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INTRODUCTION 

Commercially available zinc (Zn) fertilizers are manu-

factured and sold in several chemical compositions and 

physical properties, such as powder, granules and liq-

uids. These fertilizers vary in water-soluble Zn (WsZn) 

and have a variety of total Zn contents. The level of 

WsZn in a particular fertilizer is a reliable indicator of its 

availability to crops. Generally, it is suggested that the 

minimum level of WsZn should be 40 to 50% in Zn ferti-

lizers to support crop growth (Slaton et al., 2005). Sev-

eral studies have investigated the crop response to Zn 

sulphate varying in Zn content and water-soluble level, 

but these fertilizers are more expensive and less con-

centrated (Shahane et al., 2019). Comparatively, ZnO 

is cheaper and condensed but low in water-soluble Zn. 

The movement of Zn is diffusion-limited in soil, so more 

water-soluble Zn fertilizer allows faster displacement of 

Zn nutrients away from an application point (Mcbeath 

and McLaughlin, 2014). Although critics believe that 

fertilizers with low levels of water-soluble Zn steadily 

release Zn throughout the growing season, high levels 

of water-soluble Zn once again convert to unavailable 

Zn pools by precipitation to carbonates, oxides, phos-

phates, etc. (Zhang et al., 2017). Thus, the low use 

efficiency of applied Zn fertilizers continues to be a 
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challenge, particularly in the long term (Dinesh et al., 

2018). The use of soil microbes with multivariate quality 

could be one way to improve trace metal availability. To 

understand the nutrient mobilization of insoluble zinc 

(ZnO, ZnCO3, or ZnPO4) into the labile or available 

pool, several studies of coinoculation of microbes with 

Zn fertilizers have been conducted. However, the ma-

jority of the studies were conducted in pot experiments 

(Ramesh et al., 2014, Gandhi and Muralidharan, 2016 

and Dinesh et al., 2018). The biogeochemical cycling of 

zinc is intimately linked to the action of bacteria and 

metabolic processes (Costerousse et al., 2017). How-

ever, a key factor determining the success of these in-

oculation strategies includes the ability of the inoculated 

strains to colonize, survive, and mobilize trace elements 

under natural field conditions. Rice is the prime crop 

chiefly cultivated under moist and submerged condi-

tions in the field and severely affected by a low Zn sup-

ply (Naik and Das, 2008). In the submerged state, the 

concentrations of iron (Fe2+) and manganese (Mn2+) 

increased, while the Zn2+ concentration decreased as it 

adsorbed on the hydroxide of iron and manganese 

(Singh and shivay, 2015). Alloway (2009) reported that 

the formation of insoluble Zn compounds such as 

smithsonite (ZnCO3), sphalerite (ZnS), zincite (ZnO), 

franklinite (ZnFe2O4), and zinc hydroxide (Zn(OH)2) 

under submerged conditions affects Zn availability. This 

problem is more common under rice cultivation, as a 

report suggested that one-third of cultivable global soil 

is suffering due to low bioavailable Zn (Dinesh et al., 

2018). Moreover, paddy soils also experience low or-

ganic matter (OM) contents because of high tempera-

tures and moisture, which cause rapid decomposition of 

organic matter (OM) (Mohammad et al., 2005). In rice 

fields, the addition of OM under flood conditions leads 

to anaerobic decomposition and influences the metal 

distribution and phytoavailability to crops, as it forms 

complexes and chalets of varying stabilities with OM 

(Zhou and Wong, 2001). However, this may be a legiti-

mate argument that the mobility of metals increases as 

OM decomposition advances over time as a result of 

hydrolysis, oxidation and depolymerization (Martinez et 

al., 2003). No scientific data have peered at the applica-

tion of cow dung manure with microbial consortia and 

ZnO in rice crops to understand Zn availability. There-

fore, the experiment reported here was designed under 

the following objectives: i) to find the rice response to 

soluble and insoluble Zn sources combined with micro-

bial consortia and cow dung manure, ii) to evaluate the 

effect of microbial consortia and cow dung manure on 

Zn use efficiency, iii) to study the economics of the cost 

of cultivation of rice Oryza sativa L. cv. HUR105. 

