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( 39 OF 1970 )
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The Patents Rules, 2003

STATEMENT AND UNDERTAKING UNDER SECTION 8

( See section 8, rule 12 )

We, tND|AN COUNCIL OF AGRTCULTURAL RESEARCH hereby declares,

(i)that we who have made this Application No. 25221DEL12015 Dated I4l08l2OLS alone, made for

the same/substantially same invention, applications for patent in the other countries, the particulars
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Country
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Application
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Application

Date Of
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PCr/B2OL6/0s

4853

Application
Pu blished

23-02-2017
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(iii) That the rights in the application(s) have been assigned to INDIAN COUNCIL OF AGRICULTURAL

RESEARCH, and that I undertake that up to the date of grant of the patent, by the Controller, We would

keep him informed in writing the details regarding corresponding applications for patents filed outside India

within three months from the date of filing of such application.

Dated: 11th day of Aug, 2018

Signature:

Name:
Tarun Khurana (INPA-1325)

Khurana & Khurana, Advocates and lP Attorneys

To,
The Controller of Patent
The Patent Office, Delhi



XII. DEVEI]OPIVIFAIT OF TECTINOI-/OGMS

1. Technologies

t,l Production of microbial enriched Phospho-

Sulpho-Nitro compost by pit method

Different crop residues (soybean, wheat and mustard) and

city garbage can be recycled through this technique. For the

preparation of microbial enriched compost the following
steps were followed:

o First, bright sunlit place was selected, and

cemented pits of size lm xlm x lm was prepared

r The crop residues were mixed with fresh cow
dung in the ratio of 5:l (w/w) on material dry
matterbasis andplaced in the cementedpits

o Low cost mineral amendments such as rock
phosphate (Mussouri phosphate, 100 mesh), pyrite

and urea-N were added @ 5 % P2O5, l0 % (wlw)
and 0.5 % urea-N, respectively to the mixture. The

contents were mixed thoroughly with fresh cow
dung slurry (60-70 % moisture)

o Fungal culture was added @ 500 g mycelial mat

per tonne of materials, whereas bacterial culture

was added @ 50 ml kg'' of material having l0'
viable celVml. Initially for l-3 days, bioinoculum
was added twice in the mixture owing to a high
initial temperature (55 to 70oC) and thereafter, the

frequency of addition of inoculums decreased

gradually

The materials were allowed to decompose in the

pits

Polyvinyl chloride tubes were inserted vertically as

well as horizontally, for sufficient aeration

throughout the decomposition period

The filled pits were covered with polyhene

sheets to prevent entry of rain water and insects

etc.

The compost was ready for field application after

I l0+15 days

Preparation of Phospho-Sulfo-Nitro compost

byheap method

For heap method, a cemented floor was selected

so that nutrients do not percolate in to the soil

The ingredients required for the preparation of
compost by heap method are given in Table I

Inthis method, in aheap of dimensions 7.5 ft x
6 ft and 3 ft depth, about 500 kg of wastes was

added

The residue was spread in 16 layers and in each

layer the following proportion of organic and

inorganic ingredients were added:

o 15 kg of wastes spread on the floor

followed by 15 kg of fresh cow dung (dry

weightbasis)

330 g urea (0.5 %-N basis) dissolved in 1-

lihewater

l0-litrewater

8.6 kg Mussori rock phosphate (5 %oPrO,

basis from Mussori rock phosphate

containing 17 .5 YoP rO s)

3 kg Pyrites (22% S content and added @

l0 % on materials dry weight basis)

o Soil@ s%onmaterialsdryweightbasis.

To protect from rain, wind, and to maintain the

moisture and temperature apolythene sheetwas used

tocover theheap

t.2
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After 3-4 weeks of decomposition, the first furning

ofheap was done.

The moisture was maintained at 60-70% of materials

ondryweightbasis

The compost was ready after 3 months and about

250-300 kg of enriched phospho-sulfo-nitro-

compost was recovered from this method.

Two DECADES OF SOIL RESEARCH

Table 1. Ingredients required for preparation of 500 kg of
Phospho-Sulpho-Nitro compost by heap method

250+250+ 1 43+50+5. 5+25

Waste Fresh cow Rock Pyrites Urea Soil

(kg) dung(kg) phosphate (ke) (ke) (kg)

(ke)

250 250 143 50 5,5 25

1.3 Use of spent wash in compost preparation

Spent wash has vast potential for its practical application in

agriculture as a source of plant nutrients and organic matter

and as an amendment for sodic soils. However, high

transportation and labour costs for loading and unloading

restrict their wider use beyond the sugar factory and the

distillery zone. Hence, there is a need for hansforming the

liquid effluent into solid form to make its transportation

easier and cheaper. Moreover, on the face of scarcity of
water in semi-arid tropics of India, there is a need for

looking for the alternate source of water for compost

preparation , and spent wash being an organic carbon rich

wastewater can be utilized perfectly. In view of this, a new

process of composting has been developed at IISS, Bhopal

by replacing water with distillery effluent. The compost

was prepared by heap method using the standard procedure

developed at the Institute for enriched compost

preparations except that water was replaced with spent

wash. This has not only saved precious little water but also

enriched the compost with useful nutrients like N, P, K, S

and enzyme activity, apart from other growth promoting

substances available in the effluent (Table 2)' Ctop

performance of this compost was tested in maize-chickpea

system in a black soil and results indicated that it was as

good as or even better than FYM and conventional

compost,

Stages of compost by heap method
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Table 2 : Composition of spent wash amended compost at different sampling period

Sampling
Details

Ash (%) Total N (%) Total P (Y.') Total K ("/o) C:N

Ist Samplins
Control
Before SW
addition
After SW
addition
(400L)

54.55

61.80

60.73

l.l3

1.03

1.09

t.22

t.22

t.49

1.05

1.13

t.66

23.33

20.9s

20.89

2oo Sampling
Control
Before SW
addition
After SW
addition (200
L)

60.01

70.37

70.83

t.37

0.89

0.99

1.08

1.24

r.25

t.23

r.26

t.52

r6.90

19.31

77.45

3'o Sampling
Control
Before SW
addition
After SW
addition
(200L)

66.88

64.74

66.33

l.3l

1.16

1.37

1.08

r.28

1.31

1.03

r.57

1.82

17.00

t7.60

14.25

1.4 Integrated nutrient management technology for

soybean-wheat sYstem

Integrated Nutrient Management Technology for soybean-

wheat has been developed at the Institute' A series of field

experiments on soybean-wheat system on Typic

Haplusterts (Vertisols low in N, P, S, and Zn) indicated that

application of FYM in conjunction with fertilizer N, R S

and, Zn was better in improving the externally applied

nutrient use efficiency, productivity of soybean-wheat

system as well as soil fertility than the application of
fertilizer or manure alone. The technology provides

different option to the farmers depending upon the

availability of FYM and fertilizer resources with them for

achieving soybean seed yield of 2 t ha-' or more and that of

grain yield of irrigated wheat grain yield of 3.5 t ha' or

more in deep black soil of the agro-ecological zone 10 with

the application of the following combination of FYM and

fertilizerN, P, S andZn (Table 3).

This technology of integrated nutrient management is

recommended for adoption to the fanners of the Agro-

Ecological Region 10 and for forming a part of package of

practices of the universities/Institutes of the region as well

as of the soil testing laboratories/extension agencies for

enhancing the efficiency of the fertilizer nutrient and the

productivity of soybean-wheat system as well as

improving soil health.
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Table 3 : Integrated nutrient management technology for in soybean-wheat system

Rate of FYM Application rate of fertilizer nutrient (kg ha') to achieve

Application ( t ha-') Target yield of 2tha-'
or more of soybean seed

Target yield of 3.5 t ha-'

or more of wheat grain

N P S Zn N P S Zn

0 35 39 40 12 135 40 40 0

4 25 24 20 6 t20 32 20 0

8 t2.5 15.5 0 3 90 22 0 0

T6 0 0 0 0 90 10 0 0



1.5 Integrated N management in rice-wheat on

Vertisol

Integrated use of FYM (5 t) or green manure (6 t) in
conjunction with 90 kg (two splits) fertilizer N in rice and

1 l0 kg N/ha in subsequent wheat sustained 4.5 t ha' yield of
rice and 4 that yield of wheat in rice-wheat system. The

technology developed not only sustained the productivity

of rice-wheat in Vertisol but also improved the physico-

chemical health of the soil. Significant improvement in soil

organic C content and availability ofP, K and S ensured the

safeguard ofthe natural resources ofsoil. Adoption ofthe
technology also saved 65-?0 kg N ha-' yr' without reduction

in productivity in addition to improvement in N use

efliciency by 3-4 per cent.

1.6 Irrigation optimization vis-a-vis nutrient
management in Indian mustard and wheat

Results of a three years experiment on soybean-mustard

rotation under different inigation levels and nutrient

management treatments showed that application of 100%

recommended dose of NPK with l0 t FYM/tra applied to

the previous soybean crop and one irrigation applied to

mustard at flowering stage produced seed yield of mustard

at par with 100% NPK dose with two irrigations i.e., one at

rosette and flowering stage. Organic matter application

through the FYM improved the physical properties of the

surface soil particularly MWD, hydraulic conductivity and

water retention characteristics.

In Soybean-wheat rotation, wheat under l00o
recommended dose of NPK with residual FYM @lDt/ha
and two post sowing irrigations (at CRI and flowering)
yielded at par with the treatment where 100%

recommended NPK dose with three inigations were

applied (at CRI, maximum tillering and flowering). In
FYM treated plots along with lwo irrigations to wheat, the

watsr use efficiency was also higher than the treatment

where three irrigations were applied to wheat.

2. ParticipatoryTechnologies

2.1 Farmers' resource based integrated plant
nutrient supply system for soybean-wheat on

Vertisols

Integrated plant nutrient supply (IPNS) system is a proven

nutrient management strategy for sustaining agricultural

productivity and soil health. In most cases, however, the

IPNS research has been confined to research stations

without considering the availability of organic sources and

their competitive uses, and the technological options

specific to farming situation are scarce. Farmers'resources

based integrated nutrient management technology has been

developed for soybean-wheat system for Malwa region and

further refined by assessing the farmers' resource base with
regard to organic manures and water availability through

Participatory Diagnosis of Constraints and Opportunities
(PDCO) survey. Results of the field trials showed that in

soybean-wheat system, balanced fertilization based on soil

tests with 4 t FYM ha ' to soybean crop was the best in terms

of system productivity. Farmers' resource-based IPNS

intervention as calculated from targeted yield equation

based on soil test crop response produced 8-49Yo more

soybean yield and lI-39% more wheat yield as compared

to farmers'practice.

Low-cost integrated nutrient management
(INM) technology for soybean-wheat system

On-farm trials conducted in different villages of Rajgarh,

Vidisha,and Bhopal districts of Madhya Pradesh to evaluate

the efficiency of different integrated nutrient management

2.2
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(INM) modules for sustaining higher produciivity of
soybean-wheat system vis-d-vis farmers' practice showed

that the INM Module, comprising 507oNPKS + 5tFYM/ha
-r Rhizobium to soybean and 75%NPKS + phosphate

solubilizing bacteria (PSB) to wheat proved to be an

economically viable technology for higher yi elds.In kharif
season, integrated use of 5O%NPKS + 5t FYM/ha +
Rhizobium to soybean increased the seed yield by llo/o and
25Yo over the chemical ffeatment (I00%NPKSZI) and

Farmers' Practice, respectively (Table 4). Rhizobium
inoculation with 50%NPK + 5t FYMlha produced 6%

higher yield over 507oNPK + 5t FYM/tra without
rhizobium. In rabi season, this INM Module which
comprises 5 O%oNPKS+5 tFYM/tra+R hiz o b ium to soybean

and 757oNPKS+phosphate solubilzing bacteria (PSB) to
wheat produced,16.3%o higher wheat grain yield over the

farmers' practice (FP). This INM module produced not only
the higher yields of soybean and wheat but also saved 42 kg
N, 45 kg P2O5, 1 5 kg KrO, 1 5 kg S and 5 kg Znha/year in a

soybean-wheat system. When soybean and wheat crops

were considered together as a soybean-wheat system, this

INM module gave the highest net returns (Rs. 61,240lha),

whichwas 24o/ohigher as comparedto the farmers'practice
(Rs.49,264ftra). The benefit: cost ratio of this INM module

in the soybean-wheat system was also higher (2.83: l)
among all the options tested.

Table 4. Economics of INM in Soybean-lVheat System

Project scientists discussing about the pod bearing with the farmers

INM Modules Details of the INM

modules

Mean grain yield
(kg/ha)

Gross
income
(Rs/ha)

Total
cost

(Rs/ha)

Net
returns
(Rs/ha)

B:C
ratio

Soybean Wheat

INM Module I 100% NPKSZn to
soybean and IOO7oNPKS
to wheat

2099 5001 83010 22668 60342 2.66

INM Module 2 507oNPKS+5t FYM/ha to
soybean and 75%NPKS
to wheat

2198 4783 81362 21567 s979s 2.77

INM Module 3 50%oNPKS+5t

FYM/tra+Rftizobium to
soybean and

75%NPKS+PSB'to
wheat

2325 4792 82861 21621 6t240 2.83

FP Farmer's Practice 1864 4t2l 69699 2043s 49264 2.40
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Table contd...

Note:

100% NPKSZn Soybean : 25 kg N, 60 kg P2O5,2O kg KzO, 20 kg S and 5 kg Znlha

Wheat : l2OkgN, 60 kg P2O5,2O kg K2O and 20 kg S

Farmers' practice Soybean : 12.5 kgN and 30 kg P2O5fta

Wheat : 80 kg N and 50 kg P2O5/ha

2:3 Balanced fertilization technology for improving
the productivity of wheat

The average productivity of wheat in Madhya Pradesh (M.

P.) state is lower than the national average. A survey

conducted in selected villages of M. P. indicated the

emerging multi-nutrient (N, R S, Zn) deficiencies. This was

coupled with the application of only N and P by farmers that

too at lower rates. On-farm trials conducted in Geelakhedi
(Rajgarh district), Mugaliahat (Bhopal district) and Rangai
(Vidisha district) villages revealed that the balanced

application of N, P, K, S and Zn at recommended rates (120

kg N, 60 kg P,O,, 20 kg I!O, 20 kg S and 5 kg Znlha)

increased the wheat grain yield by 15-24% as compared to

framers' practice. The results of these trials clearly
indicated that higher wheat grain yields could be sustained

by encouraging farmers to correct N, R S and Zn
deficiencies by adopting appropriate nutrient management

practices. There is a great scope for transfer of this

technology in the three districts - Bhopal, Vidisha, and

Rajgarh for increasing and sustaining higher productivity

ofwheat.

2.4 Balanced fertilization technology for improving
the productivity of soybean

The balanced application ofN, P, K, S and Zn at 25 kg N, 60

kg P,Or, 20 kg KrO, 20 kg S and 5 kg Znlha, respectively

increased the soybean grain yield by 20-25% as compared

to farmers' practice in field trials conducted in different
villages Rajgarh, Bhopal and Vidisha districts.

