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AaSTRACT

The performance of 16 cultiv8!'s of common wheat- (Triticum---- _.._,_,.

.£...~ L. ) wan studied f.\t Kpong in £I monthly pla!ltings to

ascertain the possibility of growing wheat on tho Accre

P1uins .. The charnc cer-s studiGd wore: tfllorin0 rotr;, fortilc

til18ring percent.:'gc, number of Loavus per plant crt :~.nthn:.:51s,

C'~umberof days to anthesis, number of dcys t.o rnGturity, plClnt

height, lodging and seed quali ty scor-es , total dry \'!2:Loht; pOl'

plunt, ar€lin yield pOI' plant, grain yield per pLoc , nurr,I_10r of

seeds per spil<ulet, number of spikclr:ts pur pLurrt nml I,OOO -

araj.n waight.

Ely mcc.ns of nn l.malyticul procedure for dotcrmininSJ

<:1dc;,ptati.on bo.scd on oconomic yiold (1:l1n rOC",Gsf3ion tr:Jchniquc),

(\ ntJmericul grading of tho planting dates sholf.;ing tho:i.r

fo.vou:cubility to wheat perf'orma-ic e wos obtained. Moteorologicel

dc:t"t colloctod during the!. study vt.as 0190 used to adduc.n po se l.bLo

T82,oons for the rolotivc per-f'ormanc c of the crop over the

seasons.

Apnri.~ from observed si[Jni f'icart differ'ences amonG

cultivnrs in !'espc'ct of' thu Ch(ITCicten~ stuciim;, cuf.bf.vnr s

showed ffir:'.rkCld clifforeJflcGs in th.:0iY'. adaptabilit:! 43 m"en ~_n

tho hiahly f_>iunificlTd; interaci:igna OIT!;0j_nr~cl LJc;t;V!('(_?'ri pluP'dna

tion in climt:rtic fc:ctors £Ippon.reu to 11ENO mlAY.'kcdeffoctn c;n

the: pcrformr·mce of tho croP.

University of Ghana http://ugspace.ug.edu.gh

iii 

AaST RAGT 

The pC'rformance of 16 cul t i vers of common \'Iheat (!ri t ic l!.r:J 

.:!£!tiv~ L . ) I'!OO s tudied at Kpong in EI month1}1 plantingi3 to 

a scert ain the possibility of growing wheat on tho Accr(~ 

Pl oi ns . The char nc t ar s s tudiod wore : tillQrimJ r ut !] , r r.rtilc 

tj,llc rina pcrce nto\cro , number of" l e a Ve'S pur p l .::n l; ~,i: :-..ntho:.ii G, 

iUmber of days t o un thesis, numbGr of cluyt'; t o mc.t urit y, p l ont 

hoi oht , l odging Gnd seed qua l1t.-y score s , tn t c.l dry \'/c;;oi Ght pt::l" 

pl ont, or Elin yield POl' pl ant , gr o.i n yie l d p f3r p l at , num'.1'3T o f 

~cods pe r 3(Jik t.J l e t, number of splk!:"l c t s pl"'! !" p l .mt und 1 ,001) -

ar\;~ln \'wl0ht . 

E;y ,IlCGn s o f on <.In .:llytic nl proc Cidur..? f o r do t c rmin'inn 

ndrp t:ut:lnn b.:scd or, e conomi c yie ld ( thf' r CLY'Gcr.i on tu: h niqu t: ). 

Ct tlumtJr i Ctll (J rodinu o f the pla nting del t OS s hoV! inO t heir 

f o,vQurob11ity to Ylh c f.l t perforrna'1cc \'l OS obta :i..m )d . r.ll!tcor ol ooiLel , 

d0.t , ; c ollec t od dur ina t h e study VtElS 0100 u s\<d to E1ddLJ~n p::Il~ ~:i blc 

rf ... , !:IOns frJr thl', rul a tivn perTonll2.nr. r of the Gro~) uver t h t! 

Apnr '\: i'ror:! o b::;urvc d s i ryni"fic ar.t d iffe-renc e s amana 

c ul '.:ivIlTS i n r e sproct o f th ll c h(;lrl,c taf"!;' s turnm;, cul t i w!rs 

s ho"lcd ;Tli,' rkod d i Ffc rencns in th L.: iY' adaptabi 'lii;'1 a; '3 ',nm ~, n 

tho h i !Jhly s i gnificl'.{lt i n t e THc t10ns OiJ1;:' i l"' t: c;J t'ot;V!r '(m pl l ;n~.;in!:i 

da t os e nd cultiv:lTs . I n :1ddi tioM, 1;\, ::. sli CIli; :oot".wr.:..l v i1ria­

ticn i" c.l1r.r;lt 1c f Gc t o r s D.PPc!:'J'Ct.l t tl !leva mAJ'k CU efi'ccts C. n 

t he PCrfOn'li~ncl::l of' tho c :nm . 



to the crop followed by that of rviuy" The 1eets:;; fQ\lC_luY'nblo

vars, all of Canadian oriO:tn, were 7/l-c::l •. X, 71::;'23.'" 1(4 o:1fU

7438 - 0 (in that ord8).n)"

lb ia concluded th~t 'he,-:tt Vif)..S -tho fAc':;;:)!' i1~cstl::L:;;~"'ts.r;:;:·

to wheat performance on the Accra Plains nn::! tho':; -:,;ho s::,op

mined, throu[Jh simi.lar studies j.n o~~-ho:.~ locl\_~:::;O'-; 3 o-~' ::..;:L,-::ilaY'

or coolor climate.

,.
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The June pla n t in::; '.'0 ·:15 ot ~o:-vc= u.s tr. ~ :-::O '3t f'ovou:Ytbl o 

to the crop fol~orJCd by t!,ot of 1110Y r The } eils';; fnV·.JiIi."obl c 

was tho September planting .. :~e -:hra? r.1:J·~t cdc.;: D.i::1J C· .. ll;':' . 

vars , all of COnl:tdion aria:! " , were 7'"\.3 I •• • '<; 7£.2'3 P- 1<4 orrJ 

7A38 - D ( in thot a rdor) ~ 

It 1f; co"cluded tfo:ltt :-ieat H i).S ~~(l f"oc"!:or ~~o.) t 1.:.:;. -'1:: .... - . .., 

to wheat per f o rma nc e e n t he Acc r n P J.ains (lr'1 t l;n':': J,",l .......... .Jf. 

could Crow prof ita bly i'f l ess ;Icc::':-::-rmdt i ve c ult.!. ' ~1~ ~ o:::r. ':;'C 

be s e lected , and the no!;t f UV::::lllT.:1:J:O p lanting j.1 0o:": .;-:. deter­

mine d , t hrouOh simi l o r s t;:1 i os = n o ·'.-hc::::- }.Qcn' ·; 1'1:- ~ U~- ~·.:.;-:ilaY" 

or c ooler climnt o . 

I 
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INJI"RODLCTIONJ

Wheat (TritDcum spp.l; has servod as an importont source
of,cffbodsince onc~ent times. It is generally believed that-
prehistoric man cultivatod a wheat-liko plant from whic~he
ground and baked the grains. Today, millions of people der~ve
their livelihood from wheat and it forms an important part of
the daily diet of millions more, often preferred to any other
grain as human food. The approximate proportions of the total
world production of wheat grain used for different purposes
is 09 follows: Human consumption 71¥'/o;seed 11%; feed for live-
stock 14>/0;industrial use l~o.Wheat straw is usable as feed
and litter for livestock and as a protectant against soil
erosion. Industrially, it is used for the manufacture of straw
board, building board, paper and other pulp products. The
average composition ~f the whole grain is: Protein l2'/orfat
~/of carbohydrates (starches and sugars) 6~; crude fibre ~/o;
minerals 1.9l/oi vitarrrd.ns(pe.rticularly a.vitamins) a fraction
CIJf' leta;water l3l/o.

During the last two decades, there has been a great
increase in the consumption of bread (one of tho chief. pro-
ducts of wheat) in the trropdcs, whore the food is non-indi-
genous. Initially,this applied to the higher income groups
in these countries. Today, it has lost its status symbol,
having become marc and more a part o~ the daily diet of the
lower income group~ as well. As a result, wheat-importing

? .

countries like Ghnna are finding it incroasingly difficult

University of Ghana http://ugspace.ug.edu.gh

I 

IIltTAODLCTION! 

Wheat (Trlt:licum SPP.)i ha s servod as an i mportant source 

of, f,bod since ancient times. It is gener ally believed that 

prehistoric man cultiva t od a whea t-liko plant from whic~hc 

ground and baked tho groins. Today , millions of poople der£vD 

their livelihood from wheat and it f orms an important part of. 

tho daily diet of millions more , often preferred t o any other 

gra in as human f ood. The approxi mato proportions of tho t otal 

world production of wheat grain used for diffor ent purposos 

is as follows : HUman consumption ?~; soed ll~ ; f oed f or live­

stock 1~1 industrial use 1;'. Whea t s traw i s usabl e as 'feed 

and litter for livest ock and as a protoctant against soil 

erosion. Industrially, i t is used f or the manufE~ture of str aw 

boord , building board, poper and other pulp produc t s . Tho 

averaae composition Cf tho who l e grain i s: Protein l~r f at 

~. c arbohydratcs ( starches end sugars) 6~ i crude fibre ~i 

miner al s l.~; vitam1ns (p~rticulerlY B Vitamins) a fraction 

o_f ll)l,i wl'I.t or l~ . 

During tho l ost two decodes, there has boon a great 

incroas e in the consumption oT. bread (one of the chiof. pro­

ducts o f wheat ) 1n the tropiCS, whore t ho f ood is non-indi­

genous . Initially,this applied t o t ho hiohor income groups 

in thoso countries . Todny. it has l os t it5 status symbol, 

having becomo morc and roorc B part of tho daily diet of the 

lowor incomo groups as woll. As a result , whont-irrporting 

countries like Ghnna oro finding it incroosingly difficult 



2

to cope with tho foreign exch8ngo demands in return for wheat
and its products to mest their growing demand. Ghana for
example has had to settle, on tho average, the foreign ex-
change equivalent of about ¢44 million annually over the last
three years, being tho cost of unmi1lod wheat alone. The
annual averago tonnage of wheat or flour imported into tho

J

country in the 1at8 19?O's Was more than double that of the
early 1960's. This trend is likely to continuo.

As a measure to reduce tho importation of wheat, compo-
site flours are being tried in soma countrios but this is yet
to catch on with the consumer who is used to bread from wheat
flour. Another means of reducing whoat imports has beoIT:the
cultivation of tho crop loc21ly, where this is possible.

R8cent interest in research into growing wheat in Ghana
is in line with attempts by SOm(3non wheat-producing countries.
This thesis studios tho growth, development and yields of
sevoral wheat cultivars selected for their reportedly good
porformance in the tropics. It also attempts, from tho
moasured rcsponses,to find the physiological basis underlying
their performance wit~ the vi~v to estab1ishina whether it is
possible to grow wheat on the Accra Plains and the Lowland
TropiCS in general.

University of Ghana http://ugspace.ug.edu.gh

2 

to capo with tho fo r ei gn exchange demands 1n r eturn for wheat 

a nd its products to meet their growing dema nd. Ghnna for 

exampl e has had to sottle, on tho everage , the forcion ax­

ch~noo equiVal ent of about ¢44 million annually aVor the l ast 

thrco years, baing th o cost of unmilled whont a lone . Tho 

annual average t onnage of wheat or flour i mported into tho 
J 

country in tho l ata 19?O's Was mora than double t hat of tho 

early 1960's. Thi s trend i s likel y t o continuo . 

As Q measure to r oduco the i mportation of wheat , compo-

site flours are being tried in some countries but this i s yet 

to c at ch on with tho consumer who is used to br ood from whoat 

flour. Another moans of r educing whoat imports hos boon the 

cul tlva tion of tho crop l OCQlly , whore this is possibl e . 

Accent interest in research into growina wheat in Ghano 

1s in line with attempt s by some non Ylheot-producina cQuntric;;:s . 

This thesis s tudies th o growth, development and yiel ds of 

sevoral whcat cultivars sel ect ed for their r epor tedly aood 

porformance in the tropics. It al so att empts , from the::! 

moasurod r csponses, to find t ho physi ol ooical basi s underlyina 

their performance witt'h the view to establishina wh uther it i s 

possible to Orow wheat on tho Accro Pl ains and tho Lowl Elnd 

TropiCS in goncral. 



3

II

REVIEW OF LITERATURE~~~_="'C"=~_,,_"""".~.,....'-""'"

The ancestors of common or bread wheat C}2:iUs<~
!3-l:!._s.!f_vu,rr!L. em :hell) origii,ated from Western Asia, ei thoY' ~n

Mesopotamia (now Iraq) or in the hiahlands of Ethiopia

(p eterson, 1965 j Janick <~,:~.~1,1969;! Mart:Ln and Leonard, J570;

Agric. Canada, 1977).

The history of the plant can b9 traced lJack 10~QCO to

15,000 years ago. The earliest traces of the pLarrc were f'oirnd

in the ru:i.ns of the Swiss 1£,>1<ed'·;3J~.G1C'S of thAt ageo /\5 r ar'

an important crop. J'n those days Wh23t was c-if.Led called

"corn" in Egypt in ~:;hefam.lisT' b:.bl:i.cBl aCCOU'Tt;(;:\.grj.c.

Canada t 197'7).

In an attempt to inCr83.Se world pr'oduc tLo-t , the vJheat

plant has been introducsd Ln to ar-eas wi ~h environ:nsm-cs qu:L:e

d'ff t f t' t ~·f·t .. A A' (-07~)"J. eren rom na u" ~ ,8 orlgln c S - :1ceT'son Lj ~l . 8\~i3.-ct."U;!

"the record or near record crops of the developing coc:;:tr:i.ss

in the tropic ar.d s'"lbb'opic areas has been the onLy ~:a'JinG

feature preventi-ng stervation on a uaasf.ve scal.e, II T:1W3 i'ineat

has become an international crop, Its disseminaticn has been

made possible through 'breeding arid selection f'r'orn -i~h8 originally,;

temperate-adapted spec1es. Th8 o'Jject~.ve has been to increase

pr'oductrtvf ty, anhance stability and incTeae'.:') physio]ogi.caJ.
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REVIS'" OF LITERATtlRE 
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efficiency of the plant while improving grain quality, under

various environmental conditions (Creech 2nd Reitz, 1971).

According to Purseglove (1975) whee.-: was First domesti-

cated in the Middle East from whe:ce it E,prp.3d c;ulck~.y through-

out Asia. and Europe. It reached the P.:~1·?Y':;_CDS in the sixteenth

century and has now spread wideJ.)' throughout all the temperate

regions of the wo:'ld and to the higher 81ti tudes in the

tropics. Lord D~lamere is reported to have successfullY

introduced wheat into Kenya early this cGntuY'YoAndrews (1968;

1969) indicates that wheat has been grov,r::.ngin N-igeria for

centuries, but up to 1960 . .n a marginal scale confined to

(
C' ~ 0, \the Sahel and Sudan zones 12 - .!.4 :,1 i and ~n the Mambilla

plateau in a more soucher-Ly Loc at.f.or;

Although imports of flOUT into Ghana (then Gold Coast)

began as early as 1529 when t:,E') Pcrtt'Q'LJ(:'S8 were said to have

provided each person in Elmina fort v::..1~;1 a daily issue of

four loaves of bread (Youngs, 1972), :l.t is doubtful if there

were any attempts to cultivate tho crop in Ghana until 1964

when a number of experiments were conducted on wheat (Mensah,

1979) •

2. !.§.xononn:::

The term wheat refers to a number of species, belonging

tu the genus Triticum, which form a :Jolyploid s(~ries with 14,

28 and 42 chromosomes (Peterson, 1965). All member's of the

genus Triticum are annual grasses. belc',ging to the tribe

Tri ticeae in the subfarnUy Pooideae of the fami.ly GralTl:i,ni3a~.
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In this genus there are three different genomes designated

A, Band 0 which through hybridization and chromosome doubling

have given rise to the cu l tivnted wheats. The v"Lld species

I. boeoticum (2n = 1/1; A gonome_)~ Aeg;tlops spelto~d8s

(2n = 14j B genome), I. ~ccoidt_3..§ (2n = 28; ABgenome)

and Aegilop~ squarrosa (2n :' 14; 0 genome) are believed to

be the ancestors of the cultivated wheat species (Peterson,

1965; Purseglove, 1975). The contributions of these wild

ancestors have been summarised by Purseglove (1975) as

shawn in Figure 1.

Commanor \)rc3Bdwheat (II ~~~iV~U!!!), Dur'umwhea.t (I.
dur~), Spelt wheat (I. ~~~) and Em~Grwheat (!I 9l~S9~~~)
are examples of important wheat spec:i.ese Br-aadwheat, known'

botanically as Tri tiS!:~ ~~!,J~L!~L" 1 is of concern in this

project. This species is by for t:lO most i:.:pm'tant due to its

high gluten content which confers on its flour the property

of trapping the carbon dioxide produced by fOI'r~e:lting yeast,

so that upon Leaverrrtq and baking, a characteristic porous

bread is obtained.

3. Botan,,¥.

Wheat is a free tillering annual. On the ,~verage it
.' .

preduces 4 or 5 tillers per p"lant',but under typ ica1 crowded

field conditions, only 2 or 3 t,illers are pr'oduced, Under

very favourable conditions, hOV1~ver,it can produce up to 40

or 50 tillers. Each norma) ~ille~ produces leayes and termi-

natiae in a head or spike. In thl3 ,~iGld 1t reaQ-te6 0.3m - D.9m,
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whilo in the groenhouse it could reach 1.5m in height (flih.rti_n
and Leonar-d, 1970j Agric. Canada, 1977).

Seed germination is hypogeal with 2 types of roots;
about 3 to 6 seminal roots followed by advontitious roots.
Growth habit may be termed winter, intermediate or spring,
depending on whether the plant is prostrate, intermediate or
erect respectively in the earl~ stages before true stems
appear. Stems are erect,simple, usually glabrous with 5 to 7
nodes and usually hollow internodes (Peterson, 1965; Agric.
Canada, 1977).

The leaf has twa main parts, the sheath and the blade.
The sheath is curved, forming a tube around the stem. The leaf
blade is narrow, flat and acuminate, about 20 - 37em long and
1.2cm wide, with prominont parallel veins (Peterson, 1965j

Purseglove, 1975).

The inflorescence is a terminal, cylindrical, compound
distichous spike, between 5 and lOem long with tough non-
shattering axis (the rachis). Spikelets are sessile,
arranged alternately in two rows with one terminal spikelet
(Fig.2). A spikelet contains a variable number of florets.
A fertile f+oret in turn consists qf the lemma and palea
onclosing a c.aryopsis. The lemma, VJ lich is boat-shaped
usually has an awned t'lpex.The palea is thin and membranous.
The floret has 3 stamens with b110bad anthers, an obovato
ovary having 2 short styles with C\ feathery terminal stigma.
The flCJr'etsI'1rolargo' r 9~1f-polU.nated. Each spikelet con.,
tains about 2 oval O~l."Iin9with C1 contl"al gl"oove on f:;he. ventral
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t ains about 2 oval :Jl!"Rins with a c er":'rel SJ'O.)v e 0 \1 t:ha.. ventral 
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surface, usually with a terminal tuft of hairs (tho brush).
There are about 14 - 20 spikelets per spike. llOOO - seed
weight is about 50g (Peterson; 1965;Agric. C~nad~, 1977).

4. Culture and Adaptation

Wheat is primE1.rilya tempo!"ete crop but has been grown
under a variety of conditions. It is poorly adapted to warm
or moist conditions but a combinEl.tion of high temperature and
high atmospheric humidity usually leads to complete fclilure
or unthriftiness({Petorson, 1965; Martin and Leonard, 1970;
Purseglov8, 1975). The temporaturo range for optimum growth

o 0 (is 15 - 25 C Friond ~ ~., 1963; Macdowall, 1973; Spiertz,
1974) •

It is best adopted to fertile, medium-textured to hoavy-
textured soils the.t er-e well drained, Silt and clay Loams
giva tho highest yields. It requires fair quantities of
nitrogen (N), phosphorus (p), and potassium (K) together with
a balanced supp Ly iof tho secondary and trf1.ceelements. It is
known that yield and ~illering rate increase with increasino
levels of N. Bey~nd lOOkg N per hectare, however, tillermur-
vival and lodging (espOcially in tall cultivars) become pro-
blems (JessoD and Pethica, 1968).

The seed may b~ broadcast or drilled at a depth just
enough to give it ade~uBt8 moisture (about 2.5 - 5.Dcm deep)
in rows 20 - 25cm apart. Seed rate VE1.riosfrom 50 - 200kg per
hectare depnnding on cultivar C1.ndenvironmental conditiol'lS
(Pursealovr:::~ 1975). Rain-f,:!llbetween 210mm and 1,aOOmm
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por annum can sUPPDrt the crop but supplementary irrigatiom
could increGse yield considerably (Martin and Leonard, 1970).

Several pests and diseases attack the wheat crop. Accor-
ding to Purseglove (1975) and Mensah (1979), the most destruc-
tive diseases include stem and leaf rusts (Puccinia £!~i~=s
and E. triticina) and head blight (Fusarium sPP.). other
diseases include bunt (Til1eti~ sPP.), smut (Ulstilago tritici)
and mildew (~le~ospora macroseo~). The latter group has not
been reported in Ghana (Mensah, 1979),

Timo to maturity ranges from 95 - 150 days. The world
averagA yield as given by the Food and Agricultural Organi-
sation (F.A.O.) in 1967 was 1,420kg/ha but yields vary con-
siderably around the world. Purseg10ve (1975) reported yield
averages of 900kg/ha and 1,OOOkg/ha for Asia and Kenya
respect~vely. The average yield in Canada has been given as
about 1,500kg/ha while yields of 4,OOOkg/ha are not uncommon
in Denmark and the Netherlands. A ~or1d record yield of
8,808kg/ha obtained in England in 1952 is yet to be exceeded
(Agric~ Canada, 1977)~

As compared with other phot~-sensiti'Ve temperate
species," wheat is knowrn to have s~me resilience i1S regards
limitations by photoperiod. Most ,wheat cultivnrs. are quanti.-

"

tative long-day crops, tending to flower sooner ...the lonGer
the daylength, without a minimulFI,daylength undo!' which
flowering will not be initiated ~t all (SwBminat;han, 1973;
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Evans 2.! ~~, 1975). For example, Pugsley (1965) observed

that certain cut tivars that usually Come into ear :lin 52 days

under long days (13.5 - 14.5 HI's.)) took 94 - 132 days to

reach that stage urn-del"short days (.10.5 - 11.5 111"5.). Martim

and Leonard (1970) also c:_to the examples of Kenya (12 hr-s ,

average daylength) and Alaska ( 2O.hrs, daylength) where

wheat is known to grow to maturity, to show the wida range of

daylengths under which t~e crop can be cultivated. Obligate

long-Glow cu Lt+vur-s cxi.s t , however, which will not initiate

flowed.no when duylength falls beLow tho critical limit of

12 hcur's , Rawson (1971) has reported, however , that 8)d:;r8mol~1

long days tond to r-educe spik.olot number, grain nL:mbm.nand

thorefcrs yield. He ~ot8d an inverse relation~hip bet~8on

dayLenqbh and spikelet numbor- in wheat.

In Ghana, daylength varies botwee:l 11.6 3nd 12,,4 hOUTS

thrOUGhout tiiO year, and this pr8rlu'~8s the cu~_tj.',jCit:'.onof

pho bo-cserisf tive cu), tivars her'o , As reported IJY Aryoet.ey

(1970/71), a few of t:l0 c uI t:LVCll'S i.ncludod in LJ. whsGt triaJ.

in Ghana did 1101: initiate flo\":Q:d.no at aJ.1. Thi 5 may be

attributed to t:loir pho to=aene l civi ty.

The offoc ts of Ij_ght intensity on wheat p5rformance

have also been studied. At BtJospheric corbon dio~ide lovels,

most wheat; culti var-s aro krown .f):> be saturated for light
-2 -l(needs at about 8.0 - 9.8 Ctll. em h SWaminathan, 1973;

Evans et al;., 1975). Observations made by other 8xporimenteTIS

corroborato this low light satut'ation ooint in wheat. Absolute

and relativG gTo\!tl, rates :i.n Olust cultivors of wheat have been
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found to increase with increasing light intensities up to
. ~ 4( )8.0 - 9.8 cal cm h about a third that of full sunlight

when the leaves get light-saturated (Friend et 01. ,1962;'fl963;;
, . -.. .......

Swaminathan, 1973; Spiertz, 1974). Tilloring also is 'favoured
and rate of apparent photosynthesis increased under increasing

-2 -1 ( ) .light intensities up to about 8.0 cal. em h Friend,1966.
There is somo ovidonce that high light intensities, as

pertains in tho tropics on sunny days may prove d81~t8riaus
to wheat performance. Lockhart (1961) noted a destruction, of
gibberellins in maize at full sunlight, limiting cell expan-
sion and stem elongation. If this observation will hold for
wheat, then the crop will be reduced in size in areas of high
light intensi"bies, resulting in low productivity.

tight seems to have little effect on pollen though long
days of about 14 - 16 hours are known to reduce viability
slightly (Welsh and Klatt, 19?1).

6. ';:ffectsof Te.~rature (Heat) En Wheat

Optimal temperatures for germination and vegetative
growth of wheat lie between 200 nnd 250 C. The minimum and

o 8 0maximum temporatures are 3 - 6 C and 30 C respevtively.
From these cardinal temperatures it is apparent thot wheat
grows under cooler conditions in general than it will in
Ghana (in the Lowland Tropics) where temperatures are usually
higher. Consequently, exposing the crop to the relatively
high temperatures that pertain here could severely inhibit
growth.
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Generally as temperaturQs extend either below or above
the extreme limits for growth of any crop, thel'mal injury
increases ':ntil ultimately the crop dies as a result of meta-
bolic failure (Langridge and McWilliam, 1967). According to
Langridge and McWilliam even at non-lethal temperatures,
metabolism could get disrupted as toxic products accumulate
with a depletion of essential metabolites in the crop.

As is apparent from the following observations, te~era-
tures above the optimal range for wheat growth,tend to affect
a number of physiological processes which often lead to poor
performance of the crop.

(i) p'r.£-£m~rlle!2c~~n£:!l(efle~a~i~e.Yha~e!i
Poor emergence and seedling mortality have been

observed in wheat where temperatures have exceeded u
o )maximum day temperature of 30 C (Swaminathan, 1973 •

Chlorophyll formation in wheat also appears to nav« a
cri tical tempe'''3ture-dependence. At 34°C Friend et al.--
(1962) observed that an increase of about o. pVC resulted
in yellowing, stunted gX'owth and death.

Even though high temperatures have been reported
to stimulate tillerin~ and leaf formation (Martin and
Leonard, 19'70L maximal photosynthetic area is reportedly,t
reduced wi til increasing tompel~atures as a re~ul t of
narrower, thinner 18a\l(3$and shortened stems (Friend,
1966). Ishag and Taha (19.74) have al~o a~tribu~d the
incidence of high tille;."l",rta1ity they observed, to the
high temperatures, c~aOc by Dew; laoe by night) that
prevailer during their experim£nt.
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The importance of crown depth soil temperature has
also been demonstrated by Smika (1974). He found that
crol.:ll11depth temperatures accounted for 83 - 9~/o of the
variation in the yield components, number of ears/plant
and spikelets/hoad in spring wheat. With winter cultivars
he found a positively curvilinear correlation between
crown depth temperatures and the components, tillers/plant,
heads/plant, spikelets/head and weight/head. Nbggle and
Frietz (1976) have reported results in maize consistent
with the above. They observed maize plants to inorease
in size as root temperature was inoreased from 12° _26oC
and then beyond that resulted in a decrease in plant
size. It is possible) that tho higher temperatures dis-
rupted certain physiological processes within the crown
of the plants, since tiller number and head size are
known to originate from the crown (Smika, 1974). The
optimum root zone temperature lor wheat is 20°C (NiBlson,
1974).

Owen (19711 and Macdowall (1973) havG observed that
after ear omergence in wheat, high temperatures resulted
in complete failure of the grain crop whareas these same

(
0 0 , 0 dtemperatures 35 and 30 C day t8mperatur~si 18 an

13°C night temperatures) if!1posedonly ~p m floral ini-
tiation had no effect on 1,000-grAin woight. This may be
dUG to the observation that grain ~ize>is determined
mainly by conditions after anthesl.s (Evans £!: a1., 1975).
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According to Evans et al., high temperatures after anthesis--
may even cause sterility.

Temperature has pronounced effects on the duration of
both the vegetative and reproductive phases in wheat.
Nuttonson (1955) found that the duration of the vegetative
phase in wheat was strongly and linearly related to the
mean daily effective growing temperature. According to
van Dobben (1962) high temperatures shorten the period of
growth in wheat withllut giving sufficient compensation
by faster growth and as a result the plants remain smaller
than they would in cool climate. This affects photosynthe-
tic capacity and hence yield. Duration of grain fiDling
1s also known to con~inue for a longer period at tempera-

o .turas lower than 25 C while higher ones tend to speed up
the course of development, resulting in lower grain yields
(Wattal, 1965; Spiertz, 19?4). There is grain shrivelling
also when hot weather with maximum day temperatures
bsyond 300e sets in before grain filling is completed
(Swaminathan, 19?3). Asana and Williams (1965) observed
a lela reduction in grain size due to shrivelling when

o 0temperaturos were increased from 25 to 31 C. For
sLJccessfu1 grain production in wheat therefore, the
cri tici't1day temperatura after anthesis lios between

o 0 '32 and 35 C (Owen, 1971),
P~11en viability and net assimilation rate (N.A.A.)

are k~wn to be reduce~ under high temperatures (Friend,
1969; Owen,19?1; Welsh ~nd Klatt, 1971). Friend (1969)
noted, 47/0 reduction in N.A.A. when temperatures were

I 0 0 0 0incraated from the optimal range of 15 - 20 C to 25 - 30 C.
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incraat:ed from the optimal r ange of 15 - 2J C to 25 - 30 c . 
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89th dark and photo-respiration rates are increased with
increasing temperatures (Stay, 1965; Jollife and Tregunna,
1968).

ThE'!effects of environmental conditions on protein
storage in wheat have not been extensively examined. m~gh
temperatures however seem to reduce atarch storage more
than that of protein, resulting in small kernels rich in
gluten (Campbell and Read, 1968; Martin and Leonard, 1970).
The critical temperature above which baking quality of
high-protein: wheats is lowered is about 320C (Mar'tin and
Leonard I 1970).

A plant that shows increased growth or performance
under alternating temperature conditions is said to be
thermoperiodic (Friend and Helson, 197G). Several plant
species are known to respond favourably to alternating
diurnal temperatures (usually high day and low ni~Jht
temperatures) but the generality of the phenomenon has
been questioned since some species S80m to be insensitive
to it. Generally, optimal temperatures for photo-
processes are higher than those for nycto-processes
(Friend and Helson, 1976), and nycto-processes are
particularly important since the growth of plants is
known to occur predominantly at night (Langridgo and Me-
Willi.am , 1967).

According to Friend (1966) and Friend and Helson
(1976) there is some superiority of constant temperatures
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Glver alternating day and nig~t temperatures for growth and dry
matter accumu'Latd.on in \'!heat,peanuts and sugarcane. They found
the optimum temperature for both day and night as 250C for
wheat. Peters ~ ~.(1971), however,have remarkod that high
night temperatures reduce grain yields remarkably. Working
under induced night temperatures of 8.9o,15~3° and 26.50C
they reported that the highest night temperature produced a
grain yield almost half that of the lowest temperature. They
attributed the reduced yield to earlier senescence and maturity,
and hence a shortened grain filling period which they
ciated with the high night temperatures.

It has been observed that certain plants require a

Thermal Requirements... _ ..... _~ ~ .. ':">O

definite amount of heat to bring them through a complete cycle
from planting to maturity (Nuttonson, 1955;) Langridge and
McWilliam, 1967). A number of synonymous units have been used
but that of "heat units" will bo employed in this thesis.,

To det~rmine the summation of heat units for a crop, a
base temperature, often' the minimum temperature below which
very little physiologiesl activity occurs in the crop, is
used (Peterson, 1965). The difference between the mean daily
temperature and the bas'i!temperature gives the number of heat
units for the day. The eum of these daily quantities thmughout
the growth period gives) the total heat reQuirement of the crop •.
Sometimes the'mean monthly or mean weekly temperatures are
used instead Of the mefir]daily ones in determining thermal
efficiency (ha_at reQuira,11snt). The base temperature often used
for wheat is 4°C (rr:::terson.,1965).
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over alternating day and nig~t temperatures for growth and dry 

matter accumulation 1n \'!heat, peanuts and sugarcane . They found 
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C for 
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efficiency (hOat requirIJ.71tmt) . The base temperature often used 

for wheat is 4°C (rr::terson~ 1965) . 
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From observations made in wheat studies, the number of
total heat units required by each growth phase is nearly'
constant (Nuttonson, 1955; Venkataraman and Kazi, 1972). The
higher the mean day temperature the shorter the duration of
grmvth.

The indiscriminate use of the heat unit system, however,
is not agreeable to some researchers. According to Went (1953)
the procedure proposed a linear relationship between mean day
temperatures and growth, which did not exist, especially for
thermoperiodic plants like potato and chilli pepper in which
predominantly night temperatures control tuber and fruit
formation. Hn however submitted that it could be used over a
limited range of temperatures for crops that are less sensi-
tive to thermoperiodicity like wheat and peEls. Brown (1960)
also contended that the system gave too much weight to tempera-
tures over 27°C. He suggested that such temperatures may even
be detrimental to Ut~ cro;:JS. Under this system, mean day
temperatures rather than the daily temperature ranges Bre
given prominence wheroas the ranges are often of more signifi-
cance {Chang, 1968].

In spite of its lack of theoretical 30undness, however,
the heat unit system may be helpfuJ in co~.'roborating '\''m

reports cited above on the effect of high temperatu~e3 in
shortening the developmental period of growth in cr-ops, Using
meteorolOGical data , the heat unit approach has been useful
in the determination and forecast of ~owing ~ates, to ens:.Te

'I

the bestlJc.l:Jrationof active growth pr~ses fo:r'wheat in India
(Venkatar~an ~nd Kazi, 1912). In Canatia, a similar type
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system is used to define ~lere and when different cultivars

of maize should be grown (,Brown, 1976).

71. E.ffects of Moisture and Humidi,trt:

Water requirements of wheat increase when the head

appears and grain begins to form. It has been estimated that

about 85 - 120 tonnes of water are required to produce lOOkg

of wheat (Agric. Canada, 1977). Under moisture stress, there

are modifications in certain vegetative and reproductive

structures in w,leat. Leaf area ts reduced (Dubetz and Bole,

1973) and fewer tillers are produced. T:1.11ers that are pro-

duced have higher st~:::'ility levels and reduced seed set

(Peterson, 1965; Agric. CEmc,.cb, IS,)?). Excaas moisture can

3lso be detrimental (Gangopadyaya ard Sarker, 1967). Although

it is known that above avere:ge m'J5...stU:,~8 d'lring germination

and shortly thereafter is benef'Lc l ,-,.1. to wheat, a similar

condition during tillering was found to be detrimental

(Gangopadyaye aand Sarker, 19G7). Tbi s may be due to the. low

consumptive use of w,::rt:erby the cr-op at tl.8 tlllering stage.
I

The daily cnnsumo tIve use of v.ater for whe3.l; is known to be

low up to the boot stage, increas:tng therer:rter up to grain

formation. There is a decr-ea sa in water use 0':- the crop
,( t

during the ,grain maturing P~Ttod (Patil, 19?(j).
I :

Most plants grow well under hlgh atmospheric humidities

except whell saturated air pe~sists for weeks and completely
..

stops tran:;spiration. Many plants ar'e capable of directly
\ r

absorbing 1"I10isture fT'.JmunsEl-i;:I.t~'C\tedai r of hi.gh humidity

(Chang, 1968)~ /\ccm~dii1g to Bakel:" (1965) ph~toSynthe-Cic rate
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system i s used t o define ~1J1ere and when different cu1 tivars 
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increases with humidity in cottony especially under high light
intensities. Peters (1960) noted a significantly higher rate
of water use in corn at 4O~b Flu H. than at 950/0 r-l.rl. in the early
stages of growth. With time, however, the difference in water
use as controlled by relative humidity became almost negligible
due to the faster rate of [frOl:vthat 9'3'/0 R.H •• Under a mist
environment automaticallY activated at ear temperatures above
250C, Laing and Fischer (1976) found a slower gra:!.ngrowth
during grain filling which they Gttributed to lowe~ed ear
temperature due to misting. fl,8ccrding to them misti.:1ghad no
effect on final grain size and grain yield.

