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*n \h* dix***.m\i*n f*r **taining th* ffidli*ati*xal and Srisnti{ic ilmgr**'t**t*r' in F4ig*xr fficJil*ati*n: 3.* fi**}al, ffic*n*rxir nnd l-*gal $*i*r-lc*s,
ffr*t*sxi*nxt Yi*i,J: J.& ff**n*mi*s, **r*n\iti* ffip**i*tty: 'r*r$xnie*ti*n and
{r:t*{1L4#*{T1*r'.J" *{; pr*dt;*lir}fr" {,.agrtt;tiltrr:r* an* o**_x**t*r.,si

eawwxMTatyarlal,larl#i1ytwlryh**|lL**nlltl,*tll{-*tuxyat,tfr*
* * p a * m * nt *i " ?"fi * * nE * rn * ni * n* t:$, ar'r,*tirl *,' .

d*vml*pm*nt tm tk* ft*pt**lt* *t #*.r*tx.

WIIIIIIIIIIl$: h.ftWWMWX"^W: flrof. &*xn {vnn*v {,*n&r*v, *r.ffir;,.3.*. ***iml, il**n*min etndL*g*l ffi*t*n*x'*, *r*{*s*i*n;a} fli*}r*: 3.&" Y.****mi*x, appointeri am a rx*r**wr *{ {*x
*.*t*nr,i{tr: }txy *y *r**r bks Wffi^1*-\3&'tl*2.1?""2*21 k*m']|h* fte*tr*r at th* &.gri*ulturxi
t_3niv*rruirtS, trN*v*tv. i

3 " W***"a r.*** qyf ?fuw 
.pr*,tkslwm.

*t:x:1*irt;tYs*': d*'t*ln;{sr**nt; *N agri**l1ur* i* tn*wi,Jr;;*l *ttz.miri** i* n pr*t:l*r* *t
g'r*''t*i*r; r*l*';n*r* *ttt* inry*rL;t"n**. G1***1 unvir*nnt**\*i pr**l*m,* r:*nlin**'l* ,^x**tS*x,
Tlst* r*qttir**, r:t::*tint:*** xnrir:?rru**t *** ir*pr*v*rnr:nt is,{ fft* ty*trh**c rxnd t**1* *ft**vir*rtrr',*tst*1 nt;wxg*r**r$ iri Ltt* pl*rsntnn; *t xuxtain;:Tsl* **rs*l*;;rn*n!. T** ***h ts a
**uigiri* {nr:tt:r at*tj t:*ndi{1{}n f{}r li{*, v,t?:i*lt r*,4uirr** l*u ursngten\ dix*,*,s*ry arr* tir*itn\i*ts *l
tlsnf*rm*. .1*tlri:*f,;tntl r":*n**t4ttt:ti1*** rs:t rlt* {;tstrltstipy: i*x* tfu* r}isrr:v*ry *t *ppr:rtuni\t*wt*t:
its pr*t*r:ti*r:"

I ls*li*'s* t"'iaztttx r*1*,ut*n'** ar* *iExtfr**n*w *t tYwt*pt* *r* r*lntiv*ly weil d*{xr+rj*rji* llt* *iux*rLxttxn" Th* r*lw. arwS mppli*ati*i: N ns*d*rn L*r:ht:*lwgi** in thre {i*ld *{
nirrtixinai:$* x6riffi-*l:lur* mr* r*ruvia'l*irrgfy pr*ncn t*d. ln thi* u*nt*N{, th* ?*[evm n** &* wx{l u*th* rtx** trs r*v*nl thx *p**frrinitl*x *nd Nhr*atN L* \h* xuwtmi*m*t* **v*l*pm*nt *{
;nqnutllur* in l** *y***t** **t:ntry i;f Sarhim mr* pr*x*r$"*d.

