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Abstract : O ~ I C  of the more impor-tant p rob lem in thc sta.bjlization or rainfed 
qricultul-e in thc dry zone of Sri Lanka is the dc~elopment  of svstciiis that w o ~ ~ l d  
ensurc an  optimum use of tlis incident rainfall. 'This w.:?~!lri princi!,all!~ involvc : 
( I )  ap rope r  clioicc o r  sowing tims ancl (2 )  a proncr- sc!cc:ion of sowing-to-h:irvcst 
t lurat~on of crops so  that thcrc is a maximirrn iikcliliood of thc r;lii.;rall satisrying 
the crop w:lter dcmancl at every stage of growth and de\,clopment. 

In this paper. the probability of mink11 for thc 91-owing; seasons ill ,the tlilfcreni 
regions o r  the dry zgi?e ha\.c bcen spccjficd by thc use of !-wcckly ~iiovrt?!: totals o l  
I : 1 rainhll  cr~r?lidencc Iiiiiits calcl~lated accorc!in$ to Manning's nietliod. I t  is obscrved 
that withill the dry z9ne itscli thcre is a signilicant regio11:ll dilTercntiation in both tlir 
break of season as well as tlie closc of scacaii. cspccially for the inajor 'M;~l>;t' scnson. 
The manner oC sele-ti?& pl-opcr sowlrig cia!!:+ for tlir. I.CTPCC!~\;C ~-egi,~ns i s  ilidici~te<!. 
Ry matching the crop watcr 1-eqiiii-cment ag::inst tl?c 1 : I  cnnliilcncc liii~ils of c~pei tc t l  
rainfall, jl is dcmonstr~tcil  ihat one coa!d sc!cct a:) age class for a piir!ic.~~I:~r c1.017 SO 

that its watcl- dernanci [its as closely x-, possihlc will1 tlic probablc se:~son:~l supply ol' 
moistui-e. PI-sdicting the adaptability and pcrForliinnce of'ini!ivi~lir;il crops lo  the difFc?- 
cnl regions of the dry zove as well as  some o111er pi-actic;~l ;ipnlicatio~i?arc;ilsodisci~sscd. 

I .  Introduction 

Countrics with a long estab!i:;!j.ed ~2.ricult11ral tradition. arc fortt~natc to have at 
their disposal the heritage of  an accun7ula1ed svcatlrcr iore oi' ce~~luries. T~~deed, 
through centu:-ie:i OF er??pirica! obsei-vation and cr.pericnc:c in rninl'ed ramming in 
the dry zone of Sri Lanka, thcre has evolved a cropping c:?len:lar whici-?, within tlie 
constraints of a subsiste:~cc economy, i s  obscrved to bc q ~ ~ i r e  logical as it is ~ound .  
Despite this lewl c.f development, factors such as risk at tin7.c of planting uncl even 
  no re at time of grain fil1in.g and ~naturing, especially f ~ r  raiilfed rice and other 
shallow rooted crops arc often i:? doubt. Such sjsk factors may perhaps ni.ore than 
any othec, account for the i'ata!istic :rttitudes tltat tend to cloutl an o!,jective as5css- 
rnert,t of occurrences in t1:c recent rim of ye;?rs, which. corlld be exl>laincd in tcrlcs or a 
statistically normal run cf events, that mzy, not infrequentlyl tctid to bunch togetl~cr. 

Any kind of year to year predict~on of a season's rail~fall is yet not pcsvlble 
according to our present state of scie~ltific kno~ledge .  However, subjecttng the 
pa5t rainfall data to slriilgent tests cf stc.t~stical probabljity, at least such cer~tral 
tertdel~cics of rainfall exrectancy that are known to h a ~ c  a sign~ficanl bcallng GJI an 
~nter-related range of agricultural practices could be obje~tlvcly asscsscd 
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A.n i~nportant characteristic of thc a!muai rajltfall of tlj;~ dry zone is its ditision 
i~lio "Lwa well defined rai~xy seaso1I.s : ( 1 )  Ma!~a--the arajor raitly seasol1 from 
early October to  late Jan~iary and ('2) Yak---tile mjno; rainy season from late 
March. to !ate Mzz/. The l iean 113onthIy tainhli records for any clry zone station 
shnws this bi-modal raiwfall pattej-I? with two mnrR,ed dry seasons, oJre during '3 

F ~ b r i ~ ~ r y  to  March which. is shwt a ~ d  moderate, and the other d u r i n ~  May to 
Scptembcl- which is long 211cl protracted. The inten.5it.v and duration of t.l~e cotnyonenf 
wet and c?ry seasons theniselves show mino!- br.!: significant regioj~al variations 

? 
withil: wh:!t is broadly termed the dry zo;?.e oT SI-i ILanTca ; and the n.ature ol' these 
variations do llave an important beari-ng oi: the regional specializatiolx of crops \vitliil? 
t l ~ c  dry- 201-:e. 

Th.e n~al~y dimatic features of the c!ry zon- have been. adecll~ately described in 
sev~i-31 publications ancl el?erefo'on necds no f~~r t l i e r  elabomtion. For the special 
needs c f  tk.is paper, hcwevcr, the nletcorc1~'gical d a ! : ~ ~  of LJX: dry zoce rcse~l.rclr slatioi: 
at  blv-ha-llupp::l!an~a, whicl~ cou!d bc: ronsidercd as representiriz the modal sitti~tion 
in i:lre dry zone i s  . i v e n  in Table :. 

TAAI E I .  Mctcotological data {.or Mahn-llup!~allama. 
- -  -. -- - - . . ... -~.  ... . 

