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/7 TN Dii'ferential aluminum tolerance exnsts in wheat (Triuwm aemwm L. ) This study

<

was undertaken to evaluate and determine the response of a ggst section ot‘ the elite wheat
germplasm used in Kenya thh respect to alummum and a{:tdic condittons : '
\ Laboratory nutrient culture solution, greenhouse experiments ustng “medta to which
; "‘. alummum had been added to a *pxxc level and liming experrments in the greenhouse were
B conducted to elucidate the dtfferenual tolerance: to alurmnum and acidic condmons among
some Kenyan and' other wheat varietres ol S
Highly significant (P < 0.01) vanety dif ferenoes were observed on the basis of v
: hematoxylin staining scores, root weight, shoot wexght biological yteld root tolerance md\ex
‘and shoot tolerance index for both the staining and nutrient culture experiments. Significant
! (P < 0.01) variety x treatrn‘entinteractions were observed for biological yield, .root\ length, |
. and root tolerance index in the nutrignt culture experiment. - _‘ - .
< ~ Ormi.the basis of 'varieties grown in artificial media (University of California Mixture)
| . supplement with_aiuminum at various concentrations, significant"variety differences ‘were -
observed fo?all measured \tariables. Only\root tolerance index and shoot tolerance ir;dex |
showed significant variety x treatment inferactions. o ' . /‘ '

:

«  In hrmng experiments using Kenyan soils stgmi‘rcant variety 'x treatment mteracuons

-

were observed for grain_yield, harvest index and number of seeds per plot for the Ferralsols
(Eldoret soxis) but only for 1 ,000 KWT wrth the Andosols (Molo soils) .

. All the measured agronomic characters, and determmed mdroes were negauvely
affected by hrgher levels of alummum although root lgngth and root werght were the most

affected. On' the basrs of deterrmned rndrces root tolerance index was the most srgmftcant]y

K4

aff ected by the change_ of Aalummum conqentratrons.

Significant correlation coefficients between all measured variables were observed
. . > »

except for root weight and root length in the control treatment of the nutrient culture

‘experiment.

- . o

. . .
. .
. 7
» .

.
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L v
Vuieties which showed either tolerance or susceptibility in the nutrient screening

expériment showed similar and conaistent perf: otmanoe in the subsequent expefi;ttents with

using high levels of aluminum in the media; and in the limmg experiment, |

e A genetic'study was conducted to examme the mheritance of tolerance 10 alummuw, %

toxncxty Twelve dif’ l‘ erent crosses produced F2 with diff erent segregation ratios ol‘ tolerant ‘and

' ,§usoept1ble seedlings. The F2 progenies exhibited a wide range of eegregation ratios that

suggested, that aluminum tolerance in this group of parents i§ conditioned by more than two

genes. Only three out of the twelve crosses showed segregation patterns that would fit a two

B gene rpodel and none fitted a single gene model.

The Chl -square of homogeneity (x?) performed on the F2 seedlmg test results revealed

that the tolerant parents Romany, PF7748, K. Kéngoni and K. Tembo have different genes

with fespect to aluminum tolerance. The results of the progenies obtained from the crosses K.

Fahari (susceptible).x‘ Siete Cerros (susceptible), and K. Swara (susceptitte) x Siete Cerros

(susceptible) indicated that aluminum susceptibility is conditioned by recessive genes. No F2

segregants fitted a 3:1 ratie (l e no single gene dif’ ference) but the crosses K. Tembo x Siete
&

Cerros and K. Swara x Romany fn’ted 2 9:7 ratid (ie2 gene dif’ ference) suggesting the

/
presence of dominant genes controlling aluminum tolerance F2 test results indicated that

. effective levels of alummum tolerance could be intorporated into some oi‘ the Kenyan wheat

varieties, but also that the variety Romany is equal in tolerance and in effectiveness as a

donor parent to the best alummum tolerant lines prevnously reported in the literature.

o8

., - | N A o
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7 .~ 1.INTRODUCTION
Wheat (Trmcum aestivum L.) is an important cereal crop in Kenya grown on
approxlmately 119 000 hectar% wrth a national average yield of 2 S tonne 'ha. The nauonal‘
averagc wheat production per annum is a credrtable fi tgure of 250 000 tonnes, dependms on’

the weather conditions and on the rate of declme of hectareage due 10 sub- dk‘ jsion of

tradmonal wheat lands 10 accommodate othe: farming actrvmes The growth te of wheat
yield per annum is now approximately 3.7 pexvent, coupled with a 3.5 percent per year STOWlh

rate m total productron in recent years ‘Despite the f act.that these indices show such -

, promnsmg trends Kenya has been a net importer of wheat in the last’ decade or so due 1o~

\

dif f 1culty m‘“' ; ttsf' ying ever mcreasmg domesttc demands

1 net wheat 1mports were approximately 159,000 tonnes. The net imports in

| o 71978 1981 average was 300% The net import wheat grain pef caplta in
5 was‘ 3rkg/yr (rndxcanng that Kenya was exporting wheat) compared to 5 lcg/b’r in
the 19 9 -l981 perrod lmports of wheat gram as percent of total food grain 1mports in

| 1961- 1965 were zero compared to 47% in the 1978 1980 period. (CIMMYT 1983)

> lt rs evrdent that Kenya needs to-develop new wheat productton technologles in ordé’r

F)

‘ o satisfly her domestic demands; Such ‘technologies will include, among others, development

_of: §

2L a
(l) high yreldmxlttvars for areas of "high yield pptentral” and .y

(ii) hrgh yielding cultivars for areas of "low yield potential”, such as- the "semi- artd
and mineral Stress areas. Mineral stress regions will include areas of acrdtc smls and those with ,
htgh levels of aluminum in the soil. Research relevant to these regrons should play a maJor

role in development of the whéat crop.

\ ’ ‘ ‘ . . . o ‘b, > . ) . 5 .
A l 1 Overvrew\of the problem and objecttves . s ‘
3 N .

‘ Alummum toxtcrty in wheat is f requemly qurte severe in sorls wrth a pH of 5.50r
less. Research in development of wheat varrettes wrth tolerance to soluble alummllm was

Ammated by Brazilian brwders and over the past f ive decades, has resulted in the 1dent1f ication

M ¥

\\..

[

-



of large numbers of tolerant cultivars (CIMMYT.I 19815. '

Liming is usually advocated as an amendment for increased crop prOduciion iﬁ acidic
* and high Sluminum soﬂs. Some investigatqrsihave attributed the benefits of liming to the |
conespOnding increase in pH and reductilon in the concentréi?oﬁ of exchangeable Al’* and H*
(Kato and Haza, 1977). . | I o ,5} | |

| N e
! s

The ef fects of alumi'num\on plant grow{h have been"’ studied by other workers ( Fo;".»
1974; Camargo, 198“1). and various methods have been established to écxeen for aluminum -
tolerance (Foy, 1976; Moore et al., 1976; Polle et al., 1978). L /“
- Breeding wheat for'alu.minu.m and /or acid ‘tolerance in Kenya i_s relali#’ely recehl
g:onipare'd 10 ing for rust reSisténé‘e. Little is known about the level of tolerance to
aluminum in ‘Tost commercially grown wheat varieties. There is !inadeql'xa‘le ,kenyén
informatjon f rofn which sound and jaract'iéal breeding prbgrams can be designed with respect
to aluminum tolerance. Specifically, little is. known about the level of tolefanqe,‘th'é r:irumlber
of genes conferring resistance, their mode of inheritance, the lime ‘fésponse of various o
varieties arjd, more immrt;ntly. the desired choice of parcnts' for crossing in order to
| incorpofate genes that carry resistance to aluininum i‘oxicit’y witho‘ui altering the good
agronomic characleré of the best Kenyan whéats* This study wés designed to investigate: | .
| 1) ‘the gfthh re'sponsé o-f_# ranée bf wheat gcnqupes lo varying alurhinum
concent;atiqns in both nmriént solutions and artificial med-ia‘com_a'ining dif f erent
levels of :’z_l}iminum |
2) ﬂthe inheritance of ‘aluminum tolerance in crosses involving Kenyan and oihcr | / ‘
cultivars. | ,, S
3) the response of several wheat genotypes 10 lime, using‘fwo acidic K'cnya'n-so/ils

'u_nc%g-‘r greenhouse conditions. ‘



12 Rationale for this study S . ) \

i

the genes f or aluminum tolerance been clearly mapped on therr respective chromosomes.

To date the meehamsms of alurmnum toxxcrty have not been fully explamed n‘or have

However it has been deterrmned that tolerance to alummum toxrcrty is-a hemable trait. A
N number of genes ranging from smgle dominant, olrgogenic and polp)gemc have been crted to
control lh% trait (Camargo, 1981 Lafever and Campbell 1978)

~In order to assess the effects of aluminum on wheat genotypes, 1t is rmportam to
know whrch plant characters are affected by alummum The present study was conducted in
an attempt lo contrrbute f undamemal knowledge on these subJects focusing on the
rmplrcauons of genotype -aluminum interaction in Kenyan wheat varrcnes Genetic studresz

mvolv:ng Kenya, wMats some of which are kno w have toleranee to soil acidity and

cultivars known to haWe aluminum tolerance, wrll give mf ormation about the usef ulness, or
,otherwrse of mcorporatmg alummum tolerance into the. Kenyan\Keat breedmg programs
e . , \-;\

"~ .

. RN



2. LITERATURE REVIEW

--2.1 Background

. percent of the world land area that are adversely affected by mmeral toxlcmes and/or

1Kenya Soﬂ Survey, 5Nalrobi, Kenya.

‘Plant performance is mfluenced by the interaction of many envnronmental factors and

L]

is of ten limited by mdmdual components such as soil moisture, temperature and‘mmeral

stress. Mineral stress in plants can be caused by elther nutntronal deficiences or toxicities

‘ (Duval 1976) Def iciences of one or more essential plant nutrients are widespread in the soxls

of developmg countnes resultmg in low productivity .in vast areas of nutr:tnonallMepleted

sonls There are large areas of the world an esumated 2.9 bnllxon hectares representing 2. 5

defxcxenmes (Duval, 1976). .
' %
~ Among these probléh1 sonls are the hnghly leached Oxxsols and Ulusols whnch are

——

' charactenzed by toxic levels of(soluble alpmmum and manganese (Van Wambeke 1976)

S5

Currently, these Sfreas are exther undeveloped for agnculture or where cultwated are of very .

low productxvrty Alummum and manganese toxrcrties are among the most 1mportant f: actors

hmltmg the growth of crop plarits in many acrdtc sorls of the world (Da Silva, 1976; Foy,
1973, 1974, Kamprath and Foy, ; 197J McLean 1976; Olmos and Camargo 1976).

; ln Kenya it is estimated that about 30 percent of ¥xe mtal Wh??f,ﬁ'_?“’?ﬁ area, |
pamcularly that compnsmg lethlc Ferralsol soils, 1s acxdnc of pl—l 4' 3-&,0’ (Sf famula, =
1983) The dlstnbutlon of acidic soilg’i m Kenya has not been clea‘rly 1lluslr£wl -However ¢ soil
analyses f rom the National Agl;xcultural Laboratones (Narrobx) and Maps from Kenya So:l
Survey, (pers comm. )’ indicate that areas of Mau Narok, Molo ‘and Eldoret are.

1

characterized by low pH levels in the range of 4.3 to 5 6. , - D | .
- To meet a raptdly growmg demand for f ood during. the next four decades these _

problem soils must be developed and 1mproved in productwny ThlS can be done by a

' combmauon of crop improvement by breeding, and by lmprovmg management practices.

e . . W

)
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2.2 Aluminum and pH relatlonslllp
I strongly acidrc sorls (those with pH below 5. 5) aluxmnu toxrcrty is a primary

om——

suspect as a growth lrmmng f actor. However, not even water -soluble )alummum is a reliable -

gurde in predrctmg the toxicity m a given soil. For xnstance.,Adams apnd Lund (1966), found :

ty of a gwen leveL of soluble alummum in disphced soil solutions i is influenced |
by the totkal. nutnent concentrauon ina grven sorl Simrlarly, the toxrctty of aluminum in
varrous sorls is more closely related to its molar actmty than to 1ts solubrhty (Bohn et al.,
1979). © - .o -

Over a large portion of the world, rainfall exceeds evapotransptratron for much of fhe
year, and@oll leaching results Leaching removes the basrc cauons like calcium and

magnesium, thence leavmg the upper and sub-soil parts acrdlc Local highly acidic soils can

: result from exposure to air or mine spoils that contain such compounds as lron pyntes (FeS, )

or other-sulphides. In the process of oxldatron iron pyrrtes can form the products sulphunc

acrd and iron hydroxrde (Fe(OH),), which. are_acxdrfymg (Bohn et-al., 1976; Tisdale et al.,

or ammonium -based fertilizers can lead to soil acidity. This is a microbially médiated reaction

as illustrated in the following equation: S
'NHf + 201 ========= NOf + 2H* + H)O

The hydrogen ions generated, from this reaction reduce the soil pH. bess acidity is generated

¢

from (meno- ammonium fertilizers, for example) NH,NO,, as compared to (drammomum _

:'&ﬁs?ruhzers like) (NH.),SO.. because only one-half of thsmtrogen in mq,no ammonium
) fertrhzers can be further oxitized. Srmrlarly. the H,PO," ion which is, released by dissolving

phosphate fertnhzer granules can lead to acrdlty near the granules as low as pH I 5 The
H PO.' ion is rapldly neutrahzed@y soils, but the acrdrc reaction products may remain to

mﬂuence overall soil properues (Bohn et al. 1979 Tisdale el al., 1985). Plant residues or

wastes decomposmg mto organic acrds can also cause soil acrdlty .

. " M
% : I: . L

- Crop fertilization can also lead to substantial acidification. Continued use of ammonia '
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relatronshrp between extractable soil alummum and soil acrdrty has ‘been documented
(McLean, 1976). Exchangeable aluminum increases exponemrally at low pH values below.S 5
(ILee et al., 1970). It is quite possrble to sxmulraneously have toxic concentrations of
a_lum’inum and‘ rnanganese in acidic soils*‘(l,ierOp ef al., 1982). Aluminurn toxicity has been
impl?éated as a contributing factor 'in lhe poor yields observed in acid soils for some time
(Burgess and Pember, 1923 Vlamrs 1953; Foy, 1974) though only recently has it been
suggested as a criterion for determmrng liming requrrements oHeached soils (Kamprath 1971;
Reeve and Sumner, 1971). Reducuon of calcrum magnesium, potassulm and phosphorus ]
— availability to the plant is another characterrstrc of alumipum injury at low pH (Fleming,
. .1983).
"Aluminum and hydroxyaluminum canons are present in.most acrdlc sorls and in
some are the dominant cations on the exchange sﬁes The f onﬂauokn off e;chsngeable
: alummum in soils and clays underarelauve strongly acid condmons has been wrdely &udred
(Chernov 1959; Coleman, 1961; Davrs et al., 1962)."
High levels of soluble and exchangeable aluminum are among the major causes of soil
B inf ertilit‘y of strongly leached mineral Us_oilé in the tropics (Juo, 1977). The acidity of soils
_ containing exchangeable aluminum is due to the hydrolysis of aluminum in the soil solution
and(groducuon of hydrogen ions (Dalal 1975) However, it has been reported that aluminum
- toxicity can occur in soils with pH values of as high as 5.5 or more (Adams_a.ndi.und 1966; |

Hester, 1935). u AN

_}24.3 Aluminum as related to other elements in soils of low.pH _
Aluminum does not inl luence soil.pH in isolation, rather, pH is governed in a
complex manner due to interaction “igvolving other ions, molecules and groups of compounds.

. For instance, Lindsay' and Moreno (1960), developed.'a solubility diagram for phosphorus ina
system containing variscite (Al(OH)‘,H,f‘f)l)and strengite ( Fe(QH),H,PO.). kAt low pH‘both

strengite and variscite persist. These compounds are sparingly soluble and they render



&i

—_

g

—

phosphorus unavailable to plants. This is why most acidic soils have high phosphorus
. deficiencies, because phosphorus is "locked" in an unavailable form. (Bohn et al 1979)

There is a general relationship between solubxlity of various ions and’ change of pH in

“the soil. As the pH decreases, hylrogen (H*), iron (Fe?*), manganese (Mn’*), and aluminum

(AI**) ions become abundant. On the other hand, as pH increases, calcium (Ca’*),
rhagnesium (Mg?*), potassium (K*), sodium (Na*), and molybdate (MoO.’*) become
abundant in ihg_soil. (Bohn et al., 1979). Therefore, it is likely that low soil pH is associated

A\l

with many other toxicities anq deficiencies other than aluminum.

#

24 Development of aluminum tolerant wheat genotypes

Brauhan wheat breeders ploneered the breeding of wheat varieties resxstant to

aluminum toxicity. This work was initiated in 1925 (Beckman, 1976), and over the past five

‘ decades has resulled in a large number of resistant culnvars Initially, the Brazilian lines had

poor agronoxmc characteristics, but were later crossed with CIMMYT derived lines which were
at the time suscepnble 10 alummum toxnc:ty. but possessing superior agronomxc characters.
Consequently great achlevemems have been made through the shuttle breedmg program

between Brazil and CIMMYT resultmg in lines which combme resistance to aluminum toxicity,

s

- good 'agrononmic characteristics, broad spectrum /.of disease rcsﬂistance'and high yield potential

(CIMMYT, 1980; 1981). | u o

’

Against this backgiound. major advances are being made in incorpora'ﬁng aluminim

. tolerance as a specific method of breeding tolerance to acidic soils. Most of the effective

—

genetic sources originated from Brazil (Rajaram et al., 1981). Incorporatica of ‘tolerance by

" backcrossing and field testing on extremely acidic soils (pH 4:0 to 4.6) has been effective in

Zambia in producing tolerant varieties, notably PF7748 ("Whydah") and PF72640, whic}\: may
yield 1.8 lons/ha as compared to 0.4 tons/ha on these soils with varielies lacking lolerancé.
(Little, pers. comm., 1985). ! CIMMYT has played a major role in sending aluminum

tolerant screening nurseries to regions with soil acidity problems, and the same good sources

-

IMt. Makulu Reseorch Stati&xf Private Bag 7, Chilanga, Lusaka. Zombia.

o



' Zambia were independently identified on sofls of- pH 4.6 in Kenya in 1981

nada CIDA W‘eat Project 1982 Annual Report), where the non- toleram

wheats were kill } by the acndnc sonl

alummum in nutrient soluuon and to acid soils containing hlgh levels of soluble or —_—

exchangeabte aluminum (Burgess and Pember, 1923; Hanwell‘ and Pember, 1918). Aluminum
ir;'jury has been associated with decreases in ihe'uptake and utilizatidn’of phosphorus
reportedly due to decreased permeability of the plant roots (Burgess and Pember, 1923; Foy
and Brow3 1964; Jones, 1961; Wright and Donahue 1952) and calcxum (Honenslme and
Fiskell, 1961; Rees and Sldrak 1961)

Numerous reports indicate succ&sswin' selection for aluminum tolerance in breeding

programs (Beckman, 1976"'Campbellv and Lafever, -l976£ Da Silva, 1976; Mugwira et al., '1981;’

. Rajaram et al.,1981). Nyachiro and Briggs (1983, unpublished) studied.a range of Kenyan

wheat‘cu}tivars using pot tests to tompare relative growth in two soils.of different acidity
levels in the greenhouse. Cultivars showed a wide range of tolcrance to the acidic soilk
Among the cultivars that shqued good tolerance to acidic soils ‘were, '‘Romany' and 'Kenya.
Kongoni', while 'Kenya Swara_’ and 'Bounty{ showed poor toleranee. The nature of this
differential tolerance to acidity has not been clarified, partly beceuse the mechanism of
acidity/aluminum toxiciw not fully understood.

-

. : -
ifferential response of wheat ( 7. aestivum L.) to high aluminum content of some

acidic soils \1as been documented by several investigators.hln the 1960's, it was suggested that .
the adaptabilithof certain cultivars to strongly acidic conditions was due to their ability to
tolerate high levels of free aluminum ( Foy et al., 1965; Neénan, 1960). Using response o

increasing levels of aluminum as a criterion for tolerance, it is possible to separate cultivars
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into several response groiips (Aniox 1983; Kerridge ef al., 19\; Lafever et al., 1977). Other

'workers have also found t\m alnminum is differentially -toxic to differcnt cultivars within a
species (Camargo arid Olwé(a 1981; Foy et al., 1967).
. \; .

