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ABSTRACT

Food and nutritional security is an important dimension related to human dignity and societal
development. In India wheat is a staple food crop grown and consumed at large scale. The
production is seasonal that too affected by a number of factors that makes the storage of
wheat an important post-harvest operation. In India ~ 60-70% of the produced wheat is stored
at home/farm level. Storage losses is a critical issue and ~10% of the grain produced is lost
during storage. Infact type of storage structure plays an important role in protecting the
quality of stored grain. The storage structure serves as a barrier between the stored grain and
ambient environmental conditions. Present study focuses on developing new suitable efficient

storage structures to solve problems faced by the farmers for the storage of wheat.

To begin with, in order to understand the existing grain storage system used by the
farmers, a field study was conducted in selected villages of Haryana (India). It was found that
about 80% of farmers are using conventional metallic bins of different sizes to store their
grains. In different structures lot of grain damage was found. Overall, it was noted that the
conventional metallic bins were not good enough to provide the complete storage protection.
The survey results emphasises on the need of designing new storage structures to minimise
the storage losses. For designing the storage structure, various engineering properties of three
different wheat varieties (MP- 1106, UP-2254 and WH-542) and their behaviour at four
different moisture content (8, 10, 12 and 14%) were studied. Thousand grain weight (TGW),
true density, porosity, Angle of repose (AOR) increased with the increase in moisture content
whereas bulk density, hardness, Initial cracking force (ICF) decreased with the increasing
moisture. The knowledge about the various physical, gravimetrical, frictional and flow
properties is important for designing process.

Temperature and moisture content are the most important factors affecting the quality
of stored grain. Sometimes, the gradients caused due to the difference in temperature of
stored grain and the ambient conditions are enough to form a ‘hot-spot’ inside the grain mass.
A study was conducted to see the emergence of ‘hot-spot’ inside the small metallic bin
(100 kg capacity) and its effect on the quality of stored grain was investigated. The results
confirmed that even in small scale bins, temperature and moisture migration takes place
which can form ‘hot-spot’. During the summer season, moisture migration is more at the top
and bottom of the bin and a ‘hot-spot” was found near the bottom of bin. Whereas during the

winter season, moisture accumulation is only at the top of the bin and the ‘hot-spot’ is also



near the top surface of grain mass. The formed ‘hot-spot” had a strong bearing on the quality
of stored wheat. Maximum changes in quality of stored wheat were observed during the
summer season and near the ‘hot-spot’. Protein content was decreased by 21.77 %, fat
content by 64.05%, germination by 84.34% etc., other quality parameters also showed
significant changes. The study clearly indicates the need of new storage material and design

to protect the stored grain from the changing environmental conditions.

A comparative study of different types of materials for grain storage bags was also
done. During the field survey different types of bags used for the purpose of wheat storage
available in local market were collected. The bags used were jute bag with or without plastic
lining, polypropylene bag, Hermetic bag and Eval bag. These bags were then compared for
their thermal, mechanical and barrier properties. The results indicate the superiority of Eval
and hermetic bags in terms of low thermal conductivity (0.054 and 0.062 W/mK) and good
barrier properties (WVTR- 3.56 and 2.16 g/m%/24 hrs, OTR- 3.45 and 4.28 cc/m?/day) but
have low mechanical properties that can be improved by using jute bag as a cover lining.
Hence Eval and Hermetic bags can be used as an alternative to other commonly used bags to

store grains.

Finally, based on the experimental findings, design of four new bins were developed
and tested. The designs include- (i) bin with horizontal partition, (ii) bin with special
provision of having perforated pipe for keeping the fumigant tablets, (iii) bin with perforated
empty space at the bottom and (iv) double wall bin with insulation. After evaluating the
change in quality parameters and change in moisture contents during the long storage period
of nine months, it was found that out of these four new designs, the bin with special provision
of centrally located perforated pipe for keeping fumigant tablets was found to be best for
wheat storage. The best bin was not only best in terms of maintaining the quality of stored
wheat but the curved plates in the central pipe were acting as an insect-pest trap thus reducing
the infestation and also for their monitoring without disturbing the biological system. Wheat
straw was found best in terms of low thermal conductivity (0.04 W/mK) and can be used as
an insulating material in double wall metallic bin. Overall, the final novel design integrating
double wall concept with metallic bin having special provision for keeping fumigant tablets
will solve the storage problems of farmers in rural habitat. Infact popularisation of such a
simple design of grain storage bin which can be fabricated by local artisans will go a long

way in achieving food safety in rural India.



IR

IS Td UINUr JR&M JFa TRAT 3R e faer & Tefiid Te Agayul omam g
YRA & I §9 THM R I S dTal! aUT STHRT St SF arelt Uh UHE WTg Hod g
g @I UeaR S A9 § 98 9gd IR SRS| 9 THIAd g1 3(d: Bad SWRid 78 Fi
YSRUT Uh Agayul URATe ¢ | YRd | Ig TG T 60-70% TR Wk IR HSTRA faan
ST 8| HSRUT & R 814 arelt g1 Teh Agayul g1 3 R ITied ST BT ~10%
HH 81 ST g | HSRUI &1 UHR T D] HHI0T, HSTR 3T o1 0IE & HIaH G |
AEAYUl YT YTl 81 HSRUT TRTHT, HeTRd 3HN 3R Uika=r &1 yafaruity Rufaat
& o9 TP AHRIY BT S IRl g1 IdHM 3T 18 & HSRU & forg feamr
THET3 I 5 R & foll 7T IuGerd Pl HSRUI W31 I fdepRid i R dbfad
gl

