulphate @ 25kg ha”'. With one
exception the foliar application effect of zinc was more or less similar in respect of number of
tillers per meter row léngth. The number of tillers per meter row length did not responded to
the foliar application of either source of zinc. Number of tillers per meter row length were
slightly lower in the treatments receiving zinc nutrition through foliar than soil application
with every source. At 60 DAT, number of tillers per meter row length varied from 32 to 69
and 36 to 73 during 2011 and 2012, respectively. Number of tillers per meter row length
increased by 46.80 to 68.48 and 48.97 to 61.22 per cent from the tillers number recorded at
previous stage under different treatments during experimental year. At this stage the highest
number of tillers per meter row length (69 and 73) counted in Ty, weré statistically at par
with Ty (64 and 69) and T3 (61 and 64) and significantly higher over rest of the treatments
during both the years. At this stage also comparatively lower number of tillers per meter row
length were recorded with foliar than soil application. The effect of treatments consisting
foliar application of zinc on tillers per meter row length was more or less similar. At
harvesting number of tillers per meter row length varied from 29 to 68 and 33 to 71 during
both the years and reductions of 1.45 to 9.37 and 2.74 to 8.33 per cent in tillers number was
noticed during experimental year respectively. At harvesting stage, highest number of tillers
per meter row length-(68 and 71) recorded in Ti, (3t ha'lvermicompost was applied with
RDF) were found statistically similar to Ty, and T3 and significantly higher than the rest of
the treatments. The effect of foliar application of zinc with higher to lower concentration on
number of tillers m™ was non-significant and it was also found statistically at par with T,
during both the years.

Number of tillers of rice at different stage was affected significantly by different
treatments. At 30 DAT with exception of Ty (micronutrient mixture +RDF), the number of
tillers recorded in Tyo (RDF+VC) were significantly higher than the rest of the treatments
during both the years in this treatment vermicompostwas applied over 100% NPK. The
nutrient released from the additionally added VC may respond the plant growth and tillers
may be higher on the decomposition of vermicompost many organic acid are produce and

these organic agcid have ability to bind the micronutrients and their by availability may be
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higher. Number of tillers per meter row length increasedsignificantly due to basal application
of different zinc sources with recommended NPK which may be due to better utilization of
applied zinc owing to developed root system. Similar results were also recorded by Cheema
et.al (2006) who advocated tha’t the final plant height, number of tillers/hill, panicle bearing
tillers, number of primary and secondary spikelet’s panicle size, 1000-grain weight, paddy
and straw yield and harvest index showed positive correlation with the increase in ZnSO4
levels from 2.5 to 10 kg/ha.

Table : Effect of NPK and zinc sources on number of tillers per meter row length of

rice at different stages
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Treatments 30 DAT 60 DAT At harvest
T, - 22 36 ' 33
T, 25 41 38
T3 44. 64 62
Ty 38 58 55
Ts 35 54 : 51
Ts 33 T 51 43
T, 32 48 45
Ts 30 ' 46 43
it 46 69 65
Tio ‘ 49 73 71
SE (m) 2.24 - 3.96 3.62
CD(p=0.05) 6.62 11.69 10.70
Dry Matter Accumulation

The data regarding application effect of various sources of zinc in different mode and
vermicompost along with RDF on dry matter accumulation of rice at 30, 60 DAT and
harvesting during experimental year are shown in Tablelt is clear from the table that dry
matter accumulation was affected significantly by different treatments at all observation
interval during experimental year. Maximum dry matter accumulation 33.58 and 36.48 gha™
'during experimental year in Tjo was found statistically at par to T5, Ty and significantly

higher than the Xggt of the treatments. Results reveal that application of ZnSO4was equally

i
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good to the application of micronutrient mixture or VC. The dry matter accumulation did not
responded to the foliar application of either source of zinc. Dry matter accumulation was
slightly lower in the treatments receiving zinc nutrition through foliar than soil application
with every source. At this stage highest dry matter accumulation (66.02 gha™) was recorded
in T1o where 3t/ha vermicompost was applied with recommended NPK and found statistically
at par with T9 (62.81 gha™) and Ts (58.71 gha™) during experimental year, whereas value
received in To and T5 during experimental year was slightly lower with the at par of Ty and
significantly higher than the rest of the treatments during both the years. At this stage also
comparatively lower dry matter accumulation was recorded with foliar than soil application.
The effect of treatments consisting foliar application of zinc on dry matter accumulation was
more or less similar. _ _

It is clear from the table that measured dry matter accumulaﬁon were affected
significantly by different treatments at all observation intervals during both the years.
Maximum dry matter accumulation during experimental year in T was found statistically at
par to Ts, Ty and significantly higher than the rest of the treatments. Results reveal that
application ZnSO4was equally good to the application of micronutrient mixture or VC. Foliar
application of zinc through either source was found significantly inferior to the application of
zinc sulphate as basal. Taller plants and profuse tillering with the application of NPK +
vermicompost clearly explain the significantly higher dry matter accumulation in Tyo, Ts and
To. |

At this stage highest dry matter accumulation recorded in Ty (vermicompost was
applied with recommended NPK) was statistically at par with Ty and Tsduring experimental
year. At this stage also comparatively lower dry matter accumulation was recorded with foliar
than soil application. The effect of treétments consisting foliar application of zinc on dry
matter accumulation was more or less similar. This finding may attributed more growth
attributing characters with the sufficient nutrient supply in the said treatments. Dry matter
accumulation at harvesting was also found higher in said treatments owing to described
explanation. Similar results was also reported by Prado ez al. (2008) whonoted zinc sulphate
provided greater production of total dry matter in rice seedlings in relation to zinc oxide. The
applic;afion of 3.92 g Zn/kg of seed, using the zinc sulphate source provided the greatest
increment in dry matter with values 48% higher than the control.

Table :Effect of NPK and zinc sources on dry matter accumulation (q ha‘l)of rice at
different stages

Treatmeﬁ% \ 30 DAT 60DAT
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Ty 19.83 39.47
T, 22.10 - 4416
T 31.35 58.71
T4 28.95 57.85
Ts 26.90 55.60
Te 2640 53.41
T | 25.06 52.10
Ts 2437 50.55
Ty ' 33.78 62.81
Ty 36.48 66.02
SE (m) 2.41 2.34
CD(p=0.05) 7.11 6.93

4.2.1 Panicle length

The data regarding application effect of various sources of zinc in different mode and
vermicompost along with RDF on panicle length (cm) of rice during experimental yearare
shown in Table. and depicted graphically by figure.6 It is clear from the table that measured
panicle length was affected significantly by different treatments during both the years.
Panicle length varied from 23.99 to 28.47 cm and increment in panicle length from 18.67 per
cent in comparison to control was noticed during experimental year. Maximum panicle length
(28.47 cm) during experimental year respectively recorded in Tjo were found statistically at
par to Ty, Ts and significantly higher than the rest of treatments. Result reveals that
application of ZnSO4was equally good to the application of micronutrient mixture (Tg)or
vermicompost (T1o). Foliar application of zinc through either source was found significantly
inferior to the application of zinc sulphate.With one exception of Ts, the foliar application of
zinc was more or less similar in respect of panicle length during both the years. The panicle
length did not responded to the foliar application of either source of zinc except Ts. Panicle
length was slightly lower in the treatments receiving zinc nutrition through foliar than soil

i

application with,every sources during experimental year.
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This effect may be supposed due to better nutrition of crop plant with the application
of micronutrient zinc or vermicompost which may also 1mprove the ava11ab1hty of native
zinc. Panicle length was slightly lower in the treatments receiving zinc nutrition through
foliar than soil application with every source which may be due to lower zinc assimilation
under foliar application treatments. Similar results was also recorded by Channabasavanna
et al. (2001) who reported that the application of 25 kg ZnSO4/ha resulted in the highest seed
yield and panicles per hill. Interaction effect indicate that an application of poultry manure or
farmyard manure with 25 kg ZnSO4/ha was optimum. Gurmani et al. (2003) also reported
significantly affected and produced the highest yield of 14 818 and 8732 kg ha-1,
respectively from NPK + Zn + Cu + Fe + Mn. The significantly highest number (500) of
panicles/m2 were produced with the application of Zn + Cu +Fe +Mn.

4.2.2 Number of grain per panicle

The data regarding application effect of various sources of zinc in different mode and
vermlcompost along with RDF on number of grain per panicle of rice during experimental
yearare shown in Table It is clear from the table that counted number of grains per panicle
was affected significantly by different treatments during both the years. Number of grain per
panicle varied from 94.01 to 128.59 and 104.70 to 135.40 during both the years 24.33 to
36.78 per cent higher grain were recorded in comparison to control during experimental year.
The highest number of grains per panicle (128.59 and 135.4) counted in Tjowere statistically
at par with Ty (125.35 and 132.10) during both the years. Number of grains per panicle
recorded in T (1'23.83 and 130.18) varied significantly from T, and found statistically at par
with Ti; during experimental year. Number of grains per panicle recorded in Tjo was
significantly higher than rest of the treatments. Application of zinc sulphate was found
equally good to the application of micronutrient mixture (Ts) but significantly lower with VC
(T10) during experimental year. Foliar application of zinc through either source was found
significantly inferior to the application of zinc sulphate @ 25kg ha™. Foliar application effect
of zinc was more or less similar in respect of number of grains per panicle. The number of
grains per panicle did not responded to the foliar application of either source of zinc. Number
of grains per panicle were slightly lower in the treatments receivihg zinc nutrition through
foliar than soil application with every sources during both the years.

It is clear from the table that counted numbers of grains per panicle were affected
significantly by different treatments during both the years. The highest numbers of grains per

panicle counted in T;o were statistically at par with Ty and significantly higher than the rest of
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index and leaf area duration with the adequate and balanced plant nutrition. Better leaf area
index and duration will affect the photosynthetic activity and transformation of
photosynthates to grain. The number of grains per panicle were slightly lower in the
treatments receiving zinc nutrition through foliar than soil application with every source
which may be due to comparatively lower growth in said treatments which will affected
photosynthasis. Similar results were also recorded by Kulandaivel ef.al (2003) that the
yieldattributes of rice, namely number of panicles/m2, and numbef and weight of grains per
panicle were higher due to the incubated mode of application of ZnSO4.
4.2.4 Test weight (g) |

The data regarding application effect of various sources of zinc in different mode and
vermicompost along with RDF on test weight of rice during experimental year are shown in
Tablelt is clear from the table that measured test weight was affected non significantly by
different treatments during both the years. Test weight varied from 18.95 to 24.55 and 19.35
to 26.38 g during experimental year. Test weight during both the years was comparatively
lower in the treatments receiving zinc nutrition through foliar than soil application with every
source. The highest test weight (24.55 and 26.38g during experimental year) was recorded in
Ty where vermicompost was applied with RDF while lowest test weight (18.95 and 19.35 in
experimental year) was found in TI.

