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U Effective assessment of postharvest losses in quantity and quality across the paddy,
maize, and soybean supply chains.

2We used the exchange rate of 20123 to convert INRat 1 USD=54.05 INR)
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U It is projected to provide a comprehensive and evidencéased understanding of the
post-harvest losses and sectoral dynamics along the paddy, maize, argbybean supply
chain.

U Identify and understand critical and prioritized infrastructure gaps in technology infusion
and skills requirements that may be needed to minimize posharvest losses in the
sector.

U Mapping of domestic and internationalpolicies, and best practices, both existing and
proposed, concerning postharvest losses management.
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Box 2.1: Food Loss Index

FAO developed a Food Loss Index (FLI) for monitoring food losses agi@bal level based on a
traditional Laysperes fixedbase formula index. The index covered a basket of commoditie
(covering crops, fishery and livestock products) over the food supply chains from harves
stage to retail. It measured the Food Loss Percentage (FLP) to estimate the change in
percentage losses over time. FLP is interpreted as the percentage of production not reachil
the retail stage. Figure 2.4 illustrates FLI, which comprises three phases of the food syster
On-farm, postharvest, transpart, storage and distribution, and processing and packaging.

3The analysis excludes 5500 data points from studies measuring food loss and wastage along the entire value chain and 910a dat
figures from the African Post Harvest Losses Information System (APHLIS) database. APHLIS followed a single loss observation
system for different periods and crops across diverse regions.
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Food Loss Index along the Supply Chain

FOOD LOSS INDEX
SDG 12.3.1.a
Fy
EXTREME EVENTS FOOD WASTE INDEX
506 1.5 Losses in the Foid Balance Sheet SDG 12.3.1

TRANSPORT,
i PROCESSING AND
STORAGE AND PACKAGING

DISTRIBUTION
STAGES OF THE FOOD SYSTEMS

HARVEST LOSSES -
Can be added 1o the index coverage and
measured with crop-cufting surveys

-
FOOD LOSS INDEX AT THE NATIONAL LEVEL
SDG 12.3.1.a

Source: The State of Food and Agriculture (2019), FAO

Step 1. Losses of each commodity |

The loss percentagesil by country (i) for a basket oEommaodities (j) and year (t) are the firs|
variables to be obtained for the indicator. Losses can be measured directly throug
representative sample surveys along the supply chain or modelled through FAC
methodology. Loss percentages are the final output of the whole data collection effort and thi
central piece of the methodology.

Step 2: Compile the Food Loss Percentage of a country (FLP)

The Food Loss Percentage is the aggregation of the loss percentage of each commodity
weighted by the commaodity's share of the total value of production and imports across all foo
commodities in the country. The FLP represents an estimate of the percentage of the value
food production and imports that we lost between harvest and the @il market. The final index
came by multiplying the loss percentage of commadity' j' in country' i* in the period, 't' with it
price and quantity, and the value, ths obtained, is divided by the total value of all the
commodities in the basket.

The Food Los$Percentage (FLP) for a country (i) in a year (t) is defined as follows:

FLp, — 2 tue * (Que, * Pie,)
- E;‘(fh;'rﬂ * Picy)

Where:

lit is the loss percentage (estimated or observed)

i = country, j = commaodity, t = year

tois the base year (set as 2015 in the current study)

it IS the production plus imported quantities by country' i, commodity' ' in the base period
Piw IS the international dollar price by commaodity' j for the base period

The FLP is a relative measure of a country's food system efficiency that we can use for cro
country comparisons. Further, it can be disaggregated into a loss percentage by commodi
and food supply chain stage (where stagdevel information exists).
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Step 3: Compile the FLI as the ratio between two Food Loss Percentages

The countrylevel indices (FLI) are equal to the ratio of the Food Loss Percentage in the curri
period and the FLP in the base period multiplied by 100:

FLI FLPie | 400

o _ — %

e FLP;,

The FLI is expressed in a base of 100 and allows for analyzing the positive and negative tre
in FLP compared to the base period of 2015 and for assessing countries' progress in reduc
losses.
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Table 2.1: Commodity -wise percent loss in different stages of the value chain
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4Developing visual scale involves collecting the grains with varying degrees of damage and segregating them into differeregaties
as per the extent of damage (undamagednfested, or damaged), usually depending on the endise such as formal market, informal
market, household consumption or livestock feed, after deliberations with market stakeholders like traders. The damaged graiould

be broken, pest/ rodent/ insect eaten,discoloured, or attacked by mould, determining the acceptability in a particular market.
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Table 3.1: State-wise agro climatic zones
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SFirst Stage Units: Districts; Second Stage Units: Blocks; Third Stage Units: villages/warehouse/cold storage/processing
units/wholesaler/retailer (trader); and the Fourth Stage Units: household/farmers/respondents.

"While data for all the 10 farmers selected at the HH level shall be collected based on enquiry mode, two farmers (at leasp2écent)
from 10 selected farmers shall be randomly selected for the objective measurements of losses.
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N=Y NOM M M =PY
N=Y NOM M M =PY
M M NOM M NOM
M M NOM NOM =M
M M M NOM NOM
M NOM M M NOM
M NOM M M NOM
M NOM M M NOM
M NOM M M NOM
=Pz TYM =2 M =z M NPPZ

EYel HellowdRY i 11O 91 AZIBAef OY Z Y Y

Gel qWnl YGWnel a1l A Ls WALE G HY dlet t106| 30 100 1 LE0AA! | gtiBtIoaLLE L i
cUORqt AWG! YHIIL B 0T 191U 6 & R MU S+ WIIE HG WHI Y CEHs WIWHE
GU20GWEH qét 36YaT 130+ LsdAYd oy Y I R Iades sl ¢ud TR ¥ 0 IRH q L
W+ GUI RAWUqWGa | GY I3t IOW  q LWIJ fi HOG LG LR Gy LE1NOT6 Wi d 10LLIH 1AQLLS ROy
qs YWn! YOGWq6 DWI Rt qWYnwt qéet 3éyYarl 31+ WRUWe W Rt ql RAQHK
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[ R 1 EHRaRALN-size distribution in selected states
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The average land holding size in Madhya Pradesh declined marginally from 1.78 per hectare in
2010-11 to 1.57 per hectare in 2015L6. Even though small & marginal farmers comprise the
largest share of farming households (7%percent) in the state, and 40percent of the operated
area, the share of farming households is lower than the national average of Bércent.

Several crops are grown in the state owing to its wide range of sé#&nd agro-climatic zones*.
Some significant crops grown in the state include wheat, soybean, rice, gram and urad. Cereals
occupied 36.6 percent of the GCA in TE 20120, mainly comprising wheat (22.8ercent), rice
(8.46percent) and maize (5.28ercent). In the oilseeds category, soybean is the main crop grown
in the state, occupying 21.8ercent of the GCA in TE 20220. However, the area under soybean
has declined in the state from 24.8 percent to 21.8 percent in the last decadé (R D £10).|Thé

MBS ¢ GaYs WAU~BY Rz QW7 1010 GHIE ¥R & 9 GENTRIePIR AT W~ REVRLAOIT WAW7 6 ¢ Ht
L2WNEN RGO ¢ q RIBAIAY G@RIING | & WG kARHE @EE 2 ¢t RGO Gt AW 6 6 ¢ q q R HAXE 06110 GTLEERRAG T SBLI 911l
AtecqUléceaW] RITWAINRYUAW7 20T Wit 6¢ 0T AWEEC qGel ¢cWAGEcqUlée AW~¢c s cWATGEqlées
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area under wheat doubled from 3.3 million hectares in 200@1 to 6.6 million hectares in 2019
20, along with a significant increase in its production from 4.8 million tonnes to 19.6 million
tonnes during this period/ the state is the second largest producein of wheat in India in terms
of both area and production followed by Uttar Pradesh?® The area under soybean increased from
4.5 million hectares to 6.2 million hectares, and the production increased from 3.4 million tonnes
to 4.9 million tonnes during the same period. The area under other pulses and oilseed crops has
also risen marginally in the state. Pulses occupied another 22.1percent share, mainly
comprising gram (11.3percent), urad (8percent) and tur (2.8percent) in the same period.
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131n 202122, the total wheat and soybean production was 22.4 and 4.3 million tonnes respectively.

14 We use a "winsorizing" technique, replacing extreme outliers (@ercent from the upper and lower extremes) with missing values
ctteGRUDWCOO W+ ql 3GUW2 ¢ 0 2 1JVihsdrizédLhheanldlan Hveidgidg: nhethdd Ithétlihbeyed Ikepldcivg theLl b
smallest and largest values of a data set with the observations closest to them. It mitigates the effects of outliers by raping them

with less extreme valuesOr
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Bihar is mainly a food grain growing state, with around 7dercent of its gross cropped area
devoted to rice, wheat and pulses in TE 20120. Within food grains, rice is the essential crop
growing in the state. However, its share has marginally declined from ff&rcentin TE 200910 to
40 percent in TE 201920 ( R 1 £H2).|Wheat is the second most important crop grown in the
state, occupying 28 percent of the GCA in TE 20120. Pulses, oilseeds and sugarcane
accounted for around 10percent of the GCA in the same period.
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Table 4.1: Aggregate post-harvest losses of the selected cropsy ICRIERADMI study (in
percent)
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Table 4.2: Losses in Wheat in Madhya Pradesh: agro-climatic zone wise and method wise
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Table 4.3: Losses in Paddy in Madhya Pradesh: agreclimatic zone wise and method wise
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Table 4.4: Losses in Maize in MadhyaPradesh: agro-climatic zone wise and method wise
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15 Using the minimum support price (MSP) of the 20223, the MSP for wheat, paddy, Maize and Soybean is INR 20150, 20600, 19620
and 43000 pertonnes respectively.
16 Based on Directorate of economics and statistics paddy, maize and soybean production estimates figure for 2022.
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Table 4.6: Losses in Paddy in Punjab: agroclimatic zone wise and method wise
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17 Using the minimum support price (MSP) of the 20223, the MSP for paddy is INR 20600 per ton.
18 Based on Directorate of economics and statistics paddy, maize and soybean production estimates figure for 2022.
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19 Using the minimum support price (MSP) of the 20223, the MSP for paddy is INR 20000 per ton.
20 Based on Directorate of economics and statistics paddy, maize and soybean production estimates figure for 2022.
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Table 5.1: Rice profile of selected states 2021 -22
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[ R N &XaWidhowing loss across conventional and modern methods
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21 The average yield in China is 5500 kg per hectare as of TE 2209
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Table 5.2: Wheat profile 2021 -22
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Table 5.3: Maize profile 2021-22
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Table 5.4: Soybean profile 2021-22
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[ RN #HY shows the density distribution of harvest losses of soybean for both the combine
harvest usage and manual harvest. Farmers who practice manual harvesting have longer tail

indicating the greater losses for them compared to combine harvest users.

