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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.



FA

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
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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



Table 3. Corn strains used in grohth chamber screening for Al tolerance.
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Strains Source

1. XK 724 x K 695 Kansas
2. K 724 x K 41 ¥

3. K731 xH 28 "

4, PI 270081 Pakistan
5. PI 270084 "

6. PI 270083 n

7. Ch 7B Kansas
8. Va35s %

9. Khumal 7642 CIMMYT, Mexico
10, Khumal 7633 ¥

11. Thai Composite "
12. Amarillo Subtropical "

13. Amarillo Bajio "

14. Blanco Subtropical 1

15, PI 270101 Pakistan
16. 0Oh 43 Kansas
17. PI 270071 Pakistan
18. PI 270088 "




Table 4. Chemical composition of nutrient solutions.
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Elements Concentration

Solution A

Major elements

Ca(NOS)z.AHZO 0.0375 mM

NH4N03 0.025 mM

KC1 0.02 mM

MgSOa.FHZO 0.01 mM

KH2P04 0.0025 mM
Solution B

Minor elements

MnSOA.Hzo .00655 mM

Cu504.5H20 ,00048 mM

Zn304.7H20 0.00173 mM

H3BO3 0.0184 mM

MoO3 0.00062 mM
Solution C

330 Fe (chelate)

Solution D
Al as
A12(504)3.18H20
Solution E
HC1

Solution F

NaOH

0.3%

0, 0.03, 0.06 and

0.9 mM
0.25 M (approx)

0.25 M (approx)
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solution to 4 and recorded every day.

One piece of styrofoam carrying 20 planting holes was attached to each
tray. The holes were supported by 20 vials (3 cm diameter) fitted with screens
at the bottom of each vial. This allowed holding the germinating seeds just
on the nutrient solution. Twelve seedlings of each strain were selected and
planted 3 in one hole of each tray. The trays were placed in the growth cham-
ber at about 25°C with 12 hours day light. The solutions were aerated contin-
uously.

pHs of the nutrient solutions were recorded every day and adjusted to pH
4. On fourth, eighth and tenth day after transplanting, the old solutions were
replaced. On the eleventh day, scoring was done by measuring the length of
each root and by observing general growth of lateral roots and plant tops.

Experiment III: Screening Corn Strains for Al Toxicity
in Acid Soil

The experiment was conducted in the greenhouse using a completely ran-
domized design in three replications.

Fifteen corn strains comprised of inbreds, single crosses, and open pol-
linated varieties obtained from various sources were used in this experiment
(Table 5). The open pollinated varieties were also used in the previous ex-
periments,

The soil used for this experiment was a mine spoil soil obtained from
near Pittsburg in southeastern Kansas. The soil was low in pH and contained
appreciable amounts of soluble Al which could cause toxicity in corn genotypes.
The important soil chemical characteristics are given in Table 6.

Before adding the treatment variable, about 100 grams of soil were allowed
to equilibrate with 2000 ppm, 4000 ppm and 8000 ppm of hundred percent effective
CaCO,. The pH was remeasured after one week. On the basis of this study, lev-

3

els of lime were determined to create variations in pH. The variable treatments



Table 5. Corn strains used in greenhouse

soil.
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study for screening in Al toxic

Strains

Source

10.
11.
12,
13,
14,

15.

Val?

Co 103

WeLA

W153R

PI 270080

PI 270083

Mo 17 x A 634

A632 x W64A

A632 x A619

Blanco Subtropical
Khumal 7642

Khumal 7633

Thai Composite
Amarillo Subtropical

Amarillo Bajio
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Table 6. Chemical analysis of mine spoil soil; source: Pittsburg, Kansas.

pH (1:1) 4.0
Available N 3 ppm
Available P 20 ppm
Exchangeable K 108 ppm
Ca (NH, acetate) ' 900 ppm
Mg (NH, acetate) 250 ppm
Mn (DTPA) 32 ppm
Al (KC1l) 284 ppm
0.M. 2.2%
zn (DTPA) 32 ppm
Cu (DTPA) 2 ppm
Fe (DTPA) 28 ppm
Texture:

Sand 437%
Silt 51%

Clay 6%
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of lime and other fixed inputs were as follows:

Treatment kg per ha

Effective CaCO3 I 0
(reagent grade) IT 4000
I11 8000

v 16500

N (N, NO, + NH H,PO,) 200
P (Cal,(PO,), + NH H, PO, ) 200
K (KC1) ' 100

The soil was air dried, ground and sieved through a coarse screen.
Eleven hundred grams of dried soil was weighed into each plastic pot. Lime
and half of the phosphorus was thoroughly mixed with the soil before planting
whereas K and half of the N was applied as a solution immediately after germi-
nation. Remaining half of the nitrogen was applied two weeks after germination.
The remaining half of phosphorus was applied when appreciable deficiency symp-
toms were noticed. This was applied as a solution of NH4HQP°4- Eight seeds
were planted in each pot and the corn seedlings were thinned to three plants
4 to 5 days after emergence. The time of emergence was not uniform and dif-
fered from source to source and were partly affected by response to Al toxicity.
For instance, inbred Co0l03, which was highly sensitive to Al toxicity, germin-
ated last,

The plants were harvested 35 days after planting. Harvesting was done by
cutting the plants about 1 cm above the soil surface. Plants were put into a
paper bag and dried in a forced air oven at about 50°C for 5 days. The dried
samples were finely ground and stored in plastic bottles,

A sulfuric acid digestion was used for N, P and K determinations in the
plant tissue whereas a nitric-perchloric digestion was used for Ca, Mg, Al and

Mn determinations. Aluminum determination was done with a direct coupling
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plasma Spectro Span Model III instrument.

For soil chemical analysis, five sources were selected and a complete
set of treatments of each source were anmalyzed for pH, K, P, Ca, Mg, Al and
Mn. Ammonium acetate extraction was used for K, Ca and Mg determination by
atomic aﬁsorption spectrophotometry. For Ca and Mg, the extraction was fur-
ther diluted 10 times with a 0.5% lanthanium oxide solution. Phosphorus was
determined colorometrically using Bray's Sulfonic Acid Reduction method. For
Al determination, KCl extraction was used and determined with a model 603
Perkin-Elmer atomic absorption spectrophotometer. Manganese was determined
from the DTPA extraction.

Analysis of variance was used for a statistical evaluation of the data.
In addition to dry weight, relative dry weight was also expressed which is
the ratio of dry matter production at each level of lime to that of highest

level of lime treatment.
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RESULTS AND DISCUSSION

Experiment I

Two separate analyses were carried out due to the difference in number
of levels of lime application. The first analysis will deal with all 16 corn
strains which were given zero and high level lime treatments and the second

analysis will deal with 6 strains which were given all three levels of lime.

For Sixteen Corn Strains

Dry Matter Weight: Significant variability was found in dry matter weight

among corn sources. The greatest influence was observed due to P treatment.
With the addition of P to a soil which was primarily poor in soil phosphorus,
the overall mean dry matter increased by about 70%. On the other hand, the ef-
fect of lime treatment was detrimental to dry matter production particularly

at high P rate. Of all the sources, the highest dry matter production was ob-
tained from N-1206, a local indigenous open pollinated variety from Nepal,
followed by N-103 and Amarillo Subtropical (Table 7). Although these local
strains from Nepal are normally considered poor grain yielders, their initial
faster growth characteristics could have contributed to more dry matter produc-
tion under six weeks' greenhouse experimental conditions. The lowest dry matter
yield was obtained from Thai Composite, a relatively stable, better grain yield-
ing, but late maturing variety (Table 8 and Fig. 1).

The effect of phosphorus application was noteworthy. About ten days after
seedling emergence, all sources started expressing phosphorus deficiency symp-
toms at zero level of P treatment, however, the degree of expression was vari-
able. Overall effect of genotype, phosphorus, lime, and genotype by phosphorus
and lime by phosphorus interactions were statistically significant suggesting

that effect of P application was the most important factor in producing differ-
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Table 7. Analysis of variance of dry matter weight.

Sources of Variation d £ 5.5. B>F
Genotype (G) 15 20.77 .0001
Phosphorus (P) 1 99.70 .0001
G xP 15 5.20 . 0004
Lime (L) 1 6.9 .0001
GxL 15 2.2 .21
PxL 1 5.8 .0001
GxPxL 15 1.6 .48
Error 128 14,7

ential dry matter yield (Table 7).

Dry matter production differences among the strains were also calculated
separately at two levels of P. All the strains increased their dry matter
yield significantly with the addition of P. At both P levels, N-1206 had the
highest dry matter yield indicating that this source could be selected at all
levels of P treatment, The pattern of variability among sources were not re-
markedly distinguishable between the two P levels. For instance, N-1206 was
the highest yielder and Thai Composite was the lowest yielder at both levels
(Table 8). The average mean yield increased from 1,96 gm per pot with no P
treatment to 3.40 gm per pot with P treatment which is an average increase of
737%.

Relative dry matter yield was also calculated which is the ratio of the
yield with no P treatment to that with added P. The relative dry matter yield
was found to be as low as 45% in case of Thai Composite and as high as 69% in

case of Khumal 7633, From this, it may be said that Thai Composite is an
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inefficient‘and Khumal 7633 is an efficient source. However, N-1206 which
was the highest'yielder showed an intermediate range-(Table 8).

The overall effect of liming was detrimental rather than beneficial to
plant growth (Table 9). It is noteworthy that, at soil pH 5.5, liming did not
produce any positive response. Dry matter yield decreased significantly at
the higher lime level suggesting that lime application may have reduced P
availability.

Nitrogen Concentration and Uptake: Nitrogen is highly mobile in the

nitrate form and is one of the most important elements responsible

for dry matter production. Significant genotypic variation has been
observed for both N concentration (percentage of total dry matter) and uptake
(mg per pot). 1In general, N concentration varied inversely to dry matter among
the sixteen corn strains (Tables 8 and 12). For instance, N-1206 which was the
highest yielder had the lowest N concentration and Thai Composite which was the
lowest dry matter producer had the highest nitrogen level.

Total N uptake, which depends both on dry matter weight and concentration,
showed a narrower pattern of variability among sources suggesting that dry mat-
ter weight and N concentration tend to be negatively correlated at a certain
level of soil N,

In regard to N concentration and uptake, strain N-101 showed some promis-—
ing results. Since this source, although placed in the intermediate category
for dry matter yield, the significant effect of genotype x P interaction for N
concentration gave the highest uptake. Thus N-101 may be an efficient N ab-
sorber (Table 11). Similarly, overall effects of P, lime, and variety by P
interaction were also significant for N concentration (Table 11). |

Although liming significantly increased N concentration at both levels of
P application, it was not significant for overall N uptake due to no effect to

slight decrease at the higher level of P application (Table 10). Statistical
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Table 11. Analysis of variance of nitrogen concentration and uptake.

d.£. N Concentration N Uptake
Sources of Variation 5.8, B3R : 8.8, P>F
Genotype (G) 15 7.8 .0001 3.5 .0001
Phosphorus (P) 1 23,8 .0001 89,2 .0001
PxgG 15 2.9 . 0003 1.7 .06 |
Lime (L) 1 2.0 . 0001 Q .97
LxG 15 1.4 .12 1.7 .06
LxP 1 .2 .12 8.4 . 004
LxPxG 15 1.1 .33 1.5 .10
Error 128 7.9 39.9

analysis at the two levels of P application indicated that average N concentra-
tion decreased significantly with the addition of P (Table 14). A similar pat-
tern existed for all sources showing significant genotypic variability for

N concentration at each level of phosphorus treatment. However, the pattern of
genotypic variability between the two P levels seems to be more inconsistent
than for dry matter weight (Table 12). For instance, N 304 and N 107 were ef-
ficient in absorbing N per unit dry matter weight when P was not applied than
with addition of P whereas Khumal 7633 behaved inversely.