Mean Mean Temperature M cil I? 

rU-ca n Evaporation Mean daily Mcan 
Month Rat9l;lll Ope? Pan Max M i  rclativc. wind 11ct-ccnlage 

~n 111 O F  "F hulnidity milcage sunsliinc 
-- . -- ---  - --- -~ " --  - - .~ ~ -.-.-- ~ -. .. 

Jit!~. 5.3 5.2 83.3 69. I S 1 1 Oh 65 
Feb. 1.9 5.6 87.0 69.4 74 91 75 
Mar. 3 -9 7.1 91.2 71.6 73 85 85 
Apr-. 7 .4 6.8 91.6 74.4 76 93 82 
Ma?; 3.9 7.C 90.8 76.4 76 190 77 
.lane 1 . 1  7 -2 90.0 76.4 71 2 64 75 
. l~!ly ! .5 7.5 90.8 75.9 70 243 73 
Aug. I .7 8.0 91.4 75.5 6s 25s 78 
Scpt. 3.0 8.2 9I.S 75.0 68 246 74 
~ c t .  9.9 5 .Y 89.0 73.5 77 147 64 
Nov. 10.5 4.6 85.8 71.4 SI 70 56 
Dcc. 8.0 4.5 83.2 70.1 S3 98 58 

'r'ot::I : 58.1 77.6 
-- p~ ~ -. - 

One of t1i.e characteristic features of rainfed arable crops in 1-he dry zone enviro-n- 
n x n t  is the eirormorts varialdity in $e!d between. years. Over- a 25-year period a t  
Maha.-!luppellam, ~-air.~f;ci rice yields have !-znsed betwee11 74 to 8 b::]scr e, wliile 
over a 12-year unbroken. pcricd, rainfcd cot-:cn yields have ra~lgecl between 1,J2(! to 
220 'lhlfacrc. Almust the whole of this varistioil in CI-op yidds cotlid be ascribed to 
thc chance of cbtair~i;:.g a srtisf.cto;y t r e ~ ~ d  cf soil moisture during the growing season. 
c,ll~arly, tile pattern cf ihcident rainfail and iis ic?terac ricn wit.h the \vatel- co1asli~li.ption 
pa t te r~v  of rainfed crops deserves a close study by such investigatiorral techniques 
that are prese~.t:tly withit: our reach and capacity. 



Fro111 the information t l ~ s t  was avtilable b y  1962 on crop-wat~l- consumptic~n 
paitcnls, rainfall expectation pattcrns and t r e ~ d s  cf the soi! moist~tre profile, 
hbeyratne2 niade the foilawing broad con.clusions : 

7 .  There is a good cba~lce in n ~ s t  years f a -  the succecsfi!l c~rltivation ~f4-111.cnth 
or  shorter duration crops ilnder raided conditions in the Maha season.. 

2. The cultivati3n. of rainced Ya!a crnps at least in the ~~:~rtheri l  dry zone nlay 
be pgs-ible if proper water conscrvation metllods ;!re used and if  the ficlds 
are kept free of weeds, 

3. T l ~ c  onJy long aged crops that wi!l survive the c!ry ser~solz are tile very deep 
rooted onr;s sucl~ as pizeon pea ( C ~ ! j i i ~ l / . ~  rqjn:i) vu-hen plaiitcd in thc Mnha 
season. 

Cor~siderable aclvanres have 3:cn !:lade c!uring thc ~-ece!it ciccade i i ~  ihc sttidy of 
soil-plafit-w~ter r~ l~ t ionsh ips  and soil-w:;:.t:.r CfieiEy cI;zrzctcristi.r:s in c.cr clry zonc 
en.iirun.rnent, This paper yr-e. e:;ts o:rr conten-.p::.riiry :I, I-e CT inter-related i n k  rina- 
tion i i l  this TrAd in ordcr that agricult~ral scici~tir is and poiicy 1i7akcrs col~ld f ~ r r n ~ ~ l a t e  
a reliable and obDjective approach. to the dcvclop!~;ent of- rainfed agriculture in the 
dry zone. 

The il?,itia! se~t izns ~f this dcai with the ?i?.ai!~. paralncterr; or the s~i!?.jcct : 
( 1 )  tho c~nfidence limits ofrrainiB2, (2) wat:r coris:;mptior~ patteriis of crops - 
and (3) s3il-water energy rct1ationsl:igs. I ke latter zcciicns cii:cahs the rcxtc!?.ing 
of cr-op-water requjren:.ents with rai!tfsli ex.pectaacy and the practical applica1:icns 
that arise from this study. 

2. Confidence FEn~its of cxpectcd r;minfalt 

In, t.ropica1 regions in particular, i t  has been cicarly c!err;onstrated t l i ~ t  I!:c m c a n  
montiily rainfall, even cv!len derived from a large n~~mbcr-  of years, is at best an 
unreliable guide to the var-iatioil. ii? r~jni-;ill v i i t ! ~  which the agricu1turi:t must cu-!llen,d. 
Cn. a.n analysis of the dry zone rai1zFa1l made ill. 1953, Farni~.crQdr-cw attention. to this, 
and he has shown that tl1.e niedian. and other pcrcentilc val~ces al-l'orded a Inore 
reliable measure of rairlfill expectsncy. 

