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ABSTRACT



INTRODUCTION

Differential response to nutrient uptake among and within various plant
species has been noted for a long time. This concept became widely accepted
when Beadle and Tatum (1940) adopted Neurospora as their experimental organ-
ism showing numerous nutritional deficiencies resulting from a single gene
mutation. In plant species exploration of nutrient efficient cultivars would
aid in growing them under minimal fertility level conditions without loss of
appreciable yield.

Similarly, tolerance to toxic levels of nutrients would allow various
species or genotypes within species to grow in those regions where potential
toxic situations exist. Soil acidity is a great problem in many tropical and
sub~tropical regions of the world. Typical characteristics of these soils are:
well drained, highly weathered, poor nutrient status, acidity and with few
primary minerals. Aluminum and Mn toxicities are among the main factors caus-
ing poor growth in many acid soils particularly when the soil pH is below 5.0.
Correction of acidity by liming is not always feasible due to acidity in sub-
soils and due to economic problems in countries where the economy is at a sub-
standard level., However, plant species and varieties or strains within species
do exhibit differential genetic responses ranging from sensitive to tolerant.

Corn (Zea mays L.) is the most important cereal crop used for human.
food in the mountains of Nepal, but yields of cern and other crops are low
in soils which are highly weathered and poor in fertility. Difficulty in liming
due to topographic and economic constraints has been a problem for tha Nepal
farmers. An alternative solution would be tc identify corn genotypes that are
tolerant to acidity and efficient in nutrient uptake, and put them in the crop

improvement program to improve the genetic potential.
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The specific objectives in this study were (1) to identify corn inbreds,
varieties and hybrids with differential nutrient uptake in acid soil, (2) to
study the effect of different levels of phosphorus and interaction with lim-

ing, and (3) to screen and study corn genotypes tolerant to acid soil pri-

marily due to Al toxicity.



LITERATURE REVIEW

Tailoring plants for efficient nutrient uptake has recently drawn more
attention particularly in developing countries, Soil acidity is one of the
factors which has been considered in this aspect. Foy (1981} who has worked
in screening species and strains within species indicated that soil acidity
problems can be caused by a number of potential factors such as Al toxieity,

Mn toxicity, Ca deficiency and even by phosphorus, molybdenum and iron defi-
ciency. These factors may act either independently or together to affect plant
growth, Toxicity due to Al and Mn are the most important growth limiting fac-

tors in many strongly acid soils.

Nutrient Uptake in Acid Soil

Corn genotypes play an important role in the quantitative and qualita-
tive accumulation of nutrients under acidic condition. Differences among
plant ability to absorb, utilize and tolerate deficiency and/or toxicity are
a matter of concern., Bruetsch et al, (1976) observed significant variability
among corn genotypes with respect to dry matter yield and accumulation of P,
K, Ca, Mg, Fe and Zn in an acid soil (pH 5.8). Dry matter (DM) yield also
showad a significant positive correlation with foliage P concentration indicat-
ing that higher P levels occurred in early maturing genotypes.

Lutz et al, (1972) reported that the availability of micro-elements was
affected by pH and tended to decrease with an increase in pH except for Mo.
Soil pH had a highly significant effect on the concentration of all elements
studied except Fe. The genotype X pH interactions were significant only for B
and Al ccncentration., Among the micro-elements, Zn showed a decreaging trend
both in average Zn concentration and uptake as pH increased indicating that 2Zn