MATERIALS AND METHODS 

The field experiment was conducted in kharif seasons 

for two consecutive years (2018 and 2019) at the re-

search farm of the Institute of Agricultural Sciences, 

Banaras Hindu University (BHU), Uttar Pradesh, India, 

located at 25°18’ north latitude and 83°03’ east longi-

tude. The experimental soil was sandy loam in texture. 

It had 176.4 kg ha-1 available nitrogen determined by 

the method of (Subbiah and Asija, 1956), 33 kg ha-1 

available phosphorus extracted by the method of 

(Olsen et al., 1954), 143.6 kg ha-1available potassium 

determined by the method of (Hanway and Heidel, 

1952) and 2.5 g kg-1 organic carbon determined by the 

method of (Walkley and Black, 1934). The soil was al-

kaline in nature (pH 7.3) and had 0.78 mg kg-1 DTPA Zn 

extracted by the method described by Lindsay and 

Norvell (1978). In North India, the critical level of DTPA-

extractable Zn for rice soil ranges from 0.38 to 0.90 mg 

kg-1 soil (Takkar et al., 1997). The experiment was con-

ducted in a randomized block design (RBD), with 

twelve treatments and three replications: T1: control 

(Zn0), T2: 12.5 kg ZnSHH ha-1, T3:  25.0 kg ZnSHH  

ha-1, T4: microbial consortia (ZSM) (Acinetobacter cal-

coaceticus  × Pantoea agglomerans), T5:  12.5 kg 

ZnSHH ha-1+ ZSM, T6:  25.0 kg ZnSHH ha-1+ ZSM, T7: 

4.9 kg ZnO ha-1 + ZSM, T8:  9.8 kg ZnO ha-1 + ZSM, 

T9:  14.6 kg ZnO ha-1 + ZSM, T10:  4.9 kg ZnO ha-1 + 

ZSM + 200 kg cow dung ha-1, T11:  9.8 kg ZnO ha-1 + 

ZSM + 200 kg cow dung ha-1 and T12: 14.6 kg ZnO ha-

1 + ZSM + 200 kg cow dung ha-1.  

iThe experimental field was disk-plowed twice, puddled 

once with a puddler in standing water and levelled. The 

Zn source ZnO  (zinc oxide) ZnSO4.7H2O (zinc sulpate heptahydrate) 

Total Zn (%) 82 31 
Water soluble % (w w-1) < 0.3 99% 

Microbes characteristics 

Bacterial spp. Acinetobacter calcoaceticus (ZnJ10) Pantoea agglomerans (ZnJ2A) 

Solubilization efficiency (%) ZnO 
(2000μg/ml) 

383 206.3 

National Center for Biotechnology 
Information (NCBI) sequence  
accession no. 

MT509803 MT509806 

Relationship Synergistic synergistic 

Table 1. Properties of selected Zn fertilizer sources and zinc-solubilizing bacteria 
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recommended dose of fertilizer (RDF) N: P2O5: K2O: 

120: 40: 60 kg ha-1 was applied uniformly in all treat-

ments through urea, di-ammonium phosphate (DAP), 

and muriate potash. Half of the doses of N and full dos-

es of P and K were applied at the basal stage, and the 

remaining half of the N was applied in two equal splits 

at the tillering and panicle initiation stages. All sources 

of Zn were applied as soil applications before trans-

planting (Table 1). For the application of ZSM, strains 

were inoculated in Bunt and Rovira broth and incubated 

in a rotary shaker (28±°C) for two days, followed by 

culture suspension dilution with distilled water to make 

up the bacterial population (~ × 108/109 colony-forming 

units/ml). After that, sticking solution (water + 10% (w/

v) jaggery + 10% (w/v) gum acacia) was prepared and 

mixed well with the microbial culture. During transplant-

ing, seedlings were dipped in microbial consortia for 

half an hour before. The selected chemical properties 

of zinc fertilizers and microbial consortia are presented 

in Table 1. 

The rice variety HUR-105 (Malviya Sugandha-105) was 

selected for study. Twenty-five-day-old seedlings were 

transplanted per hill at 20 cm x 15 cm in the second 

fortnight of July in both years of study. It is an aromatic, 

photoinsensitive variety with a strong aroma released 

from the Institute of Agricultural Sciences, Department 

of Genetics & Plant Breeding, BHU. At maturity, the 

rice was harvested plotwise, grains and straw of repre-

sentative samples of a particular treatment were col-

lected, and yields were expressed in qt ha-1. The bio-

logical yield was obtained by the addition of grain and 

straw yields and was expressed in qt ha
-1

. The harvest 

index (HI) of different cultivars was calculated as grain 

yield divided by biomass yield (grain yield + straw 

yield). 