[ R N PHgaDidtiibution graph (K -density) of harvest loss by manual and combine
harvesters for soybean crop in M adhya Pradesh
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Table 5.8: Regression results for determinants of soybean loss (kg. per hectare) in Madhya
2PU0GUU0T WU0qW2¢l REAHGIII WG Yt

9YNWoRHARNUG [Eqc UT ¢ T W

f Ul DGUUT WUqW2c¢l ReHT I

l We We UT W1 W6 WWHI YGWRULWG { pMIOO X M 1 i MIOM O @
ENYUT ¢ ! WYl WEAHAY2IWIT e B¢ { MIOOP S i i1 MION @ Y
Ot JWYnWx¢HYe!l Wei[ ¢cAGRO! Wx ¢ | pMIOODY it i MIO= MT
Ecl 0! W6¢l 213t qis! 13t I NAWUY | MIONOT i i MION & 1
9YUt q¢ Ugq MIONP OV i i MIOOP N
Aut vecel T MIOOT M

= MM
Pradesh

Yaqlt AGH A Ugqe qRYUxIOnnn GHIOEZ 4> TetOnn GIOHZI A4 X We lOn GIOHZ 4 T X
f Uhve RI I lOc qtOone | GIJI HOG 2100 g
EYel HIxIOFIG@BIT 200 & 1O ActigfzA- f IOY Z Y Y

PO YUHG=2t RYU

N6WW HE ¢ Gql WeUca! t 13t flayéailt @al edld anuid il &G ¢ Hq R #H
ctt YHRE qT WsCGRd d WAL 16 1 WL I A ¢ Uwe U7 Wa ¢ RADWHI Y G
YOWq6 WW ¢ GG Wt el 213 Wnel G+ oW WWOYqUWaé! 13IWaeTY

[RI t qWRY Wad¢cqaqé WaYaqcé dlRAEIIAIG IS REHG CURIILR 12 H LIGIIE o |
AYUqU+quwYnuwf OT ReIOWRSIWNI Weqll WI*qlUaqWyYnwael DRU¢
b el RUIOT WHI Y Gt IOWNG IILWE + + sYGHR ¢ laqlRaYGOILRS ¢t R BraUtnR3 | ALsRROVLLY LR
qYWYqé6 Wl Was YW q¢ qldt WERCG VWY nWYGUI @Ba R 2O G UH 12ESGE
A6c¢RUNOWNS W3 UT RUNDWRUT RACqUt WqsdWUORBRT wWwynwiaeUT Wr
GecUcenNPUaNUqWh D ¢ RYAMLENNI UNe¢qRYUWY nWYe qGe qlUdc¢! Wl
¢cUOT Wt GeddWnel Gt 1O

—;

JWedt YWRT DUqR3 VT W6 ¢ qWERNGIII W el + WYnWIT 2HE qRY
Y+ 0t OWNS JWUT eAecqRYUWO W20 WY nWnel a1 Ws8YWeaqaqlUl
¢l 213t qpsccUT 2003 Yo Uad Y1 + 10t AWRG G !RUFY UildpdSel ke afialdd | Lildj T Liz:
qé6 WWqUWHESURHc O W t ROGH WYnWHI YGWGecUenNWGWUqWGI ¢ HaqRHAI
Al RUDRUNDWEs el WOWHY WweavYUnNWagsWuWnel al+ WagYWiRURGRAL

Oy

g2l W3U0T RUNt WRUWIORUWWs Ra6WHYUqUAGGY! ¢l ! WaGRqWI ¢qel
| T e HUW@S WS¢ 210 qWayYst It oW + W6 WWierH6RUDWAY G GO L
ql ¢Ut GYl quWeéeqWqdé W3 al WeaqWyUWw qRel RITALLCHEWI YUCIM t ¢t aliR R
HYU2UDUqRYUcOWGWqG6YT OWe Ys 13211 Allgé et ¢ NIIJWYnWHY G HAHI
GYHt Ut WRUT RACqRUNW@S6 WG EHE WYNWGI YGUI We GGURAE qRY
GUCT VI W2RAI ¢ qRYUAWRG Gl SYUGEIM LG Y 77 & oy 6 &0 W Ghop Let 8 'R WG 17 ¢ DU 13
Ucl I ¢qll Wadbcecaqlgsé JWGYY! Wl YeT WRYUUWUHQR2Rq! WHI 3¢ qld!
RUt RT UW q6 W ncd 0#HQRYNDEImUL IO + Rt W GYt qadcqlll q6¢
GNAS6¢c URYt ¢ qRYUWRUAIRR® 134 e 3¢ R O i RYINHUGR WS ¢ T B! MHY 6 G

79 | REDUCING POSHARVEST LOSSES IN INDIA



Al ¢ THIExXGE HE WYnlWet ¢ NIWY N WHY G AR O I LW6HE R A2 DM a7 1 GhioR i LT ¥ h |
nel aWnl RWOT a! kWi eHERUII ! tOLW

fUWecT T RQRYUWqVYWaq6c¢c qAWs JW3UT Wadcaqlaqd JWqRAGRUNDWE UT |
Hl eARcOAWEqWaYs Wl WAGYRt gel JWHEHRYUqUUqaAWs 60¢cqlnNl ¢R
RUAI D¢t Wt W6 WWG!I YACHROR! WY nihk lRE LWAIR A & B Hs ©LW0 N
5¢l 2100 qWel d! oWseal W30T RUNY Weat YW 6Ys Wa6 ¢ apldld+ql 134
el 20t quWaYtt Wt AWSsWURDWET ¢eGqR2UWHI YGGRUNWGI ¢ HqR
D20 YGaUWUqWNYe¢dwyn und oURGHR Linlilst LGN | YeT RelrLafi RV (X Giclldpap 13 1 1
Hent AW DUHNDWG!T YaYqRYOWYUWnel G WeT ¢Gaqe qRYULWY N WG
q6 JWaYRt qel JWYnWagqséJWNI ¢ RUWRUqgeHqWe UT W YT 2H/UIWaq6
AYU2 D0 qRYOZITMMMRG DWGY O RA! WRGGIRAc qRY UL WY nwYel W3 07

[@N

—(

L

80 | REDUCING POSHARVEST LOSSES IN INDIA



4 r

> 9YU#sG2t RYUWe UT WAYOGRH! WARDHEYOGOGWIUT ¢

SIOMC TYI W[ | RUNDI

N6 JWABGIRAE q T WqéJWsel 213t qe UT WGYH qé¢l 210t qWG6! + R
AYGGel RUNDWNe!I Gt bWT WHGE! ¢qRYUY Ws R6Waé Y WWAHEH 1T
¢cUT Wt Y AlcUOWNY!I W~¢T 6! ¢ WAL ¢ OROSUSA W Az RIT IRl LRI IWAAIFTMARLE @& |
nYrAzt Ut WYOWaqéWWaYUWqe!l ! WaYHt W elWqYWnyYYT wnl ¢ RO
bgel ! WG Wt WOqUT WeUWRGG! Y2UT WaWNq6 YT YAGYNRACOW 3t RN
GYttwett 3t auUgWerl Y W6 DW e GGa! WH6¢ RUKO

Wt e At q¢ UqRec G WGe ! qWYnWgé DWWt qal ! WaWqéYT YOGYN! Wnvl
sRAS6WQ6E Y NWe2¢RICHAIVWRUWS 6 ¢ WWaLle dOWu=MNPL AW Ax
ROGI Y207 W6 WWAKWq8 YT Yavyn! gwet + 13+ 1¢0T LuSHNM GIXORT LIDaJsu nt
tue¢cGRaq! WaVYtt W cqeaWe OT WHYU2I1 qUT W6 DG WRUqY Whe ¢ Uc
q6 Wt qel RWI WE2¢RACAHATINWROWS UT R¢ IOWRNSWIWI WEYI qbt w3 0
Glct el JaWUqt WaqRUT W q YU AR e Yd ®Re lo diHiHa S8 TILLELER @ooR (2 RaJ3
#AYUt Rt qUUqWUsRaé6WaqéJWI Ut elqWYnWqd W[ §W=ZMNYW3WQ
Augs WWOWqé W as YW Wt WYnWaY @ e §Rieapay ¥R 1XFmpeRi2
Guet el BaWUqb WU IEID THSULTIgeY L & IR icliqiR e q i Waqé W3 0T ROUNY 10

RI DAqWGaUet el BGUWUqWaWq8 YT WYnWT cqeWHYTGaWNHQRYUWRC
GCUUdNUNRUNLOWT qWRU2Y0G210F Wt 3201 ¢aWt t RAGWT wGecyl + YU
B30T Whe 3t gRYUUCERI Ut WadeqllAIIE il oclleic RIULITILY Gl & MR
TTRqRYUAWET he qumldd LR CErRIDN ReUopellid FOM dlidd #p RY U llg Y Y G+ We |
560 0WE Wt qal ! W DhueRI WY WYATUARQR2UIWGAGWE 21 BGLXUqWG Jq
neHUIT W 13RO BLMIIEE URATWMABRY Wizddt 2uJ e WTRAII Wa Y Wa 6 I WG ¢ HE
HYOGOWUHEqRY ULW gqic @At ail wd wd .Y UT J0qt OWEYAGWqRGIJE AL a
RUt ql 20 U0qt W WYae! IT W Yauwawet el JaWUaqt we U7 We o WHqL

?
H
I

¢

N6 UW qeT ! W30T+ WgéWWnYaddYsRUNDWNneHqY!I + WARYUqI RA2 qlJ1
Yehel aWYGUI ¢qRYUL AlnceHqY!I + WORt WWaecAHY2 | Wt ROGOALWNC
HeOqR2¢qRYUAWG YRt el JWHRY U q W A0S 0EHG 6YIE 1 LAY BT1IRep RIY (
YI Wae! RUNDWYnWq6 Wt 21 necHUb Allet YWY Whe ¢ dRa! WY W 131
| YeTtweavYUnwYaqséwl + werYUql RA2 qIT WaYWad Y+ 13t towg Ullg 6 1
RUJ 2 JUARUDN W bt (RIVRLDA YU ¥ rillled 10 Ut GY I qWt '+ qUli SlaquiEgJt L
GUEt enNt W elWgqYWycuowayY!l 1! Wl ¢ Ut GYI qW2 D6 RAG It ALWIG
GUUNq6WYnW qYl ¢nNUAWet WY NWRI YULWGS Y VYt ALWRKGIGH IYGEWIL LW
q6IWNl ¢ RUWAHE Nt AW qHIO

SIAYOGRA! WAIREYGAGWUT ¢cqRYU
NY WG WWqWagsdwnl Ys RONWnaaqgel DWnYYT W WacUOl AWs WO W

Get RUDWI Rt gl RAz qRYUOWHG ¢ O0WG Wa Yl DWIoRARWUqe UT Wi

81 | REDUCING POSHARVEST LOSSES IN INDIA



CHHEDIt RARGRq! OWc Ys W21 AW IW HYGWWn Y Wadé Wl Uhe RI
| Ut Yel #I0t oRUGe qt WRUWG ¢ UT AWet W Rt Het t+ U7 WRUW WHqRY
GYt g6c¢l 210t qnYYT Wa Vvt It We U7 WRE He VBREND R RHE WLV by
NDOGYACOWnYYT Wt WHel Ra! OWNG I JWE! DWW W21 ¢ G WGYd RA! W
CYPaG | 213t qlUa Yt t 13t tow

SI=ZMMNASURACGWNaRT ¢cURDWNY! Wnel I+ WgYWaRURGR

gel WeUcT!t R WH6Yst Wagbeqlunel Gt WsRqéWt WEHYUT ¢1 ! U
GYs 1l W6l 2138 oy LRAI0 TqUUGEWH ¢ 13t oW ~ Y1 WWes ¢l JOWHt WGl YNl
GecAYel Wt WTieal RUNDWGEE!T 210t qRUNDWHe UWG ¢t 13W YR of t LEOGY LW
f ORI et DWROWWFqUUt RYUW 131 2 RHE Y QR M dLogLE RIGLG ¢ Y 23100 ¢ dU
HI YGWAacUenWGWUqUWG! ¢ HgRHEIIL OLW

SI=®OEGec Ut RYUWYnWet DWYnWHYGHROWDWSE ! 2131 qlll i

N6 WWET YCGqRYUWY nW6¢!l 210t qRUNWEe¢HSRUIDI ! WRY We U210 We
qécqwyYUa! WUNMWGU! AYUqWnel al + WRUW7Z7REC! Wet It WARYGH
gécaqllet ¢cNUWYNWHERYGHRUIWG ¢ 2 131 d 0 IJ4 IR o WG I3 0D ¢ d)R 2 1@ GG 106
cOT Wt Y! AdcUWe qut RNUR3IHec Uq WG 132 130 IOWE 1IN HRIUIK &R 4TI 5 It
MIOGIL H#R O & ¢ R AN @WIMAERTPdE Y! A1l e G H ameild d16N1d q W s Ra 6 WHY
el 210t qIt Wet DWAAE2 &6 IAMLI MNP G Rogle ik gl T ! WRUWy ¢cUNnacel
HYt qWl ¢cqRYWYnWHYGARUDWSEE! 213t gl Wet JWnY!I W6¢! 213t q
b ¢2RUNDYt WRUOWHY O ARUNIES & HBWNUGTIM BAHLD 5J) LECRIHQRR WG ! Weic ¢
MN ®b O