The arithmetic meait that is usvcliy ca!ciilatcd c;irectiy Ti-cn:. rainfall figures does 
not talcc into account the inherent ske\.vne:s of the raw data tlhat results Crom a 
disproportionately iarge amount of the rain Faliing in heavy tropical do.ivnpoul-s 
thereb:. raking the level of thc n:een m~:ch above the llcr~nzl arno-unt or rain reccived 
or expcc-tcd. T!:.us, urilrss eccour.t is takei? of the ske\\.ness of  t!-:e rreqrency cfi:t~-i- 
buti;.n of the rairiC~11 where thc  node is ls:i,zr tlian t!le i?:ealt, estitxetcs of roinfzi! 
expectancy made directly from raw data c ~ u l d  be quite ~?iislca:rling. 
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Preq~lency distributions were consrrncted from weekly I-ecol-ds o r  the past 50 
years rainfzll fcr selected dry zone statiolx ~15ing the class interval of one fourtll 
the approximat.- standard deviatisn. It was observed that except for the weeks 
tllat fell witbin the roonth o r  November, the c!istributions in  respect: of all other 
periods were positively skew. 'Even monthly rainfall values as subsequently 
reported by Alles>1113w a anon-!lorma! positively skewed distrib:lfion. Clearly, 
any statiztic derived From such distributions will give a distorted rneasure or 
the real values. 

Several nzel-hods are rivailable [or rransCo'or!?-:ing slcew data to give i~,pproximaiel) 
ncrmal  distribution.^. Th.e m c t l ~ ~ c l  proposed by Mannin5' has bczn. d jrcctly uscd in 
this study. Briefly this  i!?voIvcs summir:g up tile daily total rainfall for each );ear 
into 52 sl.an.dard wecks so as to give an even run of dzta wllich nlay be subject l.0 

analysis. 3-weekly n-:cvir~.$ wtal; are used for several reasons in3icatcd in subsequent 
sections of t!-:i!; papzr. The data is r!lc!, trank I-brmed by t-lxe runcticrn 1; -- k ~g i  r -1.- c) 

.{vhere the sizz cif lllc constant c variss i~~vcrsely wiil-I the dczree of skewness. The 
- f  

6, J L  all pattenls are t ? n ~ s  prese~ited in  a form free Trom the distorlio~l impxed by 
the skewness o r  thc actual dat:~.  Maorling%obsz~-vss tllat "Tr01n this Lransl'ormed 
clata the concepl of rainfail expectatioil a t  selccted lev.els of prok~bility co~lld 
.Provide a cornp!elely objective and reliable estinlate 01' rainfall l o  hc expected 
so as to assess long-term mop risk. whic11 is not. apparent ~\lli.en means 
alone are -~~sed." 

The real need in agric~~iture is sol- a precis2 estinrarc: not merely of the average 
zxpected rainfill, but the li17;its within \vllich this ex~ected rajnrall will occur. These 
jimits can be ca1ci:iated for any level of probability from the transf~rmed data ao.d 
are k.nown as Jclircin! or ro:!i;k.ncc Ii~lits.  A confid?!lcc liinit may therefore be 
defined as an estiirate of the chajlce of ob~aining a valne Tor a givcn statistic that 
Talk within prescribed lipits. For 2gricuJtural plrpcses, t11.c limits within which 
rai:ifall rnay be expected to lie in 3 years out of 4, namely 75 'j/, fiducial probability 
or I:! confidence limits are considered adequate. 

7-11f: 1 :1 rai:icali c3nfidencc li!uits calculated on a ~notlthly ha.sis for Maha.- 
~luppa:ldrna fro111 a 20-year ruil of unbr-ketl rainfall records are given i!l Table 2. 
Tfl stati~tical terms, the reinfall for a partic~iJ.aj- i-nonth. will be gr-eatcr than the lower 
confidexce liwit value in 3 y.;ars out of 4 ; alld sinlila.rly it will be less than. the upper 
confide!~c= limit value in 3 yzaj-s o:lt of 4, Expressed in this nia!urer, it is of lnore 
direct relevailc,- to agriculiur:il proSlems than the mean monthly values quoted in- 
Table 1 .  



TABLE 2. Canfizicncc limits ( I : ] )  i'or lnonthiy rainri~ll a1 
Maha-Ililppa!a!na (20 years). 

--- .- 

Lo\\7cr confidence Upper coillidencc 
Mcnth limit (in) limit (in) 

Jan. 2.3 8.0 
Feb. 0.3 2.9 
Mar. 0.6 1.2 
Apr. 3.0 8.7 
May 1.5 5.6 
June 0.3 2. I 
July 0.1 I .I! 
Aug. 0.3 2.5 
Sepf . 0.2 3.1 
Oct. 3.5 - - 9.1 
xov. 3.5 13.4 
Dec. 5.1 14.. 3 

The trends of rainhll expectation during tlie prozress or  the season are as impor-. 
tant to the a~riculturist as the break of season and the clo:;e or season. A graphical 
rnetllocl of presenting these processed. rainfall col~fidence limits that  would capture 
in, a single diagram the iilain elements OF the seasonal cycles woulrl 1s- the   no st. 
pertinent, To lhis end, a diagl-a111 of the 1 :I minfali conf_fencc iimits m ~ ~ l t l  be 
drawn to a convenient scale with the rainrall on r l~c  vzriical axis and ~ v i l l ~  ~rcck.5 

aloilg the horizontal axis. Figure ! shows the J : I  caj~!i;Ien-:, IinUts 01' 3-wzelily 
moving totals tllat have been ~vorlted out from a. 50-yzar run o!' data. for tlx-, rainr?~ll 
station An~u-adhap~~ra  which i s  located very close to Maha-l'lluppalama. hcc:,~-dicg 
to the data presented in  Figure I ,  for 21. particular week one quartet- o r  the values 
should fhll above the ttpyer 1im.it as sl~owrl in ih- up,psl- curve, ;i:td o i ~ c  cl;~arter belo\\. 
tlie lowel- l imit as shown in the lower' curve. 