availabiiity is a funetiom of soil pH.
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R. B. Clark (1974) studied the response of several corn inbreds with re-
spect to nutrient deficiency and toxicity using both acidic and alkaline soils,
Visual and analytical scorings were made for each element in the tissue of the
plant. Aluminum toxicity was evaluated on the basis of phosphorus deficiency
since essentially no Al is translocated to maize leaves. Aﬁong the nutrients,
no visual deficiency and toxicity symptoms were observed for Cu and Man. For
top yield there was a difference of one and one half times between Fe defici-
ent and tolerant lines, and for total nutrient uptake difference as much as
five times was recorded between Ca deficient and tolerant lines. Elements
such as Fe, Zn, Mg, Ca, Cu, and Al showed increases of both dry matter yield
and total uptake in tolerant lines compared to susceptible lines., 1In this
context, Al toxicity was considered as P deficiency in susceptible lines. 1In
a similar experiment using nutrient solution of pH 5.0 Clark (1978) also ob-
served greater changes in concentration of nutrient in susceptible lines than
in tolerant lines with respect to variable Zn treatment, Under stress condi-
tions, efficient inbred lines produced more total dry matter, more dry matter
per unit Zn, fewer deficiency symptoms and greater Zn concentration in the top
than in the roots. However, al higher Zn levels no significant differences be-
tween efficient and deficient lines were observed,

Halim et al, (1967) studied Zn deficiency symptoms and interaction with
P in several strains of corn using both a nutrient solution {pH 5.3) and field
conditions but did not observe any linear relationship between the level of Zn
and P accumulation in the leaf tissue and deficiency symptoms. Unlike several
reports (Iangin et al., 1962; Ellis et al., 1964) on phosphorus induced Zn defi-
ciency, the uptake of Zn was either inhibited or increased by high P treatment
or no noticeable changes did occur in the Zn level. Halim et al. attributed
this type of inconsistency between P and Zn to the genetic differences among

lines and crosses of the crops involved. High P treatment tended to reduce
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the dry matter weight of leaves in general, however, resistant lines showed no
significant dry weight reduction,

In addition to the interaction effect of nutrients in the soil, nutrient
uptake is also influenced by other envirommental factors such as temperature,
humidity ete. H. A. Knoll et al, (1964) observed P concentration and P uptake
of the top of corn genotypes increased with increasing soil temperature and
increasing P levels, Great caution should be taken when predicting the nutri-
ent status of a corn plant from plant or leaf analysis data. In an experiment
by Baker et al. (1970) designed to determine the interrelationships between P
accumulation and other plant responses to the addition of P and other root mor-
phology characters, P concentration in different hybrids and inbreds could not
be explained on the basis of P-absorption capacity of roots. However, there
was consistency between P accumulation in the corn seedlings and availability

of P in the soil.

Physiology of Al Toxicity

In studying soil acidity, influence of Al concentration in the soil is
one of the important factors. The exact physiological and biochemical mechan-
ism of Al toxicity is still uncertain but some of the following changes do oc-
cur due to the presence of Al in tolerant and susceptible plants. (a) When
the pH decreases, Al present in the system changes into soluble forms and
causes toxicity to plants. When plants are grown in a system containing ex-
changeable Al, pH changes do occur in the root zone depending on the degree of
tolerance. pH changes induced in the root zone increase with the increased re-
sistance of plant species. (b) Many species and strains within species adapted
to highly acidic soils are also capable of tolerating NHZ in the system. Ni-
trificatior is inhibited (Raver and Smith, 1976; Foy 1974; Greidamus et al.,

1372; Medapa and Dana, 1970 etc.).. 1In plant varieties of some species, for
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instance in wheat, Al tolerance coincides with accumulation of protein, In
the gemetic analysis, Mesdag (1970) postulated that the two characteristics
were probably linked together. (c) With respect to Al uptake, transport and
accumulation, different results have been reported for various species. First
group, Al concentration in the top of tolerant plants are not significantly
different from those of sensitive plants but roots of tolerant plants often con-
tain less Al than those of sengitive plants. This has been reported in wheat,
barley, soybean and snap bean. Second group, Al tolerance is associated with
lower level of Al in the top (Azalea, cranberry, rice, triticale, rye, alfalfa,
blue grass, etc.). Third group, Al tolerance is directly associated with Al
accumulatien in the top which includes some dicot plants, rain forest families
like tea, certain Hawaiian grasses, pine trees and mangroves (Matsumoto et al.,
1976; Moomaw et al., 1959; Jones, 1961; Suchting, 1948 and Hesse, 1963).

In contrast to the above concept that the Al tolerance is associated with
pH changes in root zones, Foy et al. (1972) reported that differential Al tol-
erance among certain varieties of soybean and snap bean do not appear to be
related to differential pH changes in the root zones, while Henning (1975) pos-
tulated that pH changes associated with differential tolerance are merely con-
sequences of differential death of root meristems.