2.6 How aluminum affects plants o |

. As was indicated eafli'er. ‘high aluminum le;'éls can interact with other macra- and
micrq-elcmems to create a nutrier{; imbalance. Unfav‘ourable aluminum -phosphorus
interactions can cause plants to stuﬁt, when aluminum concentration exceeds phosph&rus
concentration. Aluminum tolerance 61‘ plant species is closely related to ;he abilities of
cultivars to absérb and utilize phosphqrus in the presence of excess aluminum (Foy and
Brown, 1964). d

However, the sensitive wheat cultivars may have a higher absolute internal ° \
requigogcnt for calcium or phosphorus (Salinas and Sani:hez. 1976). Alternatively, a given
concentration of aluminum within the plant may interfere to a greater degree in the
metabolism of these elements in the sensitive cultivars. Clarkson (1969) found that aluminum
inhibits sugar phosﬁhorylation in'cultivars of barley. -

Retardation of root growth is one of the major ways aluminum af fects’ plants
(Kamprath and Foy, 1971; McKenzie, 1973; Mugwira., 1979; Mugwira et al., 1981; Penney,
1973). Aluminum damages both the latedl and primary root tips. Other researchers have .
found that, apart from ‘stunti‘ng root gro;vth high aluminum concentrations cause t;iickening
of roots, inhibition of cell division, and abnormal undifferentiated tumor-like tissue
(Clarkson, 1965; Hartwell and Pember, 1918; Rees and Sidrak, )361 Rorison, 1958).

It has been demonstrated that alummum can alter the type of the DNA
(deoxyribonucleic acid) produced in barley roots (Sax\)pson et al., 1965). Recently Wallace
and Anderson (1984), documented some evidence on ;\le effects of shon-term exposure of
wheat ( T. aestivum L.) to various aluminum con;emramons From their expenmem they

found that aluminum inhibits the uptake of thymldfﬁe a\mal component in the synthesns of

the DNA molecule. : | \
\
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“The toxic effect of aluminum is manifested as a drastic inhibition of root growth and
“is caused by aluminum binding to DNA in root meristematic cells, with consequent inhibition

oo

of mitotic cell division and cell elongation (Clarkson, 1969; Matsumoto ef al.,1976; Morimuna - |
v and Matsumoto, 1980; Toogood, 1981). In tolerant ge‘noftypes. therefore, li:e exist‘enée of |
. some soﬂ of protective mechanism is postulated, which ttther prevents aluminum entry into
=~ the cytoplasm and/or nucleus of meristematic root cells, or mfluences the aluminym-binding
10 the DNA. A'the same time, it is not known whether the observed influence of alumidbm )
is a\gtect~response or an fnd‘irect effect of distﬁrbed DNA transcription (Clarksor, 196S;

Klimashevskii, 1975).

2.7 Mechanisms of tolerance to aluminum toxicity
- Wheat télerance to aluminum toxicity is a relative rather than an absolute
chafacteristic. depending on nutrient availability (Carmago et al., 1981).

‘ Fleming (1983) indicated'that tolerant wheat cultivars absotbed nutrients more "
effig:iently and induced a highér pH inA'the ;oot)zone than aluminum sensitive cultivars. He
also suggzstgd that the differences in NPL‘-N (ammonium-nitrogen) uptake and utilization
may be responsible for other diff erences be;weeh aluminum-tolerdnt and aluminum -sensitive
wheat cultivars. The depressive effect of NH," -N uptake on the pH of the soil and NO;: -N

“ may be usef' ul indicators of alummum scnsmmy Specific differences in N metabohsm may
also be xmponam determmams of alummum ;olerance in wheal (Flemmg. 1983).
There is supportive evidence that alumu‘mm-sensmve cultivars maintain a lower pH in
* +  nutrient solutions than tolerarit'culti;ars (Dodge and Hjatt, -1972; F@ al., 1965; ‘Otsuka,

. 1968; Taylor and Foy, 1985). Dodge and I-hatt (1972) found that such cultivar dif’ fercnces in
ability to change pH coincided with dlfferennal anion-cation uptake The abilities of certain
cultivars to produce or prevent this pH decline could explanp higher alummum tolerance on

O the basis of reduced alugtinum solubility in the root zone of soils with high aluminum
cdntem.vConversely. the ability of certain aluminum-sensitive cultivars to reduce the pH of

their root zones could cause yield reductions in soils that would not normally be aluminum



toxic (pH 5.5). because aluminum solubility and toxicity increuu with a low pH

The concept of thc plant itself conditioning the pH of the nutrient solution hn been
supponed by several reports (Fleming, 1983 Taylor and Foy, 1985; Mugwira and Patel, 1977)

Other suuesﬁom have been made, that aluminum tolerance among cultivars of
wheat, barley and soyabeans appears to be closely Telated (o the ab?liﬁes of plants 10 absorb
and transport calcium in the presence of excess aluminum. Séqsitiy{: cultivars accumulate
lower concentrations of calcium than tolerant varieties v_lhén ‘both are under aluminum stress,
but in the abschce of aluminum the situation-is often reversed (Foy\et al., 1972).

Greater aluminurq tolerance in wheat ﬁas also been syggested tolbe due to a higher
internal tolerance to aluminum levels (Ikeda et al., 1965; Neenan, 1960).

* Ouellette and Dessureaqx (1958) found that aluminum tolerant alf glf:a clones
contained lower concentration} 9!' aluminum in their tops and higher ;oncenUations of
aluminum and calcium in their ;oots than did the aluminum sensitive clones. It was susbected
that the rate of calcium uptake wﬁs one of the factors determining aluminum tolerance.
‘Calcium was believed to act in two ways to reduce the toxicity of aluminum: firstly by
reducing the uptake of aluminum; and secondly by immobilizing part of the absorbed
aluminum in the roots, thus preventing it’s translocation to plant tops.Thesev investigators,
howe;/er. did not indicate whether the diff erential aluminum tolerangé tméng alfalfa clones -
could also be due to aluminum -phosphorus interactions. |

Several investigators have associated aluminum toxicity with reduced gross
accumulations of j)hdsphoms and calcium acdbmpanied by increased aluminum concentrations
by plu'n tops grown in nutrient solutions containing aluminum (Clarkson 1969; Rorison, -
1958) However, it is still not exactly known to what extent the uptakc transport and
uulmuon of these elements are mvolved in the actual mechamsm of aluminum injury and
how plants avoid the injury.

Some physiological mechani.sms have been identified as beirig associated with tolerance
or sensitivity to alhminum among or within specis but noﬁe has been 6und to apply in all

cases. In a review of the subject, the following different mechamsms have been suggested by

N
-



Foy (1974):

7

1)

n

Due to differences in root morphology, some aluminum tolerant varieties may

keep developing with no injury to the root tips ugd lateral roots in acidic sols.

2) Changes in pH of the root rhizosphere. Séme aluminu;h tolerant vyrieties

: iw the pH of the growth medium, whereas sensitive ones decreased it.”

# L
Such changes are believed to be as a result of differential cation-anion uptake,

. secretiog-of -ofganic acids, carbon dioxide and bicarbonate.

3)

4)

5)

6)

Aluminum in the roots does nof inhibit thg uptake and translocation of calcium,
magnesium and potassium in tolerant varieties, whereas it ‘does $0 in sensitive

varieties. Varietat tolerance to aluminum is related to calcium uptake in ° '

soyabeans, wheat and barley, to potassium translocation in sorghum, and to

magnesium a‘qg,potassium translocation in potatoes.

High plant silicog\ content has been associated with aluminum tolerance in certain

rice varieties.

Lower tf;nslocauon of aluminum to plant tops. Several tolerant plant species
and vdrieties accumulate aluminum in the roots, but translocate it to the tops at
a lower rate than the sensitive varieties.

Alun;it‘mm-tolerant varieties do not inhibit phosphorus uptake and translocatiqn
as much as susceptible varieties or spe;:ius. Also alun@num-lolcrapt species or

wvarieties are tolerant to low phosphorus levels. -

Varietal tolerance both to high exchahgublc aluminum and to low available

-phosphorus levels Qré related and depend on the plant's ability to translocate phosphorqs (;pfn

the roots to the shoot in the presence of high levels of aluminum solution. This effect is

_ found in rice, maize, wheat, sorghum, and bean. (North Carolina State University, 1974;

Y

Salinas and Sanchei, '1976).
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- 28 Rqsponse of wheat and other crops to hme ;applicatron in acrdic soils with high alummum :

errng of acrdrc sorls is an amendment process of trying to rarse sorl pH to a desrrable

’ - point where f ree aluminum toxrcrty is ehmmated or reduced toa low scale In doing thrs

. ')

diff erent amounts of lime can be used dependmg on the quahty of hme the calculated lime

“_ requrrement and the targt}phkfter hmmg (Adams 1984 Bohn et al 1979)

‘ In view of the known differential tolerance to alumrnum among wheat genotypes and

in other specres it shoirld be expected that there wrll be diff erentral response to lime
2 ‘

El '

Hoyt ez al. (1967) f ound that lrmmg sorls whén no phosphorus Was added 1nstead of

: grvmg anxsrgnrfrcant yreld rncrease of barley, contrrbuted to several srgmf reant yreld

°

, decreases However when phosphorus was added lrmmg resulted in srgmf icant. yreld increases -

~'m the f reld "Field and greenhouse expertmental results -were highly correlated ln another

S

_,experrment Hoyt et al: (1982) found that ltmrng so_rls of pH 5 0 and lower gave a 50 perc@nt

yield response m red clover, cgmpared to 4 percent ‘yreld response on hmrng sorls from pH 56.

10 6.0 using the same crop In alfalfa the yield response was 300 percent on the sorls of pH

5.0 and 45 percent on the sorls of pH 5.6 t06.0. Alfalf a is more susceptrble to alumrnum

, aFID 2
) toxrcrty than red clover ’ﬁ E e

On the basis of such/data, one may predrct that the genotypes whrch are most

: f"af l'ected by aluminum’ toxrcrty mrght show a greater response to hmmg. compared to the

tolerant genotypes However the degree of response would also depend on the pH bef ore
liming and the final pH after lrmrng . )

ermg rncreases yield by correctmg manganese, calcrum and phosphorus levels

. (Kunishi, l982) Broadly speakmg- lime rncreaees solutron phosphorus and hence corrects a
growth lrmrtmg condrtron coupled wrth an amelroratron of alumrnum toxrcrty m the sorl er

_ and Shen (1978) workrng on maize l' ound that grain yreld responded posttrvely anda

o

| 'srg’mf @antly to a 100 kg per hectare phosphorus applrcatron even for the sixth- continous crop

: ";»af ter hmrng 'Ltinmg increased soil pH f rom 4 3"to 4.5 and decreased exchangeable alumrnum o

4

and percentage of alummum saturatton from 1 9 to 0.3 meq and 67 to 7 percent respectrvely

f
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A strong negatwe relatnonshtp exrsted between gram yield and exchangeable aluminum which
accounted for the 74 percent of the yxeld vanattons Leaf magnesmm concentratlon was also
: u;}efreased from 0 14 to 0. 4 percent wrth lime apphcatlon in the Lim and Shen (1978) study
- Lierop et al. (1982) reported that by hmmg sonls of pH (H,0) rangmg from 4.6 to
5.0 they obta,med a 40 percent yreld increase of potato tubers ‘No sngmf 1cant yteld mcrease; |
were obtamed from soils Wthh had pH values hlgher than 4.9 (H,O) From their study, they ‘
found that yrelds were generally not mcreased by hmmg when the concentrauon of
kexchangeable soil alummum was less than 0. 9 meq/lOOg soil.
: B Mugwira ef a! (1981) demonstrated sxgmf icant yield mcreases in different wheat
vcultxvars afte' se M “2n soil they studied was limed from an initial pH of 4.5 10 a pH of 5.8.
’From thrs expuiimes; agy found that hmmg the Bladen soil increased the top growth of
alummum sensmve wheats Foy et al. (1965 1967) also found that hmmg Bladen soil 1o pH
5.8 reduced or ehmmated the dxf f erentxal growth of wheat culuvars‘possessmg different

. o
‘tolerances to alummum Lafever et al (1977) showed ratios of yxelds on unbmed plots to

' those on hmed plots rangmg from 0. 98 o 0. 16 ‘Significant: yteld diff erences in wheat have

~

“also been reported by Foy et aI (1974) apd are described i in Alberta Agriculture Publication’
Response of wheat genorypes and otherAcrops to hmmg depcnds upon the degree of
' 's'oil acidity, the type of crop and- management practxces in a parucular area. The pu;pose of
hmmg is’ prlmanly to reduce the exchangeable aluminum. This is normally accomphshed by
raxsmg the pH to: 5. 5 below which alummum effects on wheat start to be expressed One )\ 3

°f actor to consrder when lrmmg is the amount of lime needed to decrease the percentage

aluminum saturation _to a level at whxch a'gwen genotype Of CTop can grow well. -

2 9 Hentablllty of aluminum tolerance in wheat

K

Hartl (1980) def mes herrtabthty as the ratio. ot" addtuve genetic variance to. phcnotyplc

variance. The additive portxon is capable of bemg geneucally f ixed. The plant breedcr s

interest in herxtabthty arxses from his having touse the phenotypxc value of the charactcr asa-

,;.
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-guide-in Aselecting indiyidual_s yfor'f urther breeding purposes, The breeding value‘ofl the

lndividual_, however, can only be established by determining the mean value of its progeny, _as\’

expressed in a heritability value. ' -

 According to Hartl (1980) if a breeder chooses individuals to be parentS°according 1o
their phenotypic valnes, his success-in changing the: characteristics of the population can be
‘ riubutet ] . ¢

_ predicted only from a knowledge of the degree .of correspondence between phenotypic values

14

v

~ and breeding values. - ?

I-lentabnltty estimates can be calculated in several dif’ ferent ‘ways:

(1)h’ Va/Vp . ‘f

where h’ is the hentabxltty value Va is the addmve vanance component and Vp is the

[
5 M)

phenotyplc variance.

'~ (i) ht = Bop

7

where Bop lS the regressnon of the of fsprmg on the parent(s)

ngh hentabnlty does not imply that a trait is relatwely insensitive to ,enwronmental R

chanée It may be wrongly assumed that high. hentabihtnes for the § same quantltatlve trait m

F

two diff erem—populauons 1mply that any “différence in the means. of the two populanons is v

\

heredltary or largely heredltary ( Hartl 1980) The hlgh hentabtlmes only 1mply that, thhm

each populatton much-of the phenotypnc variarce is attnbutable to genetm dlfferences among
A A .
individuals. By themselves, the high hentabtllttes are meantngless.ln compartng two
populations grown under'different environmental éonditions ’l'heref ore, studying her”itability‘
k

of aluminum tolerance becomes, a demandm,g procedure, wnth respect to controllmg

envxronments Alummum tolerance in wheat has been shown to be a heritable trait (Camargo

l981t. Lafever and Campbell 1981) Dommant partial. and ddditive (polygemc) gene actions ‘

have all been’ postulated o c‘onl" er alummum tolerance in different populatlons of wheat

(Camargo.. 1978; lorczeski, 1977; Lafever and Campbell. 1978,). Campbell and Lafever, (1981)

estimated the heritabilities of 48-F1 wheat lines-to be 0.51, and' 0.91 bzsed on male and fgmale "

parents, respecuvely These high' hentabthtles md,ted that selectlon would be eff ecuve m

~ o

‘1solatmg aluminun erant lines. = . 4 S T :
3 ‘ . . ‘ : o o :
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. plant root growth will be ’negatrvely aff ected before the sub—sonl region is penetrated.

2.10 Justification of breeding for aluminum tolerance |
‘l‘here isa possibility'of breeding for altrminum toler'ance since this is a heritable trait
(Camargo. 1981; Campbell and Lafever, 1981; Kerridge e al., 1971).

ln Kenya wheat cultivars which perform well in areas characterrzed by Tow pH have

.been demonstrated (Bnggs Kenya/Canada CIDA Pro;cct 1982 Annual’ chort) The role of
aluminum tolerance in these cultrvars has not been investigated. It is known that lhere exists a
- wide range of tolerance to alummum toxrcrty, and the possibilities [ or breeding for aluminum -

: tolerance seem. worth 1nvestrgatmg

The conventronal methods of rarsmg pH by liming are costly and do not prqude

permanent solutrons to aluminum toxicity. Bolton (1977) reported that annual lime losses

from Rothamsted and Woburn in England amount to 467 and 536 kg/ha. respecuvely In

Canadran work Hoyt and Henning (1982) found a similar trend f or lime 1oss. ‘They measured

© the loss of lime over a’n 8-year period in six soils that had been limed with calcium hydroxrde

(Ca(OH),) t0 pH 6.5 -7.0. The average loss of lime from the soils was equivaient to 495 kg

.. calcium carbonate (C'aCOs)' per hectare annually. This was accompanied by a declin¢ in pH of

0.48 units in the 8-year period. ¢

One may argue thal the lime that is lost goes ir;to liming the sub-soil regioNhus,

”provrdrng a long term benefit to subsoil root growth. While this may be true, it is also ‘

' possrble that the lgss of lime f rom the surface soil leaves the top. soil more acrdrc such that

An hypothetrcal lrmmg program has been suggested by Alberta Agriculture (Agdex

‘834 2 1982) In thrs program if a soil of pH 5 .0 is limed to pH 6. 5 aftér 2 years the pH wrll :
' _start to declme eventually reachmg a mrmmum of pH 6.0 af ter 12 years This declme could |
'be even greater dependmg on the cropping and fertilization pracuces used (Perl et aI 1982).
" The economic merit ol" hmmg is still a debatable issue. Hoyt elal (1982) showed that there

’are largc net returns ‘on investments that accrué over the ycars from the application ol hmc.

In Kenya some of the wheat growing areas hke Molo Olenguruone ngyo Border

Morben Kaptagat and other places in Uasm Grshu have acidic sorls These areas: are l ar «
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“ dtstant from available lrme sources Transportatron ‘costs for thrs bulk oommodtty make liming )
,- uneconomrcal Possrble use of other products such as ealctum ox1de (CaO qurckhme) and |
calcium hydroxrde (Ca(OH), - .slaked llme) is also uneconomical srnce they are even more -
- tostly than dolomitic lime. This places breedmg for aluminum tolerance among the high
prtormes in breedmg programs for such sorl regions. ' S
errng Kenya soils from pH’S .5 t0 6.5 may require 5.0 tons of lime per hectare

_ v-(Natronal Plant Breedmg Statron ;995 pers comm.).> At the cost-of KSh 250/ = per ton of
lime, this will cost a farmer KSh 1150/ per hectare excluding transportatron and lrme

' a'pplrcatron costs.*. In 1986 values this is equrvalent to approxrmately 475 kg of wheat gram It
_ " may be argued that yteld tncreases realrz.ed due to liming may offset the cost of liming.
However if the cost ol‘ hmrng ca'n be partly avorded thrc;ugh use of acrd sorl tolerant varretres
then the larmer can allocate his resources to f; armmg actrvmes other than lrmmg "This subject
, 'area requrres a separate study to. determme the economtcs of ltmmg versus use of tolerant
varreues Perhaps £« -?e longterm agronomrc practrces .cornbrmng both approaches will be - |

needed in Kenya (N yachiro and Briggs, 1985) ' '
| _ In some case liming can result in development of other undestrable condruons Lrerop
et aI (1982) reported that lrmmg sorls toa pH above 4.6ina potato field can increase the
‘development of common scab on tubers and thereby reduce therr market value A report in
~the hterature (Tisdale er al., 1985) has mdrcated that take- all drsease of wheat increases when

‘soils are hmed However the economic yield losses due to take- all af ter hrmng as compared to"

' yreld tncreases assocrated with liming need to be deterrmned

.l..\

The feaslbthty of deep lime mcorporauon largely depends on sorl structural properttes
and avarlable equrpment It appears reasonable to assume that this would be possrble in sandy |

sotls and highly aggregated Oxrsols and Artdepts but less possrble in Ultrsols and clayey }

argillic horrzons- N

Reducmg alummumatomcrt) in the subsorl rs a ma]or and most difT: 1cult managemem

obJectrve in many areas of the troprcs (Pearson 1975) When deeper lime rncorporatron is not
T Y '

National Plant Breedmg Statron P.O. N]OIO. Kenya (East Afnca)

‘1 KSh = § 00862 Canadran 1986. - :
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alternatrves"

/ N

feasible, other 'ways must be sought. The use of aluminum tolerant varieties is one of the

Y
[

l\’

ln spme cases there rs no posrtrve response to. lrmtng Kampratlr (1971) revreWed the?

reasons for lack ‘of posmve hme regponses when htghly leached sorls are lrmed to neutraltty

The consequences of overhmtng are. yreld reductton sorl structure detertoratron and decreased

avarlabrltty o£ phosphorus zinc, boron and manganese (Adams 1984) Overliming can be

..defined as. ltmmg at hrgher rates than necessary to neutraltze the exchangeable alummum or
‘éliminate manganese toxicity. These problems assocrated wrth sorl amendments using ltme

make breedrng for alurnmum tolerance a reasonable alternatrve since. there is a good range ol‘

) E known genetrc tolerance avarlable

“? The mechantsms leadrng to the yxeld advantage of tolerant varretres are not known

o

but 1t is suspected that 1mproved subsorl root penetratron by alummum tolerant varteues may -

_ be one: factor (Toogood 1981) and more efficient utrltzauon of avarlable phosphorugmay be.