High relat:;'J8 hCJlTi.'::::" ty P.t'~l2 Pf:. tr-,c::-'lforeappears to have
little or no adverse effects cn wheat psrformance., Whe~t is
known, however, to pc:rrfor"!1pcor-Iv in er~\;'ir:::lC;',1ol1tswith a com-
bination of high relutive hu~idity and hot woather (Peterson,
1965; Purseglove, 1975). From wo~~ done by Al'tergot and
Mordkovich (1976) high relati')e hurr.irjity and hot air affected
the water atatus of rudimentary Gars thus disrupting eBI'
structure and decreasing grain yisld3, even un~er c~nditions
of normal water supply.

Another reason for the poor pe:/'formance of wheEl,t::..n humid
regions j.~; the conducive environment created for fungal
diseases. Leaf diseases are especially encouraged" A combina-
tion of WArm and moist weat~18r is koown also to favo~~' rust

I
deve'Loprnarrt , Martin and Leonard (LnG) have reported n-G8m or
black rUE t (Puc-cilia gnl"nirds triticil, leaf rust (t, ~e.9012-
E!!.~) and stripe rust CE,.. r.rlume,yurr"l<as the l1100b camInO'll '::'lIsts
so e~ou.,.a,ged in ''J\lhea:L
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III

MATERIALS AND METHODS-------------=--~~--

(i) lLocotion... _ .... .,. .-:w

Kpong l1es at the interception of latitude 06° O?'N and
longi tude 000 04'E, in the Eastern region of Ghana (West Africa).,
It forms part of a much larger low-lyino land mass, the Accra
Plains, which is bounded in the west by the Akwapim Range and
Weija hills, in the north and east by the right bank of the
lower Volta River, and in the south by the sea. The gross
area of this climatic zone, the Accri:!Plains, is 335,540
hectares (Aryeetey, 1978). The area utilised for this reseorch-:is
about 8 metres above sea level.

(ii) Climate and Soil_~ _ _"_"~k!:IC:=O

~pong experiences t"JO rainy seasons as is cht:tracteristic
of the Accra Plains, with a mean annual rainfall of about
l2?Omm (Fig. 3). Air te:l'lperaturesare highest during the main
dry season (November to February) and the lowest in the short
season of July - Augqst. Soil temperatures are relatively
higher than air temp~rQture$ but with a similar trend.

Atmospheric hU:l\icity is generc:l1y higher in tho mornings
than in the af'terncoas with averages of ?7f/1 and 64'jp respeotively,
for 0900 hours and 1600 hours GMT. Oaylength is ree.so.'1ably
constant,varying from about 11.8 hours in December to 12.4
hours in June. The clim~te here is characterised by constant
heat, daylength and ·humi,dity, the modest reduc tion i'"1 -tempera-
tures at night aff-ordir:g little relief to the daytime heat.
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MATERIALS AND METHODS 
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The main sod.I', type at the site of this project (the

University of Ghana's Agricultural Research Station, Kpong)

is the heavy black soil of the Akuse series. The characteristics

of this soil are as follows:-

Physically, there is considerable shrinkage with cracking

of the soil whgl1 it dries up. As i t becomes wet, there is

swelling with expansion. This is because Montmo~jllonite is

the predominant clay mineral presG'nfi im the soil. It has a

clay content of 30~ - 60~. The organic matter content of the

soil is about 410 in t:le first six inches, with a GIN ratio

of 12 : 17. Soil pH is s:tightly acid or neu'.:;ral near the

surface,becomino sliohtly alkaline in the de8;J sub-soil. The

average soil pH values at the irr.med::'ate cnv i.rxmrserrt of the

project were 7,,3 and 7.5 for t!ic depths 0 - 5cm and 15 - 30cm

respectively.

2. The Cultivars
~~""""~..L-~'.~.""",-""

A coLkectrLon of £i)~tGen cultivars of commonwheat

(!!.J.:Sicu!!.!!;!!3.§E:!y~~ L.1 was Assembled for tl, is pro jec t. These

cu l tivers, brough,t into the country by till:) .Grains and Legumes

Development Board and tt}t3 Universi -sy of Chnna" s Agricultural

Research Station (Kpong). to be trJEjted for t~eir adaptation to

Ghanaian conditions, were from the followin!] countries:

Caneda (.the Canada. gene ~urce cent:re), Mex.~c.o(the Inter-

national Maize and Wheat Improvement Centre ft~"~CINlflilYT),

Pakistan, India a~d Egypt. ALI available inr~rm8t:Lon on the

cult:i.\Jdr~ '''\S'ed in -l:his p-rojlact. ·.are a.<3 fo!lQ~Ls:
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The main soill. type a t the s ite o f this project (the 

University of Ghana ' s Agri cultural Rosearch Station , Kpong ) 

is the heavy black soil o f the Ak use series . The characteri stics 

of this s oil a r B as fo llows :-

Ph~s:ic ally , the r e i s co ns iderabl e shrinkage wi th cracking 

of the s oil whgtl it dries up, As i t beco:-:1es wet , ther~ i :3 

swelling \"lith expansi on. This i s because MontrTCI:r'j11onite i s 

thr. predominan t clay mineral presQOt 1m the soil . It has a 

Cl ay content of 3Y~ - ~~ . The orga nic matter c ontent of the 

soil is about tf/D in t;,e fi r s t s ix inches , with a GIN r atio 

of 12 : 17. Soil pH if' ~~. 1ghtly a c id or neu';r a l near the 

surface, becomi ng s2.ifJh~:ly a lka line in the dec;:! sub-soil. The 

average soil pH values at the i r.:mel.!:'..a te envirqnl'nent o f the 

projec t were 7 . 3 a nd 7. 5 For the depths a - Scm and 15 - 30cm 

respectively. 

A collcctio,1 of si~~ tGen cultivar s of COMmon wheat 

(!..r~ .!e.:!~:h.v~!! L.) ¥Jas Assembl ed For tl,is project. These 

cul tiv~rs , brought into the country by th '.:! Grains and Legumes 

Development Board and t ' le Universi"::y of Ghana ' s Agricultural 

Research St ntion (Kpong ) to be t asted for t t eir adaptati o n to 

Ghs no i e n conditions , were from t he fol 1m'linn c ountries : 

Cana do (the Gana:%a gene SfiLJrce cenVre ) I Mex.Lc:o (the I nter­

na tio nal Maize and Wheat Imp rovement Centre ·· · GIMI'NT) I 

Pakis tan, India ot"d Egypt . A:-l availerbl e in1'Qrm?tion o n the 

cul t;i.·/~r!" ~<;''2d in this proj",c;t ~ at; foll OWS: 
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Accescfon Number Cultivar Drifjin
~~, ..~........................ ,...... .... -e-:>

1. BLUE SILVER Pakistan

2. LYALLPUR-73 Pek Lscan

3. PUf\jJAS-GP-78 India

4. 7438 - AE Canada

5. 7438 - A8 Canada

6. 7423 - Kl.!· Canada

7. 7438 - D Canada

B. 7433 - X Canada

9. 7438 - AY Canada

10. GIZA 157 Egypt

11. GIZA 158 Egypt

12. S.A. 42 Pakistan

13. S,A. 75 Pakistan

14. SANDAL ~

15. ME)(IPAl< Mexico

16. CHENAB 70 Pakistan

~ . Origin not known.
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Acces!)i on Numbe,! £,ultivar Ori gin --
1. BLUE SILVER Paki s t an 

2 . LYALLPUR-73 Paki stan 

3. PU"JAB...{JP- 76 India 

4. 7430 - AE Canada 

5 . 7438 - AB Canadu 

6 . 7423 - K4 Canada 

7 . 7430 - D Canada. 

8 . 7438 _ X Canada 

9 . 7438 - AY Canada 

10 . GI ZA 157 Egypt 

11 . GIZA 158 Egypt 

12. S. A. 42 Pakistan 

13 . S,A. 75 Paki s t an 

14 . SA'IlAL "" 
15. MEXIP AK Mexi c o 

16 . CHENAB ')Q Paki s t an 

~ Oriai n not known . 
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3. Plantina ancLflJ1rves!:,_:!;DlI

The cultivars were planted in a four-replicate,
randomised complete blocl~ layout at thG following planting
dates: 19th December 1978, 18th January, 23rd May, 20th June,
18th July, 20th f"\ugust,25th September, 22nd October, 23rd
November and 18th December 1979.

The plots, Bach of two rows (0.201 apArt and 100m long)
were sown 0.401 apart with pathways l.Om wide between blocks
of plots. Seed Was drilled at a rate of 60 per plot (l50l<:ofha).
Where germination was very poor, additional seed was sown
after emergence to afford a fair stand.

The fertilizer mixture 15-15-15 (N-P-K) was applied as
split dressings to give G. total of 100kg N per hec bar'e; The
first drc)ssing was done 10 days after germination and the
second 14 days later. The pluts were kopt ~IS weed-free as poss;i-
ble by either hand pickino or hoeing. Supplementary irrigation
was done by means of watering cans when necessary. -Gammalin
20" was sprayed every fortnight as a measure against insect
pests, at 10/0concentration. Poisoned baits were placed around
the experimental area to prevent rodent attacks.

Harvesting was done by cutting off spikes with a sickle
as they matured in the plots. The harvBsted spikes were then
stored in br-own paper envelopes and kept in an air-conditioned
room until each plot was completely harvested., Threshing was
done by hand.

The first two plantings were used as a preliminary study.
This was because only accessions 1 - 9 were available by then.
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3 . planting snc!. HJ1I'Ves tin..u 

Tho culti vars were p l a nted i n a four- repl i cato , 

randomised c omp l e te bloc[~ layout at th3 "followi ng plantin!) 

dates : 19th December 1978 , 16th J anuary , 23rd May , 20th June , 

18 th J uly , 20th Augus t , 25 t h September , 22nd October, 23rd 

November and 18 t h December 1979 . 

The p l ots , Gach of t wo rows (a . 2m ape rt and 1.Om l o ng ) 

were sm'm 0 .4m apa.rt with pa t hways l. Om wi de between bl ocks 

of p l o t s . Seed Was drilled at a r ate of 6g pe r plot (l50ko'<ha ) . 

Where ger mina tion was very poor , additiona l seed was sown 

after emergence t o afford a f a ir s t and . 

The fertilizer mi xture 15-15-15 ( N-P-K ) I'JU S applied as 

s plit dre:3si ngs t o give a t otal of lOOkg N per hecta re •. The 

first dressing was done 10 days after oermination and the 

second 14 d~~ys latar. The plu t s we r o I~op t £\$ l'laed- free as poss;1-

ble by either hand pick inn or hoeing . Supplementary i rrigati on 

was done by means of watering cans when necessary . - Gammal in 

20 " Vias sprayed every f ortnigh t as a measure against insect 

pests , a t l~ concent ratio n . Poi soned baits were plac ed around 

tho experim8ntal area to prevent rodent ati acks . 

Harvest1na was done by c ut tina off spikes with a s i ckle 

as they matured i n the plots . The harvos t ed s pikes wer e then 

stored in brown papor envel opes a nd kept in a n air-conditioned 

room unt i l each plot was complete l y ha rvested . Threshing wo s 

done by hand . 

The first t wo planting s ~·.'ere used a s a prelimi nary s tudy . 

This was becau se only accessions 1 - 9 were availabl e by then . 
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illf:lr2wm:'c no plancings in February, [;larchand f"pril because
not enough seeds were available. Furthermore, it is kn00n
t:1Lil:; vh8n t:18stages from qrDin--fillinCJto msturi ty coincide
with wet w38ther~ wheat yields arc reduced and grain quclity
is alAo lowered due to pests and diseases which are encouraged
by such an env'i r'onm: ,y';al condition. Pl;cmti:lUin Fcbr'unr-y - 'I'"\pril
would have exposed the crop to th~ major rainy seBson (MArch-
April to mid-July) while in the critical stages mentioned

4. Duta Collected

Tha ~ollowing measurements were take~.

(~) Days to germination: The number of days from plantin] to
seedling emergcnco in each plot.

( .. -, T • r' 1 ' d,J.J'j .irut xa.. at.an : A visual appraisal of se8dlino
stand, done at 10 days after'
plantino.

(iii) nays to anthesis: Th8 number of days from seedling
8mergence until 5D}~,of the plants
in a plot had flowered.

(iv) Number of leaves The mean number of leaves per
[Jerplant at anthosis: plant from a random sample of

5 plants from each plot.
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jl1ur3 m:!rc no plan i:inas in February . (i1o.rch and "pl~il beca use 

no t ena uah seeds were available . Furtherr:1ore , it i s knm'}r. 

t:l~lt r/'1en t:1S StaOBS fro l:! !lrE'in-fillin~J t o ma turity co i nc i de 

\'Ii t !1 I'let \'13'1 t!1er, \'Ihea t yi elds arr, reduc,mj Bnd u r a in Qu~li ty 

is al~(J l OI'l('lred due to poses a nc.! d isciJ SCS ",hich a r e encour oaed 

by SLICh an envi nm;n ,1.' :<:.11 co"Ll U :;ion . Pl~nti n!:i i n F rJbru.,ry - 'rlpril 

l'/QL'ld hElve expos~d thE'! c rop to the major r a iny SC050n ( i'.lilrr:h­

,'\(1ri l ::0 l"ic: -Ju l ~l ) while in the critica l stages mentioned 

C . OL.1t:ot Coll ected .. ~ . . ~~ .. -.-- . 

(::..) Day s to a erminc .. tion : 

(:i.:i. j rnit~_al stond : 

(iii) nayr. t o o nthssis : 

(iV ) Number of leaves 

Tho numbe r o f da ys fror~ plantinJ to 

seedlino emerg8nCQ in each p l o t . 

A visual El\Jpra i sal of se8d lino 

stund I done Dt 10 dey!'. aft l1r 

planting . 

The number of da ys from s eedling 

em2rgence unt il !1.Y1~ of the plant s 

i n a p l ot hud f lowered . 

The mean number of leaves per 

per p l a nt a t anthesi s : !'J lant fro m a r rmdom s Elmp l c of 

5 plontB from euc h p l ot . 
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(i) TillBrin~ rate per
plRnt:

The mean number of tillers per
plant counted from a rRndom sample
of 5 plants from each plot during
grain-filling (includinc! nori-

p r-oducbf.ve tillers).

(ii) Fertile til1ering The proportion of sl3(~cl-obe'cl.ring
pcrcfmtr:ge: tillers as against the total

number of tillers counted within
n length of O. 4m in aach raw of a
plot, durino grain-filling.

(iii) Days to mC1turity: The number of days from seedling
emer-genes until the majority of
s[Jikos had brown-matured in each
pLot ,

[Lv] Plant heiglTc: The mean of measurements taken on
a random aamp Le of 10 plants from
each plotj measurino from the
base of the plant to tho tip of
the spike of the rneLn axis (eoc
the base of the awns ], at maturity.

(v) LodUinO score: Done on the visual rating of
I (when all plants were erect)
througtl 10 (when all plants had
fallen on the ground) at harvest.
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8 . /\ftcr I\n tho:.::;is to f.laturity -- . ~ - .... - .... . ~ ~ _ . . ~ - - ... 
(,i) Tillering mtc pc,' 

p l nnt : 

(ii) Fertilc t illerinu 

p r:rcp.ntc.ge : 

(111) Days t o maturity : 

(iv) Pl ant hej.gI1t : 

(v ) Loda i ng scor e : 

Tha mean number of t illers per 

pl ant countod f rom a r andom sampl e 

of 5 plants f rom euch plot during 

grain-fil ling ( includina Ilon-

produc tive ti l lBl"s) . 

The pl~portion of s cud- bearing 

tillers AS against t hc to t a l 

number of tillers counted within 

a ) e nuth of O. 4m in ee.ch row of a 

p l ot t durina g r n in-filling . 

Tl1e number of d<J.ys fro m seedling 

emcrgencG until the ma jori ty of 

spik es had brown- matur ed in each 

plot . 

The mean of measurament r. t:lI~G n on 

a r a ndom sa.mp l o of 10 plan"i:.3 from 

Bach plot i meflsurina from thr. 

baso or tho pl a nt to tha tip of 

the spike of the main axi s ( a t 

t he base of the O\"Jns ) , at maturity . 

Done on the visual ratinJ of 

1 ( when al l plants wore erec t) 

through 10 (wilsn a l l p lan t s had 

f all an o n th n around) at harvest . 



C. Harvosting and After
~.::> ."". ~" .,_,-..,. c:;;> c;:;:o c::;.......,. IJt:I,':"J II'".~':'~ _" ."""

(i) Number of spikolets
per spike:

(1i) Number of soeds

per spikDlr:3t:

(iii) Grain yield per
plot:

(iv) Grain yield per

plant:

(v) Total dry weioht
per plnnt:

-28-

The mean number of spikelets per
spike on 5 spikes picked at ran-
dam from eBch plot.

Five spikes were randomly picked
from each plot. From each of tllese,
3 spikelets were removed (from the
distal, mid and proximal sections
of a spike). The spikelets (15 in
all) ware then threshed togAther
and the m~an number of seods per
spikelet determined.

Weight of seed (130/0 moLstur-e]
threshed from each plot.

Calculated from the vmight of seed
threshed froln each plot, divided
by the number of plants per plot
at harvest.

Five whole plants wer-e randomly
selected from each plot and up-
rooted at maturity. Seed from these
plants were threshed out Bnd weighed
and tile straw oven-dried for about
48 hours at nooc and weiohed. Total
dry weight per plant was calculated
as the mean of the bulked weights of
oven-dried plants and threshed seed
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C. Harvesting and Aft er _ ........ ,~ __ _ _ . ~ _ u. 

(i) Number of spikc l e t s 

p e r spikE! : 

(ii) Numb~r of seeds 

per opikel et : 

(iii) Grnin yi eld per 

plot : 

( iV ) Grain yi~ld per 

plnnt : 

(v) Tota l dry wei cht 

per pl ant : 
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TI1 8 moon number of spi kel e t s per 

5pil<.0 on 5 spik es p i cked at r an-

dam from Boch p l ot . 

Fiv e Gp i k c 5 wer s r andomly picked 

fro~ each plot . From euch of t hese, 

3 spikcl ets were removed (from the 

dir-. i:c:l , mi d and p r o xima l sections 

of a spike ). The spik e l e t s (15 in 

a l l ) U8re thcm t hreshed to[JBthc r 

and the m~an number of se8~s per 

Wei ght of seed (l~ moisture) 

threshed from each plot. 

Ca l culated from the "'/ei ght of' seed 

threshed from each plo t, divided 

by the number of r l an t s per p l ot 

at harvest . 

Fiv8 whol e p l ant s \'Jere r andoml y 

sel ected from each p l ot and up­

rooted at maturi t y . Seed fro m these 

plants wer e threshed out a nd weighed 

a nd the straw oven- dri e d Tor about 

48 hours a t llOoC a nd weighed . Tota l 

dry wei ght per p l a nt was c ::::tlcula ted 

as thn mean of' the bulked wei ghts of 

oven- dried plants a nd threshed seed 
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from thc35 plants.

(vi) 1,000- Drain weiDht: !\ sample of 200 sneds W[3Y'O pickeEl
from total threshed seed for each
plot Bnd weighed. 1,000-grain
~8iJht was calculated by multiplyinJ
this weight by the factor 5.

(\1].' J' )Nun"\llor tlf so i I"-c.,~"'-tc\;. ... c..._. WI__ L"-,--,_I;:I Cl This was calculated as the product
per' pl.arrt: of measurements 8(i), 8(ii) Bnd

C (i) fo(, euch plot .•

(viii)S88d quality score: Done on the visual reting of
1 (Plump und disease-free looking
seed) through 10 (badly shrivolled
and diseelsed Look i.no seE.~d)for

- Q

each plot.

ThE3moi.at.ur'ecorlt~:.ltof harvested ~;eeds from ooch plot
was determined by mB§ns of the Dickey-John Moisture Tester
(Dickey-John Corp.; Auburn, Illinois, U.S.A.).

Meteorological dato whi.ohincluclecirainfall, air and soil
temperature!::;and daily sunshine duration were collected from a
meteorologic2.1 ~-)to.tionsituatccldabout 100m from the area of
the project. The mean monthly maximum, minimum and day tempera-
tures as well as relativ8 humidity values were determined from

University of Ghana http://ugspace.ug.edu.gh

(vi) 1,000- a r a in \/Gi Uht : 

( vii ) Number r1 f ::;p i l<s:'cts 

per nlcnt : 

( viii ) Secd qunlity scor e : 
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fI'm! the 5 plant s . 

:'1 snmpl F'! o f 200 s. edr.; wer o pickes 

from tota l thre~hed seccl f or ~D.ch 

pl o t and weighod . l , ODO- aruin 

'.'/eiuht wac. c a lcula t r3d by multip l yi n:; 

thi ~1 \'Jeia~rt by -t h e fae to ::- 5 . 

This waR c u l cul u t(';lU as th .] produc t 

o f r.leur;urernent~ 8 (i), O(ii) and 

C (i) fo r e .eh plot. 

Done on the vis ua l r f1t inc of .. 
1 (Plump a nd di~eEse-free l ooking 

seed) throu~l h 10 ( b, .dl y s hrivelled 

a nd c iseusod l ODldnu seed ) for 

80ch plot . 

Thn mo i s tur e cor, t~J1t of hf' TVea t ed sceds from o,.tC h plo t 

woc; dete r mined by means of t he Dic!,ey-John Mo:i. ~tur(3 Tester 

(Dickey- John Corp . ; Auburn, Illinois , U.S .A. ) . 

D. Climatic Data a~ • • • _.- __ _ 

Meteoro l oa ico l da t u l'shich inclucled rainfall, a i r a nci sail 

te"~orature~ a nd daily sunshine duration were collec t ed from a 

meteorologi c e l s t a tion situated about 100m f rom tho area of 

the project~ The mean mon t hly maximum , minimum and day tempera­

tures €I S \'1811 as relative humi d i ty va luos were det ermined from 

this tluta "'0:" c:,c entire p r."':'.Qd of' b tr projur. l. 



· Dai=-y hm~t un i t accumul.cc tonu for oC1r,hcultiva:c ',J(3re

l.'_rl se.r~··.·.i_rJnT.,.T.... 6(~v) c)['~ ~1~I~nllC~l·v -rv,~ _"" . _ _,_ ,~:,"~ hj .."~ , ,', __ •

rDd~.8t~an fJgures f8r a cloudless sky o
on latitude 06 OO'N are

u:'~ck::." sp".:'.:;pLoc in "::Lnn de')S:i.[jil.; V.Jr:H'() flnnlys8C.1as described
(

-v r-- .,
1 '--"L")O i-,. , J e

j_nc'i\l~.[.hIC!:!.yi.e Ld on tht~ pl,:\iltin~f dQ::;G mean (nIl culS~ivf1r5

"'.'.J"," O",'rY"'L' """;""':-',··1 "'i"lnC)''''' lrj,:,.j ['1'1 ''1\1 '~"lrl I'J'J"I I:·j neon lC1oc"J).',;.1 --'..._ oW 1.,·,\ 1 .....1 '. _. \'.-'.'_ __.>_ . __ .( -.1 1.,•.•• ' ••••• -.,,_ .:::;J _ , .J"'_.

a D209ura of s~nb"lity (EbD~hart ond Russell, 1966). These
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. )01.:'y he1(",i; Llnit acc; ul':lul.::<::i.on::; 'for c t:r. 11 c l:ltiva r :'H?r e 

nl!~.) r.ni,:., u l;Ocl f or (nell plnnti n~. d::-:i;c cxpr~r'im3nt n& .J"Gr ibetl 

• r· • • "'T J.n v oc -:; :;.on .' ... 6 ( i V) . SOB Appr.ndi;~ IV . Avr.r',lt:e d ~· ~.ly ~;olnr 

c.j.~':J p:·~c.r:n .';m.J :i. n '':\~JPon i; : I II U~i Q UOt8t1 f rom Ri l ay ( l U?9). 

;\ : ::r\ ,:]." r.J.G(1 1 ·:.:r:r:hr,.> :..: r: 'Ihi.~ ;' \";Cll1 c\ cNc l o{l od by Fin l rlY 

f: :l'..l ·,~ i~t~~. n ~·~I-: ~ :\.'.15:3 ) 1i('l.S ;.dop 1:!3d oml U!~ad to c o mp flT n t he 

:t n ctv~.cltl~_~. y i Bl d on t h e: p l a nt i n 'I dai:13 'fnean l i:, l l cul~:ivn.rs 

,;c.id. ~ .. t·~ "' ~,~" r;u:'\'l ut .l~ a nd ': r of,\ i:!~c rl3!;j I~r;~l si on c oc fficiGnt :-: 

h i GI, dr-:U~'EW 0;" lirk'(l!'ity arc! l\ rn:1G'1nub le dBfJree of homogeneity 

:y;' cn~:J::~ 'i'''':IITi; , J. ur'l.""Or (j7in ~.ny end \'J~J J ' in!3on , 1953 ) . 

I n t ·,::....., ;;h C:l~;:i.!J u s!"! i s l;'lnd,' ~150 o r L'tr.o t ll':::r s t ab i 1 :i.cy 
2 

jh :,~.\~~·; : :..:r .' :':11:.' tl"vi ·\:; i on f'rom r~!1:'·. ~,IO;ion mn.m s q ua:r'o (Sd ) as 

B Ikc(l !jur e 0)" :: :;·1i.J;·1 :~ ty (El.:or!~·hnrr. ,1 !1d F': u 5sl'l11 , 1966 ) . Theso 

fJ :.~:~moter~ .'lOY L~::J r.lI1Tl.nc~r! wi:;:' tho rollonin: mod el. 
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'{
ij X.

:L
!J I
i j

d
ij

J~ , y . , I Lt i of th"~ l' th Lt.i t "v 110ID 15 'C-18 CU 1VClr mann c~ eu 1v"'r" Til cviJ' . cr c, '" '"

. 'X·' J..h ....tl ' th It'env i.r'onmorrc , lEo L, 8 mean Dr lC:l CU1V\:\Y' OVGr all
1

env'i ro nmerrbs , Ii, is tiHe Y'8CJrG~3Sion co cff LcLorrt that measur-es
1 th

th;J :'csponSG of the i cu l.tLvar' to vnry:Ln~Jerri.ronmerrt s

.th
J

(U'Gn c~.:;.rnc.d:ic conc:j,tions dUD to p Lant i nrj ch:ttl:-Js), d , . is tho
th ~J th

clG\I:LEr';=_o:,f:.~oi11 r'Cl[fr'CJscioll of the; i cu l t.Lvar at the J

011\ 'ir'o n'l1ent·· C 'Jlantincr ckJ.t;c~)
,I ,..;

,th .
mClc.'1l of 011 cultivGY's at tho J: cnv Lr-onmerrt

nnd I a s thr~environmcmtal index
Ji

mit·,uE:', 'c!lc [j:;."o.ndmenn (EberhL\r'C and Russoll, 1966).

u~,oc! in -Chis stucly, narne Ly : (j_) Tho rEJ[irc~~sion coof'f Lc i.errt [b ] ,

(ii) the cultivQr moan yiold OVGr
all onvironmonts (~.) Clnd

1

(iii) tho doviation from rogression
2

mOBn squaro (Sd)' which is the

sum of. til,] sC"Jwu'GcI devic:l.tions,
d , ., in the:; mr'.del.
1,]

/\ "LJ" vc.Luo approximatinG to 1.0 inc.Jicutod aVGrc'[jEJstabi-
Llcy ,

cultivar had Donural ad0Jtability. When associated ~ith 0 low
moan yiuld, the cultivar ~GS poorly adaptod to ull envirohM
morrt s , iJJhnn b \}olur"s:i.ncY'oClf3in(:rly dev i.ert od above or below 1,0,

t.h oy clC![)cl"'ibuci cultivclr'S \iJi.tlh bfi:'l_O'.J C?nd idbove averag-:-l c;:,'cCloility -
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onvi rol1[,' cnt, 

" , ij 
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b , I , 
, J 

th .tll 
tho c ultiva r i Jean of the i ' c u l tivor t\t the J 

Xi i s th o mean o f t he i t h eul tivolr O V OI' all 

environmont s , b.. is tihe r a!J)"'oGs ion c ocffi c i nnt t ha t m8aSUrOQ 
, th 

t h .. :,:"cspon~c of tho i cult:i.vnI' tD vOlY:ln] £:niranmunts 

(n. a , (;~ . .i. r::r.d;ic c onc'ition S rlU 8 t o [1J.nn t inu uat os ) , d .. iG 
t h . J.J th 

i culb.vClr at the j 

t ho 

Gn\'i :comlen t ( ;11nn'i.:i nc da t u ) a nd I J is 

ob~:uin(2d o.s t i' t~ rn(1~ n of' [".11 c ultivnro 

t hl! envi ronmcmtnl inde x 
th , 

a t t h e j cnv~ronmGnt 

mi r,Ut' -;;h c a~~l'nd ma nn (Eborh;l.r·;; ond Rus!';r 11 , 1966) . 

1h::,1'J i mpo r ;;:m t stabilit y [:JHl";lme t ors wor e t he r e for e 

u !".ot:! in ';;h i s s tuLly , namoly : (i) Tho r cn r f'! f'.sion c oeff i c i e nt ( b ), 

(ii ) thu cul t i vor mn,\n yio l d o ver 

all e nvi ronmonts (x.) unu , 
( iii ) tll0 dev i a tion from I' ':.lgr a,ss i o n 

mOHn s q uDro ( S~ ) I \Jhic h is the 

sum of. th r~ 5C1 UF'.r nd c.ievi r; tions , 

d .. , in t hu llr.".d81 . 
'J 

,i " lJ " v 11uo flpp ruxj,::\atin~ to 1 .0 j,noicnt Gd flv c r flfJCI st:lb:l.­

l l ';:;y. ''f118r V':l$ w ,~ :: a.~oc iat2r i w:'th a i:i..:h r.1.an· yi.eJ.ci , Xi' t he 

cli l t i vlU' hfld 1J ~~ ;1t..:rul a d i'p t a bility . Wh t!n o:;SOCiCltl~d r:i ~.:h n 10\'1 

mOun yi .Jl cl , t ho c ulti vnr '·Ias pCOl~ly adap t .JcJ to .. ;11 (;nviron~ 

monts . ~/h l1n b VC\1Ur!5 incrr.asin;-;ly dcvi ,l t ud above Or' bulo\'! 1 .0 , 

they LiO~;C l'i btJd c u1 tivnr's "lith bft'~_o ', : and above a ve r a: '" ~tftbili ty 

'."2''SfH~C ~: iv &(1 y ( r- ~ .. n1.ay end rJ ~i.l; ~i nf;an , 19G3 ) . 
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Tho cu ltiva:c mean yield over all plfmt:i.nG Cliit;3~, provided
i;; cDmparutivc i11(:3C'\surr;of peri"ormancr; of LnchvLrtueL cul.t.tvar-s ,

2
The amo.l.Ler' the ve.Lut: of S ,tlw ITICH'f] st;;J.blc3the cultivar

d
in that itG yield in each environment (or for 88Gh plantinG
dsts) wns closely similar to tho value predicted by its

LJy nlOClllS of this tecl'lnlciull, thc) CL:J. tiV:T: usmj in t.h.ls

were elso comp~r8d by mocns of tho plantinG date mean values

of nl L cultivc~j:"!;iJt each plantinG (£,1 cornoonant. of I. in +ho
J

model) •
By iimu,nL,: of tho omtoorol0fiic(:)_ data, rSfl.E3C1n:;' were

adduc@d to explain the relative porformance of tho cultivars
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Th o cul ti.va r r:1C3an yield o ver a l l p l Rnti nG cl<1tos provided 

.. , comparntivc IIll:!asu t'D o f per fo r mc:.nCf! of i nclivi ::utl l cultlw,rs . 

The ~~m('.llm· t he 
2 

val w ' of Sd ' thn more stable tho cul tivar 

i n thn t itt-. yie l d i n el01ch c nvirom;lOn t ( 01" for tweh p l a nti nG 

d,·:ta ) \'J P:- c lOf;fJl y s i mi l a r t o th{·~ vi"i l ufJ p r eci i c ted by i t n 

rCC"r"e~j r;j.on l i ne ( Abington , EJ7~ ) •. 

l' y r,ll:~nn.s 0 .... t his t ecll niCl u !'! , t h !": CL!J.tiv· .r : usod ill this 

nro ~ or; t \"J(1I'~ comp, ..... l"uC\ an reu('rli!;' stauilicy . Tho pl i. .ntina ti ;..\ te£'. 

\'lere -l ~~o cO!"J1p _,rad by mfJ :1n, ro t" '\;h D p l .1ntina datl3 menn v -,luns 

of nll clJltivi·.r'~~ ,'It each plL'lrri: i n.;:: ( a cumnonen t 07 I j in i:hc 

morle l ) . 

By iM-Jim: ; o f the metuorolorjic;:J. dat. , r easons were 

adduc e d to e X91ni n ths r Gl uti v(;J pOl'form:1nc .:! o f thu r.ulti v f<;('s 

i n the dir-fi:~rfmt se[\~o n ~~ ( p l .. ,nti n[l cbtm;) . 
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LV.

RESUL Tf3 AND DISCUSSION~' ="" ~_~_:::C-"",==-~,,,~_,,,;,,,:,,,,,_-.,,,,c·~~,~~,,,-__,,_--=t.~_,=,,~

l. Genoral Observations
"-"'-"<"_,."""---,-,-",:..o:c-, __ ~,_:,,,;,,,__,,,,,,~-~··,__,.c,,,,,,,,-.x=_·.~:... .. .IE'.,~ ..~-='"

Tho uvorago number of days to soodlino emergence ~as
4 - 5 days with a generally fair crop stand. Incidence of
dineE1sc-3\'I('\S noc severn. An un-identified ciisease who so symptom
wu~:; tho "'ilhi te-hr-Jnd"\!US obsGrved 7 hoc'Jcver,in all rlantinDs
and in ull cultivcTs. Tho symptom may be due to the common

is I<:nCl':Ji1to leael to thi~, P:C!:-Jtlluturr:'. bliD;<~ sympbom, Sporadic
inc icl.cmcCj of stem and Leaf rusts (E~2c=0=i:c;J:(!:("l:n}.rr~~),and
P. !~~+~~:Lct~respectively): U(~r8 uh,o observed.

Tho most important insect posts notic8~ on the crop

hoetle (Hippodumia convergons). These were controlled by
~....c..:It:_.""",.~=.;.~~ =,;...::r;.:";="'>1'.:..:-~:,"~.:t'-~-;:J

sprayinc l~':,"Gammi3lin 20" insecticide.
Tho impoy'tanc(Jof time of pLan t i.nrj to tilE) performe,nce

of ~heot was underscored by th hijhly sisnificant effect of
pluntinCJ (Jette on all the clv:tractfJrS stuc1im.! (Appondices V

VII). In the Lo~IGnd Tropics whsrc climatic conditions ara
aenGr.:1l1ynot ideal for thc)grO';'Jingof \'Jhest,time of planting
appears to be an important factor to consider. See Plates lea)
and l(b).

The results presented and discussed below are m~inly
from dc~_-bJ collected from the ~jlayto December 197D monthly
plE,mtinc;s.Indication is l]iv£-mwhere cktEl from the preli-
min.:1rytrial iR included.
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RESULTS ANu DI9CU~SION 
~~W ______ ~ • ~ .. _ . _ . ......... . __ 

1 . Gener a l Obs,;rv,')tions 
L •• _ •• '. A~ __ ~ •• • __ . _ 

Tho 1 .. vcraoo number of days to seedlina emeraenc8 ~'JC\S 

4 - 5 do.YB l'litil a oener ... l ly f u i r crap ~;;nnd . I nc i denc8 of 

dL."eaSB \'/n,s no ·::: neV2rc . An uniclentifiecl c1is eG.fl.o whose sympt om 

C\nrJ in ,:11 cul ttv. rs. The symptom mny bo due t o the COI,lmun 

root rot dis • .JCiSl'.l (~J.~~hp~a!,l"u.nJ and E.':.:~.~E.i.'::l..~ 5PP . ) which 

is kmJ' 'n t o l eml 'i;o thi [; prematur'C b1ifji :; symp :~Or.l . Sporadi c 

i ncidcnc3 of !:item and le~f rusts (~~~n1-.~ r:!.r:·',m.i.r!i.~ and 

P . .:9:ii=i£~D..C:! res!)octivp,ly) \,1 'ra a h-,o obser vnd . 

Tho mo~ ... t i mportant in~cc;t pn::;t 8 notic Qc: on th 3 crop 

1<01"13 tho crA~shop[1Dr (.?.~R.c~~ ~~'1..~_i.SL~!U.:~) ant~ the Ladybir d 

tltlct l e (~Jir.?!2p.E.~ 9£n'y.,:!,].,p.[l~) . The. e '\Jere controll ed by 

sPrEwin:.; 11, O1 G611101," lio 3) " insecticid~ . 