It is clear from the table that measured test weight were affected non signi.ﬁca'ntly by
different treatments during both the years. The highest test weight was recor_ded in Tyo where
vermicompost was applied with RDF while lowest test weight was found in T;.This effect
may be due to better photosynthetic activity with increased leaf area index and leaf area
duration and there by more translocation of photosynthates to grain. Similar results were also
recorded by Kulandaivel et.al (2003) that the yield attributes of rice, namely number of
panicles/m2, and number and weight of grains per panicle were higher due to the incubated
mode of application of ZnSO4. Haq et al. ( 2005) reported that with the application of
vermicompost + Azospirillum + 60 kg N/ha the number of panicles/m2 (335.66), grain yield
(49.66 g/ha) and straw yield (91.40 g/ha) were significantly higher as compared to other
treatments.

Table: Effect of NPK and zinc sources on yield attributing characters of rice.

Treatments | Panicle lehgth (cm) Grains panicle” Test weight (g)
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T 2399 104.70 19.35
Ts 25.13 11233 20.24
Ts 27.06 130.18 23.28
i) 26.44 128.75 22.36
T 26.44 124.26 21.49
T 26.18 2287 21.35
Ty 26.01 121.95 21.26
Ts 25.98 120.30 20.78
T 27.73 132.10 2436
i 2847 135.40 26.38
SE (m) 52 .69 1.72
CD(p=0.05) - 155 2.03 N.S.

4.2.4 Grain yield (qh™)

The data regarding application effect of different sourcesof zinc in different mode and
vermicompost along with RDF on grain yield of rice during experimental yearare shown in
Table and depicted graphicallybby figure.7 During 2011 grain yield recorded in T, to Tyo did
not varied significantly with the application of zinc through different source, grain yield did
not responded to the foliar application of either source of zinc while differ significantly from
T;. Whereas during experimental year with exception of Toand TS5 the rice grain yield
recorded in Tjo (RDF+ VC) was significantly higher than the rest of the treatments. Grain
yield increased by 31.52 to 52.07 and 23.99 to 62.31per cent in rest of the treatments
comparison to control during experimental year. Rice grain yield was slightly lower in the
treatments receiving zinc nutrition through foliar than soil application with every source.
Maximum grain yield 43.50q/ha during experimental year recorded in Tjo was found
statistically at par to Ts, Ty and significantly higher than the rest of the treatments. Result
reveal that application of ZnSo@vas equally good to the application of micronutrient mixture

or vermicompost. Foliar application of zinc through either source or mono ZnSos' was found
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significantly inferior to the application of zinc sulphate. With exception of Tsand T the foliar
application effect of zinc was more or less similar in respect of grain yield in experimental
year. The effect of foliar application of zinc with higher to lower concentration on rice grain
yield was non-significant and it was also found statistically at par with T, during
experimental year. With one exception of T treatment receiving any application mode of
either source of zinc and vermicompost with RDF was non significant and it was also found
statistically at par with T, in respect of grain yield during both the years.

Grain yield which depends on growth parameter and yield attributing character was
affected significantly by different treatments in rice crop. During experimental year with
exception of Teand Ts the rice grain yield recorded in Tio (RDF+ VC) was significantly
higher than the rest of the treatments. It may be due to adequate and balanced availability of
plant nutrient. Organic matter is reported to increase the micronutrient availability. In the
present study zinc was applied with different sources in different mode. Results revealed that
with soil application of zinc the crop growth is better. Therefore higher grain yield with the
soil application of zinc sulphate or micronutrien mixture is well expected as most of the
applied zinc will be exploited by developed rice rooting system. Native zinc availability will
also increase with the application of vermicompost. The result clearly indicates that zinc
nutrition in adequate amount is most important for rice not only for higher yield but also for
better quality. Rice grain yield was slightly lower in the treatments receiving zinc nutrition
through foliar than soil applicétion with every source. It may be due to unfavourable climate
condition which will affect the uptake of nutrients and transformation of the vermicompost,
NPK and zinc in rice plént from which lower zinc assimilation under foliar application
treatments. Similar results were also reported by Khan et.al (2007) that Zn application
significantly affected the yield parameters of rice like the number of spike m?, number of
spike/plant, spike length, plant height and 1000 grain weight over control from the above said
treatment of 10 kg Zn ha”. Jana ef al. (2009) reported thatzinc application produced
significantly greater yield attributes, higher grain and straw yields of rice. Application of 30 -
to 40 kg ZnSO4/ha gave significantly higher values of plant height, number of effective
tillers, panicle length, grain number per panicle, grain and straw yields and higher uptake of
N, P, K and Zn in grain and straw of rice. Chakeralhossein ef al. (2009) observed thatthe
grain yield was 3988 kg/ha in control, which increased to 6366 kg/ha with application of 40
kg Zn/ha soil application in addition to foliar spraying of znso4. =
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The data regarding application effect of various sources of zinc in different mode and
vermicompost along with RDF on biological yield of rice during experimental year are
shown in table. It is clear from the table that measured biological yield was affected
significantly by different treatments during both the years. The biological yield of rice varied
from 65.17 to 92.20 and 67.82 to 109.79q ha™ during experimental year under the different
treatments and was affected significantly by different treatments. Maximum biological yield
was recorded in Ty Where vermicompost was applied with recommended NPK. With
exception of Ty rest of the fertilized treatment were non significant in respect of biological
yield. Biological yield was slightly lower in the treatments receiving zinc through foliar than
soil application with every source. The biological yield differ significantly under different
treatments during experimental year. Maximum biological yield (109.79 q ha") significantly
higher than rest was recorded in Tjo where vermicompost was applied with recommended
NPK. The effect of any application mode of zinc through different sources on biological yield
of rice was non significant and it was also found statistically at par with T, during
experimental year.

4.2.6 Straw yield (qgha™)

The data regarding application effect of various sources of zinc in different mode and
vermicompost along with RDF on straw yield during experimental yearare shown in table It
is clear from the table that measured straw yield was affected significantly by different
treatments during experimental year. The straw yield of rice varied from 40.80 to 57.03 and
40.99 t0 60.29 q ha™ during both the years. Straw yield increased by 26.54 to 39.77 and 31.32
to 61.72 per cent in rest of the treatments comparison to control during experimental year.
Maximum straw yield (57.03 and 60.29qha-") during experimental yearrespectively recorded
in T} was found statistically at par to rest of the treatments with exception of T;.

Maximum straw yield during experimental year was recorded in Tjo where
vermicompost was applied with recommended NPK. With exception of T; rest of the
fertilized treatment were non significant and found statistically .at par to each other.
Biological yield duringexperimental year did not varied significantly with the any application
mode of zinc through different sources and it was also statistically at par to T,. Maximum
biological yield was recorded in T;o where vermicompost was applied with recommended
NPK. The effect of any application mode of zinc through different sources on biological yield
of rice was non significant and it was also found statistically at par with Toexperimental year.
Same result was found in straw yield. It may be due to more translocation of photosynthatés

from straw to grain in vermicompost and zinc treated plots as evidenced by comparatively
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“higher plant height, number of tillers per meter square, panicle length and higher test weight
in comparison to T, during both the years. Similar results were also recorded by Jana et al.
(2009) reported thatzinc application produced significantly greater yield attributes, higher
grain and straw yields of rice. Application of 30 to 40 kg ZnSO4/ha gave significantly higher
values of plant height, number of effective tillers, panicle length, grain number per panicle,
grain and straw yields. Kumar and Kumar (2009) reported that a significant increase in the
yield and yield attributes of rice was noted with the application of 45 kg ZnSO4/ha.
Ehsanullah ef al (2011) exhibited that Zinc application methods and timing had
significantly pronounced effect on paddy yield. Maximum paddy yield (5.21 t ha-1) was
achieved in treatment Zn2 (Basal application at the rate of 25 kg ha-1 21% ZnSO4) and
minimum paddy yield (4.17 t ha-1) was noted in Zn7 (foliar application at 75 DAT @ 0.5%

Zn solution). Zinc application increases the crop growth rate of rice.

Table 10: Effect of NPK and zinc sources on yield (q ha™)

Treatments Biological yield Grain yield Straw yield
T 67.82 26.80 40.99
T, 87.07 33.2"3 53.83
Ts 97.02 39.60 57.81
T; 95.11 , 37.30 ; 57.44
Ts 93.98 36.93 5742
Ts 93.44 36.17 ' 56.96
T, 92.94 35.77 56.78
Ts 92.02 3547 56.51
Ty 97.60 _ 40.17 58.52
Tio 109.79 43.50 66.29

SE (m) 3.33 1.37 2.33

1QAC, S L.
MUZd:Idrnagaa

e

Lhaﬂhtgb

QAC, St Flan
S S M\upﬁa(naq ar

Ve
R IPAN

. L* et '

«" B
ﬂ?""‘



CD(p=0.05) | 9.85 4.05 6.89

4.1.4.1 Available nitrogen (kgha™)

Data regarding the nitrogen availability estimated at harvesting under different
treatments during experimental yearare shown in Table. It is apparent from the table that the -
nitrogen availability in soil at harvest stage was influenced significantly by different
treatments during both the years. The highest nitrogen availability 228.36 and 241.44 kg ha
during experimental yearwas found in T, while minimum 195.52 and 208.89 kg ha' during
experirriental yearin T;. Availability of nitrogen in soil under T, was significantly higher than
the rest of the treatments during experimental year. Nitrbgen availability did not differ
significantly with the application of different sources of zinc during both the years. Similarly
the nitrogen availability in soil did not differ significantly ambng the treatments of methods
of application. Nitrogen availability in T, was also higher but not to the level of available
nitro;gen recorded in T during both the years.