2.5 Nutridnt input, output and balance of farmyard
manure production by farmers through
conventional method

Under the ACIAR project, simple mass balance studies

have been conducted by selecting a FYM pit of Mr. Hukum

Singh, Geelakhedi village, Rajgarh district in Madhya

Pradesh. The depth of this pit was about 1.2 m. In each

month the dried samples of each type of organic materials

that put into the FYM pit were pooled together to obtain a

composite sample and were processed and analyzed for
total N, P, K, and C. At the end of the 9* month, based on the

nutrient concentrations of different types of materials, total
amount of each nutrient input into the FYM pit and the

nutrient content in the FYM at the end were computed to

work out the nutrient recovery in FYM and apparent loss.

The results revealed that the cattle dung was the main

component of the FYM (66.9%) followed by cattle shed

wastes (20.4%). About 40% of N, 23Yo of P and36%o of K
put into the FYM pit through different organic materials

was lost during the FYM production through conventional
method by farmers. There is a scope to improve the quality
of FYM by reducing the losses from FYM pits by
introducing simple and farmers' friendly modifications
such as hybrid pit (between heap and deep pit) , thatched

roofs etc in the Farmers' Practice ofFYM production.

2.6 Integration of broad bed furrow (BBF) and
balanced fertilization: An efficient management
practice for successful cultivation of soybean on

waterlogged fields

About 20-25% of cultivable land in Vidisha district is left
uncultivated by farmers during kharif season due to
waterlogging. Even though farmers sow some

waterlogged fields with soybean, the yields are vbry low
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due to poor establishment 0f soybean. Most of tire fields in
this district were also deficient in N, R S, and Zn.
Therefore, three field trials were conducted in Rangai
village, Vidisha district to demonstrate the beneficial effect
of integration of farmer friendly drainage techniques and
farmers practice of land configuration with balanced
fertilization on soybean. These soils were low in available
N, R S and Zn but high in available K. The beneficial effect
of integration of Broad Bed Furrow (BBF) with balanced
fertilization (100% NPKSZn) on soybean seed yield was
compared with that of farmers' practice of land
configuration (1 furrow after every I l-12 rows of soybean)
with balanced fertilization on waterlogged fields which
could not be cultivated in most of the years. The results of
these trials showed that the integration of BBF with
balanced fertilization produced 38% higher soybean yield
at site l, 46o/ohigher yield at site 2 and 48%higher yield at
site 3 as compared to integration of farmers' practice with
balanced fertilization (Fig. 1). The pooled data of three
sites indicated that the integration of BBF with balanced
fertilization produced 44Yo higher soybean yield over the
integration of farmers' practice of land configuration with
balanced fertilization.

I BBF with Balanced Fertillzation
I FP wlth Balanced Fertillzation

^ 3000
o

f, zsoo
J
- 2000

! rsoo

3 1000
o
3 soo

0

Fig. 1. Effect of integration of BBF and balanced fertilization
on soybean seed yield on watertogged fields.

OF SOIL RESEARCH

Soybean crop stand at 35 DAS on broad beds and flats

Soybean crop stand at 20 DAS on broad beds and excess
waterflowing through furrows into the nearby pond

2.7 Safe prescription limits for direct application of
distillery effluents in agriculture

The disposal of spent wash, a distillery waste has long been
a problem of the industry. On the other hand, it is reported
to have good manurialvalue and a very rich source of
organic matter. But it is presumed that although the effluent
may facilitate better yields at the beginning due to its
richness in nutrients, its continuous and indiscriminate use
and abuse may cause accumulation of salts endangering
the soil productivity and sustainability. Based on the crop
performances and long-term implications of use of
different distillery wastes on soil physical, chemical and
biochemical parameters, suitable management

DECADES



prescriptions have been devised for effrcient utilization of
these waste products in soybean-wheat, maize-chickpea

and groundnut-wheat systems in deep black soils (Table 5).

On-farm demonstration is going on at the institute with the

following prescriptions.

Tabte 5. Options safe use of distillery elfluents

sl.
No

Soybean

(rainfed)

Wheat (one pre-sowing plus two post-sowtr

irrigatiotrs)

2.5 cm SW N&PFertilizersonly

a 2.5 cm SW 1.25 cm SW + two top{ressings of N (l/4N +U4N)

3 2.5 cm PME N&PFertilizersonly

4 2,5 cm PME l.25cm PME + two top-dressings of N (1/4N +l/4N)

S 5tha LS N&PFertilizersonly

6 5tha LS l0 t ha-r LS + two topiressings of N(1/4N +1/4N)

SW = Spent Wash, PME : PostMethenation Efrluents, LS = Latoon Sludges

(RSII, PME andLS to beappliedT-15 days beforesowing).
P.1,P2, P3, P4, P5, P6

The contribution made on this aspect has lead to the

development of a technology for safe disposal of otherwise

poliuting distillery effluents onto the agricultual lands for

crop production, and also advanced our knowledge on the

risk assessment and environmental impact of long-term use

of the effluents in soil in tenns of changes in quality

parameters ofthe soil andwater.

2.8 Novel fertillzers: Bentonltc sulphur pastillcs as I
sounce ofsulPhur

Generally the response of crops to elemental S application

increases with decreasing particle size. However, flnely

divided S particles are aimf,utt to handle, can't be applied

through seed-cum fertilizer drill and can cause skin

irritations. In contrast, large particles ( I mm to 3.7 mm) can

be easily handled and blended with other granular

fertilizers. But, S particles in this size range oxidize slowly,

thus, they are not an effective source ofplant nutrient S

during the year of application. The challenge, therefore,

was to develop a product that can be easily handled, while

providing crops with available S during the year of
application. To meet this challenge, a new granular

fertilizer, Bentonite Sulphur Pastilles (BSP) which

contains 90% S and l0o/o clay has been developed. In a two-

year study the direct and residual effects of Bentonite

sulphur pastilles on soybean-wheat system on a Vertisol

deficient in S has been evaluated.

Application ofbentonite S pastilles with NPK @ 20 kg S/ha

to soybean produced l7-I9% higher soybean and wheat

yields as compared to NPK without S. The efficiency of the

Bentonite S pastilles in affecting soybean and wheat yields

was comparable to the standard S source i'e. gypsum.

Bentonite S pastilles were also found better source of
sulphur formustard.
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Rice - Rjce
system

In general 0.6
rng kg-rand

1.20 mgkgl
tor Tamilnadu
and
Uttarakhand

kg
(20
ro II

year Hybnd rice
crop

F In Tamilnadu, 5.5
kg ha-, for every
crop as basal

> j1a1-otua pradesh
zt, 50 and 75 kg-r
as basal

F In Orissa, 2.5,5.5
andll kg Znha)
as basal.

D 2.5 kg Zn Ata +
200kg FyM +
Biogas sluny (2kg)

one crop 
"r.,. #ioolilf ilX[i.$:::f:fl.r?:

. rice crops 50 #T"t,T;fJ,J,n1::" in A.p ror rwo

",op "y"r* * i;iril:.]:l:0"" ha.ras basar for rwo

l:ii. 
both peartmiiler and whear in lighr rexnrred

Pearhnillet_

Wheat

una rt y"* rl., ,if-ll :ulphale 
(20-2tvo Znt/ha to I

te zn 
'"rpr'J;'ir';:;'i::::, 

or Appricati<,,n or r2 5
v"u. p"u.i -iii";;;;;|70 

Ln) + 5 t FYM/ha to I a'd rrr

Rice-Maize 0.6 to 1 .20

mg kg-'

F 25 kg ZnSOa ha-r
as basal for
vanety.

F In Zn deficient red soils (Inceptisol) and Typrc Ustropept
soils.

a

> 37.5 kg ZnSOa ha-r
as basal for

Hybrid

> 18.75 kg ZnSOa
ha-' as Zn
enriched poLrltry
manure / sago
waste as basal

) 25 kg ZnSOa ha-l
as basal to first
crop 

\

D In Bihar', 25 kg ha I Zinc sulphate in calcareous soils
with two foliar sprays of 0.5%.

It is recommended to apply Zn SO..7H 2a @ 25 kg in
groundnut on light textured soils.

Application of 55 kg ZnSO..TH,O ro first groundnut
crop can meet the Zn requrirement of l0 crops grown rn
sucession.

Groundnut
Wheat

0.5 mg kg '

> A.nnly 25 kg Zn sulphare (20-21% Zn)A.tabefore
planting or Seed treatment with g ml Teprosyn _Zn kg r

seed.

} Foliar spray of 0.5% Zn sulphate + 0.25%lime at 30 and
45 days after emergence.



F For irrigated conditior
crop 

rs in state followed by any other

) In shallow black soil in mixed red and black soil of Mp

and intercultural is
Zn neutrarjzed *i,hi:;::tsible' 

sprav crop with 0.6%o

#:ll ::-lg^,Zn 
sulphare e0 _2r% zn)/ha beforeplanting in light texture, 

'- \-v -r /o Ltt)/ua DeIore

sulohare ()o-')1o./- 
'-. 

o^t:ilt and apply 25 kgZnsulphate Q0-21% Zil t-^-1 
" q'Iru aPPrv zr Kg Ln

befo.. .t,.*;_ .,_" ::;t 
, ,.t t press mud compost,/ha

3:1: plul,llq in calcareous soils.
t 
*I*t:,*"roo tg nW 1Zn incubated with FyM forJU days) for medium black soil 

""arf f r"i.l ,"ii

Maize-
tvheat

Pulses
(Chickpea,
Pigeonpea,
black gram )

Sugarcane-
ratoon

Soybean-
wheat

Soybean-
chickpea

0.60 mg kg-r
0.70 mg kg t

0.6 mg kg-'

> 
l0 F Zn Sulphate
na' as basal

) 5 kg soit or 0.6%
ZnSOo. TH,O +
0.3 % Ca(oH),
spray

,tr2.5 kg Znha-t as
basal to each crop

,} 25 to 50 kg zinc
sulphate ha-r

) 25 kg Zn sulphate
+ 200 kg FyM

0.6,to 1.0 mg
Kg-mg

0.6 to 1.0 me
kg-'-g

i^As- ua

\s
\S
Ss.\s'
s..s.ca Q'
i. .:l-P}j
?ts's'is
=' .\:s

s

s'\
N

\
is

(\
t
G.

=

l.J
A
tt
6'
a

N

a

g. is fl $ fl$Ffg flifiiF# 
$i 

F 
g 

$ $

dlggliilgifi;

girffffirlffiFFFgFlirlr



t'J
UI
N

Ft

I

-

+l
al3t
zl

a

1v

9FD-
>a

rill<

+)

I

NJ
\o

i-
t

I
I

t

N

Ft

6
@

i5

-
a
o

t
.o

I

a

CD

aj j
a)i

5l
., 

C

2.aoa
/)-

:3

vl

:'(

-rpcl

*x
ac
:.d

o
+!-

:fP

tl
he
-Q3r
;w

I

.-
;.((Di
q(

r(
d

Y'

c

\,7
ato

IJ

)Fl

D<

a

-od.0

n.3

9.t

.D

-
5

-
7

-
-

-

-
'o
-

ssrssi;sirg$;i iS
E-tg iZ=i F&iv';=2 i5
?iE;: i1 .!??EiF33i:Fei lE:F5;F f
isi$r1i;'ii itE i
gFt€€g: i:===fiif i;il*i=E ;iiil1 i
5rtEgrs ;=+;Fg !
rea5gqA a3+rg; a

=? ie--6'e- ;:Ii*a_- SrFfriEis l€g;7.t +or#dFA i,| igEs S

:;g:14= z:€s:a s:F2a';- i$Er;; $il.e+eag ;+;€t_a i

f*^^\

= ;i.i 3 o-'r -s Jg*=: gEE
E dn',i e="s'= =.= 997.'-;.i Y:oa
A-'a=3

s :i 6 ^'e{-j,+
SO,tXScr

't ;F E -=S ;3 r€;-i r!. 9 =;n :E iEr
=<-/d= 5=q
?., --: F&::=
.T; a a 3 = B =' -.

rf!E-5;= s.t
? < +oi ? a=€gHgi'-*'6- ft 3
; -.: P i.-
?5 n= EB I E i g
'r 

-c O 
='.O< =c 

hU:
aggAo\<;-.j-{rDraA)1-:Ji:
\ 3 -.q o o = =.X.^@^a).D:lfo;3; FE r JFr

":0a?=.aa+.:;BE's.
^A

",iE:-#F*3tl

,x

) FIl
) aD-

5

o-

--t
'J

:i

CD;

OC

.0r
oE
c0c
RiZ
.D-a=

=
.o

o

Xo
fd

-a
al

st

t(D

j-j

Dr

t(D
:q

L.D

=
oa

o.

-,o
$

o

-o
o

o'

i-

=a

i.oa

i(D
)5

)5
rQ-

o-

-(
=-

&i
@(

(

o
--u=
oc

<e

5(<

rax^

1a'

:.4

t'

=1\'7

-
5.E
a
n

'o

#(

,1

<T

1r
_. a

:C

IH{

=-:

a
.U

.a

oo(
(D!
(.Dv,

-^

o

";
5

q

-
a

='

C])



Y H L)
CDjl Ft aD:? rD o-

3.5"-
vE<
540

' +

utN^
=q-i4A;i

q-q;g
Z+*

v^'

=EaD
t@

J.9e

!;:^

! -
=on^t<^
=cD:;^.-X
AFD:r
a(D

TA

AgAgS=^A-<< tr 6-3qF<Es>es: fi.;.:l ,u 
= =- 

q * a\oq \ia\E::=iH t E

;'E HE5ig f 3 s a' 
3 A 3 g F ; TE $ r
4rFie+sg i 

=gf ;:iFsr: ?g€:isEiE S t
1;i 5sE iE i v
E si3;Tr= s ?

= A c e =n $€. g 
EEtiFi 

= == r =q=;5C;E6 s 0

i:;;'Ef i€ $ i
: Aasf ; f ?r_ €!d3<<6---€ 6< 9.= -Ro6ori'j:a=6-)

= Z;:r -? i q <
F 3 gg $ F g;

a
e

-
>.t

O
-
+

bJ

-l
?
x

oq
i

+

-7|t
I

+
o
i

i

+

ig$[if*i gsFFF F

Frsgiu*i $F$Eg 6

a+;*isFF gi€gf
gisc$*! s tgg-E

+g;rfiISFgg*F
i ; * 5 fiS $g i' ; 3 s 

= 
F s

E F i g i F A F E i+€ iz ;naiill$$3'c
,,rsrFgiFFgiFgF$

b.)

()

-(D

I

ql



o ' w 3_Q=3q:gi3Eq_er
F :"c' ts a g I 

= 
E-i; g E e-

s ry E B 5 $ Ei ;ia 7"Lr='= 1 
-FE

iEigF F g3 
+1i ?4*i €.ig

i?f;; E 3;;$=E1li!'+z

F+FE9$+EEiiE49iFE

glEgE+E3EEigtsgF

[ :: EFi! i a 
-'?=: i;a --F FsE&;gzii=€?

?3115 ig EFgg€: € F€ s T t a F :
i,s gFEE+ qs iqHBqfr ilE- d;=*i9$+8.3 *;fi 

= = 
E:- E; ; =Ee€:il s* ird

F€€ rs Ag ;:';ig 6EE &' .G >,

€a 4=i EF 'r= p,

=gFag'*: at+
='Nc'6';.-o-c=6 oo3R [--r. ^,;daa:-Q=oV6'-55 r€€L +fr€! =FEr 135's IiEg rc+c H?s-g €g+
o- oa iD, '!' 