220WaqYWq6 JWERNSWHEYY qqft WYNWaqd It JWaecHSRUWY WROWT OT
Gl #6cUqt We UT WGI R2¢qUWGeE! qRIIY We UT W 3U0qUT WYz qllqVYL
¢l Ye UG UGHMMIGG ¢ | 2 10t qWYGWI ¢qRYUt WRUWq@6 WG Y JWEIHE ¢ |
q6c UWRUWYq6 131 W qcaqldt OW GagbéYeNSWRaqWie! WOYqWAWS U¢
q60WrHY2Uq! ' WagYWYs UWaqé 13t JWacHORUWY Allgqd@BME EE O I1ILWLW/
NI YeGWaW¢t RUNWE UT WG O & I81dI LG L8 GIALIG (RIG WHARIG LRYG U LLLGY & 1L 12 1t SRaDELL
nel Gt 1O

N6wwnNyY2uwl 0au0quynwf 0T Ré W6 ¢t Waé EIRG L RV2010 Ve R RRoRe
~JA6¢URAC gRMNIbIEH BRI RAz2d0Gqel JWf Unl ¢t ql erqel W[ e 01
GYt q6c¢cl 210t qWRUNI ¢t ql eHagel JOWoYs 0NN AdE LR GYOI0 10 LR
RUWI Wt Wél HEWqYWe 07 130 ¢ tnR GO W 66 LGN R qURETE Tl & 0O Wt q
BU6¢URRUNWqSIIWET YGqRY U W hre W widl YOGUDA 18 mydReY R ALY o RENG ULLG A L
qé61 It 6RUNAWs WWHE U WG 1E2A3 GoppLlIEvR copéte! | KW+ q Wd Y+ 134 LW

82 | REDUCING POSHARVEST LOSSES IN INDIA



SH=ZORUqUUcURDWYnWaecHSRUWI ! WaqVYWl T e HIIJWG Y

N6 W qal ! Wedt YWI+S6RARgt We W ¢UNPUWY nWE¢ ! 213 qlld Yt + W
gywnioMowWG!l AUUqWnVY! WGeT T ! wWeUT WZYMWagYWPOPNWNYI L
I 130 gRAJALS ¢ | 2 13t aqpirddIN 2010 10 d RUGTY Wi 16 hp ap BIGNIHIID q)LLLGRE 1IUHIRIDWa ¢ O WG| F
g6 Wl Wae¢UT PWEYAWq6 WWIhe RGAGWUqWYs U+ W 2 GGa! wWyarl K
| JUqec WGl RAWY Waéc¢UWq6 IWUPWs 3 WYUWt OWe Ys 32131 AWa Vi
Hcet 131 WG Y UWhe ¢ U aRUde 6léc WL sz 1E | GLURYgU IIHGHKIWB YA W3 1+ q ! 9 Wa
q6lJWhec¢ciRa! Wn!l YO W6 WWt e GGH! Wt RT YWTI 2l RUNWaqd6 WG
D+ GUWI RODUORWVT Whe ¢tRag! WHSUHE WR*FxGWI qt WI UYNadé¢l 6! WRUOA
el 210t qRBOWGRE BWOqS IWNY211 UG WU0qWaet qWIIUNnYI HIJWE WG «
Dhe RGONWUqUWHe UWYGUI ¢ qUWe UT Wt 2 At e BU0qa! W #¢l GUT Wa

SI=ZARSUYGYNRACGWRS ¢ UNWWRUW qVYIl ¢nWYnwnl ¢ RU

b Ws W ¢s WRUWYz! WGI W2RYet Wt DHqRYUALW qY! ¢ NIJWE qln
Gel t DqWweéec UG W gl Fceld Winld CHYR GaRUdrRAJ CGHRQIL f H allleRH Il | ¢ T Ra
2UORt DWg6 WG YT W31 0wt qY!l ¢nNWWneHRIRQRIY WE2¢ROCHTUWR
et W q 0 W Rofed ! LmEYel CLb gyl | SIIU0eUII Y Gore Y0 Uit ke 00 Y ap ROYqULKDILN 71 2l lbpm 56 L
Yad WéeUT AWHRNDNIII W RG YE YUV WDALEA YO 1y Gt ! LAALee W00 Vs WD oYNe |l THLL
tGecdawWeUlT wacecl NRUcOWNnEl At WYnaqUuOWt qY!I ywnl ¢ RUF WRC
Gel t DqWGI RAEAWYWG e ql oW UlWle GeHY ME IRR aqyRI2UINA W IRAWR 0o YLL ¢ @
gl ¢ Ut mBecORGVMGUW 2H#HSWNne ! G+ IOWNS W qVYl ¢NUJWalqs6 YT U
2ROCOWGE! qWYnWaqé W 1! WHé¢c RUKWI WWHe UWe #HERII2 I W6 130U
Qg6 YT + oWcec Wl GUGRALLGY € QW0 WG RI qRN6qWt DedWwel YeU
BU2RI YUGWUqUWaq6¢cqwWaYUql Yat WRUOt UeEqt WeUT WYq6 Il WGUt a

sUNWYNnWq6 JWAG Y qUWUoWNHAQR2UJWs ¢!+ WnVYIl Wneéel G WYL 37
i Ra6 W6 UWe ARGRq! WaVYWHI DeqlWe W6! GY+RAWWU2RI YUG U
cUnc2Yel cAGWWHYUT RqRYUt WnY! WaqdWWHEGR WLUEGE DU G WE @B
qUHSUYOGYNRIUt WRUAG2T DWW RGYY WetG WgqedWe Ul WGHEt qRAL Al
¢CNUUHRDY WGl YOGYqUWa6 R WaqWHEGSEY B!10WMN Y IBEE tUE W6 YT T IR
[ VI WP+ ¢c G GUUAWq6 JWas YHIG N @ Wk 1610 & 100 6 16 Y2 IRFELW | Y G LWE
¢cUT WEeGUI W]l ¢cRUOW7enAW6¢e210WI WARVUqG! WNe RUDT WGY Ge i«
HY2Uq7B@s WO W=MMTWe UOT W=ZMNoAWE! Y2 Ol Wt 3200WAERGORY
HYaUql RUt Ws YR VT DR BEWMBEROUARIGRYUWACE PINKIBE LIAIRG R VO
bi7¢l RAz gt ¢ We UT Wf nU¢ #HRY AQE DS E THDO &11d Y 1) WE oMk ¢ [Wistig
gs YWaqVYWnYe!l W WYélt WYnWl 2l ¢cCHRIORq! Wel9f ~~0®REITMNNGb HOL
¢cUl WqdURI WGI RAVY W6¢c20WT PIHI D¢t IT W7 13t RT 3t dWleRI q
HYOGGcURIY W erHGWet WEc20W] I ¢eROW T2¢U0RVT WEYOeaqRYUt L
E6at Gc¢cAWT7¢! Rt We UT WAe2 0 G ¢ ARAINOaIE o LLLkk i\ Ni & dLLRHOMLITT Re6iE ] 1000 ¢
RGO G¢ HaqWEWatsusum & g REW qY! ¢ NUWqUIHSUYOYN! OWNG 13! Wn
qélWnel Gt bWRUAYGUWAH! WA WUNNTHZPWGY! WP MWt NALWE t
Gel t DqroWw dt YAwy U Weree X nibrsUE lidnYea caoldll #ive Yop v nli¢ U We R
t et Yoo

83 | REDUCING POSHARVEST LOSSES IN INDIA



N6l JWwel uwt 32101 ¢dWt qel RV WRUWYq6 1l WHY2 Udg
FqYlenuwayYt 3t owf OW RN AWHYs GUE Ws ¢t W qVl
2UT DI wWOY!l GeadwWrRYUT RqRYUt HOWN 6 1 WG I3 Ve 6jILENG YE 5
GUI WNMMWHAYs GU¢ WNI ¢RUt Ws 6 DUWHYGGe | U WqV Wq
cUT WESc6AW=ZMNYbOW UWW+FGUI RAWUqWt 6Yst AWR
HYUt q¢ G lumiBuiRgl W] | ¢ RUAI YWe UT WAf QEWAE Nt Waqél
¢cTTRQRYUAWq6 I WWHAHeENt Ws I DWERI qrRNSEqAWe UT
GYRt qal DlWbic Y+ ¢cROWNDqUWeE GHOAW=E MN®b HOW W RGR
I ROYWMBIAD W6 WG Y qUWUIoURqRR JIWGENMt WRYOGE VDL
TeqUWHAHeENt IOWE21W1 ¢O0AWSENI G UqRHEWqUIHSUYGYN! W
Gl 3t DURDWYnWGIUt qt We UT WRUY WHqt GUE I OHEING ap WIE 10 UG
NPWGYUqét WelE¢ RT We UT WAL ¢T 6¢ UAW=ZMN®b 1O

N6WJWsezqWWAe Ht RUNW~¢ qlJl Re¢ W HaqdWs § R AGWIGH\E U VMR ¢ W ¢
NI ¢RUV G0 HINBINILE D¢ | WRUWTaqWWAE Nt AWl Ut 2dqt WROWNYYI
caqaqcécHt Wnl YOWGUt qt We Ul WRUY gt We UT WAYUgqecadRUecqRYU
qéllWhecUqRq! WeUT Whue ¢ Rq! WYNnWaq6é WWGI YT 2t JONR RWO WIT
| Wt ql REqRYUt WYOWGeHt ¢NRUNDWNYYT WNI ¢ RUY WRUWT 2 qlJWHA
GYtt W T eAqRYUILRY dd &R 1B &g &R ¥ I0aUD 10 Wa D O

Ot RUNWaWqcecaWt RaYt WRUW@6WIWNI ¢RUWY qYl ¢nwe Ul WT R
FGeaaaevyal I Wnel G+ Ws 6Yd¥e Lo il W & 12 RIS dJAUR IR IRHF
el Gliet W6e! 213t qIde qJl OW] | ¢ RUW WwHIg A NILAWALIR apd? ¥ dJd) WIRAALG
MMY ¢ b FOWNG I3t DLW RO YE Wel WWe2¢RGECHIVWWRUWE W ¢ UNKJWYn U
b WGYHt RAGUOW UWRAGGI Y2UWAGWUqWRUWNI ¢ RUBY Whz¢c i Race qR
FenNUWYnWRUY NVEQRHBRLUY WU WU OEH RIRUY UHqt OWf OWa Yt q LW
t ROYW6 ¢t WRAGGI Y2UT W6 W qé¢qet We Ul WIAGGYs I Ws YaULWn
Gl YT eAqWRUWe W ROVYLWLER 6 ALIEWMY 0 b POHIE U e Wa g IR 13 1AHA Ws |
lel ¢caW! Yeq6WRUWGcUencrHgel RUNDWq6ERY W ROYLWHI J¢ qldT LW
Jt GUHRcGGO! W2l RUNDWagéWWaKe Owt et YOWRUWE NI RAz2Gqel L

o O il

cYs W20 AwWYUUWYn W6 JWGeTY!I WYAt qeHOGIE Wett YRREqIT Ws
RURqRc¢OWRU21t qtlUqgowl UWUHYUYGRAHWeUeO! + RY WYnWeT 2
et RUDWe WG Wqe Wt ROYWRUY qdé T WYL TUSRGMNLIGEY c YCE! AIRIU 13 LILFE
ONZ WMWK ¢ Ge HRa! b Wet We UWRURQRCE G WHYY qWYn W6 JW R
NI ¢RUt Wenqll WNZWGYUqét WYnwt qVYl ¢NPJOWeiuRGWUTe We UT 1
5 Rq6 Wa6 13t W qiyd RINIDULG R D &@DIG Wa#W6 ORAC G W t RGOt We UT WF
RaqWRUNWJ¢t RAGUWN Y WelWt Geaaévyal 3l Wnel all WRUWT 32130 Y

96YsT 62l ! WDqW¢ adWBIZMENb WHYUT e /qUT We Wt qal ! WaVYWe
Hec¢ GeHRq! WY nWPMMMIW~NWEUT WARYGGE! W6 3G Ws Ragd WY U213C
7¢UnNGeT 13t 6HOWF qt 6 Ys IT Waé ¢ qllt qV1eUDNIALGREIN Tre Yol I0LWUH cUDG Y
qUASUYOYNRIL W WNel T RUNDWIZUcUHRReG W Wael Ut We qWyYHAE I

84 | REDUCING POSHARVEST LOSSES IN INDIA



HYRYYUL WOt 2l BT WedaYt quiywayYst 3t WyYnwnl ¢ RU Alls 1J LW
qé6l YenNéWGe ARBAHIM @Gy qaEYOWIRYUYORAG DA MU R O Y I BRI 6
| T e HUWq6 WWHRYY qWGU! We URqWY n WARY BEWWE B Wwilg R (g wdeé O
cot YW WacqR2G! WiYsAWgéet WARYGGUWUt ¢cqRUNWNYI Waq6 1JWE