- 4.1.4.2 Available Phosphorus (kgha™)

Data regarding the phosphorus availability at harvesting stage under different
treatments during experimental yearare shown in Table. It is apparent from the table that the
phosphorus availability in soil at harvest stage was influenced significantly by different
treatments during both the years. The highest phosphorus availability 25.17 and 26.29 kg ha™
during experimental yearwas found in T,, while minimum 13.08 and 14.28 kg ha™ during
experimental yearin T;. Availability of P in soil under T, was significantly better than the
treatments T1,T3, T4, Ts, Te, T7, Ts, and To during experimental year. P availability did not
differ significantly with the application of different sources of zinc. Similarly the P
availability in soil did not differ significantly among the treatments of methods of application.
Phosphorus availability in T, and To was also similar during both the years.
4.1.4.1 Available potassium (kg ha™)

Data regarding the potassium availability at harvesting stage under different
treatments during experimental yearare shown in Table. It is apparent from the table that the
potassium availability in soil at harvest stage was influenced significantly by different
treatments during both the years. The highest K availability 260.54 and 259.22 kg ha™ during
experimental yearwas found in T2, while minimum 222.79 and 228.30 kg ha’ during
experimental yearin T;. Availability of K in soil under T, was significantly better than the

treatments Ty, T3, T4, Ts, T7, Ts, and Ty experimental year. K availability did not differ
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significantly with the application of different sources of zinc. Similarly the K availability in
soil did not differ significantly among the treatments of methods of application with
exception of Ts and To. Availability of K in soil under T, was significantly better than the
treatments T3, T4, Ts, Te, T7 and Ty during experimental year. K availability did not differ
significantly with the application of different sources of zinc similarly the K availability in
soil did not differ significantly among the treatments of methods of application. Potassium
availability in T, and T was also similar during experimental year.

Available nitrogen in soil was affected significantly due to application of different treatments.
The highest nitrogen availability during experimental yearwas found in T, while minimum
during experimental yearin T;. Nitrogen availability in Ti, was also higher but not to the
level of available nitrogen was recorded in T, during experimental year. This effect may be
supposed due to lower removal of nitrogen from soil in T as evidenced by N .removal by rice
grain and straw. Addition of vermicompost will enrich the soil nitrogen but in this treatment
higher amount of nitrogen was removed by crop by crop therefore less was left in soil. In
general lower amount of available nitrogen in soil in the most of the treatments than T, may
be related with nitrogen removal pattern. .

Phosphorus availability in soil at harvest stage was significantly influenced by
different treatments during both the years. The highest phosphorus availability was found in
T, while minimum in T1during experimental year. Phosphorus availability in T, and T;o was
also similar during both the years. The highest availability of P was recorded in treatment
having recommended dose of NPK followed by the treatment which having vermicompost +
recommended NPK. The higher amount of phosphorus in T, can be explained with the lower
P removal from soil due to lower biomass production while in Tjo with the fact that added
vermicompost will produce organic acid in soil which well solubilise the insoluble P.

Available potassium in soil was affected significantly due to application of different
treatments. The highest K availability during experimental yearwas found in T,, while
minimum during experimental yearin T;. Potassium availability in T10 was also higher but
not to the level of available K was recorded in T2 during experimental year. The effect may
be described with the facts described for available N status. Similar result was recorded
byChandrapala et al. (2010) thattheNPK+FYM application to rice crop recorded
significantly highest quantity of available soil N, P and K content after crop harvest.
4.1.4.4 DTPA extractable Zn (ppm)

Data regarding the availability of Zn at different growth stage as inﬂuenceg by

different treatmerks during experimental yearare shown in Table. It is evident from the table
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that the availability of Zn in soil was affected significantly by different treatments during
both the years. Available of Zn in soil at 30 DAT stage ranged from 1.28 to 2.74 and 1.24 to
2.79 ppm during experimental year. The highest zinc availability 2.74 and 2.79 ppm during
experimental year found in T; was significantly higher than the rest of the treatments while
minimum zinc availability recorded in T; was significantly lower than the rest of the
treatments during both the yéars. The content of DTPA - extractable zinc in soil at 30 DAT
was significantly affected by zinc sources and methods of application. It is apparent from the
datg that the soil application of Skg Zn ha™ through ZnSO4 in rice crop increased the content
of DTPA- extractable zinc significantly by 95.71 to 102.17 % over the recommended NPK
which have 0 kg zinc ha”during experimental year. whereas the foliar application of either
source of zinc in rice also increased the content of DTPA - extractable zinc in soil; In general
the content of DTPA- extractable zinc at this stage was higher in those treatments where zinc
in either source was applied basal than foliar. However, the magnitude of increase was
significant during both the years. The zinc content of Tyo and T4 was also higher but not to
the level of zinc was recorded in T during both the years. Available of Zn in soil at 60 DAT
stage ranged from 1.23 to 2.60 and 1.21 to 2.68 ppm during experimental year. The highest
zinc availability 2.60 and 2.68 ppm during experimental year found in Ts was significantly
higher than the rest of the treatments while minimum zinc availability recorded in T; was
significantly lower than the rest of the treatments during both the years. The content of DTPA
- extractable zinc in soil at 60 DAT was significantly affected by zinc levels. It is apparent
from the data that the soil application of 5kg Zn ha™ through ZnSO4 in rice crop increased
the content of DTPA- extractable zinc significantly by 91% over the recommended NPK
which have 0 kg zinc ha™ during both the years. Whereas the foliar application of either
source of zinc in rice also increased the content of DTPA - extractable zinc in soil; however,
‘the magnitude of increaée was significant during both the years. The zinc content of T;, and
T, was also higher but not to the level of zinc recorded in T3 during both the years. Available
of Zn in soil at harvest stage ranged from 1.19 to 2.53 and 1.15 to 2.24 ppm during
experimental yearrespectively. The highest zinc availébility 2.53 and 2.24 ppm during
experimental yearfound in T; was significantly higher than the rest of the treatments while
minimum zinc availability recorded in T; was significantly lower than the rest of the
treatments during both the years. The content of DTPA - extractable zinc in soil at harvest
was significantly affected by zinc sources and methods of application. It is apparent from the

data that the soil application of 5kg Zn ha™ through ZnSO; in rice crop increased the content
.+ extractable zinc significantly by 94.73 and 99.21% over the recommended NPK
airman
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which have 0 kg zinc ha during experimental year. The foliar application of either source of
zinc in rice also increased the content of DTPA - extractable zinc in soil. The zinc content of
Tio and T4 was also higher but not to the level of zinc was recorded in Ts during both the
years.

Availability of Zn in organic and inorganic treated plots differed significantly. The
data showed that the available Zn linearly decreased with the advancement of age of the crop
probably due to increased absorption of available Zn with crop growth and development.
More availability of Zn during early days (up to 60 Days) was observed in Ts. This effect
may be supposed due to the fact that N interact positively with zinc and the synergistic effect
of zinc and N are mainly attributed to an increased availability of zinc in soil due to the acid
forming effect of N. More availability of Zn during later stages in Tjo may be due to chelation
of zinc by organic acids. Similar result was also recorded by Kulandaivel et.al (2004) the
application of 40 kg ZnSO4+10 kg FeSO4 was found to be the most appropriate combination
to maximize the grain yields of this system and improve the zinc and iron status of soil.
4.1.4.5 DTPA extractable copper (ppm)

Data regarding the availability of Cu at harvesting stage as influenced by different
treatments during 2011 and 2012 are shown in Table. It is evident from the table that the
availability of Cu in soil at harvesting was affected significantly by different treatments
during both the years. Availability of Cu in soil at harvest stage ranged from 2.24 to 3.35 and
2.21 to 3.85 ppm during experimental year. The highest Cu availability 3.35 and 3.85 ppm
during experimental yearfound in Tyo was significantly higher than the rest of the treatments
while minimum Cu availability recorded in T; was significantly lower than the rest of the
treatments during both the years. The content of DTPA - extractable Cu in soil at harvest was ‘
not significantly affected by zinc sources and methods of application. It is apparent from the
data that the soil application of vermicompost with recommended NPK in rice crop
significantly increased the content of DTPA- extractable Cu in soil. Whereas the
micronutrient mixture with recommended NPK in rice also increased the content of DTPA -
extractable Cu in soil. The content of DTPA - extractable Cu in soil did not responded to the
basal and foliar application of either source of zinc except T9. The copper availability in Ty
and Tjo was also similar during both the years.
4.1.4.6 DTPA extractable Iron ( ppm) _

Data regarding the availability of iron at harvesting stage as influenced by different
treatments during experimental yearare shown in Table. It is evident from the table that the
n in soil was affected significantly by different treatments during both the
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years. Availability of iron in soil at harvest stage ranged from 13.25 to 20.58 and 13.21 to
20.96 ppm during experimental year. The highest iron availability 20.58 and 20.96 ppm
during 2011 and 2012 found in T;o was significantly higher than the rest of the treatments
while minimum iron availability recorded in T; was significantly lower than the rest of the
treatments during both the years. The content of DTPA - extractable iron in soil at harvest
was not significantly affected by zinc sdurces and methods of application. It is apparent from
the data that the soil applica'tion of Vennicorﬁpost with recommended NPK in rice crop
significantly increased the content of DTPA- extractable iron in soil. Whereas the
micronutrient mixture with recommended NPK in rice also increased the content of DTPA -
extractable iron in soil. The content of DTPA - extractable iron in soil did not responded to
the basal and foliar application of either source of zinc with exception Tj;. The iron
availability in Toand T1o was also similar and statistically at par during experimental yeaf.
4.1.4.7 DTPA extractable manganese (ppm)

Data regarding the availability of manganese at harvesting stage as influenced by
different treatments during 2011 and 2012 are shown in Table. It is evident from the table
that the availability of manganese in soil was affected significantly by different treatments
during both the years. Availability of ménganese in soil at harvest stage ranged from 9.18 to
11.90 and 9.20 to 12.55 ppm during experimental year. The highest iron availability 11.90
and 12.55 ppm during experimental year found in Ty, was significantly higher than the rest of
the treatments while minimum manganese availability recorded in T, was significantly lower
than the rest of the treatments during both the years. The content of DTPA - extractable
manganese in soil at harvest was not significantly affected by zinc sources and methods of
application. It is apparent from the data that the soil application of vermicompost with
recommended NPK in rice crop significantly incréased the content of DTPA- extractable
manganese in soil. Whereas the micronutrient mixture with recommended NPK in rice also -
increased the content of DTPA - extractable manganese in soil. The content of DTPA -
extractable manganese in soil did not responded to the basal and foliar application of either
source of zinc with exception To. The manganese availability in Ty and Ty was also similar
and statistically at par during both the years.