Rl gRT SUTNT Pt S aTell Aioel S HSRUT Jumelt &1 93 & forg, giearon
(URd) & Tgd Tial # fega foear T 411 g8 urn 7 fb T 80% fhare 3o
3 Bl IR B & T fafia SeRl & G.I ¥ic & SaTPR TTHT BT IUART B
e &1 ol oM SRl WRa1Sl & SIS & 9gd &ffd TS T | Ja&0T & Ig Uram 11
% UERU & IHUHE B HH T & (T I3 HSRUI IR B fSWART HA B
TEHAT § IHSRU IR B {0z & & forg, fiF srert-s@m 3 fost (Mp-
1106, UP-2254 3R WH-542) & fafirs Sofifafe o 3fiR IR S-S 4t TR (M.C)
(8, 10, 12 3R 14%) W I70 A URGd T T fHar M7 TOR 3T BT dol
(TGW), dRdfd® °-d, fe¥&dl (porosity), Angle of Repose (AOR) H! &1 T ¥ gfg &
1Y ¢ 7T STdfdb bulk density, o IRdT (hardness), TRIN® TR ¢ (ICF) dgd! TH! & A1
& g1 17| fEomga B @ ufshar & o fafiyd Wifdes, ey, avur 3R yarg ot
% gR H I Hg@yui 5|

dgAE SR T4 ufawrd USIG 3T & e & YHIdd HRA T Hg@qu
R & | -t HSIRT 3T & o= H iR & HRUI g aral Afsue 3R ufvasft
fUfy GUgta oM & 3R ‘gle-Wic 991 & forw wafw g1 enfass fa= (100 framm
&) & SfeR Ble-WIe’ & IaGd B o o (o T ST o T 3R ST 3F
S TOERT TR §9b YU B SIid &1 T5 | gRomE J g T e sie THm W,
T g & o1 8, foTe! aoig ¥ gle-Wic' §9 Tl g1 Al & 7| |,
7 & SR R A & I F T B Yy 3w g ¥ Wl wiear & oy §, T
T Had fo & Y AT H Bia1 31 3 SoTHM (grain mass) B SURI g & UMY
TTfed gle-Wie' & YUGId g &1 el IR oY SaTal SRR Tl T & AH & 3R
gle-Wie' & UM JUfed TIg &1 ora | 3ffead gRkad ¢ MU WicH, a9, 3ol
GefdT SHHT: 21.77%, 64.05%, 84.34%, HH URN 115, 3= Uax Aucs! § off Agayuf
afad fears foul 39 UeR 78 erwge sead uafaruig uRkfufaar & veiad o &
U SRR WA & AT YR WA & forg Wy =0 F 70 uerd 3R fog ot
AT B T BT G|




3TST HERUT & fATE 3¥aaTa fhd o aral fafiis TR &1 o &1 qa- e S1eqa
1t forar T &g derur & ERM R a1k § Iudsy g HERUT & iy SauTd farg
S aTat fafld IR & o971 U T U1 §9H S & S, GiciuIargel o, gHicd o
(hermatic bag) 3R a1 &7 WS § | TR 39 971 P HSRUT OMGT B gl I
QF:TFT, ApApd @TW@%W@T@I gfomH (thermal conductivity 0.054 3R
0.062 W / mK), 3faR1&a [0 WVTR- 3.56 3R 2.16 g / m2 / 24 hrs, OTR- 3.45 ) & 3TUR
IR 3T HERUT & T Sa1at 3R gHfcd o IqH UTE Y| dfdsT 971 &1 Fifds Astael!
(mechanical strength) &8 811 & HRUT, 3 §C Pl 3R & &Y T YN Db YR S
IHdl 3| FYIOTT TS HSRUT & il SMHAR TR 3E9T fhT OF arat 370 917 & fddheq
& ¥U A 3a7d 3R gHfe® 971 BT IUTNT {3 51 Ihar g

3 &, TS FT5h T & STYR TR, HSRUT fad & IR T fesg &1 faer 8k
e forar | fesmgAt § A & () afast faure= & a1y o=, (i) foF & wgfinie
Tierat X+ o fore fofad urgy X+ o A=y grae™ & Iy, (i) foq | e fofad @t
STE & WY 3R (iv) TYARE & 1Y qlgd! Slar faq | =t 7ei & dell YR s@fy &
SR UG & AUCS! | daad 3R Tt & AE1 & 9add & Jedic & a1g, T8 Ul
1 {6 39 IR T feoimg 8 9 g USRU & forg, Wftric Ml & x@- & fog &g o
Ryd fesfaa ursu o foRIY Uraem= & 91 foq Ie9 Ia9 ur 1| g8 fom yeiid g &t
TOTERT 1 §TE W & Ta & 7 had Jad 33T T, Ffeh Haid urgy § gHER W
TS PIC (insect-pest) STA &b =0 A HTH B 38! A, 3T UBR Dic GHHU B HH B 3R
Sfdsw yome P sregafRyd fpu fomr IFet AR & forw ot sRIR B | By ardig
ATAHAT (0.04 w/mK) & e & g o7 YT T 35T UT T 3R 3 S drd AT
o & v Rt uerd & T u § gxawTd ot S uwdl 81 $d fHedy, Tl diaR ard
metallic bin ¥ WfARIE Micri [@ & oy Hetadpd g arell urgy & Urae™ & 91 Th
novel T&SITZ UTHI0 R T fbdHl B HSRU THTSHT BT FHTUTH Udd S | IRd
H 39 IR & WA 9 I8 FSOs o R SRITRT gRT 3 & Ffdfa fovar 5w
8, TTHOT YR B Wy YR UTe H=A & ol T Ageayqul Fed g |
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