The irr.portant.;u of t i me o'f pllntinG to t ho perform" nce 

of r;hea t \~ a5 underscored by th hi .Jhly :o:i. ::nif~cf-(nt effect of 

p l untin.: tin en on All :;ho ch ;"l X'nc!:;:~rs stLtd i 8d (Appendices V 

VII) . In the Lo" rl e nd Trop i cs VJh ~1re c l imCltic comJitionti tire 

ooner.::lll).' not ide~i l f or the oro"linG of ' Ihea t , t i ms or plantino 

appedrs t o be an i r,no r i:i:mt factor to consid~r . See P l ates l(a) 

onel l (b ) . 

The rer-;ults presented cmel dL,c ussnd be l m'/ a':"(1 mai nly 

fro m di:it " collclcted frol,1 tho Huy to December 1975' monthly 

plantincr" . Indication i s a ivcn \'.Jhere cI,- t o from tl,," preli-

minJ.ry trinl i !l included . 
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The moun monthly temporatures, re1utiv8 humidity, ~Bun
daf.Ly per-corrbaqe sunshine,;and monthly T'oinfEl11dLE":i.n::_;the
project are shoun in Figs. 4(n) and 4(b).

2.
Trend:::,in pLnrrti.nn dote menn vr.Luas f'o Ll.ovrada

, ' . , (!-.S'CUCllnc, - :LDS. SCi) - (xiii) and Table 1). From this OAnerol
tremei, three pLarrt i.nrj seC.1,,;om:cnn br:l dmni1I'Ci'lteci, nnmal.y :

Comprising tho May, June Elnd
July 1979 plantings. The
growth of the crop in these
plnntingEJ h~t"tm~1f'r-orn Lat o

t.:'ly to DCll:'ly OctoiJeY' 1979.

'b) The second planting season: Comprising the August,
September and Octobor 1979
plantings. In these plontings
the grouth of tho crop
lasted fro~ late August 1979
to 80rly Jonu~ry 1980.

(c) The third planting seDson: Comprisinn the November and
December 1979 plantings.
GroGth of the crop in this

season lasted from late
NovGmber 1979 to early
March 15'30.
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TIle nlP-L:n month l y t empor a turos , rclt,i:ivo humidit:y . meLln 

ct.:ily percentaue sun :;ili n'2 and tlOnthly I'flinfall dll :~::' n ,-, the 

pro j ect or:1 Hhmln in Firjf; . . '1. ( ilJ and 4 ( b ) . 

Trenci " in pIon tina dute mBCln v , Illes fol1m'J Eld a 

ch Ir c: teristic b i l-,lOcif.l.l fJrttt:::rn for mo"t oi' th ~~ eh; r 'lcter s 

sturii rn' (l:iU5 . 5 (i) - (xiii ) nnel Tabl e 1 ) . Frol~ tll i s !Jonot 'n.). 

tr':nd , thrc l~ pla.ntina !"e, ~ ~,om; Ctl n bo tl nllmrcntsd , nnmel y : 

( /::l ) The Fi :cnt p l anting ser' san : COlllflrising tim ~Jay 1 June nnd 

July 197') fl 1nn tinrJs . The 

gro'rch o f t hG crop i n those 

p l nntina :3 l(,:~t (1d fro::! It'.t o 

C(lY t u narly Octobe!' 1979 . 

'b) Th o "or.and ~lantin!] sen~on : Com,'1I'isin.1 thr> ,\ur;u ':d: , 

Septemt:mt ' une! Oc t obflr 1979 

p l nntinas . I n U1Cse p l untinos 

tho !)TO"lth of th e crop 

( c ) Th e: i:h i r d p l anti ng Sl3,lsan : 

l.,,,tod FrOl.l l a t a August l S'79 

t o ear l y J unu .ry 1980 . 

Comp l'ir;in~l the Nov ember a nd 

Decenbcf' 1S'7~l plnnti nas. 

Gro':Jth of the crop in this 

sa~son l a5t ed from l a te 

Nov~mber 1979 t o e ilr1y 

March l~OO . 
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TABLE 1:
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EFFECTS OF PLANTING DATE ON ALL CHARACTERS S~

PLANT.THG DA~

,.,r'-

i
,

CHARACTER 23RD MAY 1979 20TH JUNE 1979 18TH JULY' 19 10TH AUGUS~

Total dry matter 3.89 B 4.68 A 2.31 D 1.32 E
rrt • per plant (g)

Tillering rate 5. 5 A 5. 7 A 4.8 B 3.4 C
-.---
PArtile teller- 67 CD 73 AB 63 DE 64 DE
ing percentage (iii)

Plan.t height(cm) 54.5 B 59.9 A 37.5 E 37.9 E

-
rio. of leaves/

26 B 26 24Dlant at anthesis B C 20 D

l!o of days to 54 49anthe~is A C 46 D 45 D

---
iVa. of days to
Illdturity 79 A 70 R 64 D 61

wdging Score 2.00 A 1.50 B 1.50 B -

Seed qualtty scor 3.3 AB 3.4 A 3.3 lIB 3.3 AB
Grain yield/

0.95 B 1,30 11 0.35 DE 0.10plant (g) F

No. of seeds per 1.1 C 1.2 BC 1.3 ,'1B 0.9 D
~pikElet
No at spike1ets 74.9 B 84.0 A 56,3 C 39.3 D
"'er flant
Thou~and-graln 29,5 B 32.5 A 23,0 C 20.5 D
~;Tei2!.·t(g)
Ca1ctl1ated mean
grain yield/plot 903 B 1,435 A 245 CD 135 D

-' (kg/ha) • .FOOT NOTE: Hor~zontal means with the same alphabet indicate non significance
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T/l BLE 1 : 

CHARACTER 

Total dry ma t ter 
~.1't • per plan t (g) 

Tille ring rate 
- -
F~rtl1e t e ll er-
ing per centage(C) 

Plan t het gh t (cm) 

-
~o . o f l eaves/ 
~lant at anthesis 

Po o f da ys to 
3.nthe~ is 

--
~o . of days t o 
]IIa t ur i t y 

Lodging Score 

Se ed quality s cor 

Grain yte l d / 
pl ant ( g ) 

No . of aeed s [ler 
:-J?L"ce 1et 
No of spi k el e t s 
::..~r t1ant 
Thou~and-grain 

uei.s!. t (q ) 

Crl1c ula ted mean 
gr atn yte 1d/pl o t 
_ (kg/ho) . 
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EFFECTS OF PLANTI NG DATE ON ALL CHARACTERS S~ 

PLANTING DA~ 

23RD '!Tt y 1979 20TH JUliE 197 9 18TH JULy'1 9 10TH AUGUS'1 

3.89 B 4.68 A 2. 31 D 1 . 32 , 
5 . 5 A 5. 7 A 4 . 8 B 3 . 4 C 

67 CD 73 AB 63 DE 64 DE 

54 . 5 B 59 . 9 A 37 . 5 E 37.9 E 

26 B 26 B 2 ' C 20 D 

5 4 A 49 C 46 D 45 D 

79 A 70 • 64 D 61 

2 . 00 It. 1.50 B 1.50 B -

3 . 3 AB 3 .4 J\ 3. 3 I'..B 3 . 3 AD 

0 . 95 B 1 . 30 ,1 0 . 35 DE 0 . 10 F 

1 . 1 C 1 . 2 BC 1 . 3 -'" 0 . 9 D 

7 4 . 9 B 84 .0 ;1 56. 3 C 39 .3 D 

29 . 5 B 32 . 5 A 23 ,0 C 20 . 5 D 

903 B 1,435 A 245 CD 135 D 

. l~ NOTE. Hori zonta l means wt t h t he same alphabet i ndicat e non s i gnificance 
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STUDIED ON 16 CULTIVARS OF WHEAT AT KPONG

DATE
,

STANDAlW
lSTI79 i25TH SEPT,'79 ~2ND OCT. '79 23RD NOV. '79 18TH DEC.79 ERROR, , ~, .. '".-
F 0.44 G 1.71 E 2.25 D 3.31 C 0.1008

C 2. 4 D 3. 2 C 3. 4 C 4. 4 B 0.1426

IE 67 CD 61 E 7~ A 71 BC 1.4327

E 24.6 F 38,5 E 48.7 D 50.8 C 0.5238

D 7 F 17 E 23 C 28 A 0.6662

D 52 B 48 C 43 E 48 C 0.4388

70 B 66 C 61 E 67 C 0.4538

1,25 C 1,0 D 1.5 B 1,0 D 0.0545

1B 3.2 B 3,3 AB 2.9 C 2,B C 0.0515

F 0.05 F 0,25 E 0,40D 0.70 C 0.0395

-ID O.B D 1,4 A 1.3 llB 1"2 .JC 0.0395

D 1'1 5 E 37.3 D 41,8 D 70,1 B 2.2860

D 19.5 D 25.0 C 29.5 B 29.0 B 0.9782

D 38 D 368 C 455 C 823 B 39,3492

ce at the 5% level, under Duncan~s Multiple Range Test. ,
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, -
STUDIED ON 16 CULTIVARS OF WHEAT AT KPONG 

, " ... ~ . 
STANDAR.D 

1ST' 7 9 5TH SEPT , ' 79 22ND OCT . '79 23RD NOV . '79 1 8TH DEC ,79 ERROR . . " 
. , . -

F 0 .44 G 1.71 E 2 .25 D 3.31 C 0.1008 

C 2. 4 D 3. 2 C 3. 4 C 4. 4 B 0 . 1426 

'E 67 CD 51 E 7~ A 71 BC 1 . 4327 

E 24.6 F 38.5 E 48 , 7 D 50 , 8 C 0 , 5238 

D 7 F 17 E 23 C 28 A 0.6662 

D 52 B 48 C 43 E 48 C 0 . 4388 

70 B 66 C 61 E 67 C 0.4538 

1.25 C 1.0 D 1.58 l.O D O.OSt;5 

10 3,2 B 3 , 3 AB 2.9 C 2 . 8 C 0 . 0515 

F 0 ,05 F 0, 25 E 0 . 40 D 0,70 C 0 .0395 

D 0,8 D 1.4 A 1.3 .iB 1" 2 X 0 . 0335 I 
D 17 5 E 37.3 D 41,8 D 70 . 1 B 2.2860 

D 19,5 D 25 ,0 C 29 , 5 B 29.0 B 0 .9782 

D 38 D 368 C 455 C 823 B 39.3492 

ce a t the 50 level, under Duncan ' s Multiple Range Test . 
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The observed trends may be attrj_butml to tho vAriation
in cLfmatLc factors during the}projl'3ct.S08 Figs. l1a and {Jb-.