Statistical analysis indicated that significant differential N uptake ex-
isted only at the zero P treatment indicating that strains can be screened only
under P stress condition for N uptake. But with the addition of P, dry matter
production increased and N concentration decreased so the total nitrogen uptake

tended to be narrower for all sources (Table 12).

Phosphorus Concentration and Uptake: Significant differences were observed

for all treatments except for genotype by lime interaction for both P concentra-
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tion and uptake (Table 15). Phosphorus deficiency symptoms were observed par-
ticularly at the zero P level with a great deal of variation in symptoms indi-
cating that the genotypes do vary in tolerance to P deficiency;‘ Dry matter
weight and P content and Pruptake appeared to correlate well indicating that
increase in yiéld was primarily due to P application for a particular genotype.
Among the sources, N 1026, Blanco Subtropical, N~101 and N-608 proved to be
superior in average P uptake. Particularly N-1206 and Blanco Subtropical
showed the least symptoms of phosphorus deficiency. Higher dry matter weight,
less phosphorus deficiency symptoms, greater uptake and greater dry matter per

unit P would classify strain N-1206 as more efficient (Table 16).

Table 15. Analysis of variance of P concentration and uptake.

o 4., P Concentration P Uptake

Sources of Variation 5.5. P>F 5.8, P>F
Genotype (G) 15 .01 .0001 .2 .0001
Phosphorus (P) 1 .17 .0001 4.8 .0001
PxG 15 .007 .02 .08 186
Lime (L) 1 .008 .0001 42 ,0001
LxgG 15 .007 .02 11 .02
LxP 1 .01 .001 A4 .0001
LxPxG 15 . 006 .04 .11 .03
Error 128 . 03 .50

Overall P concentration does not look encouraging (Table 16). Possibly the lim-
itation of root growth in a greenhouse pot culture hindered uptake.
Statistical analysis showed that both P content and P uptake progressively

increased with the addition of P, On the other hand, the overall effect of lime
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was detrimental to P. However, while separating the effect of lime at two
levels of P application, no significant changes were found for both P concen-
tration and uptake at a zero level of P (Table 17).

The Nepal locals are generally considered early maturing cultivars com-
pared to exotic populations. The previous finding by Bruetsch et al. (1976)
that the early maturing genotypes are higher P accumulators does not agree with
results found in this study since a wide array in concentration was noticed
irrespective of maturity type (Table 16 and Fig. 2).

Average P content and uptake increased by almost 75% and slightly'greater
than 100% respectively with the application of P. Such a highly significant
increase would be expected in a soil which is very deficient in P. However,
genotypic response at each level of P treatment should make it possible to se-
lect genotypes tolerant‘to P stress condition. For instance, N 304, N 1206
and Blanco Subtropical did show the least visual deficiency symptoms, however,
their P content is variable from source to source (Table 16).

Consistency between P concentration and uptake was found at each level
of P and lime suggesting that there should be a positive correlation with dry
matter production (Table 17). One important observation could be added; unlike
other nutrients under study, P concentration and uptake behaved positively with
the dry matter production of any strain. However, the same relationship cannot
be established from source to source., Secondly, response of a strain under P
stress condition and P non-stress condition are not similar. For instance,

N 304 showed significantly higher concentration of P per unit dry matter than
other sources under P-stress condition, but not when P was added.

Potassium Concentration and Uptake: Plant material absorbs large amounts

of K. The amount of K present in plants varies from genotype to genotype and
with environmental conditions under which the plant is grown. For a given

level of soil K availability, dry matter production is influenced by levels of
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other factors and increased dry matter tends to lower the potassium concentra-
tion of a genotype. For instance, P treatment in this study lowered the K con-
centration of all sources which could be primarily due to an increase in dry
matter (Table 20), because total uptake of K did not increase much at the

higher P level.

Table 19. Analysis of variance of K concentration and uptake.

4.f K Concentration K Uptake

Sources of Variation T S.S. P>F S.S. PsF
Genotype (G) 15  10.4 .0001 177.5 .0001
Phosphorus (P) 1 132,7 .0001 22.5 .0001
PxG 15 6.0 .0001 48.1 .0003
Lime (L) 1 0.7 .013 33.9 .0001
LxG 15 2.3 .136 34.3 .01
LxP 1 0.5 .028 60.5 .0001
LxPx6G 15 3.3 .017 15.3 492
Error 128 13.8 134.3

Statistical analysis showed highly significant results for all main effects
and their interactions except for the lime by genotype interaction for K concen-
tration and lime by P by genotype interaction for K uptake (Table 19), N 103,

a relatively higher dry matter producer, had a high concentration of K in the
plant material and thus ranked on the top for K uptake.

The significant result for genotype by phosphorus interaction and non-
significant result of genotype by lime interaction is an indication that K con-
tent per unit dry matter production of genotypes is affected by P availability

in the soil.
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Overall K concentration and uptake were significantly influenced by levels
of lime application. Lime increased K concentration whereas decreased K up-
take. On the other hand, P decreased K concentration but increased K uptake
indicating the effects of the two treatments on dry matter production (Table
14).

Analysis of variance of 16 corn strains at each level of P indicated that
all the strains showed significant depression of K concentration with addition
of P whereas K uptake was inconsistent with respect to two levels of soil P.
For instance, N 101, N 103, N 104 and Khumal 7633 had higher uptake at zero P
than at the higher P level, whereas the others had higher uptake at the higher
level of P. Likewise, although the K uptake varied significantly between the
two levels of soil P, the marginal differences of strains between the two levels
tended to remain narrower for K uptake than for X concentration (Table 20).

The influence of lime levels did not give symmetric results at the two
levels of P for K concentration and uptake (Table 18). Levels of lime appear to
have resulted in significant differences for K concentration at the zero level
of P, but such differences did not exist at the higher level, Lime levels had
a significant effect on K uptake only at the higher level of P. Such an asym-
metric result is an indication that lime levels had a nonspecific role in K
uptake.

Calcium Concentration and Uptake: Calcium along with Mg plays an important

role in soil chemistry and plant nutrition. Lime would certainly play a key

role in raising the level of Ca in soils and plants.

Although no noticeable Ca deficiency symptoms were observed, strains ex-
hibited variation in Ca concentration and uptake in the plant tops. Among the
main effects and their interactions, all interactions which included lime were
not statistically significant (Table 21). Thus, although the effect of lime

was highly significant in creating differences for Ca, different levels of lime
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did not react differently with different strains and with levels of P suggest-
ing that lime raised Ca concentration and uptake irrespective of other treat-

ment levels,

"Table 21. Analysis of variance of Ca concentration and uptake.

o i.f. Ca Concentration Ca Uptake

Sources of Variation: 5.8. P>F 5.5. P>F
Genotype (G) 15 .53 .0003 11.06 .0001
Phosphorus (P) 1 4,66 .0001 1.53 .0001
PxG 15 a3 012 2.01 .015
Lime (L) 1 2,27 . 0001 6.17 . 0001
LxG 15 .06 99¢ 1.21 .247
Lx?P 1 .0001 . 598 .03 463
LxPx6G 15 Nk + 301 1.19 .260
Error 128 1.48 8.7

Among the strains, N 211, N 103 and Thai Composite had significantly higher
Ca concentration, however, for Ca uptake only N 103 and N 1206 showed profound
effect (Table 22). Overall array for Ca concentration and uptake among sources
appears to be similar to that of K.

Addition of lime significantly decreased dry matter and increased both Ca
concentration and uptake (Table 13), The addition of phosphorus raised the
level of dry mafter and decreased Ca concentration (Table 14). However, in the
first case, increase in Ca uptake and concentration could be a better indication
that Ca in the corn plant top increases significantly irrespective of dry matter
production. But in the latter case, effect of P levels in changing Ca concentra-

tion and uptake could be attributed to the proportional change in dry matter
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production.

Significant genotypic variability has also been observed at each level of
P treatment for both Ca concentration and Ca uptake (Table 22). As expected,
all sources exhibited significant decrease in Ca content per unit dry matter
production at the higher level of P. However, the genotypic sequences within
each level does not appear to be similar indicating that a genotype by phospho-
rus level interaction could be possible. On the other hand, order differences
for Ca uptake among sources between the two P levels is an indication of sig-
nificant genotype by P interaction (Table 22). Although P treatment effects
are significant for both Ca concentration and Ca uptake, the differences be~
tween P levels for Ca uptake among sources tends to be narrower than for Ca
concentration.

Thai Composite had a significantly higher Ca concentration at zero level
of P as well as for overall means followed by N 103 and N 211. Amarillo Sub-
tropical which had relatively higher dry matter had a significantly less aver-
age Ca concentration. But the top dry matter producing strain N 1206 fell in
the upper range. N 103 exhibited significantly highest average Ca uptake fol~-
lowed by N 1206. Hence, N 103 could be classified as an efficient source for
both Ca concentration and Ca uptake.

Obvicusly, lime treatment was effective in increasing both Ca concentra-
tion and uptake at both levels of P (Table 23). Likewise, at each level of
lime, influence of P was equally significant in reducing and increasing the
levels of Ca concentration and uptake, respectively, nearly in the same pro-
portion. Thus interaction between lime and P levels for both Ca concentration
and uptake should presumably be non-significant (Table 21). However, with the
present analysis, it is not possible to determine to what extent the lime ap-
plication has been effective in increasing Ca levels without lowering the dry

matter production.
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Magnesium Concentration and Uptake: As already pointed out, Mg is also

an ion available through the cation exchange complex. Application of lime may
have an effect on Mg as well as on Ca depending on the type of lime used.
Statistical analysis showed main treatment effects on Mg concentration as well
as on Mg uptake. The P by genotype interaction failed to affect Mg concentra-
tion significantly. On the other hand, lime by P interaction did show a sig-

nificant result (Table 25).

Table 25. Analysis of variance of Mg concentration and uptake.

_ d.£. Mg Concentration Mg Uptake

Sources of Variance 5.8. P>F S.5. P>F
Genotype (G) 15 .078 .0002 3.09 . 0001
Phosphorus (P) 1 .029 .0001 8.67 .0001
PxG 15 .033 175 .59 .0098
Lime (L) i .201 . 0001 wikd .0028
LxG 15 .017 .769 .37 .169
LxP 1 .017 .001 «01 411
LxPxgG 15 .026 .379 .35 .208
Error 128 .207 2428

Average Mg concentration in the corn plant tops was nearly half of Ca and
the variability in terms of Mg concentration and uptake did not appear to be
similar to Ca from source to source. For instance, Amarillo Bajio which was
considered to be inefficient for both Ca concentration and uptake was signifi-
cantly superior for Mg absorption. But, N 103 remained significantly superior
for both Mg concentration and uptake (Table 26).