<]

another, at Jeast i in East African soils. | ;-
Toogood (1981) and thtle (1983) have suggested that there are some advantages of

root penetrat;on mto aCldlC subsorl by alummum tolerant genotypes even when top aml is -
L

' amelrorated One of the suggestron is. that alummum tolerant varrettes are able to develop

deeper rootmg systems m acrdrc subsorls than do susceptrble varieties. Alummum tolerant ,
varnetres should theref ore eff er better tolerance lo drought stress than suscepttble varieties due
to their deeper root systems LT . o o

2 11 Teehnrques ol' screemng for aluminum toleranee

* Various. screemng techmques have been used 10 1dentrfy alummum tolerant wheat .

cultwars Nutrrent culture and f teld screemng techmques seem.10 gtve acceptable results (Foy

et al l972 1973 Kerndge et al 1971 Lafever et al 1977, Polle et a1 1978) |
R

The screenmg procedure adopted by many workers for dctectmg tolerance to solublc

aluminum in wheat is based upon the vrsual esttmatron of the extent of hematoxylm stammg

of seedlmg T00tSs followmg exposure to several levels of aluminum concentratton (Polle et al.,

[y

SR




1978) CIMMYT uses a modif ied method adopted from Polle et al. (1978)= to screen wheat for

'alummum tolerance (CIMMYT 1985 pers. comm. ) This method is qutck when used to

; ' separate veryatolerant and susceptrble vanettes However, th; rt(ethod does not provrde any .

l

: quantrtatwe data *At the same time the scormg procedure of. ratmg vartetres on a 1-9 scale

may be subjecttve dependtng an pnor knowledge of certam vanettes although this bias can be

A

eltmmated by coding vanetres pnor to assay. -

Accqrdmg to Foy (1974) one gf/the mechamsms for alummum tolerance is that

'although aluminum tolerant vanetres 0 accumulate alummum in their roots, they translocatc

et al (1978) method alene, it is possrble to assign a tolerant vanely to; a group of%usceptrble .

»

‘ vanetres in error due to the drfferent mechamsms in lef f ect “The Polle et al. (1978) method

should normally be used)m, conJuctton‘thh other methods to d_etermme a complete picture of

/ : ~ .

tolerance levels

a

Nutnent culture solutmns have been used to screen alummum tolerant cultrvars

(McNetlly. 1982; Mesdag and Slootmaker 1969). Acrdrc soil techniques: combmed wrth

nutrient culture techmques have been uséd to screen for aluminum tolerant cultrvars (Foy et
%
‘ f‘al 1972; 1973) Other mvestrgators have used fi teld plots located on acrdrc sorls with high
: alummum levels (Lafever et al., 1977, Ltttle 1983; McKenzre 1973) '

In Mbala Zambla a fteld method is used to screen for aluminum tolerance. In tlus

” method matenals are screened in a field thh pH4.21t04. 7 (H,0). This field is kept

-lime-free. Two control varieties are used namely "Jupateco 73" (suscepttble) and "WthaTr

f ormerly “PF7748" (tolerant) Three Tows of each control vanetyare planted across the f teld

and the test ytes planted at rxght angles to the controls. Thts procedure elrmmates the scortng

‘ bras that can arise due to varrahllty of acidity levels or alummum concentratnons across the

Q

T leld_. A_lso control vanetres may be included amongst the test lmes at frequent mtervals-

x

Sl e
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“This arrangeinent is illustrated as follows:

: 3 rows of "Whydah"{ —— v — — -

3 tows of "Jupateco 73'{ ’

il

3 rows of "Whydah"
u‘( '

Test lines in short rows

. 3 rows of "Jupateco 73 { ' —— —

1
*

.+« Field vigour is the criterio;la of - scoring (-1 excellent, 9- poor). This method is very reliable

when test lines are replicated across the field, and it represents the actual tespon@‘ of a
cultivar in a given acidic soil under rélevaht agro-environmental influences. ‘ |

- In Kenya magefial§ fgr alu‘minu;m tole.ra'nce Screening are. planted in Eldoret in
nurseriss located on soils of known acidity. Test lines are replicated within the nurseries and’ |

'

lines are selected while weak lines get discarded. The concépt of using extensive aluminum

’ tgleram controls has not been adequatelyursed. in Kenya as compared to Mbala Zambia. This

method of recordmg general plant growth and vigourin acidic soils was-geported earher by
Salinas and Sanchez (1976). |
~ Root tolerance mdex (RTI) has been used as a determinant of toleran wheat cuhm o

(Taylor and Foy‘“ 1985) The RTI'is defined as the weight of roots aluminum

d1v1ded by the nggh; of roots grown without aluminum. Vanetles showmg a high RTI will be
classified as tolerant, whxle thm 2 2o RTI wxl] be classmed as susceptible. Usmg this

criterion Jt should be noted “hgt < .vel of Jduminim concentrauon will determine the RTI

' boundanes wnh respect 10 tix LuLUvVaArs Uscd i1 @ test To determine RTI 2 number of

culuvars can be grown ata um #il - -ols, in nutrient culture soluuons or olhcr mcdxa of

-

. known alummum concemrauon Resulls'f rom f ield plots and greenhousc pol experiments

- correlale well with nument cult‘re expenmems (uFoy et al.; 1965; Kerridge et al., 1971;

,Lafever et al., 1977; Mugwua etal, 1981)
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Among the problems that can be encountered when screening for aluminum tolerance

by using either nutrient culture solutions or field conditions are: inaccuracy of visual
assesment, assaying, small seedlings, amount of staining, plant to plant variabllity, and

adequate control of screening environments. However, these problems can be minimized by

calibrating the_methOds‘ being used with a high‘gljequency of control varieties in qver)/ test as
/

!

. suggested by Polle et al. (1978).
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3. MATERIALS AND METHODS
.
3.1 General description of the experiments

The expenments for this study were conducted durmg the years 1984, 1985 anﬁ 1986,
and were designed to determine the effects of acidic and aluminum conditions in some Kenyan
soils and a range of Kenyan wheat varieties.

In the first year of the study (1984) pure seed of selected genotypes was.developed by
growing seed in the field (University of Alberta Experimental Farrn - Department of Plant
Science, Michener Field) and roguing any off -types. Seed f rom this increase was us‘ed. in all
the experiments. Original swd lots were obtained from Mexico, Kenya and the U.S.A. and
'had been increased in the‘Caiii‘ ornie winter nursery during the winter of 1983-84. |

During the fu'st year of the Study preliminary screening of 17 genotypes was carned
out using the method descnbed by Polle et al. 1978 The purpose of this.study was to
; deterrmne which genptypes were tolerant or. susceptible in ' order-to help in. designing a suitable
crossing block for the genetic study. In the same year-'crossing-started using 4 genotypes of
~ different genet.ic backgrounds as f emale parents and 3 male parents of varied aiummum ‘
tolerance levels and of varied genetnc backgrounds. Genotypes for the study were chosen on
 the basis of diversity for their pedigree inte;relationship (Appendix 1).

During the second year.(1985) experixnents using acidic soils from Kenya were

‘ cgnducted in the greenhouse at the University of Alberta to determine the effect of aluminum
and liming on various plant characters. Other experiments were camed out using a few
selected genotypes grown in artificial media (University of California MleUi‘C UCM - 1:1,.
sand:peat ratio), augmented with different levels of aiur;mum. Studies on nutrient culture

vsolutions containing different levels of valuminum were alsovcarri'ed out“on‘several of the
8eﬂ_Oli’P°S

54
3

During the thxrd year (1986) FZ populations from 12 crosses were screened using the
method used by CIMMYT A random sample of 90 seedlings per cross were progeny tested f or

tolerance and susceptibility in UCM that was augmented with 46 ppm concentration of \

22
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aluminum, These tests were conducted to determine the effect of high aluminum
' concentrauons on different genotypes of wheat, and to determine genetic ratios. J”)
The objectives stated necessitated that ﬁvg different, but related experiments be |

conducted. Details of each experiment are presented separately.

3.2 EXPERIMENT 1: Variety classifiéation ’ B
| The objective of the first experiment was lw'classify 17 wheat (T. aestivum L.)
varieties according to their tolerance to aluminum.
Seventeen wheat va‘fieties were tested for aluminum tolerance using the method
described by Polle et al. ( 1978). Varieties PF7748, Maringa (tolerant) and Siete Cerros
" (susceptible) have been classified by CIMMYT (pers. comf. ) and were used as the controls.
The other varieties included'Romany, K.* Tembo, K. Fahari, K.. ‘Swara, K. Kongoni, Bounty,
K. Nungu,.K. Kulungu, K. Kima, K. Nyumbu, K. Tumbili, K. iabadi. K. Popo and Paa
L répreseniing a crosss section of the elite germplasm of wheat used in Kenya. The pedigrees bf
the 17 wheat varieties ase presented in Appendix 1. The varieties were coded during the
expenment to avoid any biases.
50 seeds of. each variety were pregermmated in petri dishes at 27 °C in- thc germmator
" for one day. After emergence. of the radicle and the plumule, sound and unif orm seedling |
were transferred into nutrient culture solution as described by Polle et al. 1978. Three
aluminum concentration levels were used 8 (0.3 mM), 16 (0. 59 mM) and 46 (1.72 mM) pPPmM
- .supplied as AICl,.6H,0. This experiment was conducted in t.he laboratory at ambient
temperatures of 20 to 22 °C with light of agprommately 16,009 m-.cd.st provided for 10
hoursvdaily and relative humidity of apprdxinmhtely 70%. Ten seedlings per varie'ty with well
developed roots were chosen for s€oﬁng for aluminum tolerance af%staining with
hematoxylin. Scoring was done on a 110 5 scale (visuaf judgement), where 1 was designhted
as the nonstammg 6oleram characteristic of PF7748 and Maringa, and 5 as the suscepnble

{heavy staining) charactensuc of Siete Cerros. Vanenes after scormg were assigned to one of

'Stands for Kenya throughout the text
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the categoriés: -~ _ L
) Eategory Iscored 1,
2) cat?gdry I scored 3,
- A

,3) category III scored §.

The design of the experiment was a complete ram‘iomized block* with 17 varieties, 4
replicates and 3 aluminum treatments
3.2.1 Statisticél analyses »

‘ The scores ;verg square root transformec? using the formula f?_+_0_3 where Y
represented the raw score and 0.5 a transf orr‘nation coefficient. The transformed scores were
subjected to the analysis of variance (ANOVA). Back-transformed mean scofc values were
determined by squaring the transformed mean score values and subtrao"tin’g\_O.S. The
back-transformed mean score values Qere‘.‘qsed to classify varieties into_mteéories of
tolerénce. The .Duncan's Multiple Range Test (DMRT) at P < 0.05 was used to separate o
varieties accoiding to their back-tran;f ormed mean score values. | "
The square root transformation was chosen on the basis that:

1) it reduces the amount of heterogeneity over that in the“raw data

2) it doés not violate the assumptions of the ANOVA as drastically as data

requiring a logarithmic transformation
3) the scores were not parametric, so they could not be subjecé\cd to the ANOVA

1

before transformation. '

3.3 EXPERIMENT 2: Variety response in aluminum nutrient culture solution
The objective of the secon(;\l‘_experimem was o investigate whether 16 varicties of
wheat responded differentially to varying congentrations of aluminum in nutrient culture

solution.
The same varieties as those used in the Experiment 1, except PF7748, were used in

this experiment along with the same selection criteria. The experimental design was a
~ . « N
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randomized complete block with 16 varieties, 4 aluminum treatments, and 3 replicates (192
“cells). Dus to lundling constraind, replication was attsined in time (external replication), The
aluminum treatment ?vels were 0 (control) 4 (0. 15 mM), 16 (0 59 mM) and 64 (2.37. mM)
ppm supplied as AlCl, .6\H,0 A wider range of alufninum concentrauon Experiment 2 was
used to study related responses of wheat genotypes compared to a narrower range of
aluminurn.concentratlop in Experiment 1. The nutrient cultufe techniques used were similar to
those described by CIMMYT (1985, pers. comm.) with some modtf ications. Fifty seeds were
pregerminated in the petri dishes for 1 day at 27 °C germinator temperature after which the
germinated seeds were placed in the nutrient solution as described by Polle et al. }978) After
J two days the nutrient solution was changed and different levels of aluminum treatments were
augmented in the rwpectitre trays. After two days the roots of seedling were washed with
distilled water and stained with hemetoxylin. The s’eedling were t@gn_y/ashedfto Temove excess .
hematoxylin before they were placed in fresh nutrient culture solution without aluminum for N?“‘:
another two days. Finally, the seedling were removed from the nutrient culture solution and
their roots were nnsed wrth distilled water. Seedhngs were then placed l: a cold room between
-4 and -7 °C for one day to arrest growth before measurements were made. The longest root
of each seedling was measured. Twenty seedlings of each variety were sampled at random and
. oven dried at 60 °C for 48 hours and root weight, shoot weig/ht and biological yield in mg were
-~ determined. \ ’ .
Root tolerance index (RTI), shoot tolerance ,index (STI) and biological yield tolerance
index (BYTI) were computed by dividing the seedling weights of the roots, shoots.gnd
biologienl yields grown in aluminum by those grown without aluminum respectively.
The experiment was conducted in the laboratory at ambient temperatures of ‘20 to
23 °C with artificial light of approxtmately 16,000 m?.cd.sr provided for 10 hours da#ly and a

s

relative humidity of approximetely 70%. ,
' * &
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Dau were anulysed by the SPSS-X Releue 21 Stet!stlul Pn:hze of the Unhrereity d‘

. Alberta All sets of data for the 4»agronomic characters root weight. shoot weight, biologiut

yield and the three indices RTI, STI and BYT1 wete subjected to ANOVA using a_~linear .

. p‘ o S N
additive random model as outlined in Steel and Torrie (1980) :

Y=ot R AT +V +(TV), ey I

where Y, is the rééponse of the k“‘ variety in the i'" replicate in the j‘t‘utteatment in the I'™

macro- envxroment u is the expenmental mean R is the effect of i rephcate T is the ef! fecu :

of j treatment V is the effect of the k'* vancty. (Tvt) is the mteractton betwegn )
treatm_ent and k™ variety; anq e ts ap error assocnated wi,th an 1nd1v1dual plot.

"The EXpected meanfsquares f or each variable were estimated as | ollows.

i .
‘_Source of yarietion @ .d'.f .TA . : A ; ‘f. 7 Expect"édMean Squat:es ('EMS)
CReplits . R L B 88

Tieitntet;ts - Tl | - B+ 8, +.6;T._;\'

Vadieties YSURE B ey P
 Treatmetit x Variety | .(T-'l)(V-ln) P S e SITV‘—«--‘U |
Emor . t(’xytV)-n(R-l) e P 51"".--:;}

Total N . (Tx\.{fo')-‘lx T

AN

T degrees of freedom -

-

«.... indicates the appropriate error term for testing.

"

Mean values for all the measured characters and determined indices among the three

0 _'ttitttninum'treatments were c’o:ttpared using standard errors (SE); and DMRT at P < 0.05 was

/" used 10 separate the variety mean values for the 4 agronpmic chatacters and 3 indices.
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Stepwrse multrp‘le regressmn analyses were used to estrmate the magmtude of the -
¥

chara,eters and 1ndrces contrrbutrng {o variation in the brologrcal yreld and BYTI respecttvely

]

A brlef outlme of the regressron models (Cochran and Cox, 1957) that were adopted for these
analyses are presented here o ) B R A
WY, = ¢(x, e ..,Q....; Xw* G o \.
where Y was the brologrcal yreld response as a’ function of the levels of aluminum treatments
u “—“_1, 2. 3, ’N represented the number of observatrons in the expenment X represented ‘
the. level of the iy factor (alummum treatment) in the Uy observatron @ represented the
response surf ace, € measured the expeﬂmtrmol error of the observatron Fitting of the |
muluple lmear regression of Y, on the k yarra“bles X, (1 = 1,2, ..... k;u = 1, 2, N)
yas; done using the following equatron ' ‘ e '

(2)Y = By 4 BXy B,x, +oeet BX e

- To explarn the relauonshlp between Y and the X ,a dummy variable of +1 for every

-

\' observatron in the sample was mtroduced in the equatron (2) o grve the equatron (3)

(3) Y = Boxo +B,Xl + Bx, Foreenas ﬂk X, te o
whrch was used throughout the analyses Usmg this equatron (3) both brologrcal yield and

BYTI ‘were. separately each regressed on varrables ), O X wrth varrous combrnauons of

these begtg taken to*obtam a possrble mrmmun of resrdual varrance in terms of the smallest

number of mdependent varrrables Thrs was done by drOppmg any. potenttal mdependent

' varlable that drd not remove a srgnrf icant independent portron of the varmtron as explamed rn

. Steel and 'Porrre (1980) and Cochran and Cox (1957) The R’ values (multrple regressron

Lo coef ficients of determmatton) grvrng the mdrcatton of the amount of varratron accounted for

— ;‘

by the equatron were also determmed.

e
o

o 3.4 LXPERIMENT 3 Varrety response in the Unrversrty of Calrfornra erture (UCM)

B

: augmented with alummum .

kS . ©

'l‘he obJectrve of ‘the thrrd expenment was.10 determme 1f 8 wheat varieties responded |

drf ferentrally in artrf rcral medium (Umversrty of Calfomra erture - UCM) augmented with -




. . Qf the populaf Kcnyan wheats.