=. 
P dA V),- O o X -

GSE=:sa'A

€\
?a'
s=_N

os

U)

t*
s-
.:

,t/)

\
\h(\'
-i

o\
(-

@1
.D.D

^aDgo

O'a
.5
a(D- \/

e<

uq O

a

I

-
a

q

.D
I
5

=l-

=+4a

5o
xo

:. o

<:
@a

to

='o
?
o

7

a

o

a
Fq

z

-

a

i
\4,
A

oa

I

t9;z
frl 2
ft=

E6=
tr^-

=

PO
19 c)

0a
oQ=

uJooSurr,JA-l+OO\^uCt-.rOl9
x'zrAi. lx-a;o. o! 5 G foa 0c 

= =oIr-*oa=4
=".0a0qril==-l:oN - rn rn".-^ N D o-

Do:-O=:t--.f,.rp
oNX.DgxTdor.=-g



F3.€Sif,ai3aiesf F d
I F 4:; si$*FFg F i a iniill;t+3rg+r3,3 E €aE:€F':E{;3E1ET f i*=el€;:5€+F;,ri. 

=

*5 € A 3 g i g i 3 fl Te e 3 I
EAESr?,:=5'5? =t3 o

iEFF€ FiFF 3u 
EtiF

^Y*^"=X:Pq6'5 dE SFq a ==4 
irg*XFEFg,=3;ie' 'r

s € s ,- E . E; iE Fn - .o -l O- _ - O +u- tD

3 iiIgfFt€F 1IEEE&t"s:<e ."fi5q=a=i**83 
1g;F;EcEr.3gr;sF

\,+a+F?'i:elRP?Y3aa'3*:.:-dF.oa9 i
-='.i:.XqY.' =X=o'=0D-32ziz3 zg=;aj

< = c- € 
=o0q

\o

J
o'

z
\o

.l

F0 l

'Jo

^Ii==;n:=7.==-
=-::--: 

i=;=1=1ili 
=f + :-:i, i "€:f :-=i== =-== =: + =r;ijiai

?l-;i=f====:-=r=l ti ^3 :a=l i1€ j<;;:==:=-'-? E= cD v'= f;'ilfli;i?;:=::iilE r1 3i+:+e'i?;: 
=--='= =-=: ,1;; ?F:E g 4

i=z:;=:. _==_- 7 .6==,1.__.:

:';;===:::t:a I irrl:;la'N-i--:=-:== --3=-E
El====1:=--=t -i 1=-^=r=
:F*1 ii::.=;:.i ? ==azii:E?1;a=,=:-= i !Vziifi^.-,iv=z==1ni == -7===.+Fi$-c=€V=1=i=- == =i==ifr-=*53e=?=-=:i = <t531;
?E ags+; =i?-a l7??:iFE-trFa;g=:=u: : tSldzEs;sEl;FiF=_tZ = ==22:=;{;Esifq;;j* -4 gatzrr
Fqrgsigr=ia1 F ZTE1iic

o\o\uP:-f
!6uwou

:i;y.gboLbb;_.o.o!.c;u

EEs E5s sSE

5:g E5s sHs

ili lGF BBUUBB s38 GFI

::q
9aoo

!{

eRe
uJ-16aA6

N

0q
x
@.

F
@.

a
z

t'J

t

o

oa

6

o'
a

a

s

0a

iR DP Uoo+
9^ f,^ v vo=ai =:lJ c/D

" I a. q .D o 5- 
'- 

Q E



=TFS_;iP 
€ = 

p o-o---l

atsefn 5E;??!
= a_sa* i ::::E 1aE E 3 ? H:€ia5 4q;H;f€3€iE J 0:;JISt:dJ 1:sin=?o.r*go 7" {df ee*,3-,n n=E=72

s gE Efr i
r - 5 G : *72 €:;
^-r7=-;'rD<=5;-q; X = , 

=a 
7q

; g $ 1s * 5 + e;.t
:3 g t= JatE'f; s de sfr-*;3:;-+i 7 4'i;,t=
FiFg* 1'J:e"q
"=.;'=j*:l=:+-

*E.u*: =' 
E: d =o-a-g, li+;;

<B;€ g g 5 iE o-

*r3FJ EdF=5x g 1F i ilie=

sgg$Filg 
?=;#ei 

i;ii $'ggFgiF$

:5
a-Ex6'
RH

iF *g iF'FigF i it! :i1'|liis g 
f ll Fs* s

iFiite i;fi;iiFii:i ilii 
s 

6;il;il
gigFgFggFEFF$gFFiiiBE$gFigg

za
Oi-aNJts

dH

or; i
uurdu
**?ta
H I f o

$%

E-'
='laas

:
o

=
S

L
?li,t
a!lsloalolsl
6l<l
RIFI
el
c. lryl

:. I

FIsl
s, l
!r, I%l
ol

3ol
-nPo
a

='oE6-jlo
?
to to

oe

a

a

oe

/,a

;a

;?o

'L NJ tJ NJ

< i/, L^ Ln
Flo o o

u)a{<
z

+

f
No

H

f--
U) CN

=z-Rt
-€

O-

-@1l

0a

2

TIdrlol€l5l

:- z-
F e"3
J+^i -;- ts5
; \aA =.9N+TO

t_a)
<o^
R <o
:l

td

-1ZZ

-z1,+Ti

=>z .2.

l5*
| -.'rr
I ;3.
ITNl-o
l<d

qq

oa

z

z
+
Az



'l ccID ,Y? O

t! o iio\
b.J NJ :li '?i 4
!!J.H
OJC).D:'.)

3 9.>+q x Hp(D5H:='+vD<
9^q s:i
Hf ." 

- B
\f A.z Fo t'\P:i.@
-N(D*F-l
ts a E l'T
=F ^ 0a A
(D-!'

O-.o(DO-
-+<3r Eft+= Xog tl- J6-

3+.)d

&F )':
6- oa i't
v3.
6.P- E X
-v = 

'
-vgA oii
!;q
="i1qcD!-A c *(u 

= 
() -Xr+-o-.D

:-B 6 +---+O^P
5nq^
Oa -., O h;^ -tra/:

-J
o

Eo7?

?q R PQQAAAv3 rE _E5EV:=
-o 

o' o\o\o\o\o\o\

a:"1r171114e-+-++++^r
D--Ao larONN--.O-F

@ -.!=\o\o\o-x
-3 

7^!axgaxxxg6)
x'6 + + --
,7 i P :.<:tJr i6 I ?D'
=9ad: X o@
aJo b -=

Fd-g i{ rN.

--5 q

:-
fe
u

aE g=.* F !:: iql= A r
==c,==.d_@ 5 -.U. S (l
* =.-.--a i p
6 < -.<'o r
::i.t=':l\Fi€: *a s o
N;*p\-
=Tt-r:=.q =Fre='?=9 i. F=Its35: = qi
F'i -:--'+<;'3OJJ<:^T
a i.!i; /\: 

=H 
v =' e-:

;-r5D;Y--.aj-+!9
@ < r 2 @2{ ! s 5 g=
A-+:= o;,jP B 3

^ =.9 = -=
-= = = : ar;H T'< o- E
&+ 5 g T
R5:n9' J
^' 

:j- :
O'oH q 

=o-. lF:+

=5 
5 o- :r:-f,<. s(r<-tr4

garaorS
:xr*q@
== -d -
;.rq;
9N^o^J=.+:

Ur-6ua 5 q 0a--o5-;OcDoo,;{,-t (4

=',: ? =J v 9 
-(D 

=:.,i 6 E

o

z
+

q

z
+
a

lllaiira*iiFii s ii; a?iiiiigl +ii i 4

5fiiiiissisgir i izziiifiiEasE i; i f,

?!i:igiFiFl*g i ggiiFggFE 
t1tffu7

z?v:E?g ill3 1g i i li;?E ?\iE;ztz i

}*a:iii i i 
g 

i i 
g' ?I{!til1'ii Ii?

i igl +ra?s it=+ tiii;#i t E#j?

-
0a

?
=

g.
oa

X

l+aaNaa-F6sS5K;3€aoo€

999 ggooooao
9Hn g..lqL"i-L"L"i_

+!au!6+'q

O\ON
\oa-l

! \c)



D-n:r
J!o6-o- 6'

lo NJ

TU

d
'l

o

Fl

<l
JI:l
-/. I
ail

=lI

a)

q

Pot,.taz.^

Er-3F*-5gg gFFqEF-*e,> !
15 1:i;:g F:iFf,$;rE 3fRE-*$s*l A?gqE35Fg 5S*q$;#ef aoF=-E=i:ti1;F:errg F$iF593flF g

r165*€€s_ 5FiFa$f;$ €j"'rqFF9;r FiF:gEisa;Eq+e+:i)€ *fgfFFie$ 5A:=EBr; d: E*-FH:;t+ o-r36 s-{r+5F 
_ F5 :.igc F F$ F

: ' 
q F g;n.rsE 

E o igeFgig 
oa

giiA$F;F;FssB$=J eEa"

SFisisFsEiga+FF= 3 3 0'E 3 ?"S r'- 3 F g i 3 5
F E ;= *: B 3 p 

=: I * { T *
=5sEEt;*:59$Fi+iE a 

= 
E' 5 9 -r =.., . a x a'siii35l;sirgigsss+ d s E d'€ X E s, X {; ; *s,*

5'$ u)jaiX i: EESiE^.Rs?HE EHsBg'g€ggf Fs,B Hfi5;fi'FEE:=S g
3A :j=,'u P-.=qP F

=-:r. ss.:ia'016+: l.AD-.-3;49=O--j-$6
:N. €Jva=+-5.o- !)

ae s+=i&9'g-5==;o-: -oj: a. ts 5 )i po P *a Y =6*€ J tss5 &=i i^: ^ =o: 
-o-AoF=,$3

=; o<!lr"+2 5q51=.3
;'J fiFf 3< 6XaJQH 

=? = 
5.d - I DJ I U.: *

= c -09 v € 6 5: : <] o ;
=.= x3g3r!o-E.3.:+. j
--ni.D.D:i-='o+')l<tD> = = = l, "-96:- H-X: S F==''.8=!1^-El=*6zo<=--; :rc--*_S=lF3H E'
= = ^ aP:'l ! 5o-E'- *

.1 c i*-tQ'i: ;€ 
"==l ;;>;Fe't3s* s

=.-_ =;i3$€xi;E H-:- {;-:':'.-: : 'r ='J@ ai cl ., n
=-:-r 6R H

-h'{!" +* s:ir xF +
-.,CD+;-5 3 

===,=(::p=t_-i
: ; -'?

;:: :q.r.-+ 
=:t: 

= ==* -:.9

5
@

-
cD--
cDq
I

-̂
.D

^--n
NJ '-lJ

CD:
np

\U
ur DCIO;
N\ h

h U H t!;+
A='ii:'\ I (r
* P

FD:'Atv
X5ao

-ot9 tD

o{n!f
o
o

l4t

l\Jw



F Esf E$+iEF=[5+$ts
=l a;F €i;Eiaa=3Fsai
5: g;E giF*fi;rE $1?i$
gs $;$ trHi?l?F$.i€f ai
g$ 3i3 13iElFg;EFrB;
ra r;i :f +iig3f iiEfE
EEfF$F1ET$FgiiEgie
6H f'g nnag*ri

a-*;3E+alF*galFi

s.o

n
rnac
T
0
m

=oza
-{n
{
6z(t

al

F|;

€\s
o:

d

-

=-

I
&

I

oo

6'E E 3e i_sZ E€ E t
='Pr X'oOa a 

-d6* ;a&94q.: 9d:r=-e 6 ='R o 5is' Eq1frE-d +1:s:r6 =.3.= z
Q=o,H3.eF=*: I n F A: - E" \ a - -? ij€.P'rBiFSF+3J2
-'vYd^++h\+d-,-vE1e-'€i3"-IE;-arBEtil6i. q =v =-=FEF; ii H +; U)
e ^ *Q 3= b--.ta H 5 g< I E ;- {
sdH;33888i€il5sFin:
L,-h.AM'JaJ-

vcD=-FPDXt-F
o>i'-ots\54-"'-'lfr o I ? [ &g fF;aisdfgg
q P: ; s + f; r,3aEeeXg33

$HFfHa*5FF+F$i$fl€$F
$+?xfa+

sflFiii$$Fgiigi€iFiE
g6€ f rg F iEq E 

'1rgE ;
?slE'i?3FFFflF$iF

5rgiigFr**Es*+r*

a<F

@o

G!7,2
e $9 3

i'.
3

7

v)

o

€

U NNJ
€ €6
6 @S

NOo
g8 P

.i: < 
^'

->0Qo

v-6
!

6'

lE/

; g6 F

; do6i ;iir-

c<r

0a

N aFU ONN !A

u aN)
N {O6 uF

a s€

a \c)ap

NS
!6
@N

o



i5F+FgfHgFEggFFi$iFieggEgFfiF;g T :

ig' ** l;ii€.ggii*is 
$ n 

iilsgiFiiru i 
g

'' ''g*'i#gggiFiis 

i €ee 
rls+rF:F 

i F

g'ggggg+ggggrgggfg 
g 

ggggFiglgg

+g; E E F [ € i gFE+*F : s€ n ?E?€3RFF$$is stsfigFI =; usf gi;.$E ;- E::r€-F$stdFE;==
gg+iil gg gggrggi 

+ 

-+j 

igggF:igfgigi3 € 5 +E E
39i5Ii i1 1;g3FIF g :Fc:sg*urIei:;.
;==+;s'igisisiEEF;iit1ifF$ii5gi
s uu i* * ig f JE'; g? 

' = 
I f 

'*$';;Fgu 
z+t

i$iii${g g;gls55 
= 

Eigsgsii;F$Fr*cs's3irE sl x:5f.,=FE $=*iiE:=ii,T;ir+3,s;=B€g3:$efi3$ f,;F?58:'u;e;;s$
s-sE$ss =i ;EsieEE Eii;5Fi5iF6€FF€
asifia ; FFissE{ rlsg$ESFiEsg;13
FF*5il s ;g$f,aI$ Fe+$i;+rScfF*g*



<Fn+r
a+-

t
irot<Po
%^!

+ I

ai) OiqGD
-i.-

1a= =='cq^-i^

--+= 
.o'.- it

H z* : F-o
7a)h='=xo.50:=
6'5'i ='{ =ai'<i-a=';-FjrD_OA)
lj3R x: ?
!^i^(D 5-= -.D::FAg

QooSS-c-=+tr6 p =..., =o 
? A?2k^!'::.=t^*-5.:.b

g r€ F e e'E : ; t F*o9:3 P !r.
9>.oli cr:. XKo-H<=-so

=85 F[ : FSX;ie € +or;o
= +Px-. 2 +au=:";;' :o c
s.i-i(vr8 9b-si;gs trEo 7? O;/.\oDre==
d*O-;-vu'i B € ':9 u:
+ j5d+ebEHfA Fg

I i-i

t(D
l(,

t-t
lo

o

a
o

-o-
E
z
C'

-
oq

-l

5

=

a
o5

o
3
3
5

q

a

z
!
nql
NI

Os

E
s

z
j

@l
i!l

Eu1O

-o

3

a
o

c
z
h

!

s

i

o
o

o

z
FU

h

H

1O

a
a

o

z.d
h
+

s

9:
1
a
o
o

z
T
q
+

E

L

+

o

5

N
a
c

I

-l

+@

E
<6

N

oc

z
+
O

oa

!

at*-:
6'

:.
O

oa

z
+
O

0a

JJ
o

+

?
I

+

v
?

