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I-, smii-,, Sr- itt 	 t- r--t',i I;.ise~rmtI-n'' I~I-s 

e i r Vt~,oI 0- -3 ''7 2'- V . -t'I.i are 

. n , ;rr 5 t c,-,-'.- ", si "r I 1itf' r ,larntirni is In -catt r 
irisnd t-p ---.it , t,' t l.:-d ,', inrrd ch itr-a r yv ngtn-.n l ' ­

i.r r[4 .. malr l' t pc-Li'w- C 'irot clo,k e sV . he ver a e 
area p 1'tant - , n i,.'H "t I : htil'tar--	 "r ft-a hoiis.hoid. 

'-an -- r-,a-	 I ,lrl it' 'Is r iX[[fht prior t " are gi'-Z, below A drourt
per'-ist-1 In 	"hi 77 -i" ,!',twn-'--!91 and l 'JH7. 

a ., - riId 79) '-63 /hei--iri 1 67 
t
 

!t -, Rll ere-L4":'1l fil ii 1t kiz/ ha 

4 1 1rnmtm .io %err ge i5 kg/ha 

t .t'-'.,m . o-t vili fij,7-73, & 7, 127 kgiha 
I 1!" 171 kg/ttarti"itII:v-oraqe 

i, !.171i'i'iiTI'. "I'.tl% 	 - kzLit/hta 

'lFe i-rita~~l zr', i -'l'Ic-ii. i r -a h, 1srrlf 71 iteopl. is itt the raneie of
1000 to l15110 kV -r '.-. io I t is '1,-ar t.:tat trfid ' 1o.il ')piip practices 
bare>y me, !.i :TT i-stt -,i!,.........Isx-rs. 
 urd , ft-n faielol tie required
leve I ,. P ;sIs iiort 1 '',f Ift. , t * .r ,..'ncos m,,e- f .ri- c VTeerat-i from 
the saie , , - (,(,:, . :-f- rm :;, 1i -mt t,. ]i d t na-'tt s'-o pIDDI"6 lood aid. 
it i s , i'lt h ihs ,-,Iit'-' a: t t - '-cts )I 2 t r- '-%i tc-it'l ,l. 

..t l. i ) .F :tn i 1c r, t: 	 - -- -Imi.r- ing tolV 	 ! I [-, thetrad t I, 	 ,t.- f ronri 1 -:" )c%i: :.n i '- r-t ii., r Im:s o,- more iban 
10 t,-- c- b'-ti. ni:t th hr ttt, f_- I,: 'I-ii1 tt,l-1c<.atlcast/p! ow-dosn 
ol.-r.t
 

5	 !ti. I-j8'.pd-xrirmt-itF" 

Sr',fo-st iois coicerti itg DI-- o'lt)ii 

i,-,,,:; 	 anci loSe --i-is s-re pirformed
 

a) -1A it~r-.as i;"; 
b hi t- '-.ni m ,-!--,,d- frlo rin I m.nti:ii -, 

)..... ,1 1ht-' ''I iz It'ai:tinal system; andd) .''-. 
 ' f.i '':tl ,,' fat'ttsF nsy-mc-nt. 
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'-iv . ''lt t -', 

. p1r, ; : I i f i' - t, ths it L si plt't i 
Am: r, - ':-:te'i inA. 	 i n--'i-.:: u tie ",-leait.AIl-Anrioai Hltprts 

aid i-.-,_'ss ,t i ' '-. idout-
'ifr-',,.--, ',-r~st-'i ''1 tna s. 

a. -.-- rv t 1h.- 'ir a iricluded four sets 
c-not ri--, o t 1'aims- i' t ra'i-i it s .r'a.'hc'" t',' 	 " t t A-- wit iii) .t, it r i -r- , 'at::,') r1 p i:i- F withli.oc ir-sl.:n

*o ,ht"'m'tI"-' .",-i c-;lt t-c to ci',-r r",ar 
 l't-r '-'-r, intiin the 
8- trias. ml' or,:; r'.:itiihn h-,-k 'tots i h, c',me, r-,, lict ir-re tr-ated 
a-i p1ir,' u'.,tt,-, th ll'l'nsi--'a . totr,tmi; Vs The FM trials t 't-,-q simpler 
paired pl,;tc 	,i , !"rt
':r i tr'-lit 	 -lti . wt ;.,-e r rc-ri, p--r i, at . and 

i r, m 1 - to 2 lo c t i n s p y a r - : n - t ,t al ri,vnb er ;-I va r s ,)f ic ts 
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Dr and t'ra, 'i a i r ' 1i 1 -S -!s'n 

Each pair it' pi ot s '-,iw,'Il-r :4 'r 4,t' ns s : wi tlh t h' . -' ''r (iiicrih same(lay. RM p)l0t, -. 're l'01. ' . M a ' ---Ir : : m I , sorghum 
tr"1.rl, vari~-iv Setz'rol'rr.-,6A was sown at 2 k4/h.t, sr -.L 11 - i tr r 1i,, atel y t,-r.- re- 1rt r- sn -ith variety
Bl~ickrvye at -'5 i/ha. t ',. -, ­'i s -ith ' ' - l,.5 l' I\ arid ,i5Ci. 