Overall effect of lime as well as that of P treatments on Mg appear to be

similar to Ca. However, the difference between two levels of each factor tended
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to be narquer for Mg absorption except for the effect of P levels on Mg up-
take (Table 14). The shift in differences between fwo levels of each treat-
ment could possiblﬁ be explained by use of a calcium source of lime. If this
is true, the shift would be reversed when a magnesium source of lime is used.

Significant genotypic variability was also oBserved at each level of P
for both Mg concentration and uptake (Table 26). Although genotype by P inter-
action did not appear to be significant for Mg concentration, depressive ef-
fect of P application could not be found for all genotypes. N iOl, Khumal
7642 and Blanco Subtropical exhibited a somewhat reverse trend. On the other
hand, Mg uptake significantly increased at higher level of P although the gen-
otype by P interaction was significant.

Effect of lime was significant at zero level of P for both Mg concentra-
tion and uptake., But at higher level of P, significant differences due to
lime were observed only for Mg concentration (Table 24). Conversely, for both
Mg concentration and uptake significant effect of P treatment could be estima-

ted only at zero level of lime,

For Six Corn Strains

Taking into consideration the six varieties with three levels of lime and
two levels of P treatment, genotypic variability due to P &oes not appear to
deviate from whét was found in the previous analyses. Changes due to the lime
variable would be expected since three levels of lime (zero, medium and high)
were introduced instead of two. The logical question is to what extent has the
medium dose of lime affected all the dependent variables.

Obviously, mean values for zero and higher levels of lime treatment have
decreased except for N and P concentration.

No significant difference between medium and higher level of lime occurred
for dry matter production, P and Mg concentration and P uptake (Table 27).

Potassium concentration did not show a significant difference between zero and



49

*¢0° = I¥Wd 3I® Ju21a3JIp ATjuedijrTuldis jou I1f 193139 SWES SY] YITA UWNTOD JUWES UTYITMA SUBIK
7876 VAARR | 61°L ohe” he” £9¢" sueaj
330 06°8 339p ¢8°01 P2 %679 ap [Z¢" poqe 1HE” o y1g” 1eordoxiqng oduelg 91
q® [G°T11 Qe [G°ET ® 856 ® 0%° ® 76E" ® 90%° otleg ojyraemy -gT
°pd 8L°6 JoP2 GE 11 2qe 77°8 a2p2 7ge” p zie” oqe 7Gg” Teordoilqng ofIiBUY ‘4]
LS Ay 33 1576 J G6'%  °poqE ¢o¢” poqe gvg* qe {g¢° 911sodwoy TeYL g1
U3 %8°/ 8 068 P2 £LL°9 apo 9¢g” P2 gzg* oqe gyg* £€9/ TEUNYY T
q L6°¢ 832 £6°6 32 12°6 apd owE” Poqe [%g* °0q gve” Th9L teunyy 11
32 60°6 Poq €1°21 39p 90°9 apd LEE" Poq 9¢¢” 2q ggE” 1t 0T N °OT
2p2 #8'6 °qe 61°€1 2P 8%°9 apoq 95¢” poqe (QgE”’ aqe 79¢” i GOT N "6
I°P €1°6 339pP GL701 Po9q 0§°L apoq 15¢° Poq zgg” qe 1L¢° " %I N '8
e ¢/ 11 qe 67 %1 qe 1Z°6 qe 68¢" 2qe G/¢” ® 504" i €0T N "¢
P2 05°6 apaq #9°11 POq 9£°L  2poqe H9¢” qe 6L¢° °qe g%¢” (®31uM) TOT N *9
P2 €€°01 Poq 81°CT1 qB [%7°8 ® 9z¢" P 662" 2qe Z6g® u  90ZT N °G
29 96'0T  P9q® 09°C1 qe 15°8 poqe 99¢” Paqe #4¢° qe 68€" & 809 N %
432 6L°8 Fap2 8¢ 11 32p 02°9 apoq g6g” pPoq gzg” qv 9/¢" " 70€ N "€
8312 [6°8 330p 79701 pPoq Z€°L 2qe 89¢” poqe ohe- q® 06¢" i TIT N 'T
u33 ¢1°8 839 (001 39p 81°9 apoq g¢g” P29 Z€¢* q® %gg¢° (MO119X) T1Z N T
sueay d wdd 01 4 mdd g SUEI d wdd pg1 d wdd g

(30d 1a2d Bw) ayeadp 3R

7 UOTJBA3ULOU0) SKH

*snioydsoyd jo sysaa@] oMm) JB SUTEIIS U102 ¢] JO 2ejdn pue uoljeijuaduod 3 jueld uwsy

"9¢ ST9FEL



50

TG0 = IMWQ ' JuaiaiITp ATJupdTITUuBIS jou 2ap 1393397 SWES 24l YIIM SUNNTOD SmWES UTYIIM Sueay

0L°8 86761 5£°08 18°¢ 7°e% 9¢° oL’ £E7°¢C 901~ 9871 gv°2 sSUBI|

B %01 ® IC'91 ® #7°68 BTy ®YLCLY qQ %g* q%6° q gL' ¥ 9gT" 9 8&'1 P 60°¢C 001

q 6679 B HL°¢T q L%°GL 9 I%'1T 49 60°6¢ B [L7 B 98" B 80"% 990" ¥ EI'C q 88°1 0
A B9 > d N 8K B A N (30d aad wd) (wdd)

(30d aad 3w) ayeadp ¥ UWOIJBRIJUIIVNOY BTy Laq anizoydecud

*SUTBIIS UI0D XIS JO 9e3jdn pur UOIJBIJUSIOUOD Jualanu uealwl uo snioydsoyd jo 22J3% ‘g7 219FL

0oL°8 86°ST ce 08 18°¢ I7°eY 9¢” oL £Ey°E 901" 98°'1 8w’z SUBBH

B QT°6 ® 98°LT ® 18°08 q 6%°C ® 78°4Y B g¢" B 6L ®O9G°f q TI01° ® 10°¢C q 6£°C 0059

B 878 49 ¢L'ST 4 €2°6L q 66°C 9 0T°'8€ LA AN Q2ZL° 9 6£°E QKT 2TL°1 q ¢E°2T 052t

B gS'8 2 we'HlT P 10°G8 B 9L ® TT9Y q 2¢’ 286" q9gTg B RITT 9 ¥8°1 L A 0

3R B) b d N 3N 1:13) 3 d N (30d 1ad w8d) (ey 12d 8y)

(30d aad 8w) ayeadp

% UOTIBIJUIDOUCY

Jy3i1am £Lag awrg

*SUTBI}S UI0D XIS FO 9Yeldn pur UOTIBIIULOUOD JUITAINU UBSW UOC BWI] JO 3IIVIJFY ‘LT 214981



i 4

medium level of lime. Nitrogen and Ca concentration and uptake showed signifi-

cant difference for all levels of lime. For each increase in lime imput, both Ca
concentration and uptake showed a significant increase., Lastly, the only nu-
trient which did not express any significant difference at all levels was Mg

uptake.

Experiment II

Response of corn genotypes to variable levels of Al concentration was
measured in terms of root parameters. Since the toxic effect of Al first af-
fects growth of the root system, correlating the effects on roots with plant
root growth could be a quick and reliable technique.

This study could not be analyzed statistically primarily due to two
reasons: first, the control plot (O mM Al) could not be evaluated mainly
due to contamination with microorganisms after 7 days; and second, there was
only one replication per observation. Thus, all the parameter comparisons
were based on 0.03 mM Al as a control. In nutrient culture, contamination due
to microorganisms was a problem and made the experiment difficult to interpret.
Average of initial primary root length of each corn genotype was varied from
source to source even under controlled conditions. Thus it was not possible
to evaluate the root efficiency of genotypes merely by comparing the root
length at each level of Al treatment. A more precise and reliable method to
evaluate the root system was measurement with respect to the control within
each source and thus comparing the relative scale among sources. The root
system is composed of a primary roét system and a secondary root system., Com—
bining both systems to get a composite value was more precise in measuring the
overall response,

Although Va-35 and Thai Composite produced the highest primary root length

at .03 level Al, they showed poorer results at higher concentrations. On the
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other hand, PI 270071 produced significantly higher average relative root
length followed by K724 x K41 and Amarillo Subtropical (Table 29). Similarly,
Khumal 7633 showed its highest relative root length at .06 mM Al but was sig-
nificantly decreased at .09 mM Al., Those which were relatively tolerant to
Al toxicity only at ,06 mM were H28 x K731, Khumal 7642, Blanco Subtropical
and PI-270101. On the other hand, those which were tolerant at both levels
were PI 270081, PI 270084, K724 x K41, Khumal 7633 and PI 270071,

Secondary root coefficient was measured at base level .03 mM Al since
the control was contaminated (Table 30). The coefficient value varied from
0.25 to 1. However, the coefficient rating did not necessarily correlate with
the rating for root length. For instance, Amarillo Subtropical whose average
primary root length did not decrease at higher concentration of Al gave only
0.25 secondary root coefficient. On the other hand, PI 270071 correlated well
with the average root length., The other sources which gave the highest coef-
ficient at 0.09 mM Al were Khumal 7633 and Amarille Bajio followed by
PI 270083, K724 x K41 and Khumal 7642, Those which had the same level of co-
efficient at both levels were Thai Composite, Blanco Subtropical and PI 270101
followed by K724 x K695 and PI 270081 indicating that their level of tolerance
did not vary between levels of Al.

Composite value for each genotype combines the relative primary root
length by corresponding secondary root coefficient which could be a better in-
dicator of genotypic efficiency in response to variable Al concentration.

Some sources such as Khumal 7642 and PI 270083 although showing a higher com—
posite value to Al tolerance at .06 mM Al, were not tolerant at the 0.09 mM Al
level. On the other hand, PI 270071, Khumal 7633 and K724 x K41 exhibited a
relatively stable tolerance level even at higher concentrations. Some showed
relatively poor results at all levels. Among sources which exhibited relatively

promising tolerance only at higher Al concentration was Amarillo Bajio.
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Fig. 3. Strain Blanco Subtropical in nutrient solutiom at .03, .06

and ,09 mM Al showing relative tolerance to Al toxicity.

Fig, 4, Inbred Va-35 in nutrient solution at .03, .06 and .09 mM

Al showing relatively susceptible to Al toxicity.
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The above results imply that genotypic tolerance to Al toxicity is a rel-
ative term and effectiveness of screening can vary from genotype to genotype.

However, all genotypes become sensitive to Al toxicity if the level of Al con-
centration is high., Hence, the level of stress to be imposed is an important
factor which may vary within and between species and type of conditions under

which the plant is grown.

Experiment III

Dry Weight: Fifteen varieties, inbreds and hybrids used in this study
exhibited significant variability for dry matter production (Table 32). How-
ever, dry matter yield for plants grown for 35 days under greenhouse conditioms
was not sufficient to explain directly the efficient yield production in highly
acidic soil. Analysis in terms of relative yield value was a better tool for

explaining relative tolerance to soil acidity caused by high soluble Al.