In several studies, a possible physiological mechanism of tolerance or
sensitivity to Al toxicity was reported as the penetration of Al into the root
cells. Aluminum tolerance is due to the exclusion of Al at the root cell plas-
malemma and that the varietal differences in Al tolerance are due to differences
in the molecular construction of this membrare (Henning, 1975). Vose and
Randall (1962) found that roots of Al sensitive rye grass have higher cation
exchange capacity (CEC) than those of Al tolerant varieties suggesting the
Donnon theory as a possible basis for explaining the differential tolerance

of varieties to Al., Plant roots with higher CEC absorb Al ioms tc a greater
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degree than those with lower CEC, hence, greater Al sensitivity in a variety
might be due to greater Al uptake by its roots, This was further supported
by the evidence presented by Foy et al. (1967) on wheat and barley. Aluminum
tolerance is due to the lower concentration of Al in the tops and high-

. er concentfation of Al and in some respects Ca uptake in roots than the sensi-
tive ones. It was also suggested that Ca uptake was one of the factors deter-
mining Al tolerance. Calcium is believed to reduce Al toxicity in two ways:
partly by reducing Al uptake by roots and partly by immobilizing part of the
observed Al in roots, thus preventing its translocation to the plant tops.
Clarkson (1965) suggested that Al inhibits cell division in onion. Sampson

et al. found that Al altered the type of DNA synthesis by barley roots. How-
ever, plant varieties differed widely in P and Ca utilization as a mechanism
for Al tolerance.

In general, Al is believed to interfere with cell division, fix P in
less available form, decrease root respiration, reduce oxidative phosphoryl-
lization, interfere with certain enzymes governing the deposition of polysac-—
charide in the cell wall, increase cell viscosity and interfere with uptake,

transport and use of several elements and water by plants,

Genotypic Differences to Al Tolerance

Foy et al, (1965) classified wheat and barley varieties with respect to
tolerance to acid soils containing high level of KCl-extractable Al. 1In gen-
eral, varieties developed in the eastern United States were more tolerant than
those developed in the plains and western United States., Wheat varieties from
Brazil were exceptionally tolerant. The range between tolerant and susceptible
wheat varieties was as much as twelve and seven fold in the top yields and root
yields respectively, and in barley nine fold in top yield and about four fold

in root yield.
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In screening soybean genotypes, Devine et al. (1979) used 6 ppm Al as
AlK(SOh)2 and studied various parameters such as primary root length, length
from primary root tip to secondary root and lateral root length, Among these,
lateral root length (LRL) was an important factor for measuring the responses
of Al stress on the soybean germplasm. Foy et al. (1967) agrees with the find-
ing of Vose and Randall (1962) on rye grass that the sensitive lines contain
higher CEC and induced lower pHs in their roots than the Al tolerant varieties.
The sensitive varieties could be distinguished from tclerant ones when both were
grown in the same container suggesting either the zone of differential pH still
exists around roots of different varieties or that the sensitive varieties ab-
sorb more Al at the same pH level or both. However, differential Al tolerance
of varieties was not closely related to differences in the Al or P content of
plant tops.

Aluminum toxicity is a function of Al saturation which is governed by ca-
tion exchange complex mainly by Ca and Mg concentration. Hence, as Ca + Mg
level increases, Al saturation declines. Although yield responses undoubtedly
are in part due to reduced Al saturation, increased Ca and Mg availability con-
tribute to the plant growth. Rhue and Grogan (1977) screened corn genotypes
using Ca and Mg concentration as a criteria and found reduced toxicity as Ca or
Mg concentration increased. Likewise, at a constant level of Ca or Mg, but at
varying levels of adjusted pH, some were more tolerant than others at all pH
levels indicating Ca or Mg were responsible for reducing Al toxicity. In some
soils where the level of organic matter is low, Al toxicity can be reduced by
adding more organic matter to form insoluble organic Al complex., To classify
wheat genotypes, Mesdag et al. (1969) screened about three hundred varieties
of spring and winter wheat collected from various parts of the world. Irre-
spective of wheat type, classification could be identified on the basis of geo-