Available Cu in soil at harvesting was significantly higher in the treatments consisting
zipplication of vermicompost +NPK .This effect may be supposed due to more availability of
Cu during later stage in Ti, owing to chelating effect of Cu with organic compound resulting

low ‘availability of Cu in early stage, however the availability of Cu in combine use of
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organic and inorganic fertilizers treated plots improved at harvest because of more release of

Cu from chelating agents.

Available iron in soil at harvesting was significantly higher in the treatments
consisting application of vermicompost +NPK .This effect may be supposed due to more
availability of iron during later stage in Tjo might be due to more chelating effects of iron
with organic compound resulting low availability of iron in early stage, however the
availability of iron in combine use of organic and inorganic fertilizers treated plots improved
at harvest because of more release of iron from chelating agents.

Available manganese in soil at harvesting was significantly higher in the treatments
consisting application of vermicompost +NPK .This effect may be supposed due to more
availability of manganese during later stages was recorded in combine use of organic and
inorganic treated plots than solely inorganic fertilizers treated plots. This might be due to
more chelating effects of manganese with organic compound resulting low availability of
manganese in early stage, however the availability of manganese in combine use of organic
and inorganic fertilizers treated plots improved at harvest because of more release of
manganese from chelating agents. Followed by the treatments having micronutrient mixture
+NPK and rest of the treatments are significantly lower. Similar result was also recorded by
Kulandaivel et.al (2004) that application of 40 kg ZnSO4+10 kg FeSO4 was found to be the
most appropriate combination to maximize the grain yields of this system and improve the

zinc and iron status of soil.

Table .Effect of NPK and different Zn sources on available zinc, copper, iron and

manganese (ppm) at different stages in soil

Treatments Zinc Copper Iron Manganese
30 DAT | 60 | At harvest | At harvest | At At harvest
harvest
T; 1.43 1.32 1.15 2,21 13,21 9.20
T, 1.44 1.42 1.35 2.28 14.39 9.32
T; 279 2.68 2.59 3.28 15.95 10.55
Ty 2.43 2.32 2.24 2.83 15.87 10.78
Ts 1.95 1.80 1,92 2:.32 13.75 9.65
Te 1.91 1.76 1.66 2.35 14.56 0.73
iy
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T 1.69 1.61 1.50 2.38 14.62 9.79

Ta 1.66 1.56 1.44 2.54 15.23 10.25

i 2.20 2.05 1.98 3.64 18.87 11.97

T 2.49 235 224 385 | 20.96 12.55

SE (m) 0.03 | 0.056 0.05 0.02 1.65 0.67

CD(p=0.05)| 0.1 | 0.163 0.16 0.07 4.89 2.00
4.1.4.8 Soil pH

Composite soil sample was prepared by mixing the soil of different replication of a
particular treatment and soil pH (1:2) was measured and values recorded are shown in
Table.Soil pH did not differ significantly at all the stages during both the years. It was found
that soil pH at 30 DAT stage varied from 8.25 to 8.44 and 7.59 to 7.82 during experimental
year. Soil pH was found slightly more in the treatment T; control and followed by the
treatments receiving soil and foliar application of different Zn sources with recommended
NPK than the treatment receiving vermicompost with recommended NPK during both the
years. At 60 DAT stage soil pH varied from 7.76 to 8.18 and 7.52 to 7.79 during
' experimental year. At this stage also Soil pH was found slightly more in the treatment T,
control and followed by the treatments. receiving soil and foliar application of different Zn
sources with recommended NPK than the treatment receiving vermicompost with
recommended NPK during experimental year. At harvesting stage soil pH varied from 7.85
to 8.04 and 7.48 to 7.68 during experimental year. At this stage soil pH was higher in
treatment T control and the treatments receiving soil and foliar application of different Zn
sources with recommended NPK than the treatment receiving vermicompost with
recommended NPK during experimental yearSoil pH was found slightly more in the
treatment T control and followed by the treatments receiving soil and foliar application of
different Zn sources with recommended NPK than the treatment receiving vermicompost
with recommended NPK experimental year. A slight depression in pH from initial to harvest
was noticed in all the treatments. However, the treatments with combine use of vermicompost
and recommended NPK showed more depressing effect on soil pH as compare to balance
inorganic fertilizers alone. Among the inorganic fertilizers the magnitude of reduction was
same but among the combine use of vermicompost and recommended NPK reduced more pH

as compare

irorga_nic fertilizers. Application of nitrogen and zinc sulfate could not produce
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any remarkably variation in soil pH. The results agree with the findings of Diwakar et al.,
2004, Minhas and Mehta, 1984, Alok Kumar and Yadav, 1993.
4.1.4.9 Soil EC

No significant change was noticed in electrical conductivity of soil at all the stages
due to application of different treatments. However a slightly decline trend in soil EC was
observed with the crop growth advancement. In general EC of soil ranged between 0.34 to
0.38 and 0.31 to 0.35 dS m™ during the entire crop growth period.

No significant change was noticed in the EC under diffefent treatments. This might be
due to no improvement in ionic concentration of soil solution due to ionization of NPK
fertilizers & mineralization of organic matter .Since it was short (one season) study, the
significant changes due to addition of organics could not be expected. Yadav and Chhipa
(2007) and Vijayashankaret al. (2007) had also recorded non-significant changes in soil EC
with the application of organic manures.

Available nitrogen (kgha-1) It is apparent from the Table that the nitrogen availability in
soil at harvest stage was influenced significantly by different treatments during both the
~ years. The highest nitrogen availability 228.36 and 241.44 kg ha-1 during experimental
yearwas found in T2 while minimum 195.52 and 208.89 kg ha-1 during experimental yearin
T1 . Availability of nitrogen in soil under T2 was significantly higher than the rest of the
treatments during experimental year. Nitrogen availability did not differ significantly with the
application of different sources of zinc during both the years. Similarly the nitrogen
availability in soil did not differ signiﬁcantly among the treatments of methods of
application.Nitrogen availability in T10 was also higher but not to the level of available
nitrogen recorded in T2 during both the years. This effect may be supposed due to lower
removal of nitrogen from

soil in T2 as evidenced by N removal by rice grain and straw. Addition of vermicompost
will enrich the soil nitrogen but in this treatment higher amount of nitrogen was removed by
crop therefore less was left in soil. In general lower amount of available nitrogen in soil in the
most of the treatments than T2 may be related with nitrogen removal pattern. Similar result
was recorded by Chandrapala et al. (2010) that the NPK+FYM application to rice crop
recorded significantly highest quantity of available soil N, P and K content after crop harvest.
Bairwa and Yadav (2017) reported that among the different recommended dose (RDF) of
NPK (nitrogen, phosphorus and potassium), application of NPK recorded significantly
nitrogen, phosphorus and potassium content in plant and availability in soil up to 125% RDF

(R3) during bgth, the years. The maximum contents in plants of nitrogen (2.35%, 2.43% and
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2.39%), phosphorus (0.34%, 0.35% and 0.32%) and potassium (1.54%, 1.61% and 1.58%)
and as well as availability in soil of nitrogen (88.62, 92.00 and 90.31 kg ha-1), phosphorus
(24.95, 27.90 and 26.43 kg ha-1) and potassium (231.93, 232.90 and 232.41 kg ha-1) were
observed in the treatment of 125% RDF (R3).

Available Phosphorus (kgha-1) in the Table shows that the phosphorus availability in soil
at harvest stage was influenced significantly by different treatments during both the years.
The highest phosphorus availability 25.17 and 26.29 kg ha-1 during experimental yearwas
found in T2 , while minimum 13.08 and 14.28 kg ha-1 during experimental yearin T1 .
Availability of P in soil under T2 (100% RDF) was significantly better than all the zinc
applied treatments during experimental year. P availability did not differ significantly with
the application of different sources of zinc. Similarly the P availability in soil did not differ
significantly among the treatments of methods of application. Phosphorus availability in T2 -
and T10 was also similar during both the years. The availability of P high in T12 treatment
due dissolution of mineral P in soil and vermicompost also produce the deferent organic acid
which help in reducing pH of the soil and also help in solubilise the insoluble P in soil.
Shanmugam and Veeraputhran (2001) also noted that application of 187.5 kg N + 25 kg
ZnSO4/ha significantly increased available N, P, K, Zn, and organic carbon. some
researchers have reported that organic matter enhances available P and indirectly hinders the
pre- cipitation of phosphate, which is unavailable to plants, in the pH range of 6-9 (Mkhabela
and Warman, 2005). Available potassium (kg ha-1) It is apparent from the Table that the
potassium availability in soil at harvest stage was influenced significantly by different
treatments during both the years. The highest K availability 260.54 and 259.22 kg ha-1
during experimental year was found in T2, while minimum 222.79 and 228.30 kg ha-1 during
experimental year in T1 . Availability of K in soil under T2 was significantly better than the
treatments T1, T3, T4, T6, T7, T8, T9 and T10 experimental year. K availability did not
differ significantly with the application of different sources of zinc. Similarly the K
availability in soil did not differ significantly among the treatments of methods of application
with exception of T5 and T1o. Availability of K in soil under T2 was significantly better than
the treatments T3 , T4 , TS5, T6 , T7 and T9 during experimental year. K availability did not
differ significantly with the application of different sources of zinc similarly the K
availability in soil did not differ significantly among the treatments of methods of application.
Table :Effect of different sources and application mode of zinc on available

nitrogen,phosphorus , potassium (tha'l) and pH and EC (dSm'l)at

hayvesting in soil \l/

airman
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Treatments | Nitrogen | Phosphorus | Potassium | pH EC dSm™
At At halivest At At harvest | At harvest
harvest harvest

T 208.89 14.28 228.30 7.68 0.41
T, | 24144 26.29 259.22 7.51 0.43
T3 220.08 20.70 232.33 - 739 0.47
T4 213.01 19.37 237.70 7.65 0.44
Ts 226.36 1771 240.63 7.57 0.42
Ts 224.13 18.49 242.85 £33 0.45
T, 223.05 18.93 240.10 7.60 0.44
Ts 227.26 21.02 248.77 7.60 0.43
Ty 219.69 16.0 238.12 7.68 0.40
Tio 231.99 22.26 245.97 7.66 0.43
SE (m) 1.84 141 4.71 _ i
CD(p=0.05) 5.44 4.17 13.90 N.S N.§

Conclusion .