K.SO., 168 g Ca(H PO.),. 200 g CaMg(CO ) and 168 g ground hoof and horn were added

- | } | 2
¢ S

. drfferem levels of alummum concentrauons . ; S

Erght wheat varieties Romany, K Tembo, K Fahan K. Swara K ‘Kongoni, PF7748,"

:Snete Cerros and Bounty were used in the expenmem PF7748 and Sicte Oerros were used as

- the tolerant and susceptible controls, respectively. The other varreries Romany and K Swara

. .were represenrauves of germplasm prevrously widely grown in Kenya and beheved to have
3 ‘some tolerance and suscepubrluy to acidie soils respecuvely The vaneues K Tembo K

‘ Falrarr, K. Kongom and Bounty were i ded in the study ro represcm a general cross section

t

o

’I‘he experimental design was a randomizedcornplere block with 3 replicatesf’S Variei\ies :
?and 3 alummum treatments. Alummum treatment levels were 0 (comrol) 8 (0.30 mM) and”

: 16 (0 59. mM) ppm supplred as AlCl; 6H10 .oe

40 kg of air -dry UCM (1:1, peat sand rallo) were werghed “To this. 20 g KNO, 20 g

"4 " '?\:F @ L\
The contents were thoroughly mrxed in a sand mrxmg machme After mrxmg. a sample ol' fhe

'mrxture was taken for chemical analysis (Appendlx 3). 900 g of this mrxrure were werghed

into 1 htre non- drammg plastic containers. Ten seedd were plamed per pol and later rhrnned

-

to@%:y/e per pot shortly after emergence . o - s S

4

The plants were grown in the greenhouse at the Umversrty of Alberra m August 1985
Envuonmenral condmons in lhe greenhouse were conrrolled W1th average lemperatures of
24 °C (day) and 18 °C (mght) 18 hours of light usmg 492 m’ kg.s sodrum light bulbs and
70% relative humrdrry Planrs were harvested afler 30 days growmg ume Du‘rmg the growmg

“k S
perrod four doses of 100 ml soluuons containing 8 ppm or 16 ppm of alummum

oo

concemratrons were apphed to each pot as appropnate for each treatment. The f ist dosec was -

apphed on the pla.n&mﬁlay followed by three more doses at weekly mlcrvals Pots werc '
watered to field capacity. usmg distilled water and no addmonal numems were supplrcd durmg
the experrmem

Dara were collecled ona plor basis (where a pot represemed a plot) asf ollows plam

. ‘herghl was measured in cm from the base. of the plam o tip of the Lallesr leaf and the -

o
P

//"

[



number of tillers peﬁ:ot were recorded one day prlor to harVesttng Dunng harvest the entire
plants were recovered The roots were washed andawhole plants were partttloned inw roots '

' and shoots The samples were oven. drted at 60 °C for 48 hours before determmmg root weight
and shodt werght Blologlcal yteld was esttmated from the su.m of root werght and shool

Y

w@ight RTI STl and BYTI Were computed usrng the same p:tnc:ple employed m Expertment

2. \ . E
3 4.1 Statistlcal analyses | .l , | ' . |
_ ~ Allsets of data for the measured characters and computed indices were subjected tQ
the ANOVA using a random lmear addtttve model similar to that Wthh was used in
Experrment 2. Expected mean squares“a for each measured character were also estlmated as
deScrlbed in Experrlnent 2. | .

DMRT at P < 0.05 was used to separate treatment mean values and variety mean

values for all the measured characters and the 3 computed rndtces Stepwrse multtple

. regressxon analyses as descrlbed in Expehment 2 were used to determme the magmtude of - o
dependence of blologlcal yleld on the variables plant herght shoot welght root weight and )

h "rmrnber of tillers. The magmtude of dependence of BYTI on the mdependent variables RTI
and STI was also determmed usmg the same regressxon modas

S, ‘ - L
R . | . B " - . ‘ ~
D i

23.5 EXPERIMENT 4: lnherrtance of alummum tolerance

o

& . 4
L The obJectlve of the f ourth experxment ‘was to determme the nature of the mherxtance

3( alummum tolerance using smgle Crosses and by* exammmg segregatron ratios in the F2

generattons F2 plants were compared thh thelr respectrve parents.

s

K Kongom K. Tembo K. Fahari ar&d,cl( Swara were the female parents in crosses
wrth the f ollowmg 3 male parents: Romany, PF7748 and Stete Cerros “The females were ,
general representattves of the germplasm of the Kenyan’ WthLS as was explamed in
Expenment l ln the sprmg of 1984 a number of varreues were' grOWn at the Umversrty of
Alberta Department of Plant Scxence Research Farm (Mtchener Fteld) f or seed purifi 1cauon "



' CROSS MADE

Plots were thoroughly rogued f or any of f- types Seed from plants of vrsually verll‘ led rdenuty

'f rom these plots was -used in thts study Female parents were chosen on. the basrs of the

prelrmmary results that were obtamed in EXpertmen‘t 1. The male parents werc selected on the '

.
basrs of good tolerance which was determmed in Expenment 1, (Roman)) while PF7748

(tolerant) and Srete Cerros (susceptrble) were selected on the basrs of therr earlter report e

_Tesponses to aluminum (Camargo et al., 1981) .

The sequence that was l' ollowed in hancleg the thc Crosses 1s rllustrated asf ollows

SEEDPURIFICATION * = . .
1) The seed was purified in a winter increase nursery in California in 1983/84 and
i - again in the field atﬁdmonton 1984

v S et

‘1) U of A, 1985 Tbe crosses were made in the greenhouse

Fl 'U of A, 1985 The F1 plants were grown as mdtvrdually in root trainers in the '

greenhouse for seed increase. Insuf ficient F1 seed was obtamedw allow it.use in

o
. the genetic analysis.

-
v

F2 1) Uof A, 1985 F2 seedling were tested for aluminum tolerance, visual separation
of. F2 tolerant and suscepttble seedlings, and recordmg of mdtvrduals m each /
. category above, Random selection of individuals from each category above for

- transpldnting in _the ggognhouse.

. vsf?"(e .

TOLERANT  SUSCEPTHLE ‘ L

-

-9 ' o ..

F2 POPULATIONS PROGENY TESTED

s 1) U of A, 1985- 86 90 plants of each cross were grown in UCM augmcntcd with

“high aluminum concentrattons (46 ppm) anmture F2 plants were_ assessed as' .
» .

s N

0



. described in the text,

L

5
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. During crossing precautions were taken to'aVOid selfing. After emasculation the

' emasculated heads were left for 4 days for the ovary to mature. Bef ore fertillzation was done B

on the fourth day. all the emasculated ears were checked for any seed set lf any had seed -set

they. were drscarded The red chaff colour of the variety Romany was used asa marker for-

: those crosses, that mvolved this vartety Parents were also grown alongsrde the F2 segregatmg

&,

populattons as an added means of checkmg any self tngs that were suspected Y e

Assessment ol‘ the alummum toler,ance of the seedlmgs was carried out as explamcd in

Experrment 1 wrth some shght modifi teatrons Seeds were pregermmated in petrr dishes in a

»

‘ gerrmnator set at a temperature of 27 °C for one day. Germmated seeds were placed on'

A

of nutnent solutton that was made with 240 ml of nutrrent stock solution and drstrlled wa_ter
as, described by Polle et al., (1978). The solutton pH was adJusted to 4.0 with 0.25°M 'HCI
solution. After 48 hours in nutrient solutron racks wrth seedlings were transferred to a new
nutrtent solution that contarned 46 (1.72 n_rM) ppm of alurmnum for 17 hours (overmght)
Thereafter roots were washed with distilled water to elrmtnate excess alummum bef ore

statmng with 0.2% hematoxylm solutron for 15 minutes. Excess hematoxylm was washed ol’f

the ToOLs ‘with distilled water and seedlmg were then suspended in trays with distilled water for

&R0 mmutes Af ter thrs stage racks with seedlmgs were transferred mto nutrtent solutron for :

LN
.

- 48 hours, before scormg l' or individual seedlmgs was done by comparing with control varieties

€

. 'P-F7.748 (tolerant) and.Stete Cerr_os (suscepuble). Seedlings were scored tolerant if root
‘regrowthaf ter staining was greater than or equal to the tolerant control (PF7748); and

’ . 7 . » . . R
- susceptible if no noticeable regrowth'occurred compared to the susceptible control (Siete

o

" Cerros) The seedhng assesments were done in the laboratory at a room temperature of 21 °C,

!

with normal dayhght and constant forced aeration. The large number of secdlmgs that were
4

. ,screened before transplanting depended on the number of seeds that werc available in the F2

generauon from each of each cross.

’The UCM was used as the growing medlum in Expenment 3 2 kg of this mixture was *

‘welghed into '"McConkey' 18 cm drameter non-drammg plastic pots. A representattve sample

‘n

appropnate racks on the surface of the nutrlent solution trays Each tray contamed 12 litres % g

l

G
)
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e

of 90 F2 seedlmgs f rom each cross wag transplanted and 9 swdlings were. planted in each pot
i
in an octagonal pattern with the mnt,h plant in the centre thh this- pattern it 'was possible to

” collect data /on an mdwidual plaht basxs The .pots were watered to fxeld capacity usmg

4 ordmaty-’tap water as was predetermmed before the start of the experrment One week af 1

. transplanting. 100. ml of solutlon contammg 46 (1.72 mM) ppm of Al was ‘applied to each .

”pot Tl’us was followed by 3 s:mrlar apphcatrons at one week mtervals Additional nutrient

. solutlon contammg 4 mM CaCl,. 6.5 mM KNO,, 2 5 mM MgCl, 6H,0, 0.1 mM+(NH.),S0,

- and 0 4 mM NH.NO, (Polle et al., 1978) was applied twice é’t the rate of 80 ml per pot on

each apphcatxon PR N

a

. The F2 population test plants were grown in the greenhouse at the Umversrty of

- Alberta durmg November 1985 to February. 1986 Greenhouse growing condxttons were kept '

at average temperatures of 24 °C (day) and 20° (mght) with 18 hours of light usmg 492

[

" mid- parent mean values 1, ) and vartances (s’,) respectrvel)

.-m’ kg 53 sodtum ltght bulbs and an average. relatrve humrdnty of 75% R ..
B ".‘ :

Data were collected on an individual plant basis. At matunty plant herght (PHT) in

" cm was measured for the main ttller of each plant, The number of kemels per head was '

Zrecorded on each mam tiller. Whole plants were hatyested and oven- dned at 60 °C for two ’
days The seeds produced by each plant were weighed and counted and the 1000 kernel wexght

(KWT) g was estrmated from these determinations. Brologrcal yield (g) Was determmed and
™

.-..-

harvest index (HI)% was calculated f rom t_hese determrnauons.

3.5.1 Statistical analyses

A chx square of homogenetty (x’) was used to detemune the srgmf 1cance of the
seedling” segregatron ratros usmg the hypotheses of 3:1, and 9:7 (tolerant suscepuble)model

' All sets of data for the parents and F2 progeny were subjected to: the ANOVA Each

o ’cross was handled separately The F2 mean values (Y ) and variances (s, ) were compared to

4

T~

Y

Alt- test wasgised to compare the mtd parent mean and F2 progeny mean values. The

t- test values were denved for each pair of samples ln each cross for every measured

‘ | N : ’ ,‘ ; - B . -u , 33 . :'.:

LN
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agronomic character. : .

In computing the ¢- test values, weighted averages of the sample variances §* were

) calculated usmg the equatiens as indicated in Steel and Torrie ( 1980). A summary of the

equauons that were adopled is shown here: ‘ . .

(1) 52 (n;- 1)s', +(n;-1) S’z/(nx D+ (n- 1)

- M s? respresen ts the weighted average variance , and n, and n, reprfsem the sample size

of the F2 progeny mdmduals respecuvely The s,? and s,? represent the vanance§ of thc F2 -

B progeny mdmduals and the mxd-parent individuals, respectively. . ST

“Due ton, # n,, the appropriate standard deviations were calculated using the
equation: »
(2) Spreq = v/‘s’.[@llnﬁ + /n]=vy s? [n, + n;]/ (n,)(n3)

Finally, the appropfiate t-test values were determined by"‘?‘dividing the differences of

, Amid}'parent and F2 progeny sample mean values by the abpropria‘le standard deviations as -

Ar:l:ollows':

Ty

(3) t = (Y,- v )‘ / s—,.'—

2

. where s-l -y Tepresents the appropnate standard devxatnon Y.Y. represems the mean values

of F2 progeny and mid-parent individuals, respccuvely.
The weighted average of the sample variances was selected for use on the basis of
superiority to the arithmetigmverage, which gives eqwl'wy’;ht to the sample variances. Pooled

degrees of freedom were used in each separate cross to détermine the critical ¢ values.

.3.6 EXPERIMENT § : Variety response to lime treatment
) . T &

The objecti.ve of the f ifth experiment was to determine if 7 wheat'varieties of
different alummum tolerance levels responded differently to lime treatment when grown under

greenhouse conditions in two Kenyan soxls f rom the Eldoret and Molo regions. Varlous plant

.v;characters were measured to provnde evxdence for the responses to hmeucatmcm.
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3.6.1 Soils

Two groups of widely dlf fering acidic Kenyan “soils were used for the study in the
greenhouse. The sonls were air-dried and ground SO as 10 pam through a.2 mm screen. The
physical'and chemtcal properties of the soils that were used in the study afe presented in —

--Appendix 3. | | |

The aluminum and manganese concentratipns in these soils were not Ennwn at }he .
time this stuny was ‘started but . soils were known tovbe ‘signif icantly acidic (Appendix»B). All
soﬂs samples were obtamed from the 0-22 cm top layer from fields which were prev1ously
agdtivated with wheat. The Eldoret and Molo soils belonged to the lethlc \Ferralsols and :

 Mollic Andosols taxonomic classes, respectively. The soils, the Plinthic Ferralsols (Eldoret
soils) and the Mollic Andosols (Molo soil) are referred to throughout the text'asb Ferralsols
and Andosols, respectively. "

The two groups of sbils that 'were used in the study were obtained by combining and
thoroughly mixing the pfetested samples from each i'egn'on to rnake a composite sample. Each
bulk was then handled independently during the expenments A small sample from each
composnte sample was taken for detaaled laborator\y analyses

“

3 6 2 Analytical methods .
A list of the soil characteristics of the two composne soxlsns given in Appendix 3. Soil
pH was determined onal:5( so%uuaxer) suspensipn; and 0.01 M CaCl, u’smg
electrode and a shaking time of 1 hour. | '
Lime requirement (LR) was determined by the addition of .measured volumes of 0.02
.M Ca(OH); to 20 g sample of _soil, adjusting the volume to 100 ml 'witn distilled water and
determining the pH after a 4 day equilibration period. The pH values that were obtained by
varying the amount of 0.02 M Ca(OH.), were i;egressed against the respective 'amounts of 0.02
‘M Ca(OH), that were added. The ollowmg regression equations were obtained and used to

predict the amounx of lime that was requxred for liming the soxls toa target pH of 6.5 for the.

v two soils :



(Equation 1)  For Ferralsols: Y = -0.273 + 0.047X

(Equation 2)  For Andosols: Y = -0.352 + 0.062X
where Y is the amount of lime Ca(OH), (g) addeé per 0 g of soil, and X is t.he‘ resultant pH
(H,0) value of soil.

Exchangeable éodium. potassium, calcium and magnesium were determined by the atomic
:absdrption spectrophotometry method (David, 1960) after leaching 10 g of soil with 200 ml of
1 M NH.(Cl,. Exchangeable aluminum, manganese and hyd’rogen were determined by leaching
with 1 M KCl ac_cordirig to the procedure deécribed by McLean (1975). | i

‘ o %,
3.6.3 Greenhouse experiment
" The greenhouse pot experiment examined the response of the 7 wheat varieﬁes (T.
aestivun L.) to lime treatment for both Ferralsols and Andosols. The experiment was
conducted in a tei’nperature controlled greenhouse at the Univérsity of Alberta with average
day and night temperatures of 23 and 17 °C, respectively. The experimént was conducted
u;1dcr plant quarantine "regulations as reqﬁir,ed and supervised by the Departm;nt of Plant
Producté, Agriculture Canada ,4-since the experimem‘ inv’ol;ed foreign (Kenya) soils. All uséd
soil and plant materials were incinerated at fhe énd of the experiments.
- Two lime treatments were used, lime added and no lime added. The lime treatment
involved the addftion of pure grade Ca(OH)2 into the soils in amounts sufficient to raise the
- pH to a targeted pH of 6.5 as.estimated from Equation 1 and 2. The lime was thoroughly
mlxed with 1.4 kg of air- dry soil which was then placed in non-draining plasuc pots 15 cm
| dxameter by 15.5"cm deep. The mxxture was allowed to incubate at field capacny for 14 days
before the seeds were planted.
| ‘Ten séeds ‘were planted per pot aqd were thinned 1o six seedlings per pot shortly after
emergence. The pots were watered to field 'moisture capacity daily or more frequently during .
periods of ﬁigh- water demand. Pot position‘on the bench was rotated on a three day basis

witﬂigja replication, whilst each replicate was rélalcd every fifth day. '

=¥
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During the experimént. additional nutrients.(N, P, K and“S) were added at the
following rates in kg/ha: 80 N, 100 P, SOK and 20 S. They were supplied as NH,NO,,
NH.H,PO,, KCl and (NH,),SO.. | | |
o " The experimental design was a randomized complete block with 3 replicates, 2 lime
treatments and 7 varieties of wheat.'Va‘rieties Romany, K. Tembo, K. Fahari._K'. Swara and
K. Kongoni of Kcnyan origin were seiécted for, use in this study on the ‘basis of the fesulté of
the preliminary stﬁdy that was done in Keqya (Appendices 4, 5 and 6 ,' Nyachiro and Briggs,
unpublished data). PF774§ and Siete Cerros were selected on the same criterion as the one
mentioned in the previous experimeﬁts (Experinients 1, 3, and 4). |

Plants were harvested at maturity; Plant heights in cm were measured immediately

before harvesting. Whole plants were harvested, and oven dried at 60 °C for 24 hours. Dry

mass of bicy)'gical yield was defined as the total dry weight above the soil level. Harvest index

(HI)% was computed by dividing grain yield by biological yield times 100. The number of

seeds per head (S/HD) and the number of seeds per j:lot (S/PT) were determined and were

used 1o estimate the 1000 kernel weights (KWT) g values.

3.6.4 Statistical analyses
ANOVA was conducted for all setsf data using a random linear additive model -

similar to that used in Experiment 2. DMRT at P < 0.05 was used to determine significant

variety and treatment mean differences. Stepwise ifi tiple fegression analyses were conducted

to determine the best predictors of grain yield ‘ g’n sémilar regressibn model to that used in
S ,

Experiment 2. NI



4. RESULTS AND DISCUSSIONS - -
4.1 Variety classification

4.1.1 Categories, ANOVA and tolerance mean score”values’
On the basis of the tolerance mean score values, varieties were classified into three
categories (Table.1.1.) in Experiment 1. The categories were:
(I) tolerant |
' (II) medium tolerant
(IIT) susceptible.
Category I included the varieties Romany, K. Tembo. K. Kulungu, K. Popo, K. Nyumbu, K
Kdngoni;“ K.Kima, PF7748 and Maringa. These vafieties showed incohaplete or no staining at
all fo; all three of the aluminum treatments. Category II included three varieties K. Zabadi,
K. Nungu and Paa..These varieties showed complete staining with the 0.59,mM and the 1.72
m'l:d 6f alumirium treatments but oniy partial staining in the 0.30 mM aluminum ;rcatmem.
Catego.ry III included five varieties K. Fahari, K. Swara, K. Tumbili, Bounty and Siete
Cerros. These varieties showed heavy staining in all the‘ three aluminum treatmems.‘ :
The ANOVA (Table 1.2) indicated that there were signif’ icaﬁ't (P < 0.05) dif feiences
in the staining reaction of v,arieties.. Treatment efféct was also signir ig:antat P <00l ° ’
Differences in tqlerance on the basis of tolerance mean scd;e values (Table;l.j) were
ot;served among the 17 ‘wheat varieties tested. PF7748 and Maringa (tolerant controls) showed
consistence in tolerance, while Siete Cerros ksusceptible‘ contr(_;}_)_ghowed consistence in
susceptibility reactions among the‘ aluminum treatments. K. Kongoni, K. Popo, .K. Kulu_ngu
and K. Kima were the most 1olerént test varieties at the highest (1.72 mM) alumj‘num
tréatmem. Bounty and K. Swara were the most susceptible test varieties in all the aluminum
treatments. | |

The coding of the varieties prior to the start of the experiment was a good precaution

against any biases that would have occured in scoring duf to the prior‘ knowledge of the |

ey 38
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‘Table 1.1. Tolerance of the 17 wheat varietie§ to aluminum toxicity® results of hematoxylin

v i

39

1y

staining test. ‘ .
Cat®gory of tolerance?
Origin Very tolerant - ~ Medium tolerant  Susceptible
o 0 (!D T Sy
Kenya Romany
/ K. Tembo
K. Kulungu .
K. Popo |
K. Nyumbu t -
K. Kohgoni
: K. Kima K. Zabadi
K. Nungu . -
Paa K. Fahari' -
| K. Tumbiii
Bounty -
°'.K. Swara
CIMMYT ~Siete Cerros

.‘tf Tolerance based on hematoxylin ’staining scores, I- tolerant.and H1- susceptible. .