FIGURE I.  1 :1 Confidence limits of 3 weekly moving totals of Anul-adhnpura rail~fa!E 
(Minimum expectation for 3 years in 4 given by lom~cr- limit) 



Therefore, for any on? bw-eklp pxi23: thz r ,~ t z \  r1incali is 1ilc:ljr ti, exzed  the 
lower limit in 3 years out of 4, or in other word; the mI!~iiii~-~~ii cxl~ecution for 3 
years in 4 is given by the lower limit. Similarly, the total raincall For the same 
3-weekJy pcrizd will riot exceed the upper li:& in 3 years cut of 4. For exainp!e. 
in .the 3-weekly period reprssented by the 15th week in Fizurz I ,  the rain:'a.ll 
(3-weekly tota.1) will exceed 1.8 inches in 3 years out of4,  and it will As:, not exc,sed 
5.3 inches in 3 years out 4. 

3-weekly nloving totals of I :I conftjence limits of rai!lfall hava been \vor!ced o~!l 
from the past run of unbroken data for 19 rainfall station3 in  the dry mne, 7 in the 
interi~ediate zone and 6 in the wet z3:1-,, The 1ocation.s of t h ~ s 2  1-ainral1 stalions 
and the number of years of unkrolten rainfall rccords from which the r;~inCall co~ifi- 
delice lin-.its have been calculated Ere sllown in Figure 2. Fo!- the s:o;x of clisa~sr;iori. 
within this pa:p?r it would be sufXcien.t ta  cc~ilsidei- 15 rain?81l s t a t i~ns  Srom thu: dry 
zone propx ,  as well as 3 rainfall statiol:~ f r ~ m  thz int:rrliediate zJne. I h e  I : I  
rainfall osn5dznce liinits diagrams that have been constructed for thc foregoing 18 
rainfall stations are shown in Fig1~r.s 3, 4 and 5 res,pectively. 

3. Water cmsomptiox patterns oT crops 

Every crop req:~ir:s durir12 its growin,: :;ea;on, a certai:~ q:~ail.t.ity of wat.-r wllicll 
varies with the di6;rent stages of grov~tli and devel.:,p ?:ent. Th: water c~nsu~ii.ption 
pattcrn of a crop .within a g r ~ w i n 3  sea?on i-; th:r:fijre :t m.]re ~ i i can i !~~f i~ l  ,pxametcr 
of crop water requircii~eilt than the overall b t a l  c~nsumpti \~e use vali~e. especially' 
wl~en estimating the probability of obtain.in.~ the dezircd d j s t r i b ~ ~ t i o ~ ~  oi'raill. t:lirougb 
the duration of' the croppin, seasan. 

The season.al 1;rends oT m,.~isture consum?t,i.sn in respzct of the more inqortant 
crops as measurzd during l!le Maha season a t  the dry zlne r:s:arch station A4aha- 
lluppallama Ii.ave bzeli rzp~r ted  earlier." I t  was observed that the consumptive 
use of water by crop; vai-id at diKerrznt stages of growth, the evap3tra11rpiratio~~ 
increasing with increacin~ leaf cover ovzr the  duration of th: crop. Thc mn.tiily 
eva-p3transpiration. v ~ l ~ ~ e s  (E!) for maiz, and cott,s!i ware cn:np:~rcd wit11 va l~~cs  of 
free water surface evaporatiolx (E3). It was O ~ S Z I : \ J S E L  t h t  star ti:^^ with a. value of 
O.63,tlie rati,~, EtrEo steadily rijes with i:icreasi~lg !e:lr'cov=r or  the crop until it reaches 
a peak value of 0.95 for maiz:. In the case of cotton, this ratio of Et/E> could 
exceed 1.0 and attain a peak value of 1.4 at t!ie 5th rn3nth of growth. 

M.orc recent stildizs that were con+.rct:d un3er ir~:igi?ti3~1 011 1::i.e Keri(l isli. Brou;n 
'Eartlls during the long dry seasan by Siva:i~yagam" iiidicate. ~ r y  si.11il.r trends oi' 
increasing evapotranspiration with inci-e:ilsi~lg leaf cowr, a11cl he has fitrlhev observ~d 
that t3e d ~ ~ r a t i o n  c.5 psak water iisz was r:h.?rt f t ~ r  m:Ize, -~\~hcrss.s Tor gr\sundnut a.nd % 

other iegui~:-;.ino.;s crops the p2ak wat-sr: us:, p - r i ~ d  w;:s 1-ss pr~ng3n;ed bxt erit2nded 
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over a longer period. I t  was also observed that the ratlo EtiEo In respcct of maize 
r-eachcs a peak vdue ~ 1 - '  I . !  when ii-r~gatcd at 50% dcplet~o~: ~vi l~ le  when irr~gated at 
7 5  % depletron this ratlo reaches a peak value ol' 0.9. 111 rhe casc of groundnr~~ 
a!td other l e ~ ~ i n l i n o ~ ~ s  crops ~t was  observed that thrs rat\:, l e ~ c h c s  a pcak value of 
0.85 v~llen rrrizated at 0 %  d.-plet~on, u'nile u i s l l  ~ri-~snted at 75x d~pletron ~t 
reaches a peak value oS 0.68. Evap3transplratron x~alues jn respect of rlcc g~o\vn 
under ~r r~gatcd  conditron? hale also been reportcd by Muraltarul and V~~narajah."  