On the basis of the results obtained from two year experimentation it is concluded that the
application of organic source in rice can supplement the zinc nutrition. The cost of cultivation
with the use of organic may be comparatively higher but to some extent it will also replenish
the deficit nutrients and therefore tlie soil health will be maintained. Although the use of
100% NPK and micronutrient mixture is commonly recommended for transplanted rice but
the study shows that the application of zinc sulphate at the rate 25 kg ha'lis equally good and
effective. Among the different zinc sources zinc sulphate is the best source. The soil
application of NPK and zinc was found best method for application than foliar.

%;irman ,
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M MEXS Approved by UGC, NCTE and Affiliated to MS University, Saharanpur
Dated- 11/08/2023
To
Director ‘

Bindals Papers Mills Ltd.
Muzatfarnagar

Subject- Acceptance letter for the proposal for a project

Dear Sir |

Lam beyond excited to write this response to your offer and firstly I would like to pay my
gratitude on behalf of our department for having faith in our organization and sending us
an offer. Bindals Papers Mills Ltd. has earned a big name in the marketplace having
dedication in the field of paper industry and we are glad you have reckoned it.

As T have reviewed ‘your offer thoroughly and discussed with my superiors and we
believe it is quite smoothly crafted. All the details are compatible with t}le service we can
provide thus we shall carry it out the way you want. For the successful completion of the
project please sanction the required amount Rs.155000. so that the work can be started |
within time. None the less, we would also like to bring this into your attention that all the |
proposed methods are subject to change as per the situation. However, our team will

make sure to inform you prior to any amendments.

Hoping for a healthy relationship.

Ankush Rawal

\ 'L/ Assistant Professor
Co- L

di!’laf()r X s ‘ .
o t
IQAC, shyi Ram College Department of Business Adminis Mti(&x/ |
Uzaffarnagas 4 Chairman
IQAC, Shri Ram Collene

Muzaffarnagar ‘
|

Contact @ 7351335577, 7088013161, 70880:13163 |
Website : www.srgemzii.com E-Mail : src.naac@gmail.com




Shri Ram College, Muzaffarnagar

Department of Business Administration
Industrial Project for Bindals Papers Mills Ltd, Muzaffarnagar titled

“The impact of marketing communication on consumer brand loyalty of Bindals Papers
Mills”

SUMMARY REPORT
INTRODUCTION

-In today's competitive marketplace, the role of effective marketing communication in shaping
consumer brand loyalty cannot be overstated. This study explores the impact of marketing
communication strategies on consumer brand loyalty for Bindals Papers Mills Ltd, a prominent
entity in Muzaffarnagar known for its paper products. Understanding how marketing
communication influences consumer behavior and loyalty is crucial for companies striving to
maintain and expand their market share. Bindals Papers Mills Ltd operates in a dynamic
environment where consumers are inundated with choices. Effective marketing communication
strategies can differentiate the brand, enhance consumer perception, and ultimately foster long-
term loyalty. Muzaffarnagar, with its diverse consumer demographics and competitive
landscape, provides an ideal setting to examine these dynamics.

Key factors influencing consumer brand loyalty include brand awareness, perceived brand value,
trust and credibility, customer engagement, brand image, and retention strategies. Through
targeted marketing communication efforts, Bindals Papers Mills Ltd aims to not only attract new
customers but also cultivate a loyal customer base that repeatedly chooses its products over
‘competitors. This study employs both qualitative and quantitative research methods to explore
how various marketing communication channels—such as advertising, promotions, public
relations, and digital marketing—impact consumer perceptions and behaviors in Muzaffarnagar.
By analyzing consumer feedback, survey data, and sales trends, this research aims to uncover
insights into the effectiveness of different communication strategies in building and sustaining

brand loyalty.

Ultimately, understanding the relationship between marketing communication and consumer
brand loyalty for Bindals Papers Mills Ltd in Muzaffarnagar will provide valuable strategic
insights. These insights can guide future marketing initiatives and help the company strengthen
its competitive position in the local market while fostering enduring relationships with its

customer base. . ” o
U o
CodoNiindfor i RBY at
QAC, Shrikam College \thwa«amag

Muzaffarnagar



Bt ki, Bhopa Road, Muaaffdmag'
Tel. .91 131 L468’381

17/08/2023

To,

Mr. Ankush Rawal

Assistant Professor, Department of Business Admlmstratlon
Shri Ram College, Muzaffarnagar

Subject: Sanction of Funds for Project on “The impact of marketing
communication on consumer brand loyalty of Bindal Papers Mills”

Dear Sir,

With reference to our offer letter dated 26/07/2023 and your accepted letter- dated
11/08/2023, we are herewith sanctioning an amount of Rs. 155000/~ for the above
mentioned Project under Corporate Social Responsibility (CSR) head.

You are requésted to carry on the work. All terms and conditions mentioned in our earlier
letter shall be applying to this project. e

Thanking You
Yours faithfully
For Bindal Papers Mills Limited
(Mq;;&m indal)
N

Enclosed: As above.

Director:
Date: 17/08/2023 T
/ |QAC, ShriRam Cnlln7s, ,.

Co-ordinator
|QAC, Shri Ram College
Muzaffarnagar

| Marheting Offica : 2120Agganwal Gity tall, rmad'No:drl Near < .Clnema Fitampura;; Balhi»ﬂﬁ()ﬁtl IND!A 5 :
Tal.» #8111 7837700 » Fax‘ *Q1-14-4783FFTT ¥ Esmail imarke[mg@bludalpaper'; oM AR R

Kogd. Office : NP:A51-6, Maurya Enclave;. Pitampum, Dol 110066, INDIA o



felu.

Derail of sanction

i

Utilization Certificate

i of Fund with Amount

' Project name and
' Duration

| communication on

: consumer brand

loyalty of Bindal

Paper Mills Ltd, Mzn
Dz

. Fund- 17-08-2023 as

per Sanction Letter

i

| 3 months project 155000.00 /-
I on The impact of
' marketing

ite of Sanction of

TOTAL 155000.00/-

siinds of checks exercise-

Checking of cash book
Checking of payment vouchers,
Checking of salary register.
Checking of expense bill.

1
2

L

I

for Shii Ram College

Secretory

Date: 05-03-2024
i’lace: WMuzaffarnagar

A

> B

\

Co-orcﬁnator
C., Shri Ram College
Muzaffarnega‘r

It is Certified that out of Rs. 155000.00/- (One
Lacs fifty five Thousands only) of grants
sanctioned by Bindal Paper Mills Ltd,
Muzaffarnagar during the year 2023-2024 in
favor of Shri Ram College, Muzaffarnagar, 3
sum of Rs. 155000.00 has been utilized for the
burpose of the project for which it was
sanctioned and that the balance of Rs. Nil
remaining unutilized at the end of the year has
been surrendered. The Extra amount (If any) is
met out by Shri Ram College. ' |
2. Certified that we have satisfied our self that
the conditions on which the grant was
sanctioned have been duly fulfilled/are being
fulfilled and that we have exercised the
following checks to see that the money was
actually utilized for the purpose for which it was
sanctioned.

Chéirman
IQAC, Shri Ram Collega,
Muzaffarnagar

é



RESEARCH OBJECTIVES

e To guide future marketing communication strategies that can strengthen brand loyalty,
improve customer retention, and drive sustainable growth in Muzaffarnagar and beyond.

e Pinpoint weaknesses or gaps in the marketing communication strategy that may be
hindering brand loyalty.

e To explore how customer engagement initiatives, such as social media interactions,
customer service quality, and loyalty programs, contribute to enhancing brand loyalty for
Bindals Papers Mills Ltd.

NEED FOR THE STUDY

Through executing a study on consumer brand loyalty, Bindals Papers Ltd. is able to have a
comprehensive understanding of people's familiarity with their products. Knowing this allows
them to evaluate the effectiveness of their marketing strategies and highlight any areas that might
require improvement. It also assists them in making well-informed decisions that improve
customer service, and it's an exciting journey towards growth and client happiness.

RESEARCH METHODOLOGY ‘

Sampling: The sample of 110 consumers selected from Muzaffarnagar, Haridwar, Rorrkee
Shamli, Saharanpur and Meerut districts by using simple random sampling method.

Tools used for the study: The study is carried out with the help of both primary and secondary
data. Primary data was collected through well-structured questionnaire provided to the
consumers. Secondary data was collected from internet, Journals, and articles.

r

XM Chairman
Co-drdinator

IQAC, Shri Ram Cellage,

IQAC, Shri Rim College Muzaffarnag:o:
Muzaffarnagar

DATA ANALYSIS AND INTERPRETATION
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DATA ANALYSIS AND INTERPRETATION

1. Age

£ 15-20
£20-25
"125-30

# above 35

33% were of the age between 25-30, 32% were of the age between 20-25, 23% were of the age
between 15-20, 12% were the age of above 35.

2. Gender

7 Male

Female

haitman
\QAC, Shri Ram Cole7s,
pMyzatiarnags

IQAC, ShriRam Colilege
Muzaffarnagar



3. Qualification

# Up to HSC
¥ Graduation
1 Post Graduation

# llliterate

35% people were educated upto HSC, 31% people were educated to post graduation, 20% people
were educated to graduation, 14% people were illiterate.

4. Marital Status

¥ Married

# Unmarried

68% people were married and 32% people were unmarried.

)

&gairman
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5. Have you heard of Bindal Papers Mills? If yes, how did you first become aware of the
brand?

# Advertisement
# Recommendation
& Self Exploration

YouTube

34% people were aware by self exploration, 23% people were aware by advertisement, 23%
people were aware by recommendation, 20% people were aware by youtube.