2A. Effect of Planting Date on Yleld Related Charucters
~~~;"""'-....-~-:::=c.:... ....=,>c;.==c:.:..;c.~-="-_':':'=~-","",·..:c:..;.-cc-·~__;_z_~=-t~r..;..."" . ...._~_1r.>:'-C:~~~.--=-='~ __ r.-..._'e_.o;:...~..:~

(i) Totol dry weight M8an totnal dry vJeight per plant for the

p8r pLnrrc: different planting dates is illustrated
in Fig. SCi). The trend showed that the
first planting!!soason Was significantly
the most favourable for the accumulatiom
of dry matter, tho peak llein[!for the
June planting. This was followed by the
third season with a peak in the December
planting. The second season appeared the
least favo~rable, particularly the
September pl~nting. Tho compGratively
low tomperatures (mean daily maximum of
rOO
30 - 32 C) and tho high rainfall that
Characterised the first planting s8ffi3on(Figs.

4a & 4b) may account for the significantly higher
dry matter accumulat:i;onfor the !Jlantings
in this season os compared to thos8 of
tho othor: two seasons.

Generally, high temperatures are
known to shorton the vegetative phase in
wheat without sufficient compensation by
fast8r growth (VAn Dobben, 1962; Andrews,
1969) Bnd hence a r8d~c8d potential for
dry Illutteraccumu l.atzlon,
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Th e ob s erve d t r e nd s may bo a ttributed to the v fl r i a t iDn 

in c l i w:d.;i c factors dU l 'i ng tho [1ro ject ~ 8e e Figs . 40 and 4b . 

(i) Total dry wei ght Mr.on to dlRl dry ~j eight p l;!r p lrmt fo r t he 

dir-fer ent pl anti nn d~tes is i l lus tra ted 

i n Fig . 5 (i ) . The t r e nd showed tha t t he 

p er plfln t : 

f i r Gt p l ('lnti no ps ooson WAS sig ni ficant l y 

t he most f avour ablo fD r t ho f'lcc umul ntiom 

or dr y matte r , t h o pDul, hainn fOl ' t he 

J une pl ontin!] . Thi s wa s fol l owed by the 

t h i rd senson niti, a p eak i n t he Dece mbe r 

p l a nti n!] . The second senson apPoClr eu th e 

l east f nvo ·.: ::-ab l e , part i c ul ... ,r l y the 

Sepb:~mi:)Cr pl.:n·i;j.ng . Th e c omr:::irt:tive1y 

1ml t f'.mper'otures ( moan da ily rnGxi mum of 

30° - 32°C ) an ~: the h i gh r a infnll that 

c ha r Rcts risfld t h r: f irst r l a n t i no sea50n (Fi gs. 

l.}a & 4b ) mC"ty nccount Tor the s i gnif:i.c nntly higher 

dry mat ter acc umul a tion f o r t hz fl l a nting s 

in t his " p.Qson a s comrJHred to tho s e of 

the oth :-lr ' t wo sea sona . 

Gunnr nl1y . h i a h t amnerntu r e:=; or a 

!.: nQ\1n t o shori:un tho voae t e tive pha se i n 

\"hef'"o; \'J1thout suf f ic i on t c omD Bn5Htion by 

fas ·<": ~~r growth (v i"' n Do bben . 1~",32 i Andrm'! s , 

1960 ) an d h enc e [\ rncl~cod l"Jotent i nl fo r 

dry m~ttBr accumula tion. 
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(ii) Tilluring rats,

ffeY'tile tiller'-

pLarrt height and

number of leaves

per !lJElntnt
a_n-ti,u~lis:

-L!,l-

flclc\tivc gnJI.Jt:h rutc (n.LJ.F1.) VJhich detur-

mincls dr-y mrrtt or' QCCW:1UlEltion is (11so

known to reduGc with increasing temp erR-

unci its conccJl1Iltant fW:lflrp:t',;c.lUct:Lon in

n3t assimilation rQtc (N.A.R.) known to be
us soc: ",·t',wl \i;'l' t.h 1'11.'nil ':-"I"l')e',n,,':-U,"I'''''' (F'·"'1.' endL,.... .LL_\ t.........~. .:1 .11 I tJ .......__,", .J...!,. ' ••• Iv _. _,,_ ..L ,

1966;.Jollifo snd 'frnounna, lS6S).
One could surmi.eo thcl,tthe" E\iJov[,J

oi:J;:';8rVi1tiDn::-;were the CC1US(3 of til':; tr'snd

in dry motter accumulation.

charucters follo~sd trends similar to

tho.t for t(Jtul dry ~eight per pJunt. From
thE: f'o Ll.ow.i.nq ob ser'vat Lnns , the sc:r:ID

reason:, given f'o r: th8 trend in dry weight

per plRnt mAy hold here 81so (S8e Fig~.

It hi':w been obsmrved that when mnxi-

mum air tomD8ratures , 0
exceedecl 30 C,

tilloring in ~h8Qt was reduced due to a

shortened v8uetativ8 phase (Swaminathan,

1~773). Fr-om the obsnrved trend for

t:i.llerinD nt'co (Fig.tl(ii)) it OiJ[J8Elrs
that there is a progressive r-ecuct Lon-

in t:Lll8ring as tsrn[JGrature :i.ncre,,,-sFld
obeyond thn 30 C threshold. This mny

University of Ghana http://ugspace.ug.edu.gh

( ii) T:LlI Clring r ate , 

Jf2i'tile til1er -

plnnt height Hnd 

nLlIt:ber or l ecv as 

per plrlnt nt 

- 41-

n c l o:\::ivD Ur'(JI:th n :ta (n .G.n. ) .... l1 i eh c.iet;o l"-

knOl1 n tn 1. c:luc: ' wi th incl-eosincr -ceHlpe::-n-

\:urr.s :i.n r!hGtri.; (Friend .~t. ~l!-, . , I f.'t:i2 ) . Thi s 

ma y be dU8 to inc reu;.-, ed resl"1ir:- tion r dte 

LInd its ca ncolli tRnt "~lOrp 1:"" h;ctiun in 

m:d: <1ssi rllilntio n r,d;~ (N.A . R. ) k nm'Jn to be 

a SSQci .Jt {:ld with 11ig h C2r" ) er~ltu:'O~ (Friend, 

19C6 ; • J ::lllirc antl Trr.Ounn.-" lS6~J ) . 

Dna coull! 3urmi se thn t tl1 8 aiJov 3 

obsp.I'vntion ~.; wr.re the Ct!use of tty) t rend 

i n dry mn't; ter uccumlll,]·t;ion . 

The Af f cc..t of !1 1c,ntit1~ d;:r(;8 o n t I10 .... ,8 

ChL1r\.~c"i.;err, flJI10'.'~ec\ trend :'". s1m11.:o.1" to 

tho:t: "for 'l;o t nl dry wei ah t pGl~ plunt . F rom 

t h.::: fol1ol'ling obscr\l,~t i nns , the s rr:18 

reason:. a i ven fo r th:.'! t rend in dry I') e i ght 

pnr p l nnt mny holL! here ulso ( S(~e Figil . 

5(ii ) _ 3(v)). 

I.t ha~, been o bscrv8d t hrlt when maxi -

tillerin!] in ,'Jh8u t wus rcduc8d dup. to a 

s hortened v Clgctativ8 phase (SwominElthan , 

1973) . Frol~l til(' ohsmvecl trend for 

t i llar-ina n t'c n (Fi[j . 5 (ii)) it nr l"1eRrs 

that tl,ere hi tI proal'a~sivc r e duction' 

i n tillering as tsmpnrotura j.ncrec:sGd 
o 

beyond 1.;h !~ 30 C th !'e ~\holrl . Tll i s mny 
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account for the poorer tillering observed
in t.ho ~~ond anei trliTd planting 5eason~')[-'IS
compared to thct of thn first season~ Tiller
i1lOrt"lityL; ;,l~Joknown to bE).:Jssocj_nted
with high t8mperatu~8S (Ishag Bnd T8h2, 1874).

/uthough inCl'ClE-lSOSin both dGylEmgth
arid total r,lcliation(8 function of daily
perc8nt[~8 sunshine) tencl to increase total
In-f b~r t r t c~.l-JOVG ?~..)oC_Gcl- num'G , -empo-a.ures u ~_

incr8asingly reduce it (Friond, 1966),

This may account for the significantly
h:.ghc:;:'vnlu:os ob:...;::rv8uin number of leaves

por plant at anthosis in the first season
as compured ~ith tho other tNO soasons.
Th8 significnntly higher number of leaves
per 0lant observed in the third se~son
ovel' tlkl"l:: in tiT3 second 5[;(";,;on,i:Jt3.i 0.180

dur-etLoriof clniLy sunshine in "i::i18 third
S8f.1S0n,

Tho relativoly sm0llcr plants
obaervcu in l.;husecond (:'i"lCI '~;hircl p~'t_Dnt:LnD
SODsons mcy also be Bocountcd for by the
relatively higher temp8rBtuY'os r~cord8d in

fir~;t 5D(l:o,on, Althou]ii hiGh liOi,i:;intcnsj_ties

University of Ghana http://ugspace.ug.edu.gh

- 43--

account f~:n'" the poorer tillering o bsorved 

in th C! a~nd a ne: third p l .-mt i ng 5 8 E\son f; CIS 

c ompar ed to tiK "C o f th r> fi r'st ~;euso n . Tiller' 

r.Jo r t:!lity i !; : ... 1 50 k no".'n to lJQ a ssoci:l ced 

/Utho ug ll incr.:.!fj ~C 5 i n bo th di:ylEmg t h 

and tot~!l r :ld int i o n ( a f unc tion of duily 

p er cent,tCW suns hine ) tend t o i nc r e ase t otAl 
a 

lenf nLlc"bnr , tempr!r a t ures a bove 2!j C 

incn~Clsingly I'crl uCf' i\~ (Frie nd , 19CXS ) . 

T111['. mi'W account for t he s i onific a ntly 

h:·.q h ('. v ctlL:: (3s ob :...i . 1r'vetl in l1u rnb 2r of le3v es 

per pL,.nt 03 t an t hesis in t he firs t s e a son 

CIS c ompur'i'!d "lith thn a t hOl' i: ~!O 5 0<'..80 n .'1 . 

Th n sianific nntly Il i a-hm' number of IBove~ 

ove~ ' 1:11...11; i n t !13 p.econu SLt~ ~;on 1 l~l(\y ElIsa 

durn tio n Df cin.i. l y sunshino i n );i lH third 

s eaGon . 

T I1(-l rr~lotiv81~1 f;!lII ,ll~:1' 1l1nnt ."'i 

ObS8I'v rlCi in i;hc sQCon ~1 flnc, third p l ant ing 

~:;o(.\so n s W'Y dlf;n b e (tr;CO lin teci fol" by t ile 

fi r::; t; ",~~"so n . Al tilouc: :, Ili rjh l i g!,"i; intnn si ties 

m'G kn mJll t .J stil1\ul Cl {:e 5 [;0111 !]~ 'a'-"Ith (Fr~_ Emd , 

I Joc; ) I hi C'l1 b :f'lflm~. _tur8S a bO V (1 2G
o

C tend i::o 
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l'C?!'~LlJ_.ting in 5:'1,,1131' p l.nrrt s (van: Ddbben,

Dm8?gonce to maturity W8~n longest duri.ng
the fi:cst pLmtino [i8f:SOn, f'o Ll.owed by

(Figs. S(vi) and 0(vii)), In consonnncc

vii ti"1 tho h8C.t unit conc opt '.lliici-, :-:Ut:!Jcsts

duy a co rnn.tUl'"'it)', tc;mper; ·.tLIY·C~) \~,.I:.:Ji.~(_:;

It f'oLl.ov-s

Vun DoiJiJl:.m

the'('(..; \:);.--~.S
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!:;ho::'t8n th "".: ;,)uriocl of v cg at .'lt:l.Vd nro\'Jth , 

x·o : ' L! ~. t ing i n 5:1. ;11t3r p::' ;' n t ~ (von Ddbbe n I 

J f , ,-,...., ' , . ..... u.:.. . _ 

(;m8:""gcnCG t o tII fl t ur'ity \lO~'n longnst dUr'~ . ng 

ri nd t ll· _ ch : ·~"nr.i ; ors , d;lYS ~:o .mth8r-:i s ,-:nrJ 

o f grul'rt h 'm.1 v i c :..1 vcr';.' ( ;l!..d::):on SCln , 19JG ; 

\
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(iv) Lodging nnd soed

que Li.Ly sco r-e s r

-50-

PIGnting dGto mean valuos for lodging score

(Fig. S(viii)) indicuto highast lodging
during the first soo.son, followed by tho

third and thon tho second so~sons. Tho
huavy r~ins(and tho winds that usually

'acoomiJn.nythur,l)duri.nptho first plcmting
::lo<',sonrnnybo rosponrible f'o r: tho high
lodging observed in that senson (Fig.4b).

The rains toward the end of the third

planting season may be responsible for

the higher lodging observed during that

season as compared to thct of tho second

sen~on. There WBS little rainfall towards
til::::;end of the sGcond season which was

advantanooU5 to tho crop. According to

Neenan n.nc.iSpencer-Smith (1975) wind and
r-ei n ,".reI:mono the m"in CAuses of lodging

in wheat.
Seed quality(as ~efined in this

project) WAS best during tha third season

(Fig. 5(ix)). This may be attributed to tho

relatively lOD r~1~tiv3 humidity (n.H.)
recorded during this perioJ as comp2red to

the genor311y high R.H. values recorded in
the first and second planting seasons. High
humidity i~1krrovm to encnur aqe fungo.l

activity on th3 glume5 and seeds, leading

to discoloured G8e~S (Petnrson, 196G;

Mensah, lU7~) as was observed.

University of Ghana http://ugspace.ug.edu.gh
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Pl .,nting rJ ,t c moan v l'"I l uCls f or l odging scoro 

( Fig . S (vii.i ) ) indicilte 11 i ah~st loelging 

eluring the first ~>cnson I fCl I I O\'!od by t ho 

t hird Ctnd t l10n tho second fOC' son r: . Th r. 

h r.:nvy r , ins ( ctnd th e w).nck; t h Ii; u s u8.11y 

;:tCcom1J/\ny t I1cr,J) durin[! thG first pI ,nting 

:;(..1',$on may be I'Gsponribl ~! fo !' the h i ah 

lodging observe d in tha t sonson (Fig . 4b ). 

The rains tovJard tf1e end of thn th ircl 

pLmtlng senson mDy b l1 re:3pon!>ibl;:~ for 

the higher lodgi nr] observed eluring th E\t 

S CU::>Q n as comp;:u"'p.d to th ~ t of the !:',econd 

Genson . Ther8 wa::; l i ttl e rainfa l l t owar d s 

tl '~~ ('n d of th e secom! S8ason I'Jh1ch wss 

ndvcmtnnCOU5 t o t h o c rop . According to 

NcenRrl ;1nei !:Jpenc 8r - Smith ( 197 3 ) wind ~ln d 

r Hin n r 8 ,~ mona the m,:in C'IU!iCS of lodging 

in ~·Jh ent . 

Scad q ualily ( o.c, cief ined in th:i.s 

projec t ) \"Jl\~. b ~st durina the th i r d senson 

( Fig . 5(ix)) . Th i~ m,'ty be t.lt tributcd to the 

r e l c.t ive1y IOi"! r'"ll - tiva humi d i ty (n . H. ) 

recorded during thh .:; peria.d n~ comp fl.n~d to 

the [Jcnc~M"' lly higl, I ~ . H . vn lue s r acor ded i n 

th e fi r'st Ano !;ieconcJ p lanting se3sons . n i gh 

Il umidity i g kno ' 'n to encournge fung~l 

activi c)' o n th2 a lumes a nd seods , leadi ng 

to diBco l oured !>~cds (Pet~r,~n , 19GG j 
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Groin ~hrivellino is nlso knoGn to AccompAny'

hiGh temperatures at grain filling, GSPecicllr
o

(\5 temper;-d::Ur'es inereose nbov e 30 0 (Asana

nnd Willinms, 1965).

28. Effsct of Planting Dnts on Grain Yield nnd its Components
.......... ..::-~ .~ ::-:'"'~"\-·""-'-::t: •. _, ;.' •• ,,""_,",V,__, _-L. C".=-. ~.,.-~ •• \ '.,-''; .' • _L. ~,-.- -;~'-.<" •••,.- ' •• __ ,"""."~_"""' ...o;":"'"_::.t._", "",.•~.~_.~_ ..JO____

The first plclntino e18C1S0n(pnrticu1C"'rly tho June plcmting)

We-'s signlficClntly the most f'nvour'eb Le for arcdn production (Fig.

Sex)) j This W'1.S f'oLl.ovred by the third aeriaon wh i.Le the second

in- the exprossion of the yield components, nC'mely: rrumber of seeds

pcr ap i.keLo't , number of spH~l-:)lc>,t,,>per pLarrt and urri t orain weight

(Fig,~l. ~_)(xi)-(xiii)). This trend may IJD nttributed to the Vi:.lrio-

tLon in cLf.mntLc oorrd.ic.i.orra thert p reved Lect during the p ro ject ,

Thr-e.: k oy stnoes recogntsGd in grain f'cr-ma t i.on and crop

yie]_d in cercals are:

(i) The C1-t;C\gO of fLorrif initiation and infl(JY'l3scEnr~e

development when the rotcntial spikelet and floret

number'S eTC cietc,nnined (rly1u, 19(13),

(LL) tll~'stage of antIH'!sis and frn:'tilisation when the dOOl'ee

to VJhicil thLi prrtrmt:i_,",l :Ls reE\lism:l, is f'Lxed (number

of seeds per spikelet) And

(iii) til i) stage of grain filling when grain weight is supposed

to progrossiv[-;ly inCn:1aS8 (Slatyer, 1970).
Optimum ternperaturos for the three st::rJes mentioned above

ar-o 1~llm·Jn to bG bet\!J8Gn 10° and 2SoC I'd,til rn(D<irnumuna minimum

t t . 100 d ~?oC (Evanc at ~l 1970J' rospec-,amperE:\",ures DJ.Vf3n fiS [-11l ,),_ J c- ,:> ~_ ,':.~~' ,

tiv€,ly.
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Gr n ln - hrlvellina i s r~lso knO ' !n to nc c omp rmy 

h i r h tcmper3turcs a t gr~in fillinO I oGPeC i c lly' 
a 

r:s t empcr " turcs inGrense ubcve 30 C ( Agan o. 

I\nd \"/illinms , l a6S ) . 

The rir.st p l .-nting sen~.on (portic ul..- rly tho June pl::nting) 

\'J [\ 5 signtfi c ::1ntly the most r nvour ,-:b l e for :fl~' C\ :tn production {Fig . 

S {x }} . Thi~ \"/" s fol l o ,'ed by the third sonson \'/hi l p. tho second 

S8C'.son provod the lO!1!J-t -F :""lvour, ble . A similar h",md W i~ utJ SEll"'Vod 

i n t ho oxprossion of' th o yi e ld components , ni"Jils ly : number of seeds 

!"If..:r opiko l c t , nlJmbcr o f spilwl ot :; pnr pl.-tnt .. ;n ~J ur.i t orain ~'! eight 

(Fiori , G{xi) -( xiii) . Th i !'l t r end ma y un nttriuutcd to t h o va ria-

tion in c li!'lRtic condi ci a m; ell Lit r> r~vailed dUl'ing th 3 :Jl"'oject . 

Threll kay sto.[JBS recogni,c;ed in ~Jri"l in 'fo rm il tion rmd c rop 

yie l d i n Ger ca1 :3 are : 

(i) nm !,t , gc of" f l o r ol initiation n:1d i nfl o rcsr. cnce 

devel opmont when th3 po tnn"t:i nl ;~')ik~lr_ ":: a nti floret 

number s i l"C cieto~lincd (ny l iJ , 19["-.(3 ) I 

(ii) t ha s tuge of' unt:)(JsiG nnd f''1rti1isa t i on when the doa ree 

to \Jh i ch thi :; ["If )tf'nti;· l is rm~li!Jed , is -Fixed ( numbnr 

of sceds p 8r sp i kalet) unLi 

(.i i i) thn stag e or gra i n fi lling \'/hGn gr rdn weight i s s upposed 

t o pro!J r p,:-,sivr:!ly i nCrn[l['.:3 ( SlAt yur' , 1970) . 

Optimum tnmpel~;)turo~ for tho three st '"nBS mentioned above 

ar~ 1 ~llO'"Jn to be beblCcn lSO and 25°C \'/ i til m,'xi mum end minimUfil 

a 0 (. " ) temper'a turcs rJ iv E!n fiS 10 £1 nd 3? C Evans ~ ~-tl . I lq'i~ rcc-.pcc-

tivnl y . 
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TOl11peratur'esbe Low and above these rninL,lun1 und rdQ;'.imu:n limits

prn. O!'iJ:! ..litncinl] EmU may r'e s: 'I'Ll in complete f,,:ilur8 or even

death of the C~r?lJP. /-\t hiah t8mper;_lture~, CIS \'!E1r,' CJE)Ilr.:;l\.~lly

CJbSl3rvnci durinc! the p r'o ject, the crop is knovrn to undergo stress,

<="I"'C8IJ'C'l' b-'l r, (O·,:Jroll 19r;1'.._IL. ....) , ··'1 _I-, •• ~J' _, i"le.cc!owull, 1973) •

Tho combLnrrt Lnn of relutiv8ly low temp~ratures and good

r:·d.nfc!.11 (luring- tho first pLarrt i.ncr seuson nay account for the

I:J[J~'ityLnLd pr-ouuct ton in this seGson. At the high tempcrutures

(J:'Uli-lt;iv:] to optimum conrrit i.one f'or' wheat growth) that preVAiled

during the project,ndequate availRble moisture could ~ell be a

Y'equisitn for good p8rform~nc~ of ~heat. It is kno~n thnt 55 Q

,,,oaIlE; U;' i-H'utuctiorl against hen:i:; (thermal injury) whe<"1.tpLnrrt s

unci,'rr}O rapid transpirEltion in order to n18.intc:1in leaf temp8rt1tures

o. ( )of about 1 - 2 C below amblont t8mperatures Henckel, 1964 there-
by Im:;ina l"'l.rge volumes of moLs+ur-e to tho atmosphere. VJithout

udeuuat;e noi L mo.i.stur-e therc'3fore, the .crop is SUbJected to ~,tress

whl.oh is knov-ri to affect sevf3rnl phy ei.oLoqi.cu L Pr'ClC8GSeS in whea t ,

AccCI:cdirlD to Slc'.tyr{c (L/?,J) prclong-c-lci StY'8SS Lnduc ns LJ.

m2~(8d r8~uctinn in totol spikelet number and orain nu~b8r per

o
tures of about 30 C (Frinnd, 1966) theroby Bffectin~ the aCcumu-

the S]Y'id.n fillinQ period.

Sjxl:'.,'~ r:rruin y i. ':leJ IJY'miuction in E\ crop like wheat is brvaad ,

to an c;~lIJr(Jci'\IJln cxt errt , on i b3 veg8tc:,tiv8 struc:l:lTe(photo-
syn~h8tic size) attnined by tho time of anth8sis (Bunting and

Drnrl'l"r' J n':l"~) 'tIl"' yo: 91,--1 "J.r'[:!lciteci c\i'·'.r'C'.c-Ge!'f; di",.cus:"ecl C-!'JQV,j,......' \ LI. I, ." LJ -' ,l__, . . .,..
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p r n d"·b:i.. li i;ni..:inry ftn~ r.18Y ros: l ~.,; i n complete ( t ilu re o r even 

d ea t h of the c rup . At hicrh t p,mpercturE!~~ ~! .s m~r,' ;J8ner · lly 

()1J5Q l"'V~r1 durinQ th8 pl'uject, t he crop is kno·:!n t o u nde rgo s tress , 

p .trtiClJl:lrly dur:i. l1u the firsi:; two :3ti1ge~ , "11"1· 1:1 the crop is mo st 

S'-l:·'("'.8:J t i bl::: (O:I'": n , 1971 i ilacdo\'lol l , 1973 ) . 

The co mlJ i nn t ion o f relnt iv81y 10\'1 t e mper atures and good 

r ' :i.nfi ,11 durina t l,e first plnntinn sen s on ,-:lay account f or the 

bost yinlrJ p1'Cduction in th i s S83son . At tho high t emperu t ures 

( r~Jli-l ·l:j.v ·J t o optimum conr.!itione fo~'" whoat gro·.'I t h ) thclt p r c vf.l iled 

dU1":i.nO the pro j cc·i: , ndeo,u n tp. B.vnili"'lb l e moi~;tu)"'e c o u1r.l \'!ell b3 e 

:ccr:u :i. sib~ fo!' rjood perfo rml·.ne :'"": of ',.'ha cri:; . Ii:; i ~; l<norJn tiled; ::ts £I . 

.. 1001115 0, · rJl'Ll·i; rJc t i on i:lg a inst he i,.t (thermnl in j ury) whe,""'; t [l l nn ts 

umJ· ! '1"10 rnpid tran spirot ion i n orde r t o mA.i nt n i n l e€\f t emper a t urrm 

of about I p' 2
0

C bGl oVi amb i rm t t nmpcr .:rtu!''3s (Henckel , 1964) there­

by 10 s i no l i1.rgr. vo l ume s of rnoi stu)"'::J t o t h o at mospher e . Wi tho ut 

::J.de qul1t r'! ::;o i l moistur'e ther nfo r c , th 8 .crop i~ s UbJccted t o :ltre:;s 

~!hich i s knm.' n to n f fect sev er nl physio l ogicnl proce:;s8s i n \"-Ihent . 

Ac r:ordi:1!1 t o SLT i.:y rl!· (J.~.-;'." ) prrJ lonQI'·cI strs ss induc .!s '-l 

m:~llic nc! r 81":: uct i nn i n tot;: .. l s!J~.kGlet n umbr. r nnl.' :.:!roi n nur,1ber p er 

a: l" ill \'ihent . rJo t pho·l:o"yntllctir. r'B CC) i s £.150 :L'13cl uccd nt t er.lpor n­

tUrL~S of ,rbOLI-(; 30
0

C (F r i :JncI J l S66 ) thRrclJ y eFfectina tho m:cumu-

J t :' orr cf f"J r ,<:i n dry r:1r~tt 'l l: B5prr. i r lly vlhen this coinc i e! 5 \'l ith 

til €: ard.n Fi l ling per iod . 

3in~.! 'Jr' ~':i..n ),i ·ld n r n, 'ucti on i n (-l. c rop like whoat i 5 b ~\sed , 

to an C,lrlror, i · bI n OAi;ant , on i t~ VGgclti;..tivl'J r-d:ruc:tlTB ( photo­

!3YI~\ t"I (1tic :::-- :i.ze) o t t;;d.ncd by t h n t i me of tln1:hm>i s (Ount i llg and 

Drnnn .. tn ) 1:.';:.6 ) t !13 y.: Gl~-:' l"'81lt t cd ell; .r·-cb :'l rr; di~cu [':-er! "'}OVr-l , 
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~r8 likely to have had important direct effedts on grain dry
matter acc~mulBtion and h~nce may p~rtially ciccount for the trend
dbserved in grain production.

It is appa~ent from the general trend in planting date
mean v£:dug~>·:-'orE;1.11the ch~'rac-h8rsstudied that the first
planting seasdn (the June"plenting in particular) was the most
f'avour-eb Le vbo the performan6e of Wheat" This was f'o l.Lowed by
the third,saasoh. The second season {particularly the September
planting} was the least favourable. As has been explained a.bovq,
the comb~nation of relatively cool temperatures and good rain-
fall d~ring the first p~anting season ma~ likely be re5pons~~le
'or the obso~vedtrond. 'It is possibie that'in~denuato watering

" ' " ,

during the second season may have lod to the comparatively
better performDi-1Ctof the,.crpp in the -third eeeson even tho1;1gl1
temperatures we~~ slightly higher in the latter sesson thari in
the former. Orie could, surrr,ipeh(3~e;tha:ti;7t,hight,empert\tu~e;;;
such as,prevailed during .the projEjGt,,mo;i.f;tur.e,mf:?,Y, be a f<;1.,C?tpr
rnor'e +imiting,t(:j,'wheat perfprmancG them small increases in
temperf:;ltut'e.,

A" Porformcu"'cP
l' \i'.~,~'~;'" "'::'~,~

(i) Grdwth durotion
and potential
~ : : t.. ,,,

" •. ,'" • I( . \ ,,': ;,;,r ';, !
Although the, growth duration of tilecrop

{ '/ --'I ; I,;' L.. i..': ''I . :~"P': ;~

appeared to be reduced, most probably due
• f· .. ", •

to the high' ti3mperatu!'ElSthat prevailed
~ .-,.; '. ,( 7" ) . - i'':;'

during the project, the cultivars eQuId
'1

be classified as ffbllows, on the basis df'

',;,/

yield capacity:
, ~

':1· ,','..,
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are 11k.ely to ha ve had importa nt direc t e ffects on gr a in dry 

ma tter accumu l C'ition and hence may partially account for the trend 

observed i n grain production. 

It is e.pparent fro m the general t rend in p l clnting date 

moan ve l u'l;} ·:--or a ll the c!-. :-, rac t e r s stwdi2d that the fi r st 

planting SBElSan (tile June pl a nting in particul fl r) was t he most 

t 'avourabl e to the pcrfonnanc e of wh eat . This was fol l o vJed by 

th e thir d seaso n. The second se~50 n (particularly the September 

p l anting ) \'las t l1e l CE\st favourabl e . As has been explai ned abovs" 

t he cOmbinntion of r el atively Goal temperatures and goad rain­

f all during the first pl a nt ing sanson ma y like l y be respon~ible 

f o r the ob servod tre nd . It is po ssi b l e tha t inad8~uate wa t e r ina 

during the second s oason may have l ed to the compa r a tivol y 

bettor perf()rmu~let of 'the crop in the t hi r d season even tho ugh 

t emperE'.tu r es \"Jer e s lightly hi gher in the l atter sea son than in 

the former. One could s urmise here t hat at high t emperc.t ures 

such as prevailed during the projec t, mo i r,t ure may be (OJ f actor 

morc limiting" to wheat performa nc o tha n small increases i n 

t e mpera ture .. 

(i) Gro \"/ t h dura t ion 

a nd potenti a l 

yield c apacity : 

. , 

Al though the growth dura tion of the crop 
I , 

a ppeared to be r e duc e d , most probabl y due 

t o the high t emper atures tha t pr eva iled - . , ,-
during t he project , the cul t ivar s c ould 

1 

be c l assified as fbll ows , on the basis df 

., 
' . 
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(n] Early lili:turinu cu.Lti.v 'Tn I,d_:;h up to GO

~, 4, S, 6, 7, 0, 12 Gnd IS.
ee) Lntu m,xcL!l"in[i cu!_tiw\Y'c' \tlith '76 - [\j

cl.iy s dur-u+Lon , eOlllp:L'isinq ,~ee:::15sions

9, 13 and 16.

stl.ld:i_,~r:I.(usin;:r thil oVt.~I'['ll cu::j,tiV:IT Il1'J£:1II VE\lu8s) c,nrJ the

to ~nth~sis, tot~l dry ~cight / ~lnnt nnd f~rti18 til1sI'ing

i, lC tcmt::.il.l y LuLr.l ci,l1r.::_·(:y in i.:. enJ:] lil-~( 'ahefxt (V: in DobfJon,

1'1"'5011 1CJ70' Yl'J"I'l-i,I" 1"7")) TI'lf-1 ~t-ronr-r ,'lIld iT:n'-tivGF.iv,.· ,,_,~ , . , ; __'.. , ,_:, ,'_. _ _ ~ ,_
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1:hnL ov:"!!';' 11 r.H!'-n !Jr'f"J'~t:l d u:;.'nti'1n v 1u '~; : 

(<'I; Eu.rJ_~' hi tur-i,nn cul·:::i.v 'rt; ' i ;;11 Up to l"1O 

d' \y lhJl':,t ~,··l n . TIICG8 rif'l':: c:uli;iv. 1''1 

( f1r.G~:5s __ ,On!, ) 10 , 11 ilnd 1 · . . 

;' , I!., !i , 8 , 7 , 0 , 12 a nrl 1::, . 

c.i ,tys dllr: i; i on , comp:"i<.inq i"'r..ccs"ions 

9,13 _ 16. 

"
0 ' I"'" , ..... ; '" to" 1 'Iry ""p"',gl,',,, I 01,"" "" • '.: 1..\ . ~'~'.;o , .... ,.! ~ ~ IJ l. nnr: f nrtil(' til1 erinn 

lon'~ fj'"'Q inr. l ~!'io ri in (lnll ncin rT ti"ie 

Cli,,' J, i!~ . 'rj-,CI· j; ( v r10obbcn , 

c(l):'rnl . ·t:il ln but '.I' 'en ')1 '(nt i: c!u r·j.l'..: i o n .mel r ::n·t i l o U.lJ. rJrin,-; 

,r. l, ncl'ln 1:0 ' J. p· r-.or.i t'!I. r::i.t;, 10',' poll an Vif'~} iJ. :; ty o nd 

, l ' (I " ;0,' .:: ~,:y ',l r' n 
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TI1BLE 2 ~ LINEAR CORRELATIONS ~:'.J10NGTHE CHlJRACTERS STUDIE.

COP....r?ELATION COEFFICIENTS

C1FlR'1C"'ER Xc.:
i_f.., 1. '.,

.,---'-'-'- _ .._-
I jGrain yie.ld/ v -J-* ,:.*

"'1 0.795 0,21.1 ··0.239 0.594 0,·:]91
plant

>1'*
Seeds/spikelet X2 0_.016 -0.676 00226 0,330

No of Spikelc=ts/ X3 I 0.82.')**
_l?la n.!:___ ·-0,23.:1 00268

,----,-- -
iooo-s»e« x

4 -0,081 -00254 I

wei qhi: (g) :

---
Total dry )[ t: *t-
Iwight/plant

.J 0.532

-. ._-- -
Plant

., . )(
lle~_!J::1-]t(:7?) __ ._~_._

Tlllering rate l{/"7.----
No of days to -'1

anthes_ts
.l~8

------- .. _.-
No of '.7 ~ to "aeus "9maturity
-- -
F.:::rtiletiller- X1Q
ing percentage ('j~)

-. .-

no of leaves/ Xl]
})lant at anthesis
-_._-----

v
Lodging Score ·'12

Seed quality X13Score
-

FOOT NOTE; * and .Indicate significance at 5~o and 19; le\eZs respecriv eli;
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TA. BLE 2 : LI NEAR CORRELATIONS ::BONG THE CHARACTERS S'I'UDI::. 

COr.RELl1TION COEFFI CIENTS 

CJl.'RjjC'1~ER , X2 X3 10. X, X< 

Grai l] y i e ld/ ., 
0.795 "'· 

.. 
pI ar.t 

" 1 0.211 .. 0.239 0 .594 O. ~ 9l 

.. 
Seeds/spikele t X 2 0 .. 016 -0 . 676 0.226 (J. ] ]O 

No of Spikel Qts/ X, 
0.82";** LPlan t 

, 
·~O .2 ]d 0.268 ._- . 

lOOO-SQOO X .. - 0 081 - 0 . 2SI; :"~ight (g) 
, 

Total d r y X5 .. 
lIC?ight/plant 0 . 532 

Pl ant hCi!l!'lt h ) "6 

Ti ller ing ra t e X, 
--
No of days 
anth~sls 

to ::0 

. --
No oE days to Kg 
ma turity 

F~., r tilc.' tillcr - XIO 
ingperccntage (~) 

lTo of l eaves/ Xll 
;;lant at anthesi s 

f-'-
LodfJin~ Score 

X
12 

Seed 
Scor e 

quality Xl] 

f'OOT NOTE ,.. and ** Indicate signifi cance at 5% and 1 % l e , eis m sp..."'Ct.ivI11y 
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)IED (USInG OVERALL CULTIVAR l1R1.N VALUES

t r

Xf3 X9 X10. Xll X12""7 -------------- ----
O,3.(] 0.112 Oo08B 0,310 0.299 0.205

0,110 0.010 -0.001 17.19'; 0.116 0,:129

o Q .938** ** :;.* : ** **00921 0,918 !-D,682 0,891 -9.392

--0,_259 -0.391

f-:!- 'c * *~~
O,B53 0.705

0,330 00353

**0.917

?Ly,

0,360

0.286 ~0.262-0,308

** iOJ23 !~O.302
i

X13---r-------,--- ..=.:..--_
~00388 •

·-0.278
I

**0.826 -0.131.

0,012 I 0.489
-'

0.895
. ~t*
'-0.486 0,944 -O.03(~--~~------r--------+--~---~

,1-,,-
-0.65"1

;.l-,t-

0,955

-0 293

-0,190 I ~0.030

**-0,606
>1->',

0 ..93,-;!

~OJ;95 0.267

O.OOS

.1_ -0.067 ·-0.190

-0.165
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lI=D (USIPG OVERALL CULTIVAR liE.1N VAWES 

'. 
'7 x x 9 . '- 12 Al3 , 

0 ,30 0 . 11 2 0 .()38 0.31.0 0.299 0.205 -o . Jas 

0 .110 0.010 -0.001 0.19·; 0.116 0 .129 -0.210 

1).::. 33 .... •• :!'II' . .. •• 
0 . 921 0.918 0.682 0,891 - 9 .392 0.076 -

-0.259 -0,391 -0 . J08 0. 286 ··0 , 278 - 0 ,28.5 -0.252 

, t- •• .. >t * •• a. B53 0 . 705 0 . 723 - 0 . 302 0 . 326 -O , J31. -0 .126 

0 . 330 0 .35J 0 . 360 0,01 2 •• 0 . 012 0 .489 -0 .671 

•• .h~ 
. •• 0.917 0 .895 -[). ~J!J6 O.9~'; - 0 . 293 -0 . 03( 

, .. ., •• 
0 . 97 5 -c . 65 4 

I 
0 .955 - 0 .194 -0.030 

.. .. 
--0 . f.06 O .93~ ··0 . 168 0,005 

-0. <95 9 . 267 -0. ;27 

-0 . 067 -0.190 

-O . 16 ~ 

I -
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It ',In[; Fl.'i];:\l'enl:: thct total dry vleight/IJL:mt (yiL~ld cripac Ltiy

potentioJ_) VJus strongly ane:! po s i.tLvnl.y es soc Lated with both grain

yielcl/phmc Dnl: numbur o f cJnyr-;to rrlutur:U:;' (TcllJle ::2 and I!"ig. 6a).

Ther-e \;'!W3, hoummY', [J. W8C1J<:: as::;ociatlcm betw~38n grm"fth duration

and gr~in yiold/plnnt (Table 2)* Although it is believed that

th8 longer the vegntative and grain filling ph~ses, the greater

tl12 proiJC:~bility of high yield in 1'\ or'op (l3unting nnd Drennan,

E)CiCJj31atyur, EnD), Lonrj dU1"i:tt:i.lJncul·::ivfl.rs ore not necessarily

efficient in proGucinu high oconomic yield [crain jield/plRnt).

The:'! follovling equrrt i.on , introduced by Nichiporovich (1956) ,may

ha.l.p to oLuc Ldrrt e tile re1i\timlship 1J8h.'ee~l yiBld CE"l\Jc1citypoten-

tial cnd Bctu01 yie10:

Y I< \I
/\ y

bLo L,ecori, ecori,

where Y = economic yield (gr3in yield in cersals)
econ ,

Y' :: iJ10109icol y Le Ld (totE'l dry I11cltter
bioL

accumuLnt.eu] rind

v
I'
ecori ,

horvnst index (the coefficient of

effectiveness of form~tion of the

aconomi.c PQr(; of total y Le Ld ,

K an ini18x'Fmt cultiv:lY' Cil[·;.r~1.Ct[Jrknown to d'i.ff er-
econ.

f r-or: cu Lti.var' to cu.lt i.vor' (Yoshicb, 197:~1) o.ne! exprDssoc! bhr'ounh

t:18 modl at Lnn of onvironmontal factors (Pinthus, 19GL~). So that

Y per 58 does not dGt8n~in8 tho roalisation of Ybi.o L, ~~~"= econ.,
For 8)(C'rnple thE! modi.um durrrt ion cu Ltri.var's , accGc.,sion::; 3, G, 7

ene! CJ of r:Jlr.:d.;ivoly Lov. total dry \'.migllt/plnnt val.ucs lilere

signific<:tlltly hir;:rIl8r'yi .Ldor-s than the 1,~te maturin[j cu1tivurs,

S', 1:'1 arid 1G "lith hiuhGr vcllLms of total dry \'J8ight/plant.
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Ii; \/I" tl r. ")1reni.; tht't tot,ll dry ~J eigh ti!ll tnt (yi''lld cnp ."].c lty 

potenti:"'l) lin!; r;tronUly and positively a ssociRi.:cd \sith both orain 

y ield / pl-'nt; nm.: nUmbt"!l of cl:1ys to ll111tUl~it:' (Tn:Jla 2 'lnti Fig . 6a) . 

Th~r'El Y'r.<; , hC'l'.Jf:!vElr' , ( I rl fl i3k association betwoen gro'.!th durat i on 

a nd grflin y i e:JlLi/plnnt (Table 2) . Al thoWJh 1 t i ~; b131ieved that 

th l~ langel' tlw voanta tivo And grain fillinG p!1 '\ses , the g r aater 

tll r-: i't'Oilr .biU:l::y of h i gh yield in n nnp ( FJunting n nd Drenn an I 

1~.JC.C. ; :..ilutyn:· , 19?Q) I 10na dUl~ath-1n cuI tivnrs '"lTO not necessarily 

officiont in p:coJucinu h i fj!l p.conomic yie ld ( cr,'i n '.d.eltl/pl:mt ) . 

Tha f'ollm/intl cqu Ition J introduced by Ni chi(")orovich (1956) , nDy 

h~l!1 to I~lucid:· te tile r elutianf"J1 i p hct':' er:l:1 y ia'ld c il!ncity no t en-

tilll f' nd tlctu 11 yiolLi : 

Y :K XV. 
ecan . econ. bl.o l . 

\'Jhere Y .,.- economi c y i o l d ( g r "tin yinltl in cereals) 
ecan . 

Y, "" lJic l ogi cal yield (to t .... l dry lI\(tt t c r 
lJl.oJ . • 

,"\cCUllluli ,ted ) Gnd 

1< 
ocarl . 

h flrv llst index (the confficien t of 

8f'foctiven~.sn of fOl"l;'\~\tion of t he 

economic .... a r .. ; of to t al yiel d . 

K 5.!> o n i nhernn'l; c ult iv, \)" ci,(lr ... c-[;ur knolln to differ 
econ . 

fron r:ultivul~ t c r.ultiv~\r (YO~i'id ' , 19?; ~ ) nnd expr 8ssm:! throuUh 

:;;'0 r:lnrtiatinn 01- o nvironr:lontfll fnc t ors (Pinthns , ID64). Go t ha t 

Y Ror .GC rues not dotr.r n i ne th ' r calisntion of Y 
b i o l."'-· - ceon . 

Fo r Clx:-unp le the modiuf:l d;JI'-:t ion cultiva rs, aCC€55iLln:; 3 , 6 , ? 

, n ti jj of r 'l l a tivoly 10',: {;o:;al dry :might! plnnt vuluos \Iere 

s~.!Jnif~,r:-,ntJ.y hig!ll]r y i ,ldnrs U'an the 1<:rl:o nl3.tur ing cultiv<1rs , 

9 , 1,"1 {,\nr! I G '::it!, hiuhnr v~\l ur-,r: or-' totu l dry \'JI~ight!plant . 
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9, 13 and 16.

TtlUS cultivars 3, 6, 7 and 3 wore rolatively more efficient than

(ii) Yield and yi31d
cumprinurrt s :

Of ths ,yiold cbm~on8nts, number of soeds
per spikolot Bppoarod to be thA most
important in the detormination of grain
yield produotion as was found also by
Aaarr.. G.llCi'iiIILlms(196:.3) arid Shllllonsand
Moss (1970). The cultivars 6, 7 und 8

gelve till:; higllGSC recorded vc'}luesf'o r num-
bor of 582.0S/ spIke Lrrt , and hence theil'
high values of grain yield/plant (Table 3),
Numb2r of spikslets/p12nt Bnd unit grain
VJ8ig!ltshovmci wecl, associ::tion w i.tilgrc1in
yield, indicating the relatively low
importancn of th8se components in grain
yiold determination (Fig. 6b), The ne§ativB,
t.hriurjhweLdc [1s~;ociDticmiJetvJeengroin yield
unci unit [JY'nin\'JAightseOlilSto !3U998St that
the lorU8-sneded cultivGrs were generally
lO'.f8!"yielding thi~n the si11t:ll-s88dc:3clonp.s
as apparont In Table 3. The largo-s8eded
cultivCT!;';,l~~ .rnd It!·were observed to be
lower yieldino as com~ared to tho smaller
seeded cu~tivurs, 4, 5, 6, 7, 8 and 13.

The strong Gnd negative linear
ossociati8n between the components, unit
gr;;1j_nweioht nnd number of 5(38[L5/spikAlet
(r::ig.'7) 5uggestrl the ex:Lt;tenceof i:..C
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TllU f; cultivctr~~ 3 , 6 , 7 a nI:! 3 \'Iere r a l nt1vc ly mo r e (rf ficient than 

9 , 13 and 10 . 

(i1) Yi e l d ,'mi yi~ld 

comron~nt;, : 

Of the .yiel d comj!lonont~, I nUMber of s ands 

per sfJikclct nppcnr ed to be tim r.lDs t 

im;Jortant in t ile dctr.rrnin2tion of !J r o in 

yi€.ld produotion i1S ',:/;-;8 found ulso l:1y 

,';!".un" nne1 Jj.lli 'llls (196 ,; ) tlnd Sir,lmons and 

IID fiS (lJ 70 ) . Th r. c ul t iva rs 6 , 7 nnd 8 

g::V8 t ilL! hiahC!sG recorde d v~lue5 for num­

ber of s C3dc./ sp i i<.e l lJt , and h rmce tl,eh' 

111gh va luns of arL~ in yi81d/plant (TClble 3 ) . 

Numbr!l:' of "p1k :lets/n l f.l.nt Qnd uni t QTain 

l'IG i ght sho\/ct! m~t\k associ, "tien I'/ith grain 

y i oJxI , indic~ting the reI!' i.:ivo ly low 

i 1l1f)ortnncf1 Dr tl1 :;st! componen ,:D i n g r a in 

yi.31 rJ uct IJrmi n. ';;10n (rig . 6b ). The negative , 

thouah ·. :Qd~ nS!loc i o tian be t ncen gruin yiel d 

and un i t !Jl"nin \"r!i ah t se8101's to s uggest thclt 

tho 1 m"JC!- sfJr':loeci Gu1i..:i v, ,rs \;ere yencra11y 

1 0' '81' yie l el i ng t il ' n t he GOlL11- scedor, on<!5 

[I S .'l[)!)tlrcnt in Tflb l e ::1 . Til e Inr[J8- '~ocdcu 

c LIIl::i.v f' ::- , I ::! .. nd 1 4 rlare o bBerved to b e 

l or:er ~dclclinl] ns com;Jf.lr ml to th e smn1Ier 

seeded clI[1:tiv ~,",r5 ! 4 , 5 , 6 , 7 , 0 a nc! 13 . 

The stronq umi nsgutive linnar 

~ssociA.tinn lJebH3en t h8 cOr.lr..lO nrmts , unit 

Or ",ln vJeiuht <mel number of s :mrls/ sp i k81 et 

(Fig . 7 ) 5ugges'i:s the e xi!'itencB of i.1 



TABLE: 3: OVERALL CULTI~~ MEANS

C U L

CHARACTER 1 2 3 4 5 6 7 8

Total dry wt. 2.40 2.10 3.15 2.30 1.BO 2.80 2.55;Jer plant (g) 2.80

Tillering 4.1 3.9 4.3 ,4.0 3.3 4.2 4.1 4.1
,~

Fertile ,t:1.l.1ing
jpercent:age (%) 70 52 69 60 73 67 71 75
I,

Plant: hejght 46.3 43.7 49.2 46.5 '14.4 46,7 t45•6 46.0
(em

!

No of leaves/ frlant at anthe- 21 22 23 21 19 22 122 21
ds " i~- ,-
No of ca ; to 45 52 48 49 46 47 147 46
anthesis •
No of cays to 65 J 70 - 66maturity 66 70 67 67 55
r---- ,,_,

1.4j 1.4 11.6 ......0..:---

!:oi!gin'l score 1.'1 I 1.5 1,6 1.7 1.4,
1 - --,', Seed quality f

.E2c~_ 2,9 3.3 3.2

~

3,1 3,2 3.0
-

Grain yield/ 0,55 0,30 0,70 0,65 I0.6e \ 0,900,40, 0,351
plant: (c-) ~

_' -~.
No of seeds I 1.2 1.0 1,3 1.2 1.2 1.5 1.5 1,7
p._P ,!, spi.kelet

.............. M ••

No of s.If.J.~clets 48.9 52.9 58.5 '53?5 40.8 54,3 47.6 50.8
p:r Plant: ,

iooo-u-a,

, 'W~.ight(g) 28.5 26.0 27.0 21.0 22.0 2l.S 21!_O_ 23.0~-:-'- -. r-Calculated yean
g,ptl(kl~ 11 588 320 6158 ,120 S.2~ 855 7:;5 1020
L cz ~ Aa

.
---<:.... - -- . ~--,-
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TABLE: 3 : OVERAU CULTIV}~R MEl1NS 

CUL 

CHARACTER 1 2 3 4 5 6 7 8 

To tal dry wt . 2 . 40 2 . 10 3 . 1 5 2 .30 1. 80 2.80 2.55 2.80 
.,e r pl ant ( g ) 

Tillering 4.1 3 . 9 4.3 4.0 3.3 4 . 2 4 . 1 4 . 1 

~rtile tilling 
70 52 69 60 73 67 i 71 75 percentage(t) 

Plant llej ght 
( em 

46.3 43 . 7 49 . 2 46 . 5 44.4 46,7 I 
145 •6 46.0 

110 of leaves/ 122 rl ant at anthe- 21 22 23 21 19 22 21 
['1 s I -
Uo of ca , to 45 52 48 4S 46 47 147 46 
anthesis -No of Gays to 
~turlt y 66 70 65 70 66 67 67 65 