4’7

2
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' Table"rl'.3'Mean"tblerénce scqfcs_ for 17 wheat-varieties aftei.back transf ormati'ori.

L Maringa

9
'Al‘uminun; conc_:e‘n_t,rali“ion (mM_)
S Ovcrall ‘ ‘ -
| Variety " Mean Scores‘{' »0.30 0.59 1.72
Romany “2.6det 19de 19 4.6a

. Ternbo ’ 2.6de lde 19¢ 49a
. Fahari _ 4.5 ab | 3.5b 492 49a
. Zabadi: 3.2 bed 24cd 3.0b 46a
. Swara 49a 49a 492 492
. Nungu 3.1 bede 2.70c¢ 1.9 c x 9
Kulungu 2.5 def 27¢ 19¢
. Popo 2.0ef 18de 1.44d
.'I\iyﬁi’nbu 29de
.K’onvgoni‘: w2 def
.Kim; . 2.8de
 Tumbili . L42bed

"Paa 3.0cde : {.,r

Bounty - - 4.9a .

 PFT748 . 2.0ef

‘Siete Cerrb s 4ga
| L5f

T T Scores 1 and 5 represynt teterant and suscepnble rdgpectwely
- ~1Mean score valu
- acc0rdmg Wuncan s Multiple Rangc Test at P < 0 05 ﬁ L

vithin a cblumn followed by the%ame lepter are not sxgmf 1camly dif ferent

A
B ':



toleranoe levels of some control vartetres ,/ - g

. - The vanety Marmga (tolerant contré ) was the most tolerant in all the alummum

W

‘ treatments Both K Popo and PF7748 were the second most tolerant wn‘.h a tojérance mean

" score value of 2 O each. The other varreues that showed a good amount of: tolcrance wnth a .
tolerance mean score Value of < 2 9 were K. Krma K. Nyt;mbu K Kulungu K. Tembo and

\Romany Varieties that showed the least amount of tolerance to alummum that is, those that
had a tolerance mean SCOT¢ value of «> 4.0 were K. Faharr K.Swara, K Tumbrlr Bounty and
Siete Cerros. “ ,

©,  Aninteresting fi t-ndmg was the significant tolerance diff erence between the varretres K
Krma and K. Tumbtlr which have@@he same. parentage (Appendrx 1), except that they are

, derrved from different mdrvrdual smgle plants

4.2 Variety response in alummum nutrient culture solunon S - : ‘
The ANOVA (Table 2 1)in Experlment 2 mdrcated that th@e were hrghly srgmf icant
(P <0. 01) treatment differences. Vanety drf ferences were htghly signifi 1cant for the 4

; agronomrc characters root werglrt shoot weight, biological yreld and root length and for RTI

G

and BYTI STI was not srgmf |cant at P < 0.05. This mdrcated that the average performance :
7

cof all varletres across all the alummum treatments was similar on the basrs of STI (Table 2. 2)

The variety x t_reatment_rnteractron was-htghly significant-for on‘e agronomic .character root ,

8

llength. andon’eindex, RTI D Co T . T

4. 2 1 Mean values and ranges
In Bxperrment—2 wheat ‘test varrettes and control varieties differed in thelr response 10 N\

-aluminum treatments (Table 2. 2) On the basis of root werght varxetres K Kon%onr ‘K. -
B 1‘ ‘.
- Nungu K. Popo K Zabadrql( Kulungu K Nytgnbu Romany ar;d Maringa were the most
;V
tolerant to. alummum toxﬁcrti’ Bounty, K. Fahan and K Tembo wcte. .,oderatcly tolcrant

'whrle K Swara K. Krma Paa Srete Cerros. amd’ K Tumbrlr‘were sus;ep rble Lo alummum

& toxrcrty These results agree well wrth thoé obtarned in Expenment 1, ex’ccpt for K. Faharr L -

‘
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The varieties K. Kongoni Bounty, Romany and K. Popo ranked top in shddtf:?wéighi. This

wahs consnstent with the hematoxylin stai ng in Experiment 1, except for the vanel) Bounty
The vaneLxes K Tumbili, .K Tembo Paa K. Ktma and Siete Cerros ranked low in shoot -

! we:ght and this was consnstenl with the stammg results in Expcrxmem l exeepl for the . \,\
vanety K. Tembo. ' S _ - ?: c o |
On the basis of biological yneld (Table 2.2) varieties were separated mlo many as

categories as those on the basis of shoot weight, although these ca1egor1es were not very
: _dlstmct accordmg 1) DMRT atP < 0.05. The varieties K Kongom Boumy Romany K
Popo, K. Zabad1 and K. Ntfngu were the hnghest rankmg in bxologlcal yield. The severely
affected varieties were K. Tembo, K Swara "Paa, Siete -Cerros and K Tumbili. The dlfference |
.-m mean values of root lengths betweep Marmga (toleram control) and Siete Cerros ’
(susceptible comrol) was 21. 3%. No bariety was more tolc;am than Marmga on lhc basns
_of root length On the other hand K Tumbm was sxgmf icantly more suscepuble ‘than Siete ,
Cerros The least affected varieties on the basis of root length were'K. Popo K. Nungu K.
' Kongpm, Romany, K. Kulungu. K. Tembo and K. Nyumbu.. . N
The smk"mg diff erencfes in root lenéth between some of the varieties among the’
: 'al‘uminum t_reat;nems are shown in Fig.uyre‘l. Md_st of the varieties tested did not sbow .
considerable root length differences at the 4 ﬁpm of the aluminum treament. 'At the-16 ppm
aluminum trea;mept the tested variegies qif fered cohsi@erably in robl Alenglh. 'and al the 64
ppm of al_u.minum treaun'enl‘rdlot lengthé'in éll_ varieties were considerably reduced rt:lalivev to.’
the similar varieties grown in the lower ah;minum‘concen}fati‘ons.
. L <)
4.2.2 Tolerance indices '
There were‘signif icam variations in toierance inQices RTI"S’H and BYTI (Tablc 2.2)
between vaneues Accordmg to DMRT at P < 0.05, there were more vancly dnf ferences on
: the basis of RT] than on the basis of STI or BYTI. Thc RTI values were rclauvcly lowcr

compared to STI and BYTI mean values. Thns mdlcaled t(pal the roots. were more affected

than to the shpots and ‘biologi‘cal yield. For exampie, the RTI mean value forK. Swzir_h wasin

\
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" Table 2.2.Mean values for 4 agronomical chargctérs,énd 3 indices for 16 wheat ‘varietie_si.

" Agrériomic characters R ~ Indicest
' e e
Root  -:Shoot:, .. ‘Biological Root - o
, weight. =~ weight = 'yield  length. .- . - :
Variety£ (mg) = (mg) . (mg) (cm) RTIY . STItt. BYTH

Kongoni . 66.9ab .1408a 20782  63bcde 0.67bcde 091a | 0.84b
Nungs  64.5ab 1308abdd 19537abc 7.03b 0:66 cde 0.8 2 d.sobé
._Po;}o 633 a_b W0.0ab 2038ab 6.8 "ab.cv{_ 0. 69 bcd” 0. 88a 0. 81 bc
. Zabadi - 6_2‘.9\ab ‘1‘37.5'abc'; 2004 b 6.1 defg -070bcd 089a’0 0o83b -
Kulings  62.6ab  1192cd 1818 bed 6.3 bede '"o,esde _08lab 074 bed .,

7<"3=' '7<, = ® =

_Nyumbu  6l.7abc 1192cd 1812 bcdw_‘5.9\‘e'fg‘ 078ab 0_,84Vab‘ﬁ 081 be
Romany - 60.9abc - 140.0 ab 2018ab 6.7 bed 0.74abc 091 a ;-085;-;."
Maringa; 58,9 abe '12‘2..5‘bcd‘ 1814 bed 752 0852  086a - 0383b "{ |
"qunty | _'57,7‘bc 150.0 a »‘v."207.7a'v S1i - 0.67bcde 0.86a 081bc .
';.’3‘ Fahari 57.3bc + 131.7 abed 1889 abc 6.1defg 0.62de 088a  0.80be \

K. Tembo - 2.3cq¥ 983e  1506e 6.2 cdefg 0.67bode o.sz;ﬂw'/s bed |

. K.Swara  41.3¢  1225bed 1706 cde 5.5 fghi 0.58e = 0.784b 0.72cd \
CK.Kima  46.0a  700f  116lg S2hi’  063de 0Mb 068d '
Paa . 46.0d  1158de -1610de S.5fghi 069bcd 080ab 0.77bed -

SieteCerros 4504 111.7de  1567de 59efg. - 0.63de - 081ab  0.75 bid
'K,.‘T'umbili B7e . 81 L L6Sf 44§ _.-v0.66cdé.”‘0..87Aa.‘ 0Bk

't ad hoc values, estxmated by dividing parameter values in greater‘ alummum concentranons
by those in lesser or no aluminum concentrations ,
£ Varieties are listed in order of Toot weight for easier reading and ref erencmg
b Means within a column followed by the same letter are not signif’ 1canlly dlf ferent in the
'Duncan's Multiple Range Test at P < 0. 05 : .
.- ¥ Root tolerance index
" . 11 Shoot tolerance index
. b Biological yield tolerance index

(Y

A



 the magriitude of - 58% while that for Maringa was 85%. This "‘.would'mean that Maringa was
relauvely more tolerant than K ‘Swara by 27 percent on the basrs of root weight. The htghest
- RTL mean values were- determmed in the varieties Mannga K. Nyumbu Romany. K Nungu
o and K, Zabadt whtle the lowest RTI e mean values. were determmed in the vanettesJ( Swara

‘ ,
K.  Fahari and Siete Cerros The ST1 mean values ranged from 71 % for K. Ktma to 91% l‘or

both K. Kongont and Romany Both Romany and K. Kongoni were the top rankmg varrettes ’
for STI mean- values while Paa and K. Kima wete the lowest ranking. The BYTl mean values |
ranged from 68% for K. Ktma to 85% for Romany The top rankmg vartettes for the BYTI

- mean values were Romany, Mannga and K Kongom whereas the lowest ranking were K

‘ Krma K Swara and Siete Cerros.

Alummum treatments (Table 2.3) af fected the perfomances of the vancttes BRSO |

-

: srgmf 1cantly as evrdenced from the fe our agronomtc characters root wetght shoot werght P

‘ brologrcal YIC]d and root length. There was consistent decline m the mean values for the f our _)

characters as the aliminum concentratton mcreased An increase of alummum treatment f romv
. O to 64 ppm was assocrated with a'range in declme of 44.2 to 53 ;,% f or the root waght 25. 7 ‘

| ', to 28.1% for the shoot weight, 35.2 to 37.3% for the btologtcal yreld and 41 9 to44 9% for ¢ 77 o

B the root length It was clear, then that alummum affécted both the. root wetght and the root

| length more than it af! f ected the shoot weight and the btologtcal yteld :
- An inverse relationship (Table 2.4) hetween the relatrve alumrnum conc'entrat"ionand A

the three indices was obsérved. The RTI decreased from 91 t0-46%, STI from 98 to 73% and

| BYTId from 92 to '63% as the relative aluminum concentration increased from 4 ppm/o ppm to' e

' ———

‘64 ppm/0 ppm, respecttvely “The decrease i m the mean RTI values were greater, than the ’S’l‘l

T [

and BY TI mean values as the difference in relattve alunﬁnum concentratton mcreased but in

i

~ every instance the dif’ ferences were wrthrn one standard error of the esumate FrOm thc .

" present study it was indicated that the RTI mean values were bettcr mdtcators or predtctors ol‘ .

alummum tolerance than the STI and BYTI mean values
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Table 2.3. Effects of alummum treatments on 4 agronomic characters for 16 wheat vaneues
Data represent the mean values and SE from 4 alummum mments. treatments were ¢
replicated 4 times. o v N X

-

S Agronomic character

K]

> S . : o .‘” N ;,)' ‘-A ) ’
‘Aluminum conc. . Root weight Shoot weighy  Biological yield Root length

om) ) w (mg) (cm) -

A% £19 1B1£39 2092353 7.6 30.2

0.

s eaeda1 1581443 1928 4538 |  7.4‘ +0.2-
| 16 | 547 £2.3 lle" 1699 +5.8 58 0.2
e . m1ile - 1000 $4.5‘ 1335 5.6 33£02 . -




. Table 2.4. The indices of tolerance to aluminum concentraudn in 16 wheat varieties. Data

© represent the mean tolerance index values and SE of all possible treatment comparisons of IR

aluminum concentrations -

lndicesfﬁ'?
.Relative aluminum o : ‘ ’
conc. (ppm) - RTI} | sTItY . ¢ BYTIp
 4ppm/0 ‘ppm‘ , 0:91\£0.02 094 £003 . 092 £0.02
16 ppmi4 ;;pm o o84 +0,02 0.90 £0.02 0.88 +0.01
16 ppm/0 ppm L 0774003 084 £002 0.81 £0.02 :
6 ppm/6 ppm - 0.61£003, 089 £003 078 £002
64 ppm/a ppm 0.50 0.02 Y 0.7940.03 { 069 £0.02

 pom/0 ppm 046 £0.02 ‘0.73-&;«0.03 o 0633002

T Indices were determined by dividing_ data values in hxgher alummum concentrations by those
in lower aluminum concentrations for the three agronomic characters . :
1 Root tolerance index

11 Shoot tolerance index .

b Biological yield tolerance index
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4.23 Correlations . ,
Stepwise multiple regression analyses (Table 2.5) conf| irmed the relationships between

the four agronomrc characters wrthm the four aluminum treatments The following multiple

regressron equatrons and coeffi rclents of determmauons were determmed within the four

aluminum treatments:

(1)0 ppm : Y = 057X, + 0.97X, + 1.01X, R =099 *

(2)4 ppm : Y = 15.93K, + 138X, ' R =095

(3) 16 ppm: Y = -0.66X, + 101X, +0.99, R=099°

(4) 64 ppri : Y = 0.12X, + 0.98X, + LOIX; R =099
** significantat P< 001 . o | \

where Y represents the predicted biological yield, X, is the dumrrny vatiable of value +1, X,
and X, are root weight and shoot weight, respectively, and R is the coefficient of o
determination. ‘

E “

Correlations (Table 2.5) between the measured agronomic characters that had _

coeff’ iciem.s of ‘< 0.50 were three for the 0 ppm' 3 for the 4 ppm, 1 for the 16 ppm, and none

| for the 64 ppm alummum treatment Coefficient of determination values (r?) of less than

25% were obtamed for root length with root welght root length with shoot werght and rcot -

length with biological yield for méo ppm and 4 ppm aluminum; root length wrth shoot weight

f or the 16 ppm of aluminum treatment. These results may indicate that it is possible to breed

‘

f 01: alummum tolerance usmg the criterion of those characters which are associated wrth low

~correlatron coeff icients- under low aluminum concentratrons (0to 16 ppm) However, the
‘ hrgher aluminum concentration treatments of 64 ppm resulted in high correlation coefficients.

This may indicate that high aluminum levels of the magnitude of 64 pprrr may not be very

useful m the la’b'bratory screening nrocedtrres for distinguishing the tolerant varieties from the
suscepuble ones. '

Corrclauon coefficients (r) for thc esumated rndrces (Table 2.6) were relatively low
ranging from 0.18 to 0.60 for the R’I'I with S'I‘I for all the relauve aluminum concentrations

as compared to the range of 0.58 t0 0.95 for the RTI with BY'I‘I and the STI with BYTI ~

-
PN
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Table 2.6. Corrclatnon coefficients (r)T between estimated indices for 16 wheat varieties.
Correlation coefficients for relative 4 ppm/ O ppm, 16 pprit/ 4 ppm, 16 ppm/ 0 ppm, 64/
ppm/16 ppm 64 ppm/4 ppm, 64 ppm/ Oppm aluminum are presented consecutively.

Indices ’
‘ Relative
Indices STItt BYTIp aluminum
RTI 0.27 058 4 ppm/0 ppm
018 W 0.56 16 ppm/4 ppm
0.25 0.66 16 ppm/0 ppm
0.48 . 0.79 64 ppm/16 ppm
0.60 0.80 . 64 ppm/4 ppm
0.51 , 0.80 64 ppm/0 ppm -
ST , 092 4 ppm/0 ppm
: § 0.86 16 ppm/4 ppm
0.87 16 ppm/0 ppﬁl
0.6 64 ppm/16 ppm
0.95 64 ppm/4 ppm
091 64 ppm/0 ppm

3

-+ N = 48. Correlation coefficiénts (r) > 0.28, 0.36 are significant at P <.0.05 and 0.01,

respectively.
1 Root tolerance index .
- 11 Shoot tolerance index .

b Bnologxcal yneld tolerance index among thé'relative alummum concentrations.

ol



_ the index STI was significant at P '_5 0.05, w

N ;
-- , 52

The low correlation coe?ﬁclents between RTI ufﬁ may indicate that it is possible to breed
and seléct varieties that have exther a better root or shoot system under high alummum

concentration envxronmcnt.

4.3 Variety response in UCM augmented with aluminum
In Experiment 3, variety effects were highly s1gmf icant at P < 0.01 (Table 3.1) for
the ¢haracters plant height, shoot weight, root weight, biological yield, number of tillers; and

T

for the indices RTTI and STI. The index BYTI was significant at P < 0.05. The aluminum \

~ treatments were highly significant for all the measured characters and indices. Replicate

effects were not significant (P < 0.05) in all cases except for the number of tillers and BYTI
at (P < 0.01). |

There were no significant treatmeny,x variety (Table 3.1) interactions for all the

measured characters, except for the indi * and STI. Treatment x variety interaction for
s that for the index STI was significant at P

<0.01.

4.3.1 Mean values and yanges
Experiment 3 r-esults (Table 3.2) indicated that there was éignif icant (P < 0.08) -

decline in all the measured characters as aluminum increased except for the number 8f tillers,

No significant differences in the treatment mean values for the number of tillers were detected

between the 0 ppm and 16 ppm aluminum treatment. The relatively low number of tillers in

the ‘8 ppm aluminum treatment compared to either the 0 ppm or 16 ppm aluminum trcatzcyy/\

was unexpected.

s
/s

lﬁ absolute values, (Table 3.2) as_' the concentra'tiou of aluminum v_/és increased from
0 ppm to 8 ppm, and 16 ppm, there was an associated decrease of 23%, and 32% for the root
weight; 6.9%, and 18.0% for the shoot weight; 29.0%, and12.0% for the biological yield: and
7.5%, and 2.3% for )the plant height. In genural. there were decreases in the mean values for

all the. measured characters, but the decrease in the root weight was of a relatively higher

o
Tk
ot
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- Table 3.2. Treatment mean values for all measured varia'bles for 8 wheat varieties grown in
UCM with three aluminum concentrations 9, 8 and 16 ppm.

£

Aluminum concentration (ppm)

t Means followed by the same letter within a row are not significantly different at P < 0.05
according to Duncan's Multiple Range Test
P ad hoc values estimated by dividing character values in greater aluminum concentrations by
those in lesser or no aluminum concentrations.