6. How would you rate your overall awareness of the Bindal Papers Brand?

@ Very low
# Low
# Moderate

% High

Very high

25% people were high, 25% people were very low, 21% people were low, 20% people were
moderate, 9% people were very high.

/
F./

Chairman
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7. Do you agree the prices of the Bindal Papers Ltd products are fair?

@ Strongly Disagree
¥ Disagree

# Neutral

# Agree

# Strongly Agree

29% people were strongly disagree, 26% people were disagree, 18% people were strongly agree,
16% people were agree, 11% people were neutral.

8. What are the key factors that influence your decision to purchase paper products?

% Quality
# Price

# Environmental Impact

# Brand Reputation

32% people were influence by price, 31% people were influence by quality, 19% people were
influence by environmental impact, 18% people were influence by brand reputation.

\QAC, Shii Ram College,
Muzaffarnagar pMuzatiarnagaf




'QAC, Stri Ry

9. Which marketing channels do you find most effective in influencing your purchasing
decisions?

@Tv
% Print
# Social Media

7z Online

34% people were influence by social media, 24% people were influence by print, 22% people
were influence by online, 20% people were influence by TV.

10. Do you agree that Bindals Papers Ltd products have made a good brand image?

# Strongly Disagree
@ Disagree
# Neutral

% Agree

Strongly Agree

32% people were agree to the good brand image, 23% people were neutral to the good brand
image, 19% people were disagree to the good brand image, 17% people were strongly disagree
to the good brand image, 9% people were strongly dis agree to the good brand image.

\ /
Chairman
or

Colle IQAC, Shri Ram College, |
Mulaffamagar 9 Muzaftarmagar
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11. Do you agree that Bindals Papers Ltd products are chemical-free?

Yes

% No

59% people were agreed to chemical free, 41% people were not agreed to chemical free.

12. Have you faced any problem while using the product?

% Yes

#% No

50% people were faced the problem, 50% people were not faced the problem.

hairman

' [QAC, Shri Ram College,
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Muzaffarnagar : Muzaffarnagar



13. Have you ever considered purchasing paper products from a competitor?

% Yes

#No

71% people were not ready to switch Bindal Paper Product while 29% people were willing to
consider other compeititor products.

FINDINGS

e 33% were of the age between 25-30, 32% were of the age between 20-25, 23% were of
the age between 15-20, 12% were the age of above 35.

e 61% people were the male and 39% people were the female.

e 35% people were educated upto HSC, 31% people were educated to post graduation,
20% people were educated to graduation, 14% people were illiterate.

e 68% people were married and 32% people were unmarried.

e 34% people were aware by self exploration, 23% people were aware by advertisement,
23% people were aware by recommendation, 20% people were aware by youtube.

e 25% people were high, 25% people were very low, 21% people were low, 20% people
were moderate, 9% people were very high.

o 29% people were strongly disagree, 26% people were disagree, 18% people were
strongly agree, 16% people were agree, 11% people were neutral.

e 32% people were influence by price, 31% people were influence by quality, 19% people
were influence by environmental impact, 18% people were influence by brand reputation.

e 34% people were influence by social media, 24% people were influence by print, 22%
people were influence by online, 20% people were influence by TV.

e 32% people were agree to the good brand image, 23% people were neutral to the good
brand image, 19% people were disagree to the good brand image, 17% people were
strongly disagree to the good brand image, 9% people were strongly dis agree to the
good brand image.

e 59% people were agreed to chemical free, 41% people were not agreed to chemical free.

IQAC, Shri Ram College hairman

Muzaffarnagar |QAC, Shri Ram College,
Muzattarnagal



¢ 50% people were faced the problem, 50% people were not faced the problem.

* 71% people were not ready to switch Bindal Paper Product while 29% people were
willing to consider other compeititor products.

Conclusion

This study aimed to investigate the relationship between marketing communication strategies
and consumer brand loyalty for Bindals Papers Mills. The findings revealed a significant positive
impact of marketing communication on brand loyalty. Specifically, the study found that
advertising, sales promotion, and e-word-of-mouth (eWOM) all positively influenced consumer
brand loyalty. These results align with previous research demonstrating the effectiveness of
marketing communication in building strong brand relationships. By effectively utilizing a mix
of advertising, sales promotions, and eWOM, Bindals Papers Mills can strengthen its brand

positioning, increase customer retention, and ultimately drive long-term business growth.

SUGGESTIONS & RECOMMENDATIONS

0 In order to retain brand recognition, Bindal Papers might boost advertising efforts across many
media.

0 They are able to broaden their distribution channels.

0 They can keep up their efforts to foster and preserve favorable brand loyalty.

[J Bring initiatives into place to improve customer retention and loyalty.

U In marketing initiatives, draw attention to the special qualities of Bindal Paper goods.
U Review your pricing plan to stay ahead of the competition.

U To better understand consumer preferences and modify product offerings, conduct additional
market research.

"/
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ANNEXURE

QUESTIONNAIRE:

(a) 15-20 () (b) 20-25 () (c) 25-35 ( ) (d) above 35 ()

3) Gender

(a) Male ( ) (b) Female ()

4) Qualification

(a) Up to HSC () (b) Graduation ( ) (c) Post Graduation ( ) (d) illiterate ()
5) Marital Status

(a) Married () (b) Unmarried ()

6) Have you heard of Bindal Papers Mills? If yes, how did you first become aware of the brand?
(a) Advertisement (b) Recommendation (c) Self Exploration (d) YouTube

7) How would you rate your overall awareness of the Bindal Papers Brand?

(a) (1-5 scale), (b) (1 being low), (c) (5 being high)

8) Do you agree the prices of the Bindal Papers Ltd products are fair?
(a) Strongly agree () (b) Agree () (c) Neutral () (d) Disagree ( ) (e) Strongly disagree ()

9) What are the key factors that influence your decision to purchase paper products?

(a) Quality (') (b) Price () (c) Environmental Impact ( ) (d) Brand Reputation ()

S
Y
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10) Which marketing channels do you find most effective in influencing your purchasing decisions?
(a) TV () (b) Print () (c) Social Media () (d) Online

11) Do you agree that Bindals Papers Ltd products have made a good brand image?
(a) Strongly agree () (b) Agree () (c) Neutral () (d) Disagree () (e) Strongly disagree ()
12) Do you agree that Bindals Papers Ltd products are chemical-free?

(a) Yes () (b) No ()

13) Have you faced any problem while using the product?

(a) Yes () (b) No ()

14) Have you ever considered purchasing paper products from a competitor?

(a) Yes () (b) No ()

o Co-0
‘QAC’ Shﬁ m Couege
Muzaffarnaga,




PROJECT COMPLETION REPORT

The project was funded by Bindals Papers Mills Ltd. Project was exclusively conducted for

Bindals Papers. The Company had paid Rs.100000/- in advance and remaining Rs. 55000/- after

the submission of the report. The project undertaken was started on 21/08/2023 and it was

completed on 24/02/2024. Seven students of BBA final year were involved to assist the principal

investigator throughout the project. They collected primary data through questionnaire and

14
assisted from starting to the completion of the project. Students were also provided with

reasonable stipend. People dedicated to the project were as follows-

Principal Investigator- Mr. Ankush Rawal (Assistant Professor Department of Business

Administration)

SN | Roll Number Name of the student | Remuneration (in | TA

Rs.) (In Rs.)

1 200855105029 AYUSHI GARG 7100 1800

2 | 200855105050 | HARSH BANSAL 7100 1000

3 200855105075 | MEGHNA GAGNEIA 7100 1800

4 200855105064 | NAINA RANA 7100 1500

5 |200855105138 | SATYAM TYAGI 7100 1500

6 | 200855105092 NANDINI SHARMA 7100 1700 |
7 200855105057 ISHA 7100 2000

8 | 200855105143 | SHEKHAR GUPTA 7100 1400

9 |200855105178 | VIKAS VERMA 7100 1550

10 [200855105163° | TANISHA BHATNAGAR | 7100 1200

11 | 200855105177 VIGAM TOMAR 7100 1600

12 | 200855105179 VRINDA TYAGI 7100 1900

13 | 200855105155 SOMYA ARORA 7100 1500 i
14 200855105153 | SHUBHAM SINGHAL | 7100 1600

15 | 200855105144 SHIPRA 7100 1750

16 | 200855105125 | RIYA GOEL 7100 1600

17 | 200855105115 RAMAN KUMAR 7100 1400

\ Total 120700 26800
\ ¢
Colprdinator hehrman
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Remuneration Paid

Rs. 120,700
Travelling Allowances Paid Rs. 26800
Miscellaneous expenses Rs. 8050

Total

Rs. 155550/-
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Ankush Rawal

Principal Investigator to the Project
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To Date: 21/08/2023 - }
The Principa |
Snri Ram Collzge ,

Muzaffarnagar

Subject: Request for Prop

|
osal (RFP) tor Wek.cite De selopment for [IMT College, i
Saha e '

I hope this message finds you well. On behalf of [IMT Col

lege Saharanpur, I wish to
lopment services as w

e are looking to design and develop a new

inguire about your web deve
website for our college.

op @ modern, user-friendly, and responsive website that will serve as
© o our college. The website will cater to g variety of audiences,
¢ stirdents, curren students, faculty and other stakeholders. Thn primary
rectives of the vwebsite are ac foliows — '

)

¥
%

1. Shewecasizs our Tolt

je it webs'te s shouid o
history ard -

ok oofet oo with ¢ . :phasis -
GCas Bmic community
pecienc . /e are looking f clean, intuitive design that prioritizes
n, mobile ‘eésponsiveness, and an actessible user experience for al] visitors. 1
lequire:nents: The website should include featyre such as — ' |
. Admission Portal with onlie apolications and forms

b, Acaiemic program details, course catalogs, and facy
e News and everts section for

sict our college’s values mission,
1 engaging prospective st 1 »ntg and

enbancing, Lor putade s iy
4. Enhapeing User Ex
€asy navig:.
X Functionaliy

Ity directories.
boih the college community and prospective

sisdents,

4. Placz.oens recorvs,

4. Couien

b Managemeny syvstem {CMS): We require an easy 1o use CMS that will allow
DUk igam w wly update the website with new conient, event and announcements.
5. Security and Performunce: The Web be secure, optimized for speed,

i

site must

scalable for future growth.

r} Ram College,
Co-oxdirator _ \QAC‘.\&uzaﬂamagar
IQAC, Sohri Ya:n College
Muzaftarnagar

7880€99 ]
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Proposal Submission Requireraents:
We kindly request that your proposal include the following:

1. Project Plan & Timeline: A proposed timeline for the website design and development
process, including milestones for review and feedback.
2. Cost Estimate: A detailed breakdown of the cost for the entire project, including design,
development, testing, and post-launch support/maintenance. _
3. Support & Maintenance: Information on the type of ongoing support you offer after the
website is launched, including costs for maintenance.
4. Team Members: Details about the project team, including their experience and roles in
“the website development process. '
5. Portfolio: Examples of similar projects, including live links to websites you have
developed for other clients. '

Proposal Deadline:

Please submit your proposal to us by 01/09/2023. We plan to review all proposals and select a
vendor by 11/09/2023. If you have any questions or need additional information, please do not
hesitate to contact us.