-
Lodglng~e l A I 1 .5 1 , .~ 1. 4 1.6 1.6 1.7 1. 4 .-
Seed qual i ty 

2,9 3 . 3 3 . 2 3.3 3.1 3.1 3.2 3 . 0 
~cr!:_ 

Grain yield/ 0,55 0 , 30 0 .70 0,40 0 .35 t 0,65 0 , 50 I 0 , 90 
planter) 

No of seeds 1 .2 1.0 1. 3 1.2 1.2 1.5 1. 5 1.7 
i 'fJP .~ spikel et . 

No of spl kelets 48.9 '52 . 9 58 . 5 
ID,r D1ant 

53, 5 ·;0, (J 54 . 3 .0.6 50 , 8 

.lOOO-st:>ed 
we laht(Q' 28.5 26.0 27.0 21.0 22 . (' 21.5 21.!0_ 23. 0~ 

~~liula~ d 'ran 
$f3'l~J1 588 320 658 ..,20 S.:l~ 855 7 ~fi 1020 

. 
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qNS FOR THE CHARACTERS STUDIED

JLTIVAR
"

'I

8 9 10 11 12 13 , 14 15 16 S'1.~lI.NDA,:7.DERROR

0 3.15 11.75 2.00 2.65 3.20 1.80 2.10 3.30 0.1159
I

5.4 3,4 3,5 3.5 5.4 3.5 3.9 5.1 0.1768
,

72 73 72 78 59 73 69 49 1.7166
.

0 47,4 34.'1 35,7 46.9 43.2 43.5 42.6 42.5 0.7252

30 14 15 18 28 18 19 27 O. 185, ,
.,--....;; -
, 60 39 39 41 61 43 46 59 0.5554

, J
; 78 57 58 62 80 60 64 82 0.5987

4 1.4 1.2 1,3 1,5 1.2 , 1.3 1.5 1.2 0.0884,

0 3.0 3,6 3.7 :::.8 3.0 2.8 3.3 3.7 0:0707.
,90 0.55 0.35 0,401 0.55 0,65 0 30 (j.S5 Q,35 0,0133

I
... "

,7 1,0 1,0 1,0 0.9 1.4 0.7 1.3 0.7 0,0530

,8 64,9 38.2 <2.9 ,H.9 79.2 43.7 46.5 77,7 3,2370
//

I

,0_ 26,0 28,0 27 ,0 39.0 -: J.O 33.0 23,S 27.5 0,55'9'0--. -_ I-- -- I- . - ~ . ..

10 618 313 358 508 673 330 533 305 58· 4SS1
- -

University of Ghana http://ugspace.ug.edu.gh

- 65 -

rtNS FOR THE CHllRACTERS STUDIED 

')LTIVAR . 
8 9 10 11 12 13 14 15 16 STllflDA'1.D ERROR 

0 3. H 1.75 2.00 2.65 3.20 1.80 2 . 10 3 . 30 0 , 1159 

5 . 4 3. 4 3 . 5 3 . 5 5.4 3 .5 3 . 9 5.1 0 . 1768 

72 73 72 78 59 73 69 49 1. 7166 

. 
0 47 . 4 34, /J 35, 7 46.9 43,2 43.5 4 2 , 6 "2 . 5 0.7252 

30 14 15 18 28 18 19 27 O. 185 . • 
-
: 60 39 39 41 61 43 46 59 0 . 5554 

• 
: 78 57 58 62 80 60 64 62 0 . 5987 

4 1 . 4 1 . 2 1 . 3 1.5 1.2 1.3 ! 1.5 1.2 0 .0 984 

0 3.0 3 ,6 3.7 :.9 3.0 2.8 3.3 3 . 7 0:0707 

90 0,55 0 , 35 0,40 0.55 0,65 o 3D 0·55 0,35 0.OB3 , , 

,7 1 . 0 1,0 1.0 0 . 9 1. 4 0.7 1.3 0 .7 0,05 30 

.8 G4 .9 38.2 ~2 ,9 ;1. !J 79 . 2 43.7 46 .5 77.7 3.2370 
/ 

. 0_ ~ : O ._ ~,O_ 27.0 _ f--"9. 0 . -1.0 33,0 23,S 27,S O . $~O 

'" 618 313 3<8 508 6 73 330 533 305 58' 'l631 
-
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where seod set VJilS p001', thf:"Jre \'}U::'i ~1f:men'l,lly P\

production of larger soeds sinc8 competition
among the [;oeciSfor pilotosynth["te is thereby

Y'(Jduced. ,!J,. 5irI1110_1" Y'elc:-!:;ionqhip i;;,; knO;'-Jn to ex i sf

of ti11D1'10a in c,!'!'eo18 (Pinthue" 1961],).

:l(i - xiii) illLlstY'ab~ the relativu purformi:mc8

of the cu It i.var-sAt euch pliCi_ntinn clutn. From

th8se il1uc;'lTCltions, the pl.-:_,ntin~j dc_tb,) n18C\1l

vDlues seem to givo an indicntion ns to the

relative fuvour~Jility of the pIpnting dotes to
the expression of euch character. The most
f;l_VOU::"dble pLarrti.nrjdEl_te for ;,11 cuLtiv:\rs \··I"",~•. C', .....)

thc') .Jurie plulltiil\:r, f'o Ll.owod by thee! f __lAY nrid

December pLJlltinas. Til:"! most unf'avour-ib Lo

WL:lS usc:cl horn ;:\s clmicriiJDd in f_lt-,_tnl'ic:\ls [ms I':iethocls. Gve rn.l.I

menn yields of the individual cultivBr's W8re used ~s nn indnx

of general individual p2rformonce, while the average yield of
e L'l. cul tivuY's at eoch plontj,n;J dL,te (includinr;:J tllO_Sf:3 of the

pr-o Li.mi.nar'y trinl) W;,S wiee! t.o numericnlly OJ'; !.d::] the plantinr:r
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c ompGn s " t lE'Y rnl 1'1,t ionship b e-b:I(~en t h em . Such 'i.:h n -'c.:: 

~'I! mre s p.ce! se t ':11\[; !100 1' , til'~rT"! \'/1\S [Wn8Y'1!1 I y H 

pro duc t i on of l a r ger s ecu " ni nc8 cO nJp8 tii::i.o n 

a mong th u r.;~~ ecl s fa r p i1Ll t o S)lnthnto i G ther eby 

r 'Jd uc cti . A ::1inlil."l.r reI f:t i o n s hip i:,; kno~'1n to exist 

b ·c'.'·;.:G!n n Ulllh l,:r o f r' L mt.,,( unit al '~ 't . nd ·t ll U e xten t 

of till ~j:'in!J in c -:TeaJ.~ (Plnthue, 196/1.) . 

As r :~~},r'd.s r~r'C rl " ;lai..~-c t·tr s tud i ,;.:ci, Fi Gs . 

!i (i - x :i. i i) illu [:b"nb ~ t h e r o l a t i v fJ fh!rfo l"m HnC 8 

0-1" the c uI ti v.irs Ed: c :.ch pI, n t i nrr dutr : . From 

th l;.: se illl1~l'(:rnt;io nf; , t im pl;'n{;i n~ d,. t n rnr~i\n 

v(' l utJ s s eem t o givG n n indicn t; i o n n s t o the 

rolllt ive f .lvo ur:,:,bility of t he :1 1 'tntinu dnto f'i to 

th o Bxp r e s s i'lrl 0 1' Buell cl1 ar nc t 8 r . TllC most 

i'nv(J u ~,-ibll3 p l n nti nD da t e fm' . . 11 cultiv : ,r s \'1(\ 5 

th (: June p l '~ ntin~'! I f o l l o \lod by th8 f ,ay nne! 

OecBmbp.r ,.I I nti n!] .s . Th :~ mo s -j: unfavour '.b l e 

n L-:n U .na d d:8 \/ S th ;~t o f' SRP i.: e mb e l' . 

Tho rnr)T ossi.on t nc hnifl u3 :][-1 dnv .. ~ lnpcc1 by Finl .. y 'ind 

rI i l:~ i ncn n ( EJf.3 ) TOl" de t ermi ni ng ('\d ... 'p i.; .,bility ,", ,,lo ng c l ll t iv, J "~G 

\'IUS u sr.;d h p.n~ ,:5 rlCGc ri lJod i n Llnt er'i ul s CIn e ;'.!8t holls . Overall 

nrr!:tn yiel(l::; o f t Ilt=! individual cu1 tivAr 5 wtlr c Uf',nd :\ S f1n i ndr-lX 

o f gene rrll i m li v i rlun l p;~rf'ormuncc , I'!hil p. t h 8 nverfl!Jc yield of' 

nl l cul t j.v ;:(r s ,'\ t e och p l n n tiny- u(, te (inc lurl ing th0 '38 of t h e 

p rclil,li m T'y i:ri r,l) ~'J'"',s u ~;eri t o nl101ori ci-tlly ere, d ~"! t he p l unti no 
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dates thus giving a useful evaluation of the environmental con-
elitions thAt prevailed [luring the growth period of each planting.

In this study the basic yields were trfinsformeclon a loga-
rithmic scale to induce a reasoni1ble degree of linoarity in
the regressions as well as sene .. ~m01mt of
homogenoity in experimental error (Finlay and Wilkinson, 1963).
The different types of cultivar response to planting date are
illustrated in Fig. 8. The population mean with a regress~on
coefficient of unity (1) is also shown.

Cultivars characterised by regression coefficients of the
order 100 have average stability over all planting dates (Fig.9).
For example cultivars 2, 4, 8 and 13 showed ceefficients not
signrilficantlydifferent from 1.0 (Table 4) indicating consis-
tent performance Lrual.L the pLarrtd.nqs;however, the low over-
all mean yield of cultivar 2 implied that it was poorly adapted
to all planting dates" By the same reasoning, cultivar 8 with a
high mean yield exhibited consistently high yields at all plan-
ting dates and hence was adapted to all planting dates.

The high regression coeffiCients of cultivsBs 11 and 14
indicated that they were very ~ensitive to changes in environ-
ment (planting date). These cultivats were observed to produce
very low yields at the least favourable planting dates but as
favourability (planting date mean values) improved, their
yields increased at rates above average for the collection of
cultivars, indicating below average stability (Fig. 9).

2 . .The Sd values (Table 5) wh~ch are a measure of stability
as defined by Eberhart and Russel (1966) , also explain the
relative st~bilities observed. The smaller the value the more

University of Ghana http://ugspace.ug.edu.gh
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dates thus gi ving a useful evaluati on of the environment a l con-

ditions that prev\liled during the growth period of each p l anting . 

In this s tudy the basic yields wer e trftnsf'armed on e l oga­

rithmic scal e to induce a r easona ble clcgre e of linoarity in 

the regress ions as well as .3 onD,. ~!II.otmt of 
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The di f f e r ent types of cultivar response to pl anting date ar e 

illustrc!ted in Fig . 8 . Th e population mean with a r egr sssmo n 

coeffici ent of unity (1) i s also shown . 

Cultivors char acterised by r egression coeffic i ents of the 
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~r(~Elb-_g~~J,rl!EAf~ GRAIfJ YIELD, RE"BfJ.ES3IO~J COEFFICIL::i\lT5 N1D STABILITY

PNiN,iETEJ1S OF 16 OLJLTIVPIF1S OF Cm1f,!1Ui'j Vvi':EAT, E)[I!J.JN OVER

TEN PLANTING DATES AT KPONG.

31.1

1.36

30.~)

n
LJ 1. C:)5

CI
,I 1.39

10 1.10 12.5

11 1.16

1.31 20.3

1J3 26.9 0.10'75

1.12 13.] 0.2586

1.]3 21. (1.

FOOT r~[)n:::
~,___"__~",_-,,,"'__::c-.:.n..:"_~

In thu c'ilculLd.:icJns of regressions aridstDbili ty {lGxarneters

in the above tublc, the busic yields were meBsured on.8

1og~rl'~h~1~C cC~l[~ (~'ft-['~Fl'n1~y ~nc!~JillCil1Qon 1961)... (,~ L., I:...!. ~::> -'c,_ J L.~ _,,J.. c.. c. ,~_~_ ....._ ~J, .. '.
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T/.LiLE 4: L:EAN GRAIr J YIELD , REGR!::SSION COEFFICIeNTS N!O 8TADILITY 
•• 0-<-...-....' 

PARA'.iETERS OF 16 OllLTIVP,RS OF COi:, l.JtJ IfJi lEAT I SO'!lN OVER 

TE ~: PLANTING DATES AT '<PONG , 

T i::'UL'TiviiR-f1iAN-'GRP:ii~ yIELD···· · ·· - ,' .-- ..... . ... - .. - ·· .. ··:--1 
I . (Log g/pl" t) ( i\I""' l uto I b I S.E. 0 1' b II s" : 
I 

10 ) . d • 
. v i'ilucs' j I • 

r- .. ... ---"r-- ..... -- .. .. --- ... ... .... " 1" -_ ... _,.. _ .• '----',-----j 

I 12 Ii' 1.3<) 2~ . '7 1. 1 21 ,I ± 0 . 066 110 .OD D5 I 
1.08 11.U O. 9 G6 '" O. ? 3n 0 . 1070 

I I -

I 
3 i 1. 3~ 2t" B O. BB1 .J. O. llS 1

1

,0 . 025:; 

~ 1 . 20 10 . 0 1 . 047 ~ 0 . 212 0 . on68 

I !:i 1. 36 2:~ . 9 1. 336 '" 0 . 003 I 0 . 01:32 

6 1. J.4!J 31.1 J..l :Jfl '" 0 . 127 0 . 0310 I 
'I 1. 49 30 . ~! 0 . OG6 ! . O. OGO I 0 . 0090 I 

I ,i o 1. 6!j 

~ I 1. 39 

10 I 1. 10 

11 1. 1G 
I .. , • 1. 31 ". 

1:1 1 . (1.,3 

14 1. J.2 

1. 33 

44 .9 

211 . 4 

1 <. . 5 

14 . 3 

20 . 3 

2G . 0 

13 . 3 

21 . 11, 

1 . 059 i ~ 0 . 102 I 0 . 0200 

0 . 609

1

' .. 0 . 173 O. OGOI I 
l. llUG . .. 0 . 102 0 . 0606 ,I 

2 . 0 2G : ... D. SS? 0 . 5655 

1.3!.i21 
< 

1. 1/13 i 
2 . 273

1 
1.142 

.t 0 , 210 

.. 0 . 243 

.. 0 . 377 

... D,mn 

a . OOOG 

0 . 10 75 

0 . 2506 

0 . 0 171 

f.QPI. .NP.Tf. : 
In i:; hL! c":lculLtion s of rc(,!r ess i o n s and s t f.lb ili t y par ameter s 

in the nbov:=: tl1bl~ , tho bmjic yields \'J2re mmLsurcd on .n 

lognri'i::hL l ' c se r.l I o ( ufter FinhJY n nd Wilkinson , 1963 ) . 
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closely simi12r to thot predicted by its regrossion line. Thus
')

cultivRrs 11 end 14 with tho highest observed S~ valu8s were
d

the least stable.
By means of those porrunetors, (idrc;nl)cultivor, h . t ' ]·c D s C'O .e

is defined as the ons with a high overnll mean yiold, unit
r'2g1n~·:sc;ionco eff'Lc i.errc(b '"1.0) como minimum dfJVird.:ionfrom
tile; rrJ!]ro,ssionline, i.e.

"S~ = 0 (Eborhart and Russell, 1966).
CI

By this definition, cu1tivRrs 2 and 16 were observed as the
IIJi"~ststulJ18 [me; Le.vst adapted to Kporiq, Tho most adapted lNelm
cu.ltivur-s 8, 6 and 7 (in thnt Dreier) wh i.ch 8)(hibitco ttigh

stability. Tho remaining cultivars exhibited average adopt~
ability an~ stabi1i~y. See Fig. 9.

Thl",OT:l.dinUof pLurrt Lnrj cipJ.tes,from the most to the leust
f:'1VOU1'iib1u\,I(;,reas fnllQ1,.Js:.Juno j Lloy, and December (1979) and
then f'oLl ov.ed by Doc[,rn!JcH'(197S), .Janunrv , Novembf)r, Occobor-,
July, Auoust and Septomber (1979). FrOM this order', the rainy
SBdson FlppOiCredto be the most f'nvnur-nbI.eperiuc] for grO'Jing
whcDt Cl.tl(ponD. ChorlD (1:]'77)!lelS repor-t.oclsirniL:trfindings in
Taiulm whore whf3c,tis sown to catch '[:h8cool tmnpero.tures
afforded by the r-ai ny SeE_iSOnin cr~rtc,'inloce.-tions.

Two other observations could be mAde from thu plRntino
did:;eorder ofi-'uvouraiJili+y • Firstly, the posi tirlflSoreh8
December, 1978 and December, 1979 plantings seem to suggest thnt
similar envdlronmenta1 conditions prevClilod during the orowthnf
thu crop in the tuo consecutive years, pointing to somo
generolity of the results. S~condly, even thoug~ nine Gultivars

were sown during the preliminary triGl 0.S a[foinst sixteen
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r.t,.b l n th cultiv. r in tha t its yi:11ct 'tt CQc h p l nnti ng ir. 

c l o:;ely nimiL'r :':0 tha t nrecJ i c ted by i t :; regression line . Thu~ 

o 
c ultivnr G 11 u nd 14 vlith t he h i gilCS"i; observed 3~ va l uo s ':Jcr a 

tll~~ l cm!'it s t a bl e . 

Oy me,tns o f these 11 C\r~'.met8rs , th l'1 ::; t 'ble ( id (~t11 ) cul t iva r 

l,:> d ~~fincd as the o ne I/ i t!l E'l. t11011 a verllll met n yi eld , unit 

r O!Jr:' ~:lion cnoffh;irm'\.; ( b = 1. 0 ) und mi nimum rh·)vintion fro m 
~ 

t in r nnr('tr>5ilJn l i nn t i . o . S~ :::: 0 (Eberhart Cl nd n U5scl l , 19G5 ) . 

Gy thi~ definition , c ul t ivRr s 2 t1 nr.l I G ~Hlre ob s s rvod as t he 

In,st: r-;tub l o am: lo:·st ndnfltarj to I<po no . Tho most 3.dap tcd WBm 

c ultiv. rs 8 , 6 Gnd ? (in t h;:,.t ordor ) uhich exhi bitrd high 

!)t t:l.hl11 t y . Th o r 3mai ni ng cul t i vl'l.rs exhibitdtl av~r,.\~ c f\dnpt­

i3.llillty Bnd n t ab i l ii:y . See Fi g . O. 

Th(! grndinr 0'" pl.lnti ng d'1tes , from tho most to the l e cI s t 

f .tvaUl ":- bl 'J ',lOre tl5 f u1lm's: Junr:, J~ny , And Dec'1r"her ( 1919 ) n nci 

t l1nn rnDo" ed by Df1C{)rnlmr ( 1970) , J anu nry , Navcmb('T , DctalJrr , 

July , AUiJust Anti Ssptcr:lbcr' (1979) . Fralll tll i " ardor' , th o rni ny 

SGc ~on np[1si ,rsu t o 1)(: the mo::"t r nvaurn b l e perimJ f or 01'0' ri nD 

WhC .. lt (I t I<pono::: . Churl'" (19'77 ) 1 1 (~' r8partncl similar f:!.nrllngs in 

Tni ut:n where \"lllc,"t i~ SOlin to ca i::ch ~:!le cool tempcr;' tur e s 

nfforded by t hL! r~'iny £8flr...on in cf"!r't ' i n loc; t innr" 

T\"10 othcr observnti ons could be rn "lda from til t! p l nnt i na 

d lLt e order of "F" VOUTClb i l ity . Firstly , the posi ti" ns of chc 

Dcccnber , 1978 a nd December , 1~7.1 nlnntina s snSm to c.uggest th;lt 

s imilnr envkbronmento l condi tionG prev(1ilcd durinn the growth or 

tj':l Cl""'O:"l ill ttl lJ tr!o com,ecu tivD year s , (Jo i nting t o 50mB 

gsncl'i..11 i ty a i" th ;;:: !"c ~ ... ul t s , SeconcJ l~/ , evcn tll0Ug:l nine c uI tiV"'lr z 

Vlsrs zo ~m during th e> prel i mimlIY t ridl (1 S oaninGt s i xt oe n 
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cuLt.Lvr-r-s in thu oth'Jr' plClllt:LnD~'i, tr~8 BVillu'-1tioll of plid'l'~~illg

dL-I."l::I?S by the two sets of cu.l.b lvar s ( ~ und IG) uppnar-nd .identi-

cell. Thi s ie; sncn ill till:! close po s it i.orta of the two DBcGmiJer

p10ntings , indicrrtin~ thut th~ regression technique may bo r8-
li.'C\bly, used :i.n eV;11ullCiilD onv i.r-onmorrt s , ir'Y'espectivf':: of the

numbor of cu'lt i.vura sovin at p8rticuL~.l' Loctrt.Lonn or deltas.
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cultivi ' r .:o in tllu Dth ~r p l r:ntinon , tho aVl ll u.:tion or p l ilnJ.:;incr 

d~\tr-G by i.;;,t! \'"\'JO t>c1:;,s of cultivnr!l ( !J tlnrl 1(i) IIp[Jcarnd ident i.­

c ~' l . 'fhi', i ..... nr.£l n :i.n the clom:! ;-'IfJ~itions of tl-m ThVO Dcc(2mbGr 

[)l ·n~:.;.nq~1 I inrlicntin:: tho"\: th. regrl'lsr'>ion techniqu e! Mt'.y bo re­

l1.ably, UGucI :'.n ev· ,lLll l'i.::i. 19 cnvirnnmnnt~ , irro!'lf)l1c tiv('j of' "i::he 

nUI"ll .~:' uf r:ul t i vl1.n; sO\m at [J , :r"i;icul .-;.r locntionn or elut es . 
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SLJivli\J1(\RYAND COf\CLUSIm.J
~._...-'"----=--""'-""-'.,,_; •.::...;<._~,--O: ."'" ........ ~: .. ~~~~.;:a,;_~

In a study such CI.S this, in which tho crop is subjected

to on uncorrt ro Ll.cd env.i.r-onmerrt , orie cnnno t be ver'l conc Lusri vo

in estciblishino cousB-and-effect rol~tionships. It is likely,

hO"lovor, that thc~ slight soasnnal, v~riAtion ob~~t~rvm:!in climatic

conditions (chDr<:ctel'istic of the /\cc!'c1. Plui~s) 1110yhfWU cauaed

thE:' :;:Lgriificdl'l t cJiffr')renc os 0 b servc-3d clue to planting da be ,

The T'elutivoly cool 'N8(xchor and high Y'uinfC'lll tllf'.t CllflY'iJ.C-

terisod the period from Juno to Sept~mber, 1979 (FIg~ 46) may

oxp La i.n why thE? June plElntinp vms ob sur-verl e s tho most f'nvour'ab.Le

of tllU p1nntj.nU datos f'oL'Lovrcd by thnt of May , Tho r-rri.nf'u.l L

ciUY'ing this period may hmif; providucl adequat;e mot s tur-o in the

r-oo t zone to aupp Lc.norrt tho pr'obab Le loss due to the] rapid

tranS[1iY'l1tion knovin to be c1ssociatod with l1igh tr.'lmperaturGs in

hp.lt-scnsitiv() ap ocLo s [Honcko l , :196a) such 8S whnat , Such an

adopte.ltion is a merms of coo Li.nq the oLunt to prevent thennnl

injury.

The rolntivClly hot '..I8sCi,oY' that char-ac t.er-Lsed the') minor

rainy SGMSOnand the dry sooson thB~ immediately fql10wed ~t

(August J 1979 to t.lar'ch , 1980) ...Jene Ld.koLy to hc:.ve led to the
, ~.

poor, i:J,erforn1C'ncuof thr') crop Ln the the secQhd find third plantino

,;

2. Cultivars
~"_~;_.":,__",,,,.,,-_,,l;..,,, .. ,.........

There were indications that the cultivG~s diff8red in their

adaptability as seen by the highly significant interaction
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-74-

V 

SULIt!ii\RY AIJO Cm r::LUSIOi J 
~~ ~~ _~~ •• L . _ .____._ .. _ . 

I n a study s uc h E\5 tlli s , in which t !m Cl'O:J 10 subjoc t ed 

t o on u!lcontroll ad cnv:i.ronm e nt: , one c ;;nna t be very conclusive 

hO "eve r , tIn t th r' ~li!Jh t 50 <;15On01 ve.ri ati on obsl:lr'v od in clima tic 

conditiot15 ( chDr(~f.; tr31'istic of tho flcr. :t:'n Pittin s ) moy h flVU cnusod 

t h e! ,,~~gnific t,n t diff(~renccs obserVl-ID dun to pl nnti ng da te . 

Tt1(.! l'cla tivel y cool ':!ea ";;11Cr und hinh r uinfc:ll t iwt cllnruc­

tertGed th r~ perio d 'frol;' June to Sr.rtc!'lber , 1970 (Fig . Ils) m~ly 

exolni n why th e June p l f': ntin:J \'w ,> O~5cI'vcci us the most f~tvournble 

o f th ... p l ;\ntinl do t es fal l ou::d ~y tr' nl; of' i.lay . The r ninrull 

dLll"ing thi s period hlf1Y h t.ve p rovid .'d a d oClu c,1;e mo;i.Rtu r r. in t l,e 

r'Oot zo no to s upplul,l:lnt t hn p:rabaul e luss cklo t o tho r Hnid 

transpi r(1.tion lenol'Jn to bo r <;sDci o.t cd rlith h i gh tompenlt ur'os in 

h out-ncn::;iti vr: sp: c i e s (1·lencl:::ol, 1964) such nD wh nat . Such a n 

Etd uptution i o n mBLins of' cooli n!] th e pl. lnt to p r event thonnl ll 

injun' • 

TI,c rnJ. II"dvnl y hot: 'JEmi.:hlJr' t ha t: characterised tho minor 

r ainy !:in, son n nd the dry so .. \~n t hn 1: immed i nte1y 1"ollO\'; e(1 i t 

( August . 1979 to l1a1"'ch , 1980 ) ~' ere lik31y to h ~ ve led to th l"') 

poor :1 crfo nnClnc :'l of th (~ crop i n the 1.""h (;~ s econd oml th i rtl plOl'1tina 

::;aaSOO!5 . 

2 . Culi.:iv ;:lT' s 
-~ - . .- ........ 

There woro indica t i uns t ha t the culti va!'R differed in their 

udap t: ability , \0 seen by the highly signific a nt i nt p.r octio n 
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betV.JClell plantinCJ datCJ and cultj_v~'lr~;; in f).lmClst every cl"l!.~racter

studied. Oy mecns oY the regressidn t3chlli~ue, the r8l~tiv8

adaptability :lS well ns stability of the cu1tjvars Dero deter-

m.i rmcl, Cu1tiv".r.'3 8, G arid 7 ','Jr:Jy'ethe 1110St c:trJopL,ble (in descen-

ding ord~r) os shown in Fig. 9. The lenst udoptRblG Goro cu1ti-

V,IT?, 2 i:\nc! 16.

3. Potenti21 Cultivars

An iduc.l cu l tLvcu- fen' the LO'JIClncl Tropics may bel am, th(Jt

\iJill pr-oduce stoble, high yielcls undrrr Ll w i.do rnnae of environ-

mental conditions, being re18tivoly insensitive to heRt nnd

pho+up cr-Lo d , DUG: to 'chf) r8rJuction in pLorrt size, known to be

(l.SBOC L:,tm.! ',.'i t.h id_gh t.ernp erL~tUj"(3S in VJho(-c (VEl.1l Dobbon, 19(2),

f-\ pot.crrb i.r.L cu.lt.i.var- ou~;ht to Lw ufficicmt in convcrt:i·IlU C\ hiOh

propol'b_on of :i_i;s b i.o l.oq.i.cnL yield into useful oconomic product.

III t.hr: pr8Sl31l'i; !:,;tudy, c u lt Lvnr 3 \'i(1.';-' ob sor-ved af, the mo st

niJOut 1, 12U kg/hft While ,c,ll the othor cultiv(1TS !;F'V8 corres-

ponLiiJ"lg yifllL.:s of belo\! 1,OCm !(O"/h(',. In i..ldclition to cu ltrivar' 8,

cLlltj_\/~lr8 6 and Of coul d lJr::~8C:llGctc:cl c.lS potcmcii'lls for I(pong and

cuLt.Lvnrs !J'Vc O\;r;rE".ll merin yiulcls of abo: it 775 kg/ha.

Calculated yi81ds of thesD cultivors at the most favourable

p Lorrt i no riat.o (,June) I:Jere::!in the rangn of 2,2L15 - 2,625 I<g!ha.

An examinAtion of the cultiDar rogression coefficients

rmd otrior- ::;t(1iJl.lity pUnl.li1et8r~; (."').5aiven in T8bl(3 4, reveals

the potr:mtic'li ties of these three cu l.tLvar-s mentioned D.boV8.
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bBt\loen p lantinrJ dutc a nd cultiv -,rs in •. l mu!it every e h ' .r aeter 

studietl . Dy me .. ~n s of the r C!Jressibn t x hnir,llB , tim r'ul tiV2 

udupt,:bility , 5 1/011 ...... 5 st~bj.lity o f the cultivru'~ ' !oro deter-

r,linnU . Cult:ivr rs r: , 6 Lmd ? \'I '~re the mont udupt bl e (in descen­

clinr ord;,r) (15 shmm in Fig . 9 . The l onst Gdap tnbl L:: '.'.'l'1re culti-

v.lr ...... 2 !Inri 16. 

3 . Po ::on "i.; i;;·.l CultivC'rs 

An irl,)(~l cultiv~, .... ' f'o~ ' the LO" h lnd Tropics mny b <l onp th" t 

\ 'i11 rll"OducC! s t ob I e , high yields undr.r Ll .. liel "'! r , nge of e nviron-

manto l concJiti(Jn~ , bcinU rcli~ tiv::lly in!:Oensitivc to h en t nnd 

photflP l~ l:·iLJcJ . Ut.:G to th l! reduct:'on in p l flnt size , known to be 

;l toGQr. i . b~tI " :Lth il iqh t81ilper< ,tures in \/ilo, i; (vnn Oobban , 1962) I 

fl ! lOtonti 1 cul1:ivm~ ou<;ht: to I.H! r.fric i r. nt in convort:i.n!J Cl h i gh 

p rono ;" i,;ion of' i ~ ;; biol nr-ic cJ. yield into useful oconomic product . 

In '\;1' ·1 !Jr:... n rmt study , cu l tiv.-l.l 0 l'i'1S O: lservocl a t; the r,los , 

... :dnpl:nble tr J l(ponH (F:i.U . OJ . I t g"'v o nn ovur n D , IIIe 11 yleld of 

n bout 1 , 120 I<O/ h o 1"lhill"' {';.11 tl1 l-1 otht'!}: ' cuH;iv;\r~ 0' vc corrns­

poml i llg yipl Ll s of bela I 1 ,OUl ' !<O/h.·, . In mJrJitio n t o cul t ivc,l" 0 , 

cult:i.v olr n 6 n ne! ~I coul d be S!31cctr; rt '1 5 (Jot ! ., "i:i.~l f; for I<po ng untl 

othur l or:: i.ion~ o f sil,lil ' r or can~or c lir.1C\tl1 . Th ei l Itt'1!' 'baa 

cultiv",i;' !j' VB Dvr:rc:.l l :Tlc:<n yiolr:!::;. of nbOllt 77f:J kg/ ha . 

Culcul.;tm l yi r'ld~ o f the~c r:ultiV<Jr!; a t the most f ':.w oura bl e 

pJ. :tntinq da tn ( ,luna) .... ern i n the r a nge of 2 , 245 - 2 , 025 l<o/ha . 

All e ::nminFlt ion of ~..:hc c ulthmr roaress ion coof'fic i e ntf; 

.. mel other' :.t :lIJi.lity p u.ri~,lCten, no [liven in Tab l e 4 , reveals 

tho JJat~ntL 11iti 8!,; of the se three cult ivnrs mentioned f' boVD . 
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Their regression coefficients were not significantly different
from 1.0 indicating consistent performQnce (yields) over am
planting dates. The relativf31y low deviation mean square (S~)
values also indicated low sensitivity to environmental changes.
Together with these parameters, their relatively high overall
mean cultivar yields implied that they produced consistently
good yields at all planting dates. Hence, these cultivars were
well adapted to the location (Kpong).

These three cultivars (accessions 6, 7 and 0) produced
the highest mean number of seeds per spikelet (the most
important component of grain yield as was observed in this
study ) as well. The author would therefore recommend the
cultivars, 7423 - K4, 7438 - 0 and 7438 - X (accessions 6, 7
and G respectively) as promising cultivars that are worth
considEring for any further studies on common wheat in Ghana.

It is apparent from the findings of this study that time
of planting is an important factor d'ffecting wheat performance
in Ghana , For objective cdmclusions to be drawn, howover, an
the feasibility of growing wheat on a large scale here,
further studies need to be made on the crop.

Such studies should include a repeat of this present
study at several locations in the country in order to dete~
mine which seasons and locations will afford the most favour-
able conditions for wheat growth. Locations with facilities
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Their regression C03Tficients vIOl'8 not significantly different 

from 1.0 indicating consistent perfor mance (yields ) over 

p l a nting dates . The r e l a tive l y 10\'1 deviation mean squar e 

values a150 indi cated l ow sensitivity to environme nta l changes . 

Together with those para meters , their r e l ative ly high o ve r all 

mean cultivar yi el ds implied that they produced consistently 

Good yie lds Dt a ll pl a nting da tes . Hence , these c ultivars wer e 

well adapted to the l ocation (Kpong ) . 

These t hree cultivnr s (accessions 6 , ? and 0 ) produced 

the highest mean number of seeds per spikel e t (the most 

i mportant component of grai n yield as was obser ved in this 

study ) as \'Iel l . The author would thGr efor e r ecommend the 

cultivar s , 7423 - K4 , 7438 - 0 and ?43B - X (accessions 6 , ? 

a nd 0 rospectivel y ) es promi sing cultivars that ar e worth 

considering for any further studies on common whea t in Ghana . 

It i s appar e nt from t he f indings o f this s tudy that time 

of planting i s an import ant f actor affecti ng wheat performance 

in Ghana~ For objective c~nclusions to be draw n , howover , on 

the f easi bility of growing wheat on a l arge scal e hers , 

furth er studies need t o be made on the crop . 

Such s t udies should inc l ude a rep~e t of thi s present 

study at sevor al loca tions i n the country in order to dete~ 

mine which seasons and locati ons will afford the most favour-

ablo conditions for wheat growth . Locati ons with faci lities 
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for irrigation like Veya (near Bolgatanga) and Tono in the
Upper region of Ghana, as well as others with cooler cli-
mates (than thut of Kpong) like Amedzofe in the Volta region
should be included in such a study.

Sincs wheat, like other heat-sensitive species, is
knovrn t·:J t::"snspirf.'excessively in hot environments as a
means of cooling the plant against thermal injury (Henckel,
1964), the author recommends that alongside field experi-
ments in different locations, greenhouse experiments be
conducted also in which regulated ~uantitlie8 of water are
supplied to each plant. This would help to ascertain whether
or not a good supply of water (at ambient temperatures here)
would sustain any excessive transpiration without moisture
stress and possibly improve wheat performance and yield.

Alongside the cultivars recommended in this thesis,
more cultivars should be evaluated in such studies,
espeCially some of the cultivars recommended for their
supposedly good performance in warmer regions (from Pakistan,
Mexico (CIMMYT) and India). Criteria for selecting promising
cultivars from such studies shoulcl include resistance or
tolerance to the most important crop diseases in Ghana.

The author is of the opinion that though it is too
early, mn the basis of the results of the present study, to
conclude that whost will thrive in Ghana, it is yet too
early to write the crop off altogether.
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conduc ted a l so in wh i ch regu l a ted qUil.'1ti t i. a a of water are 

supplied to each p ! ;::lnt . This would hel p to ascertDin whether 
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especially sarno o f t h e cultiva r s r ecommended f or thoir 

supposedly goo d performanc e i n war me r r egions (from Pakistan I 

Mexi co (CI ~lMYT) a nd Ind i a) . Criteria for selecting promising 

c uI tivars f rom s uch studies s hould includo r esistance o r 

t o l erance to the most important crop diseases in Ghana . 

The a uthor i s of the opinion that though i t i s too 

eArly , ~n the basi s of t he r esults of the present s tudy, t o 

conclude that whea t will thrive i n Ghana , it i s yet too 

early to write the crop off al t ogether . 
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Considering Gh~na's foreign exchange expenditure on wheat
importation alone (Appendix I) all avenues, including muta~ion
breeding, should be explored before giving up on the crop.
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Conside ring Gh ,\na ' 5 f o reign e xc h€lngc expenditure on wh eat 

i mportatio n a lone (Appendi )~ I) al l a venues , including mutation 

br~eding , s hould be explored before giving up on the crop. 
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hUI"Il:ici :'_TTiW,toci conditions to atmospheric misting

FiCJlci Cre]'"1 Abe
,__...,.~....~-'.,,-, ~~.' ... /.... ~__z: ........~.•~.

'?C1 (t-)c.;» ..J : 35(37.
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Lii.::;t:!'iiJut :Lrm on thD yield nf' thD ,'he, :;; crop . 

1 'lcnGl~81 ~ p .rl , (IX)4) : Physi" l :JOY of p l nnts und ~'r drougllt . 

" -
" . I'" 

Junick: J ., Sr:h e::'~/, J-\ . ~~ . :'.nri Iluttun , V . H . ( U:'6~t ) : In E.!."':D.!. ~.;hp~ 

.A.n, .i.n:t:,l:n .l~ LI.c:i:.ht? n, .."!=P._:.1P !'.~. d. ,r.,r :aJ.?~. ' . 

; , 11 . F :.~demi'l.n r.: Co . , tl"n Frnnc:i.".cn . Pp,1~'lt) - 3 06 . 

'.J:-,cu:i: cultiv"l.!'s undnr three nitrogen tr~atments . 

J o l li f e , P . A. n nd Trc(JLlnn~t , E . F . ( 1960) : EffC'c t or tompen1ture , 

I:02,·cl1ncr:m-i::ration Qnd l i a11 t i ntp. tlfl:Lty on 02 inhi bi­

tion of pl1~1tO!1}tnti,csis in ~·J hr:lf.lt l eoVDs . 

i:::i.v~· hUI:lhii ty on viHbili ty Rne! lona:wi i:y of wh eC', t 

rm J.;c:n . 

L',ina , 0 . 11 . ;Iml F :l.sGht!r' n. I\ , (E.'?G ) : r;C~Dons8 or v:h e,:i: undoI' 5ub-



-84-

(C:cl. Rrni8, A.H.) Lftndnn Gnd N(J"JYork
/'-\l;;.:-1.clamic P l"CS~?J.

Lock ar-t; , J.I\. (E)61): PhcJ"\.:CJ·-inhibition of Gtc~r,ioLonqrrc i.ori by full

so Ire.!' I'(.;c!iiJ.tiDrl.

IJ. 18rnper'f..tuY.'c d;:-:;pl'Jndcnccl.

Can. J. Dot; 51: 729 - 736.
<-,_IC;'_=,. "...... r-""-.•'''·

Ivk'.rt:.n, ,J .11, ,mel l.oonar-d , VI. :1. (1:')7J); In !:JF~~,n,c'::'J?).r.;,E_3.~L ,F,i -'~
nd

9.2~n')LE~~J~c:i..L!.c~t,~S?r~(2 odi tion) .

olJt:ainino hiOI i CY'CJP yields.

An u.s.r..n. (Mosco':I) 1956

EnqI ish tY'"nslntirln. (Dept. Sci. Ind. nos.,

r",,(,,"·t 0: V"; J"'1l' n)l.JJ. _,{ J,.. J~ uc _. • (Cited by Yoshidst 1972).
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Pp . '31 .- 29;~ . (cd . nm.13 , A,H. ) LOntinn nnd NeT. : Yor.< 

Plc,llinmi c Prc!=;s . 

Lockur"i.: , J . i\ . ( HJGl) : PllO i.:fl ··inilihi tion of' nto"l 0100g:' don by full 

solr ... r I'f.:,di; ,'i;;i.url . 

v . -;-or.tpel"[ turo t.I :11~ndp.nc L1 . 

,. J O · 51 '. "2!' - 735 . ,L...".!,n, ' ' • • ~~ . F _ 

~I ,' ri::'n~ .J. H. und L:JlJil.lrtl , \'I . :L (JD?'J ). In P.r.i.n..c..i.r.l .c.s . . (~.f . . f.i. = 
.?}.. l, ), r."-:n.d.up.t.~~.~ ( ?nd cdii.::Ln,,) . 

r'JCGnc1n , N . und Hfl8ncDr- Smith , J.:... . (J. ~.17G) : .\n· ly~ is of i.:hu l:'t t nrn 

l (· th T' . L' 
.... :..1._ ~_~l.!:l::.ry.(l.z.L.y_ .. ~~'; . 

Engl if;h tr .. nslntinn . (Dept . Sci. Ind . nos . , 

G1'I1 t l:iri tr\in) . (C ited by Yo~~ida t 19?2) . 
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Nielson! I(.F. (}_!::"74): Th,;:) p Lr.nt root ond its dove Lop.norrc ,

In ProC[!C)(hnt:"fS01" on j_nc)tj_·cutc~, SrJOnsorm, by the
<:._.."._.:- ..._•• _-"'_"'_-, ....._~.~.,..__~--"- .. ,."_""'-_-,,c'-""_,.::r_ ... __........_~_ t:-"-._,", "- "-~~ L-_ "t •. -" __-,",_,"" - ••. _,.~. , -.......... C- =~" " .

SoutheJrn Ilc}gionol Eciucr'-cion f:3CJE1.rd, hr.Ld Clt Vi:t'Din:i.,)
~~.:L :0:.. "" .~'.=- , _•.•. ', .=, .<:,_.-.''';~''__''___'''. ·~_.A:_·r..·" '<IL,. ., L' ...... 4 '" _.0:. ._.,._": ...... .._- .... "" , •.•• , .•....... '1: "• .'.. _, _._ "'"_-...:..., , .. ,_''_'_' ..L._, .

~:~l=:t.-~.[J.c~l!~,ic .~1l~'~~_~_,"r~nccl,_.~<t,p,t.~._,~.nJ.~!~_~J,u.1.1',_ <[3~;oh.I?.J~19~'Z.9;•
(Ed. E.W. Carson)~

(PrunticR }-1;:.11 Inc.)

Cliff, Ne~ Jersey. Pp 611 - 612.

(n ,- ~ I' C . (' . i \\1 h ' ,IU~~~ Mmor. ns~. rop oCl.J, 'vBS lng~on.

repr§sonting G tropical dry SUBson (1) Non- Gxtreme

Pu-til, C.D. (lCYIOL~)' c;·'·UC11' c·.,,,, -j n conrunvl-'--i vre>.._j .» • .._, t... , w ....) _. ._) ,.: I,._,_. L ...

PeteY's, O.l]. (1~)6()): C:iro'::(:h and I:J:x(:er ccnsurapt i on by corn as

LrifLurmced by soil 1-,IOi!;'.\:;UTCt·1i IsiDn, mo.istur-e content

em rJ 1'8 1D.-L:i VF! ilurnicii ty.

Pr'oc . f3u:Ll ScL ::Joe. /\rnel' , 21)-: ::;23 - [526.
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Ni r l ['-.on , I< . F . ( J..~·74 ) : The pl;'nt mot und :i.ts dev'll op:'1r.nt . 

South;~rn Il cgi n nn l Ec1uc d;i on no,"rrJ , h .:1d ;d; Vil'f'rinj" .. . .. -..... ~ .. -. _., ,-._ ., _._ , ,. _ .. . , .. ". , .. _. ~ . . . 
::) ~0'.~ :J.(~I1.n. ic .r .r] .!' :...;,;. ~~ p.n,tl. __ S:~:· tP. .U.n. i.'!. • ~. J.u .J·Y._ ,!i.-,l§.1_ .1.£12 ~ • 
(~d . E . ~/ . C['.rson) . 

Noaulu , '; . r~. nod Fri '\:7.. , G. J. (1!)'10 ) : In fn_t.r:o.d.u?:~!1.r.Y.? ~!. ~n..~ ,P,11Y,5.i£.:'. 

l orry . (Pl",'nticp. H" l l Inc . ) .. ' .. 
Cl17f , Ne'.v Jan~cy. Pp 611 - 612 . 

Nu t t un::-.on , fll . Y. (lO!.E) : I n ~~c:,-t,t.~.l.i}'l:~·.lf.'!. !'.c.:1. 't.i.o.n,.!'~; l i p. ".n.d ..... ~sl! . 

. ~ t: .Ph.e~n'O}E.n)'._.i.n. ! .. ~ .. qc~r.t.~n.i!1.~t .th,B .. t.hf~.r.m.£ t...l . . ~ ~np. P.h.o:t:2 -

Ovon , P ,C. (1 ? l) : Ar.spr .nsc 01 n !; ~ mi-d"al'f \/hent t o i.: emporntur o s 

rr~!) rf.bentin!J t ; tr'OiJ i cnl d;..'y c,u(~.on (1) Nnn_ extrcr.m 

l:8nlpr"r turCl ::; ( 2) Extrcrlll1 tnm~Jer,' turc !'l , 

Pitti'. , C , rI , (En G) : s cud i us in CDmiUrl) t:i v IJ lI S ~ n';' ' I .. " 

P n ter-!; , D. n . (1' )6)) : 8m i:h and ·.!::d:er c:on~urllptiJn by cor n as 

inf' lunnc··d by soil r, ... ,i ~~tul"f~ t "I'I~iDn , mu i s t ur(·) content 

.. 1.nrl r-c l ctivp. humid:it¥ . 



uhoct And soyboAns.

tiOll.

WorJ.d Crop SCrJ'lm;, Leonc-,rcl-·i-lill.

intGrscienC811 Pp 34 - 35, 110 - 155 .

•~ __ . ('. 0'· LC'll~). l"I'lll("'1';-,"',rl~'-:C OF,·11,· . r. \.__ '-~ • __ _", __ u_ •• -'~::..: .... c;_

Nature 2C7~ 100,

Vo13. J. & 2: 207 - 297.
(7hc I~nolj_shLlIlDUEJ.[f[) [JODi< SCJC:i_Bty)

Lo nqrnan s G:CiJLI;J J.".lil:i.l:l'Jd, Loridun ,

rinliJSl1n, H.fv1" (1:')70): Spiknlc-'!tnuuber, its control unr:1 relation to

yiolcl PCl:' f.~Gr ill whoc.l-C.

Rauson, H,M. (1971): Tillorino patterns in 0hoat uith special
rD';-eY'Dllcoto the shoot lYC the co Leop tiLe nodn

8101u Sci. 24: 029 _. £341.

R~13y, J,J, (1979): Ev~luation of environmontal parameters in the
hU'!l:'_d t.r-op i.cs fDr crop E;clledulin!] nrrrposes ,
Acliun Veq. Tech. Bull.12:78.
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t i on . 

~i(J r~.d Crnp Sr.rl!on . LeDn~ rd·~·lilJ. , 

intonici onC8 . Pp 3~ .- 3u , 110 - l!:.iG . 

P:' . nthlIG ~ i-.'lc~hl3 J . (19i .ill ): Cnrl"i::inuQuG inci 'en,o of grain yi· ... lds : 

Fll'J::;l';~" 1 /\ . '.-, CJ.90S) : Ini10: 'j.i;,' n::: c o f <3 cO!'Tcli, tcd d,-ylnn~th 1:'os" 

N{:lturc 2C7: j.an , 

P 1 J " (1 ""'-) ur' !..;on OVfl , , t •• ..•. /~1 : 

Vn 1:.; . J. G 2 : ~!G'7 ~ . 2~? 

L onnm::Hl5 Grow;::! l:'.mj i; ( .. d , L ondon . 

yieltl flc~' (~c.r ill whni:.<t , 

Rm!mn , I·t, i.~ . (19?1 ): TiJ.l orino p att8rn n in ',:ho<'l t '.'ith s pec i a l 

rr~fo)~onc(3 to the s hoot .:d: the col oop tile nodp. . 

Alm i;T . J , ?:4 : 029 - A41. 

Ril ~~ ~' , J . J , ( 1979) : Ev .. lu~~tion of enviro nm onta l pnr an18tc r s in the 

hU',\:·.rl t r op i cs fo!:' l!rop SCI18dulin!J p urposes . 



Phy[~iologiCL-.lll\Spmrts of S88e.:yield in [jY'usses.

In

r'::d. r::-.L, i\jliltilOTpr::; emu J,.D. Ivins.

Simmons, S.R. and ~oss, D.N. (1970): Nitrogen And dry mottnr accu-

'~';~erna1 vmteY'

~~Gison, 0iscGnsin~ U,S.A.

o ,E. (1 [-"}{I"\ •
'__ ,-"J, "J. Optimum cro~n dqJth (:;8i1 tomparrrcur-o for r8pro-

~~_imt arid Soil t:J: 573 - 580.,. .... ",_,,-,,: . ,,·.r ",'" • ..:;-,:;: .

in thu I,Jhc,"t pL:\I'Ii~3~'~influenc (,:ldby temp 3rflture, liaht

~IJ~'l..-I,""'.l~. J f\C'~l'C S(~J' ?2(~)' ',_)07_ ,~.),r_)o· ,.- -- _,' ,~~J,"~-~.~' vc,.~~·.' .._ - .•3 • -

Princiolos Rne! Proco-
c:::;:IC" •••. L ••. __...._'.o:.~~,_.,_..,.. "1- __ %"_~-.<!.....1C.. ,,,,,",,,*, •