graphic location from where the varieties were developed. For instance, vari-
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eties developed in Brazil had high degrees of Al tolerance. On the other hand,
varieties from Mexico and Argentina showed broad range of wvariability. 1In the
same experiment twice as much sulfuric acid had to be added to create genetic
variability among wheat varieties than among barley varieties indicating wheat
species are more tolerant than barley. A very close relationship between ex-
changeable bases (Ca + Mg) and Al saturation has also been observed by Abruna
et al, (1974) and liming responded significantly, particularly in Ultisol soil
which had higher exchangeable Al content. Corn yield increased up to a pH
of 5.2 at which no exchangeable Al was present and the exchangeable bases
reached 70 percent saturation level. Early studies by Adams et al, (1966} in
cotton concluded that molar activity of Al in the soil solution is more impor-
tant than merely the exchangeable Al or Al saturation while correlating with
root penetration. However, top yields in field condition were less sensitive
to subsoil acidity d}fferences than were the cotton roots in the controlled en-
vironment, While evaluating fifty-four cotton genotypes, Foy et al. (1980)
concluded that although there were significant genetic variability, differen-
tial Al tolerance was not consistently associated with differential concentra=-
tion of Al, Mn, Ca, or P in the whole plant top. However, concentration of Al
and Ca tended to be higher in chlorotic/cupped leaves than in normal leaves.
High correlation between top and root yield indicated that measurement of either
component could be adequate for screening for Al tolerance. One of the limita-
tions teo crop growth caused by Al toxicity is the stunted and shallow root
growth. Bouldin's (1979) finding indicates that subsoil acidity in some parts
of the world associated with restricted root depth can be a serious problem
where water deficit frequently occurs. Foy et al., (1980) also summarized that
the failure of resistance to drought is caused by a shallow root system in
acidic subsoil as a function of Al toxicity. To the extent that nutrients such

as Ca, Mg and K and probably P are available, crops tolerant to subsoil acidity
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can presumably tap the subsoil water while efficiently using amendments added

to the plow layer.

Genetic Makeup =- Nutrient Uptake
and Al Tolerance

Studies on genetic makeup and inheritance of plant nutrient uptake are
still under way. Nevertheless, nutrient uptake and accumulation have been re-
ported, by various workers, to be under genetic control (Gorsline et al., 1961;
Epstein et al.,, 1964; Harvey, 1939; Kerridge et al., 1968; Reid, 1969 etc.).
Gorsline et al. studied the mode of inheritance, type of gene action and herit-
ability estimates of 12 mineral elements in corn. Two to three genes were
reported to be involved for most of the elemental uptake. Both additive and
non-additive gene action were indicated for each leaf concentration and grain
concentration depending on a specific element as well as their interactiom with
environment. Additive gene action and its interaction with environment were
more important than non-additive gene actiomn. Heritability in the broad sense
was estimated as twice the parent progeny regression ranging from 5.4 to 842;
The highest was for Mg (84%) followed by Cu (77%).

In another study of breeding for Mg, Ca, K and P in tall fescue grass to
reduce the incidence of grass tetany disease of livestock, parents and progen-
ies differed significantly in levels of all elements. Heritability estimates
for K/Ca + Mg ratio was highly significant and progress could be made in breed-
ing a tall fescue with low hypomagnesaemia (Sleper et al., 1977)., Naismith et
al, (1974) identified the genetic loci for Ca, P and Mn accumulation in mid
leaves of corn inbreds to be chromosomes 9 by using marker genes and supernum-
erary translocation technique. However, the result could not display the common
genetic mechanism for these elements suggesting that the different genetic mech-

anisms could be involved for different elements. Similarly, at a very high P
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level, the inheritance study of soybean indicated that the tolerance to very
high P level seemed to be controlled by a single major gene NP NP (Bernard et
al. 1974), On the other hand, in a study of high x high, high x low and low
x low crosses of P accumulator of corn genotypes, at least two genetic factors
might be involved with the possibility of dominance for the lower P level.
These results would possibly suggest that the genetic mechanism for P accumula-
tion in the plant and toxicity tolerance due to y?ry high P level do not seem
to have a common relationship.