SI=©oR!1 JUNg6WURUNDWI 21 ¢ WRUNI ¢t ql efdqel WWe U7 Wa e

b Waqé Wt gqel ! W 6Yst W RtgeURDIWNT YGWae U RWI It 20 aqlWIR
¢ UT We dt Y W ~ReUsR 3cHi Ml Nl Bst@dn A e 0TUd HA W6 WWa ¢l t DaqEé ¢ UL
TRH2V0YGUT WHYAGGE!I DT WqYW7R6¢!I 6 Waqddl InY!l WAWSs WY HY
H6c OOVt PWRNEWWaUec2¢RGCARIR! WYnWeT GRURY ql ¢ q3T Wn
GYH4E O WnY! Wné gy d 3O qad R MUyt RBGEY AWt Y Waqé WWAI RG¢ | !
EYRRIUq! ybichc ®@ISEN YRR AGCCUNEBIIGY b WGl Y1 13t WNI ¢ ROt tows U
Tel RUDW WaaRUNWHec2t WWhecUqRq! We UT Whue ¢ Ra! Wa Y+ 13t
Y201+ 101 2 13 1eHgrhgi WK R ae | ! Wi Yt WY WwneT & RO R WS &A1) 1) L6 1
cll GNqRAWqUASUYGYNRIEUE WY2W! Wal ¢T RqRYU¢c O WT2 qldWAHE Nt
[ YI WPFcaGaUaAW YaWuw qal Rt W 6 Ys Wagécecaqlec RI qRNG a Wbt 1J
GUt qUWe qacé¢ At + OWNSIWNY 2131 UG 130 qustud]! o afidilv LG Bid R F 1 1J q |
5¢l J6Yet 3t WAH! WGI Y2RT RUNLWY 2 At RT RUJt WagYWnel Gt WVl
Gel qWynWagsuwt YaeqRYUWF OWeT T RQRYUAWq@S IWNY 2131 UG 13(
t T ¢URW NI RWx Y NRY GIR&AK Mg §Ium vy 0 LR @ RiOWdue ¢ 0 Ra! WG

aqYWi | ! Wa6uwnl ¢ROUWaqYWEc¢RUqe ROUW6 WG YGIUI WA YRY qal 1
T Ywt 2 0Wm 11 \RULEDE1E; 19 LWL 1AL ¢ U R # € SEADW & RIUqUDR U 210 # ¢amR U Wa 6 R
| U7 e HIJWG Y 0t WeqWasdwi 1 RONDWG 213G oW

SIOZOREGUIIT W RI WOGHNcUW~¢cHSORULDY WaYW BT ewIWIN I !

TP 0W3 0T Wagéeqad Yt qWneéepg BRI &l RO O RI0O DG Wy BHIZIERIOWH Y
D+ GUUL Ut AWRFGYH W W WwWnl ¢cROWaqYWrRYUqeaRUecqRYUOWe U1
cT 201+ DWs Weqdbll WRYUT RgRY Ut W GEHGA e RO MEURFIROLF Tl 65V
GRUg8YT WT YWt WOYqWWRWIRGRUEqUWBEWE2RIUI WRAGa2! RqRIJt Wbl
AbdaY2RUNDW6 Wt WWnY!I JRNUWGEcqaqll + WRt WHI RaRHAEC O WqVY WR
T YRt eNUWE qWa RO O RBRIYAUIY E iR @dlc V2 ILhve R @ Ra! 6 W 1J13T WHG I
TRt Wet DwWeUT WRAGGI Y21UW! RUGT + IOWNS W UnYIl WAWRqWAWHEY G I
NI AN Y YT WGl YT emgqaWl Ui eARUNDWaé WWHE ¢ URIE WY N WRUOt 1t
OUnYIl qaUcqua! AWa Yt qWnel G+ WHe Y6 a la Blae Wdld)qg ¥ R d RUA
Q6 NWENE2RII Whecaqaqldl + Wnl Yo WaqéWN| ¢ REDIBILANEIIE NI & V 10 R
6 Rfpt& G¢ FRq!pUE DGR DBc URUNWG ¢ #E RUWIY We qi~¢ UT RWG1WI2 1I0

P UWGet qWT 1! W6 W J¢ dt Wa G UE Hbkl BWRH Lhce L 61X F2Y110 qol LG YLLRY
YonWwa Yl UEh6 sy RT W 32 131 JWl gl RYI ¢ qRYUWROW qVYI
Rt W6 W3l + qt qUGWRUWHI WeqRUNDWE W 1! WAée¢ RUKWe Ys 1321
b OGumce QWi 1! It Waéeqlinep GRIGIGHILLE Y 2 Q11 W i) 18 LA é@) @R 8 O & um
¢nNNI WNeqY!l t WARNEqUWt 2 GGa! 1O

85 | REDUCING POSHARVEST LOSSES IN INDIA



[YImu#c&GGUHMlquRUlmR&ﬂWﬂﬂﬂmdﬂUﬂﬁMHMWﬁEi
HEc I mWeEMTGa T Wi 1! U WagUlearsUYaYN! wee OW | f@EHIH
HYOGGe!l UTl WaqVYWal ¢T RqRYUcaWwt e0WI 1! RUNWAVqE N
Ecécel ¢UW nl RECUWRY2 Uql RIJ WHERE WWu 30! ¢ Weii ¢ 0
o WHQR2IWWI Wt 2daqt WnY!l Wt acaaséyal 130 +HIGRIDHLI YT
GGl Y+#ROCqUG! WA LENEITE IME MMME LY R & dme WS & #t) 611G
L3¢ |t toR il myaquwe Oca! t Rt WA! WaqbRlWf Ugql Uc qRY
EYeq6Wct quw t ReUWAYaUql Rt WHEe UWI 3¢ A6 We WA 1
qs YWSEWHqe! Ut WYNWI REAVWEGDT JWe ODLWGLB & qRtYiY &
GUEGcURBCOW I I+ wWweeOW BT 2 #WIWI 1! RO DY Ol t
b qYl ¢cNUWne #HRGRqRIJY

SIOZRYIUWYnWoet qYGWeRI RUNDWOWUq! Ywe UT WOHWI RAC q

HEYI T RUNDWqYWaq6 JW PN SRR o ec 1XI0THEM0E]H e + QWIZIMINIB G | 1IJWE G
Gc¢l DRUcYOUIR S @ WHYt qi! WeNlI RAztGqgel DWHe! RUNWHE Gée HR
| JDRYUc¢cOW2¢l REqRYUY WROWGYH Y Ut Ws RS WERNG I Wa Y+ + 134
31t qUWEYGUWWRUWe UT Waet WWaecHSEYNI WHe 2 & Ri € HbEIb U@Ly Y & 6
EURYUT AWc UWHBOAHNI RA¢qRYUBWGHcaqnY!l GWHe UWGI Y2RT W
YOl DI+ IOWNSRI T Alq6 1JWe A Y@nEUlaldnyYal NG omaLEL YaFc o 13 +LLLE SREGI LI
YGUI ¢ qRYUt WRY WT IGUUT DUqWYUWGeHSRUWI Y WHY!I 1 Ys 1T Wn
qVYWe Wi gRrouIrclB¥ R ¢ HRORa! WYnWneél GWGeHGERUII ! OW[ YI U
HYGARUIIWG ¢ | 22100 ToplH WDl | u¥cdcWA ¢ Ue W 21 RUNWqB VIS0 2 6@t q
| JeASWYUWqREWDAWG Y DY WPt HeGecqWWT e JWaqVYWacecaqldWwecl
Gel DRUcGWnel I+ WHecUWUOWRq6WI WeoYI T WqYWGe !l #E ¢t 13WU
a RXHO

2¢qcecllt 6Yst WaécaqWAaUTeHBY WNI PDeaqlll WaNWHSEECURAC qRY U LG
b qeqldt WnY! Wad6RY W gqel ! HOW s 0200 &L LE d) INGIVHY LWL ¢l anR toyée M
6UAgc! Wt b WROW~¢T 6! ¢ WAL ¢T 0 6WeUT W7RE¢! WG WT WqVYLWay
GUH6cURACqRYUWEUT WnVyY VYT WavYttowf Owel T RgRYUAWSs WWnY
qé Wt q¢cqllt WYRGE WEEE VRINE IGRIY WWag 6 ¢ UWRU W6 1JWa Y1 1JWe NI

OANI RA¢qRYUWYnWnel GWaer6RUVI ! WReUW3 G0 Waqd6 R Wt 131 2
AUOHRYOGUWSEYet D6YOT WUcOGUt WadcqWHI RUNWHE A WaqVYW! Ya !l UL
GUHG6CURY OWqYWG!I Y2RT WWnc¢ !l G WWe RGO WU drAdIY W dld 16 i hic 10 &R
Q610G DG210t Ws R WS WWHYAGGe U! Wwe UT WG Y2RT YW YY1+ qUG

2 Ys J2 101 Algé I WWRY We Uwe 0W2130WGK0Wql ¢ qRYUWE UT WG 13t WUHD AW mrud et we 07 W
N M IB@ LW AT qlUe Mo Ugg 6 D Wa Y aqé¢ o We GGlet I+ WANGYUN Wq Y W7 Rdiee! U UildocsTIE GiBl cLiBLIER
C2CRIUCAHRIOR! WYNW9c9ot WeUT WRAGGINWANWUqt WRY W Wi¢qR2II0G! WEHY s WRKUGGESIIA WD W q ¢
q6Yet ¢UT WEWHqE! I3t OWAcTet q6ec UG ¢t WMIOMO W9 c 9t We UNEIMIOB B LG VY Wt e Y 6 B¢ AL
G¢c2VW=0zdWe UT W=ZIOMNW9c 9t AWe¢ UT W=ZION=ZWe¢ UT WZIOPTWRAGGINGNWUqt WGIW WabYet ¢l
GUAR6cURAC qRYUWROW q¢qlt WIRt W7 R6¢] We UOT Wi Wt qw7ilneidto

86 | REDUCING POSHARVEST LOSSES IN INDIA



nel AWaecHSRUWDIL L bt We UT I 2t WG IT Wa YEUINSRI D HEHGFSR A di RAYE 4
Ynlal ¢HqY! t WeiNMMMLUG Y &l fe il € Id) IR WUCILO lo &IWRK & A= =Me 1Jt Wa 6

~YI WIY20 AWaecHSRUDI T WRY Wet U7 WRUWE WaRAGRaWT WaRG WJWs F
RAGHENWAENUqt WnY!l WiadqRGINVWYGWI ¢ qRYUt WRt WIHYUYAGRHAC
BIRART b IOWf nWnel G+ Ws6YWYs UMUEPHSBRUD WH ke & DI 100 6 L
a6l Ye N6 MRE UssGIA Wps R Wspy B O INHAIDIGE WnRLY n Waq 6 WO Y& G Raald
[ ¢ Gt Ey O & & beafafalll~ ¢ O¢ NG W U0qWn Y WAUJIONME 6 BLUED Y 2 LI
¢l 1 ¢UNPUaUUqWs RUFAHWMO R2UG WU k6 ®UIWYs U+ oW Gt YALWGE
RT GUWRU21t qaUU0qt WaeT WWnY!l WaerH6RUWE OWf Owel T RqRYU
GeHO6RUWY Ws Yol W30T WRaGHVY! JwUgAREOT Wn ¥l QIR WUWD§H R
sYedl WI VAUR2VIWaq6 Wt Wl 2RAVWG!I YGGqd! WeqWeoYI T eHTI
AUUq! UDimABHeROBE At AWc Ul W[ ¢l GW~¢AHSERUNDI ' W7¢Utt Wol[ ~714
GNAE6c URAcqRYULWG! IYIBILIE B ILYMTIAO E I HdOEUK S HI¢c G 10 & 96 SARLINST LI
¢cUT WTADY Trillhy & dik 6 R BIOWN WLt 1) gElVeENEIRIUGINBC T We H#I1 Y+ + W RO I
f UT2RIAHIE T T Ra R Y dAsE LW dIIHN (GEaIdRIFI ¢ o) RIN O WAt 6 & W6 RIBIPI ABE¥ G 2
] Y201 0G0 0quWYnwf Ul REWRURqReEqR21IAWS ¢t WRHIWIOWe #HqRUT
Dhe RGONWUqWe OT Wa¢HSRUWI T We UT Wa et RUN W A Hiec Rap cRAINE 1A
GUWAHSCURACqRYUWe UT WaqUR6ETa RORGRD GIHEIE UND ep@ IWAID b GEH b
Yttt Wt WROWq6WWRY2Uql ! 1O