I 
-i'Y i' 3 +NF= n o A 5q-5 i.J A# 

=iioa +-o \J :.,a]rA(D+(D T3 -?',=v
f;* == ! o;
=.; s? ? r.os |i a J = +3
==c=.r:6-i^ = o 6 -o<-ii3;r-7Q-
+- 

= 
E o-Fo;'-- 3 = F oS

5\O 6; ': 
=D, oo : F };

^. r- '-= Y'X6
F e- 3n ;E;-
Ep-i;(JrcDa

F f. Il -'; J'ts.
.^cD:F'\=:-? loa = I <3 .: o-<=^.p; !l B-?O=;'s=,ie"+ 5 F€ = 

q

-2a"9'l-d'r()il: = = =r 
< o

3 ZFs1 I 8& -'-r(-7==c:=5-'c -'- tr \o -Dis;- E i.+ 2z-r-=-cHE';'Xrc- i'5 ! 3t ;'^1 --?.: 3 = 3 +
- + E Q-ua=-

'=-<=o
a:--^rl'; - qB d-<:i=_!_ 

= :^<q 95'
-\9 o-ts

F

iizx
F

-rdZa
+o
rB!aq
..9
ri;

5@
N9

:, A

TN
-a-+

/^\.!:

+:i
*Aac.
wo

o

o

X
@
+

s
a

z

!t

a
n'lc!
Z?!

::

N'

E
!

!q

V'T
77

N

oq

o

@

ka>
='1
sF+!.A R:>=

-+q-s€



r +? = = o.53Sss g 1€ H 1B 3 r 5

g F g$FE Tf,E: T f;;g g T
H. Y P -- a

ir *Ba#3+2?.diIr?ls5';E3 g;5g;gg:€
[+ $i€ 3Xt
i = B I E g *E5d iE€E SF
'e- s 5' $ t* q - g i;I d e & t il;-e H 

=3 { FF i =-Q3 i ;a 3 + il r q 
=*= 

F ;
= H 5 q: ; l.di dfi 

=':- - ^l - - + - a\ a sa +6= 
=B9 ts 5 v,$€ Spia+*ii

at-a
N=o'*rX=.Ju+..'i<J=-----G .' c:=gUinF nsFeAFAF

EIi5[$f i g $f i;ar# 
seH$?

sFTFFFg3^sFFi€$? f:fi
glEgf;r$gliplFg+$FFF
*1g+s-;5i *t5g$tF =a+e
1n;=*''3+ FIil$[g $*-.r+i+:;Iu Fis;rsa r€is
g*=;aF;iF lJFfg;a tF#F

+F9€5i3i '3fl5fiE EFFg
FcitfflgF sfF$i? F53i
ij*ti+sFE +is;;l g8Fs

+A.y +
- +9:+ )=(Dr
- +w=P.

i.J Yb
rv !

-CD- *! X (?
;. ll z' = 

q
-c*oi CD A)6-==- :h <+ -'F ;+ cD33 Ao-

H!.-6'o inx
i 

-
Xa 5 -'.y y J <
Xa.

@.D

9o =6=J F

5'd F
frE
A-
o-:' q
r-
\a 

- v
<!H
g.=

<;J o
^MI JFio (D
t{5X /\
N+F(D6o-

ry^l
H^^

3);' €il): A
q^ E
t+-

t-o
o

zzzzo
ts3
x^":x:1
++xa

=X
EO

hb

(a'

ii'
\
N\
o

a
6

---
)
N.

$i$figig$FFlfIs$$*
5$F$E5iIFiiiiiigi
J:is 3EAgtf,#Fg{EiE

€g5[ $F*sn:€s;gFF;
i:,l *;*f;aiig}r€s
+i$i Eigi$i€ ilif,irs;'* ;E=&=*ri'ttFi*

,o F1

N

,o .</

P, 
= -1

o

=

qASaa
-909o:r:J
PO\O\S\O SN)

o\
^NJ

FFFFK38838

A@

CN.\]

!\oo\
qoo-
ao,5

3:3



OJ
(JJ

|-n

rr
a
o6
a
a

F

.D

a
'.1

No-
q
CD

'o

I

5
@
5

OirliU!9 P PP!'3lx'5:
:6Foo'o\atTzz

.H

oX+nX
S H

=+o\F.!D+
z b; =.<'ooz
xoF

(a)
u
=

EF Frsge$$€+f sgesr $E.$ is

eils?gF+Fg;3i$iiF,EIi
EuiaFgcgrg53iE[+Fiii
F s+E+€irg*=$q$p.+i r ';'

a E$FsFifEsig+1$$ ii a33argalg[5Ftsi $

f ilgFi**u.;=qrF€3{ : i
$ 5$FaEt+$i$[*reg 3 $g FiEf !.ga:r=s*ii? 6 i
+ aFei*+[a#EggIg i s

E1

!D:

?
p.
N

'n
F

o,1
iots
P,= 

-:

I
;

AAOSA
!O{N)u
\O6-.rLi.J
NUNJOO

J9o:J:3!
:!!So\c)N!O\{@

N N) NJ I..J UqN)q{5
38338

u:u6u
bo^{G!buu{s

,-t
o

5
f

i-rD:o-.tr Iq +o-! i6- Fj,'1E,5
x{nai' ee )i.-.lYA<

rrt a-'t'*
= :e a:< 6
a q' Tp-6 X ;;:

-J

T tr €ES:F € q 36 E i.x-
v-+

-o5^Y.)A.:j-;

-i 5d o- Ts.F
er+-

r.!;.iJOYn0a:: f, - ='€E iE<
-L.''t=Q9 A'o +

=.q' F?">3. ::.d:
ilN R; d
t*'C F (D

a g ,U.qcp
tH^'-aga U o 

=N R o-*E=' e:i6E.< O;.^
* q:a

\e 
^/ 

Aio-:! g.
,o o d.5+--
'. 3H+vFi)tl.D

5
m

N

o

s'

€
5

F'o

e.
t

alhFnueg333S
u-3€
\c o o c-7,_Z2.zz

ai^^^;agf+g

3i E:
N

::3s53H
-NNwbb,G

-S3tsSgi
'-curbeb

ri:3tiH
'o;rbo<Lr

o*5jiaA
- u e !

slaqAs!.. : - a a o 6
'"!cub,Li

sAt?+++'^*i-s!A
-O*-uLrp

oo-^

='.:xtr)
r< 

^7a>K +
iroCD
6 5F

3:S. X

nil!o

e<(D
@=)

;ro@

='<
5(DN
oQa

E NQ

+*=
< ao

+A
(}gA

"H6o5:'3q'FJa>5(Drl



Fl

9J
(n

q<
i5a
-
F<ao'ts<5

0a a-o7A<
A.D
aD1x^.
q>
-^
ja)
.9 U,

3-o
.D

o-

5'

Fl-o
I

o-

Î
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4. TRANSFER OF TECHNOLOGY

4.1 FrontlineDemonstrations

A. Main Institute

Farmers'field demonstration in Berasia, Bhopal district

Four technologies developed by IISS viz., Integrated Plant nutrient supply system, Phospo-sulpho-

nitro compost, biofertilizers (powder and liquid formulations) and Soil test based fertllizer

recommendation for targeted crop yield were demonstrated in the farmers' fields to show the

superiority of these technologies over farmers'practice in giving a good yield and better income to

farmers with the optimum use of resources available at the farm. These technologies were

demonstrated in nine farmers' fields of Berasia Tahsil of Bhopal district (Plate 4.1.1). The

technologies performed differently in different field conditions but gave superior results compared

to farmers'practice interms ofresourceuse andnetprofitto the farm family.

Farmers'Iield demonstration in the tribal dominatedAlirajpurandJhabuadistrict

Demonstration trials on integrated plant nutrient supply (IPNS) and soil test based nutrient

recommendation (STNR) were conducted in ten farmers' fields (soybean-6 fields and maize-4

fields) intheAlirajpurandJhabua district ofMadhyaPradesh duringkharifseason (Plate 4.1.2).

Plate 4.1.1(a) Performance of wheat crop (b) Seed treatment with biofertilizers

Plate 4.1.2 Soybean demonstration in Bawdikurd village, Alirajpur district



B. All India Coordinated Research/Network Projects

AICRPon STCR

Rice intlssam

Frontline demonstration trials on rice cv. Ranjit were conducted in l2 farmers'fields in five villages

of Dergaon area, Golaghat district, Assam. The range and mean values of available soil nutrients is

giveninTable4.l.l andtheresultsaregiveninTable 4.l.2.Thetargetedyieldof50and60qha'
under T3 and T4 where chemical fertilizers were applied alone has very little negative deviations

(-0/% and -3.7oh, respectively). On the other hand, targeted yield of 50 and 60 q ha' could easily be

attainable when integrated application of chemical fertilizers are applied with a B:C ratio of 2.2.

Table 4. 1.1 Range, mean and standard deviation of soil properties of FLDs

Table 4.1.2 Results of verification trials/FlDs of sali rice (mean of 12 trials, and 2 years)

Properties Minimum Maximum

Available N (kg ha') 178.8 314.8

Available P (kg ha'') 4.1 7.3

Available K (kg ha-') 108.0 278.6

oc (%) 0.6 l.l

Treatments Grain Grain
yield yield
(q ha-') (q ha-')
Year I Year 2

T I - Control 23.2 27 .2

T2- State recommendation 33.5 38.4

T3- Yield target 50 q ha-' 50.4 48.8

T4- Yield target 60 q ha-r 57.3 57,8

T5- FyM 5 t ha-' 53.I 50.9

Yield target 50 q ha'

T6- FyM 5 t ha' 58.6 6L6
Yield target 60 q ha 

-'

Mean

245.9

6.1

194.8

0.8

Deviations from
the targeted

yield (%)

-0,4

-3,1
L/1 'l

Stdv

46.6

l.l
62.3

0.2

Average B: C
grain
yield
(q ha')
25.2 1.3

36.0 r.5

49.6 2.0

s7 .6 1.9

52.0 2.2

+ 0.2 60.1 2.2

S tt tn tn t'r g t'cc n g r2r rrt i tt A ssa nt

Frontline demonstration trials on summer green gram cv. Pratap were conducted in 8 farmers' fields

in four villages of Dergaon area, Golaghat district, Assam (Plate 4.1.3). The range and mean values

of available soil nutrients is given in Table 4.1.3 and the results on productivity are given in Table

4.1.4. The results revealed that the yield target of l2 q ha' with inorganic treatments could not be

obtaine d showing | .7 o/o negative deviations while that could be attained with IPNS treatment with
2% positive deviations. On the other hand, l4 q ha' target cguld not be attained with either of the

treatments mainly due to moisture shortage during crop growth. However, the B:C ratio was

b0



comparatively higher in treatmentsT4 and T6 with IPNS components. Noteworthy increase in yield
was observed in targeted yield treatments over the farmers'practice.

Table 4.1.3 Range, mean and standard deviation of soil properties of FLDs

Properties

Available N (kg ha')

Available P (kg ha'')

Available K (kg ha')

oc (%)

Table 4.1.4 Results ofverification trials/FlDs of summer green gram (mean of 8 trials)

Min

r97.7

6.9

n4,7

0.8

Max

304.8

10.6

249,5

1,3

Mean

274.4

8.9

191.5

1.0

Stdv

23.0

1.5

36.0

0.1

cv(%\
8.4

16.8

18,8

10.3

Tteatment Seed yield
(q ha-')

T1- Control (farmers'practice) 9,3

T2- State recommendation 11.1

T3- Yield target 12 q ha' (Inorganic) 11.8

T4- Yield target 14 q ha' (Inorganic) 12.8

T5- FYM 5 t ha-'yield target 12 q ha'(IPNS) t2.2

T6- FYM 5 t ha' yield target 14 q ha'' (IPNS) 13.3

7o Increase/ B: C
decrease over target

-t.;

- 8.6

2.0

-5.0

2.9

3.0

3.1

3.4

3.1

3.3

Plate 4.1.3 Summer Moong - Golaghat district, Assam

Tbmatoin Odisha

FLDs were conducted on tomato cv. BT:10 in Balibandh village of Jhumpura block of Keonjhar
district during rabi20l3-I4.The soil fertility status andfertilizer nutrient rates are given in Table
4.1.5. Maximum yield of tomato was achieved where fertilizers were applied as per the fertilizer
adjustment equations (Table 4.I.6).Although 12.68% more yield of tomato was achieved in case of
Soil Test Based (STB) fertilizer recommendation (L-M-H basis) and27.7l%o more yield was
achieved in case of STCR plots compared to the farmers' practice. Besides, 13.36% more yield in



STCR over STB treated plot indicate the superiority of Fertilizer Prescription equation in site

specific nutrient management (Plate 4.1.4).These demonstrations have motivated the tribal farmers

to convert hitherto fallow lands into cultivated land. Similarly, frontline demonstrations on tomato

cv. BT-10 were also conducted in Sadhupalli billage, Reamal block, of Deogarh district which

indicated the similartrend in the yields oftomato.

Table 4.1.5 Front line demonstration on tomato at Balibandh village, Keonjhar district

sl. No. Name of Farmers pH E.C. OC Av. N Av. P Av. K
(l:2) (dSm'') (%) (kg ha-') (kg ha-') (kg ha-')

l.ArjunMunda6.600.l80.6173.84'8140'0
2. Pradip Munda 6.24 0.28 0.02 65.0 6.4 110.9

3. Sankar Munda 6.22 0.69 0.54 102.5 5.6 l3l.l

4. Trilochan Munda 5.75 0.67 0.57 137.5 4.8 96.3

5. Akshay Munda 5.64 0.26 0.54 108.8 6.4 245.3

6.RabiMunda5.660.690'46225.05.084.0

Field Visit of Project

Coordinator

Pesticide solution is being prepared for

tomato seedling treatment at Sadhupalli

village of Deogarh district

STCR based fertilizer
recommendation

Negligible amount of fertilizer
applied in farmers' practice

Tomato seedlings being transplanted

in the experimental field

Plate 4.1.4 Tomato - Keonjhar, Odisha

trb



Table 4.1.6: Yield of tomato

Sl. No. Name of
Farmer

Sl. No Name of
Farmer

l. Arjun Munda 167.7

2. Pradip Munda 172.3

3. Sankar Munda 176.4

4. Trilochan 165.7

5. Akshay Munda 159.8

6. Rabi Munda 171.3

Fruit yield (q ha'') Fruit yield (q h"-') 7o increase or
Farmer's Soil Test STCR recommendation decrease over
practice Based (Target - 225 q ha') targeted yield

187.5

192.9

196.6

188.9

r 83.7

r 91.8

201.7

237,r

236.1

203.3

20s.4

211.3

(-)10.4

(+) 5.4

(+) 4.e

(-) e.6

(-) 8.7

(-) 6.1

Mustard in 0disha

FLDs were conducted on Mustard (cv. Sushree) in Bangalimunda village of Teleibani block of
Deogarh district during rabi20l3-I4. The soil fertility status with respect to available N was low,
available P low-medium and available K medium to high. The fertilizer nutrient rates are given in
Table 4.I.7. Maximum yield of mustard was achieved where fertilizers were applied as per the

fertilizer adjustment equation. Although 30.18% more yield ofMustard was achieved in case of soil
test Based fertilizer recommendation (L-M-H basis) and47 .92o/o more yield was achieved in case of
STCR plots compared to the farmers' practice plots. Beside this,13.630/o more yield in STCR over
STB treated plot indicate the superiority of fertilizer prescription equation in site specific nutrient
management.