:From the data. that i s  presently available a t  Maha-TIuppallama on the water 
cons-umption pattern.s oF crops, it i s  possible t:o const!-uct amodijl water con sump ti or^ 
patl-em CUJ-v? Tor a 129-day Maha cereal crop as well as a 70-day Yala legume crop. 
Since cereal crops such as rice ai,.cl maize give maxiniwn. yields at soil m.oisture 
tensions corresportding to 50% d:pletiou, the modal curve for a Maha cereal crop 
was con.struct.ed fov e v a , p o t r a ~ i s p i ~ a i  d u e s  cbtaj!?ing fol' a low vali~e of soil 
lnoisture tension. Since 1egum.e crops give n ~ . a x i ~ i ~ ~ i n ~  yields a t  soil moisture Lc~lsio~ls 
correspondi~tg to 75 :< depletion, the modal curve for a Yala legum~e crop was cons- 
tructed for ;] 1ii;h va.lue of sail m3ist~lre tension. Suc!~ a ~ i ~ o d a l  curve (or the water 
consui~~pljon patl.el-n of a cr-oy constructed on a 3-weekly rnoving total basis J!: 

rereured to  as a crop ~ w t e r  fen~plnre in this paper. Figure 6 shows- this te.m.plale for a 
Maha cereal crop as well as for a Yala legume cr0.p. This template coulcl be super- 
,posed on thc I :1 raillfall confidsnce liinits curve drawn on the sallte scale with a 
view to m.atc11ing 111e crop to the rai:tfall seqilence so that Illere is a maximum like- 
lil~ond of adeclnate water su,pplies dur- i~~g crop growth a.nd devcloprnent. 

Crop water template for a Crop wal-cl- template for a 
<Maha '  c e ~ ~ a l  crop. :Yalu' Icgu12-IC crop. 

FIGURE I;. 

4 Soif-water energy relationsl~ips~ infiltration and run-off clparactexistirs 

Atlentron h ~ s  k e n  drawn In a pr= . \ i s~~s  p a p x ' "  to ccrta~n special features or the 
soil-water enerzy relatianships of son:e soils of tnc dry zonc, This section considers 
the sx1-water energy relatio~msl~ips pertaining t3  three of the more imp3rtani sod 
regiolls of lhc dry zone as ~ tp r~s : l~ t cd  by the R-cldhish Brown Earths (RBE). thc 
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Non Calcic Brown soils (NCB) and the Red LatosoJs (Rt). The nlorphological 
and laboratory analytical characteristics of the digcrent grzat soil groups of the dry 
zone ale dealt with in a recent publication." 

Moisture retention characteristics have becn deter~nined for the diagnostic 
horizons of the'soil profiles on sai~lples collectccl from a very large ~~tirnber of profile 
description sites dm~ng  a 1Zyear prograllli-~le of so11 survey investigat~ons. Using 
the pressure membrane and pressure plate apparattls, n~easurenient of water retentio~~ 
from 15 bar to 0.1 bar have been carrled oulo11 core samples as well as on disturbed 
samples. This data has been processed into a sct of nlodal values of moisture 
properties by JoshuaQnd these are given in Table 3. Froill the  nodal depths ant1 
otller characteristics of the irldividual soil series that have been 111apped out In the 
respective areas of the dry zone, the nloisture storage capacity of the different so11 
regions could now be properly defined. 

TAULE 3. Moisture ~IOPCT!~CS of dry zolle SOIIS 
- - ... 

Field !Nil tine 
capacity point Availu ble moisture. 
inojst~~re moisture 

Soil % % % by wt in/ft. 
- -- -- 

Reddish Brown 22 13 9 1.71 
Earths (RBE) (1 8-24) (9-1 5) (8-1 2) 

Kcd Latosols 14 7 7 1.21 
( IiJ-) (1 6-12) (5-8) (6-9) 

-- - -. . . ... -- -- 

Xotc? - The figures within brackets cle~~olc the range or v n l ~ ~ c s  nlc:tsu~-ed. 

The RBE can store approximately 1.7 in of available molsturc m a 12. 111 depth 
or soil or approxi~nately 1 .1  inches In an 8 i n  depth of sod. On this basis, 1.0 i n  01' 
curnulat~\c rarntall over a 11-day period would be sufficient for tllc germination 
lequlrements of crops during the &st half of October. SinularIy, lor the NCB 
and RL I .O i n  of cumulat~ve rainfall over a 8-da~7 perlod vould be srrficicnt for I l~e 
eermlnation require~ne~~ts during 111e first half of October. 
<, 

An estimate of thc total a~~loun t  of available nlolsture that crrui be stored 111 a 
\oi l  coi~lcl be ubta~ned by multiplying the modal dcpth of the soil profile by the 
;t\tn~lable ~i?orsture conlent/ft of lhe respective sod. A 4 Ct depth of a RBE could 
~hercfo:-c store 6.8 in of  aka~labie mo~sture when the whole prolile 1s wet to field 
capacl ty. 

Apart ti-om the quantity of lnolsture than Cali be stored in t l~e  soil, it 1s desirable 
LO have some measure of the frequency with ~vllich raii~fall would be lost as surface 
n~n-off clunng the season. The qualltity of ram that will be lost as surface run-off 
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will depend o!i (a) the infiltrat~on capacity of the sod ; (b) its state oC moisture at a 
certain time ; ancl (c) the intensity of rain at  this particular tiine. Tnfiltratlon rates 
of dry zone soils haw been deternlined by the ring i~~fi!trometer for a very large 
number of sites. The modal values of the minil~tu~11 ~nfiltration rates work out to 
1 in/h for RBE, 3i11/11 for NZB and 15 in;h for RL. Thzse values represent the 
steady infiltration rate after a lapsed time of approxiinately 4 11. Initial infiltration 
rates could be 5 to 10 times highcr. 