k' wwrp***, t&%w%,'tuyp**fu*mww xm* nx*tfiry**s *f r*.*warr:yz.
Th* an'rz *t ihu rJrss*rtnt?*n i* **lin** ns tN,,* **x*ripti*n mn* *lnrl*ifi*atir*r.t *:tr:**l*gy ,*rt* *tt*t-*inm*1*, rlxv*1t;prn*nt., an* r"** af:?iir,atir:n *f m*d*rn \*rfurstsl*gSi** in

ngrtr:*llur* tst lh* W,*yx;?:li* tst **r*i*. Nn **dt\i**,'tirti* d*v*4sprt*r* r$ a*war*y**s *l \h*.ir*pr'*x*** *f x**lr*gy *n* r,*tgt*.tm*,si* d*v*lrspwt*n\ *** *t* *rSplt*at;i*r't *t rywsd*rn
t**bn*1*{sr*:* in *qnxnl*:r* i* xt^at*,r} ax a ***ial p*ml

I IY;*ik ln* ;rstti **r.ti* hav* rv**rz ls*ti*r **{*i** 1'*t* ,wrst:*j *ltr*w t*rrr*l*ling
'tStr*t'i{it: ;}{11:t ftra{}iY\xiit t**")'*,*L* ** arrang*d "*nr3 p***m*rJ trt a g*** lt;Eir,nl %*qu*n**

T*r* pr***r:tr,:rj r***ar** hVp*lkr*&*& i*r* f*t:r, *tra*\ur*ri ug t*trtr*utt*:
***it:: hrl?*\h***r* * 1 nuryt**r;
,*p**ix*x*'J *yp*tyt***$ -" 3 Ssi***x.



i m***pt th* r**mmr*h hyprlh*m*$ fi$ ur*ll f*rmulat*cl and i bellev* lhat thry ar*
*rEani**lly cl*rivciJ fn*m ths purp*$* nf thq v'rh*1s r***mr*lr"

Wrr:';sar;sn5i f*r tire ilurp*s* *f rnrne t**tsran** trt \** **ntpl*t-***rn *f th* r*s*nr*h
nr*thrc{r*}*By, a trarE* i:*mh*r *l r*s*ar*h ffifiihotjs ,*n* t*chr:iqua* ;ir* iisl*d, soffi* *{
whi*ir I d* n*i fir:* in th* *iss*rinti*i:. 1-{*wr:u*r, 1 wrtrtid like t* *mphasize tha{. I

*p6:r*ciai* rh* *ppli*c* meth*ri*i*6iml tr*ln fi, xuf;{ir:i*nl.1"l ri** *nd pr*ciur fr;r

c*n,uinring *r:d in-d*pth r*s**r*h"

#. tfi*wwl.iw.wtirlrz mrn* pr*xwrntmtl,rln qrf t$"1* *bt"arvz*& t*xu;"l,*w.

I eppr**imt* tirc dissn*,alitxt *s v*ry lrr*il illxslrxt*tJ. Th* l-esult* *{ th* t"*s*arilh,

*rgur**nt* mrur:l r*nrparl$oRS are $liissofi{c* in 33 lLEurmx, fS gr*ph* ar:d 3fi t*bl*c. l}r a

$*r1s*, e* rv*rd*** har ***uru'*c[ wilh {h* pr"*rcntnti*rr *f figr..ln** ane} tnhl*s hy other

*r-lth*r*.
Thm mbtmirr*d r*sult* sr* pr*s*rlt*d ln * p:r'*p*rly *{n**tured dlsm*dati*n. tt w*uid

b*;lppr*i:rint* iq] eirar,v ih* r-nain **nntrr.;ximt"rs *t th* *nd *{ m**ir **a;:Lxr"

lil stru*tlrsl I*rrn"*, th* xhs{rm*t qj**p n*{ r*p*fit th* strurtr:r* *t ih* siisx*r{ati*{"} hll{