Table 4.1.7 Soil Test (STB) and STCR targeted yield based fertilizer doses

1. Poulus Ekka
2. Peter Minj
3. Tito Kindo
4. Joseph Toppo
5. Vincent Minj
6. Rosalia Lak,ra
7. Anil Tirkey
8. Sushama Tirkey
9. Augustin Tirkey
l0 Lily Tirkey
11. Nicholas Kullu

Soil Test Based

N PzOs ILO
(kg ha-')

37.5

37.s
37.5

37.s
37.5

37.5
37.s
37.5

37.5

37.5
37.s

STCR
N PzOs I9O

(kg ha-')

75

75
75

75

75

75

75
t)
75

75

75

l0
l0
10

l0
l0
l0
10

10

10

l0
l0

6l
54

62
57
55

60

69

62

64

70
68

31

31

32
32
35

JJ
aaJJ

34
35

33
aa
JJ

10

10

10

l0
l0
10

10

l0
l0
10

l0



Ra.v'a in Punjab

Five frontline demonstrations on raya crop were conducted in different agro-ecological regions of
Punjab. Results indicate that except in one case, applying fertilizers on the basis of target yield

approach proved superior to the general recommended Dose (GRD) and the farmers'practice (Table

4.1.8).

Table 4. 1.8 Results of FLDs on raya in various districts of Punjab during Rabi

Fertilizer nutrient applied(kg ha-')

N PzOs KzO
l. Name and address: Sital Singh, V. Jaffarpur, Distt. Gurdaspur
Soil test values: OC (%):0.45, SN=l16.5 kg ha-', SP=22.5 kg ha'', and SK=67.2 kg ha'

Tfeatment

GRD

Target 20q ha-'

Target 22qha-'
Farmers' practice

Control

GRD
Target 20 qha''
Target 22 qha'
Farmers' practice

Control

GRD
Target 20 q ha-'

Target 22 qha-'

Farmers' practice
Control

100 30

ll80

Grain yield (q ha-')
(Value cost ratio)

l6.s (8.7e)

t3.3 (3.97)

t4.s (4.4s)

r.3 (1.74)

8.8

16.9 (10.1)
15.6 (17.0)
r6.8 (16,6)

rr.3 (2.32)

8.0

135

140

0

0

55

0

15

14

83

30

0

2. Ramesh Lal, V. Pachowal, Distt. Gurdaspur
Soil test values: OC (%):0.75, SN=l6l kg ha'', SP:19.5 kg ha'', and SK=376 kg ha'

100

970
tt4
150

0

ll0
r20

0

r00

30

0

50

0

0

55

0

30

l5
0

0

30

0

l5
49

58

30

0

3, Rakesh Kumar, V. Rasoolpur, Distt. Gurdaspur

Soil test values: OC (%)=0.79, SN:170 kg ha', SP=30.8 kg ha', and SK=141,1 kg ha''

100 30

930

4. Amarjeet Singh, V. Sham Chak, Distt. Gurdaspur
Soil test values: OC (%):0.90, SN=206 kg ha', SP=30.8 kg ha'', and SK=I41 kg ha''

GRD

Target 20 qha'
Target2} qha'
Farmers' practice

Control

160
930

15.0 (8.17)
16,8 (e.7s)
17.3 (ll.l)
10.5 (2.03)
7.8

14.8 (8.0s)

1s.2 (10.1)

17.0 (r0.4)
10.3 (1.88)

7.7

16.3 (7.83)

14.4 (r8.6)
le.s (17,l)
21.4 (4,94)
9.4

5. Ranjodh Singh V. Chugga, Distt. Moga

Soil test values: OC (%):0.48, SN:I80 kg ha', SP=27.2 kg ha'', and SK=234 kg ha'
GRD
Target 20 q ha-'

Target 22 qha''
Farmers' practice

Control

120
0

55
0

t5

48

58

30
0

15

t7
27

0

0

100

88

106

100

0

30
0

0

55

0



Soybean and toria in llimachal Pradesh

In order to popularize the prescription based fertilizer application, fourteen frontline
demonstrations, seven each on soybean(,k&arifr and toria(zaid)were conducted. All ofthe FLDs on
toriawere conducted in district Una in low hills sub-montane zone of Himachal pradesh. whereas
four FLDs on soybean were laid out in Kangra and three were carried out in Hamirpur district ofthe
state. Five treatments were tested in both the crops. In soybean, the treatments were control, farmers'
practice, general recommended dose, two pre- fixed yield targets of 20 and 25 qha-' .In case of toria,
the treatments consisted of control, farmers' practice, GRD and two pre-fixed yield targets of 10 and
15 q ha-'. The averag e datawith respect to fertilizer nutrients applied, seed yields recorded, per cent
deviations and economic aspects for soybean and toria are given in Tables 4.1 .9 and4. I . 1 0. In case
of soybean, as anticipated, the lowest yield was obtained under farmers'practice (9.1 q ha-')
followed by farmers'practice (10.7 q ha''). By applying the same dose of N and less doses of prO,

and KrO higher yield was recorded under pre- fixed targetof 20 q ha'' in comparison to GRD. The
close agreement between targeted and observed yields was achieved in case of both the pre- fixed
targets of 20 and 25 qha'', as the percent deviations in both the cases were within the permissible
limit (+10% ) i.e. -6.0 and -8.5 per cent, respectively. The net returns in targeted treatments over
farmers' practice and GRD were higher justiffing the usefulness of targeted yield concept based
fertilizer application. The benefit cost ratio was highest (3.55) in the treatment comprising of target
25 q ha' followed by target 20 q ha'' (3.21) as against the farmers' practice where it was
comparatively low (1.78). So, the cultivation of soybean based on targeted concept may be
recommended to harvestbetteryields thereby getting more returns in low hills sub-montane zone of
Himachal Pradesh in Hamirpur and Kangra districts. Similar to soybean, in case of toria, application
of fertilizers as per target yield approach, in general, resulted in higher yield of toria in comparison to
farmers' practice and general recommended dose. Similarly, few more demonstrations were
conducted in Bilaspur, hamirpur, and Una district with soybean (cv. PK 472) and toria (cv.
Bhawani). In case of soybean, as anticipated, the lowest yield was obtained under control (8.7 q ha ')
followed by farmers'practice (10.a q ha-';. The treatments based on STCR concept out yielded all

Table 4.1.9: F ertilizer demonstrations on soybean in Kangra and Hamirpur districts of H.p.

Tleatments Nutrient doses Yield
applied (kg hd) (q na )

Cost of Net
cultivation returns
(Rs. hrt) (Rs.hdt)

Deviat
ion
(%)

B:C
rrtlo

NP
Control
FP

GRD
Target 20 qha-l
Target 25 qha-l

000
2000
20 60 40
20 38 28
20 67 49

9.1

10.7

17.2

18.8

22.9

-6.0
-8.5

23543
27553
44400
48410
58894

12200
r5436
16377

r4786
16578

11343 1,93

l2lt7 1.78

28024 2.71

33624 3.27
42316 3.55

In Ff; FYMwas applied @ 3tha'' on fresh weight basis;
Fertifizerrate:N:Il.8Rs.kg',pror:4g. IRs.kgt,Kro:lg.gRs.kgt,priceofsoybean grains;Rs.2s00q,



other treatments (control, farmers'practice as well as GRD). In case oftoria, application of fertilizers

as per target yield approach, in general, resulted in higher yield of toria in comparison to farmers'

practice and general recommended dose.

Table4.1.10:Fertilizerdemonstrationson toriainlowhillssub-montanezoneofH.P

N PzOs KrO

Price of Cost of Net
yield cultivetion returns

Gs. hi) @s ha{) (Rs. hi)

Tbeatment Nutrient doscs Yield Deviet
applied (kg he") (q ha t) ion

B:C
retio

Control 0

FP 20

GRD 60

Target l0 47

Target 15 73

3107 l.4r
777r r.79

16508 2.52

16708 2.&
28195 3.37

0

0

40

28

47

Name of tribal Villrge
district
Kanker Dhaneli

Kanhar, Siltara"
Babudabena

Dantewada Binjam, Nagul,
Ronge

Kondagaon 
Bhagdew4 Bolbola

Jagdalpur Tekamet4 TandPal

Surajpur SambalPur

Balrampur Chirkoma

Korba Dongri

Koreya Bakira

Narayanpur K:dialakha, Paldki,

Devgaon

Ambikapur Beldagi, KunwarPur

FP- Farmen'pnctice

1','

Crop/No of No of
FLD's beneficiaries

chickpea:4 20

wheat:7
tnaiz.e:9
chickpea: 12 20

wheat:8
wheat: l0

^ize : 19 20

wheat:20 20

wheat:20 20

wheat:20 20

chickpea:2O 20

wheat:20 20

chickpea: l0 20

wheat: l0
wheat:20 ' 20

0

0

40

4l
70

4.2

7.0

| 1.0

10.8

16.0

7.57

6.95

1ffi07

17ffi1

27393

26893

40rc7

7500

9836

r0885

10185

ttgt2

InFEFyMwasapptied@3tha'' onfreshweightbasis,salepriceoftoriaseed:Rs.25.00kg'',Costoffertilizers(Rs.kg
'): N:I t.8, P,o.,:48.l, Kto:I8.I

Tribal sub plan programme in Chhattisgarh

Anumber of field demonstrations on various crops were conducted in tribal districts of Chhattisgarh

(Table 4.1.I l, plate 4.1.5). Twenty six tribal farmers from 7 hadi's (hamlet's) at Kakanakote forest

area of H.D. Kote taluk were identifiedbased onthe land available withthem. The soil samples were

Table 4.l.ll Field demonstrations in the tribal districts of Chhattisgarh

7o Yield
increased over FP

t.85-2.72
o-4-2.72

0-6-1.0
7-24

2G52
3242
24-37
2+54
2847
40-50

9-31

l8-38
8-37

24-33
264



collected with geographical positiohing system (GPS) depicting latitude and longitude of each soil
sample. These samples were analyzedfor available N, P and K. Based on the soil test values and
yield target fixed, fertilizers were distributed to these farmers for chickpea crop by using the
chickpea targeted yield equation developed at Acharya N.G. Ranga Agricultural University
(ANGRAU), Andhra Pradesh.

Plate 4.1.5 Field demonstrations in Chhattisgarh

Maize (IIybrid lfema)

A follow up trial on hybrid maize at ZARS, GKVK under dry land condition was undertaken to
evaluate the targeted yield equation developed at the STCR centre. Under dryland condition,
significantly higher grain yield of 47 .35 q ha ' in STCR (I73_g4_gg) 90 q ha ' target was obtained, as
compared to package ofpractice (150-7 5-40) treatment (39.6 qha-'). However, all these values were
far below the target fixed because the crop was not irrigated and the rainfall received during crop
growth were very less.

Equations used:

FN :3.84 T - 0.42 SN (KMnO.-N)
FP,O5 :1.57 T- 1.18 Sp,O5 (Bray's_p)
FK,O : 1.15 T-0.11 SK,O(Am.Ac._K)

Ragi (GPa-28)

A follow up trial on ragi was conducted at ZARS, Hiriyur to evaluate the targeted equation
developed at ZARS, Mandya. Highest grain yield of 37.0 q ha ' was recorded in STCR (60 q ha-')
targeted treatment with the fertilizer nutrient dose of 163- 100-0 followed by an yield of 36. 2 qha-'in
STCR target of 50 qha-'with fertilizer nutrients 135-83.2-0 (N- prO,- &O).However, all these
yields were far below the target fixed. Highest VCR of 8.68 was recorded in STCR targetof 60 q ha-,
with integrated approach (81 .7-50-0 (N- p,O,_ KrO) + FyM). Lowest VCR of 3.66 was recorded in
package ofpractice ( 1 00-50-45) treatment.

Equations used:

Bumper crop of toria in Bilaspur Field Day at Una



FN :3.29T -7 1.17 SN (%OC) - 0.00281 oM
FP,O, : | .789 T - 0. 189 SP,O, (Olsen's-P) - 0'00173 OM

FK"O : 1.775T-0.15 SK,O(Am.Ac'-K)-0.0015 OM

Ragi (GPI/-28)

A follow-up trial on ragi was taken to veriff the targeted yield equation of dryland ragi at ZARS,

GKVK. Significantly highest grain yield of 41.4 q ha' was recorded in STCR (30q ha'') integrated

treatment which was on par with package of practice (a}.a qha'). These yields were far above

the target fixed due to sufficient rains during the crop growth period even though it is grown

under dryland condition. The yield response worked out was higher (12.30q ha-') in STCR

(30 q ha') integrated treatment followed by package of practice and VCR was highest (29.71) in

STCR (20 q ha-') with only inorganics followed by STCR (30 q ha') with only inorganics (8.68) as

compared to package of practice (POP) and STL approaches. Even though STCR integrated

approaches haven given higher yields, yet lower VCR were recorded mainly due to very high cost of

FYM added.

Potzto (h'uti'i J.t oti 2)

ln order to verify the newly developed IPNS equation for potato, five multi-location follow up

experiments were conducted during rabionnatural soil fertility conditions at farmers' fields. All the

experimental sites fall under wet temperate zone of Himachal Pradesh. The treatments comprised

control, farmers' practice, general recommended dose and two pre-frxed yield targets with and

without the use of FYM in case ofpotato.

The targets evaluated were 150 and 200 q ha ' of potato tubers. In farmers' practice' FYM was

applied@25 t ha''. Initial soil test values with respect to available N varied from 209 to 285 kg ha '

with a mean value of 247 kg ha ', that of available P from 23 to 44kgha ' with a mean value of 33 kg

ha.', and available K varied between 179 and lg4kgha' with an average of 184 kg ha '' The target

yield equations used for applying fertilizers in potato were as givenbelow (Table 4' l.I2).

Table 4.1.12 Fertilizer adjustment equations used for potato crop

Crop Equations

FN FPzOs FK2O

potato 3.37T-0.90SN-0.22ON 0.71T-0.95SP-0.l8OP l'47T-0.62SK-0'lOOK

.SN, ,Sp SK, T'etc. above have their usual n'teanings.ON, OE OK stand for amounts of N, P & K in kg added from organic

manure as per dosage involved.

The lowest yield (g4 q ha ') of potato (Table 4.1.l3) was recorded in control followed by farmers'

practice (120 q ha';. As far as the pre-fixed yield targets vis-ir-vis yields obtained are concerned'

deviation was within l0 per cent between the actual yield ob'tained and the pre-fixed targets under
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both the situations i.e.withand without the use of FYM. The net returns were highest (Rs. 132457
ha-') in 200 qha'target without FYM followed by the same target with FYM (Rs. 122951 ha-') and
lowest was in control (Rs. 29167 ha'). The benefit cost ratio was highest(2.92) in 200 q ha'target
without FYM followed by the same target with FYM (2.47). The benefit cost ratio for the yield target
of 150 q ha' with and without FYM wer e2.07 and2.45,respectively.