For the RBE, when the profile is moist, any quantity of rain in evcess ot' 1 in/h. 
will therefore be lost as surface run-off, while when the profile is clry il: could accept 
up to 3 to 4 in of rainfall/h d u r i n ~  th.2 initial stages. There could be appreciable 
run-off during the early Maha sear.on only if  very hi$ rainf;ill intensities are ex- 
perienced such as 2 inc1i.e~ in 30 or 40 miil. The R.L car:. essily accept rainfalls 
of this intensity withoirt all.!: run-3iT b511.2 experienczd. 

Co~nparing the moisture stol:a.ge cl~aracteristics of the RBE with tl-tc 1 : I  rwinlhll 
confidence limits for Atluradhapura, it could be inferred that the central tendency 
woulc! be f ~ 1 -  a sigi~ifi~dtlt pi-0p3rtion of the rain to be lost as surfa.ce I-un-ofl during 
Novcmber :~il-n.d D~cember. This also coillcides with the period when the tanks or 
reservoirs in this region f 1.1 up  rapirl!~. On thc other hand, in the Latosol region 
represented by P~lttalam, Mannar and Iranarnadu even the pcak rains of Nove11ibe1- 
and December can be completely accepted by Lb.e soil w-itkont any run-oA occuring. 
111 this r:gim a greater part of the excess rain will be discharged as deep percolation 
into stream Row and un.d,-rground aquiyer rrecl~arge. 

5. Fitt:ng sowh~g dates and crop water requirements to rainfall eq,cctitncv 

The problem cf choosing thc cGrrect sowi~lg date for rainfed crops is. [la fact, of 
fundar71cntal importance if one wants to ensure high yield;. From expzri~nental 
evidcnce at the dry zone rescarch station M.lh.3-Ilappnllama, Abcyratncl co~lcludes 
as Sollows : "Ti:ne of s~wing  trials have clearly brought out the fact that the dry 
zone is no exception to thc general rule that in any system of rainfed arable agric~ilture 
time of sowing has a ?reat intluence 011 yields of an111-1aI crops." Based on the results 
of field experiments and also usi112 traditional experience as a gu~de. optir~~urn 
sowing times were defined for dilT;rent groups of crops, and these have proved valid 
Tor the rail1Fal1 patterns around Anuradhapura and Maha-Iluppalla~ila. 11 would 
indeed be dcsimble to establish the optimum so\+ing times for the rest of the dry 
zone regions using the rainfall colifidence limits as a guicle. 

I'lle dilemma of the agr~culturist in r a i~~fed  [arming is quite often as to whetller 
he should sow w ~ t h  the  first arrival nC rain for t l ~ c  season w1t11 some expectancy of 
the miulrnum rainfall t h ~ r  wu,~ld be ~ ~ e e d e d  to rase  the soji moisture to an adequate 
level Por gern~ination. or whether he should wait for the approximate date that is 



usually accepted by traditional expericnce. In cthcr wcrds, be is intcltctcd in t l ~ e  
risk to crop establrsl~nent that would Ee asscciztcd t?,th a pxtrcu1a~- c'ztc cf  z c ~ i ~ g .  
Since the week before as well as the week after  cow:^^^ are as CJ L cral as t(1e ~ c t u z l  
sowing period, i t  1s a~proprizte  to  express the sllltabllity fccr E C ~ X I D ~  c r  LLCII week 
as a _?-t?~eekly total of the week before, th7.t week and the weck followrng. 3 

A reliable index of t11.e true break of the Maha seascn would be the point tt which 
the lower con.fidence limit curve shows a sharp upwrrd trend. For A.~?u~-ad hspura 
this occurs between. the 39th and the 40th. week, na:n~ely betwcen 29 S~pttn-.bcr and 

2 

6 October (Figure 1). By the 4lst  weelc thereis a 75 % chacce of a 3-weekly tctal ol' 
1.3 in, of rain., while by the 42nd week. there is a 757( chance of tl 3-weeldy total O F  
2.2 in. of rain. As observed earlierin the soil-waterenergy characteri:tics for R.RE 
(Section. 4), adequate levels of soil moisture fcr germinaticn will be t'ill[illed at the 
values of rain.faIl expcctan.cy reported above. The Ist week. c!' October coulc! 
l~erefore be co~lsidered a very reliable ch.oiee or' sowing dale l'cr tlUs rcgicil, a d  in 
Iact the past 25 years expericnce at Maha-T~li~~ppallan~a has ccrrfi~-mcd Lhzt t.h.is 
sowin.g,date bas bee11 the most success~ul for- rainfecl rice, cc- t t~n anti maize. Sinii- 
larly, the optin1~1n1 sowing dates fcr the otl1,er dry ZOJle regions coi!ld be quite objec- 
tively deterniined li.0111 the rainfa!l col~fidencc limits diagralns oS the recpcctivr 
rainfall statioo,~ in conjunction wit11 the m.oisture cl?.aracteri!tic:; CL' the :oil. 

A.part from taki11.g advantage of the optinir!m sowing date, 11- :h.ou!d also be en:u~-ed 
ghat the water demand or the crop durin.9 its gi-owtll and develc,pn~eni slio[~ld f i t  as 
closely as p~ss ib le  wit11 the probable water si~pply in a dcfin.ite pro,postiori or years 
S L I C ~ .  as 3 out of 4. By n~atch.il~g the crop water tcmplate against th.e rainf~~ll con& 
dence limits curve, it wo~lld be possiblc to cstin~ate the maxin~.um. likelil~ood of the 
~-ainr~ill sarisfyin.g the crop -water demauds especially at t1i.o.e pcr-icds of its clew Icp- 
iiien.t- when insufficient moisture would have its .mcst serious ifficl  an  crcp yield. 