BEYel HDaWE~ ~WHaWHEql YORAWGY! q¢dWicRUqec RONT WA! W?2Ge!l qa WUqWYnW NI RH
Welfare, Govt. of IndiasSUBMISSION ON AGRICULTURAL MECHANIZATION (SMAM) (agrimachinery.nic.in)

87 | REDUCING POSHARVEST LOSSES IN INDIA


https://agrimachinery.nic.in/GraphReport/SMAMFmtti/SMAMFmtti.aspx

TAInII JUHEIIE

88

T

Hett W ro74aW] oW T aU0nel e dWAKOWL~¢ GRI YAW7 OW G0t 6 |
harvest food losses in a maizebased farming system of semiarid savannah area of
N¢ UA¢ UBoarmalll of Stored Products Research. Retrieved  from:
https://www.sciencedirect.com/science/article/pii/S0022474X1300101X
Aulakh, J., Regmi, A., Fulton, J. R., & Alexander, C. E. (2013). Estimating-pastest food
losses: Developing a consistent global estimation framework. Retrieved from:
https://ageconsearch.umn.edu/record/150363/files/AAEA_Poster_Postharvest.pdf
Bala, B. K., Haque, M. A, Hossain, M. A., & Majumdar, S. (20I)st harvest loss and
technical efficiency of rice, wheat and maize production system: Assessment and
measures for strengthening food securityFinal Report CE6(08). Retrieved from:
http://fpmu.gov.bd/agridrupal/sites/default/files/CF -6_of 08 B _K_Bala.pdf
7¢ilc¢cRIWc OWu OAWE WA E q6 Y1 134 WE OWu ohssvesRidsseslaf FOWERUDN
5610¢ qWRUOWF UT Youthalef PHani@sghidsyiahdPhyotdhemistryr(3): 2588
2592. Retrieved from:
https://www.phytojournal.com/archives/2018/vol7issue3/PartAl/7 -1-313-733.pdf
Basavaraja. H. S., B. Mahajanashetti and N. C. Udagatti (200EHYUY G RHW Uca! t |
Post6 ¢ | 210t qqUx Yt + Wt WRUOW[ YYT W] 1 ¢ RUt WAytcUkaral T R ¢ a LW
Economics Research ReviewVol. 20 Januarydune 2007 pp 117126. Retrieved from:
https://ideas.repec.org/a/ags/aerrae/47429.html
9YGGqYUdAWs oW NWAWEW[ aY! T AW OWENnYt aAWwe UT W7 oW
GNgq6YT aWe UWRGG!I Y21IT WGI YRUT 2l YWnY!l Wet t 3t + RUNLWE:
of Stored Products Research, 34(4), 27285.
2P0NET YW AWESat qUlI W~oWe¢UT WNY! I YW ~OWseZMNT
Gct 2l BGaWUqW aWlqé VYT Yayn! wiow f [ AAf W 2Rt #Het t RYULU
International Food Policy Research Institute (IFPRI). Retrieved from:
https://www.ifpri.org/publication/reality -food-losses-new-measurement-methodology-
0
Department of Agriculture, Government of Bihar. (2022). Retrieved from
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based
percent20on percent20soil percent20characterization percent2C percent20rainfall,with
percent20its percent20own percent20unique percent20prospects.
DES. (2020). Agriculture Statistics at a Glance 2020. New Delhi: Directorate of
Economics and Statistics, Department of Agriculture, Cooperation and Farmers Welfare,
Ministry of Agriculture and Farmers Welfare, Government of India. Retrieved from
https://eands.dacnet.nic.in/PDF/Agricultural percent20Statistics percent20at
percent20a  percent20Glance  percent20-  percent202020 percent20(English
percent20version).pdf
Devereau, A., Myhara, R., & Anderson, C. (2002). Physical Factors in Pdatvest
Technology- Volume 1. In P. Golob, G. Farrell, & J. E. Orchard, Crop Post Harvest: Science
and Technology (pp. 7602). Blackwell Science.
Dutta R. A., M. Makwana, H. Parmar (2013 t + 13t + G DU qWYn WA 1JWe UT WA Y
RUWEY! HIJ¢ UW9 | Y G UBERAhdc RFsearch Geatld.Hsljardd. | Y

| REDUCING POSHARVEST LOSSES IN INDIA


https://www.sciencedirect.com/science/article/pii/S0022474X1300101X
https://ageconsearch.umn.edu/record/150363/files/AAEA_Poster_Post-harvest.pdf
http://fpmu.gov.bd/agridrupal/sites/default/files/CF-6_of_08_B_K_Bala.pdf
https://www.phytojournal.com/archives/2018/vol7issue3/PartAI/7-1-313-733.pdf
https://ideas.repec.org/a/ags/aerrae/47429.html
https://www.ifpri.org/publication/reality-food-losses-new-measurement-methodology-0
https://www.ifpri.org/publication/reality-food-losses-new-measurement-methodology-0
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based%20on%20soil%20characterization%2C%20rainfall,with%20its%20own%20unique%20prospects
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based%20on%20soil%20characterization%2C%20rainfall,with%20its%20own%20unique%20prospects
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based%20on%20soil%20characterization%2C%20rainfall,with%20its%20own%20unique%20prospects
https://eands.dacnet.nic.in/PDF/Agricultural%20Statistics%20at%20a%20Glance%20-%202020%20(English%20version).pdf
https://eands.dacnet.nic.in/PDF/Agricultural%20Statistics%20at%20a%20Glance%20-%202020%20(English%20version).pdf
https://eands.dacnet.nic.in/PDF/Agricultural%20Statistics%20at%20a%20Glance%20-%202020%20(English%20version).pdf

FAO (2011)Global Food Losses and Food WastaExtent, Causes and PreventionFood
and Agriculture Organisation. Rome. UN FAO. Retrieved from.
https://www.fao.org/3/i2697e/i2697e.pdf

FAO (2018).Guidelines on the measurement of harvest and posharvest losses
Recommendations on the design of a harvest and podiarvest loss statistics system for
food grains (cereals and pulses) Food and Agriculture Organisation of the United
Nations. Retrieved from:https://www.fao.org/3/ca6396en/ca6396en.pdf

FAO (2018). Measuring Food LossasSession 3: Analysis of losses at the lab. Food and
Agriculture Organisation of  the United Nations. Retrieved from:
https://www.fao.org/3/ca6561en/ca6561en.pdf

FAO. (2017)Field Test Report on the Estimation of Crop Yields and Post Harvest Losses
in Ghana. Global Strategy to improve Agricultural and Rural Statistics. Food and
Agricultural Organisation of the United States. Retrieved from
https://www.fao.org/3/ca6429en/ca6429en.pdf

GoB. (2014). About us. Retrieved from Department of Agriculture, Government of Bihar:
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based
percent20on percent20soil percent20characterization percent2C percent20rainfall,with
percent20its percent20own percent20unigue percent20prospects.

GoB. (n.d.). Department of Economic and Statistics, Dept. of Planning and Development,
Government of Bihar. Retrieved from Directorate of Economics and Statistics:
http://dse.bihar.gov.in/

Gol. (2021, March 8). Directorate of Economic Statistics, Ministry of Agriculture and
Farmers Welfare. Retrieved from Department of Agriculture and Farmers Welfare:
https://eands.dacnet.nic.in/

GoMP. (n.d.). Chapter 1. Retrieved from Department of Land Resources:
https://dolr.gov.in/sites/default/files/Madhya percent20Pradesh_SPSP.pdf

GoMP. (n.d.). Directorate of Economics & Statistics. Retrieved from Department of
Planning, Economics & Statistics, Govt. of M.Phttp://des.mp.gov.in/en -us/

GoP. (n.d.). Agreclimatic Regions. Retrieved from Department of Agriculture & Farmer
Welfare, Government of Punjab: https://agri.punjab.gov.in/sites/default/files/AGRO
percent20CLIMATEpercent20REGION. pdf

GoP. (n.d.). Economics and Statistical Organisation, Government of Punjab. Retrieved
from https://esopb.gov.in/#gsc.tab=0

] 1 Y211 W? AWs oW~ WERUNG We UT WAKWERUNG Wbl =MN = b Wb
i 61¢cqWe U7 WAET T ! W9 | -HeGhorbiFRadédkch OehiteHudh@anh. N1 Y
Gulati, A., & Singh, R. (2022, February 14). Climate Smart Agriculture. The Indian Express.
Gulati, A., Roy, Ranjana and Hussain, Siraj (2021). Performance of Agriculture in Punjab
Gulati, A., Rajkhowa, P., Roy, R. and Sharma, P. (2021). Performance of Agriculture in
Madhya Pradesh.

Hoda, A., Gulati, A., Jose, S. and Rajkhowa, P. (2021). Sources and Drivers of Agricultural
Growth in Bihar.

Hillier, J. (2012). Cool farm tool. University of Aberdeen: Aberdeen, UK.

Hodges R, Bernard M, Rembold F. APHLtSPostharvest cereal losses in SubSaharan
Africa, their estimation, assessment, and reduction. EUR 26897. Luxembourg

89 | REDUCING POSHARVEST LOSSES IN INDIA


https://www.fao.org/3/i2697e/i2697e.pdf
https://www.fao.org/3/ca6396en/ca6396en.pdf
https://www.fao.org/3/ca6561en/ca6561en.pdf
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based%20on%20soil%20characterization%2C%20rainfall,with%20its%20own%20unique%20prospects
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based%20on%20soil%20characterization%2C%20rainfall,with%20its%20own%20unique%20prospects
https://dbtagriculture.bihar.gov.in/krishimis/WebPortal/AboutUs.aspx#:~:text=Based%20on%20soil%20characterization%2C%20rainfall,with%20its%20own%20unique%20prospects
http://dse.bihar.gov.in/
https://eands.dacnet.nic.in/
https://dolr.gov.in/sites/default/files/Madhya%20Pradesh_SPSP.pdf
http://des.mp.gov.in/en-us/
https://agri.punjab.gov.in/sites/default/files/AGRO%20CLIMATE%20REGION.pdf
https://agri.punjab.gov.in/sites/default/files/AGRO%20CLIMATE%20REGION.pdf
https://esopb.gov.in/#gsc.tab=0

90

(Luxembourg): Publications Office of the European Union; 2014. JRC92152. Retrieved

from: https://publications.jrc.ec.europa.eu/repository/handle/JRC92152

IPCC. (2020). Climate Change and Land: Summary for Policymakers. Intergovernmental

Panel on Climate Change. Retrieved from Special Report on Climate Change and Land:

Summary for Policymakers:

https://www.ipcc.ch/site/assets/uploads/sites/4/2020/02/SPM_Updated -Jan20.pdf

s6¢CHOWEW AWAKOWuKWERt 6s¢t ¢l GecAawWN0OW 6aG¢l AW oW

assessment of quantitative harvest and postharvest losses of major crops and

HY O GYT RaqRI1IJHAQNRRAD IndialJodtdinated Research Project on Postarvest

Technology, Ludhiana. Retrieved from:

https://www.researchgate.net/publication/289637983 Assessment_of Quantitative_H

arvest_and_PostHarvest Losses of Major_CropsCommadities_in_India

Kader, A. A. (2005). INCREASING FOOD AVAILABILITY BY REDUCING POSTHARVEST

LOSSES OF FRESH PRODUCE. Acta Horticulture, 2169-2176.

doi:https://doi.org/10.17660/ActaHortic.2005.682.296

UCUUCUWEWB=ZMNMOb W ++ 3t Gl U0qWYnWAI Jwe OT WAYH

Social and Economic Change, Bangalore. Retrieved fronhttp://www.isec.ac.in/Pre

percent20and percent20Postpercent20Harvestpercent20Losses ADRTC_Final.pdf

Kiaya, V. (2014). Posharvest losses and strategies to reduce themTechnical Paper on

Postharvest Losses, Action Contre la Faim (ACR)5.