Table 4.l.l3z Targetyield experiment(involvingIPNS based equations) on potato

Tleatment N P2Os K2O F"fM Tbber Deviati Gross

^ ha-r) (t ha-l) Y{eld on returns(Kg 
(q ha') (%) rn .m;l

Control000-84-84167
FP 30 0 0 25 t20 - 120000

GRD 120 80 60 _ l4l _ 141333

Nutrients as per Targets (q ha-')

150

200

r50 (rPNS) 269 68 99 15

200 (rPNS) 437 103 r72 15

Maize

FN = 5.88 T- 0.23 SN - 0.93 ON

FPzOs =4.87T-1.22 SP -0.81 OP

FK2O : 3.66T- 0.49 SK -0.51 OK

157 4.4 t56667 63963

202 0.8 201500 69043

162 7 .9 I 61 833 78302

206 3.2 206333 83382

279 77 10s

448 rI2 179

Cost of
inputs

(Rs.hdt)

55000

803s4

6t394

Net B:C
refurns ratio

Gs.hd)
29167 1.53

39646 r.49

79940 2.30

92704 2.45

t32457 292

83531 2.07

122951 2.47

Besides30kgN,farmersapplyFm[@25tha',FYMwasapplied@I5thatin]50and200qha'' targetwithIPNS,Sale
price ofpotato:Rs. I0kg'. Fertilizer: N:l1.8 Rs.kg', P,Or:48.1 Rs. kg' , K,O:I8.BRs. kg'

Maize (PG2474)

A long term yield target experiment was started from khariffrve years ago with maize and wheat as

test crops with the objectives to veriff fertllizer adjustment equations for maize and wheat grown in a

sequence and simultaneously to study the impact on soil quality over the years. The IPNS based

fertllizer adjustment equations were used to calculate nutrient doses for various targets which were
kept as treatments for maize and wheat (Table 4. 1 .l4,Plate 4.1 .6).

Table 4.1.14 Fertilizer adjustment equations (IPNS based) used in long term target yield
experiment in maize-wheat sequence

Wheat

FN = 5.27 T- 0.25 SN - 1.06 0N

FPzOs = 4.13 T- 0.38 SP - 0.98 OP

FKzO = 2.87 T- 0.15 SK - 0.55 OK



The lowest grain yietd of l g.3 q ha'' in maize was recorded under control (No fertilizers) whereas,

farmers'practice (40-0-0) and application of fertilizers based on soil test (STB) (150-45-40) and

general recommended dose (GRD) (120-60-4U recorded yield levels of 23.3,26'2 and25.7 qha',

respectively. A close agreement between the yield targeted and the actual yield obtained was

observed in the four pre-fixed targets of 30 and 40 q ha ' with and without FYM. FYM involving two

yield targets recorded higher yields than their non-FYM counterparts. However, the net returns and

benefit cost ratio were higher in case ofnon FYM treatments because of additional cost ofFYM. The

highest net returns were obtained in treatment corresponding to yield target of 40 q ha-r without

FyM. The benefit cost ratio was also highest (2.57) in targeted yield level of 40 q ha-' without FYM

followed by targeted yield level of 30 q ha'r without FYM (2.38) and least was in farmers'practice

(r.07).

Almost, similaryield trends were also observed in case ofwheat. The lowest grainyield of 13.2 q ha''

was recorded in control followed by farmers'practice (16.3 q ha''). Application of fertilizers based on

soil test (STB) and general recommended dose resulted in 18.6 and 18.0 q ha- grain yield of wheat,

respectively. The pre- fixed targets (25 and 35 q ha'), where FYM was applied consumed less

nutrients but produced more grain yield.

Plate 4.1.6 Long term experiment on wheat

Target yield concept based fertilizer application excelled all other approaches in terms of yield and

net returns.

AlCRPon N'lSN

frI icro a nd scconda r.r' n u trien ts

Technologies generated in AICRP- Micronutrients for micronutrient management were demon-

strated in more than 500 farmers' fields through cooperating centres (Plate 4.I.7). Micronutrientkits

and soil health card were distributed to more than 500 tribal farmers (Table 4.1.15, Plate 4.1.8).

Number of Farmers day i Field day / On spot advice I Krishi melas conducted in tribal areas to

increase the awareness regarding the use of micro and secondary nutrients for enhancing crop

productivity and animal/ human health
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Plfie 4.1.7 tr'ront line demonstrations in different crops

Table 4.1.15 Distribution of soil health card. micronutrient kit and extension materials in
tribal areas

State/Centre

Maharashtra (Akola)
Tamil Nadu (Coimbatore)
Gujarat (Anand)
Jharlfiand (Ranchi)
Andhra Pradesh (tlyderabad)
Madhya Pradesh (Jabalpur)
Assam (Jorhat)
WestBengal (Kalyani)
Odisha @hubaneswar)
Uttarakhand @antnagar)
Himachal Pradesh
Bihar

No. of beneficiariec
Micronutrients

kit
6l
50
45
80
20
l8
50
20

t2s
50

130
100

Soil health
card

6l
50

til
80
20
76
50
20

500
50

130
l0

Ertension
materiels

320
450

1250

240
300
250
150

'1
100

Plate 4.1.8 Distribution of micronutreint kit and extension materials

AINPonBF

PGPR fo r app le, c a u IiIIo wer, p ea

The demonstrations of PGPR on apple (5 nos.), cauliflower (3 nos.) and pea (3 nos.) resulted in about
38 yo,22o/o and26 Yo increase in yield over recommended package of practices in mid and high hills
of Himachal Pradesh (YSPUHF, Solan).

Biofertilizers and upland rice in eastern fndia

Demonstrations (wet season 2014) on biofertilizer application in direct seeded upland rice variety



'CR Dhan 40' showed that application of AMF inoculum (soil application) and Azotobacter(seed

application) resulted in29 Yo and l3 oZ increase in grain yield, respectively in Jharkhand. Similar

trends of results obtained during last three seasons (wet seasons of 201I-I2,2012-13 and 2013-14

confirmed better performance of AMF inoculum over Azotobacter in acidic upland soils of

Jharkh and (C RU RRS, Hazarrbagh).

Bioti,rtitizt,r ft,chrtolrtg.l'intt,rrention in tribat / non-tribal larmers in eastern India

Biofertilizer technology intervention was introduced in rice and pulse (lentil and urdbean) crop of

tribal & non-tribal farmers of West Champaran East champaran, Samastipur, Muzaffarpur, Vaishali,

Katihar and Bhagalpur district in Bihar. Intervention in rice crop at ten farmer's site resultedT -16 oh

increase in grain yield. Increase in lentil (13 -24%) and urdbean (a-8%) yield was recorded due to

Rhizobium inoculation. There was poor response to inoculation in Diara land of Katihar and

Bhagalpur district on urdbean owing to good soil fertility and adequate rhizobial populations orboth

(RAU, Pusa).

'l ?i b a I d crr r rt n s t ra tio rt s

In three villages of Kalahandi district, 64 on-farm (tribal area) trials were conducted with nine crops:

namely tomato ( l5 nos.), cauliflower ( l3 nos.), cabbage (3 nos.), brinjal (4 nos.), cowpea (3 nos.),

french bean ( I nos.), maize-cowpea (8 nos.), sole maize (8 nos.) and cotton (9 nos'). For vegetable

crops on an average 400 mt area per farmer, for maizelmaize-cowpea 1000 mt per farmer and for

cotton 2000 m'lfarmer were allowed to grow their desired crops and were supplied with critical

inputs like seed, fertilizers, BFs and pesticides. The BFs used were Azotobacte4 Azospirillum' PSM

and Rhizobium.The response to BFs inoculation ranged from 10.6- 22.0 o/o,lowest with maize and

highest with cowpea. On an average bioinoculation of crop increased the economic yields by 17 .6%

(OUAT, Bhubaneswar).

Fourteen demonstrations were carried out in tribal villages of Mandla and Chhindwara districts with

farmer practice (imbalanced fertilization without biofertilizer) and recommended doses of

fertilizers with biofertilizdrs on soybean (var. JS-9752). Anincrease of 21.5o/o was demonstrated

with RDF+BF (average 1730 kg ha') over F.P. (average 1424kgha'). Six demonstrations were

carried out on maize(var. JM-216) in tribal villages of Chhindwara district with farmers practice and

RDF+ BF. An increase of 75oh was demonstrated with RDF+BF (average768 kg ha') over F.P.

(average 1343 kg ha ') (JNKVV, Jabalpur).

P nt d u t' t i o r t a n d s u pp l.t tt I' h i rt li' t' f i I izc rs

Biofertilizer packets- 60323,24842,16481,1504,40096 and 3187 pkts of PSB, Tiichoderma

Azotobactet Azospirillum, Rhizobium, and soil based BGA respectively were produced and

supplied rg farmers amounting to sale of Rs.35.50 lakhs (JNKVV, Jabalpur). Biofertilizer sale

during 2014-15 was of Rs. 6.50 lakhs, which was lesser compared to2013-14 (Rs. 7.95 lakhs) owing

to drought situation in Maharashtra (MAU, Parbhani). Using the strains of AINP on Soil

Biodiversity and Biofertilizers, 170 MTs of solid carrier based biofertilizers and 20 MTs of liquid
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biofertilizers worth Rs. 121.20 lakhs were produced during 2014-15 (ANGRAU, Amaravathi).
More than 3000 packets (2009 each) of Azotobacter, Rhizobium, Azospirillum and pSB were
prepared and supplied to farmers. In addition I 000 packets of BGA inoculant and 3 00 packets ( I and
5 kg) of AM inoculant were prepared and supplied (IARI, New Delhi). Training was given to
different farming groups on the usage of liquid biofertilizers as well as solid biofertilizers (IISS.

'Bhopal 
and all centers).

4.2 On-Farm Demonstrations

o n-far m d e m o n s tr ati o n of r e s o u r c e c o n s e rv atio n t e c h n o I ogy

To popularize the resource conservation technology among farmers of Central India, Division of
Soil Physics, IISS, Bhopal has been demonstrating following packages of treatments to the farmers
since last five years in the institutes research farm (Plate 4.2.1). Details of treatments and yield
(Table 4.2.1 ) are given below:

a. Two tillage practices viz. (a) No-Till and (b) Reduced Tillage were demonstrated. In both
tillage practices Broad Bed and Furrow system is being followed. In No-tillage, sowing was
done by slit-drill whereas; in reduced tillage sowing was done with tropi-culter after one
ploughingby duck foot cultivator.

b. Three cropping systems selected for this pu{pose were: (a) marze - chick-pea, (b) soybean -
wheat, and (c) soybean + pigeon pea (inter-cropping ratio is 3:2).Inall the treatments recom-
mended fettilizer doses with 8 t FYM hrty.-t were applied and standard pest management and
weed management (manual * chemical) practices were followed.

Table: 4.2.1 crop yield observed duringRaDiseasonof 2014-2015

Wheat (q ha-t)

43

42

Chickpea (q hu-t)
BBF+No Tillage
BBF+Reduced Tillase

20

22

Plate 4.2.1 Demostration of resource conservation technologies

Demonstration of srcR based nutrient recommendations

Institute is maintaining eight demonstration plots on nutrient recommendations for the soybean-
wheat cropping system since 2003. Different treatments in the demonstration trial are given in Table' 4'2.2' The soil analysis of the samples taken in2}l3-l4revealed that available K was 287 kgha'' in
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0.58% and0.72o/o in -N and STCR (full) treatment, respectively. The most prominent reduction was

observed in available P status which was only 2.2kgha-'in STCR (-P) treatment as compared to 18.7

kg ha' in STCR (full) treatment.

Table 4.2.2 Treatments in the trial

S. No.

I

2

J

4

Tteatment S. No. Tfeatment

STCR based (-N) 5 STCR based (Full)

STCR based (-P) 6 IPNS

STCR based (-K) 7 STCR based (Limited irrigation)

State recommended dose (NPK) 8 IPNS (Limited irrigation)

tn STCR based (-N) treatment, P and K rates were applied as per STCR equations, N was not applied

D e m o n s t ruti o tt o l' e n ric h ed t'o m posti tt g

Institute is doing.on-farm demonstrations on preparation of different enriched composts (Plate

4.2.2). Different compost preparations are verrnicompost, phosphocompost, microbial enriched

compost, poultry compost and parthenium compost'

DDG (NRM) Dr. A.K. Sikka's visit to composting unit Farmers' visit to the composttng untt

Plate 4.2.2. Composting unit of IISS

4.3 MethodDemonstrations

In connection with demonstration of IISS technologies in Mengra Kalan village of Bhopal step-by-

step procedure of biofertilizer treatment of soybean and wheat seeds, and preparation of phospho-

sulpho-nitro compost in portable plastic pits were shown to a group of 30 farmers under the

supervision of the scientists of the Institute, during soybean-wheat,20l4-15 (Plate 4.3.1).

Demonstration of soil nutrients analysis usingMridaparikshak was done on the following occasion

) 86'nAGM meeting, NASC, New Delhi, February 02,2015

I Pusa Krs ihi Vig,,an Mela,lARI, New Delhi, March 09-12, 2015

!) Demostrati onatKrishi Bhqwan,NewDelhi, March 25,2615

tt0

Farmers'visit to the composting unit



Plate 4.3.1 : Method demonstration on use of bio-fertilizers and compost preparation

4.4 Technology/Product Developed

A Main Institute

Mridaparikshak

A new mini lab named Mridaparikshak, a mini soil lab has been developed at ICAR-IISS, Bhopal.

This can estimate 10 parameters viz., pH, EC, Organic carbon, available N, P, K, S, Fe, Zn, andB.
Fertilizer recommendations for specified targets for selected crop and soil can be generated which
can be transmitted to farmers mobile. This is compatible with soil health card. This technology was,

demonstrated during annual general body meeting ofICAR (Plate 4.4.1).

Mridaparikshak development team Demonstration before Hon'ble Union
inister ofAgriculture Shri Radha Mohan Singh

Plate 4.4.1 Demonstration of Mridaparikshak

Rap o -comp o st tec h n i qu e

A survey of farmers' fields has revealed that 'Rapid Composting' technique which can reduce the

time required for obtaining good quality compost, is the need of the hour. Therefore, a new

technology, 'Rapo-compost Technique' using consortium of Ligno-cellulolytic thermophilic
organisms, has been developed by ICAR-IISS that has considerably reduced the time required for
composting to1-1.5 months. This technology is especially suitable for recycling of kitchen wastes
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and vegetable wastes. The institute has developed this technique in collaboration with ICAR-CIAE,
Bhopal and ICAR-NBAIM, Mau. As a parl of this technology, lignocellulolytic thermophilic

organisms, important for accelerating the decomposition, were isolated, screened and identified by

ICAR-IISS. The technology has been demonstrated to farmers and trainees of winter school (Plate

4.4.2).).lt has received accolades from Natural Resource Management (NRM) division of ICAR

and has been identified as a key component for the recycling of biodegradable wastes and could be

very useful in pursuing the "Swachh BharatAbhiyan" ofthe Government.

to trainees of winter school

Plate 4.4.2 Demonstration of rapid composting technology

B i o u t' t i r e p r o il u t' ts.fi'o n .l utntp h u L' u rc o s

Experiments were carried out to determine how best the biomas s of J. curcas can be used to improve

agriculture. Leaf biomass was extracted by a specific aqueous extraction method (Plate 4.4.3).Leaf
extract at different concentration (0 - l.0o/ovlv). was added to soil Preliminary study highlighted this

product has the capacity to enhance soil methane (CH.) uptake by about 20-407o.Itcanalso decrease

NrO production. Product also increased microbial abundance including heterotrophs, N fixers and P

solubilizers. Further tests are being undertaken to study the effect of the extract on plant growth

attributes.

extract concentrate ofbioenergy crop J. curcas

Rapo-compost device Demonstration of 'Rapo-compost technique'
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Biofilter technology

The main problem in using municipal and solid wastes (MSW) for compost making is the presence
of high content of heavy metals. These heavy metals may harm the plants and in turn the animal and
humans who consume these contaminated plants. The Institute has developed a bio-filter (plate
4-4-4) containing fungi which can reduce the quantity ofthe heavy metals in MSW compost. These
MSW compost after decontamination can be safely used in agricultural fields as an amendment.