The crop water template ol'a 120-day ccrcal crop is supcrposed cn the I . t rainfall 
co~zfidcnce Irmits diagra~n for the duratron of thc Maha season ror llic r;llllfaIj stations 
of Anuraclhapuua and am para^ respect~vely rn Flgures 7(a) and 7(b). 

It is observed that Tor tb.e An.uradh.ap~ra rainfall there is a 75 ,probability that 
the 1:ainfall alone could satisfy the crop water requirer?.e~zts i!p to a ,period corres- 
po11.din.g to approximately the 50il-! week 01- the 5 1st ; and bevond th.c 5 1 st.  leek 
there is O T I ~ V  a 50';/, probability tizat the rainfa!l alol:e could satisry Ll1.c crop water 
I-ecpirements. Whiie a deeper-rocting eel-eal cl-cp such as maize could make gocd 
any deficiency in rainfall after the 31st week by drawing upon the soil moizlure 
reserves beyond the 1 ft depth of soil, a shallow rooting cereal CI-cp 1ik.c sicc will ]-lave 
to  rely mainly on the ssupply of rnoi~ture by railifztll. Tllcrc is a 50% clrance tl~.at a a 

raillfed rice crop would experience ccnditicns i..f ~ - . G I : ~ L : J - ~  stress dur-ing its la:t 
few weeks of growth. (Figure 7(a) ) and the experience at Maha-Iluppallama over 
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FIGURE 7 (a;. Matchi~g the cr-cp water trmplate of a Mahn cel.eal crop ; ~ n d  Ynla 
iegumc cl-cp wit k railifall confidefice limits oJ'Anur-;~dhap~!n!. 

weeks 
FIGURI 5 (b). Matching the crop water template of a MaRa cereal crop with 

rainfa11 confidence limits of Amparat, 



tlie past years confirms this observation in that the failure of tlie rainfed ]-ice cro9 
has always resulted from a deficiency ~f rainfall after aroun.d the 3rd week of 
December; anc? th.is has occurred with a frequensy of approxinl.~tely 4 ycal-s out cf 10. 
On the other hznd, for the Amparai rainfall (Figure 7(b)) there is a 75% prcbability 
that the rainfall alone could satisfy the crop water requirem.ent for the whole duration a 

cjf the period from sowing to harvest for a 120-day rainfcd rice crop. It is therefore 
evident that a raiafed rice crop of sowing-to-harvest duration of approximately 
4 months 1i.as a better chance of success in the Ampal-::i and Hatticalca regions o l  t1lc 
dry zone than in the Anuradhapura region. It is also clear that a shorter rl~!ration 

C 

rice variety of approxi~nately 95 to 100 clays duration. from sowing to harvest would 
be more appropriate for the A~i.~lradhapura and adjacent regions. 

As coriimonly experienced in several years, gcod crops of nlaiize and cotton f m m  
early sowings can, get adversely affected by lieavy rains midway cl~1rii1.g the season. 
Abeyratnel h.as observed that depressions in certain crcp yield: , and even ontriglit 
crop failures have occurred inainly on accou11t cT excessive mi n during certain stages 
of the M:lIia season rather than 011 account of drought. This hazard of excevs rain 
is reflected in tlie rainfall values represeiltecl by the upper confidence limits curvc. 
Figures 4 to 5 show that t1i.i~ 1i.azard of excess rain during th.e M.aIia sexon  is least 
marked for Hambantota, Tissamaharam.a, Puttalam and Mamu;r. For all oth.~r- 
stations, there i s  a significant chance of experiencing catastrophic rains cluring the 
nionths of' Navercber arid December, and sonlctinles even d ~ ~ r i n g  early January in 
the eastern region. 

Superposing the crop water templaie fi:r a 70-day Yala Iegun-tc crop on the rainfall 
corilidence limits for the Yala season. of Anuradhapura (Figure 7 (a)) i t  becon~es 
eviden.t that th.ere is only a 50% probability that 1h.e rain.fal1 alone could satisfy the 
crop water rcquirenients during this pericd. Furthermore, evcn this chance or  50% 
obtains only Tor tl~ose stations ill. the north central region, the intermediate zon: and 
the area around Taraamalwila. i t  couid also be deino~istrated that a sowing-to- 
harvest duration nat exceeding 70 days gives the best f i t  of crop duration with the 
rainfall expectancy Tor A.nuradhapura for the Yala rainfed season. 

6 .  Discussic~n and sonre practical applications 

Onc of the more in~y)ortant problenis in,  the intensiiicztion of agl-ic~?ltural production 
in. the dry zone is th.e development of methods for ensuring that the best use is made 
of the incident rainfall, or  "of eifery drop of rain that falls on the land" according 
to an ancient edict of Sri Lanka, historically associated with irrigation construction 
and irrigated rice culture. ~ J I  raisfecl agricult~~re, licwever, this involves the choice 
of crop and its management so th.at its yieId is as high as possible from tlie water 
that is made available by rain as well as by soil moisture reserves. Having specified 

4 

the probability of rainfall during the growing season, and with. a knowledge of the 
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water requirements of crops during their growth, the main strategy would therefore 
be to tailor the crops to rainfalland adjust their management to the available sequences 
of soil moisture. Choosing or breeding crops whose water demands fit as closely 
as possible with the probable moisture supply and selection of proper sowing dates 
would therefore constitute the central strategy in the optimum exploitatioii of the 
rainfall resource. 