Longvah, T., Ananthan, R., Bhaskarachary, K., & Venkaiah, K. (2017). Indian Food

Composition Tables. Department of Health Research, Ministry of Health & Family

Welfare. Telangana: National Institute of Nutrition (Indian Council of Medical Research).

Retrieved from

https://www.academia.edu/31170922/Indian_Food Composition_Tables

Nanda S K, R. K. Vishwakarma, H. V. L. Bathla, A. Rai and P. Chandra (264@)¢ | 2 13+ q W¢ UT |

AYt qice !l 213t qx YH+H DF WYNW~¢TY!I W9l YGH We UT Wx R21Jt @

Research Project on Post Harvest Technology, (ICAR), Ludhiana.

NABCONS (2022). Study to determine pogtarvest losses of agri produces in India.

study report_of_post_harvest_losses.pdf (mofpi.gov.in)

Purandare, H., Ketkar, N., Pansare, S., Padhye, P., & Ghotkar, A. (2016, September).

Analysis of postharvest losses: An Internet of Things and machine learning approach.

In2016 International conference on automatic control and dynamic optimization

techniques (ICACDOT]pp. 222-226). IEEE. Retrieved from:

https://ieeexplore.ieee.org/abstract/document/7877583/

E6c¢cl G¢WutoAl~OWEE e We Ul WEWERUNG Wb =ZMN®bL IOWMBLEY R

EUGYI DWT Rt ql REqWYnW~AwWs Yel UcOWYnWABBE! G¢cHYT

Retrieved from: https://www.phytojournal.com/archives/2019/vol8issuelS/PartP/SP-8-

1-134-658.pdf

E6c¢l G¢rolc ows we Ul WAKWu OW~RY 61 ¢ Wel=ZMM®b OWB U WE #H
TTUT WAI YT erAqt WRUW NI RWEFGY!l quWaYUUWNY! WAzt

Research Centre for Madhya Pradesh and Chattisgarh.

Shree, A., Mayanja, S., Simba, E., Stathers, T., Bechoff, A., & Benett, B. (2019).

Determinants of postharvest losses along smallholder producers maize and

| REDUCING POSHARVEST LOSSES IN INDIA


https://publications.jrc.ec.europa.eu/repository/handle/JRC92152
https://www.ipcc.ch/site/assets/uploads/sites/4/2020/02/SPM_Updated-Jan20.pdf
https://www.researchgate.net/publication/289637983_Assessment_of_Quantitative_Harvest_and_Post-Harvest_Losses_of_Major_CropsCommodities_in_India
https://www.researchgate.net/publication/289637983_Assessment_of_Quantitative_Harvest_and_Post-Harvest_Losses_of_Major_CropsCommodities_in_India
http://www.isec.ac.in/Pre%20and%20Post%20Harvest%20Losses_ADRTC_Final.pdf
http://www.isec.ac.in/Pre%20and%20Post%20Harvest%20Losses_ADRTC_Final.pdf
https://www.academia.edu/31170922/Indian_Food_Composition_Tables
https://www.mofpi.gov.in/sites/default/files/study_report_of_post_harvest_losses.pdf
https://ieeexplore.ieee.org/abstract/document/7877583/
https://www.phytojournal.com/archives/2019/vol8issue1S/PartP/SP-8-1-134-658.pdf
https://www.phytojournal.com/archives/2019/vol8issue1S/PartP/SP-8-1-134-658.pdf

Sweetpotato value chains: an ordered Probit analysisFood Security 1101-1120.
doi:https://doi.org/10.1007/s12571-019-00949-4

United Nations Environment Programme. (2021). Food Waste Index Repo021.
Nairobi: UNEP. Retrieved from https://www.unep.org/resources/report/unep -food-
waste-index-report-2021

United Nations, Department of Economic and Social Affairs. (2019). World Population
Prospects 2019: Highlights. New York: United Nations. Retrieved from
https://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf

Vetter, S. H., Sapkota, T. B., Hillier, J., Stirling, C. M., Macdiarmid, J. ., Aleksandrowicz, L.
& Smith, P. (2017). Greenhouse gas emissions from agricultural food production to
supply Indian diets: Implications for climate change mitigation. Agricultue, ecosystems

& environment, 237, 234241.

¢RI 6sc¢ct ¢l G¢WAWUAWEW Ws 6¢ AWl OWu W? R¥FRaALW WU
of harvest and post6 ¢ | 2 13t qIG Yt + 13t WY n WAgiclallE@roinicslJ t LR U L
Research Review 32 (2), 247258. Retrieved from:
https://www.researchgate.net/publication/339998471 Assessment_of harvest_and_p
ost-harvest _losses of major_pulses_in_India

WFBR (n.a.) Efficient Food Loss & Waste Protocol Pragmatic & integrative approach for
food loss and waste monitoring, analysis of causes & interventions.
Wageningen Food & Biobased Research. Accessed on December 1, 2021. Retrieved
from: https://si (GoMPjes.google.com/iastate.edu/H&Phlfwreduction/home/efficient -
food-loss-waste-protocol

91 | REDUCING POSHARVEST LOSSES IN INDIA


https://www.unep.org/resources/report/unep-food-waste-index-report-2021
https://www.unep.org/resources/report/unep-food-waste-index-report-2021
https://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf
https://www.researchgate.net/publication/339998471_Assessment_of_harvest_and_post-harvest_losses_of_major_pulses_in_India
https://www.researchgate.net/publication/339998471_Assessment_of_harvest_and_post-harvest_losses_of_major_pulses_in_India
https://sites.google.com/iastate.edu/phlfwreduction/home/efficient-food-loss-waste-protocol
https://sites.google.com/iastate.edu/phlfwreduction/home/efficient-food-loss-waste-protocol

Y U021 13t

UO0U#HNa WP RDGT s Yl t AWl ¢qeWRYGaUHqRYUOWe U7 WHY A GREOE qRY
NIl ¢ RURUNDWY nWa6 W3 JaT Walde at

NE6WWGI YTUHRqWUWUT+ Wt D201 ¢cdWagqlH6URACTW GRIDAIIL W Ynl
qlHS6URNz It OWRNG I BnY!l DAWs JWagl ¢ RODT W6 W 21 213! Waldé
N6WWGI YTURqWqUeaWRYUT e Hql Was YWagR ORIODBRNG LIEGY VT & & &
RURqR¢ qUT Wad W31l + qWal ¢ ROURUNWNY ! Wad Wt a1 213! WIUe G L
g¢Uec¢ciot WROW?WAEPVEGANDI W=M=ENOWNSWJIWql ¢RURUNWs ¢t Allqd 1J
HYGGUaW+W AYURVGqt W ¢ UTaul RIVY 2RAIGRYY NULaeYTLl RYBY &8 q LU a6 1
Guct el DaWUqWe OT WT ¢cqewWmYaaWHqRYUWA! WYHAL Wl 2¢qRYUAL

i DWHYRUART W6 Wt WAHYUT Waql ¢ RURUNWs RgéWYel WHet DIR
bel 210 WU a1 eggNa i mwiyUdcagBRIAY YAl ? 2 | RUNW a8 WA iR
mcl GRUNWGE Yet D6YGT+ WYI WYq6 3l W qegANVET Wa 6 WRY (a o 1L
YnWwWéVYet D6Yal t ot qéet W6Yal DI+ WRUW@S W 21 213! OWf UWeT T
ROWe UT WIt+ q¢cUT RUNWa6 IWaYHeGW ' U¢cGRAL We Ul Wne HRIRqEC
ql ReOt WYnWaé Nalwe e dRYI0Uq B¢ DHAWEOFT WG 1Jct 21 3G 130q Wald
L

20GOY! aNUqWYnWad6 W3 1JaGT Walde at

P UWERI T Wewt 2l 210! WenWUA!D We UT We i@ ¢ 6 Ll ¥ ¥ WiER O & 6 ¥
bel 2100 WenRUAD W IGAY! WT Wagd !l 3UW33al waUe Gl ¢qVYl + WwWe C
HYOGOWUHRqRYUWqUecGAWNEHRIRge qUT W6 JWt 2l 213! OWf OWeT |
¢cNI RAzGqel DWYQRHDI + We UT Wl Rt q RAqWI W20 YGaWUaqWaceU
N6 DWYHTWHqR2 IJWY n WdJE 1D Wy 1Y W 6 10 ¢ 41d ¢ i@ Yidd 12 We G+ Y Wa
Clault AWt eGGHO! WHECRUWeHY!I + WeUT WabG@WBdRT BIJLW6G Y G
Yt 13t ouw

[ B

l

YURqY!I RUNDW¢ UT Whe¢ctRa! WHYUq!I Yi

NEWWEgqeaTl ! WaqWé¢GWeaqwf 9AFf EAWT YWedaWaqsWWwWaYURqVY!I RUND W2
N6 WWiGYURqY!I RUNWqUeGWEdt YWYVt W?2?2~WYnWad JWl It GIIH
HEUAt RUDWARYAGGIENqUT Whe 3t qRYUUC¢ BIVIGH @ty YALOH Y10 & 10 LG
TRt Azttt RUNDWsS RS W3 XWGT WRWUa2GWl ¢qVYl t WagdWDWHEECTGGWIUNII
GYtt RHGWIO

P WOt 21 BT WeqWaWet quUYUWW2 Rt RqWYnWaé WG YTUHqLWHY

tue cRq! WYnNWgS6 Wl ¢qeWAYIGIWHqRYUWeHqR2Raq! OWf OWeT T F
YOWqS Wl ¢ q¢ WHYOGWHqRY U WaaYIIEHa LR L dJISHLH i 0J0RIaHLERIH TLLLH TS dJd)

92 | REDUCING POSHARVEST LOSSES IN INDIA



N6WWt el 20! WaglcaWt cAAGRqaUT W6 WWRYGGHDaqdT WT ¢ q¢ WHY
HI Yttt #60HE RUDWe UT Wheec i Ra! WARYUq! YOGWARXNY!I JW 2 HGRqa
cquWwf 9Af EAWNY!I Wneal q6 131 WHI Yt t 86 I3HS!RI DL nea)l 12 130 7l Yt ¢
Gl YTUHqUWAEYYI T RUcCqY! b Algs W 21 213! We NWUHR! Wt 2 HAGRaqaq L

2¢qc¢ WIU0ql ' WGI YHIT 2 3t We Ul WhecdRa! WeYUql Y

N6 Wt el 213! WHYYI T RUcqY! Wt Al eqRURY UT W6 DWHYTTUHW
RONcUDT WeUT W2¢aRT ¢qlT W6 WT ¢qetowl] RUcOa! Allqd IIW e
Gl YTUHqWHYYI TRUCqY! WeqWwf 9Af EAQEID UG E CEGRN U bV 10 £
Rtt a0t WRUWq6 WWRUNY!I GecqRYUWI DGY! qUT WA! Wq6 LW 21 213!
TYOUWeqWoéel @il @ IE GhELURISEH IR RGO ¢t IWq6 IWT ¢qc Wy Ys wWrHYU
b YeUTOW[ Y1 WU+¢ 0 GO WMPIE 6 Id10d V¢ Tlkhin ¢ 16 Wlle WKW S Ya Gl WOY ql
nYl WeWGe!l qRAz G ¢! WHI YGAWqHLOWf UWeT T RaRYUAWq6 IWI 1IC
Q6 VYt DWeUT a7 WeqWagddwl RWI WUqWG!H YHIE RUNDWE gq¢ NI U

EaGGYt DAWe qWt YOWWGYRUqAW YaWWRUARY Ut Rt qUUHRIIL We U
nYaUT owWf OWaqécqlHEet DAWq6 13t DWhe 3t qRYUUERI It Ws RA
Hicl RZHCcqRYUAWY! Waqdé DWWt 21 213! Waldcé d W& d RNMAAILLE Y GIL dlLic
méel Gt ot qéet DEYAT It WeneRUKW[ YI WWI¢dGUaWAWqS IWt 2|
GRUHDt WYNWRUNY!I G¢qRYUWNS I InY!l 3AWg6 13! Ws JUqllq Y Wq
q! GUWY nWI ¢ qc¢ W2 ¢ bRy dd) RYUUWLLEYH dl 2 R gUT WRite W@ W3 U ¢ o Wi |
6Ys W21 AWRqWs RAG WU 2! DWe WaRURGa2GWIN200WYnWT ¢qcl
T ¢cqeclWs Ra6 We WHIJI q¢ RUWE AAHVGqe HI W Whe ¢ Rq! WIK21IJ04AWs |
nYlel q6 13l WeUcd! t Rt IO

2¢qcec WG YRV RUNDAWe UT WHGWecURUNDWE ! UDW2Rac 0 WGE ! qt WY
Het 3T wyoOwt 21 213! OWe Ys W20 AWRqW6et WARKIOWY 3u0Waé6 e q
GRtt RUNDWe UT WRUAYI | DAqWRUW2 ¢ 0 &G WOUNG R0 Ra Y LIRS Wi 6 W
¢cNecRUWYWGRURGRY DWNe Gt WRUWq6WW3Uc oW ¢caqcet Wat owf Ol
HI RqRHECGW2 ¢l RECHD It oWf ULt 2 H#6 W ¢GHIID HHEM ) AUID WY K12 1011 2Ud) 6

93 | REDUCING POSHARVEST LOSSES IN INDIA



Annexure 2: Data collection methods
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2 There will be at least three visits for the experiment.
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Annexure 3: Data analysis techniques
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District -level losses: Farm level
Losses estimation by inquiry:

The total quantity handled at the block level }_ is given by:
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Annexure 4:Symbols and notations used in the Annexure 3
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Table 1.1: Case Studies location and specifications
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Figure 1.1: Research design
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% Thesubsidy is givento the FCland states for procuring food grains from farmers at governmentnotified prices and selling them at
lower subsidised prices (known as Central Issue Prices) under the National Food Security Act, 2013.TheAct mandates coverage of

75 percent of the population in rural areasand 50 percent in urban areas, and currently covers 81 crore people.