- Contact Information;

+ onisci Person: Mr. Vikes Sharma
= Emad: vikas mea 2791 @gmail.com
+ Phone: 7983188688

We look forward to reviewing your proposal and exploring the opportunity to work together to

create an exceptional website for IMT Saharanpur. %
Thank you for vour time and con s'deration. i i
hairman 6ge
(QAG, Shri Ram Colieg®:
Wuzaftarnagal
Regards,
3 N/ /
(Dr.Mnju Walia)
Principal

- Co-\sﬁé'm#ior
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Muzaftarnagar



Approved by UGC, NCTE and Affiliated to MS University, Saharanpur |
Muzaffarnagar - 251001, NCR (U.P)

To Date: 04/09/2023
The Principal

IIMT College

Saharanpur

Subject: Response to Request for Proposal (RFP) for Website Development for [IMT College,
Saharanpur

Dear Madam,

Thank you for considering Shri Ram College, Muzaffarnagar for the development of IIMT
College’s new website. We are excited to have the opportunity to submit our proposal in
response to your Request for Proposa: (RFP) for the design, development, and deployment of a
modern, user-friendly, and responsive website for your esteemed institution.

We have carefully veviewed vour requirements and are confident that our expertise in web
development, combined with our understanding of the educational sector, positions us to deliver
& hish-gustity solution raiiored o 11MT College’s needs. ‘

Propasal Overview

At Shri Ram College, Muzaffarnagar, we specialize in creating custom websites for
educational institutions, focusing on both functionality and aesthetics. Our proposal outlines how
we intend to meet the objectives defined in your RFP, and we are excited to collaborate closely
with your team to deliver a website that will elevate the digital presence of IIMT College.

Our Approach

1. Design and Development: We will create a fully customized design that reflects the
values and branding of IIMT College, ensuring .a modern, visually appealing, and
accessible website. Our taurn will work ciosely ‘vith your stakeholders to ensure the
design meats the spreific renids of students, fac liy, and other visitors.

2. Responsive Design: The website will be designed with a mobile-first approach, ensuring
that it is fully optimized ic: desktops, tablets, and smart phones. We will make sure that
the site adapts seamlessly across different devices, providing users with a consistent
experience. -

3. CMS Integration: We shall provide a control panel for ease of content management.

This will allew your staff to easily update pages, news, events, and annguncements
without gduuitimg(tnchnical expertise. hairman

IQAG, Shri Nem College © |QAC, Shri Ram Co

llege.
|
Muzaffarnagar o _Muzaﬁamagaf

Contact @ 9927028908, 9927011422
‘Website : www.srgcmzn.com E-Mail : s t_mzn@rediffmail.con



4. Key Features:

We will devel. ¢ tae tolicrvin key fearures for ta2 website:
o Academic Jrograw Pages: Detailed descriptions of each program with

admission guidelincs.

o Admissions Portai: A streamlined admissions form and detailed information for

prospective students.

o Research Portal: Secure access to resources, grades, schedules, and notifications.

o O

o]

News and Kvenis: An interactive ever is calendar and news section.
Placement: A searchable database for faculty profiles.
Contact Fo.ms & Social Media Integration: Easy access to contact forms and

integration with IIMT’s social media platforms.

i}

5. SEQ and Periormiauce:

The website will be built with search engine optimization (SEO) best practices in mind to-
improve visibility in search engines. We will also ensure that the website loads quickly
and functions smoothly, providing an optimal user experience.

6. Training and Support:

Once the website is developed, we will provide comprehensive training for your team to
manage «od Lrd e e e v a the CMS. Additic dly, we offer post-launch support to
handle any upcates, ortneshooting, or enhancemants.

Project Timeline:

o Phase | Timeline Description

« Oriscovery & Planning Zweeks | Initial meetings, gathering requirements, defining

" scope. |

| Design Phase 4 weeks Developing wireframes and design prototypes.

| Development Phase 5-7 weeks | Front-end and back-end development of the website.

_‘ Content Integration Phase 1 week Inserting content and finalizing website structure.,

- Testing & QA Phase 1 week Conducting usability testing, bug fixing, and

; optimization.

| Deployment Phase 1 week Website goes live and post-launch monitoring begins.

Total Daration: Approximately 14-16 weeks from project initiation to final launch.

Cost Estimate;

| Services

?

| Cost

Design Phase

| Ul Design

Rs. 22000 - 30000

Graphic Elements and imagery

Rs. 18000 - 22000

| s Development Phase

Content Managerient System {CMS) Integration Rs. 21000 - 24000

| User Authentication and Profilas

Rs. 10000 - 14500

I News and Events System

Rs. 9500 - 10500

Online Ferms and Applications

Rs. 14000 - 17000

Testing Phase

Quality Assurance

| Rs. 14000 - 17060

n Miscellaneous -
CWW Y
Yeam College _Shrl Ram
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Domain and Web space

| Rs. 10000 - 13000

? ‘Contingency
Contingency Fund ‘ Rs. 10000
Total Estimated Budget
Low-End Estimate Rs. 128500
| High-End Estimate Rs. 158000

Timeline:
A, Planning Phase 7 Vyeaks;:
> Project Kickof:

>aTine project scope. ¢ jectives, and requirements.

Identify key stakehoiders and establish communication channels.

» Research and Analysis:

Conduct a comprehensive analysis of the existing website.

Gather requirements from different departments and user groups.

8. Design Phase {4 Weeks):
» Ul Design: v
Develop wireframes and prototypes.

Collect feedback and iterate on design concepts.

» Graphic Elements and Imagery:

Procure or create necess: ry graphic elements and high-quality images.

C. Developnant ?.es B-7 Watas):

“nisleient and custor e the CMS.
» User Authentication and ?rofiles:

want Marage-a2rt Sys:um (CMS) Integration:

Develop and integrate user authentication features.

» News and Events System: .
Implement an interactive calendar system.
7 Online Forims and Applications:

Digitize and streamline various forms and applications.

D. Content integration {1 week):
> Inserting content
» Finalizing websize structure

E. Testing & DA Foae L Weerp:
7 Quelity Assuranc.
Conduct thorough testing and debugging.
»> User Acceptance Testing (UAT):

IQAC, Shri Rim College
Muzaftarnagar
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Involve «takay 2ldw s AT to anisure the sy st2m meets _expectations.'

F. Deployment Phase <1 Week!.
» Launch Preparatiosn:
Finalize server configurations and deploy the website to a staging environment.
> Training: )
Train content managers, administrators, and end-users.

» Launch:
Deploy the website to the live environment.

G. Post-Launch Phase {Ongoing):
> Monitoring and Optimization:
Monitor website performance and user feedback.
Implement optimizations as needed.

Next Steps

i vou are intercgied in moving frivard with our proposal, we would be happy tc schedule a
mieeting or call to discuss any questions you may have and fine-tune the details of the project.
Please feel free to reach out to us:

Contact Information: .

o Contact Person: Mr. Sanjaykant

o Email: sanjaykanttyagi@gmail.com

o Phone: 84457447163

We are excited about the possibility of collaborating with IIMT College, Saharanpur, and look
forward fo your feedback. »
Thank you for considering Shri Ram College, Muzaffarnagar for this important project.

@t
Regards “e“mm CO\\ege '
\
\Qhe MU aflarn2®
{Dr. Prerna Mittal) .
Principal

Co-0 t
1QAC, ShriR College
Muzaftarnagar
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Institute of Management & Technology

To

The Principal

Shri Ram College

Muzaffarnagar.

Subject: Acceptance of Website Development Proposal

Date: 12/09/2023

Dear Sir/ Madam,

I'am pleased to inform you that IMT College, Saharanpur has reviewed the proposal for the
website development project, and we are excited to accept your proposal. We believe that Department

Of Computer Application, Shri Ram College is the ideal partner to bring our vision to life, and we are
eager to commence the project.

Key Points of Acceptance:
> Project Commencement:

We agree to initiate the website development project on 18/09/2023 as outlined in your
proposal.

> Payment Terms:

We acknowledge the estimated cost of Rs, 145000 for the project and agree to adhere
to the proposed payment schedule. -
> Collaboration and Communication:

We are committed to providing all necessary information and resources promptly to
ensure the smooth progress of the project. Effective communication will be maintained.
throughout the development process.
> Timeline: .
We understand and accept the proposed timeline for
weeks,

Point of Contact;

project completion, targeting 14 to 16

Mr. Vikas Kumar, shall be the point of contact for all necessa
{Contact No: 7983188688)

We are confident that your team's expertise and dedication will result in a website that meets
and exceeds our expectations. We appreciate your commitment to deliverin
and we look forward to a successful collaboration,

ry communications in this regard

g a high-quality product,

Please share any additional details or documentation required to formalize the agreement. We ’
are ready to proceed with the next steps outlined in your proposal. #

y
A
Thank you for the comprehensive proposal, and we are excited about the journey ahead% #

N7 //
N7
Regards,

(Dr, Anju Walia)
'QAC, Shii Rar, Callage NETRan
Muzaffamagar icAC(Shri Ram Coliege,
Muzaffarnagar

"~ Near Sidki Chauraha, Muzaffarnagar-Dehradun Highway, Saharanpur (U.P.) | Call : 9012400089, 9927880086, 3927380059




Statement of Expenditure

Project Title g Website of IIMT College, Saharanpur
Project Duration : 18-Sep 2023 to 01-Jan 2024

Services | Expenditure
Design Phase
Ul Design Rs. 27000
Graphic Elements and Imagery Rs. 19000
Development Phase
Content Management System (CMS) Integration Rs. 21000
User Authentication and Profiles Rs .14500
News and Events System Rs. 9500
Online Forms and Applications Rs. 17000
Testing Phase
Quality Assurance Rs. 16500
Miscellaneous
Domain and Web space Rs. 10500
Travelling Exp., System Maintenance & other Contingency Rs. 10000
Total Expenditure Rs. 145000

Approved By

A /‘
e

: (Dr. Pdrad Mittal)
IQAC, Skingipm Coliege,
Muzaffarnagar



Utilization Certificate

S.0i.| Detail of sanction

|
I of Fund with Amount
| Projact name and

| Duration

1.1 3.5 months project 145000.00 /-
! on Website
' Development of

| 1IIMIT College,

‘Saharanpur

. Date of Sanction of

’ Fund- 12-09-2023 as

| per Sanction Letter
|
|

| TOTAL 145000.00/-

sanctioned.