{**r-rs*s 1srt xmpi.;r::;tl r****r*h. \n Exrs*r*i, *s n rr:*t*tttr*r.1?t*vw *lt;r"ayx hightry *ppretkit**
Irr*rks that ***nl*in tii* **th*r$'*rdrl apfiix:tri r*.ar:ar*h. i *1sns,S'ts*t?*'tr hlEh 6rad* t* th*
pr*r*nt lv*&' ln th* iill*r#$L tl{, *tlix*tiuity, i l,+;u'"li* liNte t* **t* |hat trt the ai:*tra*t the

emph*ri* is, r"svxr***,x* **d lh* L:xi*nr* i* dlslurb**, r*lhir:h gi'a** th* ir*prer*ir:n *f
und*r*siiffr nl.i*S \?r* ***l.tw\ r{ th**ry *nd ry:*th*d xfsEy Vrr::r,*nt*rJ in thr frlst h,v* *h;l;:tero

*f th* $1gs4g;;;;?.irjp. i''l*u*i1lr*lr:sr, i l":*1i*';* ii"ral ih* a**lr.**\ rr*f]**tn t* lhe fi,1fi*$sfiry

rxt*nt th* r"r:;rin rarr";lts *f tht tiisx*rlnti*t.

&" Wqw**,x*wur*ra *t r*mq***w xn* rsfwr' f;ntr*s"

&* I *au* **l*ri, I v;eNr-l* ths di"q**rtxti*n a* w*li-ntrr"*etur'*r"J. Th* axthmr h*n
wrr*rtfy id*nti{i*d *rur* pr*x*nt*d pf*i:a} *nulrrnr"n*nt*l irsl:es. Th* m*th*tis *n* t**is
*{ ***-mranng*r***t in **stxinmi:}e d*r,ref*pm*r"ll p1;*r'*nin6 ar* w*il d*fined. ArgL*ahty,

{hm pr*d*rninmnt p*ri *f th* firrt *hnpt*r is drv*t*d 1* trnr:# ;an m tiving cnr:dition. with *n
*mpl,**in *n lmnd p*1li-lti*rt.

Ttt* s***n<1 rir*pter is **v*trd tu th* applirnliun *{ mmrl*rn t**irn*f*6i*s in the

fi*lg1 *f ***t*i**hl* mgrirul{xra. Thry n*w *sncapt *f agrl*i"ttrtural pr*durti*n, *all*rJ

'prmnlri*n {;xn{*;1', iE r,v*i1 r*pre***t**. -f"h* {*llrt*i*E r*}ali*ns h*v* ha*r't th*rnugh}y
rtuc.li*d.

pr**i*i*n **rirult*r* a** ir,:i**i.i*n.
pr xr:ir,;*n *r; ri ru liu r * a*,* p1 * n t p r*t* tli{*n .

* pr*,*\xi*n xgri*uitur* *nd eei*ilrrg m*t:hirwry xn* *q*tipra*rt'i',
^ trst*{t}',a\i*r: i,*tYt,i'*lr:Ey ;:nd prt*i *i*n r:;ritult ttr *',
^ t":l\* *ssp\v:;*lt*ts *f *il$ ir pruri*i*n agrl*ultur*.

&.x \ hmv* pnint** *tsl", 1 g*x*rm{ly e11yrl{:;i*t"* th* kighiy *n**urted *mpirtm*i

i*r**r*ll. s* t {ind rltt:lly ju*tili*fi \?t* {lx*\ th*t 4il1'l *f ltr* **nt*nl r*;lil**xtesJ i*r th*ir
r*j]**li*n ir: lh* *iss*d*ti*r:.1-h* drss*datl*n r:*i:tlurts # $ilru*y, whi*il **nrirl*ntly and

l*gl*al{y *r:*xtx*Limt^** tl-:e attifut1* of t]r* r*xp*nd*nts t* the f*ll*vi,it'lp imp*rtarrt i*sue*:

whxt ix th-ry rhnir* *{ npplying nnssj*rn t*rhn*Nugl*s f*r sr"lutainahis agri*u}t*r"ml