Plate 4.4.4Yiew of inserted bio-filter block

4.5 ParticipatoryTechnologyDeveloped

IPNS with Phospho - Sulpho - Nitro - (pSN) compost

Considering the lack of availability of farmyard manure (5 t ha-') for adopting the IpNS recommen-
dation of IISS, the nutrient package was modified by integrating another IISS techn ology viz.,
phospho-sulpho-nitro compost (2 tha-'). The technology was evaluated in the farmers' field for a
period of two years forthe soybean-wheat cropping system (Plate 4.5.1). For the soybean crop,
average grain yield in the first year for IPNS with PSN compost was 12.3 q h-'a and that of IpNS with
FYM was I I.2 qha''.In the second year the corresponding yields were 12.3 and l l.5 q ha-' respec-
tively' For the wheat crop, average grain yield in the first year for IPNS with PSN compost w as 42.7 q
ha' and that of IPNS with FYM was 40.7 q ha-'. In the second year the corresponding yields were 45
and4l qha-'.

Plate 4.5.1 Preparation of PSN compost under farmers' field conditions
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3. TRANSFER OF TECHNOI.OGY
A. Main Institute

3.1 Mridaparikshak a Mini-Lab (Upgraded version)

Mridaparikshak, a Mini-Lab developed by ICAR-IISS
in collaborative research project with M/s Nagarjuna
Agrochemicals Pvt Ltd.; Hyderabad has been upgraded.
The upgraded version is capable of analysing 12

important soil parameters viz., pH, EC, Organic carbon,
Available Nitrogen, Phosphorus, Potassium, Siilphur,
Boron, Zinc,Iron, Manganese, and Copper; the last two
being the additions in the original version.The upgraded
Mridaparikshak Mini-Lab is also equipped to analyse
three more parameters viz., Gypsum Requirement, Lime
Requirement, and Calcareousness.Mridaparikshak Mini-
Lab is a proprietary and patent applied product
(ApplicationNo.2522lDELl20l 5 dated 14.08.201 5) in the narne of Indian Council ofAgricultural Research.

3.2 Frontline/on farm Demonstration

Evaluation-cum-demonstration of IISS technologies under farmers' field conditions

Performance assessment of some of the

innovative technologies developed by the

ICAR-lndian Institute of Soil Science had

been conducted in nine farmers' fields of
Megra Kalan village located in the Berasia
Tehsil (Bhopal) for the third crop season. Four
technologies viz., Integrated Plant Nutrient
Supply system (IPNS), phospho-sulpho-nitro
(PSN) compost, soil test based fertilizer
recommendation for targeted crop yields
(STCR), and biofertilizers (liquid and powder

Plate 3.1.1 Upgraded Mridaparikshak, capable to
analyse | 5 parametcrs

formulations) were selected and evalua':d 1' t" tt.t performance of soybean for different treatments under
three technology packages i.e. IPNS-1, IPNS- Farmers'field condition
II and STCR (Fig 3.l.l ). IPNS-I recommends the use of 5t farmyard manure and 50o/o rccornrnen(led dose of
NPKS with seed treatment ofbiofertilizers per ha for the khari/'soybean and 75% NPKS and sced rr eatnren t of
biofertilizers per ha for the rabi wheat. IPNS-II replaced the 5t farrnyard manure with 2t phospho-sulpho-
nitro compost. In the thirdkharifseason the soybean crop showed a yield advantage of 10.2 nf it'rlPNS-1, 27.0
% in IPNS-Il, and 20.8 % in STCR overfarmers'practice.
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Demonstration trials in tarmers' fields ofAlirajpur, Jhabua and Dhar districts, M.P.

Frontline dcmonstration trials in the tribal fanners' fields in Alirajpur, Jhabua and Dhar districts (8 for

soybean and 4 fbr rraize during kharil' and l0 fbr wheat during rabi 2015-2016) were conducted to

disserninate tho institute technologies like IPNS and STCR (Plate 3. l. I ).

Plate 3.1.2 Sced and f'ertilizer distribution and dcmonstration trials in the farmers' fields

3.3 Farrne rs'/1.'ield Days Organized

Kisan divas at Khamkheda to reyiew success and promote conservation agriculture

One day Kisan divas was organizccl by ICAR- Indian Institute of Soil Science, Bhopal at Khamkhedha (Plate

3. | .2 ) qn ,5"' Murch 20 | 6 Ltnder Consortia Research Platfbrm on Clonservation Agriculture (CRP on CA). Dr.

A.K. Patra, Indian Institutc of Soil Scicncc, Bhopal addressed to the famrers gathered from different villages

and intcractcd with farnrcrs and cnquired about the problerns of the villages in relation to conservation

agriculturc. Dr. A.K. Biswas, Lead Ccntrc Platfonn Coordinator of CRP on CA and Dr. R.S. Char.rdhary,

DepLrty Lcad Centre Platfbrm Cloordinator described the benefits to fanners with respect to resource

conservation and bettcr utilization under conservation agriculture. All the scientists and farmers visited field

experirnents undcr Dcnronstration of Bost-Bet Conservation Agriculture Practices on Fanners' Fields in

Vertisols of Central India and witnessed the success of field experiments. The field visit was followedby
Kisan Sang<lsthi fbr intcraction betwecn scientists and farmers to answer the questions related to the

conservation agricr-rlturc. Similar to the Kharnkheda program, another Kisan Divas was organized at

Momanpur to prornotc conscrvaticln agriculture in f anner's field on I I "' March 201 6 under CRP on CA. A

field visit of bcst bet CA practices under fanner's conditions was fbllowed by scientist-farmer interaction

meet.

Plate 3.1.3 Kisan Diwas at Khamkheda village

egl.g ; heatthysoils for a heatthy tife 64
Year of Soils
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B. Alllndia Coordinated Research /Network Pro.iects

3.4 AICRP (LTFE)

3.4.1 Integrated nutrient management under Tribal Sub Plan

Under the tribal sub plan large scale demonstrations on finger rnillet (GPU - 28) and rraize (Hybrid - Hema)

were carried out in the tribal farmer's field in different states. In Karnataka field denronstration conducted in
tribal clusters at Biligiri Rangana Hills, Yelandur Taluk, and tribal villages near Kollegal taluk of
Chamarajanagar District. Representative soil samples were collected frorn tliese flelds was analyzed for Soil
Health Card preparation and was distributed. Before demonstration a trainirlg prograntme on irnportance of
integrated nutrient management and awareness on soil sampling were imparted. The nutricnt status of soils in
the selected tribal beneficiaries was done in Chamaraj anagar District, Karnataka state irr two phascs (i) TSP- I
Phase (49 families of Soliga Tribes) with implementation at Purani Podu, Kalyani Podu in Biligiri Rangana

Hills, and Yelandur Taluk and (ii) TSP- II Phase (53 families of Soliga Tribes) at .lccrigc Gadde, Haavina
Moole and Maavattur in Lokkanahalli Hobli, Kollegal Taluk.

3.4.2 lntegrated nutrient management and productivity

a) GKVK, Bangalore

After irnparling training, field denronstrations were carried out on tribal farlncrs' flclds and the data revealed

that average productivity of finger rnillet and maize is in the range of 25 to 28 q ha and 6l to 6t3 q ha'
respectively (Table 3. L I ). Improved pract ices were found to boost the productivity of fi nger n.r i llct and rn a ize

to the extent of 25 and22o/o.respectively

Table 3.1.1 Average yield of finger millet and maize (kg ha ') in different tribal areas

Tribal cluster Farmers
practice

Finger millet

INM Farmers
practice

INM

Ilybrid maize

Purani Podu*
Kalyani Podu*
Jeerige Gadde#
Haavina Moole#
Maavattur#
Average yield
Increase in yield (%) over FP

2550
2430
24s0
2630
28s0
2s82

3350
3150
3045
3t25
34s6
322s

24.9%

6520
6121
67 12

6425
68s2
6s26

7885
7106
8023
8156
8282
8010

22.7%

*B.R.flills, Yclandur Tq; # Kollegal Tq Char.narajanagar: Farmcrs praclicc Only DAP (rl -50 kg /lcrc / lncl FYM (/r) | lo 2 tonrrcs /acrc

The farm inputs and soil health cards were distributed by the dignitaries irrclLrding the honourablc DC ICAR
andSecretary DARE Dr. S. Ayyappan, who visited the tribal clusters at B.R. Hills in Charnarajanar Dt. to
interact with the beneficiaries in these tribal areas (Platc 3.1.3 and Plate 3.1.4). Bcsidcs training program on

'lmportance ofbalanced nutrition to field crops'was also conducted (Plate 3.1.5)
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Plate 3.1.3 Visit of Dr. S. Ayyappan, Honrble then DG ICAR to the tribal clusters of B.R. Hills, Chamarajanar District

Plate 3.1.4 Distribution of soil health cards and farm inputs to the beneficiaries

Plate 3.1.5 Training programme on 'lmportance of balanced nutrition to field crops'

b) OUATBhubaneshwar

Demonstrated the impact of balanced and integrated nutrient management in five villages viz., Banjhakusum
of Dhenkanal dt, Kailash and Sadhupalli of Deogarh dt, Khariadiha village of Keonjhar dt and Penala village
of Kandhamal dt. covering 60 tribal farmers under Tribal Sub-Plan (TSP) during 2015-16 (Plate 3.1.6). The
average increase in grain yield was 9 and l3 q ha'' due to balanced and integrated use ofnutrients.

Plate 3.1.6 Farmer's field in Kandhamal and Scientist's visit to Farmers' field in Dhenkanal
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c) CSKHPKV Palampur

During KhariJ 2015, farmers (Tribe: Gaddi) field demonstrations (50 nos.) were laid out at village Balla of
Distt Kangra on integrated nutrient management (lNM) in maize. The yield data of matze (Table 3.lr2)
revealed a very quantum jump in yield to the tune of 27 qha'' from improved practices. Besides, six training
programmes were organized on balanced fertilization in different crops in dt Kinnaur, Chamba, Kangra and

Mandi (Table 3.1.3 and Plate 3.1.7). Two field days were also organized on balanced fertilization in maize and

wheat crops in district Kangra.

Table 3.1.2 Effect of INM on maize grain yield at farmersr fields at Palampur, HP

Tfeatment Mean
(kghrt)

Range
(ke ha-t)

INM (N: 120, P: 60, K: 40kglha + FYM 5 tlha)
FP (N: 60, P: 24,K: l6kglha + FYM 5 tlha)

3750 - 62s0
ls60-2810

5030
2300

Table 3.1.3 Details of training camps organized under TSP component (2015-16)

Venue No. of Farmers

Lamu (Holi), District Chamba
Rakh (Nagri), District Kangra
Chaura (Bhawanagar), District Kinnaur
Gunehar (Bir), District Kangra
Tikri (Nushehra), District Mandi
Gujreda (Gopalpur), District Kangra

8r
8l
80

80

80

80

Gaddi
Gaddi
Gaddi
Gaddi
Gujjar
Gujjar

Demonstrations on INM in maize and wheat at Balla village (Dist Kangra)

Field day on INM in wheat and maize (Balla)

healthy soils for a healthy life
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Lamu (Holi), Dist
Chamba (T'ribc: Gaddi)

Chaura (Bha*anagar),
Dist Kinnaur ('l'ribc: Gaddi)

Gunehar (Bir). Dist

Kangra ('l'ribe: Gaddi)

Transfer of technology

Rakh (Nagri),
Dist Kangra (Tribc: Gaddi)

Gujreda (Gopalpur),
Dist Kangra(Tribe: G ujjar)

Plate 3.1.7 Training Programme for tribal people in tribal areas in Himachal Pradesh

3.5 AlCRP0n S't(lR

Tribal Sub Plan Programme

All lndia Cloordinated Researoh Project on SoilTest Crop Response (AICRP on STCR) has implemented TSP

across the country in various tribal belts.

3.5.1 IGKV Raipur, Chattishgarh

STCR technology has been tested on tribal farmer's fields with wheat, mustard, maize and chickpea crops

Table 3.1.4 Details of FLD's conducted under TSP-STCR during RaDi season

Village Crop variety No of Range of
beneficiaries 7o yield increased

OVEr FPD

Name of tribal
districts

Tikri (Chauntra),

Dist Mandi (Tribe: Gujjar)

Kanker

Surajpur
Jagdalpur
Balrampur
Raigarh
Koreya
Kondagaon

Dhamtari
Korba
Durg

Aturgaon

Salyadih
Mooli
Padhi
Mahloi
Mahora
Bhagdeva

Guhan Nala
Litiyakhar
Maravi

Wheat (GW-273)
Maize (Vedanta)

Wheat (Lok -l )
Wheat: l0
Wheat (Vidisha)
Wheat (GW-213)
Wheat (MP-2923)
Maize (Hysel, & Bioseed)

Maize
Wheat (Kanchan)
Chickpea (JG 1l)

05
0s

l0
r0
l0
10

l0
l0
10

10

10

9.0 - 32%
16 -27 %

23.72-36.6s
15.87 -45.11
19.23-34.09
23.59-45.48
29.48-58.81

0%

36.84-53.41
34.01-40.9r
6.27 -25.76
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during rabi season in Chhattisgarh state. O'ut of total 100 denronstrations (onc acre cac6), 65 fb.w6eat. l0 for
chickpea and25 FLD's fornlaize were takcn in all tcn tribal districts. Tlre perccnt yields incrcasccldLrc to soil
test based fertilizer application ovcr farnter's practicc werc rccorclcd in tlrc range fior1 c) 00 l. 53.g ,% for
wheat, 6.27 to 25.7 6 Yo for chickpea. and | 6 to 53 ohfbr rnaize (Tablc 3. | .4).

STCR technology has been tested on tribal thrnrer's fielcls successfirlly,with rice ancl potato cr.ps durirrg
khari/ season (Table 3.1.5). Onc hulrclred and scverrty licld dcnronstrations (onc acrc caclr) fbr tribal tarrrcrs
in l4 tribal districts (Balrarnpur. Koriya Arnbikapur, Korba, Jashpur, Bilaspur, Narayanpur. (iariyaband,
Rajnandgaon, Dhanrtari, Kanker, Jagdalpur, Dantewada and Bijapur)of Chhattisgarh statc wcrc sclccted for
successful conduction of FLD's during Kharif season.

Out of total 170 dernonstrations, 130 for rice and 30 for potato wcrc taken. Ovcrall rcsults show that the yield
targets of rice and potato fixed for a definite goal were nearly achicved with the acccptable limit of +10%,
variation accept in few cases.