1 Root tolerance inflex
11 Shoot tolerance index
p Biological yield tolerance index

4
)

. 0 : 8 16

Trait Mean values .
. o N .
Root weight (g) 0.56 at 0.43 b 0.29¢
Shoot weight (g) 2.18a " 2.03b 1.85¢ce
Biological yield (g) 2743 2.45b 2.14c
 Plant height (cm) 4517 a 41.79b 40.83c
No. of tillers 1783 a J 14.54 b 17.25 a
Indexb .0 -, Relatige alumjdthn concentration.
. r -~ ’ .
n" ' . 8 ppm/0 ppm - lé ppm/0 ppm .  : 16 ppm/8 ppm
. o o

RTI$ 0.78a 0.53 ¢ 0.69 b
STItH 0.93a 0.84 b 0.90a
BYTIp o 0.89 a " 0.78b 0.87a

s
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' ppmto 16 ppm ‘_'\

‘ Mean values for RTI, STI and BYTI (Table 3 2) Were signif rcantly diff erent accdrdmg
to DMRT (P < 0 05) The ll’ldlCeS decreased signif; rcantly as the relatrve alummum

concentratron mcreased A relatrvely greater magmtude of decrease was mdrcated in the RTl

S compared to either the STI or the BYTL ™ , |
: (‘ A DMRT performed on varrety mean values (Table 3 3) mdtcated sngnif icant (P <
0. 05) differences w1thm the 8 varrettes for the agronomrc characters and the three mdrces The k'

8 varretrep did not separate into drstmct classes for the measured characters except f or the

/ 13

lbrologreal yteld and the plant hetght The varieties K Tembo and K Swara responded
contrarxly to the f indings m Exgerrments 1 and 2. Jh this expenment K. Tembo perf ormed
worse than expected at hxgher aluminum concentr tion, whereas K. Swara perl‘ ormed bettcr ;

than expected‘ Also Romany did not perform as well as expected fﬁ this experrment

4. 3 2 Correlatlons and multrpl:regrwsron analy% . -

| Brologrcal yreld ‘was srgmfrcantly (P-<0. 01) correlated (Tables 3. 4 and 3. 5) wrth the
»i root and the shoot werght wrthm\the alummum treatments The correlations betWeen the : |
‘ Abrologrcal yreld and other varrables were relatrvely low Srgmﬁcam (P < 0.05) ncganve )

correlauons, although not high were observe/ﬂ for mStance between the RTI and 100l wexght
: , o o R
'-045 L Rtk b DT g

(' ) -

' a o The BYTI was significantly correlated ('l' ables 3.4 and 3. 5) wrth the RTl and STI

S  within all the alummum treatments. The correlattons for the BYTI wrth the RTI f or the 0"

P

“f fol ppm 8 ppm and 16 ppm alummum concentratlon were 7 -0 51, 0. 45 and 0. 48 respectrvely
| The brologtcal yreld was-signif 1cantly (P < 0. Ol) correlaled (Tables 3 47and 3. 5) wrth

« 2 the ‘1001 arid the shoot wetght wrthm the alummum treatments The correlauons between- the

‘ NP blologrcal yreld and other varlables were relaltvela 10w Slgmf icant (P'< 0. 05) ncgauve
Ll :
S ..,'t : cOrrelatrons although not high were observed for mstance between the R? and. root welght

ke
e =-0.45.

;oo : Lo y ‘ S -
i - B - R , . . A AV
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‘ " Table 3.4. Correlation coeff: iciems‘ (r')'r betwée-r‘l. méasured variables, and indicés for 8 wheat
.o varieties. Correlation coefficients for 0 and 8, 16 ppm are presented consecutively for each
{ character. = o S : o , :
: i ‘Agronp'm‘i"c characters . - Indices ‘
"4 ¢ shootBiological ' Plant No.of RTI} STIft BYTIp Alcanc.
R Weighl_n Yield Height Tillers : e . .08, 18;
,' @ (@ (m . (pem) -
’ i o . . ¢ ’ ] .
Rootwt. (g) 058 0.8 030 0.0 :0.45 Gq;g@@;om o
7 035 074 o014 003 018! -009 008 8
| 042, Om 03 019 0S8 003 04 16
 Shoot wt. (g) S og 01 02 0l 06 088 0
R 08T 0.09 -0.31 037 018 088 8
o 093 -0.08 an 0m 0.63 'uo.v72 .16
 Biological yield (8) . - 025 -0.09  -0.30  -0.55 069 0
SRR | | ol 006 031 006 - 014 8
| , \ " o 0,07 -0.0g ' ;0:39 ) 041 0.6 16
" @ Beigmxscm) S a3 om0 0 0
T A TP ol 0.03 02026 8
| | 006 03¢ 03 005 16
“No. of tillers - llj T om :'Q,Q7;\ ,E;’Q,?Q:OIS o 0 |
/’ , - 050 025 ooe g
‘ CoT s A 04 06
RTIE - R 005 0t 0
= Lo o 008 0.45 8
. | o | 0 -026 . D48 16
T R 082 8

- +7. 1 N = 24. Correlation coefficients (r) > 0.40, 0.51 are significant at P < 0.05 and 0.01, -
e ‘rggpectwely. 1 Root tolerarice index, 11 Shoot tolerance index, b Biological yield tolerance
~ index o & Do RO,

/
A
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The BYTI was sigmfrcantly correlated (Tables 3 4 and 3.5) with the RTI and STI
 within all the alunlmum treatments The correlauons for the BYTI with the R’I‘l for.the 0

ppm, 8 ppm and 16 ppm alurmnum concentratron were r 0 51 0 45 and 0 48, respectrvely. ,‘
~ Comparatiyely, the correlations f or the BYTl with the STl within the three alummum |
, ‘treatments were r =0. 67, 0. 82 and 0 68 Thrs indicated a higher magnitude of correlattons for -
the BYTI with the STI than the BYTI with the RTL. : |

_ There was a htghly srgmf icant multtple coeffi lcrent of deterrmnatron (R*= 0. 99) for

| the biological yreld accounted for by, the vanal)les shoot weight and root wetght The R values

_ decreased from 0.9 to 0.86 as the concentratron of alummum was mcreased from 0 ppm to

°

16 ppm The vanable shoot werght and root werght were: entered on the frrst and second

iterations, respectrvely However at the 16 ppm of alummum treatment the vanable root
werght 'did not contribute to the predrcuon of. the blologrcal yield. The decrease of the partral

| regression coef l‘rcrents (b) as the amount of alummum concentrauon was mcreased from 0to _
8 ppm was not sngmf icant. At the 16 ppm of aluminum treatment the: partral regressnon

_ coeffi 1crent (bl =1, 233) for the vanable shoot weight was of sngnrf 1cantly greater magmtude

' than at the 0 ppm and 8 ppm lelféls of alumrnurn treatment s )
" % . ’ »
44 lnheritance of aluminum tolerance o ¥

N | Experiment 4 results (Tables 4.1 and 4.2) indicated that no cross fitted a 3:1 ratio,
& "

meamng that no smgle gene differences were deterrmned For a 9:7 ratio only two crosses
f rtted (1 .e two gene drf ferences). The crosses which fitted a 9:7 rauo were:

1.K.Kong_om/PF7748 (TxT) - ' - " S

~ 2.K. Tembo/Siete Cerros (Try g . o
3.K. Fahari/PF7148 (Sx T)o” T
_4.K. Swara/Romany (Sx ‘l‘)"’ - o . ‘

-

No case was l‘ ound where a’ cross between a suscepuble and susceptible gave tolerant F2 -

—

seedlings, but 3 crosses mvolvmg tolerant and tolerant (K Kongom/PF7748 K

. R !
+

_ ©T refers to tolerant, and S refers to susceptible.

' ’ »



e i B U ‘ o ' . L] ' w
1 . ta
. (S : . - . L N -

Tembo/PF7748 and K. Kongom/Romany) gave some susceptible F2 seedllngs ’I‘hese results
may suggest that the alummum tolerant vanetres PF7748, Roma K‘ ’bmbo and K.

- v »
.
-y

“A srgmf 1cantly larger number of tolerant seedlings were reco}ered fron\ th rosses

Kongoni have diff erent genes w-hrch control alummum tolerance

that mvolved variety Romany as the male parent than those that mvolved varjety PF7748 as
_ the male parent (Table 4. 2) No tolerant F2 seedlings were recovered from the cross.K Swara
"(S) and PF7748 (T) suggestmg a complex mode of genetic control However, the vanet) h
Romany may have homozygous dominant genes for aluminum tolerance based on'the ~ °

segregatron rattos of the cross between K. Tembo and Romany, smce all the F2 seedlings were’

. tolerant to aluminum. ‘ M o . 7
The attained ratios of the crosses. K Fahart (suscepuble) X Srete Cerros (suscepnble)

and K Swara (susceptrble) X, Srete Cerros (Tables 4.1 and ll 2) may suggest that |

' suscepttbrlrty to alummum toxtcrty is contnbuted to by recessive genes. Subsequently, |

” segregatrons observed among F2 seédlings indicated that dommance ‘played /pme rolein
aluminum tolerance rn some crosses although several complexrtres were- nouced in the .
observed ratios. Such complexmes involved the cross of the susceptible vanety K. Swara |
(susceptrble) with PF]?48 (tolerant). f rom which no tolerant seedlings were obtatned. This . :
type of result was in agreement with similar findings by Aniol (l984). usi'ng-dif ferent

k)

cultrvars of wheat

P g

Variance (6’) measures how closely a set of individual observat:ons are clustered o ;'

around the mean. In this study 8% mean and standard error (SE) values were used to descﬁbe

/’

the F2 populations.

Tables 4. 3 and 4. 4 results may suggest that both grain yreld and btologtcal yield may.

“not. be ef fectrve 1nd|cators to. usﬁ? selectmg for aluminum, tolerance in scgregatmg |
populations . On the other hand harvest mdex 1,000 KWT, planit helght and number of

. seeds per head whrch show relauvely high variance levels may form good mdrcators 10 use in

3

mmum tolerance The variance l‘ or F2 populauons for harvest index was

dimpared tol 000 KWT, plant herght and %umber of seed per head in most

s . R - .
A . ) @ K} .



Table 4.1. Aluminum tolcrance of F2 seedlmgs produced from 4 f emale crossed to each of the
© 3 male parems Tested at'46 ppm alummum

"+ No. of F2 _Seedlingé ' B Hom(;(%eneity
Czoss/\;ariét}u o - ‘Tolerant | Susceptible | o 3l _ 9;7_ \‘@3
K. Kongoni/PF7748 Coe0 - - 201 e TS 0.9 NS
K.Korigoni)’Romany : 520 ' 43 9.5 ** 2230.1‘ had
K. Kongoni/Siete Cerros I . f A S 1
K. Fahari/PFT48 . . % W6 183 2INS
K. Fahari/Romany © 421 9 . 131 1375
" K. Fabari/Sicte Cerros S0 41 1s37e | 386ew
":‘:K.:Tembcv)/.P.F7748‘ A ' 255 o _150 313w 40
U K.Témbo/Romany 760 0 2533 911
© K. TembosSiete Ceros . 452 26 . ssee LINS ..
K. Swara/PF7748 . - 0 :7- T8 2593 6059 ‘,f‘; |
K. Swara/Romany - " SR T3 a4r6 03NS
* |y K. Swara/Siete Cermos o T Cem.  we3e 08
K?lfKongoni . : ‘ 40 '_0 ' ’ °
K. Fahari. 0 o 46
K.Tembo  ° . 54 0
K. Swara . R 0 49 o
T PF7748 e s - S0l
Romany . .0
" Siete Ceiros |

*:'T Data omuted f rom disc occurred durl i the screenmg

g’hffxcant at 95 and 99% probabll;ty o |
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Table 4.2. Summary of F2 ratios Tblerant (T) : Susceptible (S) that were obtained from 12

crosses of wheat. :

. —
‘Male parents

. ‘ PF7748 ‘Romany Siete Cerros
Female parent ~ Characteristic (T) (T) A(S)
K. Kongoni 3 (T) 290 : 207 50:43 1
K.Tembo ° (T)  255:150  760:0 452 : 326
K. Fahari o (S) ¢ 250 :1226 421 : 93 10 461
K. Swara (S) 0:778 489 :368 0:679
T= tol:erant

S = susceptible

t = No data due to an error of method during screening.

w

-



Table 4.3. Mid-Parent variance values for six agronomic characters for 12 pop\iiatiqns_of

-

)

: .

per - P

AR A R R KA KR A R KR KR

| S “Grain  Biological Harvest' . 1,000  Plant fJNol. of . .~
' -5 Yield - Yied . Index -KWT$.  Height - - Seeds
Cross S T ® ® @), @ (m) Hed
. Kongoni/PFT748 36 02 .09 76.3. ?:}»_83_.; B €023 49.9
.Kongoni/Roma;ly‘ S35 ol 21 : 3(§.7 09 145.3 - 6.5
Kongoni/Siete Cerros 35~ 01 - 0.5 Tsga o flss . 3., 31-
. Fahari/PF7748 I 05 25 9 112 894 _§l9.'7?
. Fahari/Romany 34 0.4 2.4 2.5 169.7 '34.3~V.."‘?;-;*»‘-l75"-.9~.f'"'
. Fahari/Siete Cerros 34 06 3.3 190 2376 4 2609 1041
. Tembo/PFT748 3 0.1 06 00 1984 1683 67
. Tembo/Romany . 34 01 0.6 .260 814 1686 426
.Tembo)siete Cerros 35~ 01 0.6 a6 896 1006 - 318
.Swara/PFTI8 35 02 - 42 1003 4237 405 05
. Swara/Romany 36 0.2 2.8 53.8 5047 -840 440
Swara/Siete Cerros 36 . 84 4.6 1554 339 85 295

1 Number of mid-parent indiﬁlgh&l&t Weight of a thousand kernels in g
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cases. : o !
The comparison of the F2 proé"é’limean values and the mid-parent mean Values

(Table 4.5) indicated the complexity of seiecting for aluminum tolerance using the various
agroﬁomic characters. No specific irends t{ith respect to the six agronom;ic chartacter's were
noticed between the crosses. For instance, in the cross of K. Kongoni (tolerant) x PF7748 ]
(tolerant) hlghly sng‘;l\iflcam (P <0.01) negauve dit‘ferences’were shown for bnologxcal yield
and the number of \seeds per head, whereas hlghly significant posmve diff erences were shown
for harvest index and plant hcnght. For the cross K. Kongoni X Romany (tolprant) highly
significant positive increase for three agronomic characters grain ;ield. ’harv/est index, and
1,000 K‘WT‘ were demonstrated. Fof the cross K. Swara (susceptible) x PF7748 highly
signif’ ican't positiVe increases weré obtained in the F2 progefny with ‘féSpect to grain yield,
harvest index, and ‘numb‘er of seeds _pei head. For the cross K. Swara x Romany highly
signif ica(n; positive F2 increases were -obtained<dn grain yield, harvgst index, plant height, and
number of tillers. However, for the cross K..Swara x Siete Cerros highly significant positive
F2 increases were were ‘noti‘ced for grain yield, harvest index, and 1000 KWT. On the other
hand, no significant increases were obtained in the Fi{ progeny for the c.:ross between K.
Kongoni x Siete Cerros (suséeptil;:l,e) for any of the six agronomic characters. For the cross K.
Swara (suscep'tible)b x.PF7748 highly signi‘ficant’ positive F2 increases were obtained for grain
yield, harvest index and number of seeds per head. For the cross K. Swara x Romany highly
signjficant positive inCreases were obta}ned for grain yield, harvest fndex.’plam height and ‘
number of tillers. However, for the cross K. Swara x Siete Cerros hlghly significant poxstlve
“increases were obtained in harvest index and plant hexght whereas progress for bnologxcal yield
© was highly significantly negame On the basis of the crosses involving K. Swara (female
parent), it may be interpolated tl}'at_ ge]ecuon for aluminum tolerance may be possnble by
selecting FZ individﬁals which showﬁigher grain yield, biological yield, harvest index, planll

height, 1,000 KWT, and number of seeds per head.

¢



»

Table 4.5 Differencest between mid-pa}ents and F2 progeny mean values for 6 agronomic
characters in 12 different crosses of wheat grown in JCM with high aluminum (46 ppm)

Nk

concentrations.
Grain  Biological Harvest . 1,000  Plant  No. of
i Yield  Yield dhdex  KWT3 Height  Seeds
 Cross’ At @ ® % ®  m  He
K. Kongoni/PF7748 120 -NS - + 4 NS 4% e
K. Kongoni/Romany 124+ °° - NS + ¢ + + NS - NS
K. Kongoni/Siete Cerros 123 - NS - NS +‘NS - NS + NS NS
K. Fahari/PF7748 120 4% +NS i 4 40 NS
K. Fahari/Romany s -° NS :iNs  -e 4% 4 NS
K. Fahari/Siete Cerros 121 + %  +°% .NS  +° 4o + NS
K. Tembo/PF7748 119 + NS - A N T
K. Tembo/Romany 112 +°% +NS 4+ NS 4% oo o
K Tembo/Siete Cerros 122 +% +° 4+NS +° 4+ NS
K. Swara/PF7748 122 4% NS 4% 4Ns 4t 4%
K. Swara/Rofnany’ <123+ o e 4w + ‘ + oo + **
K.Swara/Siete Cerros 120 - NS (~*{ 1 » L NS 4+ .NS

+ Number of F2 progeny mean values - Mid-parent mean values,

11 Effective degrees of freedom

1 Weight of a thousand kernels in g

+, - Represent positive and negative differences, respectively.

NS Not significant. ‘
*, ** Significant according to the pair-wise 1-test value at P < 0.05 and 0.01, respectively.



4.5 Variety responh to lime tmtﬁm g
In Experiment 5 the ANQ\M indl ed (Q’able 5.1 and 5'2) that there were significant
(P < 0.05) treatment effects for all characters for the harvest index and the S/P’I‘ for both *
the Ferralsols and Andosols. Varnety effects were significant for the biological yield and the
S/HD in the Ferralsols and Andosols, respectively. Variety effects %vere highly sigmficant (P
< 0.01) for all the otﬁer chartacters {n the two soils. S -
The tréatment by variety interaction (Ta% 5. l and 5.2) was hnghly sxgmf icant (P <
0.01) for the grain yield, harvest index and S/PT for the FcrraISols for the KWT and plant
height for the Andosols. Thisendicated that the association between the lime treatment and

the varieties was in agreement with the null hypothesis.for the characters biological yield,

KWT, plant height and S/HD on the Ferralsol soils. On the other hand, the lime x va;fi}ty o

interaction was in agreement with the null hypothesis for all the ch;\r'aéters nxg,;is!*f}dr the .
KWT and plant height for the Andosols. | - B L B

* \ o .y 'z
4.5.1 Mean values, ranges and standard errors | S "‘ ; ; i

In- Experiment S DMRT (P < 0.05) (Table 5.3 and 5.4) mdxcatog that thew were
li

significant differences between the vancnes on all the measured characters for bolh ;he s
¥ ! o ". ‘g .'
Ferralsols and Andosols. g St Ty

Varieties separated into distinct categories for all the measured charactefs except {or

i

s N [
,"u,'!\ukﬂ‘

- KWT (Table 5.3). The variety Romany ranked first in terms of grain yield, bmlogxcai yxdq, . ’_

S/HD and S/PT, wmlst the vdrieties K.Swara and Siete Cerros ranked last in all the measured

characters in the Fe

*

.

SOIS. A wide range in the calculated mean values was mchcated abctween -

varieties. For eample, the mean grain yxeld difference between Romany (3.7g) and K Swata =

(1.5 g) was 59% in absolute terms. ' L.