Wh o l1 p l.: t ,21r t i i n eIld i "4t r + " t s . , d,, : i r " h ' . f ' h - f , i m h , Id r , ln d 
we ig h e d ry r e s e a r 'i < 'i f.. 

The viel, data for ri I i s .fi ­crop, , 'roth V.it hi a '"icr'i': 
!" n ,7't :,: 'rrMa 'ii e" withins i. ('.r','rC-mr IaSn, nh- r1'-1 i' 1 tier plotproduced any m.aisuir in r 


i-Cre e\cilided from th.' 'iria'-


h I'trs r r d r i ' ,i r- 'Ih t or !a t - p[ nit i n-g 
'i.sis t-r erto"'i l ri r Apple lie

micro comi)ter, l.iirs iS- 7 -t, -s .;2 'h- 'th-,t i-NAt a:a-ial'alanalysis progrrm. 

Results : A print.-out of it ,iiit.*..o ia v,'r;it)yn - friom : he ntrors. A summary of the data ina vrs 1 - ' ,r"'-ait, u. 1'able 

It can he seen fror i'ahle I that P ah ',oD ied ;i intf i ant and relatIvelyconsistent incre-se in grain vield- acrs s '-'r f,'r i i crops. une possiole 
caose for the lwer uerc, -nta!-- incr!-as,r n ,';.,' raii v eis as that all ofthe cow!Iea com par islins w,--e irirt :n Luier Sarmer man2,-"ment. Tie co-p-a crop wasseserniy attacked b-, -ns't ,.sri , h the 1I'i6-87 and 87-,s seasons, andfarmers were largely, urable to -pr'av. 1hits y jel, i teneral w-re ijw, arid yieldIi f frences nay haye been sup'r ,. ide',:_e t-h',t DP .- ild lisav- a 1arze effet on , -pea e lds is seen :n the iilie comp'r.'is -t. ; e'-ri,,ri d in 

Plo. ing his often boen r-eardd dadet rimenralt so .I structire. aid !casing
plowed areas cpen (without plnrritingi) might be constu,q-d as -rncoura:' in sol 

-rosion by both wind 
 aiudwnt-r. esen', in TAI, "onditi ns are suet, that Lheseassumptions do not .iossarily apply. rirst, the rainy season is' usuallypreceded by five months of virtually zero rairifa'l. Dlirin-4 this time it is 
common practice for cattle to zraze the cro stov-r to the point wrere the fieldsurface is ,irtua'iv Fare bv the time the rtn le£inir. Second, the local soils 

commonly contain .- minimalry 'imouints of soil orianic maLter, arid cronsequ-ntlv

hay- ery ItrlT' 'tvrurrure. 
 S,rl builk ,rrisitieHence, parti-ulariy ' f 1.7 and 1.8 are co1mmon.in the P,-ginnin f he rainy season, fields are bare aridthu so il i rsriit.ca c Fh.se moditi r,is comiri- t) cause considrahle runofif fromthe fields, .' it tie surbecn ln t 1 - s of pot 'mt ial lv uiseful moisture. Iterause
of the lark of strcture,plowd 
 so Ils May ,hair, rmpact iuickly again, after a
heavy shower. tnder thee -'ornl iuris. t ire init ii i r -av'rw servessy actuai.y 

to reduce rinoff 
 ('nd ersion i a ld errrlstL' ii ,Tlriir" in the I lelIdThe rioco tor later plantuse. send Ir i e, (at(e Ppperte tiramr t1m.-'s 'iv to re r ,'hee ol iad
assisit m,-)re rapri r'o 'o> ' nint .r,wt h i i' sasla iIshment. These ia c ' is arecurrentl] being '-. rmarrd in (-, I'ib..,rt ion with a soil phvsicisi (ar'iri'. ir<nir1 

I NrSoR I I., Dept. 'if -Azric. R,s,-r 
, i''t . rag 00 1, aborirne, totswan . 