c!une]:-, of Statistics.

!.Vl:~T·"]-H:il1 l3o~)kCo. Ir::;.) N8\'I] York,
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ryJ. :J , G , J ~ I\ . ( FJ6Gj : Pl -,ys i n l ogi ca1 tl.S:180t; !) o ? St:!GL yield in ortlsses . 

1 .1 Thr) nrot'li;h u .. ·· (:01'0,:1 ::; flnt i gr, ~; 50~, 
• , ,~ ... . _ _ .. . ~ .~ •• _ ....... _~ . _ h~ ~.~ • • • ~~ • 

Ed. F . L . i~li l tilarpe [Inc! J . D. Ivins . 

S::.m:;;t1ns, S ,i1. lind r,osR , D . N. (1970) : i'Jitrnr/8n find dry motte r HCCU-

mLll, \·'.;:Lon by I<m.'nols f o !"med .'1. 1; npocific f l o r ets in 

-, I I ( - " -, ) .. ~ . .' .. , ,,", : 

( . ~ .~ Co -t-In. ~ nc . (· ,?Y'O .I . ~p we]. . SOC . AI.le::, . ). 

Chl~ i: :: \J8 IIIN r?l opl11en t u f four r!hQ(:~t WU·'i nti8 5 . 

C;1 :.o: ·i:7. ~ J H. J, ( J.~.;?t; ): Gr\l in gr"CI'.'/th and dif'. t ::':i.butinn o f dry mll tter 

:i.n ·;:h8 rlh o.' t j1L.; n i.: .:1:0; influcnc,,~d by t empcrntLlro , liOht 

L_ 1, I "w.~ s:i.Z C! , 

i'lt:.:l;h u :..~ . J . i\~~·ic . Sci. 22 ( 3 ) : 2;)7 - ?20 . 
. ~ . .~ " oI'. J _ •• ~. , • 

3-c:uel, :-l . G. D. a !'1 t.l Tnr·l"i o , J .I--: . (1900 ) : In Princinlos and ProCCl-_ • • ~ . ~ .. ~~ _ o.-.~ _ _ ~ _____ ._ • • 

~"1 :rT ··,.; ....../-1~ . 11 no~k Co . lr. :J .) N8I'i York . 

fJ.i"lj:..>ip}.. P .l.u.r::.~.tc . .~uJ~J'J.~ . tl : 1 -12!J . 

~Cl ': ld hy [v,m:: .~t. 0..1. I (197::i )) . 
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plnnt pr-oLnc t i.un Y'c~;cGrch in inc[)o,',sinO yield, nutri-

tiun::Jl V~1.]_u~:) Dnd p roducc.i.cn in cC3ru1,ls.

In F',:"(Jc(x;ciinqs: VJIIOf:lt, triticnlo one! br.r-Loy sominClr
~....:> ;;<-_ .L. L :.'..4'. " __~ __.-' ,,,\=,,,,.0.. '''.':C~'''''':~'.~_;'''''':...c._ ~ __.:c:,.-'-"_'";t-,-"'~"""'_'~ .. r . .0< •• ~-""'L_'''' _=. _=:-......",-. t._, c._.~ __-C- ... '---.--t'~ ,.. __ ..".:': ••~.-C.......:t::,.'

[-'2p 2L1.. _ 56.

Thorne] , r;' 1'1 (]:l(;);.)"L\_J ... \l: \. _........, ) <: of oars und fl~g IOBvos of

V U'" I" " I' (, l)~r.))("'.n OIJ _)LJrl, t~ I' -! IJ l.! .. 0,''''_ ~ LnfLuonc o of tcmpmncl.i.:uru nnd light cori-

di':~i~lIlS on c1ry m(ltt~;r distribution, rj~.:vDlopl11'Jnt rDtc

uno y i.o Ld in [l.j:'·'l~).b~j_cJCY'C)l'J~).

Sci. rn (5): :'J77 - '":'InC),.Jl.J,_~ •

(] nr70)' cOI"lc"...., .c: • 0 I L'

Indian J.

of tomporBtuDo on thrJ devolopmnnt of

photopor-Lnct on sprjnr; \Jho~,t [Jnll:1n vil:Jility.

• [ I J I 1/ -- r ]_CJ70 )\:'J:Llllulll~', ~,i'L nnu ()SCPl, -, , I, l,.':' :

fJ"r,o~d_u.~~~~~E~..n..~~!:~.·~.i~C?~J:il:l!r!.~.C~-I~rchl~2:,c,f}., •

(C1>:forci in i\S:!.l\ Co L'Lcqo Tox t c},

I~)~J98 - 118.
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S' .. 1\hlin , thEln , t.L O. ( 1973 ) : TIl' m I t: of a rmntic t al);-oror.lic (·nd 

p l rni: p ro i;r~cti!) n rc!.~ cc.rch i n i nc nor' sin!)' yi~ld I nutr i ­

tio n , 1 v" lu:! ilnd production in C ~3l·c., "1 ~ . 

J n ! ~ ;.~.cP.p..~.:i:.n.a!~ : .... ii'J2.o!~., _ tEi.!~! \1.0 ...':: fld _ b.~ ~r.~,n)' ~ ~~p,m.:!£l2!: 

.lC.ij_ ?~Y2. J . ~ p 2{~ -- 53 . 

Tho r nr" r; . tJ _ ( 1: 1(j~-i): PhD ;';o!;yntiw<oi D o f OClr s {Inri fl. \g I ,J£1 V85 o f' 

· ,11.1,1:; r-,mJ bnx'l cy . 

r.nn. ;;01: , 2~ : ;U 7 ,- 3 2? 

VI- n Dab:.:m 1 1: . 11. (:ua~ ) ; I n;"lu onc:' of' i:uhlpnT'n t uro nnd l i !Jht con-

rJi ·';i nn r; o n ell'')' mqi:tcr di::;t riblltinn I rj vn lopm-.:nt: r a t e 

lIn i b; o f r:hCl' t . 

In.u,~, ~r~ _~ . !2c:t.~~~ .. . C:~~ g~'Op,i-~>:..~ . :.?3 ( 1 ) : O'j - 9 li . 

V:u tta..l , r , il . (1~ )(.i[~ ): Ef' r~~c t 0;" i.:nmp cr'Htun a on i,; h r~ dnv (!l opmnnt o P 

\'Iols~ , ,Ln . nne! la nt -:: , A .n. (1~.'71) : Efrcc t of "tumncr. ttur,) u nd 

nho t opcl'incl on spr~. n{"t \Jh c i,; !"lnll )n vi h i l i ty . 

~,r.:.,Jp' ,S,c,i. 11 ( (;): :J(it'l. - 06:5. 

i '.r:~d.u.r:.!i}.:n, .~n ~ t,~. __ liu.~!'~ ... :~.!)ilJ',~c,:> . 

(ll;:frwci in l\"i .1 Co l1nfJ c Trm t s ) . 

P~1 90 _. J.18 . 



-[39--

J\fricd: PI rf3v::_u,v \,'Iith sp ectsa L rUfGY'Cmc8 to GhDna.

1~(2)' ~3r 0~~,. _ • r._,-0 - C-rLi-.
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"' or-'l id;. , S . ( HrJ:~ ) : Pilys i.) l ogi C(ll tI SP..JC t :l of rJI'ui n y i nl d . 

/\t~n . • Rr:v . p.~;!n.t: P.!"!'y.G.:0.~ .. 23 : .ll..37 - 464 . 

','0'.1 .~!;: ,\ ~J. ( l~?) : ':/h ll" , f lour ...:nd brt.:nd crmnumption i n ':I us t 

hfric:I : FI rGv~.U'.;r I/ith spcc;il ... l r nfer o nc :J t o Ghi)na . 

:r,l:Op. , Sc i. 1l!. ( 2 ) : 235 - 2 1.14 , 
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Ai_Ji:JL:J ',:DI/( 1-
~ ...oe..."_"'_ ~."":_' _;~~:=_.'

Whcrd: Lmpo r-t o (gY'Gin ~mdlor f'Lour] into Ghi\il[-'from E)C-31-1979.

TO f\JfJ/-\ GE ( tilt )YEP,R COST TOT/\L COST
I::J{:::RHEnne TUiHl.jE

•• _"_.. ::. L_'-._=-'L.lIL.."'-L __~._~~.:z_ __"~.~-,,,_~.~_;oc.'.c ""~_-.c .~.." ...._:&:~"--<:. r_,'_ ,''-''- L--'lt:...:..>_"-_"_'~.'""_..x_---C:....JL.~~_'~ •._'c...",,,.--'=--'<. .••

19G1 62, 6t.;l~. ~:9 £8 (JD.74 £G 3,115,781.00

1902 50, lii.5. 33 £G ss. 94 £G 2,805,192.00

lC:;'i~;] 32,562.:J5 £G r52. HJ £G 1, 69::!!13[3.00

lS'(ji:'j f'5U , Lle5e) • (37 N¢136 C':) Nit 8,139, 75~).00. :_; ... -

In ''C' C2,CnO,65 Nlt113.30 Net 7,116,690.00._)U.J

l~nl 40, 9t3G. elf] rt 87.46 It 3, !.3EI~:,:::~11. [10

1972 lJ7,:':~40•60 rt OS' .6:} rt a, 736, '1GB. 00

1975 E.~3,302.m; \t':v:() 79 rt 22,473,757. DC}'-U".J to ..

19'77 140,359.00

X130,35S.CJO \t376.71 rt (j·9,107 ,025.25

1978 116,913.00
I
102 , 453 •[)0 rl41l c: C"}IfJ '-'., .....1. O rj,45,68o,995.25

En9 1;?L!,~::D9.00

l{74, 7:JG. oo

X
TotrL nmourrt paici f'o r- (rEll1lo.indr::r bning aid f'r-orn Canada. arid
U.S.A.).

(Source of abovo figuros: 1961 - 1975 = ContrAl Buroau of statistics,
Accra.; 1977 - 1979 = Ghnno National Procuromunt Agency, Accra.
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Hh c ;t; im~10 :r·t :. ( gr. in ~.ndl or f l l1l1d into Gh. n.: from I G51- 1979 • 

. - ... ~ . ~ . .. -..... ~~. ~ .... - .~ .. .. .. ---... ' , ' . . -... ~ . . . - . . -
YCl\A TON'JAGE ( mt ) COST TOT/\L COST 

PER ~lETnIC TO; ;NC _ •••• L'· ••• ~ ._ . _ • • ~ .~ ~ __ • •• _ •• _ ~ . ~ • •• _ . ~._ . ,_ .• _.~. ~ •• ~. 

1961 52 , SL,i1, . ~: !J 

1(' ..... ) .' . ...1 •• 50 , 145 . 3:) 

1 r"-' ~ 
.,~ 32 , 562 . ~J!i 

l S'LJ<. 5~) , 49J . G7 

IG\j~) G2 , rnO . G5 

l~nl 4O , 9GG. OO 

1972 G7 , .140 . ClJ 

1!J?5 G3 , .::tl2 . U~' 

1977 Ilk) , 35!} . 00 

Ii 
13J , 3Q~) • 00 

1978 116 , 91::3 .00 

i 102 , 4!J3 . 00 

1T79 l;~l\ , "O') , OO 

i 
74 , 7;)G. OU 

£G 49 . 74 £ 8 3 , 11;) , 781. UO 

ill G3 . 94 £G 2 , OO5 , lG2 . 00 

£(; 32 . 18 £G 1 , G9:' , 135 . 00 

I\¥t I 3G . £'~~ NV- 8 , 13S' , 75!j . Oa 

iJ¢1l3 . 3) Mt ? , llG,CSO . OO 

¢ 07 . (I.6 ¢ 3 , Gr.~~ , 211 . LJU 

¢ 9f; • 6~ : ¢ C, ?3G , '/UG . OO 

V! 2u9 . 7:J ¢ 22 , 4?3 , ?57 . 00 

¢ J7G . 71 ¢ {I,.9 , 107 , 025 . 2S 

¢ 445 . 0? ¢ 45 , 600 , 995 . 2G 

¢ 492 . 8? ¢ 3\j , G35, 3G1 . O~· 

__ • ~._ •• •• • - _._~ __ ~~., ~ • __ •• • _. ' A • . _ ••• 0 , _ _ •• ~ ••• • _ . . .. . ~_. 

l( 
To t 1 . 'nlo u nt p a i d for' (romni ncln r b £:1ing nid from Cdnad ", nnd 

U. S . A. ) • 

( Gourcc ..,f abovu figures : 1061 - l Q7!:i =- Gcnt r'fll Burouu of s t a tiDt i c S I 

r.ccrn . ; J.977 _ 1!J"i'9 c Gh , nn Notioni.ll ProcurOfilunt Aguncy , Acc r a . 
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APPENDIX 11: HEAT UNIT SUMf.1ATIt:>NSFOR WHEAT SHO~NG NEAR CO ~STANCY

GROWTH PH ASE IN DIFFEREJ

fA) HEAT UNIT SUMMATIONS FOR NP WHEAT (FROl

AVERIJ.GEDATES OF ~
, i , ,

S'lATION ~ LAT. I LONG SOWING COMMENCEMENT OF COMPLETIOf,oN °E FLOW::RING
I FLOWERn

._
uharwar 150 26' 750 06' 22nd Oct. 10th dec. 26th Dec
Pdrbhani 19 16 76 47 10th Oct. 6th December Ist Janual

~pad 20 06 74 07 26th Oct. 20th Dec. 2nd Janual
Ja1gaon 21 03 75 3L~ 23rd Oct. ],lth Dec. 28th DeCE

HaS::?ur 21 09 79 22 30th Oct. 27th Dec. 12th Jan.
r--

Lalhandl 21 16 81 30 19th Nov. 18th Jan. 9th Feb.
f---
Pavarkhera 22 ljL] 77 L~2 31th Oct 1st Jan, 18th Jan

. Chirlsurah 22 52 I 88 2{;; 11th oct 13th Feb 21ld t'l1arcl:
i i---
I !

281 80
! 6th Nov. 19th Jan. 7th Feb.i':o.;'i?Ur : 26 21

, I--..~..- !:

;;ligarh 27 50 \ 7[ 10 1st Nov. 20th Jan. 11th Feb

I lJe1h1. 28 40 77 10 11th Nov 8th Feb 1st uerci:
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APPENDIX 11: HEAT UNI T SUMMATIONS FOR WHEAT SHOfritlNG NEAR CO YSTANCY 

GROWTH PH ASE IN DIFFE..f:le. 

(lI) HEAT UNIT SUI1J.1ATIons FOR NP WHE~'T(FROI 

AVERaGE DATES OF: 
I LONG 

. 
5 '1. ll.T1ON 

1.,'1T. I SCMING COMMENCEHENT OF COI.fPLETrOfo I' ON °E FLCXJ3RING FlJJWERn. 

-
::Jhar t-Jar 15° 26' 75° 06 ' 22nd CCt. 10th dec . 26th D...."'C 
Pazbllanl 19 16 76 47 10th OCt . 6th DecombC!r 1st Janudl 

Ili , had 20 06 7" 07 26 th OC't. 20th iJee . 2nd Janual 

Jalgaon 21 03 7S 3~ 23rd OCt . I llth De c. 28th Dece 

Hi:.S.?ur 21 09 79 22 30th OCt . 27th Dec. 12th Jan. 
1--

Lal handl 21 16 81 JO 19th Nov. 18th Jan . 9th Feb. 
,...-- . 
PiJ varkh.~ra 22 'M 77 ~2 31 th OCt 1st Jan. 18th Jan 

rc:lirlsurah 22 52 88 24 11th OCt 13th Feb 2nd tlard 
i -

;':~ ; ;:lur I 26 28 1 80 21 6th Nov . 19th Jan . 7th Feb. . 
r -

.:li garh 27 50 7£ 10 1st Nov . 20th J im . 11th Feb 

.r'Jcl ht 28 40 77 10 11th Nov 8 th Feb 1st /faret. 



-9~-
'STANCY IN TOTAL HEAll UNITS REQUIRE BY EACH

)IFFERENT COUNTRIES

~llT (FROM VENKilTIJ.RI1NllN MiD KAZI, 19-/2)

,~
.- ,

rPLETION OF HE15' UNIT /iCCUMULll.TIONS llND AVEPJiGE TEMPERATUlRE{oC) IV TFIB
'LOWERING PHllSE .--.-

SOfvIl'JG TO EAR EI1HRGENCE EAR EMERGENCE PHl18E

th Dec 93'~ h.u. (22.2 C) 315 h.u. (23.7 C) --
January 1;069 (23.0) ,186 (22.6)

I Januar!i. 936 (20.8) 252 (23.4)
th December 1,053 (23.7) 303 (25.6)

h Jan. 1,001 (20.9) 256 (20.0)

h Feb. 960 (20.0) 127 (23.4)

h Jan 965 (19.6) 260 (19.3)

d March 939 (18.0) 305 (22.0)

h Feb. 1/005 (17.0) 247 (17.0) l
h Feb 967 (18.8) 182 (12.3)

Ii
t l1arch 970 (17.5) 241 (14.1)

,
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ISTANCY IN TOTAL HEAH UNITS REQUIRE BY EllCH 

>IFFERSNT CDU!lTRI"CS 

" - , 

fPLETION OF HE.:'i' UUI T 11CCUMULATIONS .1ND AVERAGE TEMPER11Tt1RE (oC) IV TN;;; 
'LOWERING PH;lSE 

SDNI UG TO EAR EMERGENCE , EM Elo!ERGENCE PHliSE 

th D...."'C 93·_' h.u . (22,2 C) 315 h.u, (23 , 7 C) 
January 1 .. 069 ( 23 . 0) 1)86 ( 22 .G) 

, January 936 (20, B) 252 ( 23. t; ) 
th December 1 ,053 (23.7) 303 ( 25 ,6) 

h Jan. 1, 001 (20.9) 256 ( 20 . 0 ) 

h Feb . 960 ( 20 .0) " 27 ( 23 , 4 ) 

h Jan 965 (19 .6) 260 (1 9.3) 

d fIa r ch 939 (18.0) 305 (22.0) 

h Feb. 1 , f)05 (1 7.0) 2lJ7 (17 . 0) 

h Feb 967 (18.8) 182 (12 , 3) 

t lfarch 970 (17 , 5) 2111 (1 .1 . 1) 

. 
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~~-., .-,~ ',_,.<",~, =_~~~=.--.•-,_,_.-_<--.-.,~" .~~<'"r~~.' .•. '".'_.__~" •. , C""cr-'" , •• -<~ ~~._~

COUf'fiTlY D PEJ1IDD OVLTI HF::f\T Ui-JITS ( r )
Sown 'coS0\'111 -CD

to 1,j_p ;-~ Tipoh~)G(bci

Li.S,A" (,' r""'"\ Cl'Jp )'(_;(!_}:',s ~t 1, ., III) 9GO 2, 1J_[J~'_LJl ' __ I.. ;'L ••

:':;;:'I'J"Ur, ,-', e,r" c:,_'op yss:cs) ~8c Jr78 1,9::;:~ -,-.I'~

U,S.S.R~ (I r.=:CJ c r'op y:::J',1.l"'S ::",123 1,030 2,183._:::l

Flf~I___.;\r~D - nr-r ~::8L1 1,832i J_fj~-; crop YCJC1.:r's LJLJ(J

Co:.::ffioionts of vC\riation( PCY' cent)

u.s.», 9,L]. ~1,0 6.3

C/\W\O/\ 7.6 L:,.l G.3

u, S. SJ1. J_(J • 1 Irz7 6.3

FIf~LNJD 5.1 7.J. 5 11• J

(f,;c'OIn Nutcunson , (10~)L:j;).
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APPENJI,; II 

courrfl'U & FE~:IOD UVEn 
. .... """ -" . · ·V····· ·· · L. 

HeAT UI~ITS ( :=) 

Sown ':':0 

... , . . - ~ ..... - .... - .. ~ . ~ " , -. . 
u.e . l\ ~ 1 ' " ';,I I . • ' , ... 930 2 , 11U 

~)G::' ... 0 ::- l,!r~: 

:;' , 12;) 1 ,030 ? , lB3 

CGO :~'r.{~ 1, 832 

Co :..ffic i l1nts of' v['X'iution( pcr' c:ent 

U,S •. \ . ~ . 4 5 ,0 6 . 3 

C/ ,N{IO:". 7 .6 ~ . 1 S. 3 

u,s .,;.n . W . l / . 7 6 . 3 

FI:Jl,AND !:i . l 7. 1 5 " . 0 

•.. . . _. _~ . .. _ .. _ •• ........ ~ .... . .. . . .. ... _ ... .. ...... 0-. _ . . .... --
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R2i!·,<=all (r:mj
,:,\,7'J_;:-a~fe for
2.1 tW'" ,'S

[lEL JU'!, J7FI3 . lJl P. .. TPfU I, 'fj~Y .nrn: .7!:T.;Y

1"' ! P ;J 11 {' "'J ?38 171 73,~I .,.)'...' "

36 :!} 33 115 J_~6 "'!cn 2 .L 8 90J__;(j

~:'.'vera:;·eday
JI~.nS;t:}1 ("I'ver
t~:'Je ~?e(:~rs~
( :'10Uj: ..-:')

11 3 1.1 n 11 9 12 1 12 ~ 1.2 3 1.2 ·:1 ].;2 3.. "
r..; .. ." .

75 -"J 71 76 7 ,2 75 7 (_? 80I,

80 81 7,,+ 7 .., 77 7 ? gO 79-~',

6,1 6G 60 ," 57 7J. 7a
"

S8 52 C'''' 55 6~2 57 7,1 7.IJ,c

].:;': c f!' 36 3 !:) 35 ~.., ? 30
, .j ,~.) ,J ,:~

~3 " J 3<-; 35 3··} :33 31 30_) .>

22 23 ~~ """l ." .? /_J .;.~3 ?3 ,~~)2.t. ,t~r1

") ..., r, _I ,,-::: 3 ,:]
., 23 23 ?,?, ~?

!.; .t~ c: /.~.

?" 1 '1(: 2 .29 7 25 ~~ 29 '" 2t; 1 )7 5 ")/:::- 1.!.. C1 .. .L " .. _,' .. .. .I , . ;';;"L;

26 ,9 27 .2 29 • .2 29 :2 28 ,() 28 .l 26 ,7 25 8

..;.~ela·::;_ve .hL!t::.i .>,..

,".:', (O~:IOO(J""1T)
;.~ .;·~~vc·xa Je for
1·:':': ~}etI.IS

.R:cJadve rustii>
6-Lt::J0500 CH')
;~..~~·v\·..~r l~/'Z' i c r .

'~ic'an ~~:.cl.,~~i.~·'_1U1"

" (oC)

/fiu,'" mi l.ir't: Tn

·::e1.:;?~Q ,")c:)

JVl;J~j 1 .jed 1:J
t:c':~:':::ic.l"a ture

.. (Yr-:J
/.;.V(::Z·~:;g,~for
1(; !?:·?ars
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!· [''!'I:OROIDG I Cll rJ DIlTA FO?. UN I VF.R.SI TY OF' GHll!'li 5 AG." I CULTfTR. 

- . , .. 
orc . J,~N. rF'TJ . !!/ l' . l' PT I .r.- ·P .... y J 'j"r. • ... ' ·L?" 

R<:1 i t:..7all (::;;:) ·J7 " !l ;? 11 J .~ 23$ 171 1';'3 
.~V2~811(1',~ fv r 
21 lie.' o' S 36 ?J 33 115 13F 1 5.'1 21 8 OJ 
v:?.!'il~e d-3.y 

l"?'1C"th '~ver , 
l~ :.'.:dr.'" . 11 . !3 J" 'J 11. !l 12 1 12 . 2 12.3 12,11 12 ,3 

C1OP ;.:E» 

;:~l a:: ... v e ':!!.n:j ., 

i::'. ;. , (o t'(}?G, ' ':') ;g 77 71 7C 7.1 75 7 " 80 
, 

~ v!..:-:aJe for '-
r r:e."l I$ 80 01 7" -, 

'" 77 77 80 79 

R~!.ad vq hw,i 

"''':, (1 500 GI- T ) -, (j.~ GO /r 57 71 73 .J .. " < ',, ','r Iq.:! E( r , 
>< ·.1~H 7'> 58 5' 52 55 (:.~ '3.7 7-1 71 

.... ..,..,-..... ~ .. ... .<l.: i·1Ur · 
';',-,,":l:'. (oC) , , 

fi 3iJ 35 35 )3 n ' 0 "_. --: '2::' .::t:- .... Fc..'I 
.1 .. ~ . . ='::'~'.'J 3 3 13 3'> )5 ' .' -' J] 31 30 

/IIf{;~.;' :~! I i 1 m 
.:r;~-:.. I :'C) 22 2' --. , 

" 24 -3 13 '2 
"veri/"e for 
!. ". . '(' .., .-:: S' 21 , ' 23 ~1 2J 23 ?:? /? 

M- : '1n :j.Jil y 
b -: ... ·:>c~·.J:ttJre 2B.1 .", "' J • '. 23,7 J:;' • Ii ;:'9,7 ·,t . 1 " 7 . 5 26 J. 

{' OJ 
: v..:!r.i:9~ f or 
l ~ ! ' !dIS 26.9 27 . 2 29 , 2 2~.'? 2 8 . 6 78. 1 1&,7 25 B 



rT_Rj".D RF.'S[;,3,FI.C:U 5'1\1. TIm! .AT KPO;W;, DECE!:'ElET?197 g ..,i'1J::rcrr i 980
------_ ..- -,..__'_ .---.--.~ ....----'.-_!..-- ..-..-.-.-~.~.-:-.. ,---'_- -','--';--
r'R.!FPS 0(/:;'.'- ':'/.(1': YEArs)

,7 »uc . <r:;7DfTl 'J(''7f !m~! nRc ,];-~U FT:!J MlJ8CH1--_',,-, .:... .

3 ')1:: .?S .~~I 69 ~'.,',,! J 29 <10 58&.. ~.I

0 ,r:.c ];;'0 1.43 .WG

3 .22 OJ ]2 1 12 r. 11 9_J , '_/

o 76 6877 7S -r .")
.F';':

9 77 777870

c >
1,)::,- 59 so S6.52

68 69 6569

10 33 3'-.J33 3.'3 3531 32

10 32 3.3]1

24

?2 '":)"

1. 27 :? 27 8 '-1 ,.., ,..~

.r. Ci I 297?9 ..626 1 25 <1

8 ?f. 9, 27,;(2.5 fJ 25 4

CO;VT •D O[l! THE NEXT P1!.GF
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'rR,~I, RF <;'F'AR'':!I_S';:1'!....I()!.J !,IT 

- D'rrr:: Ot·· ~ ':"'''' Y;":'l.rs) , .. .. _ . 

? ""Ir., ~:P'!' "C. 

3 0< . " . ,e: (' ... 69 

J r,,: ' ---,:' 14~ 

3 12 . .1 12 . 1 1 2 , 0 

0 75 75 77 

9 7f 77 78 

'.' :; ... ,ill 6.0 

' J 68 59 6~ 

'0 31 > ]3 
" 

10 -;0 .11 32 

'7 .?2 1 ?? 

~" n 2.? 
.,.,. . . 

1 26 1 ?:j A 27 . " 

8 ;!5 .3 26.4 ?:; 9 , 

KP().W:. r:;r.CEi:nr:r:l; 7R.·71A·PCIl 10RQ - ~------- ... - -- - ",' -'; - .-. , 

;I("' ~/ nr c . . ]," .' r.~~ . MiJT1.Cfi 

., J .?.'J 10 59 

laO 

11.9 

7" ., 7< 72 £8 v 

77 

1';4 5<' ~o 52 >6 

65 

3·1 :0 J:J ]5 35 

JJ , . , 

?;: 11 ' 3 2' 2. 

" , , . , , , 

27 8 :?7 .2 ;oa .. ?~~ r- 7~.7 , 

2 7 .. ? , . , , , 

caNT':J o.~ THE NT-:XT PIIGF 

, 
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7JliYMFR_,

A'vera~:e For .Ie ~)e2.r.s
!i!C\;.~;' ).:·_i1".,_':_r;.]".li.~; t:e P'!P _. (()(~)

-")7 (1 2:9 i ,~ .", f, 29 6 ')-, 2,.~, v
_.,; b , ._-I .,

19 n 20 1 20 "1 2() .5
,
9 :).-' " -I. .

r )':YE.'RUBU(1971)

Mean Maximum tAmp _ (oC)
(fOT 1976}

.:;!! -,

(:,') W'NG1J(J0} 1)

:"<2.3 l »:

38.,5 :sa 3 36c;,)

.. ,.....- ') ~' :.; 25, ,1
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( - , 
• -! ) AI'f~!'J..(JrE (197 l ) ,JAN rEB f~J.R ,l:}I'QrL -f:;: 

10 '? T ~~yi ""J ,·· ':eI"lP . (0 1 27 , 6 :?!) .l ?3 ,6 29 . 6 27 . 2 

Avc.c.:::~"" '"or " ')ca~s 

"'" .,. '. .~ . ":r.u r t f !.::" (ori l? , !) 70 , 1 '!O.< ~·').3 : 9 , 9 L ...... 

I- I ~'1ERliEi~ (1;71) 

ff''i',j n M2 YJml1_r.t tf","'1p . «(Ie) .:3 . 9 J ~ r ' . 3.3 . 2 3< .? 3 J . 3 
(for 1<)76 1 

M~oil'l l!.i n ,p., temp . (r'>C) J ,~ , If ," 3 " J - 0 
. , , _." -- .-

f ?) .W .NG;'J {! -: 71 ) 

M'·a.1 " Cl xi "'t:! iT' t ~r") , ( c t:') . " .. 'I. J :-: 7.9 38 5 :lB 3 '16. :J 

Mean ft;in il7"l!'" tC~!J ( Cle; 1- r ,. 
1,.1 . 

, ?5 ( 'J' .... 
.j • .I 25,4 
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7J.liY S2.:'PT.. O(?T"~ -,
DEC,, :lOV" - ,

250 2t.L.l 25" ~; 27,12],1
-,

].9. :) 18,4- 29.2"" ", -"'\-
200

, "' "' ....

]0 /3 31 9 ,) 7 i: 7, ,,'!It "., 32 3

; ,;; 21'3 ,:,.::; 2 21 5 19 6
'- ,- ...

,,-

34· ., 3(; 7 3<1- ,r.
"

..L36 "'} .?9,_ .9 30~7

2.1,7

University of Ghana http://ugspace.ug.edu.gh

- 94-

1 0 M) , Il'!'CBUBlJ ( 6f'QN(i A.'.i .FO RPGI o r!) A.-ID ! !lI NCl !.((1PP.=':!' QEr.Iml) 

, 

';1 Y ,TUn: ,,:ULY .we S::;P'f'. c<,.'T :/Ov m:c , . , , , .' 
27 . 2 >5 0 ~·3 .7 2:: , 1 24. 1. ::5. ~; 27.1 26 Ji , , , , , 

; 9 . ) 1 ~ ,(I Fl , l lo'1. ] 18.~ .? ~ .1 .l ~ . 2 .?rJ " • • , , 
" 

• , , • . , . 
) ...... ~ 31 • .;1 3~.j )0 ,1 31 9 J.l . 7, n 7 32 3 , • , " 

. , < .?l ' 3 c' 21, " 21 7 "- 2 21 
, 

5 19 " . ',- ., - ' . , . , " • 

.' • 

J6. ,') 33 9 30 
. ,"9 9 30 . 7 J4-. ,J 3G 7 34 ,1 , 

:?5 .~ 2 :t . ; L'? . <~ 22, 3 22.1 .~1. 7 1 '1. 7 1 9 .2 



P,pPEI\JOIX TIl

C:'NTJD

2" ()a.rti:! t;;::·'.no (oe)
090(; GMT

Avarng€,':OI 13 'Joa.rs

2_li eartb temp(oC)
150(i Gf.<IT

tie: , IJ..?.ltl FEB MtrtR I4PRIl, frillY JlJNli

30 ? 30 3 30 "~I 3.02 I .33 6 7.1 E; 3D -,
I C.

2 ":, ~,"7 29 1 ;;9 ~1. 29 1. 2:;/ 7 ? '0 .3I " 0 - .~

039 .', 41. .2" C;;·2 7 40 I 42- if 37 r> 33 1,/. , . , c c .,

33,~ 35.] 35.4- 34.4 34.0 31,4

Average da.Uy sol.er
radiation'" ir: a
c1oudles,g sil(y
(r" ? / ..•j,:Jj\ ............_L! ~.~,J"

729 690 700 (:;52 663605

M?an daily sup-
shine (:i:) 60 59 57 fO
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D';:'" J~~\{! FEB . 1'>1M . APRIl, /tfIlY JUNE 

... 
Z" , ~2.r th ",--C - ('"0) JO 7 JJ • ./ :~J. I 32 1 33, 6 11 ,-

J 3D. 2 
090(· GMT 

Avarage ~()r 1 3 '/rax!; 27 7 " -_, • I }'J. l 29 .tJ. :7 9 . J ;;":' . 7 ,-.-, J . 

2.' .azUl tc:mp (oC ) .?!f. /. ... J ,L 42,7 10,1 42.4 37 .r: ]3, 1 
150(.; Gft!]' 

.':'ve=ag~ !'or 13 ~;ear. 3/.,5 33 - 35.3 3 r· 4- 3~. 4 34. 0 .11 .4 J . _ 

.} verd1i-e dally s olar 
racU.:tt.i nn* L""! " c.loudle~.c:; 
<ca.I,! .;:.TlR ) 

sky 605 5;: 3 72') 690 700 C52 663 

"'''''' w, i ly SLi~-
shine ( ~ ) fS .:<-., ', 6[1 6< 59 57 .5 7 fO 



663 66+:1 GOC

JUNE JULY AUG, SETT. OC'T. NOV. DEC. .JAN .FEE MltRCr.r
~--. -
30e2 .. ~i ::.; ,) 2,'1, }_ 28,:0 ")'-7 0 27. t:,_, -' ... ,f, I u c ,; ::J

?" .3 27.3 27 7 27. 3 27.,6 27.7_:1 .. oj.

]],1 .sc, .J }1 e ·1 3t.'.,3 33.7 3,:1.2

31.4 3D ..8 30.8 ,H "7 32 ,:1 11.. 7, I
"

fa 35 37

'I

I581
j

65 6.5
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JIJNE JULY AUG. . C'E:rT . OCT. NOI"', D12C • JllN f'ES .ttARC1! 

30 . 2 - .~ ... . :s 7'1.1. 28.0 27,8 .'? 7 . 5 

, . .. ' 3 27 . 3 77. 1 : 7. J 27.6 27 7 
: 

]]. 1 ,. , ?3,,1 3(:.,3 J3 . 7 3'; . 2 . -
, 

31 . 4 3:1. $ 30.8 .11 .7 32 .1 11. 7 

663 (,45 7 .10 66~ '\;; 0 60C 

fO Jf; 37 55 
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(c_c) Hcut urri, t f',Ulilnk"i::irms felY' 16 cu1tivars of com.non br'nnd 'iii1uU.t
oso".'n ovor L'rll pluntillf~j ci3.t8S (E;hoI}Jing moun hoat units ( C) and

QocfficLmt of VEI.rintiun (C. \/. )) •

CULTIVAn Em8rguncu to AnthGsis to
El1lcrg~mcu to

mr.cur-Lt.y
~lluC1n(oC) C,V.(~~)

l-1n-chosis
i',kJi~n(oC) C. v. (o/~)

rnu.turity
[Vluan(oC) C.V.((Yu)

:x
1·',.1

1

.3

(-,J

'7

9

~;l36 lU~G 5]1.)· 23.3 1,5ElE3 13.:::::

1, :~~O'! ll.S L!-3~l 12.[3 1,696 9.0

1, 13~7 lCl.5 4L1.!J 1211G 1 rf .....r-l ii .n.l.., ~Jut::

J.,20:) 1Ll. C;. "jr"C' 13.8 1,607 1~2.0<'+U· ..1

1,OC:) 10.1 506 18.] 1,590 12.0

1;Fj8 l[j 11 r/ ;]nC1 EJ.6 1 /.,"'r] 1LlnGk ...r ..._. _ ,1. )~:.)I

1,CFJ,' 'I t: 5~:[3 27.6 1, G~~l 13.0I'. ::J

1,118 i3. /) (~·6B 1[3.Ll. 1 r-r-v r- 12,5..• ,:::JuO

1, t!·3'; 0.7 (f2~i 11.~) 1,8G3 0.1

CU9 f' ? -uo 19.8 1,317 [-1. DC). L_

G9U 10.3 LlL!·? n. ~} l::.B.::! ~) • r;

939 [3. ') C!'7') :;~l'.[j 1,43C.i JJJ.2

1, L]·lil Ie) • [) L!Sii· 15.6.· ]. ,!,'OI C'l • [3

S),33 f:3.3 L]'(J6 15,2 1,3flU S'.0

1,oG6 6.4 413 1(:",2 1 ,/~[jl J-' r1
l,).0

1,373 1r:' L1 CiL!fJ 17.1 1.921 1~~,5......) • ..J

[\Jot(3: r.·IUhn hCest units wore compu+od from dD:U.y f.;cCUll1ul;·d:j.UrTS

(cl~1tGrmim:cIby thi') moan of1ily t8mp8ri:,'~;urD minus 4oC).

i CultivDrs thnt wore sown ovor eight (8) plonting dotos only.

University of Ghana http://ugspace.ug.edu.gh

( a ) Hm d,: unit 5uIolmnt i ms fo r' 1G c ultiw:rs of cor,l"lCl n brond \'J!1o'\t 
~O'!n o ver t ;"!n p l nntin'; d:ri: rJ5 ( !,hOwing mU"1Il hunt un i t ;, ( DC) .mel 
oo rrf"ficil :nt of Vi lri£l:i;iu n (C . V. )) . 

- ~ _ _ . , .. L ' •• • _~. ~~" _" ' ~_ ' ___ ' ~_L' . ,. _ •. _. c' . _ • • • ' _ _ ' _ ' " .. ...... . _. 

CUL TIV.\il Em~r~~ncu to 
nnthc sis 

"io, n ( oC ) r: . v. (1') 

Anthcsis to 

mt~turity 

iknn(oC) C . v. ('M 

Emcrcrmc :J to 
m~, i;urity 

f.luan(oC) C.V.(\\ ) 
-, _ . .. . . , .. . , . -• . , .~ . , ..• ~ ..... _ ... '_. · . . . . w. ~.·· ..... L • • • •• ' _. . ,. ~ .. . ~ •• -" 

1 

4 

!3 

'7 

o 
V 

1 :x 

i 
la. 

~ ]36 

1 , ~Of: 

1 , 11G 

1 , 43) 

O.)Q 

09{j 

1 , DUB 

1 , 373 

1lI. G 

ll. G 

10 . ~i 

Ill . (":. 

10 . 1 

7 . 5 

LI . t, 

C.7 

8 . 2 

10 . 8 

~l . ? 

10 . 0 

3 . J 

B. 4 

5~\4 23 . 3 1 , GElfJ 1.:) . 2 

12 . n 1 , 090 9 . 0 

1 2 . (, 1 , 502 11. n 

120 , 0 1 , G~ .' 7 1 2 . 0 

506 10 . :1 1 , 590 12 .0 

1D . G 1 , (iG? l4. !3 

52D 27 . 6 1 , 6 2 J. 13 .n 

IB . /~. J. , 5~~G 12.5 

l, OGJ U. l 

(no EJ . 8 1, 317 

447 ll. !~ 1 : 33~J 

471 21 . 5 1 , 43G 10 . 2 

J. 5 . 4 1 , '171 

406 15.~ l , 3nu :"' . 0 

413 I G . :2 C. O 

17 . 1 1 .!i 21 12.G 
_~~., • • .._.._ • ~_ •• ~ _, • • • • L ' • • •• _ •• , , • • • _ . , •• , • • • • • ~ . _ • • • L _ ' ' ', b L • • _~ 

Na t o : ? ,lJ.,n h ;~n t uni tr; YIrJl"e computod f rom d-; :U.y i; ccumul;;t~.urrs 
o 

(c1nt crrnin!:!d by th<l mOCln d ,.lily temp 8r~·.':':tJ rn r.1inus 4 C) . 

x 
Cu l tiv nr s th;~ t vl..Jrc soun o ver ei Ght ( 8 ) p l ::mting d ... t u s only . 
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c .. -. ~ _.,,-__ ,_ ..._ ...._..ot:.. _,. -""__ .... ,
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(!J) i~]u-n IlLJi,t unit 5ulmw<ti[Jns fur 16 cu l cf.vnr-s of common bi~~Ju_i
\'Jhccd: at: t on (10) [JlimtinCi dntos Clith coefficients of vllJ."iu-

t:i..cm (~)),

:morgoncB to AnthoRis to Emerg[Jnco to
mo..tu:city

(J
Mor:mC-C)

o;.__"_ __ ~ -, ~ ... ..=.,,. -'~_'" _.._ ,,__"- ..~-:.JC..... __'6_ 'C---._••• _""- _"" •• ,._ - ...;.:.:"~--"",,,,-._~. 'C. ;'._-. '" ",-,~._ <-.;,< •• " ., ..""~,,,,- ~ _ .. " <' "'-,,, -._ .... \.- . .E;. ..... ""'_.-' .... ".;....~.:.o.., ....... - .._. .·_~·.c._"""""._.L '.1._ .• __ ,

Inth [ ,
CI roc ; , EnU

"t.:h
l[] Jun. , JD,}~)

20 th Juno, "

til
1n_0 t'luly, "

th
;':0 August II

th
25 3cp L;., "

._;.,nd
Oct. "c-::_c_ ,

23
rei

"Nov. ,
th

"Li Dec. ,
CO[3fficicmt of
v:"tri~l.tion (~)

cmthcsis
r,1can (oC )

rnf\tu~ity
fvlcan C C)

1,J:::r? 605

1,JIO 538

1,?43 563

1,08L! 4;)4·

1,026 390

1,019 :J6lL

1,203 441

1, 1~~9 Ll3J

1,001 lO2

1,1:Xl 553

1,94,~~

1,OC:-U

1, UOC3

1,57Cl

1, C;..;'3

1, ::303

1,6LJi!.

1,5Ci:1

1,"173

1,6'71

10.5 16.1 ]_1.4
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NJ. l~::i\!lJI.( I V . ........ .. 
( 1~ ) r.ic n h~). t unit ~Ulllrm · t i(1n5 f'l ll' 16 Gu1tiv" r s o f C'f}f.llnQn b~~~:,tI 

r;IlC..!c/,: (.t t .'n (10 ) !J 1 nnt in,) dn t c:m ( \lith cocffic i t.n·i;~ of VlIl'iuF' 

t:l .. n (II) ). 
.. .. -... ...... . . 

PL,',,\/THI!; u.'.yt:: 

• •• L_.r • • • • • • .. ·· · · -~· ·· ·····- ·~·· · 
... ... ~ .. . . --.-

ml!T'f'J:Jncc to 
nnthesiR 

l!can(OC) 

AnthO!"' i S t o 
flluturity 

o 
tlunn ( C) 

Emc!'!)nnee to 
ma turity 

;.1onn ( LlC ) 

. . .... _ .... ... .. . . . ........... ~ . ..... ~~ ... .. ... _ ..• -...... . _ .. ~.- . .... -.- ~ 

c · 
l ~.'Cn Doc . I I ! ?! 

til 
1!1 J un . , l ~~'l~-: 

" 

20
th 

Junc , " 

10 t!l ~uly , " 

~~ 
t il 

Augu .Gt " 
th 

'>r- .. " .. ~ ..) t.fl ' • • , 

, .... J
nn 

.- ~ [let . , " 

2 r ri .3 Nuv " " 

1 J i;1, ucc . , " 
.... 00-••• ~. _._ ••• ' 

Conffic i()n t of 

v ·.r i. tinn (\4 ) 

1 , 37'7 tIl5 l , 9 lt.! 

1 , 310 533 l , Ull,.o 

1 , ?lh~ 5G3 1 , 006 

1 , 004 4:14 1, 57:1 

1 ,02G 3S'O 

1 ,010 J64 1 , 30::1 

1 , 3)3 441 1 , 641~ 

1 , 1;~9 1/3:1 

1 , 00 1 47 2 1 , 473 

l , l!J~ : 553 1 , 671 
... . ... . . ~ ........ ~_ . . ..... L • • • •• ......... . ~ ••• • • • " • •• •• •••• --

10 . 5 16 . 1 nJ, 
• ••••• • • _ • • , , . • ~ ~ •••• •• • •• •••• y _ •• , • • ,. ~, . , . L.· ... __ 
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~£~~DIX __'y', GR/-'lI:J YIELDS(g/!~)lot)OF 16 CULTIVAr-~iS OF 'fJHG\T GRO'!f,j AT !<POf~G

OVER TEN PLANTING DATES

PLA~JTIf\JG Df\TES
Dec, Jan. ~iIc;1Y.June July Aug, ~)ept Oct. Nov. Dec. OVEr-1ALL.
1978 1979 1979 1979 1979 1979 1979 1979 1979 1979 MEAN

1 30,,2 2D.D 1':;·8,162.3 7.2 L1. C' 1.3 :1.0.2 1" r;J 36. ~) 24.7• c ::J U.,--

2 10Jl- 6(:1319.4 2:7.7 7,3 0.5 1.8 5. Lf 14.8 23.7 11.9
3 2LCJ 10,,9Ll·1•C}CiO.8 IJ,O 9,7 109 ~~7.2 ~~3.5 36.1 24.6
{I, 16.(1 9,L! 25,3 L!2,,917,9 0,,8 1.4- 7,0 12.2 27.0 16.0
5 35.1 =)6.9 3(1.371.8 5. L). Lj·,3 o 1":- 8.1 15.2 31.7 22.9.::J.

6 20.1 17.2 66.3 97.9 9 D 3.0 1.6 25_~/,26.3 4..'3.3 31.1,J

7 3903 27nD 44,3 89.8 20.4 6.7 3.t:!21.5 18.0 38.1 30.9
0 76,,91~5.3 77,,5 105,0 ~J:;.817.0 1.8 17.5 32 •.8 51.2 4Ll·.9

9 23.~7 12,3 L!.L]..9 ~35.0 L].•2 7.0 6. {I, 21.0 22.5 L]·6.7 2.q·.4
10 ~211]O 32.3 LL2 4.0 Dol 0.9 10.1 19.0 12.5
11 lL7 26.2 15,1 8.2 0.05 7.8 19.5 26.2 14.3
12 41.9 iI,8.9 2.6 8.6 0.3 16.0 14.0 31.2 20.3
13 32.1 73.8 2,3 3.9 1.5 3S:l9 12.2 4~J. C) 26.9
ILl· 15.7 40 .9 6,,8 1.4 0.05 3.5 20.5 17.2 13.3
15 35.9 4505 13.1 4.4 0.0 10,,424.7 36.0 21.4
16 22.1 37.1 7.3 3.3 1,8 5e3 6.8 14.0 12.2

~-=,""~.IC=>r...::::;'_._"-- ·._"'_,.,:_-=-.- ..or-...........7.;-%......~_,.. r_.',-.t...--'<...-._"'_"'-.Y_; . .lI:. < ....-~ "._.""","-"- - .. ,' ."._.>_ '0::.:"'--""- «-'--.._-><;:-.-"-_ ........ -'<=" •• II: C.F.;_"'_.~ •.__.,..._...,___,...,..t._~""....c~O::".""_I1::.-"-~

Planting
Date 30,:':j20,:336.2 57. LJ. 10.0 5.5 1.5 14.7 13.2 33.0
f!lenn

S.E, ~ CJ.0G {)·.21Ll.50 f).11 1.63 1.03 0.40 2.53 1.68 2,84
.""'-~=>o'~.;T= ....""-.:...:. ,~•• ~.'I<:<_,_.-'- ..... ;--.,.-.:""'.~ ...... -"' .••• _"""".~~_.£.-<-"~_""--"-" • .c=-""' ... ~ ..... -_-.:::....o:..-""'.;c.t....."'-."'.".'~.:c:..~.~",_ ..... ~.:.,.""'"_"-'-' ...-""- 0:::""'--, -4'0~_.c....>a c•. x .~ < ~

E.o.£~~.n9_~~t;:,:To t.r-cnsf'orm absolute yields (g/plot) into cc Lcul e ted

yields (kg/ha) , multiply ob so Lut.e quantity by 2G.
2

i-lar-vnsced plot size = 0 0 4111 •
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~y ___ ~~DIX_ V.' ~kAI:J YIELDS(o/n lot)OF I f! CUL TI VAIlS OF '.JH~';T GAO If! AT I~PO "lG 

OVEn TEN PLANTING OATES 

.... _ • •• • •• '.-.0 _ _ ._ ~ • •• • ~~_ 4_ ~ •. ~ . , , , • • • , • • •.. "' ~ __ . ' • _ •• _. _ • • ~ ••• . ' _ ~ _ ~ 

CULTIv/·,n 

1 

2 

:3 

4 

5 

6 

7 

0 

9 

10 

11 

12 

13 

1·1 

15 

16 

. ~ . . _., 
Plunting 
Dat a 
{lenn 

S . E, ~ 
-.~ ..... , 

PLA~!TING DATES 

Dec. J l::' n . t.lny June July AuO. Sept Oct . Nov . 
1970 1979 1979 1979 1979 1979 1979 1979 1979 

3O r.2 2(1 . 0 ,;0,1 G2.3 7.2 tl.5 1. 3 ,1.0 . 2 l Q. 2 

10.4 6Q3 19 . 429 . 7 '),3 0 . 5 1. 6 5 . 4 14.8 

21.0 10.9 41. r) CD . 0 13 .0 9 , 7 1.9 27 . 2 23 . 5 

16 . 4 9 . l!- 2S.3 {I..2 . 9 17. ~ J 0 . 8 1.4 7.0 12 . 2 

35 .1 ::-'6 . 9 30 . :1 71.8 5 . 4 4 . 3 0 .5· 3 . 1 15 . 2 

20 . 1 17 . 2 66 . 3 97 . 9 9 . 9 3 . 0 1. 6 25 . 7. 26 . 3 

J9 a 3 27.0 44 . 3 89 . 3 20 . 4 G. 7 3 . 4 21. 0 10 . 0 

76S 11..5 . 3 '77~!3 105D 2:):'8 17. 0 1.0 17. 5 32 . 0 

23~"1 12 , 3 44 .9 55 . 0 4 . 2 7 . 0 6 . 4 21.0 22 . 5 

21 .0 32 . 3 4 . 2 4 . 0 0 .1 0 . 9 10 . 1 

11.7 26 . 2 15. 1 8 . 20 . 0 5 7 . 8 19 . 5 

41. 9 43 . 9 2 . 6 8 . 6 0 . 3 16 . 0 14 . 0 

32. 1 73 . 0 2 . 3 3 . 9 lo S 3S' . 9 12 . 2 

15 . 7 11O . 9 6.B 1.4 0 . 05 3 , [j aJ . 5 

35. 9 45.5 13.1 4 . 4 O. G 10 .4 24. 7 

22 . 1 37.1 ? ~ 3 . 3 1 . G 5.3 6 . 8 

Dec . 
1979 

36 . 5 

23 . 7 

36 . 1 

27 . 0 

31. 7 

43 . 3 

38 . 1 

51. 2 

46 . 7 

19 .0 

26 . ? 

31. 2 

49 . G 

17 . 2 

36 . 0 

14 . 0 

OVERALL 
!.iE,IN 

24. 7 

11 .9 

24 . 6 

16 . 0 

22.9 

31.1 

30 . 9 

44. 9 

24. 4 

12 . 5 

14. 3 

20 . 3 

26. 9 

13 . 3 

21.4 

12. 2 

-. , . ~. ~ ... . , •• _ •• , ••••• , ••••••••• • •• ••• • • L • • _ • ~~_._ •• ~ . .. ~ __ 

30 ., . " 2G 3 ~6 . 2 57 . 4 10 .0 G. G 1.5 14. 7 10 . 2 33 .0 

a.Xl 4 . 21 4. 50 6 . 11 1.63 1.03 0 . 40 2. 53 1. 68 2.04 
~, .~. __ ••••• , •• _ •••• • _ •••• _ ., .... . . . .. , . _ _ ___.. •• •• ' . ' . ' _ L' • _ . .... . . . , r ... 

Foot note : To t rc\i1SfOJ'T'l obso l uta yi el d:. ( g/ p l ot) into c r:lcula ted 

yields ( I~g/h;:t ) I multiply rbso luta C'J uontity by 2!3 . 

2 
llo.rvcsi;oti plot 5izc '" 0 .4rn , 
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APP2i'mn. VI: Pt'lAtYSIS OF VARIANCB FO? THE EFFECT OF PLANTING DATE ON p,

1978 STA!{TI

________ -:- , __ -e- __ -,-- -,-,,-- -,--r-_

j

I____. + -+- ___;_ +- -4_

I

2(J·'_::~:S8 of
",le..~:,:..::-_.~j 011

"::IS'J'1:5**0,.;

I Fertile tillering
I ?ercentage

1'·10 of
seeds/s:?ikelet

'_':•., f 'I'Ll l er l ng
rate

1.10

**
979.2~*
539',56
89,77

1. 62
1.00

,',* Indicate si gn'if i.cance of P= O,05 a

(3) JAI.lUflX'.Y, 1979 FLA

--,---._-----,----------;---------""-
ik

---.--11---------- ...--

, fC!., • Tillerin~ Fertile tille~in7
""eds/ sui kel et....~- .. ..,x ...... ·

-- I--.

11~OrrA..L 3~;)

t
0.10

9.e~?1i cat.es 3 2,24 17.07
**

C'.Jl ti,vex s t 1. 27 240.09 0,4(:·
i I 0,05

sT'Z'O:C- 24- 0,81 I 121.139

1

perceni:agerate

*and ** indicate significance at P =
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APPZiK>IX VI : .ANACYSIS OF VAP.rA.NCE Fe" n!E EFFECT OF PLft.NTI NG [IAn ("IN fl 

--- '--'~----~--------'-------Ir 

I, F~rt il e tillering 
'?ercenta,:?f: 

e. ~ Tilleri:1g" 
r ate , 

ilo o f 
seeds/ n i kelet 

i/ 

I ---------r---r-----7---------+--------t-
~ ... :.::.. 

R';r ! :.. : !.·:: P, 5 

C.: ::' t :"/"1.·.~ j 

:':'TXJ:'= -, t. 

1. 6 2 
1. ')C 

L 13 

** 
979 . 2~ * 
539 ·.56 

e9 .77 

0 . ,5 
0 . 55** 
V. J7 

---- - - -. - '- -- .~-------'------------'-----------~ 

** Indicate s i rni f i cance of P= 0 .05 1 

( 5) JAPUA-~Y , 197£ PLi'. 

~-------- - ---- . 
. f . ...... i11eri:-. - ?~Ttile tille:-inp f lO 0:: "c 

V~.!'L'.:t icn rate percentage seeds/spi kdet 

-
'lOTA-I. 

C'.;l tiva rj 

5 

1 
0 .10 3 2.2 4 17. 07 

** 
E 1. 27 240.09 0 . 4'. 

A O. el 121, 39 I ry . 05 

I '" 

3 

*and ** InAicate significance at P = 



ON ALL THE CHAPJJ::::'EP_S STUDIED IN (9CULTIVARS OF WHEAT

Plant
heip:ht

No of spikelets Grain
~er head yield

'Jer
p Larrt-f---------+-'~.......:..---~---+_----- ------r·------------

fJO. 0:::- clays 0::
to ma.tur i ty

1.05** .r; ..-.o 69. "';1;. o o_, 15.4A** 0.62**3:l".Lv** ** q ..."':0,.')* *
4.66 1 11 61 .32 1.SO 201. 31 64.33
G.7!l '~J: 12 12 75 0.35 ,~ 25 7.91. '.'

Lor[ginf
score

no, of
days to
arrthes i s

Plant 'LO'1[.lIl,7. ;)0. of spi!:el~Ts >·?in

per head yield
DeT

CJla.nt- -.----.------_j_;;;_::_:::::.:::;:_+------r------

height Score
Po of
days to
a.nthesis

no of days to
na.tur i ty

3.14**
61. 07
~. 1nL. ~"

0083 1'"' ,\0 0.37 6.26
1.46 .7. C _.

.}~

';:" 'f;

0.36 ;;;3.42 0.61 lh,656.75
0.6:5 0.34 16.51 0.20 4,47

p = 0,05 and 0,01 respectively
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Itl.}" ALL TEE CJ-!A...o.JJ:':'EPS STUDI ED I N ( 9 CUL'!'IVA!;>$ OF WHEAT 

A :. E S(:-1S) 

~ 'o o f spikelet s 3!'3. in Plant Lo :l.r i nr ., 
1.0 . I) 'f tlo . o~ cays 0 :': 

"or ;lead yi eld h~i f'.ht sco:-e days to t o '"Iaturity 
':Ier ant!les i s 

': le:1t -

1. 0S*,* ~.23 *", 69 ~ ~ 0 .. , ) •• 15.44 .. '1 . 62 .. 
• •• 

4 . 66 1.11 61. 32 1 "" 201. 31 ~ 4 . 3 8 . -, 
0 . 7<1- : . 12 12 .7 5 I) ., ,. .-- o ,-

"' . _ ;J 7 . S1 

lTo . of s pii-e l e. r s · :~· ~i:1 Plar.t Lo:l.[ i n."' 1l~ of 110 of e ays to 

head. yiel d hei gh t Score cays to natu:rity 
?'er anthesis ? er 

'J l ant 
- --

0 .08 B.B> 0.37 6.26 3 .14 
1. 46 '.' •• , .. :: 

~ .36 , 3.42 0 . 61 1'6 . 65 61 . 0 7 
6 . 75 

16 , 51 0 , 20 4.47 2 10 
0 . 6~ 0 . 34 

I 
p = 0. 05 and 0. 01 respectively 
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.L_PPf,~J~ \/11, ANALYSIS OJ? VAP..IPJ'JCE Fe!!. TB13 EFFECT OF PLAnTING I)ATE ON P

(P) [YV,-Y~ 19H P L,t,
h;EAN S(lUA~ES (

SOu1."ce'of
variation

Total
Replicate
Cultivar
El-ror

I

?ertile
tillerinrr
ner cerit ace

(
,. d ....4,.,..,.,_,l·~-~~n-d . f.' 'rotal xv : "-,-C,.',G.i..l.'_i':

·""t/'Jlant r at e
- 1 2

63, ). :5
15
45

~. 77
2 77, **3.9G
J.34

O.?3
3.1G
1.7J

leaves 8"-

a::it:f.es is

~,~;:~~**
14·7,Sl

1_1.29 **
S'C).75

1';.02**
169,8::
31~07," 99_:.t.::, '

SC)\.I.~ce of ,t, 1ot:tl dry TiHeTinr Fe-.:.'t."]_le Ho , c::~ Pl ~_n.t: .(.

Vari3.tion Ht/ylaEt ~~c~te tille-roi~D leE-ves/ 11ei~;:lt ',j

}?erCe::1t3 ..~f.! .~:;1;:,:~yt B-t
8.I"i t I~·.{,;:; is

Total 6:3
***Replicate 3 0 77 9 ,7 t~ 482 ·O? c. ,i.) ,/1 72 ·89.Cultivar 15 '1 7L:.· ** '7 31 ** i5 ~~,

,,;, :J 3:;<- · .3~ l?S . -r :.ll2 ·frror 45 1.:p 1 n 87 14- 40 1I':':~' 19 ·69·

* and ** i~~icat0

* and ** indics_te sip:::1ificance
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f .P?ZUDJ'X Vi :!. 

Source of d . f . 
variat ion. 

Total \ 6 3 
"eplicate 

' " Cl)l ':.ivar 15 
Error 45 

Sout'Ce of It t. 
VaTi~.tion 

'Tbta l 63 
Replicate 3 
Cultivar 15 
E.rror 45 

-100-

P':-IALYSI S O!= VA':", I.~.NfE F(,\>:. To..!;::. EH ReT O? PL.AJ·I'f I NG DATE ('IN P 

'otal dry f.::ill eri nr. 
~t/") lant . ... ,. ... <. .. .. " "" . 1 2 

2 . 77 
2 n O. :3 J 
:. : 9 ('; '** , - 0 

." • ..1." 

').~4 1.7;3 

Tc t:'li <!ry ''' ... 1 • • • :r.._..I.f:!':!.n r 

""'/yian·' :,·a.. 'i.:.e 

'* 0 . 77 9 .7C 
2 , 7[;.** 3. 3' 
1. ~ 7 1 . 77 

;:e~ti1 e 

till ering 
p~rce'i:.!a~e 

21 2 . 83 ,,* 
(·:::7 . ;' 7 
147, ,1 

;: ~ ;':-l: ~" l e 

t il le:-i:1[. 
··'~r c;.=;-:'l::p. -~ -

4~:, ~?** 
3,;',. . J~ 

87. 14 

(P) M~.Y , 1979 prJ; 
t~AN SQ,UP.RES ( 

.'0 of , 
leaves a t ~ I~:'..": ( 

?:it:.~sis l\ei ::-i'r: , 

n . 29** 1;\ , 02 ** 
'=;0 . 75 16° , 8;:: 
:.0. 99 11 J)7 

iTO • :=::>': :: h nt .. 
lr:;'£'..vcs! :lc i -)t J 

~ !. ·:.~:t o· - , , 
?.r.t "-~;;::;i$ 

• cS . '/"j. 77. . i9 
12 '· n ~A2 . :; ! , - ..... . -

I;.J •• ~-: 19 . 69 

* and * * incic~te si~i £ir.ance 



1,1 ALL C'P.o'p/'-,TE?S ST'JDIED IN 16 CULTIVAFS OF FfP.EA':':' AT K?0NG

JL.t~NTING
~ (MS)_.

0.10
0,7,-':
. ,c:

No of
1ay9.:to
ant!l(;;sis

d2~13 t.o
::-:~i.8.t-L~-::i ":':)T

'LOd2'inJ ~eed
score (rc,l~Jity

scorE;

3T~in N~ of No o~
yield' seeds spiielets/

21.:5},*
2~:O. 4-7
).3.58

0,27*
0.59
0.29

28.4.3
3:;(~. 27
2.3, .54

Der ~8r ~lant
(: :_8.~.:t S',:'j_},:,:: ~ ~ t ~

0.41;*
1 r-.«:
__ • ',_ 'u'

0.7'5
'7*'J (:,-;.

EOG·
, sF;~d

8,0\1*
If> 7 .00
4.00

nce at ? ::'~l e-, C'
.... ~.,' ~.

',)22.73