The results ¥Table 5. 4) from the Andosols indicated relauvely hsgher mean values for
all the mcasured characters compared 10 those from the Ferralsols (Table s, 3) . The vanely
Romany ranked first in terms of gram yield, harvest index, S/HD and S/PT. The varieties. _

Siete Cerros and Kenya Swara Wefc cor}sigténtly low ranking. in grain yield, biological yield. .



e ,
- - 1 l | . ’ ./ %
= m ) '
B : . |
‘ | § .
’ ST~ - _ s 3 1yB1am 12u13y 000°1 ¥
A} - - . - > r. ONx A .
Y . . : B - @ JuedLLudis uﬁoz SN
o ; 2 "K19ANI23dS31 “[0°0 PUB §0'0 > d 18 WHRHHIUBIS o4 "o
> o wop331j Jo $32133p |
) . ’ 4 - -y * : N .
. . - : W QoL
W . . y ‘ ‘4Q - .
8y ETl §°S '€l Loy [344 " T0 ro 92 . dong
. e L'69E: SN T SNZIT  SNG6'S .e ST6L SN $°0 oo V0 9 SINALEA X JudWIRdL]
" e P7OZSS - ge 600 e BLBE  «eSOIT e 8HOE 4TI el . 9 EIEI LT
SN L'L4T - e 6SOT . TS6r . -eeL'IIT  dSN VO oo I'TL e V1 T . Swawnear]
R X <4Z 9 T8 108 9'L2 Iy €0 T satediday
(1dss)  (awss). (uw) - (3) (%) @ @ . o o
e 10ld , PEH WY fimi xapu| PIRIA pix - tryp - , L
" 12d paog 13d p3og ueld - 000'1 1soAJeH  [eordojoig ureIn . UONELIBA jJO 32IN0S

sorenbs jo wns UBW . -

© *(s11051210p{F ) SIOS|RLI3] UY UMOIB 1E3YM JO SINSLIBA UDA3S I0) TIEp JO 138 =~.5 } 3dueiIeA Jo siskjeuy |°S 3lqel

A




‘S . o & c,, ' - \ au. i » : N
s w 9 ‘ ..T. K\P.«W’A B ., . \ B ,
3 . : SR T
- B PP . ) . 8 T
T ' _.\wuﬁ . A Lo
o & K ) ) ~ v [ . ‘H . /\.
) -= . ) - : w Em&? _uaﬂz ooo 1 # (.,.r\
R = e Vo et Oﬁxﬁx
> > \ . : B JuedLjiudis JON SN
e I ] T 30.58%2 10° c E_m noc d i weygudg o e !
: SR - I e W %% Eovucc Jjo moouwuo 4
. S \ . , B %So.w
66 . A 4 96 €0 _N._S. 40 ro. .._otm,
SN ..w,.mz.a..» SN O'C 16T e €LL - SN66L  SNEO mZ 4 o N wl ‘
- . i . . . » R N . . , . - ; \
, ’ s P'LSIS os 9 0PS os §6CE os $8IE - ee 080 PO 28 2 B co .v H~ . . .o‘. w&So_um\w
= SN 67TrE « VUST e T'VSP ¢ 68 dSNED = ee 80T ;.,\..ﬂ e - S swawngal)
T £0s  .6FC.- rey o8t LR &P . mﬁ),, sa1ealdoy
S . ., ) - . ) L i N ) .- LF O ) : ; . S : ) h < ,. S J . .
- (Xd7s)- - (a@H/sS) () - .43) (%) > (8) (3~ 3rp :. uonBIIEA jO 2INOS
- 0d PedH . W3pH fimd Xpul  PPIA - . DPRIX St D R G
) 1ad peag " 1ad pasg weld: 0001 m,zam [eaBojolg © - urerD RS T B
Cos : mu._azam j0 E:m :moZ , S f Coned \ 7 m.w s
R - ?:om o_ozv m_omovqm ul caouw :8:3 uo mu:o:s, UJASS 10 va ko ﬂwm =m S.* 85:? ho m.m€w=< N m a_a« h
;H/,,,. T it : : . . ; . - J/a ) f . Ty oo -
: B T e 1

i




) ."1.’:““

PO

ois_sz s :855 o wEEow

L
+
L4l

2

unwo 05 die Jua19) EV bEScEwa 10U 9IB UWN{OO B UIYNM. ho:u_ uEmm ayi-

@ Ews; _2_._3_ o8 1 A
k-1 uwcmm
832_8 mc«ugw

PTOC

ags

] s
QL8

-9 8%6

Q818

- ® x.ﬁz

-t g

pEYl L

p) _m. L.

a6t

,._,n,,.h,NN; .4~

X

PEIS

e PIS
QT

QTe.

BLT8

399y )

L3

>
<

I (3

BEOY

9 7°9¢

.99 8°¥E
QB 60p
9 p'€€

o

29T
q6TE
C e

q9°0€

g
BLEY
¥

EEEp

266¢

Py
PSY

29
EE6

P

w !
21°C.

?wm_ns Eo:comnsm ul 3uouals Jo1 501 u:« mqu& 121583 IO _ platA uresd Jo sEo ur porsy, 2« m %?

s

“0d
1ad pasg

(aH/S) el
1ad pasg®

prH . Mﬁm.um

@)
ﬁ.?u— .

oo..:

S&
xo_uw?

159ATRH

@)

PIOIX

._s_mo_o_m

LA

- (8)
PIRIA

uen

L
Tamg

®
g
&

L -

s ..4
g

, [

.

&

.-

.

i

E .m.ﬁuﬁ«:u 1B 01 gu&me y % ?.:o.m Bu,o_u_mv $]0S[eIId] Ul umoI3 SaneLL

eA fEam USASS JO. mws_ A .rmozwmm...m@oiak

R
2




.
Y - - ' - Co N 3
— ’ B s . ) T
- I Y m K
. .
- L3
. " o -
. = b
-
%
[ % 5
- ° . °
- - ‘
H i
3 , :
p « T
: - - ,»‘ .
L .
o
. - o S
. *
- '
i
133 .
-3 - - -
.
<) - -

S ¢ &w&‘ uwnmwm
2&::2 s :8::& 0) wEEouu« mc 0S5 dae E&& EV »::8_ .::w_m S: are :Es_ou B UM 19319 :9uyes. oﬁ B voaczo J suBd 1
. B _ L wc_ocu._&ou $SOIO 353 I0J £°G 9[qEJ UO Pasn JPIO Ul palsij oI sanoliep |

“ -

s -

- AgeL - 288 o0 ﬂ:wm .32 - _oow X 3 -

o . i ) . . »

P99 - 2L PSOS  TAEw erops’ C — poe psy . wo:&y%_m

\
o

S PE9% ST ogg - ee9s el T 4¢Tl &S - oguoy .o

oL PSRl L mwrEo ETe - A% ®gw o aru \|os 8pLLdd
| AgWL -~ qTIE’ 2669 IR ETSH Copvor gy T gquar v_

e MALENE . 06 9T 06 tms. coopgor .,__.,fn R ;.:ﬁﬁ.v_

< TeoesT eSO . QOU9 - d9g Bgsy eIl *Sn © . Auewoy

Sl

»
v

S s (aHss) (o) B A.,@._..t e 3o S ke
SR 51014 - pedH . W3RH - © 4IMM - xspur . PBRIX -PIRIA : BT
C - -Jadpag - 1ad pR§ - _wmEd 0001 1S9AIRH < . {eoidojoig. v:ﬂ.,u S _ o

o . - - . ), " - P . ! .

Vi . ,

e

gﬁ&uﬁ.«ﬁ 14815 07 192dsa1 YiIm (s[Ios ,o_qiw SI0SOpUY Ul UMOIS SHIAIIEA 1EYM “=o>3. Jo sanjes ueapy p's oqeL’

%%’i'%



G : : - . ) .
A N n
a“ - '
'v ) o

wﬂ

.. plant hetght S/HD and S/PT No srgntf tcant variations were observed between varieties on
the basis of harvest mdex A wrde range of mean values was observed between Romany
| v(tolerant) and K. Swara‘ (susceptrble) FOr mstance in grain yield, btologrcal yreld harvest
index, S/HD and S/PT drfl”erences of 2%, 38%; 56% 78% and 80% respecttvely were
‘observed , _

A parred t- test (Tabie 5.5) between the grand mean values for all the measured-
' characters indicated that the appltcatron of lrme had aslgmf icant (P <0. 01) increase for thc |
brologrcal yield c(m the Ferralsols whtlst a srgnlfrcant P < 0”05) plant hetght increase was o )
‘ observed on the Andosols Generally, there was no srgmf tcant mcrease for the gram yleld '4—» 5 ,:‘
gcw*r plant herght S/HD and S/PT due to'the llming of the Ferralsols f rom the mmal pH on |

- 5 Sto the target pH of 6 5 usmg a hme rate of 3 25 tonne/ha Both the grain yteld and

brologlcal yteld were charactertzed by relatrvely small standard errors. Large standard errors
vwere observed in S/PT. This mtght have been contnbuted by the wrde variations of sced count ‘ 3
'between the vanetres |

‘In: the Andosols (‘-léable 5. 5) rt was u’ldlcated that the on! 4 sngmf jcant (P<L 0 05)

° mcrease due to hmmg was on the plant height. All the other characters were not srgm[ icantly
.

affet:ted by hmmg the sorl f rom the mmal pH of § 4 to the 1arget pH of 6.5 usmg a lige rate

of510tonne/ha SRR “ A 3 *', . o

) The lack of response 10 the:lime i in- most of the tested characters/,may be explamed by

the low alummum content ifthe two soils (Appendrx 3). Results in Appendfx 3 1nd1cate that “.
- both the Ando§ols and the Ferralsols had relatively low concentratxons of exchangeable N

alummum therefore, the lack of srgmfrcant posmve response to liming- of these soils may be
‘r N 4+

partly. explained by this factor. = IR -

w
. 4

4 S.2 Correlatron coefl'rcrents and multtple regressnon analyses -

Expenment 5 results (Table 5.6) indi
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. . |
tween KWT and S/PT on the ltmed Ferrralsols, but the. eorrelanon (r = -0.40) betWeen the -

sameclaarhrcters KWT and S/PT was not signifi icant on the non -limed Ferralsols. lf
In. Experrment 5 the correlauon coefl‘tc’lents (Table 5. 7) between all the mcasured

bt]

o variables,for the hmed and non-lifed Andosols were closely related to those of the' Ferralsols

(Table 5 6) on the basrs ‘of - general o%servatron Stgml’ icant (P < 0.05) negauve correlations
S (r)of 0 50 and -0.47 between. KWT and S/HD KWT and S/PT respectwely were observed

on the hmed Andosols For the non-limed Andosols a sxgmf teant negauve correlatlon (r = s

cgrrelattons wet‘@bbserved“betmén'KW’T“and harveﬂ mﬂqxa‘r -0 gg%w KWT and S/HD (r
= -0.65); and KWT shd S/PT (r=-069). -

Stepwrse multtple regressron analyses in Experrment S tndtcated that both the .o
. biological yteld and harvest mdex were the best.grain yteld predictors. f or both the‘Ferrralsols l
and’ ‘Andosols wng lime or no lime. However, no srgmflcant differences were obeserved

between the coeffxcrents of determmattons (R%) between the hmed apd the rli

Andosols and Ferralsols The partral regressron coef fi 1c1ents (b -values) were not srgmflcantlyl *g‘
v . v‘ 3 “ 1
drf ferent between the llmed and the non- hmed treatments for both the Andosols and Lt

0

Ferralsols. Both btologtcal yteld and harvest index accouhted for approxrmately 99% of the_.
o

-

' total vanatréns in gram yteld in the hmed and non- ltmed Ferralsols the hmed Andosols. and

o

.. ..96% in thenon limed Andosols. . : .. S o &,'_ Gr

4.6 DISCUSSION SR o S

Results of the studies revealed that there were significant varxattons amongst Kenyan

‘and other varrettes wrth respect to aluminum tolerance and resppnse Lo llme treatment. No .

3

prevxous work has been reported on the tolerance to alumtnum toxicity.of Kenyan wheat
x

varteues

* Polle et a1 (1978) subjected a number of wheat cultrvars to alummum treatments and
thereaf ter stamed the roots of the seedhn-gs with hematoxylm stam On the basrs of stammg =,

patterns as the amount of alummum concentratlon was vaned they classrf ied culttvars into

BN



tolerant and susceptible categories. e ."'"‘ ; _ ,
In the classrt‘ ication of vanetres (Experrm*l) usmg the hematoxylm method of
.~ Pelle et‘ql (1978), Kenyan vatieties were separated into three categorres ' . w " 4
-‘ ‘ ‘ ) ' <t vy m
., Ltolerant , : / L o ' cte
y, “medium tolerant . . S : ’ I' o . .

II1. susceptrble Thevarieties Romany, K Te Kr,«l’opo. K Kutungu and K.'
S

: Kongom were the best tolerant varieties overall. On the other hand K Swara, K. Fahari,
‘ ém’{tv

-h

Bounty and K. Tumbrlr were the most susceptrble on L* hasrs of overall back transformed

N
a .

mean scores. ‘ _ .
Polle et al. (1978) suggested that for routine use of hematoxylrn starn prowdure it o

would be better to screen for tolerance at the hrghés@vel of alummum (0 2 mM). The
Teason for thrs suggestion was that at low alumrnum concentrauons rt is hard to dif’ ferentrate

' tolexpnl and susceptrble varretres. since they may react in a srmrlar way. Thrs concept was
verrf ied in the present study. where at 0 30 mM aluminum concentratron ‘the degree of |
varratron was small amongst ‘the Kenyan varfet'les compared to When the conoentratron 'of
alummum was 0. 59 mM On the other hand when the cbncentratron of alummum was

| " increased to 1.72 mM a trend of law degree o} vanatron srrrnlar to that demonstrated at 0.30

mM alummum concen  was observed among varieties. This results reconfr'ms that

 tolerance to alummum toxrcrty is a rather, relauve than an absolute characterr%trc as pointed

oue by Aniol (1984) and Lafever et gl (1977) Y ' e
From the expenmental results, perhaps screemng at Jow (0.15 mM) levels of _

: alummumwrnay provrde cultrvars which have low levels of alum;num tolerance through whrch -
a breedmg program can be burlt especrally f or regrons wrth low Al ‘l!vels On the contrary,
Screemng at hrgh (> 0 72 mM) aldmmum concentratrons max be usef ul to determme tolerant
varreues l" or regions where hrgh alumrnum toxrcrty exrsts ‘ ' |

R In Expenmcnt 2 severe. depressrons ol‘ root werght shoot werght root length and k‘
brologrcal yreld at > 0.15 mM ppm-of alurrunum were simrlar to those reported ‘by-gshers

(Kerrrdge e) al. (1971) Taylor and Foy, 1985; Ohkr 1985) However the: present results -

i ~



‘

jofTaylorandFoy(1985) o , P L e e

‘;mM) ppm. thure 1 tllustrates the effects of alumm

78

1
*

indicate that root growtlt is more severely affected by alummum than shoot growth, and  *

- overall blologtcal growth Tlns result is afso in agreement w:th the prevxous reports (Campbell

- and Lafever, 1976 Foy et al 1967 Kemdge et'al:, 1971; Taylor and Foy 1985) usmg

.....

htghly mgmf 1cant vanety X treatmont interacuons f or root length and RTI
" On the basxs ol' RTI, vanettes were classxl‘ ied tnto aluminum- tolerant and
aluminum- suscepttble usmg the test resulté’ of Expenment 2 There Was ‘elose agreemcnt wnth

a number of prevxous reports (Lafever et al., 1977 Taylor and F%y. 1985), dgain usmg

"

o different sets of cultivars. The correlattons between R'I‘l and STI partl?’?agreed thh the report -

b
By
»

The severity of aluminum toxicity symptoms; aWas similar to those pr‘eviously reported

(Foy, 1984 Kerndge et al., 197} Lafever et al 1977) Severity of symptoms was nottced 10

‘.mcrease as the the concentratton ol: alummum was mcreas% f rop 4 (0.15 mM) to 64 (2.37

concentratlons on diff erent culttvars
Aluminum efl‘ect on v1sually obvious rootmg dtfferences were much more than those

.observable on shoots .This conftrmed “previous reports (Foy et al 1967 Foy and Brown: 1964

Lafever et al 1977 Taylor-and Foy, 1985) that roots are the most affected in an Q

“envnronment w1th aluminum toxxcaty )

" . ey

- the high orgamc content in the UCM that w&s used in ’le expenment may have masked some

Tlte varietal studies in UCM (Experimen-t 3) indicated that the/rewcre significant

diff erenc‘es among vanettes in all the’ agronom haracters. Thlqgre;e well with b{evious ‘

hl r'd A

studies by Kerridge et a. (1971); Mesdag and ootmaker (1969)." The significant varietal

differences in this study may suggest tﬁat consmerable "natural selectlon has occurred in
. 9-» -
some the Kenyan wheat vanetles for toleranoe to acidic 'a'nd alummum condmons Stmtlanly

to Expertment 2, the UCM study indicated that roots were the most affected by aluminum -

and acndtc gondtuons (thure 2). S o *

Accordtng to Haug (1985), the organic fracuon of the soil contains metal chelates v
which dtmmtsh the act1v1ty of free metal ions. From tlus condept, it will be postulated that

s
-
-

+

: ,‘,?:P. .
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Ptctures 1 '2,and 3 rep;esent varncucsMannga‘K Kongom and Romany (tolerant),

respectively, ' RS --m;¢. PR W &“\

Plctures 4,5, and’ rcprcscnt vanencs K. Zabadn K. Nungu and Paa (medmm toIeram)

respccuvcl? ‘ RS - n
ch;\res 7 8 and 9 reprcsem vaneues Siete Cerros K Swara and K. Fahari )

suscetbl tivel - . : * S
( ptible), respecnvcy .. } E ' o~

Aluminum éoncent;ations increase left to Tight: 0 (coh‘irbl)..tt.; 16, and 64 ppm for éécg'

set of variety. - A . .
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_ é}"lgure 2. The effect of alugyjnum concentratioin on four wheat varieties grown in UCM

Pncturcs 1, and gmpmcm vaﬁe‘g Romany, and {’F7748 (tolerant); 3, and 4 rcpresqm

varieties K. Swara' and Sxete Cerros (snscepuble) Alummum concenuauons increase -

‘ m left to right: 0 (control), 8 and 16 ppm for each set.of variety, res pgcuyely.
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of the alummum toxicity ef f ects Therefore, it would be valuable to do field tests to compare

results obtamed f Tom artrf rcral media such as UCM Similarily, du& to the amount of labour

- and time requrrements for recoverrng and washmg roots such studtes should be ltmlted 10

M )

'testmg only a few varretres in lareedmg programs perhaps 10 1dent1f y good parents

Some previous studres (Lafever and Campbell, 1978 Campbell and Lafever, 1981)
suggested that alummum tolerance in wheat was conttolled by | dommant and«nddtttve genes;

The present stud) (Expertment 4) demonstrated that there !are dtf f erent degrees of aluminum

'tolerance among phcnotyprcally tolerant genotypeé as 1llustrated 1n the data of Table 4.1. The

F2 populatrons wele scree.n\ed at 46 R alummum level Therel‘ ore, tolerance of the
j
segregants in thts case should be mterprcted with respect to alummum level used.«

—

s Amol (1984) suggested that aluminum tolerance in hexaploid wheat is determined ‘by

' several genes, probably located in drf ferent genomes Our data seem to agre@n part with this

concept that alummum tolerance ts determined by several genes, '“lb

Camargo etal,, (1980) indicated that selection in early genera'uons from erther plant

~ herght or tolergnce to alummum should be ef fective. Thrs mplred that plant height was closely

j related to aluminum tolerance There is.no a priori reason to belrea@ that aluminum tolerance

was related to plant herglﬁ but it was noticed that the tolerant F2 plant were both tall and ‘

relntvely,late maturmg, compared_ to the suscepttblc plants. However, somc of the F2 tolcrant

'.segreg'antsvshoired semi-dwarf, a early maturing characterrsucs (Figure 3). The sults o
“agree with the prevrous studies (Camargo et al., 1980), whrch suggested that it is possible to

'select for plant types which combine both aluminum tolérant’ -and semi-dwarf characteristics.

The low varrance drspersrons for both the mid - parent and F2 progeny on the basrs of

grain yreld suggests that grain yield is not a strong criterion to use for mdtrect sclecuon for

aluminum. tolerance A closely related concet by Camargo et al., (1980) was demonstrated- /

/

/

that grain yreld can not be effectively used as a criterion to select for alummum tolerance. :/

Nevertheless, thev suggested that selcctron for alummum tolerance may. be done during th/c
' Ve

9

Y

A
/

I4

early generat:ons wrth delayed selectron for yreld in latcr gencratxons within.the prcv:ously L

&

selected tolerant populattons



Figurc‘ 3 F2 wheat plants and sbmc of the wheat parents grown in UCM with high (46 épm)

aluminum concentration, ‘ . .
- q—— !

chture 1 represent varieties K. Fahan (A). PF7748 (B) and F2 plams (\C) obtamed

\

from a cross bctwecn A and B. _
Picture 2 repre;ent varieties K. Fahari ,(A). Roinany (E). and F2 segregants:fz%fniddle
; t\h\rec pots) obtained from a cross _betwcen A and E. . , -
Pick:\turc 3 represent (left to right) varieties K. Fahari (susceptible), Romany, and PF7748

: (lolcfgnl), and"Sietc Cerros (susceptible).
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So_me of th'e Kenyan varieties like Romany and K. Kongoni showed good tolérance of
~ equal or better magnitude compared to PF7748 (Brazilian tolerant lite). The F2 progenies of

' Rom_any and PF7748 in most cases indicated significantly positive\performanCe in aluminum -

toxnc condmons

-

ln order 1o obtam effective selection f or aluminum tolerance and hrgh yteld large F2

populauons will be necessary. However, when selectmg for alummum tolerance the tratts used

- as indicators of tolerance should be mterpreted with care since. segregatlon of these tratts may

not be drrectly related to alummum tolerance

« ] . . .