Douhl plowing is 'in easy t.ochno.!,o v ,pt i(,n for ii.it-'d rc,7ource farmers to adopt

in th' it not
does reulirte trr'IrwSlsg'v inp otriiut.s eqilpment h:"nid thatalready necessary for crop pro, ' : s, in the traditiors' italnir. 'or ,i,?s it 
require tarmers t !ea 'rn 5"'-. r r s. Itt cco'i(d i fore.i riseti'ui reducing
rainfall tr-off, often reduc-s -ed i,irlteisincreases v'rain yielh per iectar-. 

aid' i diwi i sh:,u " rerr irements ' and 

Double plowing does, however.incr.ase the rmsr;nt of aridpiwi ng Dlowirir labor 
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r-lh ~ - Z'n. " t ,, , " r m" IIt. ft r r t.'o-t p-Inwf. < b < 7 , 1,.4i , ' it t i )n , ,h e r e i -s a I s o a n 

[ i ,"t . '. r, 0i 5'a"1 t' l n Tir 4isl d ot r '%, 1 - 5. -'. ! sr1 s -f. s, :,t l'" Is. 

Tabl , ' . 1-.1 i- ''ii ' A 9l ti' tthe
 
, hic P 1 Irt , r S t
 

h'1do' 'a,
1-11,t, dIi r-)t-m, IIP, 1AL), tiotswana. 
I NO . 

... RRP f CC ,..AS- tBSERVATI ONS
 
SOkG Iwi " a,5 
 5 till 18 

6 54 c3 12 
ri-a 'ii"' it9 101 21 

h :4 14 u 7
 
Al ,'l 4 
 2 1 14 41 62 

MILLET 1 8:;%5 ''is 365 85 7 
8,- JijJ 240 63 9 

n d-8 i '1,r' 03 ;1 0i-l8 4 253 69 18 
ALi Pear 4r12.*a 234 72 44 

COWPEAS 19-:5 %0 ,m a r i sofns 
3 95 1 

9 58 1299 

8Ta 130 
 39 30 

A'.#8-d6.I1 ,rsa 48 43 

a. 1983-85 ncId;,s- " '" tri.v_- data. 1985-87 includes both RM and 
trials a,-i - includes only I'M
 

trials data.
 
b. ns denotes no 1'iic trt Aiifterenc-s 1,'e.-.en treatments. *, S, and *** 

s ,e nc"'ts' ,"'1"eenr treacmentn at the 95, 99 and 99.9 
" ' t'r)e;rt t rv.v."t'il'tv '-'st t 


C'. '( r~l'r t ' ' ili, i:s" ,o:f 
 riadt-sat and dow­
do'n.
 

An ear,.-! -, -,t-m ' . '*'s -'5 'erfoIm,.d : P data in 197 . This analysisfound t hat iesrit - t.- :,'Ir t i,S;"L I arid,rori,,Orrtrit'ini-tunity cost, adopt zonof [)i' -u i P, t, a , "i .', 's 1,r . ;ti '-'-, 'i'''' 'sr er' -rio rrnrd theit owndraft in ealr '5,1 f ,'--,':r M'd -I"I:ir r.-,st r.ifit.arraI Both
roristral 's:. '':'r m', .' T -1.1ii}" 

Sram , ' * , imr'ras, - i tn im .d rr,'- ri'mrs I Turtume
ricurtr'- U'~tr '.t, i, ' ' ' r'i is t :.u s.- '-:l it ir t uld . 'he lun!tei''' svi-witgit_ 

a p'ersisted
in "he itr . , , a . t , : ,,; 

l)orbJie P r. r ,' 't5i ,,iti, pr-1!ninirv;irwlir ,lowinv to thetradilt loTi-. 'st,'n of '"e'i -P.'rstr'i:t55r:. t' e :-)i! -''irf:tce, aid p1'w-ing itunder. ""-'.ri"e ii. ti '. r'-terla[-sreut -ILt.-'i.iric' y h-caue it does not 
reqirire 'iris' t!w l ta ts r i t1 i f-,r irn 1h--etat i . 

Durtin the st_;y perl,,, i IFS per ti-ctar" igrain yields of snrhum by '24 
percent, if isi it by 77 I,-,nt, and of cr-pess hY 48 Percent. 
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Economic analysis of the DP option
limited re-source farmers who owned their 
land or weeding labor constraint. 

shwed it 
own draft 

would be 
animals, 

most 
and 

beneficial for 
faced either a kFEkhNijVS: 

(1) Director ,f Meteorsoli,-l 3-rilces. 
iloAswfna. PI azI 'p . Mt. 
Co!mun ictttioris, :.;. x .0, o rn., 

1181. Climatolocical 
Srv ices, 'Mntstry 

iotswarna. 

s,!mtuaries 
of woorks 

for 
and 

(2) Sims. D . 4ar1,'li.,'t) 

tg r icolItouri1 P.e
M.inisir., if 7.'-icilir", 

14i ca Il ri rmlitio n, crop reloir emenLs and 
s o zl 1,'78. Tandj lII Iiizat io1,n 1D1I is ion,

P-'[ L, .), n:bbor.one, Botew ana. 