27 The government of India passed the Essential Commodities Act, 1955 in order to regulate the production, supply, and storage o
essential commodities (including food crops, oilseeds, jute, seed, etc.) and control hoarding. One of the three proposed FagnmLaws

of 2020 was to amend this act in an effort to incentivize private players to invest in food processing and storage facilities
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Figure 2.1: State-wise trend in paddy procurement (2013 -14 to 2022-23)
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Figure 2.2: Procurement cost of Rice for FCI (201011 to 2021-22)
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https://www.indiatoday.in/india/story/in-6-years-over-40-000-tonnes-of-food-grains-damaged-in-fci-godowns-1696650-2020-07-03
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FCI Grain Management System

Total Capacity with FCl and

state agencies 71.4 MMTs as on

Jan 01 2023
(Excluding CAP)

Owned

17.3 MMTs out of 71.4
MMTs (21%) owned and
operated directly by the FCI

Hired

28.85 MMTs hired (35%)
including the capacity hired
by FCI from state for 2021-

Available with State Agencies

25.2 MMTs available with
state agencies excluding the
capacity hired by the FCI

in 2021-22 22

Covered warehouses

72% (29.4 MMTs) of
the owned caﬂacit\r is
covere

CWC/SWC

20% of the total capacity is
hired from central and
state warehousing
corporations

Covered warehouses

86% (14.92 MMTs) of
the owned cagacit',f is
covere

CAP Storage Central and State CAP Storage
Agencies
14% [2.38 MMTs) is o 28% (2.38 MIMTs) is
CAP 1% of the total capacity is CAP
hired from central and
state agencies
| I
Silos Others (includes

private)

19% of the total capacity is
hired from private sector.
Warehouses from PEG
scheme, PWS Scheme and
other hired

1.1 lakh tonnes of silos
owned by FCI. As on
July 01 2023, 21 silo
storages hired by FCI

YaquxON6 JogqYqecatot qYl ¢ NIJIOHE GEHRq! IORUAI J¢t It 1OV 1OT WHI D¢
| 13hue RIKJIGTIIHO Beaf KD #GHB0R | 13T 1@ 90 9A O b dO@IIEUX) ¢ G101 ¢l W6 Yet RUNI0OIYI G
i1 ¢l W6Yet RUNDIO9YI GYI ¢ qR Yool Hidk@O[ Y9211 toc UT I0At RU q 6

qWt qc qPWIaPN2P0W qYIl ¢NUWHE GEHRQRIJE AlWe WT Rt qRUAq W
HY2 11 T Ws ¢cOHXEMBLE Wikl IO Yi ¢ IHBUIRMILE T YT e HqRYUW I+ HIIJIT + L
D+ ¢ 0 Fadxale ¢ ! WUINAW=ZMEINAWE GGl Y# RO ¢ q B iBHIWAIREIAAE 1HIWIN n W9
[9f WeUT Wt q¢qlWe NUARRUY WROWf UT ReOWNS IW9 AWt qVYl ¢nid
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Figure 2.4: Opening stock of food grains with central pool against the buffer stocking
norms as on July 01 each year (2010 to 2023)
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HYaUql 'OWx ¢l NDUW2Ydea Gt WYnW[ 9f Wt qYHE Yt WnYdaYst WNI Y

% The FCI is mandated to hold a certain quantity of rice and wheat across the months of the year for ensuring food securityativer
risk or any other emergency situation, which is defined as buffer stocking norms. For instance, as on Aptil Buffer stocking norms
for rice and wheat are 13.6 MMT and 7.5 MMT, respectively.
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Figure 2.5: Storage capacity available in India as per WDRA (2010-11 to 2021-22)
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ntof UrRG 2T I3t OHE GERRq! OHI Weqlll 02 UT U1 IOq6 10t 2 GGY I qloYntof U
FH6WDGUIOYNIO?RI DAY ¢ qOYniO NI RIO~¢l t JgRUNKe UT 1of Ut GURGqF
6 AE] ERIOYNnIO[ Of

nrfridetdel 1t owt q¢ qJOc NIIUHRIIY mtos 6 JUIOH q¢ qDIORR2 RGOt 2 GG RIJY |
AIOE+HiO2T RUNK9 At qYIl ¢nW

N6 WUWt qY!l ¢NUWHE Ge HRq! WRUWT UT ReWW+#Ge UT T Wnl YGWNMY
RUAI D¢t WWRUWG!I R2¢@UWIBE ¢ Waé MEN YR il RO Kl D0 R ID2 1J G
RUHAHG2T RUNDWYs UWT WeUT W6RI Ul AWqd JWHE Ge HRa! Wacl DRUC
OYUGE!l UT WaqYW[ 9f AWt q¢ qUWENWIUHRIIY W qYl ¢NUWHAE GE HRq
RUAI D¢t WWRY W 2 JWagVYWHz G G WHKE AEITULSIES | 24 13OLdf LR UR1EqLIBGI L
NWYnWH#HIIJI ¢ iF MESDAUE R DOHIFMEBMNW AW s DWWt JPdWwewacl NIJWI |

l

5C1I D6Yet Ut WnY! WHII Yeawt qYl ¢nNUWRUWq6 IWHY 2 Uql ! AWE Y
GU2U00Waq6 W qYI ¢NUWHE GEHR! WYnWaq6 JWGI R2¢ qlit UHEq Y
SZHOWNSUWNRY¥s qB WV GHIGY | W q Y 1] cSRIDIERICOE LR IR R UenAIE | LRoRYE Lidpj.
g6l YenN6WqS6 DWRAGGUIWNaWUqeqRYUWY nWAI R2@UWIWEUq! WG BUL

f Ul Wact qWl WHeT DWad W qYl ¢ NUWHE Ge HRaq! WY n Wad 1JLWH
YnWHRYYGUI ¢qR2IW UEqY! + WROW qVYI ¢NUWYnWN! ¢ ROY WRY Wl
~RURY ql W ¢!l BOT 1 ecwW~YT RWe UT WU ) &EAMLLLBI B+ :Oildl & 13L& g’

2% Launched in 2008 to increase private participation in storage infrastructure, PEG scheme added 15.2 MMT of capacity from 2010
onwards.

30 The Central Sector scheme was approved by Cabinet on 8.7.2020 to provide a mediurtong term debt financing facility for
investment in viable projects for postharvest management Infrastructure and community farming assets through interest subvention
and financial support. Under the scheme, 1 Lakh Crore will be provided by banks and financial institutions as loans to Primary
Agricultural Credit Societies (PACS), Marketing Cooperative Societies, Farmer Producers Organizations (FPOs), Self Help Group
(SHG),Farmers, Joint Liability Groups (JLG), Multipurpose Cooperative Societies, Agntrepreneurs, Startups and Central/State
agency or Local Body sponsored Public Private Partnership Project. All loans under this financing facility will have integgivention

of 3percent per annum up to a limit of Rs. 2 crores. This subvention will be available for a maximum period of 7 years. Further, credit
guarantee coverage will be available for eligible borrowers from this financing facility under Credit Guarantee Fund TrustNticro
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Figure 2.6: Utilization percentage at FCI as on June 30 each year (20142022)
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and Small Enterprises (CGTMSE) scheme for a loan up to Rs. 2 crores. The fee for this coverage will be paid by the Government
(Budget, 2023)
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Figure 2.7: Transit and storage loss of food grains (percent of Quantity moved and issued)

2010-2022
0.60%
0.47% 0.48%  0.47%
0.50% ’ o 0A8% G sav
0.40%
0.30%  0.30%
0.30% 0.25% 0.25% 0.23% 0.24% 0.22%
'_
Z 0.20%
3 021% 023%  022%
W 0.10% 0.17
o
0.00%
-0.10%
-0.08% 0.11%
-0.20% TR 012% 149 -0.14% -0-13%
-0.30% -0.23%
— N ™ < Te} © ~ [eo) o o — N
o — N o™ < 0 © N~ [ce) o o -
— — — — - - - - - - N N
o o o o o o o o o o o o
N N N N N N N N N N N N
@ Transit LOSS ~ «wwe Storage Loss

EVYel HIJxIO[ 9f t02¢| RYet ORt t e 13t

Figure 2.8: Storage loss in rice at FCI warehouses for Apr-Sep 2023
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Figure 2.9: Storage loss in wheat at FCI warehouses for Apr-Sep 2023
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Figure 2.11: Transit loss (in percent) for rice Figure 2.12: Number of NFSAbeneficiaries
across states (Apr-Sep 2023) across states 2023
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Figure 2.13: Total Food Subsidy including consumer subsidy, carrying cost of buffer stocks
and subsidy on coarse grains (2010-11 to 2021-22)
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Figure 2.14. Offtake of Rice and Wheat from Central Pool (2003-04 to 2022-23)
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81 pradhan Mantri Garib Kalyan Anna Yojana (PMGKAY) was launched amidst Ga@gandemic induced lockdown in April 2020 and
was discontinued from Jan 2023 onwards. Under this scheme, all the NFSA beneficiaries were distributed additional 5 kg pespe
of food grains
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Figure 4.1: Procurement channel in Punjab
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Figure 4.2: Covered and CAP share in storage with FCI and state agencies for top selected
states as on Jan 01 ‘21
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Figure 4.3: Status of silo construction as on September 30 2023
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Figure 4.4: Process of grain management in silos
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Table 4.1: SWOT analysis of CAP storages
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Table 4.3: SWOT analysis ofsteel silos
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Table 4.4: SWOT analysis of private warehouses
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Q6RITWYnWag6 Wt GeRWWet BT WH! WARYU2WUqRYUcaWRY 211 131
Xx ¢CHYz2 | WHYt qWRY Wt RDUR3AcUqa! WI BT e H#WIT Wet WRYGGGe! T
b 6Yeldl WANWNe2 !l q6 1 WR+FGeUT WT Waqdl Ye D6 HDRNB O aIR AINR Wira L
bqeUOT ¢l TH W 6Yedl WHNDWnz !l q6 131 W ql BeaaRUOUT WaYWwl T 2t
b aé qld Wt sqOviiFe2tdt WU Y1 ¢ DA W6 WWs YI t W et WHIWOWRY OGO
~~Nt WHEGEHRq! WYnW qdNi MURO YWl WNNMGAEF RKXE af¥ dilLt) & 13 1J 0
Rat Wt qé¢ NPt WYnNWARTTRUNWY!I WGGe¢ UOUWT towdUT W1 WG6¢t ywyuo
AMPWUWRT WUqR3WJT WnY! W?27[ §NWaYT WWu? 3t RDUW7eaROT W[ RU
27[ §8WANIDHIRMUMIWLZ e RaT W[ RUcURVIWEs UWIE GUI ¢ qlb tOW