~~~ -.J1 resuectively

n. ..~ 0
-J t .J :..~

J,SS
0.14

~'I. 2~
'J.7(;
r, -zr-

scor-

3996.77
1t5gi?.39~
SCI,68

SCC:Ce
s~ikelet ~er nlant

iJo of
'.l2.Ys to
;::o,.~t·~·ssi:J

..

8,:54
lHI,\'(}

1.s,t1~?:
~46.~2
H.33

, .. ,
I

qv.a-
Licy

.., '),'.'. '-**
:_,• 'j :.:

o . ii·S
o. 39
'~J ;:~!h ,.) .., I
-,.20

, rl res".~ec~ivel-.·,{,ce at P = O.GS and D,~ .

seed

22... co
90.0~?
3.0J
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, 

'LOC.~ i!1J 
, 

')0 of ik' ..,.~ I"ee:! :;Z'~i::1 iJ ., 0= ' Ie o~ 1 :OJ·· " .. 

daY9, <0 ~.::./s to score r:' la lity yiel~ ~ ".:ert s s7)~. t.e let<;/ S~~ 

a~t:-lt: 5i s ~~3.t'.!=i ':y score '),,::r ,(:;:r -;l "'.nt Y*;gi>l 
",~. ~_-t s'i '-:~ ! 'Jt 

2~ . 4Z 21. 31, 0 . 27 'It o,t.~ . r ]':. 0 . 10 2:::1 . :·9 8.0Q, 
"S'7' . 27 2~O . 47 O .S~ 

, • < ~ . ~ 1,* O . ') ::~ , 7 ":, \57 ,CO " , "' ,J.: : '. 
2 ~ . 5 4 :~ . 58 C,29 "' " ... :.l~ : .0 : "1;2.73 4.00 

!NG MEAN SQV~""S CMS) -- --

Cf:;E;! 
r . ~,o . 0 ·0: ' !'J o~ 

1 .,,~ 
'0 o~ N:: . 

.. Lo ,;l.:i~f' .. r::l l :-. ~ • .I' 

" s-: i:,~le;: s st!ed "<:tv ... to ~:: .~ '-- sc-;re ;;"'1.- 0, : .' .' s e ~~ s PI';1: 
"'J ... -- I -~"'" 

~:;t .. ::'S i5 '" : .... :.:.ty lit y ";t::: s " i !(elt.t -,er ''' 1 ~r.t ·"td. :::t 
.. 

seor lfJ::.· .... : 

'* .. 
~ j ~ 

, ' 0 " . 2' 1·"22 • 3996 , '17 44 . 00 
! !).42 8 .54 ~ . ;~ • • lo~e . 3~* 90 , O~ ' :~ :" ~~ 148.,1/1 ' .... 1j . 7: " . 7:-' 

11. 3a ') . 14 , . 20 " ,- r; . "IB S"·7 . 68 3 .('J 
g.;::;. .. 

, I 
I 
, 

c e at P = ": r r:; -n" f'I '11 re s':)ec ~ ively . -' . ~ _ "-1 ; . ' • 
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(C) 3Ur.,Y 1979 PLA;'n

-_'-...-.--.------,- -----.------.-------r------r---
T"~O o:'
-1.8}TS

9.nthf

S:)UH:e of
vari3.t:ion <l,f.

Tota1
Re-plica.tes..
OL.tivars
floror

,~
._ ,

Total ~ry Til~brinF
wt/plant rq~b

. ~3

.2.5

.i

' ..

till:srj_:'-~? j~e.::'reS/ -.r:;1.1:-~:·~

21.":'Q ~'l
''''7:) 4S
r~ ,(. :q r:;, .-..
/.... ''')~ ...J l,

58
309
J. '7,

••. _. • __ ~. ..- ..L.

* an~ ** in?ic~te3i~ni2ic2~ce '

lD) Jl.(.\SUST, 1979 PL!

MEAN SQUARES-_._----

Total dry Til16ri~~ :;e:::--tile Uo of Plant .No
tiJ~leTj_n,~ lea:Jes! height days
':1ercen tape ~,?la~nt~t anth,

0.:'l.thesis l--.--
*t, **1I~'......A ~·i 2::; .2'7 31 i~ 26'J!:'~..-{. "-** *;:.31S1 i~2 )2 ,-I .~:~(; 7!,) EiO !.1. I .

1)7 72 27 S7 '1 c, 63 ('
_:. ~_,. I .J .

j
* and ** Lndi.cat e si.fnificanee
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APPENDIX VII (cent ' e ) , , , (C) J '/t v 
... 1,,, 1 

- lDl -

S-:UKe cr 'fot ~. l ~-cy ':'i ~.~. :. ::,i. nr.- :-'~::~ il ". ;c IJ'~ l ~nt 

n .. ril.t i on U. f. ··rt / p h nt :'''~6 tili ': :,i '~' le:.vesl ".-ej."ht 
;"0 o ~ 

-ilJY s 
?nt~~ 

Tot al 
Replicates 
CU ~.ti\f~rs 

krror 

-+--- ---
-:OJ 

3 j, ": 4-

: S , '" ~. ? .. 

4S 1. 25 :;, , 12 

.. 
,]"1 " •• 
n_ . • 

/ 3 . 1: 
7.!.. , 5 :~ 

58 . 
309 . 
P. 

_ .• __ _ __ _ _ . _~ __ ___'_ _ . ___ ..L ___ ...L _ _ _L _ _ _'__ 

Sourc!;; o f To t r.>, -:ry ':' ilh:!':!.~ > 
va:riat~on d . f. ;.;' t / l? 1 :!.n.t r" ~ ~: 

1"-0 T A- L" - 6:l 
.* ~ ";f l i,-: nte 3 ,). 24 q ;; 

Cu1ti v!'.. i"s 15 O . ~ l ' , -. '.);. 
Erro:L 45 0. 11 .... . 3::-

: e::t ile 
t il l ~Tir:. . 
-.) er'":":!! t ar e 

.* 52" "'1 . .. . ~ ;l * 
•• 0 ., 
..1.1, .(.._ 

1':·7. 72 

(0 ) P.U:;UST .. 1979 ~LI 

MEAN 5QUt.~ES 

, 
i·lo. of P lant No . 
l!j;ue'":. / height d~ys 

""J l?..nt ~t an t h! 
fl . .,the s!s 

31.H ~~ . ~, 26 . : 
"":: .75 15':> . ! :it. • ! 

27 . S7 1 I: !; " -- . ".,) 
< . 
o . 

* anr! ** indic~te s:tfnl ~!canee 
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;·10 o f
-;,0)'5 t.o
?nthesis

·~CGre 0'121 fry~u ~_ ._

score

)'79 PLANTING

,

0.1.7
J,l
t'lo n
r_j ~ \.J

no of No O-f'
see0s ~er s~ikelets
3c'EeJ~;t ,per pL:m.t

(,;.) .". ')7<>1.*:..:
1451. 39
401.8/.

se ed
~',!5~_gh

+-------&-------+-.- _---

-,--------"------ _.- .._-__.._

-----f-_ ..-.--

cua.l i ty
scorG

* *~. *58 ~1: :3 S8.3~. 1.02
- ** _-. .,~.

30:.3.96 267.23 0.4-6
J. '1.59 9,08 iJ • .')4

'-j "":

"h.:90.00
8,00

No.:;f [NO. o:~·
days to I -l.ays te.
anthesis I pa.-tCl:::,::_·i:y

26.29
ISO. S,)

5.79

SCO-;..:'e yidcl
';l::;:~t

s e eds . tH:-;~r.
so i!c:d.e'~

" "t J 01 J H.J -

" 4'J " :)2 0 .3 ~:..J .:_}
!~ 1_ t; r

.. .j:J_ o 11.,j
"

1000·-
sri.ke l.e t s s;:;e~
veT pl1nt w:::;igh'~

----- --
{;.~~

(11.00
1.'J, 00

LOr:..f'1.n;:

icanee

7 a ".... . ~~*1.::,2. ::, 7
5-,51

P=I). :J~
. i./'

~i~L"~~

.. ',.
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·J.Ol-

, 
- - ,-,.-' 

" 0 05 ilo ci wti?,in" 
, 

see"! Grab 1'0 0' f·1 C 0" ! :-::0-
-t:')J'5 to C_~_~/ S -. - ~ cc;r<; ~u21ity yi~!:' sew-s 5:j i~~{:;lets s ~ sd c . "er 
?-,!'t~"lsis j·.;:;' 1; ~.:.::,itl score T)e l' 3 .)i '·e l'~t !je r p' ?_!1~ f".<;. !.gh 

",~!:, ... ~ 

. -

• .' • 
58.~ ~ S8, 3~. l. C2 o 1 1 D. 17 . ., i ";I ' ) "? .,/ " ~ 

' n 'j , *~ .... .::..: ' ' .1 
309 , ~6 267. 2~ 0 . ?6 ,": . .'; :: - '? 0.71 1451.39 90.00 ~ . --
:7 . Sf} 9. 08 J , 34 a , ~1 

, ,- :'.12 411 . c. : 8.00 ~ .... -

179 ?L',NTI NG 

, . 
.No . of r'lo. 0· ... ::"o"',inr f.e~ .':;. ":.rf.:!::". !;c 0 ":- J.,fo . ':If 1000-
d,:,.ys to -l.ay ,,; . , scc::-e 1"I'.lp. li ty Y?·l'- l Ct :;ee:-! s t: I;: T 5 }i !<elr::.ts sse<l .. 
Bnthesis I '. , . .... ' .y SCOI'r; "[0,' t s -~ B"a1_ e ~ per pl ant ", ' .. dgrt . . .. __ . 

- --1--- .-- .. . _ .. -
26 .29 7 r 0 . ~L ) , ;1 :' ·H '!67 ~, q~ .. ~ * 

~ . ,-

1S·:) . SO 152 , 57 
, .4') a. J2 o 7 ' " 111 . ,0 ~I'. , 00 

$ . 79 5 ,51 :'. 1<':. t:' . ;1 J.n :::3 . ::.~ 1') ,00 

iC 2.ne e at " P=IJ. 05 ;'T .. :'. 
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(E) SEPTa1BER.. IS

- ---- ---.--------, --------------:-------.-------------;c------,,--

Source of Total dry
Variation d.f. wt/plant

Til Ler ing
Tote

Fertile
Tillering
percentage

No. of plan~ No,
leaves 1)C] weir:ht ~ays

i
I---·---T-----1f------+-----+-----+------+-----4--

plant at
anthesis

63 *
3 I O.2~*

Cult ivr.r 15 , O,~3

_E_r:~_-T 4_J_1__0_, _O_8 __ ..J..._. -1... ..l- ...L '-- __

Tot~]

SOl rce of
variation d . f.

Total dry
wt/plant

ant}

* *2.40* 240,68** O.4rj ?7 7~ 9~-. *
1090 436.29 8,% 70,37 299
0,82 233.78 ') ;:;:" 7.54 20,-' ....... /...

I

Tillcring
rate

* and ** indicate significanc

percentage plant at
D.71thesis

**304.64
621.SO
92.23

---------'------,-----r------,--------r----------..--------.-----;:-

Fertile
tillering

C F) OCTOB[:I., 19

MEAN SQ
..---.__'_

No of Plant No,
leaves pel weight da}

am

-.----------.---...--+--+-----J------1I----- 1--------+----1,- .....
I

-* *l353. S~*I 3~
125.~6129:
17, ,_,0 (

-_---- -..._-_L- -'- __JL '- -L----_::_--.