The manner of choosing the proper sowing date for Anuradhapura has been 
outlined in Section 5. Applying the same approach to the other stations it can be 
establislled that the proper sowing dates for the stations representing the north 
central, north western, northern and eastern regions of the dry zone would be around 
the 40th week, with the exception of the area around Medawachchiya-Horowpatana- 
Kantalai which would be approximately 7 to 10 days earlier. For the souther11 
region of the dry zone it would be around the 41st week, while for the area around 
Hambantota-Tissamaharama it would be approxin~ately 7 to 10 days later. For 
stations in the intermediate zone, the proper sowing date would be around the 39th 
week or even slightly earlier as in some areas around Moneragala. It can thus be 
observed that within the dry zone itself there is a significant regional differentiatio~; 
in the break of season which ranges from the 38th to the 42nd week. While 
traditional experience bears out this pattern of regional differentiation in broad terms, 
it has not been hitherto specified in a form that could be of strategic meaning lo the 
agronomist and the plant breeder. 

I 

Similarly, the close of season cot~ld be reliably specified by the rainfall confidence 
limits diagrams ; and the sowing-to-harvest duration for the different regions of 
the dry zone could be defined with a greater degree of precision than hitherto defined 
by using arithmetic means of rainfall. In some rudimentary form there has taken 
place, over the years, some kind of selective adaptation of the age class of both old 
and new crops to the different regions of the dry zone. This has, however, not 
been. matched by a conscious breeding programme that has taken into account the 
variability of rainfall characteristics in the different regions, except at the research 
stations in the north central and southern region of the dry zone which have been 
mainly specific to their own environments. This paper demonstrates that the age 
class of a shallow rooting cereal crop like rainfed rice will have to be tailored to the 
particular region in such a manner whereby its water requirements are met solely 
by the incident rainfall and with little or no contribution by soil moisture reserves. 
On the other hand, in choosing the age class of a deeper rooting cereal crop like 
maize one could take into account both rainfall as well as contributions from soil 
moisture reserves. It could be demonstrated that the sowing-to-harvest duration 
for maize would be approximately 135 days for the intermediate zone and the eastern 
dry zone, while for the north central dry zone the present 115 day varieties woulcl 
be quite appropriate. 
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The likelihood is that good crops resulting from the optimum time of sowing may 
In some years be lost by torrential rains during the middle or latter part of the season. 
This is a hazard that is particularly marked on the RBE where both the surface 
discharge and the downward drainage of surplus water is quite sluggish. It is less 
serious a hazard on the NCB while on the RL it presents little or no problem to 
management because of the high infiltration rate of the soil. The periods that 
correspond to the maximum likelihood of the occurrence of the~e  catastrcphic rains 
in the different regions of the dry zone are clearly revealed in the rainfall confidence - 
limits diagrams. Advantage could, at the same time, be taken of the $pel1 in-mediate- 
ly following this period of maximum hazard to establish short duration deep rooting 
crops that may be harvested into late Maha. 

A better feature of the Yala rainfall, despite its inac'equecy to match the evapo- 
transpiration demand of crops by rainfall alone, is the abscence of this hazard of 
crop damage by excess rainfall. Residual soil m-oisture reserves from the Maha 
season can make a useful contribution to augment this inadequacy of rainfall in the 
RBE soil regions. Assuming a rooting depth of 3 ft, a RBE could contribute up to a 
total 5 in of available soil moisture which would help to satisfy this deficiency to 
some extent. Furthermore, some short age legume crops and sorghum are capable 
of giving good yields at high values of soil moisture tension or less ideal soil moisture 
conditions. The cultivation of Yala rainfed crops in the intermediate zone, the 
north central region and around the Tanamalvila area on the KBE soils is tlierefore 
quite feasible if the supporting management measures such as weed control, moisture 
conservation and optimum spacing are adopted. The appropriate sowing-to- 
harvest duration of crops for each of these regions could be reliably estin~ated rro~n 
the rainfall confidence limits diagrams and the soil moisture characteristics of the 
particular region. 

This paper has demonstrated that the patterns of rainfall expectancy have a very 
important bearing on the regional specialization of crops within the dry zone. Taking 
this factor jn conjunction with our presently available knowledge of the soil nloisture 
characteristics of the different soil regions of the dry zone, it would be possible to 
predict the adaptability and performance of individual crops to the different regions 
of the dry zone. For example, cotton which has hitherto been grown as a rainfcd 
crop almost exclusively in the Hambantota-Tissamaharama area could be equally 
well extended to the red latosol areas in Mannar and P~~ttalam as a rainfed crop. 
Further, the sequences of rainfall and soil moisture that are considered desirable for 
the cultural operations and maturing of a rainfed sugarcane crop obtain in a 
satisfactory measure within the intermediate zone. 

Selective allocations of areas for particular crops on the basis of a maximun~ 
.d 

chance of success is also rendered possible by the approaches outlinicl rn this papt I - .  

Even the periods of miniinlim hazards to dry season irrigated crop by chance\ of 
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unseasonal rains can be reliably assessed by a study of the rainfall confidence limits. 
Similarly, the least number of irrigations that would be needed for irrigated crops 
during the Maha season could also be objectively determined by examining the 
rainfall confidence limits diagrams. 

Some further applications that are not considered in this paper but could profitably 
engage the attention of other workers in related areas of study would be those 
concerned with (a) crop insurance planning ; (b) water resources planning ; and 
(c) the selective allocation of our total water resources to rainfed, semi-irrigated 
and irrigated farming in the dry zone. Although the full extent of all problen~s 
concerning the interaction between rainfall and crop water requirements is still not 
perfectly understood, these latest research findings are set out here in the hope that 
this new knowledge will become assimilated into agricultural practice. 
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