Table 31. Analysis of variance of dry weight and its relative value.

Sources of 4. f. Dry Weight d.f. Relative Value
Variation ; . 5.5, P>F 5.8. P>F
Genotype (G) 14 33,5 .0001 14 .59 4387
Lime (L) 3 21.1 . 0001 2 2.68 .0001
GxL 42 6.3 .2344 28 .78 .8874
Error 120 15.1 90 3.74

Lime had a profound effect on dry matter production. Genotype x lime in-
teraction was not significant indicating that all the sources tended to behave
similarly irrespective of lime level (Table 31). Among the 15 sources, Ama-
rillo Bajio produced the highest overall yield but was not significantly dif-

ferent from Amarillo Subtropical, PI 270080, A632 x W64A and Blanco Subtropical,
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Fig. 6. Inbred Va-17 in the Greenhouse at 0, 4000, 8000 and 16500
kg/ha lime. Root density at zero level lime did not vary

from other levels.

Fig. 7. 1Inbred Col03 in the Greenhouse at 0, 4000, 8000 and 16500
kg/ha lime. Root density decreased significantly as the level

of lime decreased.
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In terms of relative yield, the sources exhibited broader variation under stress
condition than under non-stress condition. Relative yield varied from .58 to
.93 at zero lime level and tended to be narrower as the lime level increased
(Table 32). At zero lime, PI 270080 with its relative weight of .93 was rated
the most tolerant to Al toxicity followed by Va-17. Inbred Col03 with its
relative weight of .58 was the most susceptible one and responded most signifi-
céntly to lime treatments, Relative weight of this inbred was 1.37 at 8000
kg/ha lime (Fig. 5).

As in the previous greenhouse'study, the yield level did not increase lin-
early with an increase in lime level (Table 33). After 8000 kg/ha of lime which
brought the pH to 5.4, the yield declined significantly with additional lime
suggesting that increasing pH further may have been the reason to decrease the
P availability., Hence, overall highest dry matter production was achieved at
8000 kg/ha lime application. The soil analysis clearly indicated that the KCl-
extractable Al dropped to almost zero at this pH and thus there was little Al
toxicity (Table 46). About half of the sources performed as wall at the 4000
kg/ha level of lime as at 8000 kg/ha. At 8000 kg per ha level only the sources
W153R, PI 270083 and A632 x A619 fell slightly below.

Nitrogen Concentration and Uptake: Both genotype and lime had a signifi-

cant effect on N concentraticon, but their interaction was not significant, The
genotype, lime and genotype x lime interaction were all significant for N up-

take (Table 35).

As already pointed out, nitrogen is an important nutrient and is highly
mobile. No significant deficiency symptoms were observed, however, genotypic
differences suggest that genotype can be screened for efficient nitrogen up-
take. Although lime had a significant effect on both nitrogen concentration
and uptake, they tended to change in proportion to dry matter production (Table

37). For instance, inbred W64A, a low dry matter producer, contained the
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Table 35. Analysis of variance of N concentration and uptake.

_ a.f N Concentration N Uptake
Sources of Variation : 5.8. P>F S.S. P>F
Genotype (G) 14 14.4 .0001 51.2 .0001
Lime (L) 3 33 .0001 2343 .0001
GxL : 42 2.3 .3638 25.5 .03%6
Error 120 3.9 47.6

highest N concentration and Amarillo Bajio, the highest dry matter producer, con-
tained the lowest N concentration, Blanco Subtropical and Amarillo Subtropical,
which were on the upper side for dry weight and N concentration, gave the high-
est N uptake. Since no nitrogen analysis was done for the soil, ¥ uptake with
respect to N availability in the soil could not be compared.

Phosphorus Concentration and Uptake: The acid mine soil was primarily

critical for available phosphorus for the plant growth. Addition of 100 kg per
ha phosphorus was not enough to remove severe P deficiency symptoms because 10
days after emergence, the P deficiency symptoms started appearing in all strains
except Col03 and W64A. However, the degree of P deficiency was variable. In
general the symptoms were more severe with an increase in lime level (Table 36).
Significant variability among sources and among lime treatments was ob-—
served for both P concentr;tion (Table 37) and P déficiency symptoms. Broadly,
genotypes could be classified as no visual symptoms, symptoms at all levels of
lime or symptoms only at higher levels of lime. Thus, it was clear that P de-
ficiency was under genetic control. For instance, Khumal 7633, PI 270083, Ama-
rillo Subtropical and Blanco Subtropical exhibited relatively severe deficiency
symptoms whereas W64A, Col(03, Mol7 x A634 and A632 x A619 showed relatively

mild deficiency symptoms. Even application of additional phosphorus did not
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Table 36. Effect of lime on P deficiency symptoms.

Lime (kg per ha) *Score (0 to 5)
0 0.78°
4000 0.93°
8000 1.20%
16500 1.42%

*0=no deficiency symptoms; 5=severe deficiency symptoms
remove P deficiency symptoms completely on severely affected treatments. Al-
though Blanco Subtropical showed severe deficiency symptoms, the plant tissue
analysis did not necessarily indicate lower P concentration. Similarly, al-
though the hybrid A632 x A619 showed relatively less deficiency symptoms,

plant tissue analysis indicated the lowest P concentration (Table 37).

Table 38. Analysis of variance of P concentration and uptake,

) d.f P Concentration P Uptake
Sources of Variation T 884 P>F S8 P>F
Genotype (G) 14 027 .0001 .49 .0001
Lime (L) 3 .002 .0817 .58 .0001
G xL 42 .012 . 5047 22 . 0044
Error 120 .035 .34

In terms of total P uptake, Mol7 x A634, PI 270080, Blanco Subtropical and
Amarillo Bajio had significantly higher P uptake (Table 37)., Phosphorus uptake
was also significantly affected by lime and genotype by lime interaction. Sig-
nificant effect due to lime was obtained for P concentration, however, both P

concentration and uptake decreased significantly when the pH approached nearer
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to neutral. On the whole, average P concentration was 0.17 which may not be
adequate under field conditions.

Soil analysis showed that lime had a great influence on P concentration
(Table 45). With an increase in lime level, available P in the soil increased
significantly, indicating that by raising pH to around 5.4, non-labile P can
be converted to labile P, Soil test P was also observed to be significantly
different under 5 strains tested (Table 39).

Table 39, pH, phosphorus and potassium concentration of mine spoil soil
from five strains.

Concentration (ppm)

pH P K
3. WéhA | 5.13 a 21.7 b 114 a
5. PI 270080 5.13 a 25.2 a 108 be
7. Mol7 x A634 5.14 a 20.8 b 112 ab
10. Blanco Subtropical 5.06 a 22.9 ab 114 a
14, Amarillo Subtropical 5.04 a 21.7 b 105 ¢
Means 5.10 22.4 111

Potassium Concentration and Uptake: Significant genotypic and lime dif-

ferences were observed both for K concentration and uptake, However, genotype
by lime interaction did not show significant effect for K concentration indi-
cating that genotypic performance for K concentration did not change with re-
spect to lime level (Table 41).

One difference from the previous study is that K concentration tended to
increase with an increase in dry matter production. As a result, total uptake
of K also increased significantly (Table 33),

Availability of K in the soil increased with increase in lime levels which
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Table 40, Calecium, magnesium, aluminum and manganese concentration of mine
spoil soil from five strains.

Concentration (ppm)

Ca Mg AL Mn
3. Wé4A 2129 a éOO a 85 a 25,0 a
5. PI 270080 2129 a 193 ab 89 a 253.2 a
7. Mol7 x A634 2107 a 192 ab 90 a 25.3 a
10. Blanco Subtropical 2156 a 191 b 88 a 25.1 a
14, Amarillo Subtropical 2068 a 191 b 88 a 25.0 a
Means 2118 193 88 25.1

Means within same column with the same letter are not significantly different
at DMRT = .05

Table 41, Analysis of variance for K concentration and uptake,

o d.f. K Concentration K Uptake
Sources of Variation ) 5.8 P>F S.8. P>F
Genotype (G) 14 13.4 .0001 301 .0001
Lime (L) 3 13.2 .0001 | 677 .0001
GxL 42 3.6 4602 69 L0142
Error 120 10.1 116

could presumably be due to the effect of pH on the availability of K. Genotypic
effect on the distribution of K in the soil was also observed, although the dif-
ferences were not pronounced (Table 39).

The range of K concentration and uptake among the sources varied from 3.57

to 4.47% and 85.3 to 120 mg per pot respectively. Among the sources, the highest
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amount of K concentration was present in Col03, a poor dry matter producer fol-
lowed by Thai Composite (Table 37). On the other hand, the uptake was signif-
icantly more in Amarillo Subtropical followed by Amarillo Bajio. 1In general,

K qoncentration and uptake tended to reciprocate with each other. Signifi-

cant genotypic differences in the utilization of K were observed.

Since potassium plays an important role in different metabolic activities,
use of those genotypes which are capable of absorbing higher amounts of K could
be beneficial for better plant standability and stalk rot diseases.

Calcium Concentration and Uptake: In the present analysisg, Ca was the

most influential element both in terms of concentration and uptake., Calcium con-
tent in the soil increased with the lime application (Table 46 and Fig. 10). There
was no influence of genotypes on availability of Ca in the soil (Table 40).
Significant effects were obtained for genotypes and lime for both Ca con-
centration and uptake. And genotype by lime interaction was significant only

for Ca concentration (Table 42).

Table 42. Analysis of variance for Ca concentration and uptake.

o d.f. Ca Concentration Ca Uptake
Sources of Variatiom S.8. B>F 5.8. P>F
Genotype (G) 14 2,00 .0001 5.1 .0001
Lime (L) 3 5.30 .0001 69.1 .0001
GxLl 42 .45 .0003 Z4b .8294
Error 120 .57 9.7

The highest Ca concentration was obtained in W64A (the poorest dry matter

producer), but PI 270080 had the highest Ca uptake and produced higher dry matter.
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Mol7 x A634 had the lowest Ca concentration fell in the intermediate range for
Ca uptake (Table 43). 1In terms of efficient utilization of Ca, which is the
ratio of dry matter production to per unit Ca uptake, this single cross per-—
formed the best followed by WLI5S3R.

An increase in lime level resulted in a linear increase in both Ca con-
centration and uptake in the plant top. Thus, unlike the previous greenhouse
study, an increasing effect of lime on both dry matter production and Ca con-
centration indicated that lime application contributed to raising Ca level in
the plant top without lowering dry matter production especially at pH's below
5.5 (Table 34).

The use of lime resulted in higher calcium content in the soil which was
higher than other elements. However, Ca contents in the plant tissue were low
compared to K. Uptake rate of Ca is usually lower than that of K.

Magnesium Concentration and Uptake: Magnesium is also an integral part

of the cation exchange complex. Use of lime could affect both Ca and Mg de-
pending on the type of lime used. On an average, Mg concentration and uptake
was nearly half that of Ca. Analysis of variance indicated a significant dif-
ference for the genotypes, lime levels and genotype by lime interaction for Mg
concentration. However, lime by genotype interaction was not significant for
Mg uptake (Table 44).