e$*t"r*i*pr**rit;

x



wh*i rfr$ult$ sr* *xp*f,ied ty*m lh* afrpt :;trt,rr r_rl lhrs* \r:r*:n*l*gi**.,* vs**I *E ri ru ltr,l ra I prrsdu *tir"tn i* *xS: *r;k:rl;* w**tk*r \hx n'splir,ati** *l thc** \**kn*i*pi*r ran he xtsr:***r;ftslly r*alizx*;* th* *xtsnt \ts w*i*ts l** apysli*,*li*n *i t**r,* |*r:hrr*ltsgt*s is d*v*{np*ri i*
fi*p*hlic *i *urt:i*,.
ir lu(r',1r rrefi1 artrl slscuruIy uf st;sllt,l r;.rbl* tjevr;iupmen[.
t** rz**r3 {*r'th* aysplt**ti*n *f nl*dem t**fun*l*pi*x.,
avmilahility *'{ finar"rcixtr r*soilr(*s {*r tarwww \* inv*x\ in n"l*d*rn t**f'rnol*gies.
I eval*ats th* n*gr*r*ir:n ;an*lyni* ffifi **{{**tly p**xrr**cl anr:i it* r*sl}}t* u*rr**tly

nrpqmnfnr{

l-lt*rrtry s*i"ir**s are r*i;etlrr*Q lireti!.r:d in nusr**r, *t*1. *mr*ful #fifilysi$ *hr:vs* Lh*l
tl-r* rr*st ru:4*rilttr *{ {fr*rN *re rpm*[*ltx** m** lr*xt th* s5:*nifi* pr*hi*n"rn *t t**
diss*rtmti*n" Their qil*trihuti*n is *s fcill*vrs:

S* ***kr ar:ei rn*r:*gl"xphr,
' 19 i*{*rn*t *frur**fi;* & **rm;tliv* d**um*nlx *f l** W"*p**trit; rsf "%*rytia

%. ffir:mtrt*t-af*ir3{x% *f ttrt* ffitwwwrtxttr*m.
TYt* **trtrarl u** 1*r: rjt,:tr:*r\*ti*rr ,;)rs n*t" i:rrs,;i*;: ;* r*t*r**** N* zt:* ,;*fitril**ti*,,ts

*i th* riiss*rt*liiln . ** | *annt:r, (*trnrfr*'*!" *m t**n,.
U*s;ti'itt lYti* *rrti**k:n. N **tri*u* ihat tl:* d,o:v*1,*prunnt rst; l?'ti: di*s***ti*n hxx

ryra#* c*rt*in c*ntrihuti*nx, a** 1w*utrri *iutirguirh t*rm mn {m1i*ws:
1 $*i*r:iifl* **ntrihuti*n*

'n"1 ,& *r:ier"ri:m^bar*d rnx\fu***l*Ey *{t* h*mer dc}va1*p** t* study th* inrpacl i:f
n'tod*rn 1**hntl*6i*s #fi th# **xt*inxl*l* r3*v*1*pm*nt. *f agrirultural
nrndr tniin,r
Frr vvuvtrur i.

1-7" k m*1***rrt*gi**n *a*x hx* h*mn t*rrn*d.;orrsistlng r:f a trgr"rifi*a*t
num[:*r mf m*th*dt frffid {*fils *{ xrys-m*n***rn*{1\f*r plmnrsi*g a** m*nagimg
th* xu nt*lr:*i:l* tj*v*l* pm*nt" *f apri*u lture.