Estimation of efficiency of applied Zn  

Different efficiencies of applied Zn were computed and 

expressed as proposed by Shahane et al. (2019). 

iPartial factor productivity (PFP) = (YZn)/Zna    ……Eq. 1 

where YZn is the grain yield (kg ha-1) in the Zn-applied 

plot and Zna is the zinc applied (kg ha-1) in the plot. 

Agronomic efficiency (AE) = (YZn − Yc) / Zna  ……Eq. 2 

iwhere YZn is the grain yield (kg ha-1) in the Zn-applied 

plot, Yc is the grain yield (kg ha-1) in the control plot (no 

zinc) and Zna is zinc applied (kg ha-1) in the plot. 

Recovery efficiency (RE) = [(UZn − Uc)/Zna] × 100 

……Eq.3 

iwhere UZn is the total Zn uptake (kg ha-1) in the zinc-

applied plot, Uc is the total Zn uptake (kg ha-1) in the 

control plot (no zinc), Zna is the zinc applied (kg ha-1) in 

the plot. 

Physiological efficiency (PE) = (YZn − Yc)/(UZn − Uc) 

……Eq. 4 

iwhere YZn is the grain yield (kg ha-1) in the Zn-applied 

plot, Yc is the grain yield (kg ha-1) in the control plot (no 

zinc), UZn is the total Zn uptake (kg ha-1) in the zinc-

applied plot and Uc is the total Zn uptake (kg ha-1) in 

the control plot (no zinc). 

Zn harvest index (ZHI) = GUZn / TUZn……Eq. 5 

where GUZn is Zn uptake (kg ha-1) in grain and TUZn 

refers to total Zn uptake (kg ha-1) in the grain and 

straw. 

Economics of rice 

The economics of rice was calculated based on the 

minimum support price (MSP) declared by the Govern-

ment of India (GOI) during both cropping seasons. The 

gross and net returns were computed based on grain 

and straw yield. Net income was calculated by sub-

tracting gross income and the total cost of cultivation, 

whereas the benefit-to-cost ratio (B:C) was computed 

by dividing the net return by the cost of cultivation. 

Statistical analysis 

Using the statistical software SPSS 16.0, the data from 

the experimental sets were analysed for ANOVA of 

randomized block design with twelve treatments and 

three replications. Tukey's honest significance test was 

used to compare pairs of means using least significant 

difference (LSD) values (P=0.05). 

RESULTS 

Yield attributing characters 

The yield-forming attributes of rice, such as panicle 

length (cm), filled spikelet panicle-1, fertility percentage 

(%) and 1000 grain weight, were significantly varied 

due to zinc fertilization, microbial inoculation and cow 

dung application (Table 2). In both years, rice crops 

respond more strongly to ZnO than ZnSHH. Panicle 

length (cm), filled spikelet panicle-1 and 1000 grain 

weight were found superior in treatment (T8) received 

9.8 kg ZnO ha-1  + ZSM, which was statistically compa-

rable with treatment (T6) - 25 kg ZnSHH ha-1  + ZSM, 

and treatment (T9) -  14.6 kg ZnO ha-1  + ZSM. Alone 

application of treatment (T3) - 25.0 kg ZnSHH ha-1  

produced significantly higher yield forming attributes 

than treatment (T2) - 12.5 kg ZnSHH ha-1 , which was, 

however, statistically comparable with treatment (T5) 

received  12.5 kg ZnSHH ha-1  + ZSM. It was observed 

that ZSM combined with Zn fertilizer improved the yield 

attributes compared with the individual application of 

Zn. All the treatments that received cow dung applica-

tion along with ZnO and ZSM significantly reduced the 

yield forming attributes except no. of unfilled grains. 

The reduction was maximum with treatment (T9)  14.6 

kg ZnO ha-1  + ZSM. 