Although lime had a significant effect on both Mg concentration and up-
take, there was no linear consistency due to lime levels. However, Mg uptake
tended to rise with an increase in dry matter production which changed with
lime levels. Inbred W153R which was a low dry matter producer contained the
highest Mg concentration, but had lower Mg uptake. Similarly, Amarillo Bajio,
which was the highest yielder, was intermediate in Mg concentration but Mg up~
take was highest., Thus, Mg concentration tended to reciprocate with dry matter

production. Nevertheless, Mg uptake still showed wider variability among the



71

*G0° = I1¥Wa 1® jusaajyyip A1juedizTulls Jou 2AB A23J9] SWES 2YyJ YITM UUNTOD SWES Y] UTYIIM SUBIY
£n9” 61t" %°8 $"61 19¢ ¢l oze” 7L suesy
29 869° Vi e 3°01 qe L°1Z 3p2 1€ | XA q L£€° ¥2P 1L9° orleg ojytaemy *gf
q 0%t L9¢” P9F [°H 298 0°1¢ Poq [&C 7l P2q TZe" 3ISPY €£89° Teotdoaaqng ofTaBwy "4
Fo 996~ 98¢’ 32 E7L F et q 89¢ cel q gge’ q €8L° a31soduwoy TeYyy €T
P2q 869° 1ze” P29 Z°6 ap2q %°02 P29 9%¢ 111 pP2q 0zZg* 2p2 00L° £E9L TEUNMYY 7T
°P f6%° 76" 3@ 9°L F2 L7l 29 99¢ el Poq LIE° p2q 9¢L° tY9L Teunyy  °11
pP2q 899° 6w’ Poq Z°6 3°P2q 9761 2paq e GI1 Poq %1g” ¥e ¢49° 1eo1do1aqng oduelg 01
ap2 9%9° 6L ” oqe 76 F2P3q L°61 9P LTT 0t1 P2q Qgg” 3@ 0%9° 619V X T€9V °6
P2q 9£9° IEE” 3°p %78 P29 9°0¢ 99 ¢9¢ T4 P2 L0€” 2q 8¢L” VH9M X ZE9V 8
q 147 £9¢” P9 G'6 3p2q 7°0¢ Poq 86T w11 2p2 S0¢° ¥ 879" 7E9V X [TOH "/
32 99¢° gee’ F gL F T °p2q LEC 9¢1 9P G6T° JBPO %89"- £8004LC Id "9
® 6£6° eLe” q€¥ 1'01 B Z7°¢C E [T¢ XA q gee’ q 94L° 0800.L¢ Id °S
g zyy* 8LC” 2p2 ¢°8 F=p 1781 @ 60¢C 7zl AR YRS q wLL” Jeen °y
331 006" ove* 3 ug 32p2 9°81 L % %5 Lyl 2q 97¢” B Z80°T V#o9M ¢
33 L8Y° 0ge” 3179 3°P 1°81 P29 £4¢C 901 9 08¢"° q ¥8L"° £o10d ¢
2q 91L° gLz’ R AN A 38pd L°81 B %0¢ L6 apa gog” q TLL’ LT-BA 71
|||||||||||||| Jod 1ad 8W—— e i wdd - ——
up 1V 3R B) upy 1v 3 ED
aveldp UOTIJIBIJUSIUOCY)

*SUTEIIS UI0D T Jo °yejdn pur UOTIJIRIIUSIUOD 2Sauelurpw pue WNUTIWNTE ‘WnTsaulew ‘wWNIOTBD UR3K

T€Y 2I9BL



72

sources (Table 43).

Table 44. Analysis of variance for Mg concentration and uptake,

o 4. f Mg Concentration Mg Uptake
Sources of Variation T 5.8, P>F B 8y P>F
Genotype (G) 14 .08 .0001 4.03 . 0001
Lime (L) 3 .02 .0001 1.95 .0001
GxL 42 .06 Ol .85 .3480
Error 120 .10 2,22

Lime levels had a significant effect on Mg content of soil which showed a

linear decreasing trend with increasing lime level (Table 46). Such type of
. . . +
reverse trend could be explained by the antagonistic effect between Mg+ and
o+ : . s 2s

Ca for exchange sites. Clearly depressive effect of acidity (H+) or even

] Ao ++ ; y . .
possibly of Al for Mg  could not be explained in the presence of increasing
levels of Ca++ in the soil. The level of exchangeable Mg present in the soil
before and after liming indicated that Mg was sufficient for crop

growth.

Aluminum Concentration and Uptake: Al toxicity due to low soil pH was

evident as it was shown by the exposure of injured root system above the sur-
face of soil. Root injury was more serious in susceptible straims such as

Col03 than in resistant ones such as Val7 (Fig. 6 and 7). In general, the de-
gree of root injury decreased as the level of lime was increased indicating

that root injury was primarily due to the toxic effect of Al in the system.

This was further supported by the analytical result. Exchangeable Al in the

soil dropped drastically when the soil pH was raised from 3.9 to 5.4 by the addi-

tion of B000 kg per ha.of lime (Fig. 11). It was below detectable limits with the
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Table 45. Effect of lime on pH, phosphorus and potassium concentration of
mine spoil soil.

Lime Concentration {ppm)
(kg per ha) pH P K

0 3.94d 194 ¢ 102 ¢
4000 4.4 ¢ 208 ¢ 109 b
8000 5.4 b 262 a 113 b
16500 6.7 a 235 b 120 a
Means 3.1 224 111

Table 46. Effect of lime on calcium, magnesium, aluminum and manganese
concentration of mine spoil soil. :

Concentration
(kg per ha) Ca Mg Al Mn
__.-.-......'__...;..._.-.-__.._.—'-—t—_._ppm.__.— - —— s
0 723 d 217 a 230 a 40.3 a
4000 1495 ¢ 208 b 101 b 34.9 b
8000 2378 b 194 ¢ <10 ¢ 19.4 ¢
16500 3875 a 155 d <10 ¢ 5.7 d
Means 2118 193 a8 25.1

Means within same column with the same letter are not significantly different
at DMRT = ,05.

atomic absorption spectrophetometer (Table 46). This result agrees with other

findings that Al in the soil is ﬁrecipitated at pH 5.2 or above. There were

no significant differences in Al content in the soil due to genotypic effect
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(Table 40).

Statistical analysis of Al concentration and uptake in the plant top re-
vealed that genotypic differences were not significant for Al concentration.
However, some contamination was suspected in the tissue analysis due to exces-—
sive Al detection in some samples. Thus, when a missing plot technique was
applied in the analysis, the results were significant for both genotypes and
genotype by lime interaction (Table 47). Both the analysis techniques indicated
significant differences among genotypes for Al uptake which is likely due to
the differences in dry matter production.

Table 47. Analysis of variance of Al concentration and uptake using missing
plot technique.

o q.f Al Concentration Al Uptake
Sources of Variations T 5.8. P>F 5 8. P>F
Genotype (G) 14 24354 .001 491885 .0001
Lime (L) 3 2923 .190 238815 .0001
GxL 42 46521 .007 426444 .0194
Error 110 66573 674033

Lime effect as well as genotype by lime interaction were also significant
for Al uptake. Aluminum uptake tended to increase as long as lime was effective
in raising dry matter production (Table 34).

Aluminum concentration in the tops did not show any clear cut differences
between tolerant and susceptible sources. For instance, inbred Val7, a rela-
tively tolerant line had the lowest Al concentration., Likewise, the more sus-
ceptible inbred Col03 has a relatively low Al concentration in contrast to Val7.
Because Al content of roots was not determined, no specific conclusion can be

made in regard to the absorption and translocation of Al through the root system.
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High Al uptake was obtained with A632 x A619 followed by Amarillo Bajio which
were relatively high in dry matter production as well as in Al concentration
(Table 43),

In a separate analysis at each level of lime treatment, no significant
genotypic difference was revealed thus indicating that Al concentration re-
mained the same irrespective of lime levels,

Manganese Concentration and Uptake: Manganese toxicity can also be a préblem

in acid soil and may be difficult in distinguishing from Al texicity. Highly
significant differences were obtained for all the variables except for geno-
type by lime interaction for Mn uptake (Table 48) although the plants did not

show apparent Mn toxicity symptoms.

Table 48. Analysis of variance of Mn concentration and uptake.

o d.f Mn Concentration Mn Uptake
Sources of Variation te 8.5, P>F 5.8.. PsF
Genotype (G) 14 193783 .0001 2624949 ,0no1
Lime (L) 3 2266103 .0001 7140262 .0001
GxL 42 213230 .0001 481509 .2886
Error 120 168875 1207909

Thus, level of Mn concentration might be a better indication of toxic ef-
fect due to excess Mn in the plant tissue. However, no linear association be-
tween susceptible and tolerant genotypes was found at the same level of lime
application (Table 43). Sources both with higher relative weight and lower
relative weight tended to fall in the same range of Mn concentration, For in-
stance, sources PI 270080, Va-17 and W64A whose relative weights varied greatly

but all fell in the upper range for Mn concentration.
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On-the -other hand, effect of lime application was highly significant in
decreasing Mn concentration and uptake (Table 34 and Fig. 8). This was not
true for Al concentration. The level of Mn concentration decreased signifi-
cantly in a linear fashion with an increase in lime level or pH of the soil
(Fig. 9) suggesting that Mn concentration in the plant top is more closely
related to lime application than Al concentration. Average Mn concentration
was in the excessive range up to 8000 kg per ha of lime application.

Likewise in the soil analysis, Mn concentration decreased significantly
as the level of lime increased (Table 46 and Fig. 11)., However, no signifi-
cant result was obtained in the soil with respect to genotypic difference

(Table 40).
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SUMMARY AND CONCLUSIONS

A soil (pH 5.5) obtained from the Southeastern Kansas Experiment Field,
Parsons, Kansas, and a soil (pH 3.9) obtained from near Pittsburg, Kansas and
a solution culture method were used to study nutrient absorption in different
corn sources.

In the greenhouse studies, plants were grown, harvested, dried, weighed
and analyzed for various nutrients. In the growth chamber study, root param-
eters were studied. Elements determined were N, P, K, Ca, Mg, Mn and Al,
Corn genotypes used were open pollinated varieties, inbreds and single crosses.
In the first study lime and phosphorus treatments were used, but in the sec-
ond study, only lime was used as a variable, In the nutrient solution cul-
ture, Al level was varied to study the effect of Al concentration on root
growth, |

Significant variability due to genotypes, lime and phosphorus treatments
were noticed in the first greenhouse study. Phosphorus increased dry matter
production more than other treatments. Addition of lime decreased dry matter
production. Strain N1206 ranked highest in dry matter production at both P
levels. Although genotypic variability did exist for P concentration in the
plants, there was negative relationship between dry matter production and P
content. In terms of relative weight, Blanco Subtropical performed the best
and showed the least P deficiency symptoms.

The concentration of other nutrients (N, K, Ca and Mg) showed a decreas-
ing trend at the high level of P compared with the zero P treatment. Calcium
concentration increased significantly at the higher levels of lime. Lime also
raised Mg concentration in the first greenhouse study, but did not in the
second study, This could possibly be due to the change in dry matter produc-

tion at different levels of lime,
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Effect of lime in the second greenhouse study was highly significant in
increasing dry matter production up to pH 5.4. Relative weights for the sources
were more differential under stress conditions than non-stress conditioms.
Among them, PI 270080 and Va-17 performed very well under stress conditions
and éhowed least toxic effect. On the other hand, inbred Col03 was highly sus-
ceptible to Al toxicify. Toxicity due to excess exchangeable Al in the soil
solution could be seen on the root systems of the susceptible plants. Toxicity
due to excess Al decreased significantly as the level of lime increased. Use
of lime was more effective for Al susceptible strains than for tolerant ones.