Acidic soils tend to have amounts of aluminum.t;hat are toxid to plants (Kamprath,

1972: Reid et al.; 1969). However, the soil test results (Experlment 5), as indicated in

Appendix 3, demonstrated that the the concentration of exchangeable-aluniinum in both soils
- is relatively low, Consequently; it may be argued- that the noti@l differential response to lime
~a‘mongst the test varieties is not solely-due to aluminum toxicity, but due to other soil factors.

1

'Accordmg to the results on Appendlx 3, the alummum concentratron m the sorls is relatlvely

low compared to manganese This result was not- anttcrpated at the st{rs of these studtes
In tlre littrature ﬁ(Foy et al., 1973 Neenan, 1960; Quellette and ssureaux, 1958), it*
has been reported that manganese and aluminum have a conf ounding effect in a given acid |
soil-plant situation. Neenan (1960) also concluded that dlf f erent\al 1nternal Mn tolerance was
4 responsrble f or different responses of certain wheat varieties to hrgh Mn levels Based on tlns
criteria, it may be suggested that the differential response to lime notrced in the test vanetres
may be partly due to the effect of Mn concentratron in the soils (Appendlx 3) On the other
. hand Aklra et.al., (1984), reported that a- combination of low pH and low P in the soil
magnifies adverse effects on plants. Sxmllanly, Sanchez and Salmas (1981) reported that it is
possible to select for specres or varletres which are tolerant to low pH and/or low phosphorus
conditions. On the same subject -Akira et al., (1984) reported that response to lime for forage
crops was attributed to wthe addition of Ca, Mg and other nutfients like P. Using these-
establishgd lacts. ‘it may be lik'elyb that, the dif! ferentlal response to lime in the test varieties is

~ a result of a myriad of factors. Some of these factors may be related to Ca, Mg, pH and P. _ '



L
‘The variety Romany and its backcrosses has been reported (Rakotondramanana and

 Randriantsalama, 1985; 1986) to pérform well in the East African soils which are

ch'atacierized By low pH, aluminum toxicity and low P. b

-

Results from the present study indicate that Romany and PF7748 have signif icently ~
higher acidity tolerance than than K. Swara'nd Siete Cerros, as measured by any of thw
including tolerance to alummum '

The consrstently low mean values f or thz\:eues K. Swara and Siete Cerros m most -

characters measured, compared to the varieties, K ™-Kongoni, Romany and PF7748, may imply

that susgpptiblevar-ieties to aluminum toxicjry may net perform Bette’r thatwaluminum tdleranAt.
va‘_rietiesq under a lime management progranr. ’ ' e
The iack of sigm’ficam liming response for ell measured eharacters except for
| eiological yield and plar'rt height in the Ferralsols, and plant heiéht in rhe Andoeols, may

suggest indirectly that at rhe initial pH of 5.4 for the soils is not low enough for the soils o

v

contain srgmflcam levels of aluminum concentrauons in soluuon (Appendrx 3)

When mterpretmg the hmmg results it should-be borne in mind that greenhOUSe

A . . b

"experiments are not particularly useful in helping to identify critical soil pHs, because they

usually test only the A horizon under a demanding growth regime (Laf ever et al., 19_77). Field
- o it
experiments, on the other hand, test the combined effects, of surface and sub-surface soil

horizons on crop yield. Consequently, it will be necessary to carry out field experiments with

local varieties in Kenya using lime in the field to confirm the acidity 'toleranee demonstrated

L}

in the present study.

&

-

4.7 Interrelationship of study results

~

Results f rom the five experiments [ ollowed 'very similar trends. The varieties that Werc

scored as tolerant in the hematoxylm procedure (Expenmem 1) conslslently exhibited better

perf ormance in subsequem experrmems with few exceptions. '

‘/" .

The results from the stammg procedures of Pelle et aI ( 1978) used in the study

agree well with those from nutrient culture, UCM and lime tre_amfégg studies. Our results in

[
re ~ i 4
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tum agree wrth the previous stutlies done by Lafever et ql. (1977) Mugwrra et al., (1981)
. Foy and Brown, (1964), Foy et al., (1967) which indicated that nutrient culture techtmques
) were highly correlated wrth greenhouse screening techniques using acidic soils with some

alummum toxrclty

.

Some ltterature (CIMMYT 1983; Rajaram et al 1983) mdrcate that some varieties
like Alondra "s have supernor perf ormance m acidic soils despite lack of alummum tolerance
perhaps partly due to their abrlrtynto eff rcrently extract and utilize phosphorus under lower
levels-of availability. On the basis of this concept rt may be hkely that some of the,anomahes .
that were encountered in the varrous screemng procedures of the present study can be
attrlbuted to the interaction between actual" aluminum tolerance and "indirect” tolerance

due to better use and extractron of phosphorus.

Helsel (1985), using oats as the test crop used biomass as a means of selecting for_,

grain yield. In the present study- it was found that those varieties that were scored as tolerant 7

in the hematoxyl(n screening procedure showed htgher biological yreld than the suscepttble
varleues except fi or K. Fahari m a few cases. As sugg&ted by Helsel (1985), brologrcal,yield
is partly controlled by additive gene action. Similarily, Lafever and Campbell (1978); and
Caénpbell and Lafever, (1981) have indicated that alummum tolerance is controlled by
dom:nant and additive genes Combining these two suggetions, it would be possible to select
for alummum tolerance using biological yield as the criterion.

Helsel (1985); and Singh and Stoskopf (1977) reported that selecting indirectly for
grain yield through'harvest index was the most effective way of impmving grain yield in early
generations. At the same 'tirne they reported that selection for harvest index retained lines‘that
*. were preferred for plant height and maturity. Using this concept, it may also be possible to
select for aluminui tolerant plants by selecting those plants "\nhr‘ch have.a high harvest index
- inan aluminvum toxic environmem It was noticed in the present study that most of the *

vaneues and F2 individuals that were desrgnated as tolerant had characteristics of tallness and

late maturlty



Overall in these studi'es. the responses of individual vérieties and F2 piogénies

‘ ‘o'bsc‘”d in the nut.riem culture studies were in close agreeménf with results of UCcM awf

resul'ts‘ reported earlier by Foy-et al., (1974). Similarily, }esults of the present studies agree ‘ }
well with the preliminary work carried out at N:ioro: Kenya (Nyachiro ang‘Brigng‘s, Appendices

4, 5, 6 - Unpublished data). Also it was noticed in these studies that the large number of

characters measured, whilst adding to the compléxily df interpreialion. emphasized the vast

genetic variability. available to the plant breeder interested in developing varicties to [it spcéif ic

production conditions. , : -



. 5. SUMMARY AND CONCLUSIONS

The objectives of thiS\study. were.u; classil’i s}me- wheat germplasm commonly used in

Kenya using the criterion of response to aluminum toxicity, using different methods to

In the study it was demonstrated that the wheat test varieties responded diff erenually »
to aluminum toxicity and acidic conditions. Similarily, it was démonstrated that the test
varieties responded dif ferentially to lime treatment. Resﬁlts of aluminum inheritance study
showed that, F2 segregation ratios did not agree well wi'th' 3:1 Mendelian rafios. although a
number of excebtions were noted to agree well with the 9:7 segregation ratio.

In the hemaloxylin‘scrfeening procedure it was shown that the Kenyan wheat varieties
used in the study differed signif icanvtly in {heir tolerancfs to aluminum. It was also shbwn that
"sister vaneues could differ significantly in aluminum tolerance. From the presem study, it
can be sand that some of the Kenyan wheat varieties have beeen prevxously selected indirectly

for aluminum tolerance. However, the present experiment did not provide data on staining

- reactions as related to aluminum tolerancé. Addi;ion;l studies to corhpare the staining
reactions and the field aluminum tolerance of the Kenyan wheat varieties will need to be
conducted to determine this correlation. :I:lit)quer. on the basis of hematoxylin staining

" results, it can be concluded that some genetic differences ‘with respect to aluminum tolerance
do exist in the Kenyan wheat vgrieties that were used in the study. For instance, the variety
Romany was determined to be equal in tolerance to Maringa, and PF7748. In all the screening
procedures, Romany scored si%nif icantly higher values than most Kenyan varieties except on a
few cases. r

On the basis of variety ‘reéponse in the aluminum nutrient culture solution study, it
was again inferred thal there was significant dlf ferential tolerance to. alumknum toxicity within

the 16 wheat varieties. Some of the Kenyan varieties like Romany K. Kongoni, and K. Popo

were among the most toleran?. whereas olhers like K. Swara, K. Kima and Paa were some of

' L RN 9%



the most shscep;ible.

In the stﬁc_ly using UCM that was aixgmemed with varying alumi;mn"a concentration
(Experiment 3), it was found that there were no significant {reatment x variety interactions in
the ANOVA for any of the agn;nomic characters studied, ekcepl for the indices RTI and. S;Tl.
This result confirms previbusly bublished results (Taylor-and Foy, 1985), that indicated
aluminum tolerance gf fects are expressed most clearly on. root development. Nevertheless,
indications of wide differences in the mean values of the.measurcd characters and indices. \wcrc

"observed between low and high aluminum concentration. There were significant decreases in
mean values for the three indices RTI, STI and BYTI as the relative aluminum was increased
‘ from 8 ppm Al/0 ppm Al to 16 ppm Al/ 0 ppm Al.

‘Highly significant correlations were observed betwc;en biological yielld and roo?weighl. '
and between biological vield and shoot weight in all the aluminum treatments.

On the basis of the F2 progeny test results, it was indicated that it was pqssibic to
transfer aluminum tolerance into some Kenyan wheat-.varieties. Nevertheless, the complex
behaviour of the F2 segregants suggests that more studieé need to be carried ouvt to identify
the homozygous aluminum tolerant parents which will be used for bréeding p‘rograms.

In the study, the hypothesis of 3:1 ratio was not demonstrated to hold true for all the
crosses that were studied (Tablcs 4.1 and 4.2), whereas a 9:7 ratio was confirmed in some ‘(
crosses using a x* test. This in tufn ;uggested that 2 dominant genes were responsible for
aluminum tolerance with some comblexit_ies demonstrated..

On the basis of variety, response to lime treatment (Experiment 5), there were highly
significant treatment x variety interactions for grain yi\‘:}fir harvest index, and number of seeds
per plot for the Ferralsols, wherea; this was only found for KWT and plant height for
Andosols. |

On the basis of the results (Table 5.5) that werg obtained from the two soils using
wheat varieties as indicators of lime response, it can be said that there were no significant a
advaniages of liming. This study is in agreem’efnt with other (Foy, 1974; Lec et al., 1970)

studies that aluminum toxicity only becomes a major problem when soil pH is below 5.5. The
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chlséls' and Andosols had pH of 5.5 and 5.4, 'rcspectively. before liming. Hence, these soils
can be saxd to be "marginal” for pH. Based on the results of this study, it might be
recommended that growing of the varieties that are weﬂ adapted and tolerant to acid soils
other than hmmg the study soils wﬂl ‘suffi :ce though thxs would require confirmation under
field condititions in Kenya. Studies should be planned to quantify the yield advantage of
liming over that of growing tolerant varicties in acidic Kenyan soils.

Another area of study that .s)hould be attended td in the Future is on the trend of pH
and aluﬁwiriix'm ch\'anges in these soils due to continuous cropping and managcmeﬁt practices ,. -
over time. Information that will be ‘obtained from such studies can be of help in making
decisions whether to lime or not. |

In conclusion, results presented in this study have indicated significant aluminum
Lcaerance and acid tolerance differences for a cross sectiop of the elite germplasm of wheats
grown in Kenya. In addition to this, it was shown that aluminum tolerance can be transferred -
into some of the Kenya wheat varieties using other sources of wheat ger_mpla_sfn which are |
tolerant to‘gluminum toxicity. Nevertheless, niore deta:"\led studies are required to explain the

. ' ‘\ v .
correlations between laboratory and greenhouse screening results and actual field tolerance to

aluminum of the Kenyan germplasm. Results from the present study did not demonstrate that - .

-aluminum per se is necessarily an essential character in Kenyan wheat varieties, since

aluminum concentrations were not high in the Kenyan soils sampled for this work.
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~ Appendix 1. Parentage/Pedigree of “cultivars used in the study..

6. APPENDICES : .

Cultivar Parentage/Pedigrée ,
~ Romany . Colotana 262/51 x Yaktana 54A

K. Tembo ;Vi5245/ll-50-17//C18154/2‘Fr/3/2fTob66 = K6661-53

K. Fahari Tob66/SRPC 527/CIS154°Fr = K6648-6 -

K. Zabadi Son64/450E#/Gto/3/Inia 66/4/K4500 2/5/KSW/Tobg6 =K6919-1

K. Swara C18154/2‘Fr/3/2' K//YS9, 2. B = K5393 L.23.C.3.MN.

K. Nungu . Wis245/11-50- 17//C18154/2‘Frf3(2' Tob66 = K6661-B
K.Kulmgs On/T1207/3/Cno//Son64/4/K.. Tembo"s"

K.Popo - KI Alt/Tob66/Cno/3/Bb/4/K. Fahari"s" \~\

K. Nyumbu On/Tr207/3/Cno//Son64/4/K.. Nungu"s" \_\\-\._\

K : Kongoni - | CIBL54/2%F/2/3* Rom/3/Wis245-u,-so-17/018154 /2/2‘Fr‘:\£”\\

K691 -

K. Kima KTB/Giza’lSS//ﬁRDlSN 799/CM-11029-1WY-F = K7207-20
K. Tumbili KTB/Giza 155//NRDISN 799/CM-11029-1WY -F = K7207-12 -
paa’ o Ka?kai/Cno-\ChriS/On = 'S¢1.375-125-35-0k-4Ke-A = R200

Bounty T. Kenya/Z/Bonza |
' PF7748 ND31/1A859//1A558

Siete Cerros ‘Kalyansona"s" )

‘ Mggingaf e e R 5
,. 1 Pedigree for Ma.ringa was not av'ailablg. - \ )
\ T
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Appendix 2. Analysis of UCM¥ used in Experiment 4.
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Type of Analysis , Analytical Results} Sufficient Ranget
Ammonium-N | 195 0-20
Nittate-N I 35180
Phosphorus-P L ; 65 - . » {-_50 -
Potassium-K | 198 35-300
Sodil:,r,ﬂ-Na " \ .20 0-30,
Calcium-Ca - oM 60-400
Magnesiuin-Mg > | 68 * - 30-200
Chloride-Cl B & ] 0-30
Sulphates-S (”g O —30:60+ —m
Nitthes-NO, _ .« BDLp- NIL
pH (1:5H,0) o 46 5.5:6.9
-Electfo*Conductivity o ; 21 X - 0.8-3.0

= L Wl . B TN
+ Refers to Umversnty of Calfornia Mixture:.  ~ -¥7 . .07 b Ll

N

$ All tesults in Parts Per Million except pH, and EC. EG' ex ressed ag‘
conducted by Alberta Soil and Feed Testing Laboratory\('ASFI‘L) oS

mSlﬁ" "Analyses
* Lohgman Building,

6909-116 ST., Edmonton, Alberta, T6H 4P2 pH, texture a‘nd EC‘acgordmg to Alberta

Agriculture Methods (pers. comm.)

+1 Nutrient sufficiency range in grOng wuh water extract acccordmg to ASFTL greenhouse

* recommendations
b Below detection levels of current.analytical ’n‘ggthods. '



-

. o \ 1@2
\
Appendix 3 Some of the characteristics for the soils, that were used in Expenmem s,
‘ " Mollic Andosols ‘ " Plinthic Ferral§sols
Analysis” 2% 33 Blend! 36 37 Blend 2
< -
pH (H,0) 5.5 5.4 5.4 5.5. 53 5.5
PH (CaCl,) 4.5 4.5 45 4.7 46 4.6 |
Na meq/100 g 0.22 - 0.15 0:15. 0.14 0.13 0.14
K., 2.28 236 226 167 1.69 1.74
Ca... 7.09 5.98 5.70 2.77 3.74 . 3.46
Mg .. .. 12.03 1.58 - 1.58 1.31 1.58 148
Mn ..., 0.19 029 - 024 028 0.21 024
Al . 0.03 0.03 002 00 0.01 0.01
NH, ., .. 29.34 32.25 30.52 20.66 081 2052
ACet ., .. 16.18 1681 1571 1251 12.78 9.81
NH,*-N ppm 3.17 308 3.9 167. 16 170
NO*--N 0.97 1.72 1.22 0.13 325 232
Total P % ,0.05 005 0.6 0.09 0.09 0.09
WN% 0.26 02 026 . 011 0.12 0.12
. C% 385 363 33 136 L6 163
Sand % 30 % 30 VRN
Clay % 40 @ 58 46
Silt % 30 £y 12 10

T Exchangeable acndlty

} Nos. 32to 37 refer to soil sample number where 32 and 33 were combined to form blend

1. and 36 and 37 were combmed to f orm blend-2 respectwely



103

v

Appendix 4. Analysis of variance for all sets of data for 12 cultivars of wheat grown in iwd A

/

Kenyan soils differing in pH. Study conducted in greenhouse at N(ioro. 1983,

, e

1

Mean sum of squares

Tot_a‘l

Biological Plant.
Yield Height -
Source of variation d.f.t | (g) ) (cm)
. 'y y
Replicates 3 1.g e+ 5. 3130
’ ) ‘iﬂ U AIRER
. Soils 1 yd 113.8 *¢ - © 3338 ¢
Varieties . 11 1.8 ** ’ 8.4 NS
Soils x Varieties 11 . ol 42 NS
- €rror 69 . 0.3 | 4.8
. o S
95

t degrées of freedom
NS Not significant

*, ** significant at P < 0.05 andf')0.0l, respectively.
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Appendix 5. Mean values for 12 varieties of wheal cultivars grown in acidic soils (Plinthic -
Ferralsols from Eldoret) differing in pH.

Biological o Plant
Yield Height

Cultivar ' (8) (cm) -
'K. Kongonit 42af . 4470
R 456 36b " 46.5 b
R 455 | 36 b - 48.0 b
K. Zabadi 3.5b \ 41.2b
K. Kulur;gu - 34 b | 445D
Romanlyb ) ‘ 3.3 bed o - S31a
K. Popo ' 3.3 bed \ : | 44.2 S

K. Fahari 3.2 bede | @b
K. Swara . 2.8 cdef 483 b
Paa 2.8 cdef o © #5b
Bounty | , 2.7ef : ’ o _ 43.2 b
K. Tembo 250 | 46.9 b

t Cultivars listed in the order of biological yield
} Mean values within a column followed by the same letter are not significantly different
according to the Duncan s Multiple Range Test at P < 0.05.
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. Th effect of pH of two acidic soils on 12 wheat cultivars.

. Biological Yield (g) Plant Height (cm)
3 oH
. Gfiva 438 5.6 48 5.6
N S . w
K. Kongoni 831 at 542 37.5g 521 ¢
R 456 28be 4.4cd 41.9 de 50.8 d
R 455 ' 2.9 ab 4.2 de 438 s2.1¢
K. Zabadi 2.5d . 45¢c 43.2 cd  58.lcd
K. Kulungu 2.9ab 4.0 e 3941 495e
Romany 2.6 cd ale 4952 56.5 a
K. Popo ‘ 20¢ 4.5¢ 43¢ 46.9 1
K. Fahari 14fg  S0b 3941 4.6 1
K. Swara 1.6 f 4 41b 42.5 de © s39b °
Paa 1.2g 4.5 cd 40.0f T 57.2a
Bounty 15f 40 ¢ #8b 4761
K. Tembo 15¢ 35 ¢  4194de L YRR

1 Mean values within a column followed by the same letter are not significantly different
according to the Duncan's Multiple Range Test at P < 0.05.
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