Heritability estimates have also been reported for Sr-89% and Ca-45 in bar-
ley seedling. Broad sense heritability estimates for Sr-89 and Ca-45 ranged
from 36% to 58% in FZ’ from 50% to 55% for Sr—89 and 41% to 49% for Ca-45 in
F3 generation. The close relationship between the accumulation of Sr-89 and
Ca-45 indicated that they perhaps have a common mechanism for accumulation
process (Fick et al,, 1967). However, these results are inconsistent with the
result of Smith et al. (1963).

Studies on genetic control and inheritance of Al toxicity have been done
by a number of workers (Rhue et al., 1978; Kerridge et al., 1968; Lafever et
al., 1978 etc.). Results obtained by these workers involving Al tolerant and
susceptible crosses of various species suggest that there is a complex mechan-
ism of genetic control over Al tolerance rather than a simple one as initially
postulated by Kerridge et al. Moore (1977) suggested that at least two major
dominant genes control Al tolerance in wheat. In other species where progenies
did not segregate distinctly, multigenic control may be involved. But in
barley, only one major gene has been reported to have controlled differential
Al tolerance (Reid, 1969). Rhue et al, (1978) concluded that, although one

major dominant gene is responsible for much of Al tolerance in corn, there are

also other minor genes suggesting that Al tolerance in corn is controlled at a



12
single locus by a multiple allelic series, This was further supported by

Campbell's finding (1978) involving F, and backcrosses that several minor genes

2
could be responsible in addition to the single major gene for the dominant ef-
fect of Al tolerance in wheat.

There is evidence that genes for Al tolerance éould be linked with other
desirable traits. For example, Mesdag et al. (1970) repcrted that Al toler-
~ance is genetically linked with higher protein content and rust resistance in
crosses between "Atlas 66" and hard red winter wheat. However, low correlation
between these traits suggested that they may be controlled by more than one
gene. This was further supported by the result of Slootmaker (1974) that the
D genome is primarily responsible for Al tolerance. Similarly, substitution of

chromosome 4D of Thatcher into Chinese Spring wheat indicates that the gene for

Al tolerance of Chinese Spring is located in chromosome 4D (Polle et al., 1978).

Screening Techniques for Al Tolerance

Several screening techniques have been attempted to differentiate sus-
ceptible lines or strains from tolerant ones ranging from field testing to a
dye method. Because one standard technique cannot be followed for all species
and under all circumstances, choosing a certain level for Al tolerance is not
only affected by species but also by environmental factors under which they
are carried out such as temperature, moisture content, light and fertility
status of the soil, Foy (1976) indicated that screening for Al tolerance in
acid soil can often become difficult to differentiate from Mn toxicity because

some acid soils have both Al and Mn at toxic levels. Aluminum teoxieity occurs
primarily below pH 5.0 but has been reported at soil pH as high as 5.5 but Mn

toxicity can easily occur up to pH 5.5 or may not occur even below pH 5.0.

The principal effect of Al toxicity is a severe inhibition of root

growth. Hence, several workers (Foy, 1967; Rhue, 1978; Lafever, 1977; Prestes
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et al.,1975; Konzak et al., 1976; Reid, 1976 etc.) have used nutrient solutions
at different levels of Al content for screening several species and measured
root growth as a parameter. High correlations between root yield and top yield
in barley (r = 0.71 to 0.93) facilitated screen Mg for differential Al toler-
ance (Reid, 1976).

Reid (1976) used both soil and nutrient solution for screening barley
varieties and a significant correlation between root weights iﬁ soil and in
solution were obtained (r = + 0.75). Campbell (1976) correlated relative root
length (8 ppm Al/0 ppm Al) in the nutrient solution and the relative yield in
the field, and obtained a correlation value of r = 0.51. However, the occur=-
rence of large deviation from the regression equation reflected an inconsis-
tent response to soil changes other than available Al.