As the level of lime increased, changes in pH, Ca, Mn and Al concentration
in the soil were highly significant. However, Al concentration in the plant
tissue did not show significant differences with respect to lime level. Geno-
typic variability which could also depend on the absorption, translocation
capacity of the root system and Al concentration in the root system need to be
determined.

In the nutrient solution culture experiment, the effect of Al toxicity
was measured in terms of root parameters. Among them, the composite value
defined in the above discussion was the most important parameter.

From these studies, it is clear that selection of stress level is an im—
portant factor. Genotypes performed differently under different stress condi-
tions. Use of tolerant genotypes may be an alternative way of solving the
acidity problem particularly in those regions where liming is not feasible

from an economic standpoint.
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2.1¢%
2.09
2.10
1.90
1.79
2.30
2.¢€1
2.80
2.90
2.80

. 3.31

2.59
2.22
2.20
1.95
1.88
2.€0
2.58
2.590
2.12
2.15
2.43
1.98
1.81
2.0C
.12
1.78
Z2.43
1.2¢
1.52
1.60
1.50
1.19

S E
- s

1.22
1.22
1.38
1.10
.70
0.92
1.18
1.23

E

0.68¢
0.090
0.078
0.04€
0.071
0.072
0.080
0.082
0.075
0.07%
0.080
0.078
0.072
0.087
0.080
0.072
0.070
0.0€0
0.069
0.088
0.086
0.088
0.079
0.100
0.090
0.080
0.070
0.075
0.06%
0-090
0.080
0.090
0.081
0.0€4
0.0€8
6.071
0.072
0.078
0.070
0.059
0.084
0.1u8
0.128
0.15E
0.178
0.158
C.14E
G. 148
0.132
0.138
0.152
0.1FG
0. 110
0.178
0: 160

ANWNALYSTIS
DATA FRCM 1980

K

5.09
5.64
5.19
4.14
4.82
4.75
3.86
4.69
4.90
4.30
4.20
4.97
5.16
4.46
3.91
4,17
4.37
&, 34
5.02
4.99
5.70
h.65
S.47
5.15
4.59
b.25
4,39
4.€3
4.08
3.986
5.38
5.70
4.20
4.10
n.3y
3.38
3.1
4.05
4,52

CA

1.213
1.207
1.01¢
0.794
1.057
1.375
0.8¢€1
0.925
0.75¢
1.024
0.761
0.8¢e8
0.983
1.149
0.9291
1.093
0.885
0.871
1.0¢91
0.858
1.150
1.161
1.030
1.097
0.9¢7
0.799
0.972
0.875
0.650
1.264
1.158
1.069
0.809
1.022
0.953
0.852
0.732
0.910
0.864
0.824
0.947
0.443
0.511
0.478
0.409
0.515
.542
0,450
0.u72
2.499
0,847
0.565
0.39
n.372
0.451

SYISTEHN

HG

0.418
0.393
0.454
0.442
0.395
0.347
0.3u41
0.342
0.292
0.394
0.354
0.u58
0.u478
0.445
0.415
0. 433
0.304
0.364
0.379
0.376
0.413
0.326
0.346
0.397
0.370
0.365
0.399
0.397
0.340
0.376
0.H48¢
0.414
0.398
0.380
0.351
0.43¢
0. 367
a.384
0.375
0.31¢
0.327
0.282
0.30€
0.321
0.296
G.275
0.310
0.259
0. 30¢
3.312
9.322
D.312
0.230
2.197
0.269

11:11 FEFIDAY,

1P

6.132
0.1u1
0.1€8
0.117
0.140
C.15¢
0.187
0.175
D.1¢€2
0.181
0.1¢5
0.171
0.1E4
0.187
0.178
0.138
0.142
t.11e
0.0%7
g.171
G.142
0154
0.123
0.121
¢.158
0.114
0.127
0.154
0. 146
0.135
c.1c8
0.105
6.202
C.15G
0.200
0. 180
C.1€7
0.1€5
0.161
0.132
0.166
0.515
0.355
0.534
0.753
0.574
0.613
0.5U2
0.5 11
0.529
0.E52
0.574
0.€29
0.9:22
0.750

10-40

HARCH 26,

TCA

1.8¢
1.89
2.19
1.54
2.08
2.98
2.01
1.98
1.¢3
2.48
1.76
1.90
Db
Z.47
2.21
2.069
1.80
1.¢8
1453
1.66
1.0
z-03
1.61
1.33
1.70
1.14
1.77
1.79
1.90
1.9C
1.5¢
1.25
z.02
2.39
Z.1€
i.16
1.90
1.42
1.65
1.85
1.68
1.54
1.4z
1.62
1.3
1.87
2225
1.€5
1.83
1.91
1.869
1.80
1.76
1.493
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STATISITICAL A NALYSTIS SY3TEH!N 11:11 FEIDAY, MARCH 26, 1S8:z
DATA FRCH 1980

GBS LINE EAOS v R W N E K ChA MG IF ip 1K 1CA THEG
111 0 3 B 3 4. 14 1.10 0.108 2.u49 0.420 0.2¢Q 4.,5E Q.u47 1G.31 1.74 1.08
112 0 3 6 1 3.38 1.28 0.119 2.58 0.456 0.315 4.30 0.400 8.67 1..£3 1.0€
113 4 3 (] 2 3.42 1.90 0.195 2.88 0.554 0.322 €.5C 0.€£7 9.85 1.89 1.1¢6
iy 0 3 o 3 3.22 1.54 0.183 3.13 0.555 0.348 4.9¢ 0.5e9 10.08 1.79 1.12
11¢ 0 3 7 1 4.26 1.00 0.1€0 2.90 0.547 ¢.307 4.26 0.682 12-.35 2.33 1.31
11é 0 3 7 2 4.u6 1.21 0.148 2.40 3.504 0.324 S.40 0.660 10.70 Z.25 1-4%
117 ) 3 1 3 .17 1.25 3.155 2.48 0.552 0. 34¢ 5.21 0.Ede 10.34 <. 30 1.44
118 0 3 2 1 3.81 1.52 0.140 2.12 0.421 0.33¢ G547¢ 0.£33 8.08 1.€0 1.28
116 G 3 8 2 3.42 « §E 0.140 2.52 d.495 ¢.311 5.30 0.479 B.62 1.665 1.0¢€
12¢€ 0 3 2 3 3.94 1.25 0.123 2.57 0.423 0,239 4.92 C.4€5 10.13 1.€7 0.9y
121 0 3 9 1 .44 1.02 0.116 2.26 0.407 0.283 4.53 D.215 10.03 1.81 1.2¢
122 0 3 9 2 3.084 1.2¢ 0.128 2.U5 0.413 0.331 4.33 0.440 8.43 1.42 1. 14
123 0 3 S 3 4,20 1.25 0. 1€1 2.43 0.525 0.308 5.25 0.87¢ 10.21 2.20 1.28
124 0 3 0 -1 4.02 1. 41 0.142 2.87 0.469 0.325 5.67 0.5¢E3 11.54 1.89 1.31
2% 0 3 10 2 4.09 0.98 0.112 2.35 0.440 0.325 4.01 0.4:8 5.61 1.80 1.33
126 0 3 i0 3 4.44 1.09 0.120 2.54 ¢.370 0. 241 4.€4 083 11.28 1.e4 1.07
127 0 3 11 1 2.98 2-16 0.20%8 3.17 0.437 0.351 6.414 0.€11 9.45 1.30 1.0E
1ZE ¢ 3 i 2 3.31 1.88 0.1¢€1 3.13 0.490 0.311 6.22 0.533 10.36 1.62 1.03
129 0 3 1" 3 3.92 1.85 0.210 3.05 0.458 0.334 Tt 0.823 11.9¢ 1.80 1. 31
130 0 3 12 1 2.82 1.88 0.160 2.73 0.398 0.309 5.30 0.451 7.70 1.4z O.ET
121 G 3 12 2 3. 44 1.25 ¢.102 2.33 0.338 0.221 4.3¢ 0.3%1 8.02 1.198 0.7¢
132 G 3 12 3 2.82 1.€8 0.153 2.48 0.427 0.299 4.74 0.431 6.99 1.20 0.84
1232 0 3 13 1 3.08 1.75 0.152 3.32 0.480 0.298 £.3% C.4¢8 10.23 1.48 0.5z
i34 0 3 13 2 3.29 1.50 0.148 2.82 0.368 0.283 4.92 0.487 9.28 1.21 0.93
13E C 3 13 3 2.€1 1.70 0.1€0G 3.24 0.561 0.335 4,44 0-418 B. 46 1.4¢ Q.8%
13¢ 0 3 14 1 4.73 0.90 0.100 2.13 0.335 0.244 y.z¢e 0.u%3 10.07 1.58 1.1%
137 0 3 14 2 4.53 1.28 0.128 2.57 0.433 0.271 5.80C 0.560 11.64 1.6¢ 1.23
1€ 0 3 14 3 3.84 1.19 0.120 2.59 0.371 0.251 4.57 0.4€1 9.95 1.4z 0.9¢
139 0 3 15 1 3.69 1.38 0. 142 2.40 0.414 0.342 £.0¢ G.524 8.8¢ 1.53 1.2¢
140 a 3 15 2 3.76 1.09 ¢.133 2.48 0.458 0.340 4.1¢ 0.£00 9.32 1.72 1.2E
141 0 3 15 3 3.88 1.38 G.145 2.43 0.480 0.374 5305 0.5¢€3 9.43 1.66 1.45
1432 0 3 1¢& 1 3.45 1.70 0.201 2.81 0.50¢ 0.350 CL.EE 0.€53 9.69 1.75 1.21
143 0 E 16 2 3.59 1.60 0.1€3 2.96 0.374 0.290 5.74 0.585 10-63 1.34 1.04
144 0 3 1€ 3 3.38 1.7¢ 0.189 3.35 0.447 0.230 5.9E5 0.639 11.32 1.51 0.6¢
148 3 3 1 1 2.8¢ 1.70 0.122 2.42 0.589 0.38¢ 4.8€ 0.3u9 €292 1.€8 1.10
14€ 3 3 1 2 3.29 1.5¢0 0.110 2.48 0.665 0.343 4.93 0.3€2 8.16 z.19 1.13
147 3 3 1 3 2.52 1.88 0.128 2.93 0.745 0.355 4.74 0.323 7.38 1. 88 0.8¢
14¢ 3 3 2 i 3.51 1.65 0.127 2.50 0.5u8 0.3%4 5.7% 0.044¢ 8.77 1.92 1.24
145 3 3 2 2 1.87 2.2% 0.120 3.22 0.942 0.415 4,21 0.224 €6.02 1.7¢ 0.7€
1seC 3 3 2 3 1.89 2.45 0.1¢0 3.49 0.7711 0.420 h.ez 0.3C2 €.€0 1. le 0.7¢
181 2 3 3 1 2.M 1. 87 0.128 285 0.eu3 0.398 .07 G.3u7 7.18 1.74 1.08
152 3 3 3 2 3.43 1.15 0.080 2.22 0.599 0.375 3.94 0.274 7.61 2.0E 1.26
&3 2 3 3 3 3.58 1.55 0.139 2.70 0.e€9 0.318 BLSE C.uc8 9.e7 2.40 1. 14
154 3 3 4 1 2.73 1.78 0.140 3.20 0.784 G.458 4.g¢€ 0.382 8.74 z. 14 1.2
i5E 3 3 4 2 3.79 1.1¢ 0.110 2.85 0.547 0.351 4.40 0.417 10.80 2.6G7 V33
15¢ 3 3 4 3 4.04 1.33 0.110 2.204 0.¢19 0.389 £.37 C.aug 9.05 2.50 1.57
157 3 3 5 1 3.83 1.21 0.118 2.7E8 0.711 0.3 4,e2 0.452 10.53 2.72 1.1
1SE 3 3 & 2 3.66 1.3¢ ¢.110 2.G8 G.784 8.372 5.06 0.803 9.81 Z-87 1.3¢€
1Lt 3 3 g 3 3.63 1,42 0.101 2.u42 0.720 0.39E s, 1% 0.3€7 £.78 2.1 1.453
160 3 3 6 1 2.18 2.4¢ 0.18% 2.74 1.012 0.501 €£.92 0.514 7.2 2-81 1.39
161 3 3 6 2 2.80 1.9%0 0.1E5% 2.88 0.721 0.434 5.32 0.434 g.06 £.02 1.2z
1€z 3 3 € 3 3.13 1.60 0.-132 2.78 0.785 0.351 £.01 0.413 6.70 <. 49 1.10
1€3 3 3 7 1 3.42 1.40 0.11¢ 2.37 0.78¢& 0. 447 4.7¢ G.353 B.i1 Zn B 1.53
168 3 3 7 2 3.12 1.50 g.1Ge 2.98 0.993 0.473 4.6¢ 0.337 9.38 3.10 1-4E
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$TATISTICHTI ARNALYSTIS SYSTEMN 11:11 FEIDAY, MBECH 26, 1%82
DATA FRCM 1380