7. . * r:t **\iti r ;e n rj & pp I i e,* * * nlr t* *\i*n rs

2".X {\ r';i*nx*-iln*r:d n:*r,t;tr;r}rt*;1y ***, i:,t:,,:* t}*v*l{:pr:3( 1s; xiudy the tmp**t *
n:*Cj*r* \tt***r:l*qt*:* *n ti"ir: w:xi;*in**N* **r;*1rsprct*rzt, {:I fr1;{tt:tsltuial pr*du*\i*n.
2.7. &. r',tr*lltr::**irsgir:t*i Y:;,t** ha*t:***frlrr**r|. r*rt*i%iinp *! a xi1lr*fir:ani numb*r nf
yttt:ltrs** *n* tt::r)lfi *l *r:r)-rvpylsn*t,:*nl trsr pl*nr"rmt; .*fi{j mana$ing l**
r;t:*tain xlsl,* r.1 e',t *trspn.,rl nt, *! *frri*ulr,* r * .

ffi" trritl,*m* **t** mrzrx qw**tirlrzx.
1 *avx rz* xiEnifi*'*r* r:rriir:nl r*r'*arks. nurnxly tlhr: f*itr*,utng recornffi*nrintinn*:

1. 11 
"N*r,:ld i:* appr*pn*t* \r; t:*n*a*i a ,*Lrai*Ei* swilr anaiy*rs tc id*nti{y

*pptt*.t-s*i\i*s rand thn*atm t* th* sxstr:iinshl* d*vml*y:ment *{ a6niculfusr* in
ffi*puhli* *l S*rhim"

.l
{", X{ rvr:uid h* g**d \rs rL*fi*ta and p*xxihly dt*ti*gxtw?t th*

*&n1# *{ whi*h *rw u-tx** fi* $yt1*n},fils.
W*n*t*ny ix mll*rrvxd in the p{*x*m\eti** *{ *m7irir,el
t'**pt*r.

trSS:* x rsf t***sn*1*Si**,

n**emrclr in th* {hird



'r. T'rit: {:r:r\',ti:itt ri! trt':: titit:r*:r 3r':iJ l.Jlli{it gr*r;,,:ni*t'} tr"i tN"t* tjtf{rtr*:r$.vgrgiut* r;f th*
*,'*:,\Lti.:" il*tj tl1,:: *il;*tl{lrt**t": i* i:*t }rr^r;lr.iilii*nl|.e lip*r:tii*il.

V " Ww*l:uxfu** mre,i*tr*w mnd ****{**:r"a*.
& lisi rtl * lar;x r:r-trn**r *f 5:*i:lit*li*nx {.1*; is pr*s*nt*il. lrii r:f lvhirlr mr* r:r:li**iiv*

wr''r?,:i'" #{ tL*m*, T*tyan* Fiiymr: is n }*ariing ixty*r:r'r;t 13 p*lsli*;*tvsr*;. tr **1i*,.t* that th*
p:r-lL,ir*i*ii*** ;lr r: trt r*, -) rr v uly tu I it,.jn lal, v * pufu ir**ti*ri s.

*i* r*l*r*n*,i: t.r:i 'ti\* *r**ls,;* ir r:r*rid*ei.

*ffiwffi**ffiffi*ffiw;
'*a:;;:<) s:rl ll*: rj;i;t*ri*l;i:r: r***:;ir*t"t;lrr-1 11,t at;i*:t,riiir.; *d;rs\r;,:s;.tli*r:*. I lli;i:k lital. lii*

' r":) 
'1r 

;i::'r, - *:.*li iri i.ilti {lrt:':,:r:iit: r:i u:";:.j&i,;,:. t}t.rt} l.itl fl,;l*s *f rhg AEricUtL;ri;;rti;*t;,i.1, {i' il ii:; ;)l:;::;t{,isi)*i: ih{rit.L., Sivr::,1,,,, ,, ,,,*r, ,,;,, ,o1,, il.W{hffi&Tt\fT"

T&Y'v &N& fiW &?"4 Wrl-"{ &W il:r: i:, r1tst:'d1,r:*al irn{ $ci*r: ir{i* *tt:,;i,**: ,***t*{, in rhs S*l*ntr{in

%*ffWMT*Y&* ffiWXtueX*M ffiy : "....:, ",1 _..

{,trr:$. &,

"r*"*"*.k*NX.
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