As a method of preliminary testing, Polle et al. (1978) used a staining
technique on seedling root with the chemical hematoxylin. By this technique,
he could screen large populations and remove the most undesirable genotypes at
an early stage.

Moore et al. (1976) used a different nutrient solution screening tech-
nique based on imposing an Al insult on root cells followed by a recovery peri-
od. This technique facilitated classifying wheat varieties more distinctly in
large populations,

During screening in nutrient solution culture, control of pH is very es-
sential since raising the pH above 5 to 5.5 can precipitate Al and detcxify its
effect. Similarly, to get the best results, several workers have preferred to
maintain temperature at 25% during nutrient solution culture.

Konzak et al. (1976) used a solution paper method instead of nutrient-
golution method for screening wheat, barley, rice, sorghum and soybean. Solu-
tion paper method permitted the tentative classification of several Al toler-

ance groups. But, for corn, the influence of Al on its root growth seemed to
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be more complex; hence, nutrient solution culture was more favorable. Contam-
ination of the root system by micro-organisms both in solution paper method
and nutrient solution culture method seemed likely to occur, hence, fungicidal
treatment has been suggested to avoid contamination.

On the whole, correlating the other techniques with the field screening
method is an essential part to identify and correct the variability present
in the soil.

Selecting a stress level is another problem. The stress level may vary
depending on soil type and species to be tested. Adams and Lund (1966) found
that the level of KCl-extractable Al required to inhibit cotton root growth
was 0.1 me/100 g for Norfolk, 1.5 for Dickenson and 2.5 for Bladen soils.
Critical pH levels required for tap root penetration were 5.5 for Norfolk and
less than 5.0 for Dickenson and Bladen socil, hence, Al saturation of the CEC
may be useful. Still, this varies with plant species. For example, Kamprath
(1970) reported that corn could tolerate Al saturation up to 44% but soybeans
were injured at 20%. Sorghum and alfalfa may be injured at lower levels of

Al saturation.
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MATERIALS AND METHODS

Two greenhouse studies and one growth chamber study were conducted to

study differential responses of corn straims.

Experiment I: Screening Corn Strains for Differential Nutrient
Uptake at Various Levels of Phosphorus and Liming

Sixteen corn strains (Table 1) were obtained from CIMMYT, Mexico. Some
of the sources originated from Nepal highland and some were elite composite
lines from CIMMYT, Mexico. Nepal highland sources were flinty, yellow, white
and mixture of yellow and white, early maturing types. The Mexican lines were
selected lines from Nepal and different parts of the world. The 3 x 2 factor-
ial combination of treatments of lime and phosphorus were: effective CaCO3

(ECC) of 0, 3250 and 6500 kg/ha as reagent grade CaC0O, and phosphorus of 0 and

3
/100 ppm P as Ca(HPO&).2H20. Each treatment was replicated three times.

The soil used for this study was obtained from the southeast Kansas Ex-
periment Field near Parsons in Labette County. The soil chemical characteris-
tics are given in Table 2,

The soil was sieved through a coarse screen and oven dried. Eight hun-~
dred grams of dried soil was weighed and placed in a plastic pot. Supplemental
amounts of other nutrients were applied as follows:

Nitrogem ...eieeesseassansss 200 kg/ha as NH4N03
Potassium....vevveveeevses.. 100 kg/ha as KC1

The supplemental nutrients and variable treatments were thoroughly mixed
with the soil prior to planting.

The pots were arranged in the greenhouse in a completely randomized de-
sign. Field capacity of the soil was determined and the uniform amount of tap

water was used for each pot throughout the 6 week study. The corn seedlings

were thinned to three plants per pot 4 days after emergence.
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Table 1. Corn strains used in greenhouse study.