GEES LIME EHOS v W N E K Ca MG v ir TK ICa TKG
1€% 3 3 7 3 3.90 1.38 0.114 2.78 0.€£31 0.352 €.3¢ 0.445 10.84 2.4¢ .37
1€6 3 3 8 1 2.60 1.61 0.0%8 2.86 0.621 0.368 4.19 0.2E5 7.44 1.€1 0.9¢
1€7 3 3 8 2 3.05 1.48 0,082 2.78 0.€€4 0.389 1.51% €.2%0 §.48 2.03 1. 16
168 3 3 8 3 2.94 1.48 0.102 2.70 0.€£83 0.347 .35 C.3C0 7.94 2.01 1.02
1€¢ 3 3 9 1 3.17 1.62 0.110 2.39 0.616 0.379 5.14 0.349 7.58 1.65 1.20
176 3 3 b 2 4.07 1. 30 0.130 2.53 0.e54 0.394 5.2% 0.529 10.30 Z.€¢6 1.60
171 3 3 9 3 +52 1.12 0.111 2.48 0.613 0.407 3.94 0.3%1 8,73 Z.1¢€ 1.43
172 3 3 10 1 3.54 1.58 0.130 2.70 0.638 0.365 5.59 0.460 9.56 z.2E 1.29
11s kz 3 16 2 3.30 1.68 0.135 2.53 0.€74 0.400 CLbg 0.845 §.35 2.22 1,32
174 3 3 10 3 2.67 1.82 0.12¢ 3.01 D.&30 0.359 4.8¢ C.334 8.04 1.¢8 0.9¢
17E 3 3 11 1 1.89 2.14 0.124 3.35 0.6171 0.331 4.04 0.224 6.33 1.217 0.€3
17¢ 3 3 11 2 2.75 1.71 0.105 3.00 0.537 0.378 4.7¢C 0.289 8.25 1.u48 1.04
177 3 3 11 3 2.40 1.72 0.103 2.96 0.cu4 0.378 4.1z 0.2u7 7.10 1.55 0.91
17€ 3 3 12 1 2.53 1.95 0.110 2.90 0.594 0.332 4,93 0.278 7.34 1.50 0.84
17¢ 3 3 12 2 2.¢0 2,02 0.1¢€1 3.17 0.73¢ 0.388 SRt C.u19 8.24 1.391 1.01
180 2 3 12 3 2.60 1. €8 0.1240 2.77 0.524 0.391 4.8¢ c.312 7.20 1. 3¢ 1.0z
181 3 3 13 1 2-45 2.02 0.138 3.14 0.€94 0.424 4_.9¢ 0.338 7.69 1.70 1.04
162 3 3 13 2 2.93 1.84 0.145 3.09 0.58¢ 0.361 SL3L 0.4z5 §.05 1.72 1.06
183 3 3 13 3 ] 1.80 0.1%1 3.06 0.€51 0.351 §.5¢% 0.382 T.74 1.€5 0.89
1€4 3 3 14 1 2. 40 1.60 0.08¢8 2.4% 0.720 0.415 3.84 0.211 .88 1.73 1.0¢
18% 3 3 14 2 3.8¢ 1.53 0.133 2.58 0.500 0.328 5.91 0.513 9.96 .93 1.27%
18¢€ 3 3 14 3 3.32 1.47 0.111 2.70 0.518 0.362 4.8¢ 0.3¢5 8.5¢ 1.72 1.2¢
187 3 3 18 1 2.98 1.61 0.130 2.44 0.544 0.358 4.80 0.387 7.27 1.62 1.07
1EE 3 3 15 2 3.32 1.60 0.120 2.48 0.690 0.u50 5431 0.3¢8 8.23 229 1.4%
189 3 3 15 3 3.28 1.42 0.108 2.44 0.90¢ 0.u85 4.6t 0.354 §.00 2.97 1.58
19¢ 3 3 16 1 2.70 1.69 0.111 2.80 0.750 0.398 4.5¢ 0.300 7.56 z.02 1.07
181 3 3 1€ 2 3.22 1.73 0. 140 2.78 0.54¢€ 0.37¢ £.57 0.481 8.95 1.7¢€ 1.z21
162 3 3 16 3 2.93 .50 0.122 2.82 0.518 0.340 4.39 0.3%57 8.2¢ 1.52 1.00
STARTISTICA AL ANARALYSTIS SYSTEHMH 11:16 FFIDAY, MARCH 26, 1882
EXPERIMENT TIT  Table 2. DATA FRCH 1982
v 1 R W R P K CA NG AL MN PD TN TE -1 TR TCA THG TAL  IHN
S e e S A % mmmsmm— s m— e -=m-ppm--- SCOre e 10 "x mE =mmmmme—————— === WiCro gm-
1 0 1 2453 3.00 0.185% 337 0.507 D.32% 93 457 1.0 7.59 C.U4ckE E€.53 1.28 0.81 23k 115¢
1 0 2 2.05 2.98 0. 200 «E9 G.525 0.340 109 518 3.0 6.10 0. 410 7.35 1. 08 0.740 223 1061
1 0 3 1.8 2.9C 0.179 3.51 0.533 0.281 80 411 0.0 5.7¢ 43 5E €.9¢ 1.0€ 0.5¢ 159 815
z 0 1 #£3 2.489 D.158 3.45 0.531 0.3%¢6 12¢ 537 0.0 3.8zZ €.243 £.30 c.82 0.55 192 824
2 ] 2 1. 18 3.06 0.222 4.19 0.u60 0.317 188 406 0.0 3.62 0.263 4.96 0.54 0.38 22z 4£0
2 0 3 1. 14 3.18 0.214 0.54 0.544 0.302 101 4e3 0.0 3.€3 C.zu4 £.18 C.€e2 0.34 1L 552
3 0 1 1. 32 3.50 0.215 3.34 0.730 0.373 182 €70 0.0 §.€2 .84 4.41 €.5¢ 0.49 249 884
3 0 2 1. 21 3.60 0.201 4.5y 0.729 0.356 138 639 0.0 4.37 0.204 £.52 0. 89 0.4z 16 € 776
3 0 3 1. 19 3.48 0,225 4,53 0.724 0.387 1£7 €20 0.0 4.11 C.2e¢g L6 C.8¢ 0.43 199 73¢
4 0 1 1:72 3,22 0.180 2.93 0.522 0.381 126& 412 1.0 5.54 C.21C £.05 .90 0.&6 217 709
) 0 2 1. 68 .38 0. 185 3.06 0.480 0.3496 146 297 0.0 5.68 0. 311 C.14 C-B1 0.€7 24 459
4 0 3 1. €3 3.1¢C 0.180 3.04 0.558 0.41% 1€2 435 0.0 5.07 C.z54 .57 €.91 0.¢8 2¢% 711
B o 1 2.39 2.62 0.171 3.25 0.572 0.39¢9 133 533 0.0 6€.27 C.41¢ 7.78 1.37 0.9 319 1277
5 0 2 2. 87 2.50 0.170 2.80 0.418 0.388 117 395 0.0 7.18 0. U89 8.05 1. 20 1. 12 33¢ 1135
5 0 3 2418 2.21 0.148 2.8¢ 0.590 0.329 T2 4ug 0.0 €£.07 C.u07 7.8¢ 1.€2 0.90 198 1231
() 0 1 2.13 2.78 0. 143 3.09 0.392 0.311 1e1 337 3.0 5.92 C.z04 €.58 C.83 0.¢€¢€ 343 717

* W = Dry weight, PD = P deficiency, T = Total; V = Strain, L = Lime, R = Replicution



<
-
=3

[t JVs JVo s < B's o o« VS IESS BEAN B2 B w8

NN EEFLEWWWNRNRN=S = .o
MR NMNNNOONMNMRONRNONMBODODRONMNMROUONMMNNOCOOC OO T OO0 DOOC OO0 oS oaoQ

B0 i bl Bt G DD ot L0 D e LU B e i B b 0N G N e B DD e N W LN e LN e N N B e L B e GBS