Yield and economics of rice 

In both years, field experiments indicated a significant 

response up to 9.8 kg ZnO ha-1 , and these responses 
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varied according to the Zn fertilizers and different com-

binations with ZSM and cow dung (Table 3). Among the 

Zn fertilizer sources, ZnO was found to be superior for 

grain and straw yield in both years. Among the two dos-

es of ZnSHH, 25 kg  ha-1 increased grain yield by 12.9 

and 13.2%, while 12.5 kg  ha-1 recorded 5.5 and 5.3% 

yield enhancement over the control in both years, re-

spectively. Positive yield enhancement by applying 

ZnSHH and microbial inoculation was 19.1 and 18% 

and 9.9 and 11.6%, respectively. However, a maximum 

and significant yield was recorded with 9.8 kg ZnO ha-1  

+ ZSM, which increased by 19.3 and 20.2% compared 

with the control. Further addition of ZnO up to  14.6 kg 

ha-1 + ZSM (T9) reduced the yield but was statistically 

comparable to 9.8 kg ZnO ha-1  + ZSM (T8). These 

three treatments (T6- 25 kg ZnSHH ha-1  and T8- 9.8 

and T9-  14.6 kg ZnO ha-1 ) were found to be statistical-

ly superior and comparable to each other compared to 

the rest of the treatments. The beneficial action of mi-

crobial consortia was higher during the second year 

than in the first year, indicating that bacterial action was 

impeded as low rainfall and high temperature prevailed 

during the first cropping season. Cow dung application 

reduced the grain and straw yield in all the  treatments 

T10 – 4.9 kg ZnO ha-1 + ZSM + 200 kg cow dung ha-1, 

T11 – 9.8 kg ZnO ha-1 + ZSM + 200 kg cow dung ha-1 

and T12 – 14.6 kg ZnO ha-1 + ZSM + 200 kg cow dung 

ha-1 , but the reduction was greater with the treatment 

(T12) that received  14.6 kg ZnO ha-1  + ZSM + 200 kg 

cow dung ha-1. Nevertheless, compared to the control, 

the yield increased in the order of 8.3 & 12.7%, 14.6 & 

17.1% and 6.9 & 7.7% during both years, respectively. 

The economics of rice were calculated for both years, 

and maximum gross returns (87.01 and 94.30 ×103₹ ha
-1), net return (55.14 and 63.38 ×103₹ ha-1) and bene-

fit:cost ratio (1.73 and 2.05) were documented by treat-

ment (T8) - 9.8 kg ZnO ha-1  + ZSM , which was statisti-

cally comparable with T6 - 25 kg ZnSHH ha-1 + ZSM 

and T9 -  14.6 kg ZnO ha-1  + ZSM. Treatment T8 had 

23.9% and 27.8% higher gross and net returns than the 

control due to higher grain yields (Table 3). 

Zn nutrient use efficiency 

Zinc use efficiency (ZnUE) provides an integrative in-

dex that quantifies total economic output relative to the 

utilization of all nutrient resources in the system. The 

data associated with different Zn use efficiencies (PPP, 

AE, PE, RE and ZnHI) are presented in Table 4. The 

recovery efficiency of Zn fertilizer varied between the 

two sources and increased significantly with the treat-

ment (T10) 4.9 kg ZnO ha-1  + ZSM + 200 kg cow dung 

ha-,1   followed by the T7 -  4.9 kg ZnO ha-1  + ZSM 

treatment. Among the ZnSHH doses,  25 kg ZnSHH ha-

1  without ZSM increased the recovery efficiency. It was 

observed that as the fertilizer doses increased, the effi-

ciency decreased. The physiological efficiency of zinc 

indicated no significant difference between the two dos-

es of ZnSHH combined with ZSM, which showed that in 

both treatments, plants equally transformed Zn fertilizer 

into grain yield. However, among the ZnO sources, fer-

tilizer combined with cow dung and ZSM showed a low-

er efficiency of plants to transform Zn into grain, as de-

composition of organic matter into soil reduced the 

availability of Zn at an early stage of cropping. Agro-

nomic Zn use efficiency varied between 20.1 to 189.6 

and 28.7 to 180.0 (kg grain/kg fertilizer Zn) among the 

treatments in both years. A greater agronomic Zn use 

efficiency was recorded with the T6 -  25 kg ZnSHH ha-1  

+ ZSM treatment due to the greater PEZn in the ZnSHH 

treatments. The partial factor productivity(PPP) of Zn 

fertilizer increased with T3 - 12.5 kg ZnSHH ha-1  ap-

plied with ZSM (1762.2 & 1855.6 kg grain kg-1 Zn) and 

without ZSM application (1679.6 & 1733.3 kg grain kg-1 

Zn applied). However, a significant PPP was recorded 

among the ZnO sources with  4.9 kg ZnO ha-1  + ZSM 

and was comparable to T10 -  4.9 kg ZnO ha-1  + ZSM 

+ 200 kg cow dung ha-1. The zinc harvest index (ZnHI) 