Strains Source

1. Nepal 211 (yellow) CIMMYT
2. Nepal 212 " "
3. Nepal 304 " L
4, Nepal 608 * &
5. Nepal 1206 " "
6. Nepal 101 (white) "
7. Nepal 103 " "
8. Nepal 104 " e
9. Nepal 105 i "
10. Nepal 107 " "
11. Khumal 7642 "
12, Khumal 7633 "
13. Thai Composite "
14, Amarillo Subtropical "
15. Amarillo Bajio "
16. Blanco Subtropical w

Table 2. Chemical characteristics of Parsons soil, Kansas.
pH 5.5

Available N 20 ppm

Available P 3 ppm

Exchangeable K 56 ppm

Organic matter L. 7%
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The plants were harvested 6 weeks after planting.  Harvesting was done
by cutting the plants about one cm above the soil surface with stainless steel
scissors. The plants were then placed in a paper bag and dried in a forced
air oven at about 45°C for 72 hours. The dried plants were weighed, ground
through a Udy mill, and stored in a plastic bottle,

A sulfuric acid digest (Linder and Harley, 1942) was used for nitrogen,
phosphorus and potassium determination in the plant samples. A 0.25 gram sam-
ple was weighed into 75 ml test tubes. Two ml of concentrated sulfuric acid
and one ml of hydrogen peroxide were added to each tube; the materials were
digested at a temperature of 375°¢C for 30 minutes in aluminum digestion blocks,
The tubes were removed from the blocks and allowed to cool for 5 minutes; one
ml of hydrogen peroxide was added and the digestion was continued for another
20 minutes. Additional digestions were carried out at 15 minute intervals un-
til the samples became clear. The digestion tubes were then coocled; the solu-
tion diluted to 50 ml with deionized, distilled water, and stored in polyethyl-
ene bottles. Nitrogen and phosphorus were determined in these solutions by
the Technicon Industrial Method NO 334-74W/B+ (Appendix) with a Technicon Auto-
analyzer system. For the nitrogen determination, one ml aliquot of the stock
solution was diluted to 10 ml with deionized distilled water. A half ml of
this solution was then diluted to 6 ml with deionized distilled water and mixed
well. Both nitrogen and phosphorus determinations were based on colorimetric
methods, For nitrogen, an emerald~green color is formed by the reaction of
ammonia, sodium hypochlorite in a buffered alkaline medium at a pH of 12.8 =~
13.0 and, for phosphorus, a blue color is formed by the reaction of orthophos—
phate, molybdate and antimony ions followed by reduction with ascorbic acid at
an acidic pH. Potassium was determined by flame emission method using the
original solution,

A nitric-perchloric acid digestion (E, B. Earley) of the plant samples
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was used for Ca and Mg determinations. A 0.25 gm of dried plant sample was
weighed into 75 ml test tubes and digested with 7.5 mlof 1:1:1 nitric-perchloric
-HZO mixture at about 210°C until heavy white fumes appeared and digestion mix-
ture was clear., The water clear aliquot was then cooled, diluted to 25 ml vol-
ume with deionized distilled water, mixed thoroughly, and stored in a polyethyl-
ene bottle. From each sample, Ca and Mg were determined with a model 603
Perkin-Elmer atomic absorption spectrophotometer. All the nutrients were ex-
pressed in terms of concentration (% of total dry matter) and uptake (mg per
pot).

Experiment II: Screening Corn Strains for Al Tolerance
in Nutrient Solution

Eighteen corn strains obtained through various sources were screened for
Al tolerance in nutrient solution. Strains used for this study are given in
Table 3.

The chemical constituents of the nutrient solution used are given in
Table &,

The seeds were first put into & small net and all samples were then
placed in a large container with aerated water at about 25°C for 24 hours. Then
the seeds from each net were placed on the surface of a moistened filter paper
in a petri dish. The seeds were further covered by an additional filter paper
on the top and covered with a lid. The petri dishes were incubated at about
25°C in the dark for two days. Then, germinated seeds of similar root length
of each variety were planted in the nutrient solution.

Four plastic trays, each containing 10 liters of deionized distilled
water were given the above nutrient solution A, solution B, solution C with
equal treatments. Each plastic tray was treated with 0, 0.03, 0.06 and 0.09
mM of Al respectively as a variable treatment. Then with a serological pipet,

either solution E or solution F was added to adjust the pH of the nutrient


























































































































































































































































