Table 3.1.5 Training program and field days organized at different KVK's

Name of village,
Block & district

No. of tribal farmers
participated (Women)

Name of Any other information
tribe

Sonbachkachhar/Pendr
a district Bilaspur
KVK Dhamtari
District - Dhamtari

KVK- Durg
District - Durg

KVK - Balrampur
District: Balrampur

Village: Siliyadih
Block: Batoli
District: Suralpur

KVK-Koriya
District - Koriya
KVK- Dantewada
District - Dantewada

KVK-Kanker
District - Kanker

Mllage - Mahloi
Block- Tamnar
KVK-Raigarh
District - Raigarh

20

30 (15 farmers from Bijapur
and l5 from Dantewada
district)
50 (15 fromKondagaon, l5
from Narayanpur and20
from Kanker district)

20 (10 farmers from Jashpur
and l0 from Raigarh district)

Training cum field day
organized.

Training programme
organized.

Training programme
organized.

"training programme
organized.

"Field day-rcum-training"
programme organized.

"Field day- cum-training"
programme organized.

"Field day-curn--trai ning"
programme organized.

"Field day-culn-trainirrg"
pfogranll)'le organ i zed.

"F-icl d day-c urn-_train ing"
progralrnle organized

20

20

Gond

Netam
Shori

Gond

Sai and
Tirkey

Urao

Gond

Muriya.
Halbi

Gond
Kuraiti,
ShoriPotai,
Salanr

Kanwar,Sai,
Paikra,
Rathiya
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3.5.2 Field demonstrations under TSP component during RaDi season

One hundrcd thiny ficld dernonstrations (one acre each) were taken with wheat, tomato and brinjal crop under

TSP component in fbLrr tribal districts (Dantewada, Ambikapur, Korea and Balrampur) during rabi season.A
48.92o/uyield increases over FPD was noticed in wheat, 33.55 percent in Tomato and33.96Yo in Brinjal.

3.5.3 ICAR Res Com NEH, Imphal

Nine fiontline demonstrations were conducted at fanners' field in Chandel district of Manipur on garden pea

(Arkel). Response of crop to liming (furrow application) and fertilizer application (N, P,O, and K,O at 20,40

and 40 kg ha ', respectively) was demonstrated. Green pod yield varied from I 7 .90 to 18.45 q ha 'with a mean

valueof l8.l0qha'' fbrgardenpea, l4.35qha'forfieldpea,9.5l qha-'forRapeseed (M-27),4.44tha''for
Rice (RC Maniphou 6)and 23.48t ha ' fbrGroundnut (ICGS 76)

3.5.4 CRIJAF, Barrackpore, West Bengal

Ten front Iine demorrstrations were conducted in village-Hanumanhir, Grampanchyte-Nakaijuri, Block-
Onda. The average gra'in yield of mustard was recorded 6.30 q ha-' under soil test and targeted yield based

fertllizer application (Table 3.1.6) against fanners practice ].48 q ha''. Thirty-five front line demonstrations
were conducted in Village-Saresh, Grarnpanchyte-Nakaijuri, Block-Onda. The grain yield of mustard varied
from 4.35 to 7.13 q ha-'in soil test and targeted yield based fertilizers treatment as compared to farmers
practicevariedfiorn2.50to4.l0qha'.Theaveragegrainyieldofmustardwasrecorded 5.97 qha'undersoil
test and targeted yield based f-ertilizers application against farmers practice 3.19 q ha-'. Atotal fifteen front
line dernonstrations were conducted in village-Daldali, Crampanchyte-Nakaijuri Block-Onda. The average
grain yield of mustard was recorded 5.71 q ha-' under soil test and targeted yield based fertilizers application
against farmers practice 3.14 q ha'. Twenty-two fiont line demonstrations were conducted in Village -

Bamundia, Crarnpanchyate - Lachmanpur, Block- G. Ghati, District. The average grain yield of mustard was

recorded 6.27 q ha' under soil test and targeted yield based fertilizers application against farmers practice

3.83 q ha'. Sin-rilarly, in Village-Majharpara, Grampanchyate- Chingani, Block- Chhatna, District Bankura,
where covering about 28 bigha (3.73 ha) and success area recorded about 24.5 bigha (3.25 ha) at fifteen
locations. Grain yield of rnustard ranged fiorn 5.60 to 9.75 qha-' under soil tebt and targeted based treatment

whereas 2.73 to 4.60 qha'' recorded in fbnners practice treatments. The fixed targeted yield of mustard ( l0 q
ha') could achieve only in two locations within +l0oA yield deviations. The average grain yield of mustard
was recorded 6.58 q ha' in soil test and targeted yield based treatment as against 3.44 qha-'under farmers
practice. The net return (Rs.6055 ha') was recordedhigheroverfarmers practice.

Table3.1.6 Targeted yield equations used tbr conduction of front line demonstration on mustard and
lentil in farmer's field

Mustard (B 9) Lentil (B 256)
FN
FP

FK

: l6.s T - 0.08 sN
:4.66T-0.41 SP
: s.7t T - 0.03 sK

FN : 4.76 T- 0.ls SN -0.08 0N
FP:3.76T - 0.07SP- 0.070P
FK: 6.87 T - 0.42 SK - 0.07 0K
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3.5.5 BCKV, Kalyani, West Bengal

Field dernonstrations were conducted in 2l tribal farmers fields under thc scheme of Tribal SLrb-Plan (TSP).
The villages selected for demonstrations were Suoapara and Kannan of Hoogly ancl Kalanabagram of
Burdwan district respectively. It was found that in most of the cases STCR tcchnologies cxccl over farmers'
practices.

3.5.6 TNAU, Coimbatore, Tamil Nadu

Field demonstrations on STCR technology were conducted at tribal farrners' ficld with maize, groundnut,
onion, carrot and tomato in Western and North western zones of Tamil Nadu. At Alangandi and Gopanari,
Coimbatore district, highest Maize (CO 6) yield was recorded in the STCR-|PNS trcatrnent followed by
STCR-NPK alone treatment. In Groundnut (CO 6), STCR-IPNS and STCR-NPK alone recor<led relatively
higher yield and response ratio when compared to blanket recommendatiorr. Similar rcsponse was noticed in
Onion (Co 4), Carrot (Hybrid Tokita), Tomato (PKM I), Turrneric (BSR l) and Tapioca (Mulluvadi). Maize
(CP 808), Gingelly (TMV 3), Cotton (Surabhi), Bhendi (Kaveri 909), Rice (ADT (R)45) etc.

ANGRAU, Hyderabad conducted fi'ontline demonstrations on ntaize (7), ricc (2) and groundnut (3) in
Yizianagaram and Warangal district. RAU, Pusa, Bihar conducted demonstrations in wheat. MPKV Rahuri,
Maharashtra conducted demonstrations Khari/- Soybean, Khari/'Sorghurrr, Pigeon pca, Drilled paddy. Rabi-
Wheat, Chickpea, rabi sorghum and Maize.

3.6 AINP on BF

Biofertilizer Extension

Biofertilizer technology for soybean and wheat was demonstrated in ninc farmers' frclds of Menghra Kalan
village, Berasia Tehsil, Bhopal District. Rhizohium and Plant growtlr prornoting bactcria consortium
(mixture of three PGPR strains) for soybean; and PGPR only for wheat. Soybean and wheat yield increased in
INM mode with Biofertilizer by -10% with FYM and -25o/o with enriched compost over farmers' practice.
Recommendation was released in Maharashtra for soybean-wheat: For enhanced grain yield, improved
quality of the produce, soil fertility improvernent and more monetaty returns; seed treatment of liquid
biofertilizersi.e., Bradyrhizobium+ PSB @ 50 ml each /10 kg seed to soybean and Azotolto('ter+ PSB @ 100
ml each/10 kg seed to wheat should be used. K-solubilizing bacteria and consortia for decornposition crop
residues in short period were released to farmers in A. P.

Biofertilizer technology (Rhizobium and Bacillu.s co-inoculation) intervention anrong f'arnrers of Ilhagalpur
and Katihar dt. for black gram and among Vaishali and Samatipur dt. for lentil gavc grain yiclcl increase of I 0-
l4o/ofor lentil and 6-90/o for blackgram. Microbial consortiunr based bionutricnt packagc firl rice in fhnner's
fields in Samastipur, Muzaffarpurand Vaishali dt. rcsultcd in -5-15(2, incr-czrsc in grairr yiclcl ovr r tzrrnrcrs'
practice.Imbalanceuseofchemicalfertilizers and highcrcloscs o1'l'crtilizerappIication wils coln,r,()n anioug
poorfarmers'due to fragmented land holdings.

In five multi-locational field trials, Bac'illLt,s lic'hcni/brnri.r (i.c. soil drcrrclring o1'applc plant basin u,ith otrc
litreofliquidformulationdilutedtofivclitcrs)incrcascdthcyicldsol-aprplcinll.P. l'ty12-860/,,.

Incauliflower, the application of Boc'illus ltLtmilLr.s at 3 Iocations. savctl 2-5()1, NPK anc{ inrpruvcd yiclcl by
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22o/o. lr"t pea thc application of Rhizohiutn leguntinosdrum R2 at 3 locations saved 40% NPK and irnproved

yield by 26u1,. Organic f-arnring fbr rice in Assam consisting of enriched compost (EC) @ 5.0Vha with

biofertilizer as organic input for rice was tested in several KVKs ofAssam and found to give additional yield

of 0.5- | .2tlhaover fartners's practice.

In Tribal arca sub-progranl.ne in Kalahandi and Rayagada on vegetable crops, cotton and banana (125

tzrnrcrs) incrcase in yie lds ranging fiom 8-20% were obtained with biofertilizers, generating an additional

income ranging fiom Rs.6000 to 12,000 ha' with the investrnent of Rs.l000-1500 ha' on BFs. The

construction of srnallvennicompost units cnabled f-armcrs to save 25"/ocost on chemical f-ertilizers. In nine

tribal settlcmcnts in Wayanad district, 1400 kg ot'biof-ertiiizers Azotobut'ter t'hrooc'occ'um, Azospirillum and

PCjPR mix- | were distribLrted to 125 fhrrners tbr application in ginger and black pepper. Two training classes

wcre conductcd at two placcs. lrr tribal settlements of Attapady, Kerala 312 kg of PGPR mix I were

distributed to tribal fhnners engaged in the cultivation of vegetables, pulses, banana, sorghutn, groundnut,

lagi etc. T'raining programmes on application of biofcrlilizers were created. 312 tribal fartners fiorn 3

locations and 54 extension ofilcers participated.

160 MTof solid and 23MTof liqLrid biof'ertilizers worth Rs 133 lakhs producedatANGRAU,Amaravathi.
About 3. I lakh biof'crtilizer packets worth Rs. 7 | .7 lakhs produced at JNKVV Jabalpur. Bioferlilizer sale was

Rs. 5.3 lakhs at VN MAU, Parbhani. Total BF production in project was -210 lakhs representin g69% return

on tunding of Rs 305 lakhs received by the project.

3.7 Mera Gaon Mera Gaurav (MGMG) activities

An innovative irritiative "Mcra (ieron Mcra Gaurav" has been initiated to promote the direct interf-aco

of scientists with thc firrrlers to hasten the lab to land process. The objective of this scheme was to
providc fbnncrs with rcclr"rired inlbnnation, knowledge and advisories on regular basis by adopting villages.

Under this scheme, the tcanr of scicntists have selected villages and remain in touch with the selected villages

and providc inlbrnration to thc f'arnrcrs on technical and other related aspects in a tirne frame through personal

r,,isits or on telephonc. Be ing a rssource pcrson fbr the village, the scientists monitor the process of adoption

of agricLrltLrral tcchnologics by thc f-arnrcrs with the cooperation of KVKs,ATMA, etc. (Plate 3.7.1) Besides

providing irrfbrnration to f'arnrers on nrerrket rates and market trends, the intbnnation on various agricultural

organisations associntcd with agriculturc arc givcn so that the larrners can contact these organisations for

lincling solLrtions to llrcir agriculturc rclatcd problcnrs. Scientists also created awareness among farnrers

abclut clitnatc changc, othclcr-rstornizccl scrviccs, protective measures and other issues of localand national

irrrportarrcc. ThclistofscicntistgroLrpsandtheiradoptedvillagesaregivenintheTable3.2.l.

Plate: 3.7.1 Climpses of activities under MGMC program
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Table 3.1.7 ICAR-IISS, Bhopal Adopfed Villages under MGMG

S.N. Group Name of five adopted villages
Dr. A.K. Patra, Director, IISS
Dr. A.B. Singh, PS, SBD & NodalOfficer
Dr. Abhay Shirale, Scientist, SC&F
Dr. Sudeshna Bhattacharjya, Scientist, SBD
Dr. M.C. Manna, HOD, SBD
Dr. K. Ramesh, PS, SC&F & Co-nodal officer
Dr. N.K. Sinha, Scientist, SPD

Dr. M. Singh PC, LTFE
Dr. S. Kundu. PS. ESS
Dr. R.H. Wanjari, SS, LIFE
Dr. K. Bharti, SS, SBD

Dr. J.K. Saha, HOD, ESS
Dr. N.S. Bhogal, PS (STCR)
Dr. M.L. Dotaniya, Scientist, ESS

Dr. D.L.N. Rao, NC, BNF
Dr. Sanjay Srivastava, PS, SC &F
Dr. K.M, Hati, PS, SPD
Dr. K.C. Shinogi, Scientist, ITMU
Dr. A.K. Shukla, PC, MSN
Dr. R. Elanchezhian, PS, SC&F
Dr. R.K. Singh, SS, SPD
Dr. J.K. Thakur, Scientist, SBD

Dr. A. K. Biswas, HOD, SC&F
Dr. Brij LalLakari4 PS, SC&F
Dr. Asha Sahu, Scientist, SBD
Dr. Bharat P. Meena, Scientist, SC&F

Dr. R.S. Choudhary HOD, SPD
Dr. P. Jha. SS. SC&F
Dr. S.R. Mohanty, SS, SBD
Dr. A.K. Vishwakarma, SS, SPD

Dr. P. Dey, PC, STCR
Dr. N.K. Lenka, PS, SC&F
Dr. M. Mohanty, Scientist, SPD
Dr. M. Vassanda Coumar. SS. ESS

Dr. A.K. Tripathi, PS, SBD
Dr. S. Ramana, PS, SBD
Dr. J. Somasundaram. SS. SPD
Dr. A. Mandal, Scientist, SBD

Dr. Ajay, PS, ESS
Dr. Tapan Adhikari, PS, ESS
Dr. S. Lenka, Scientist, ESS
Dr. S. Rajendiran, Scientist, ESS

Dobra, Khejra, Kurana. Badarkha
Sadak, Mubarakpur

Acharpura, Parewakheda, Arwal i,
Hazampura and Parewalia sahani

Choupdakala, Ghai Kheri, Sayyaid
Semara, Emaliya Chopra and Amoni

Islam Nagar, Dewalkhedi, Bharonpura,
Kalyanpura, Puranran Bhavan

Bankhedi, Baroda, Sojna, Amaravadi
and Kuravadi

Sagoni, Munirgarh, Gudawal,
Chhattarpura, Chiklod khurd

Golkhedi, Binapur, Kanchbavl i,
Khamkheda and Raslakhedi

Raipur, Kanera, Momanpur, Kadhaiya
and Karod Khurd

Ratibad, Rasuliya Pathar, Mugaliahat,
Ratanpur Sadak, Chandukhedi

Dobra Jagir, Kolua Khurd, Sagoni
Kalan, Chor Sagoni, Adampur Chhawni

Shahpur, Devpur, Kasi Barkeda,
Sagoni, and Barkedi Hajam
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