Rep l i.cat es
Cu lt i.var s
ErTor

63
3

15
45

*~~4~94
";',.,<,;

.., ""7J •.),)

o. :~6

O~63
1.89
0.56

* and ** indicate significan
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APP CN') IY VI r C('INT' 0 

SO~lrc(: of 
vari. tion d , 

I 

---+ 
To t r 1 

Repl :=" cat i)$ 
Cult ~ ';<'r 

Er ::o'" 

-

of SOl ree 
v:rci ati 

T C ' j' A L 
AO!ll i cat es 
Cul: i ve rs 
Err01' 

on 

63 
3 

15 
45 

d, f , 

63 
3 

15 
45 

Tot a l ut'Y 
ut/tl i ant 

• 
a. 2~ * 
O. t. 3 
0 , OS 

Tot a l dry 
wt / pl ant 

•• 4.<14 -.. 3 . .).) 
0 . 36 

--
Tilh d np, 

r "' tc 

• Z. 40. 
1. 90 
0 . .13 2 

Ti U;:r ing 
ra tt.: 

0.63 
1. &9 
G, 56 

- 102-

eEl SEPTE~1BER H 

rert H e. I~o , or pl ant: No. 
Ti l t t!:r i n): l eavus ' C wf::: i rht ays 
percentaee l} l allt , t ant} 

anth ,;; :;is 

• z" r; 6" ~ ) . 0 * * 0 .43 27 ,7i. 9 ~ 

436 . 29 J ,9!) 70 , 37 299 
238 . 78 2 .52 7 , S~ 20 

* and ** i mllc::ltc s i r.n ificanc 

Fe r til (l 

t iJ i t Tin?, 
pcrcc:ntage 

•• 3f!4 . 64 
621. SO 

92,23 

No oC 

l cav t.:s 
ll l ant 

en nCTOSI: '"I: , 19 

~IEAN SO -
Pl ant No , 

p. h'e i !:ht (la} 

3t a nt 
a:1thl.s i s 

• 
4; . SO 353, S3~ 3~ 

117 , ~g 125, 2(. I 29: 

16 . [t9 17 ,60 I 

* and . * ind i cat e s i gni f ican 



1979 PLAf',TTING

o. of
ys to'
nthesis

No. of ILOdging
days to ! score
maturity

seed ~rain I No. of
quality Iyield seeds

score per pEr
spikelet

** * ** ;;

9~' ss 136.8S 0.60 0.14 O·n 0.25
loa' ~~ * ,~ * **•• .1 ••) , .)\) £!.42.00 0.16 0.37 0.01 0.69
20,11 :51 . L~3 0.19 0.19 0.02 0.07

UICe at P = 0.05 and 0.01 respectiv81y.

1979 FLAi\iTHJG

SQUi\~,ES-'~--

--I

No. of I 1000-
spikelets! S(;(;,Q

per plant [eight
,

382.72 ul
.00**.389.57 .00

137.92 .00
- .--

----.-------,-----T·--·-----·---,-------~------,----
1)0, of No of Lodging Seed Grain No of No of 10'JO-
days to days to score quality yi.e Id seeds per spikelets seeel
anthesis mat.ur i ty score per spikelet per plant we.i ght

---- ..-.-.__ ._-f----- --- ...----....- ..-..._...._.--"--..--.

** ** ** **
39 . it? * 9.47 0.21 0.02 0.42 O·~i I

309.79 43.QQ
292 ,0' 31::1 ~1 0.15 0.2'* 0.11 0.41 305.43 77 .00_6:79 I ii:S5· 0.15 0.07 0.04 0.04 220.37 7.00

:ance at P = 0.05 and 0.01 respectively

University of Ghana http://ugspace.ug.edu.gh

1979 pJ.AN'tI NG 

.S~:YAR[S 

o . of No . of 
ys t o days to 
nthes i s r.l:lturity 

** 9~.~0 
:99 . 5~ 

136.3~. 
442 . 0 

20 .11 .31. 43 

Lodgin f.~ seed Icrain 
Score qua li ty yie ld 

scort: per 

0 . 60 ** 0. 14 O·n 
0.16 0.3' 0. 01 
0. 19 0.19 0 . 02 

mCl! at P ::: 0 . 05 and 0.01 r espec tivE:l y . 

1 ~79 Pl..tVI'fP1G 

~o . of No of Lod g in ,r S&e<i Groin 
~ays to clays to score qua l i ty yidd 
anth.;! sis J:t!J.t'.lr ity scor€: per 

-- --.----
•• O . 4~· 

39.t·l 9 47 0 . 21 0 .02 
2!)Z.3 * 351J' 0 .15 0 . 2" 0 .11 

6.79 13 . 55 o .IS 0 . 07 0.04 

- • 

:nncc at P :E O. OS and 0 . 0 1 r espccti vd y 

.~ 

No . of No . of 1000-
seeds spikc l ~ts s!;:w 

per p ~ r pl ant Iwei ght 
spikelet 

• 
n~ 

582 .72 10.00 
389 . g, 82 . 00 

0 . 07 137 . 92 7.00 

'10 of No of 1000-
5 (.:(::d 5 per s piktdet s S «I,..>(I 

spike l et per pl ant \·:dght 

o·Si 
•• 

309. 79 43 . ~~ 
O. :1 } 305 . 43 77 . 03 
0 . 04 220.37 7 . 00 
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(.9) NOVP1RER. 19

Sonrc~ of Total dry 'fillering Fertile !Jo. of Plant No c
Var iat ion d. f. wt Zp lant rate tillering leaves per weight days

percentage plant at ant}
anthesis

T ('\ T f\ L 63
** *t0pliclte~ .) l.H 1.15 165.10 15. ,S6 1'- -,~ 1n

1 h3* 260.:3* o. :Ji. .J ..... j

Cu3.t:i.vars 15 0.71 ~ ..... %.40 47.33 127
E·'t~:'c:r 45' 0.23 8.69 51.75 15.66 14.05 5

- -..- ... -- .. _ . -
* and '1"* indicate significCl

::)O'''!Tce of Total dry 'Tillering Fertile r-~o of Plant '10.

Vzr i at ior d. f. l:t!p18.nt l~ate ti 1Ter ing Leaves licr weight days
pe rcent age plant at anth

anthl;.si3

'r r, T :\ r 6.3.. :,.1 :.!

~epl:i.u_tes 3 O. ~~.(; 2.::';1 11.29 26.63 7() . 00 2~
** **-i: "* 5.6.3 ~2S.93 179,90 ~S.7r. 1.3 (r.ultivars is 3.40

ETTor 45 0.66 2.03 63.34 55.66 10.80
...... :".:

* and ** indicate sifnificance a
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Pl'PEUDIX VIl (cont' d) 

So: r eI;.! of Tot a l dry '!"i ll eri ng 
'/ . . ' ' ~r~a"C lon d . f. ' ~t/p l ant Tate 

T r T A L 1i3 •• 
Uoplic'!.te! :; 

~:H 
1. 15 

:'u: lJ.va rs 15 ! . 63 11-
~ ,;,~cr 45' 0 . 23 'J . 69 

GO"..!Tce of i otal dry Tillering 
VCT; ~tion d. f. I:t ! pl;"l.nt l'ate 

~ :; T .'. r. 63 
th::F E~.:!ces :; O . _~ 2 . 51 

•• 
"* 5.63 ":ultiv'lrs ', 5 3 . 40 

Error 45 0.66 2.03 
. 
. 

Fe rt i 1 e 
t ill er i n ~ 
percentage 

• 
165.10 
260 . t· 

> 
51. /5 

., 
1.0 , of 

l eaves. 
pl ant 

- 103-

(G) NOVE~mER . 19 

MEN~ St1I'/1 
--~ 

nl ant No C 

per wei p. :'t days 
ot anti 

:lnthesis 

lS . S6 16 . ;t 10 
3:; . 40 .t 7 . 33 127 
15 . ;'6 14 . 05 5 

. 

* :"1.:10 ** indic~ te signific:l 

Fert il e Ho of Pi a;!t ~ lo . 
t ilfering 1 C::<!V '-;'S !Icr \']eipht nays 
p<.. rccntage plant ;I t a!lth 

ai1 !: h~s i .::; 

11.2~ 26 . 63 70 .00 2,: 

•• 325 .93 179 . 90 l\:; .7~ 13\ 
63 . 34 55 . 66 10 . 80 ! 

" . 

11" and * * i nci i cat e s i r.ni f icance a 



I

1-

1979 PL6J:TH!G--_.__
J){lA~t:5_'---.

Jo O:[I'iO. o f
iys to (I,,~ys to
mthes is r:'.8.turit y \

----+---------- --- ........··~-·--·-----Ir·---...,-----:r----;.
iNo. of No. of '1000-

seeds pe sp i keLe t s see I
spikelet per plant'qeight

I

Lodfing Seed ~rain
score quali~y ~ielj

score per

]'0,2S ~'I 1. 8~'"
*

... , ~ C)6 o .1§* 0.08 0,1'5 S2,).73 2.:::0
127.1~~ 1[;1. 62 r) c t. 0.137 o . 04; O.5~* 261.15 - **

U •. >IJ 6/ .oo
S.51! 10.S0 0.27 O.2L 0.02 ().16 2.00

i cancc at p - () OS 1 ') 01 . .-- ." an; I • .L r e suec t i ve iy

**138.97
5.35

**
2:32.67
11. IS

0.05
0.06

* ~I:
0.86

0.01

I
I
f

*0.25 **
0.59 667.81

**
18.')0

.'Jo. of il0. of Lod g ing Seed Grain No. of No. of 1000-

ays to days to score quality yield seeds per spikelet:: seed
nthe::;is J.TIatu:rity score per spikelet per »Lant ~·'Jsifr·t,.

- I

*28.4:5 1. :~8 ().13

0.11
0.20
C.OS

**
0.62
0.11

236.4·')
678.17

35.00
,(,. :<j

e at P = 0.05 and 0.01 respectively.

I
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1979 PL.A! !TP!G 

10 of I :'J . ·,f Loop i ng SCtn IGrai n 
.ys to :.' ,:.y::; to score qU:lli-: y yi e ld 
mthesis r:c.-;,: ur it y scor~ per 

10 . 2; i 7. '6 1.~~ ' * 
O . l ~* 0 . 08 

127.1 ~' lCl . 62 O. st 0.87 0 ,04 
3 . 5 '. 10, SO o . 17 O.2i 0 . 02 

- - . 

ic~'1C{; ~It P = 1) . 05 nn 1 f) . 01 r esncc'; ively 

] ~ 7 9 :' LJdTHlG 

~QU".RES 

:0 . of ,.10 . of Lo<i[! i ng Seed Grain 
.1ys to (Jay ::; to score qual:'ty yield 
nthe~is rrntu"c i ty score per 

I • 
* 23 . 43 1.38 J .13 0 . 01 , 0 . 25 

** ** ** 
138 . 97 252 . 67 0 . 05 0 . 86 C.20 

5 . '5 11 .15 0 . 06 0.11 C. OS 
I 

e at P = 0 .05 and 0.01 respectively. 

No. of No, of ! 100(,_ 
seeds pe s pike let sf;: f.d . 
s pike I et per p lant 'weight 

o J ~ :;~,) . 73 2. JO 
• * 67.0i)* O. :" 261 .15 

0 .1 6 2. e\} 

No . of No. • o. 1000-
eeds per sllili.e l et seed 
o il:e l et per pla " \.I'~ip· i; 

* ** O .S~ 667. e l 18 . 10 

** 
n , 62 7.'56 ,4.'" S5 • 01) 

O. 1 J 
, 

673, 17 !,. • ,,:. -: 

I 

I 
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iiPfJEi'JDI)( VIrI: Anr.Ly ai.s of Var'L:(nCD Trib l.: is for All Ch(:'rccctu!!"s

Studieu.

l.AnCtlysis of \Ji1Tionco tnlJlu To:;_~ totcl dry ~'oi[fi1t/f..J.Lont

SOUrCE) of
vrill.tic.Hl

OogrHGS of Sum of
fr38dom squaros sctunr'c s

Vnr-Lrmc o
rCctio

FioplicL".tc,:; en) " () • :-;CJ 0.33 0.77..::>

Cult:i_v,.lr'r; (Cv) 1'" 145.F) 9,01 21.00;.J

'::-r>"D:t'( n 'I (n ,C\)) d5 19.13 0.431_ .~"" L j

\:Jho1:; uni'cs tJ3 155.31

31!.3

G73.70 124.83 192.04 xx

xx
41.0L1 1.95 3.00

1.11
xx

l1G.OG 1.71

205.Ci~ 0.65

Pln.nt:i_lll]c,; (p) '7

[.J 1;liltin[f P.X
F18PS (1':) .n) 21

P L~nting s X
CuL t :i._ \J ,:tT Ei (p .cv) 165

L-..... "".~ ·"-'·.""_·L'~_."'__." ...._·"_"·.'__"'.' '- ..... <~. "_.--" ._.L _ "';" .... ", r_..=L_ ...... _"""..• ~,-....".__~. L~_'·"""'''-....L.~'''_'''''''__''',' ~:_;."'-'"" -" ~--."'" . ....._...._--.-

TDTi-L 511 13C)l,c\7

xx (p = u.m)

University of Ghana http://ugspace.ug.edu.gh

- 104-

BtUlJ:i.cd . 

~~ _ • •• • • '.~ _ ' • ~_ • ••• • _.~_~~~ , _ •• __ _ • L • __ •••• ~.~ • • L •• ~ • •• • • ~_ 

Soure r.,: of' 

V ::.~i i'ltiun 

Roplic ·tc~ 

Cul t:i.v IX':": 

(n) 

(ev) 

t=:rl'u l'{ n} (r. .Cv ) 

Dogr.ms of Sum of' V'l.r innc '. 
Tl'3cdnm ~;rluarr: .s 

3 o • ~ ~~) 0 . 33 0 .77 

1'--, 14[; . F ) ~ . Ol ~1. 00 

,tS 10 . 13 0 , 4.:1 
. _ • •• , •• _ • • ~ ••• d • • • _ • • • • _ r. ' • • · _ . .. . ..... ~ • • ~ , .• _ _ . ', _ _ • •••• ~ •. _ • • __ . _ 

Uhol unH:s I SO . J l 
_ ~~. _ . .. .. . ..... "O' •• ••• ~ ······ · ····· ._ . ___ ~ .. . . ... . . _ •••• •• ~_ 

Pl,:nt:i.nryl ; (p) "7 073 . 70 124. 83 1!J2 . 04
xX 

PL ntj.flllr; X 
Reps (r' . 11 ) 21 41. 0 4 1 . 9S 3 . DO

xX 

Pl; ntinl]s X 

(r .Cv) 
xx 

Cult:i.vc:rs la5 IlG. OG loll 1. 71 

[ n nT (b) :31 5 205 . 1..;:' 0 . 65 
. . .... . .. . ........... , .... . . . . . . _. -- .... ... ~ ... , , .~ .. . . 

TOT, L GIl 13~a . u? 

- " ~" ' -' - """" " ~""""" '-"" " '~""'~ "" '-'- .... ~~. 

xx (p " 0 . 01 ) 
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•. ,,_ t. __, .c:: ' . ..c:. .... "."", ""',~,:_"'" -", ..... I < .. 0 .• ;.;.0 , " .... ',' .,.--,,,, __ I ....... ct ._ =, .. ,...._'" .. "- _ ..t. .oc: ~_ >C. •• ~_.,:a_, .. ,,",-_.~.c;>

~3uurc '.:; of
v;:!'ir~ti'ln

Dogroos of S~m of
fruodom squuros

Vc,-ri l.lne 0

rutin

1:.:;.,90 O. ~73

45 2. (:ii! C) .OC

Viilol(J unit:, 53 16 •.Z)
~~_ ... ,. •• ','<..,",,-, ,.._' ..... ".-~ ••••• ""._"'.-"-_"<- oo-... __.,__. __ .t.._ .....-"'.>l._.':lI .. ~ • ""'_"l ........ _""'- .. T. -L I." •• _ ...~.,__.... _._ ...:..'- ' __-'C.. ..._ ...... '" \ ,

r i. '.ntb:Js (\.J) '; 8~.Ll,'3 11.'78
<., ~ <. ,', ~')O("

11'7.80
p " F11\

;~1 (j .1Ll· o. 2~]
i) V Cv lOCi IG.'7U O.lDI 1\

Er'I'CJ:t' ( "1 ) Tl.:j :.11 ..C3:·:~ 0.10lL

xx
1.00

SDlH'C;:) o f
v, .:d.,~t:lDn

Degro8s of Gum of
'froedom squr~r8;:J

VariitncG
ratioSqur':C8S

C:C;JC:....:l •• '.,_ •. ,,, __ ......... _ ~ .- ~ , __ ._ :&. I_ ,., ,'_ "

RE:1plic:>tC1s(n)
, ~ < , __ , " ••. .l<. ••• -'< ...... -"_ L •r:: ... , ,

0.50

CuI t:lvCI.rs (cv)

Error (e\)

3 D.lL'

l'~' 3U. 9~)__0

4[j 4.24 0.09

2.(JO

Whllle units 63 43. ~10

Plunting!:',(P) '} E'.ll 2.'73
p <r n 21 6.40 D.30r-;

f.J ,\ Cv 105 2'7.00 0.2D

ecTOr' (b) 3E3 31.03 0.10

27.30>{)(
3 .00 ,~~~

xx
~.80

TDT (\L 5),J 12'7.'7~
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l.1 agrtl l1G oj" SbliU o f 

f"rr:oc111tl sI"]UlJr .... r: 

15 

45 2 . G4 D.DG 

V: ri :nr. n 
r :,tin 

1.33 

.-. ' , - . ~ . ~ ...... ... , . .. ..... ~ -.. -_ . . , . .. . ... , .. ~ ..... .. . ~ .. . , .. 
63 I B. Z J 

P X R 
21 

I' XCv 10 :5 In . ?;''; 

.:n . G' ~ 

0 . 2:) 

0 . 13 

0 . 10 

.... • .. .. ')O~ . 

117 . 30 

':! . :JO
XX 

l.OOxx 

-........-..... , . . . . .. . ... . ~ . . "" _ ... . . ...... . ..... . .. . ...... ' - ~"-

..1.o.r."-!-. .. ... . . .. .. 5.1), . _ . . .. _ . . ,lp,G, •. ~~ . . . .... . 

:J . A!, ~.y c.i s III v . r i nnc:..; ;,; :bL~ for nu,nbur or r;t..!od~/spik :il c t 
' -.0 ' " ' •••• L • •• • • • • _ • • , •••• • • •••• ~ •• _ _ •• _ • • • • •••••• • • •• •••• • • - .. . .. . 

Sill Gr ~ of 

v ril; tir'n 

CuI tivm'!'> (Cv ) 

Errol ' ( -,) 

o r)!JTCGr' o f 3um of 

frloledorr. !3r,u c,r 'I::lS 

15 3.J . 9~ 

4 . 24 

:.1(:, In 

Fof! U".Y'OS 

;'~ . OO 

D , Of, 

Vari.lnc (3 
!'Lltio 

0 . 56 

~. , ~~ • , • • • ~~ • •• •••• • '~ k ' • _ .~_~ . h ' ~ • • ~ •• • . ~ • • •••• • ••• , ' • • •• ~. ~ • ~. ~ . 

WhnlD unit,,, 63 43 . :m 
. . . . .... . . . . . ~ . . ..... . . . . . . . . . . . . ... . . . .. . . 

'} l~; . 11 2 . 73 27 . 30}(X 

P I~ n 21 G. aD u.30 3 . 00)~;~ 

p ;~ Cv 10 5 27 . 00 O. 2D '" ' lOX x '. ' ' 

31G 31 . 03 0 . 10 
..... .. .... , .. .. . .. . ......... ,' ...... . ~ ... . ... .. .. . ~ . ... . - . ~ .... . . 

TOTAL m.l 127 . 7< .. __ . . . .. ... . . . ~ ...... ..... ... . . . ..... .... . -....... . .... . ..... ~ 

'''' (r • 0. 01) 
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Degre8s of Sum of Varie-meG
v[\rir.y::iiJr1 fl"'8CJdonl 5qu~tr'8.3 sr:Uf.1T'8S r-at Lo

o=.:~-;.......~..". tt.. .... _ ....... ,o;s. ..... _. __ ~ _ <- r <. ,.te, < _ ......... _"- _-""~ -; ... ;.:.:.__... ' __ .L _•• '" ... .",' e- _"- 0> .J:_ •••• V_"', "L_'" .<_ .... .._ .'1_ -. ~ _... ". .._ .... L- •.L. L........ < _C- "- _.~ __ ."_ -"'<. • ._c:q_,,.o._,

Heplj_citC8slFl) :l lr.J1G.C3G l.J~jr3.c.J6 1.90

Culi:i\Jt:1Y's (cv) 1'-:.J 7160U.9Ci

1500Di57

('jJ
t_.', .I_,,_,".-"."L-_"-._-"·_~ ..•.••. :.-.... _..... ·, .. :o._", ......... or•• "C..' __' .• __ ~ "-,'- ,*-,.:.'. <--._ .', .. _ .. r .•,,-"',·, "' • r ...... < ~_" •• , _'-_'c-=-.c-"'_ , ,~"L , T.-_"- . ..,-_ ....... _."'-_.- t..._-_,

PL\ITl:;inUE,(i)) 7 2280S5, 60 3:-2!jG5. 09 9'}. tl8)(>(

21 17121,22 2, ~.4X)(

Errc)~~ (b) 31£.:i 10G35tl·. 7~'}

TOTi\L.. G1l LlD3?Ci2.21
0:0-.;>'." _'."._"'-'-.j_"t_ .• ,_ ."~..• _". " __"__~ •. ',."' .• "' __ L ,,- •• ,',.-.' ,,--""' "'_.J<:::.;.. ..... "_ ,L •• x.. .• ,-=--" ~ ..... L .. _"'_·, ~" •• " •• :~ .. "._" •• ~, ' "r_ ••• L ..... .__.,. . .:. ..• ,.""'- ... ,_.._.." -<. .=->

.f .• ••.• .T .<. _, <---,' c. L ,,_"'-_:0 , • _" • _. .. ...... " ~... 'L I, _~. (. I ... _... '" _,.:. -4_ ... _ < d •• 0.0.. '-':"

SOUl'"'CD of DegrG8s of Sum of Mcnll \/flrianc8

.~,~~·,!:.:,!:~Jt":~q_n~._~~,,~,__rJ:~~?,~cl9.i]~_,... ~s.CJ.u.":.r:.8,:=~.. ~ .. ~..__s.q~t0.!,.0.s .. E.f.l:~.ip,.. "~.~
Rr:):Jlicdi:es(H) 3 22.00 7.:3U 0.73

1!3 1091::1.00 727.50

[rrCl' ((1) 45 i!-33.C10 10,elO

~Jho18 units 63 113GO.00

I:) '-' n 21 SlG.DO 2i'tw52 o i LID1\

P v Cv 105 30E7.em 23.7[1 O. LJ·7I'

Ey'r'u::.' (b) 315 192~)2.1D 61,24.

TOTPL 511 i!la77.10

X~: (p o.rn )
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i :. i\ntl1~!8 i s of v 2.r i il nce t~~!_le f'8 r number of 5p ik ~le ;,B/ plnnt 
. ~ ~ . ......... , ~ , . , . , .... .. ... , . . .. , ., . . ~ .. -.. ~ " 

Vorinnr;c 
vr~ri r~:i In fr:'!cdo.1L flC"'U, re,' 

• ~ • • _ . R •• _. ~ ••• •••• _ • ' . ' ••• • ••• •• \ •• 0_ •••••• , .~(:.ur~y:e.s, . n'.t.i!J_ . . _ . 
He,Jli":.t:':es(R) 3 JDlS . t:o 0Jn . ':;G 1 . 90 

Culi::ivc-rs (Cv) 15 71me:. !J(i 

ImOG . G? 

22UO~!J , 6Q 3:2G05 . 0a 

p -, .1 21 UL.i . X1 

105 4ao(j~· . 47 

Erro;:, t o) 31G lO~54 . ?3 
, . . .. . .... --.. ~ . ~ ,- ' .' , , , ..... .. . ~ .. . .. . , .... ..... ~ 

TO TtL GIl 403~G2 . 21 _ .. .. _." .. . ", . _ .. ' ., -.... _ ... " .... . .... -" -_ . . -.... ~ 

J . Ana lYGiz of vl\)'lMCC I-'Dl' l~ O(lO··:,,;,~m: r:p.ini ,i; 
. "-..... ...... - .. . ~ .. , . , ........ . ... , ... . ....... . . 

Sou::-c., '1f 

r.ul'';iv ;:'[,. (C v) 

"m",' Ca) 

D~grocs of SLIi.\ or 

IG I D!H::l . o a 727 . !iJ 

10 .00 

V"rian~:J 

7:: . OO!~X 

_ _ .~ ..• " "_ r _ ... ... _ • ••. • _. ~ • ..•. _ •.. .. .. ..•• .. ... . _ •• . ... •. .. •• . 

t'IIYlle units 

P:' ntin:J:~ (P) 

p ;~ n 

p ;~ C\.' 

7 

21 

105 

315 

113GO .DO 
.... -. . . -. . . . . .... ... .. ~ .... .... -. . '.'''' 

!)~.'n3 . 00 J.tJ?·3 , l!~ ·~ ::: . 29:t.!~ 

~l!J . OO 2t:. . 52 o . lIO 

:lOl !J . OU 2;) .75 0 . 47 

192!J2 . 10 G1 , 24 

_ •. ... . _.~ .d ... ' .. . . . . . .. . ~ . . .... L ..... .. . . '.' ."'~ .. . ~ ..•.. _ ~~~ . 

TOTAL 511 Nll "!7 . 10 

x.", CP " O. OJ.) 
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r'8" -,-i [ '0 -i- .,,,' ( fi ) 't') IG38. C1C1 j(l.(3.0U 3.12"I ;J .l •. __~L '. ,,__,,-1 U

Cul J_.: \ "',,,"<C' (C· I) 15 ,]L-~?lD.31 ?2Gl. ~~2 13.lJ4x;<J ~,-,_ J t. ...-'- <.-1 , \,

[:Cl'(J j:" ( Co,,) Ll·El 7U?5. l7 1 '7~3.rJ[J

""~'-".,, -~ ••• - " ,. •.• .> ,- ••• -.,,_ ........ ~ r_~'=_ •.. '-'<.·.'ao__.... _, ... -"~ ...... "- .. -.~ • _'- c.~_,"._.' •.•• =;r_-~ .. ,- '.. ....__~._:r.c.. __ _.__.._ .••. ,..,....LO'-~ to. ~~ ,".'~'_"' .. ""_J

r) n
1\ i'j

X"r) 1591G2.71 22737.53 1,-13.41 "I

c~l J_r)S(j? _~2~J SrJj.3L! 1'- ':)9xx,..J. c., ,,'

),1 "
lOG <'.1·1330.21 3~.J;].6~': ~~ • L!·O .......,

31:::i (!·99L.l3.9LJ 158. C:it3

!..) J.Eti'l'l::·.I'jGE; (p )

r.. "I~~) ',' ('J )'L,. .L ._ L ... ~

I ..,~rl~'\1)/~:~~i,_E1CJ1:'vClric-.I1C[! ·:.,;:"\LJlcJfor til1erin~'-' r(:'.·~;t3

U(J UY'C!l Cl f'
\.f,';:'i; ,tiUll

• ---"" _"_"'" • _ .. "-, .~ ••• "'-.-"t_.~ " .•• '

f' " ,"I .., ~.~..'- "'" ( I") 118r_ .. ..c'.,,,,.I,(',,·1 ")

Degrees of Sum of Meon V~rinnco
frcodor.l SDUClres square s ret tio

•• _4:_".' _"--.>&!.~ .I&.- , ,_" • ..c.Z.-,;" ,. _ ,,-., -,,_-;;a:._~_'1'.'-"'< _",- •• '0 L.:""_"'·_·r __.,_·.""-_'-"_'""-,-,,,,-,•.. r ~ _lC-,-., __", 0:0:..'

:3 :5.2D 1.73 1.73

1::3 ~?17.~]U

'-E).OS l.CO

'iJho J.~J uni tCl 26E} .1(3
t.' >r _"C..-;..; •••• ~" _. ""_ ... ,..... '- ..... to ,,,,,..._, .c .4 "_ . .1 .I_-.c-~::r._-:'" .• IL•.~~ _ _"_:",.:"-'.,""'-_"_ -".. , __.•. _..... ""_ _c... ~,,_. ,, __ ..... ,",_.31. __ "- .. ..,•......:. -.... "'_ '~.. • • ..:c.""" __'"- ~.._"".'" L _<-':0: .•• _--'C..- ...... __

P]"Tl--l i"\f-''''Cp) C'l •7~)xx_ ... 1 J •• ~ .,j •.J ? 61C3. si DC.l::l
.,

F' " R ~:~1 tJl"f.1(!· :":.58 1.9:j"i\

D '.' Cv lOCi 15'7. (-i:, l.50 1.151 1\

Ej~~o].' (lJ) :Jl5 (i·1Cl • Cl t.1 1.3D
TOT,"L m.i Ej(J6.r~~.'

...... ; •. ~ _.:,. __~ _ -=.__~_::-..._ _, .,,' .. ,' _. ;<:. •.• f ••• _-C. ..• 1. _t. ~...__:0.' .. ....__.... _._~: •. ,'_-,_",-,,<- '0:: •• " ~ ... _ ... ,_.~_' ..... -""";_-~~. _"-__ '.' •• ' .':;_L ...... ,_ -X. "" , •• __ .... "~'::', < ••. ~ ..

v >c-(~ Gnd (p - 0.05 and 0.01 respectivAly).

University of Ghana http://ugspace.ug.edu.gh

-107-

... . ... .. ~ . . . .. . ~"" _ .. _ .. .. .. , -. . .. . .. .. . .... ... ~ . . - _. , 
Sur.l (If' ;·'r!f~n Vnr i nncp. 

WI .. ":. ';';~,JtI ,"'re edom t'llu::ros squ. , ro ~ r o·j:i o 
~ ._ • • •• ••• • ••••• • ~ •• • • • . • • , . ~ • • r • ••• • ••• •••••• • •••• , • •• " •• _ _ 

I 'i' "'·····, ·C·_ ( ..... , ) .... 'H · .. . '.;:· . ~I 

p " .-. 
I. ., 

;: Cv 

v 
3 1630 . 0 0 j/J.3 . U[J 3 . 12" 

ILi 3'~;::lU . :n :~2f"j 1. ?? 13 , tJ4X
;( 

45 7075 . 1"; 1?,G . CO 
. .. ... .. . .. ... .. . . -. . ... .. , ... . . .. ... . ~ .. ~ .... ~ 

4..1731 . 4D 

7 159102 . 71 

~l J.79G:-" . ~~3 

105 41:::J[} . 21 

31!..i 49943 . DC; 

22737 . 53 

3:)2 . G2 

1 ~58 . 55 

xx 5 . 39 . 

., JIn x},; 

... . '>U 

•• • _ ... .. , . .•.•..•. ~ • .•.. . . __ . . . . . •. • ....... L . , ••. . , • ~ . ___ . ~ 
511 31;:1~1U . ~)S' 

• • _ . . .. ... ... . . ... __ ••• L . _ • ••• • • •• •••• • •••••••• L' ___ 

, ...... , . ...... . .. _ ......... .. . . ... , . .. . . 

. Y. '.; :i .. . ' .i .a.I1, . _ . ".Ptc.c.d,o.r.l, snuares sq u;'U'L5 r i"l t io .. .. . _~.L"" • • • ~_. ~ . . , .. . , .~ .. _ . ........ . e-

nepl:: ..... ~'i;n,, (I~) :1 Li . 20 1. 73 1. 'J:J 

C·u ' ·· .. 1 V· ... .,. (oV } • e' ...... -A... , 1,· ., 
C~5 

· ~ 17 . ~)n 14. G3 

LOO 
~ • •••• • ,. ~ ... . .... . . . _ • _ _ ~ • •• • • • L •• • _ • ••••• •••••• •• • L •• • • • •• ~_ ~ 

·. /hn l') Ltn i t r. ,., 
~, 266 . 1:.i 

• • _ _ • • •••• , • •• • • ••• ~. , •• _ . ,' •• , •• _ • • _ • • •• • ,~ • •••• _ _ ~, ••• L "" 

Pl. 't r(;in,]E> (P) ') 61C.Sl OC . 13 ro . 'lUX;~ 

p 
" A ~l !"A . ).4 ~ . 5L L9:~" 

p , Cv lOJ I G7 . G'i 1. 50 1. l S " 
Er-::Ul' (oJ) :,15 11-10 . 04 1. 30 

.-. ... ~ ... _-..... . . _ . ... ... . . _ . ..... -.... ..... " . .... __ ._ . . . ~ . . , ~ . . .... ~ .. 
TGT . .L GI l lJ06 . r,~ ,. . . .. . ... .. . . .... - ~ .-~ .- . .... -- ... ~ .... . . . . . . .. , .... .. . --

" rind 
.. " 
~." (p '" lJ .05 a ncJ 0 .0 1 re!;pec tivt.J.y ) . 
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\h~:ci;:mc8
,:'d't:iu

r:) <u- "l -~ "'. \.1_ (', f ~ (I'') '\
Ill .•lJ ........J.... /C~G\..,d 1) 3N3.37 116.12 1.?3

C" ]" (r")•• J U ,_'Cl V .. I~t'r; _J \I ] ",'_'

El"I'Ul' (aJ r}L].30

P ;(H 31Cl•'?!)

1m3 2]DG5. (].t3

:)1:) L]·1381. Sf 131.37

TC1T,i\L G1} 12~?7Ct}.tjCj
f . ..:.\.- .,~_" c _ _.c. '. ,", ,""",,,,,,,,- ,,_ '<. _,, __ -" ,. t- ,'.;c_. "t_ .• L·' <_.,,~ "'.' _-'"',.'C _"-'- ,.. _,",__~"" ,C£-_~. -,,~ , •• '- .• " 0._""__-40_''' __.'''" - ~ .•.._l.-.;c...: •••••• - ~~- - , •. r =-<=..- --".~.~'.~

:;. /\n::'J,y,,;:lf" of ViJ,I':L)IlC8 tc:~I:JICJf!.t:c nurnhor' of ler-,v8s/!Jl;:nt at
unthoE>is

S(JlJrGC~ of
\I (n-i. :,L:iu Il

&:,:,:--""",-" ..... -, ~ ,L , _" '<_... ..,.. ,._ o.

F:", 1" -, ",'. en',\:..;\J l..L:-I, I.FJf, ~'lJ

Slit,1 of

fr'3:::~dorll
.t:: • '''''_. .»_ ~ ... ~'•.

.~~.~·l.U'::y'-:8.:~,
riD.7,) 16.93 O "'0• I ...J

(ill') .~J3

964.0(;
• _._~. ,,," __ ,t . -~ _<- ... t. " .. It..- .L...... <-=",,_ ~

, • ",",o",-.r -0;--.'" '.r t ... ' ' •

r'" r ...
i..) ....:i

." ~ _<_ " ..... , ... < 0; ",_. r_ ... ",-', .....: ~ "---,
C.~.L,..:._,_ ..L"'r..""--.,:.." _._._" ....... ~ •• t . .:.r •• ' .. -<: ... ~

PJ,int:Lngs(r::l ) "J
I :~938.70

21 '7::Ji) .• eiD :'3L]·.98 1.?J

P ,\ L~\I

315 8950. ~jO 2[3. [!,l

TOT,\L
"",.;><-_""~-,,,- ~._ :0,. '-'-" "t· .. ,"" :c..._ ,t~~·-"

311 44930.iJ'}
• "--_~_'-~ .~, __..L..._~ _ " .. "', ... ~ __oL. ~ t.:,_ ""' .. ~.-"C_oc. ...... _~ .. ,,_ _",' '" '*--- "_'--- _-.___ .'_',~_ ._ ""---- ". '- -"' .. '<--" .>t. _00;. .. <;;:.:01:0 _"':-".-t-..%__ ,o •• "" ,,~, '''.-~

(p .. c .o.i)
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n,y )l ~ ~""'" .. (n) ~·l , " ~ ..... ' .... ,.' -. 
CuHiv, :-,,(Gv) J.:; 

£1'1'''0 r' (U ) 

63 

7 

p ;~ R 21 

p ;: Cv 103 
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3l!D , 37 

:13C{'7 . 6!1 

.... ,": ' 'l :.-
0 •• ,'_"- ... . ....... 

['>5:::0 . G') 

413,]1 . [£ 

TOli,\!.. GlJ. 1227G7. u. , 

110. 12 

flll , 30 

V~~ri._:n<..:e 

:ni;io 

l . ;"~ 

... ~. - ... ' .. ~ -- . --. . _---

1131 ~ . (l5 

~no . 'J';; 

??7 , l :n 

131 . 37 
...... . , . . ~-'.- ....... .... .. .. 

. . . . . . . .. - .... . ... '''- .. , ~ .... .. ~~ .. . ... - . _ .. . . ~ . ~ . .. ' - ' - .- . ~ .. .... . 
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