varied from 15.89 to 32% and 16.68 to 33.96%, and the 

differences between the treatments were significant. In 

general, the ZnHI decreased as the fertilizer doses in-

creased. This ratio was greater for ZnSHH used without 

ZSM, while the application of cow dung with ZnO ferti-

lizer reduced the ratio of 15.89 to 16.68% in the treat-

ment (T11) of  9.8 kg ZnO ha-1  + ZSM+ 200 kg cow 

dung ha-1. 

DISCUSSION 

In India, ZnSHH is a highly consumable source of water

-soluble zinc fertilizer, which is recommended as 25 kg 

ZnSHH ha-1. In addition, the product is costly and con-

tains less Zn (31%). Nevertheless, ZnO is a compara-

tively avoided source of fertilizer and less experimented 

with under field conditions. The water solubility of ZnO 

is low and greatly influenced by the nature of the pro-

duce, method of application and recommended dose of 

fertilizer (Cardoso et al., 2021). The present investiga-

tion examines the effectiveness of two zinc sources 

with different water solubility levels combined with zinc 

solubilizing microorganisms (ZSM) and cow dung. The 

results of this study revealed that  treatment (T8) 9.8 kg 

ZnO ha-1 + ZSM  was superior among the treatments, 

while this dose was statistically comparable to T6 -  25 

kg ZnSHH ha-1 + ZSM . The positive effect of ZnO over 

ZnSHH might be the result of the comparatively low 

chemical transformation of ZnO compared to the latter 

under anaerobic conditions. Zhang et al. (2017) report-

ed that water-soluble Zn fertilizer tends to readily pre-

cipitate into insoluble compounds of smithsonite 

(ZnCO3), sphalerite (ZnS), zincite (ZnO), and zinc hy-

droxide (Zn(OH)2) and restrict the use efficiency to with-

in 2-3%. This finding was in line with Zhang et al. 
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(2017), who also reported that the extractability of zinc 

(Zn) decreases with time in soil, initially due to quick 

processes of outer- and inner-sphere surface complex-

ations or surface precipitation followed by a slower pro-

cess. However, many research studies supported the 

fact that ZnSHH was a more effective water-soluble 

source of Zn than ZnO at a lower dose; however, at the 

higher rate of application, these two sources proved to 

be equally effective. From comparative studies on Zn 

fertilizer effectiveness, a similar report documented by 

Mcbeath and McLaughlin (2014) reported that the plant 

zinc concentration was greater with ZnO than ZnSHH 

in durum wheat (Triticum durum L. cv. Yallaroi). In the 

present experiment, both sources were taken with a 

combination of Zn solubilizing microbes, which further 

quickened the solubilization process and increased root 

interception for translocation of zinc. Many experiments 

of bacterial zinc mobilization and positive effects on 

crops such as soybean cv. JS 95-60, durum wheat Trit-

icum turgidum durum) cv. HI 8691, and rice cv. kranti 

were reported by Ramesh et al. (2014), Gontia- Mishra 

et al. (2016) and Khande et al. (2017). The greater 

growth of rice during the second year is a result of fa-

vorable weather parameters, which leads to better 

growth and adsorption of nutrients in comparison to the 

first year. The positive effect of rainfall and other weath-

er parameters on rice growth and yield was reported by 

(Shahane et al.,2019) and (Shankar et al., 2013). The 

positive effect of zinc fertilization and microbial inocula-

tion on filled spikelet panicle-1, grain weight, panicle 

length and panicle-1 weight was previously reported by 

Shivay et al. (2015). The performance of different treat-

ments in terms of yield of rice crop was in the order of 

(T8)  9.8 kg ZnO ha-1  + ZSM > (T9) 14.6 kg ZnO ha-1  

+ ZSM > (T6) 25 kg ZnSHH ha-1  + ZSM > (T11) 9.8 kg 

ZnO ha-1  + ZSM + 200 kg cow dung ha-1  > (T3)  25 kg 

ZnSHH ha-1  > (T10)  4.9 kg ZnO ha-1  +ZSM + 200 cow 

dung ha-1 = (T7)  4.9 kg ZnO ha-1 + ZSM > (T12)  14.6 

kg ZnO ha-1  + ZSM +  200 kg cow dung ha-1 = (TT3)  