N6 W] Y21 0aW0quWyYnW96RUCWRAGINANUqUT WHERRWDUQRE AL
nmel Gl WgYW qYl ¢NUWagd DRI WG YT e HUWRUWAz Gt WG 1Jq¢ d W
QYW WWt gqal ! Wxe YWeZM=ZNb AWET Y Ga R IS¢ 13 id Sidhin MRMiLY of
YnlWnl qRIRANI + ALUMIWYZWARGIORYUWRz2 ARBWG W qJI t+ WY Ws ¢ q
Hec UWGI Y2RT DWq6 IWNI ¢ RUWqYWNKOPWERGIRYUWYNWGYGeiica

AceHRq! IOYNIOl ¢ qctOc qlot ¢ ®#I Yioa W2 atoyUtoa Yt + 13t oRUONDI ¢ R

NG 1L dwel Wt qY!l ¢nwe Ul Wal ¢ Ut RqWad VYt 13t WeqW ¢qée wWROU
T ROWUI VU UVl GIHIUEB RO R RIJE We UT WeaYUNWaq6 W 2l ¢qRY
[ Of WT ¢qe¢ WRY WacHt WYNWeqqRlUqRYUWaqVYscel Tt WhhececidRa! W
2¢lI RYet WNI ¢T Wt WnY!I W RADWeUT Ws6Wcqllo @BRIFWY A LW? ¢
Gl YAzl DGWUqOWNSRY WaW¢ Ut W e PWagYWaeHt WYnWt qVYl ¢ NIJWR
ROWaqW!l Gt WYnlWhec¢ctdRq! OWNG I DWRY WOYWT ¢cqéelWlec2¢RACHTN
FaqVYl ¢nNPOWRNG W Wwe U1 Wa 6 13 W UUHHSYdI 12 Y01 Gl alReY| UliLE (R0 L 2 apLLLre YGI
tue ¢ GURId 'YW qY Il ¢NWG Y+ wWyUa! WHe Gael 1P We & 9h&Ras L2 ¥
RaqWl YUt WRUT RAcqUWeU! WavYtt wett ¥t al0qWeqw9 AWHDN
bl DUNRNq6WURUNWUEeqRYUCTWEON210 W 2 leigidle YROWIS! YeeRiU Ll Ao
AODUOUISHRcOWqYWael NUqWa6 IWEYYG6 YDt 1o

Table 7.1: Categorization of Wheat/Paddy (20cc of representative sample)

9¢qUNYI|[T WU2RGGUT W] I ¢R?2t RNDU[2¢ae¢nNIT W ? Rt
i 61J¢ qo A AcT T NI ¢ RUY
O G W@YIWM 13U q N OGW@EIWR 13U q

7 H Y 260110 NA S0 1 = 1] = HY 2 WHE IR Hid Y gul
GUI #1IUq

9 H Y 20010 MHMEGT | #1J O HY 2 12E INIMHALG ¥ dL
GUI #1IUq

? H Y 2060110 THEYOUENON # | 1 HY 2 12E INIPHLG ¥ d@L
GUI #1IUq

~Jq6VYl alWléYiedWqgl REWNY! WHYqG6WHE qUINYIlI RAC qRY

éVYiedllql RELWe @ qua@SHRU WH! WHRYe UqWRUWHEE JWYn

EYel HIIXIO[ Of
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boWs IO IJI0WE Y F 0 We qlt §13GGW1F AWwae U7 RWn Y1 W RAIIWE g W
cUT W~EAWN I R2ZIDUVWRUHI Wet RUNDWe ! We we UT 11 LIJG(:TTp LIJRULLIG]()'
t 20 RARGIUHI aR@BRIY Ue UT WHYUt 28 GagRYUWs ROGWI UT e #IWa6 I
Gl YRzl 3G WU0qWwt q¢ qlt wWe Ol Wt YWagé WWal ¢ Ut RqWwa Yt + 13t 1O

] §fWeéct WeUUYa2URDT WRUW=ZM=ZMW q6 W NI RAPBEd 219 Ly 10 2
qUASUYOUGYNRACOWI 200 YGGWUqWad! Ye NAGIA HjdyRGR[OAR §H L hlNRI
RUnl ¢t ql eAqgel JOWc Ys W21 Ac qW] AS§WI W20 AWq6 IWI Yl
GRN2VGWHARYUL ql edFqRYULWNS MGV RY 019 R B'R IU ¢Jia dll Y JHig-2c| ! 11N L
HYUt ql eAqRYUW YnWscl W6Yet It WnYI WeNI RAzGqel ¢0W Gl
EYARRUDQRIUt WelA 9Eb Ws 6 RAGWHEOMgDE VAWLGSI FHWCE RGP Ha YR @
E6YGt W[ AEb AW qHRIOW] 9f WRt WRAGGINWaGWUqRUNWE WGRG Y q WG
YATWHqR2IJWYn W6 Rt Wt A6 UG WWRY WaqYW WHEUUq! ¢ RANDWg6 U
FOCOOWSNGDIA WyY W e GWRat WARUWI qf WA! W qYl ROUNDWa6 1IF
2YRT RUNDWI Rt gl Ut Wt ¢calOWNSUWGae 00T WHe GEH/Ra! WYn
¢l YeUT Wsel W6Yet Wt WYnWPMMWaqYW=MMMW ~ Nt WHIGE HB AW N 6
TRt ql RAzqUT WnYIl Wd¢+RAG2G W NeHSWYNWgSWIWnel a1l we Ol
cayYUnNDWYaqs Wl WHRUW3 qt OWf qwé et WHWKRIUOWI Yool WYe qllet LR
F DRQY! k1O

O

E+GcUT RUNDIOL qVYI ¢ NIJIOHE G¢ HRq! IORUOAHY Ut 2 a RUNIOI WNRY U

[ YI WADqqUl WG 3t 31 2¢qRYUWYnWNI ¢ Rl YAWRARLUNY +UERE UG dIH RIGR
HYaUql !HOW[ 9f W6 ¢t WGHcec Ut WaqYWW+GeUT Wt ROYWneHRIRQRI
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2UT I WI+GUI RANUqAWs IREAINO NG UIWGWAIBD W Y¥EqB8 I UW q¢a
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966¢caqaqRt NEl AW Wt qw7I0Ne 0O

Adac+ecqRYUYUIOt qYI ¢ DIJIOACE Nt tOq YOl 3T 2 ®HIJKOG Y+ 13t
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GEHE ¢NRUNDWGEE gl RE GIOWRS 1 We 1 LUESNELLER10T + Sojdldt RyEvLL FE NI RO LU G
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HcGeHRRq! AW YHAY UL Ws Rq 6 WE HY 2 g LN MMIM Lol VHOYOVIE 10 caiGRe2HIR U
GU200Wc I GUqRAWA2 Ut 131 + WnpEIME M¥E0G & 1910 0 WAL Y ILWdID 18 IR 1)
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NOYArollld ¢ UT ¢qVYl ! Wet DWYnWTeqWAE Nt WA! W] §f WnVYl WGeH
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Annex 1: Carrying cost of buffer stocks (2010-11 to 2021-22)
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Annex 2: Transit loss of food grains at FCI (aspercent of quantity moved) (2010-11 to 2021
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Annex 4: State-wise share of rice offtake under NFSA Annex 3: State-wise share of wheat offtake under NFSA
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Annex 5: State-wise procurement of wheat (2010 -11 to 2022-23)
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Annex 6: Trend of labour dependence of FCI grain management system
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Annex 7: Storage loss, storage capacity and market density for selected states

] 2Tc¢l ¢q MY M nom
cclt¢Ue MION O YIOYZ |ZYN NPT
cROCHGC T WA MIOMO MIOM® |P X ¥l
~¢1 6! ¢ WAI ¢/MIOM= MIOMI | N®IOP O| P M P PP
A2 UTc¢H MIOM Y MIOMT |NPIOY ®| MOP NNZ
AcTet q6¢ U | MIOMM NIONM |MPM TPN
Ogqaqcel ¢t 6¢UMIIOMN MIOMT | MIOO> |ZT ToY
Oqac¢l WAI ¢T|MIONZ MIOMP |MKOOT |Z=Z0 ovYT
i It qw70Ne MIOM= MIOMY |NHO®O |NTP NYT
UT 61 ¢ WAI ¢ MIOM= |[ZOYN |[N®N YPO
bt ¢ MIOMZ |MIOPP |== onT
7R6 ¢ | MIOMT |[NIOP M | M
966¢caqaqRt N¢ MIOMI |ZKOYO |[NYT T=T
~¢6¢cl ct 6ql MIOMM | NO®P |dM= OMNN
§IT Rt 6¢ MIOMZ |[NIONO |[MOxX OPT
NeGROW ¢T e MIOMZ |ZH0d= |ZYO nm
f Ul Re¢ M IOM = MIOMZ |[TNIOMM Z > OM nex
EVYel #HUXIO A~EHOhNgeOBRELDEI WIOAEASANIOKA ] Af 90xNOAEW~ AuENT

] A ~f toc N E He OE N 2f 11098 ~~F NRNEEHBOEOA NEEO A FOOBEIOEY I T
GYHY Io9IFYQYIOOl Jhue It q3 OEq VY1 ¢ NIJIOHCEC Ge HRq! 1Onl YO 0?2 [ A?

Annex 8: Economic costs and MSP for Wheat (201112 to 2021-22)
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Annex 9: Economic Cost and MSP for Paddy/Rice (201112 to 2021-22)
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Annex 10: Losses at various levels for wheat for selected states (NABCONS study 2022)
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Annex 11: Losses at various levels for paddy for selected states (NABCONS study 2022)
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Annex 12: State-wise area, production, and yield for rice (2018-19 to 2020-21)

EWct | UéeWeib MMMU Al YT e BqRYUW|O0RWGT WeliuNHoO
0] NYUUIt b

SMN =ZMN(=ZMBEN=ZMNY=ZMN{=ZMBN=MNY=ZMNJ=ZMB N

N |[=M | =N N® |=M |=N N® |=M |=N
UBCEIINPENPZINMN®IP=MN(PNNTMN=NNOOP(OOP(=ZYNF
ACHAHRINNTTNO|YZY [Z0dlOPNIOSTININIAPTINMNOT
NYq@¢Z=M=ZOMN=ZOZNYZOHYZIP{TYY(OT=Z(OTZIROO®D(
UBCI|ZMZNYDPHNDOYNMIMTHODPPIMNNMN(=ZMN(ZMY{=ZMdD3
ACHRMNMN O®X |OYM|[NNMOINMZINMTIZYPYZP®(ZYZN
NYq¢|ZNZ Z=dNZ0OXNPZZNMNOYRP=ZNRFZNP(=ZNTJ == M
UBCEI| OMBD ZYZJZDIIIMN(INICIINNNGPMNIZNY(Z=Z07
AcCHREM |[ZM |P®d [NOX |NZ®|NOX |Z=ZPJ=ZNO(=ZOMT
NYq¢/ONZ[ZYYIOMZNINPIZ=ZdYITNINGMNY=ZNY3IZZ0C
UBCECI|OZMOZZJOTHONIPZTZTTRTNINNYNINYMYNYYC
UBCI[YMBYPM|YOT INYN(NYZ3IN®POTZZNY=ZNMI[ZONT
A¢cHR OM |PP TM ®O0 |[NZZ|=ZM®|ONOIZDPPNZ DD
NYqé¢/lYOD MM | dMT [NONINDPY(ZNMNIZZT(=ZNDP(Z0XT
UBCI{NOONAAOTNOZTAPNINYZNMNN=ZFONZ=Z[OOOI[OO0OOT
NYqé¢/NPZNOPYNMANNZY®DIOMN(ZTP(NYDPH=Z=ZNJN®DP N
UBCEI| ®PYP/®NZ [NMOYZON{ZTTREONNE=ZdY{(OMONOMON
ACHRNPNZZ®|OP®|[NYXZ | YPD®|NNMTONZINION®(ONDC
NYq¢|NNO NNYENO®TOMNONOZONMN=Zd3 OMN]OMI 1OMT 3

[} &
i \s

%151 | REDUCING POSHARVEST LOSSES IN INDIA