(3) Wornlan, F. 1987. rconomic anal'sis 
1983-87. ATIP MP P7-6. ,ept. 1f -rFc 
Bag 0033, Gaboro'e, swans 

of the AFIP double plowing trials, 
uearch, Ministry of Agric. , Pvt. 

File:M300/MP88.17 
 - 5 - Date: Decemb r 9, 1988 File:M300/MP88.17 
 6 Date: December 9, 1988
 

http:File:M300/MP88.17
http:File:M300/MP88.17


I "I IN 'I , Ai.A O i'C L't , .SI P 9F 
APPEPNDIX _.A DiEPARIT>U.N I oF AdRICLLIUEAL ESEARctH 

At;RI :I LTI'-AL jICHNo~u~GY I PRO, FMENT PROJECTTRIALS INCLUDED IN THE DOUBLE PLOWING ANALYSIS 1983-88. P.O. BOX 1'275 
Fl& ',,tSf'CN, BOTSWANA
 

TRI AL Y'PE/a YEAR REFERENCE/b
 
L. Steps in Technology RM 1983-84 AMIP Arn Rep 2 ATIP FR.ANCiSTO'QN I" I,I'lieNS ON DOUBLE PLOWING
 

. Steps in "Fechnoloj.y HM 1984-a5 ATIP A,.,, Rep 
 3
Draft Mtnagement and A riP. : 884. All!- annual wars :rt cimnr I.i P RD 84-1.

Early Sprinv plo-.,ug HM 1984-85 ArlP Ann Rep 3

1 raft Animal lana, ement 
 Al IP. 1985. AlI1' annual romort umr . AT IP HD 85-1.and Early Plowing RH 1985-86 ArI'P PR F86-3 
Double Powinz Irial EM 1986-87 AI P PR F87-5 	 AMIP. 1986. AVIP annual report number . Al IIP 86-1.

1. 	 illage Systen.x 'ral RM 1986-87 ATIP PR F87-8 
. oube 1'loeing/.Rroadcast ATIP. 1987. AlIIP annual r-or! number 5 AIHP RD 47-I.

Planting -Systems Trial. F 1985-86 AMIP PR F86-2
Farmer Groups Iechnol ogy ATIP. 1H88. AlIP annual report number 6. A IIP !,D 88-1.Options Testing Trial FM 1986-87 ATIP PR -87-6
Technology Uptions rest Heirch, 6. and S. Masikara. 1,4X6. I-rfornancp of the (-tension packae for
with Farmer Groups FH 1987-88 In preparation cereal production, and ,ts components, i Titum District, 1883-85. ATIP WP 

5. 

a. H
Rsercermanaged t r;-a 1sFM 	 = Farmer manaied trials Hleinrich, G., F. ;orman, S. Miaikara. and is. 'ahono. i. 86. 1986 double 
planl hon R/ ~eita"rst. tlan![1 li . av' -.n t rial ftarmler managed and iplemented I.b. 	 All ATLP reports are assigned numbers, and are available Al' PR ;­

through ATIP, Dept. of Agric. Research, Ministry of
Agriculture, Pvt. Bag U0013, ilaborone, Botswana. Heinriih, A. S.-asikara, and F. Wrmn. ,A,6. I id.- systms trmal researcher 
rrina4e,'Ar,-art'nr o' il 1-t.t \ P } i-no5-,..rior to 1986, full details of all trials were given in the Annual
 

eports. From 1986 onwards, details trialsof were reported in Heinrih-A, V.,. ,rmanr !-lisuS. and R. Gray-. PG draugh% managementrogress Reports ( PR 	 .5Series ) and only summaries were in,,luded in 	 and osrl, Iou hinq rtial ir-sp-rthr aniandn-, aria fgrmer implemened).he 	 Annual Reports. NPR' F"h- . 

leinri B, (;., S. rm. .9 t.. f s of tilage 
syqtems ,. nI gro-th rtl " -in ihltur tulrement Presented at 
l-iparti ,ntof Agri:uitur ,-ie a , ;- ds Worksnop Fitswana .' zri,-uitural

-'e,>-t ts,wana, ,lurlCotl jjhcB Pq,jj, I,47 - l 1-P -7- . 

Heinrih -, F. or rn , S. -:ktr"i tA ,, Kra,. 87 double ploughin 

iWorman. V. 0F7 Fnom: mdy"; , f Q A" q7 ; l, hing trials, 1083-87. 
-,eitunar on Dolbe 

KlwI gh , , , , : . , " -;.1..I eP7-6. 

' leirrvh, Ga -rm .ri, Y. : -! lr-i. i.7. n-- tillaVe svstems trial 
(res-a i r i . , : ,r-	 Alij Pr 187-i. 

tleinrih, .. V.. ma: ant S. av-i-ra. 1 , , s doube plou hmng systems 
trials rPaR:difarm ' mplumnt-,i. Ar-'i-arherA i -lP i-Fa--7. 
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