12.5 kg ZnSHH ha-1 > (T1) control (nil Zn) > (T4) ZSM 

only observed in present study. Shivay and Prasad 

(2012) examined the comparative effect of Zn sulphate 

and ZnO-coated urea at different levels of conc. and 

found ZnO as a good coating material because it is 

easy to handle, precisely sticks to urea and is required 

in lesser quantities. Furthermore, the addition of cow 

dung with variable doses of ZnO+ ZSM was examined 

in the present study. This combination markedly low-

ered the yield-forming attributes, and grain yield reduc-

tion was highly prominent, with (T12)  14.6 kg ZnO ha-1 

+ ZSM + 200 kg cow dung ha-1 . The detrimental effect 

of cow dung on crop growth was due to early decompo-

sition of organic matter, forming a number of complex-

es and chelates of varying solubility that reduced the 

soil solution concentration of Zn (Clemente et al., 

2005). In addition, it may also have a negative impact 

on microbial culture, which reduces its efficiency under 

field conditions. As the fertilizer dose increased above 

9.8 kg ZnO ha-1, a reduction was observed in rice 

growth and yield parameters during the present study. 

This may be attributed to the fact that Zn utilization effi-

ciency decreases as the fertilizer application increases 

per the law of diminishing return. Zinc use efficiency 

(ZnUE) provides an integrative index that quantifies 

total economic output relative to the utilization of all 

nutrient resources in the system. The recovery efficien-

cy of Zn fertilizer (REZn) is the increase in plant Zn 

uptake per unit Zn fertilizer applied (kg plant Zn/kg ferti-

lizer Zn). REZn varied from 3.57 to 11.9% among the 

treatments in the present investigation. The low recov-

ery of zinc fertilizer is due to rapid adsorption on cation 

exchange sites and clay minerals, which further slows 

its desorption (Mandal et al., 2000). Physiological Zn 

efficiency (PEZn) is the increase in grain production per 

unit increase in plant Zn uptake from Zn fertilizer (kg 

grain kg-1 plant Zn). This efficiency varied from 487.4 to 

2075.3 kg grain kg-1 Zn absorbed and 775.5 and 

2035.2 kg grain kg-1 Zn absorbed in both seasons in 

the present experiment, respectively, against the value 

of 473.0 to 824.1 kg grain kg-1 plant Zn reported by 

Shivay et al. (2014). 

Agronomic use efficiency of Zn (AEZn) expressed as 

the yield increase per unit Zn fertilizer applied (kg grain 

yield kg-1 fertilizer Zn). It varied from 20.1 to 189.6 kg 

grain kg-1 Zn for the first season and 28.7 to 180 kg 

grain kg-1 Zn in the second season, in contrast to the 

212 to 311 kg grain kg-1 reported by Shivay and Prasad 

(2012). The economics (×10
3
₹ ha

-1
) of the present 

study of rice cultivation revealed that the net return was 

higher in 9.8 kg ZnO ha-1  + ZSM (T8) due to higher 

grain yield during both years. The report of Shahane et 

al. (2017), also in line with our findings, showed signifi-

cant improvement in net returns due to the contribution 

of microbial biofilms with Zn fertilization in wheat variety 

HD 2967. 

Conclusion 

A two-year (2018-2019) field experiment showed that 

zinc solubilizing consortia with ZnO 9.8 kg Zn ha -1 

(T8) boosted rice-HUR105 productivity and yield form-

ing attributes like panicle length, filled grain panicle-1 

and test weight which was statistically comparable 

with 25 kg ZnSHH ha-1  + ZSM (T6). Further applica-

tion of  14.6 kg ZnO ha-1 apparently reduced the yield 

due to nutrient imbalance in soil. Cow dung applica-

tions after transplanting significantly reduced the grain 

yield due to anaerobic decomposition, and reductions 

reached a maximum with (T12)  14.6 kg ZnO ha -1 . 

The best economic return was attributed to the com-

bined application of microbial consortia with  9.8 kg 

ZnO ha-1  +ZSM (T8). 
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