‘unds of checks exercise-

Checking of cash book
Checking of payment vouchers.
Checking of salary register:
Checking of expense bill.

N e

Lo

s

Fur Shri Ram College

wecretary -,
Date: 08-01-2024
Place: Muzaffarnagar

mator

IQAC, Shri Ram College
fv’uza:’mmag&r

It is Certified that out of Rs. 145000.00/- (One
Lacs Forty five Thousands only) of grants
sanctioned by IIMT College, Saharanpur during
the year 2023-2024 in favor of Shri Ram College,
Muzaffarnagar, a sum of Rs. 145000.00 has
been utilized for the purpose of the project for
which it was sanctioned and that the balance of
Rs. Nil remaining unutilized at the end of the
year has been surrendered. The Extra amount (If
any) is met out by Shri Ram College.

2. Certified that we have satisfied our self that
the conditions on which the grant was
sanctioned have been duly fulfilled/are being
fulfilled and that we have exercised the
following checks to see that the money was
actually utilized for the purpose for which it was

Ch atants
5
{ W ¥
' i ;
1 =
3 &
I s

NG ACL.-' -A,_e‘ .
FT==Proprietor

Chairman
IQAC, Shri Ram Colizge,
Muzaffarnagar



Progress Report _ |

I. Discovery & Planning Phase

(Website Development for IIMT College, Sabaranpur)
[18/09/2023 to 30/09/2023] - (2 Week)

» In view of transformative redesign of website for IIMT, College is to plan the development
of a new website. .

» Wir. Vikas Kumar provides the communication bridge to interact with all stakeholders to
gather information {iom differeni departments and user groups.

The project team consists oi the foliowing members:

Project Manager: Mr. Sanjaykant T'yagi
UI/UX Designer: Mr. Hans Tyagi
Web Developer: Mir. Vishiwas Sharma

in this phase we reviewed the following tasks:

» A review of the performance of existing websites
» A website content audit

-» OQutlining a top-level information architecture

» Outlining a Multi-layer information architecture

R,

» A content strategy and content guidelines

)

In order to effective the abeve regquirements e conducted comprehensive analysis
with pre existed website wnc ccl.cot real-time capabilities or access to current data. To enable us
to gather the insights required for this project, we developed a research plan desigazd to cover:
online information and stakeholde:s io produce qualitative and quantitative findings.

We used a range of research methods, including:

iy address

» Telephone interviews with stakeholders

» Surveys of various IIMT College audiences
» Review of IIMT college’s website analytics
» Review of existing documents

Detailed findings in the planning phase of this project are included in their relevant sections, but
some of our key points are as follows: '

» Stakeholders were less clear on other uses of the website or Portal.

Co-orgiator
IQAC, Shri Rim College”
Muzaffarnagar
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A large majority of website visitors are prospective students. They are drawn to course
pages on their first visit, and then subsequent visits are likely to incorporate secondary
information such as fee structure, courses, placements, and library.

Prospective students are ':zen to heo: from current students about their experiences of
[IMT Cuilege ard 1 2y exneat to find this content on the website. .

The IIMT Coliege cudisnce is likely to think of the content they need in terms of its
relationship to their role in the university — students will organize by Course and Student
Life, whereas staff will think of categories based on the internal structures they are aware
of.

The discovery of research methods aims:

VYV VYV

N

To Provide a user-friendly interface

To Develop a visually appealing homepage

To better define IIMT College audiences and their behavior

To identify IIMT College own desires and requirements for the website

To understand the competition and marketplace in which IIMT College operates
To identify potential challenges and opportunities

an
\-\a\":m coltege:

aps ﬂu‘:aﬁa‘“aga‘

Co\ﬁiﬂor
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2. Design Phase

(Web.site Development for IIMT College, Saharanpur).
[02/10/2023 to 28/10/2023] - (4 Weeks) ‘

»~ The design team visited the TIMT College on August 30, 2023 to initiate the design phase of
the website development of the college.

» Two meetings with the different stakeholders conducted with the help of Mr. Vikas Kumar.
The design team, led b, Mr. Sarjasvkant Tyagi, undertook the following activities:

> Conducted user research to understand preferences and expectations.
> Created wireframes and multi-layer architecture of the website pages.
»> Developed a comprehensive style guide including color schemes.

# Incorporated feedback from stakeholders and potential users.

The design team produced detailed wireframes and interactive prototypes for critical pages of the
website, including:

Home
About
About Us
Chairman Desk
Secietary Desk
Dircier Desk
‘Why IIMT'?
Infrasiructure
Facilities
Scholarships
Academics
Engineering & Technology
Polytechnic
Pharmacy
Basic Science
Management a'\{ma“(‘, o\ege:
Commerce ‘e She al
Computer Application \QAC ‘N\utaﬁamag
Edrication '
Ars ana Humasities

Co- qr
\QAC, Sr}r{:g\am College

yuzaftarnagar



Above multilayer architecture of the website were reviewed by the stakeholders and refined:

Admission
Aci.ssion Process
Online Registration

Admission Helpline
Placement
' Placement Cell
Placement Records
Research

Seminars and Workshops
News Gallery |
Events
Contact Us

based on feedback to ensure alignment.

A meeting hele with the important stakeholders o finalize the color scheme for the web
pages of wevsite. Some issties regarding quality of photographs also discussed in the
meeting.

Regular communication and collaboration occurred with Mr. Vikas Kumar to ensure a
seamless ftransition from design to implementation. Design specifications were
documented and shared to guide the development process.

Challenges encountered during the design phase included old/blurred images of institute
and other activities. Solutions implemented to send a professional photographer to
capture current images of your institute/activities then incorporate into the design of the
website. g

. ma“
m?‘v‘{am Colled®:

\QAC. nagal

muzaffa

Co-oNdAtor
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3. Development Phase

(Website Development for IIMT College, Saharanpur)
[30/10/2023 to 9/12/2023] - (6 Weeks)

» Development of the decided structure or multilayer architecture is started by the development
team on October 30, 2023. : § ‘ , 3

» They started implerent the design specifications, creete functional features, and ensure the
technical integrity oftae wekbsite. i

The development team undertook the following activities: ' ' |

¢ The website designed with the help of the frontend technology like HTML, JaVaScript &
NET. |
o Translated design specifications into code for the homepage and key content pages.

¢ Integrated interactive elements and functionalities based on approved prototypes.

o The database structure, using SQL Server, was implemented to support dynamic content
and seamless data management. 4

e Conducted regular code reviews and quality checks. . :
e Integration with the Content Management System (CMS) was successfully exscuted.

Key milestones achievec during i development phase inclhide:

¢ Homepage

o bl R

Co- ator : . \QAC.SN\ S

IQAC, Shri Rain College _ QR L zaffarnas
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. 4. Content Integration Phase

Website Development for IIMT College, Saharanpur)
[11/12/2023 to 17/12/2023] - (1 Week)

The Content Integration Phase for the IIMT College Website' is a critical step in the
development and launch of the site. This phase involves gathering, organizing; and implementing
all the necessary content elements to ensure the website is informative, engaging, and aligned
with the college’s goals and branding. Below is a comprehensive breakdown of the steps
involved in this phase. '

1. Content Inventory and Gathering

1. Review Existing Content: Begin by reviewing all existing content such as brochures,
pamphlets, course catalogs, presentations, and any online content.

2. Identify Gaps: Determine any missing or incomplete content that is required for the new
website. This may includs sdditional srogram details, academics, Admission, Placement,
research work, or student testirnonials.

3. Stakehoider Input: Engage with key stakeholders (e.g:, department heads faculty,
administration, students, alumni) to gather content relevant to their areas, such as:

o Course information ‘

o Acadeamics Information

o Pizeement Records

o Seminars and Workshops _
o Admission Information ' : :

4. Multimedia Assets: Gather images, videos, logos, graphics, and any multimedia content
required for the site. Ensure these assets are of high quality and formatted correctly.

2. Content Categorization and Structuring
{’ * Create Content Categories: Define the main content categories that will structure the
website. Examples might include:
o About Us: History, inission, values, leadership. etc. _
o Academics: Undergraduste and postgraduate programs, syllabus, admission
pracess, eic. » B
Admissions: Application process, eligibility criteria, fees, deadlines, FAQs.
Research: Ongoing research projects, publications, conferences, etc.
Placement: Events, clubs, fac'ilities,‘_student organizations, etc.
Contact Us: Contact forms, location map, office details, etc.

IQAC, Shrl Ram College,
Muzaffarnagar

MQAC, Shri Ram Collegé
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. S.Testing Phase

(Website Development for IV T College, Saharanpur)
[18/12/2023 to 24/12/2023] - (1 Week)

e We started the testing from December 18, 2023 of developed website outcomes for to
ensure the website's functionality & performance. :

e This phase was conducted in two modes; On-site testing and testing from the remote
locations to identify and rectify any issues related to functionality, performance, security,
and user experience before the website's launch.

® User acceptance testing was conducted in two phases to ensure that the website meets the
expectations of the end users. : -

4
: Chairman

¢ 'shri Ram College,

| Qaf( | 1O huzatarnager
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