(%< JVa A5 - Ba s . HEVEE N S Be AR 3 oM

STATISTICA AL ANRAMALYSIS SYSTEH®H 11:16 FRILAY, MARCH 2¢, 1982
DATA FRCHM 1982

it N P K CA . AL HE PD TH TE Tk  ICA THE TAL THN
2. 43 -8  0.148 2.74  0.4B3  0.315 350 419 3.0  6.27  0.3&C €.€6 1,17 0.77 85C 1018
2.25 2.68 0.150  3.37  0.474  0.336 102 350 2.0 6.02  0.3237 7.57 .06 0.75 229 786
2,20 2.3% ©0.138 3.32 0.43¢  0.295 2¢7 43% 0.0 5.2¢  (.z203 7.30  €.9%  0.e5 587 %e5
2.60  2.30 0.148 3.1 0.430 0.32t 104 407 0.0 5.99 0Q.38% €.10  1.12  0.684 271 10€0
1.93 2.7¢  0.1€9  3.90  0.48¢  0.323 6 454 0.0 5.33  0.327 7.53  0.94 0.€2  18°% 877
2.43  2.50 0.160  3.2¢ 0.5 0.284 103 390 1.0 6.07 0.:89 7.92 1.24 0.¢9 250 948
1.€5 2.88 0.152 3.82  0.533  0.3t10 117 443 0.0 4.76  0.25%1 €.32  0.88 0.51 154 733
2,02 2.53  0.148  3.58  0.484  0.327 131 45 0.0 5.11  0.299 7-15  0.98  0.€6 264 8s8
2.18  2.48  0.13¢  2.97 0.404  0.321 145 397 0.0 5.4C C.ZzS¢ €.47 C.88 0.70 31¢ BEY
2.43 2.30 0.150 3.37  0.407  0.312 123 350 0.0 5.60  0.365 8.20 €.99 0.76 295 852
2.24 2.3C 0.130 3.2¢ 0.3395 €.275 120 337 0.0 5.15  0.291 7.31  0.89 0.€2  26¢ Fas
2.317 3.28 0.200 3.€6€ D.475 0.313 105 339 1.0 7.57 C.4€2 E.45  1.10  0.72 242 782
2.49 2.76  0.180 3.50  0.415  C.30% 79 294 1.0 6.87  0.448 E.T1 1.03  0.76 197 732
2.42 2.5E1  0.146  3.27 0.4 0.273 112 357 1.0 6.06  0.353 7.90 1.02  0.66 27t 863
2.03  3.00 0.200 3.73 0,493 0.326¢ 131 485 1.0  €.10  C.407 7.59 1,00 0.€6  2¢¢€ 905
1.60  3.00 0.192 3.€5 0.€66  0.384 149 478 1.0  4.81  0.308 £.85 1.07 0.€2 239 7€7
1.3 3.0C 0.180 3.67 0.530 0.354 155 467 1.0 5.50  0.330 6€.73 0.97 0.€% 284 857
2.15 2.88 0.174  3.41  0.419 0.305 103 370 2.0 €.21 (.37°% 7.35 (.90 0.e6 222 797
2.01  3.00 0.180  4.04  0.430  0.2%8 76 345 2.0 . 6.04  0.363 B.14 .87 0.22 153 €95
2.23  2.72 0.1€0  3.€8  0.483  0.31¢ 95 356 2.0 6.08  0.357 8.22 .08 0.71 21z 795
1.93 2.9C 0.168  4.03  0.431 0.327 169 402 0.0 5.¢0 (.324 7.78  €.83  0.£3 326 77¢
.61 3.28  0.200 4.00  O.484  0.3u40 142 w00 2.0  5.27  0.321 6.43  0.71 .55 228 K
1.8 2.9C 0.159 3.81 0.50¢ 0.292 116 346 1.0 4.87  0.267 €.40  0.85 =50 18E 5€2
3,09 2.20 0.140 3.37 0.458  0.326 104 321 2.0 €.B0 €.432 1C.22  1.41 1.01 321 992
2.38  3.10 0.190 3.80  0Q.540  0.325 160 462 1.0 7.39  0.453 9.30  1.29 0.77 381 1101
2.83  2.eC  0.15¢  3.31 0.440 0.312 150 395 2.0 6.58  0.395 8.37 .11 0.7% 375 999
2.€7 2.€1  0.165 3.21  0.472 0.3213 134 390 1.0 €.9€¢  C.uuc £.56 1.26  0.B3 357 1040
2.58  2.80 0.170 3.2¢ D.414 ¢.319 198 323 1.0 7.22  C.43€ E.40 1,07 Q.82 s510 832
2.21  2.62 0.160 32.%0 0.500  0.355 141 403 2.0 5.80  0.354 7.74 .11 0.79 31z 891
2.33  2.85  0.190 4.21 0.748  0.30% 232 359 0.0 €.63  C.u4z C.80 1.7 0.70 540 83¢
2.38  2.80 0.190 3.95 0.733 0.295 83 339 0.0 €.€7 (.u53 R 1.75 0.70 198 508
2.53 2.52 0.165 3.91 .583  0.244 137 364 0.0 6.37  0.417 5.88 .47  0.€z  34¢€ 920
2.80  3.41  0.162 4,17 0.€77 0.2 72 285 0.0 B.8B  (.4z:z 10.E5 1.7¢ 0.5 187 664
1.93 2.72  0.180  4.67  0.743  0.240 120 313 0.0 5.2€¢ C.:ug $.03  1.84  0O.8e 232 €05
2.06 2.68 0.19% 4.78  0.724  0.260 159 270 0.0 5.52  ©.393 5.85 1. 49 .E4 328 556
1.6 3.12 0.176 4.43 0.982 0.279 103 410 0.0 5,17  (.zBZ 7.34 1.63 0.4 171 675
1.60 3.20 0.169  4.50 0.%60  €.293 144 37¢ 0.0 5.14 C.z71 7.22 1.5 Q.47 231 €03
1.79 3.08 0.169 4.27 0.E810 0.295 233 336 0.0 5.52 -303 7.65 1.45  0.53 41E 602
2.% 2.90 0.192 3.8%4 0.700 0.3€¢7 140 2¢3  z.0 7T.44  (.49:2 .75 1.80 0.94 359 675
2,49 2.71 0.172 3.56  0.€73  0.378 114 268 1.0 &.7€  (.429 S.BE 1.8  0.54 284 €69
2.39  2.72 0.180  3.62 0.€88  0.334 104 220 0.0 6.51  0.431 B.66 1.65  0.80 246 52€
3.4 2.10 0.150 3.00 0.705 0.3% 142 333 0.0 7.27 (.&1¢ 10.38  Z.44  1.C9 491 11=2
3.05  2.40 0.773  3.97 C.747  0.28%% 110 37t 0.0 7.31 C.527 1z.09 .28 0.50 335 1130
2.95  2.53  0.190 3.74  (¢.726  0.347 140 385 1.0 T.46  C.560 11.02 Z.14  1.02 413 113¢
2.20 2.8C 0.170 4,05 0.€70 0.285 113 300 2.0 €.17  (.Z7% £.82 1.48 0.€3 260 6€1
2.60 2.51 0.145 3.76  0.E€54  0.259 85 231 3.0 e.5z (.77 <.77 1.70  D.&e7 221 €00
2.27  2.9% 0.188  4.05  0.E61 0.270 147 235 1.0 6.65  0.426 c.18 .50 0.€1 333 £33
3.4 2.10  0.159  3.e¢  0.%€2 0.295 1€l 241 0.0  7.ed (.E7€ 12.31 Z.04 1,67 586 877
3.09  2.40 0.190  4.05  0.%94  0.2%¢ 8¢ 285 0.0  7.41  C.Ege 12.56  1.83  ©.91  2¢°S 880
3.13 2.28  0.160 3.72 0.585  0.296 144 281 0.0 7.12  €.500 11.62 .83 0.92 450 a78
2.33  2.€8  0.170 3,99  0.718  0.248 103 299 1.0 €.2%  (.297 €31 1.68 0.58 240 658
2.94  2.4%  0.169  3.95  ©.750 0.371 150 293 0.0 7.0¢ £.497 1M.62 Z.21 1.09 44 8E2
3.0% 2.32  0:170 4§.02 0.707 €.309 129 328 1.8 7.07 G.218 12.2¢€ z. 16 0.54 393 941
3.C5 2.40  G.1u8 3.91 0.¢14 0.275 121 220 0.0 7.31 C.u%1 11.91 1.87  0.84 3869 682
3.04 2.40 0.170 3.57  0.619  0.308 148 270 0.0 7.3C +E17 10.65 1.88  0.94 4530 821
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STATISTIICRHAIL ANALYSTIS SYSTEM 11:16 FRILAY, MAECH 2¢, 1982
DATA FECM 1982

W N P K Cha MG AL MN PD N TE 1K ICA THG TAL THMN
3.71 2.10 0.145 3.38 0.579 0.30¢ 1e0 2¢e7 0. 7.7¢ C.537 12.53 . 15 1.13 593 990
2. 39 2.80 0.%71 4.04 0.€92 0.348 159 3€2 2. £.E8 C.ugE S.e4 1. €5 0.83 38¢ BEY
2.1 2.98 0.201 4.49 0.748 C.340 305 329 1. 6.29 0.u24 9.47 1.58 0.7z 644 €94
3.12 2.4¢ 0.150 3.73 C.e7¢ 0.321 93 318 3. T.¢E C.4¢eE 11.64 <-11 1.00 2940 g9¢cz
2.72 +EE 0. 188 4.24 0-.€51 0.305 122 7 1. €.92 C.E11 11.52 1.77 0.83 332 889
2. 36 w5l 0.160 4.48 0. €45 0.253 113 187 2. 5.94 0.377 10.56 1.52 0.€0 26¢€ 4u1
2.24 2.82 0,180 4.58 0.€25 G.300 105 315 . €.21 C.403 1€.25 1.40 0.€7 23% 70%
2.43 3.00 0.190 4.18 0.€66 G.351% 12¢ 305 . 7.2% C.h4e2 1G.1¢ 1.€2 0.€5 30¢ 741
2.17 2.68 9.1861 4.12 0.752 0.289 115 341 % 5.81 G- 349 E.94 1-63 0.€3 24¢< 740
3.70 2.2C 0.140 3.21 0.€51 0.232 152 266 - 8.14 C.E1E 11.88 2.1 1.23 562 985
2.24 2.70 0.175 4.34 c.764 0.345 147 333 - €.014 C.z52 C.71 1.71 Q.77 329 T45
2.00 3.20 0.201 4.84 0.737 0.313 189 281 . 6.40 0. 402 $.68 1. 47 0.€3 378 562
2.47 2.92 0.192 4.32 0.77¢ 0.372 210 375 - T.21 c.ury 1C.€e7 1.92 0.92 518 926
2. 40 2.786 0.175 4.01 0.830 0.37¢ 106 405 - 6.€3 C.421 C.E4 1.99 0.90 255 973

6.55 0.427 11.23 1.75 O0.EE 44¢ 868
7.3% C.uB¢ 1z .47 1.85 1.04 337 €1¢
€£.93 C.u483 11.90 .03 0.51 287 933
7.13 0.513 11.18 -93 0.92 393 EEER
7.0€ C.ZEE 13.51 .69 1.32 391 762
€.94 C.u7z 11.10 « 47 Q.77 268 €97
6.11 0.427 9.75 .69 0.69 186 4ee
7.74 C.u9¢ 11.10 .32 0.86 264 641
7.41 C.€44 12.18 . €0 1.C¢ 29¢ 580
7.30 0.534 13.63 .74 0.7%% 35¢ B2e
t.72 C.ua7 12.09 .29 0.2 201 471
5.7¢ €.33¢ .40 'z.20 0.56 290 413
5.21 0.307 7.58 -83 0.¢€1 20¢ 3174
6.28 C.zE¢ 7.87 -3 0.60 2E8 4521
6.€1 C. 4190 <.48 .10 0.50 378 353
6.95 0.468 10.18 - 90 0.£h 177 293
7.28 C.u81 1¢.€2 .14 0.%6 27¢ 374
B8.39 C.€57 14.17¢ -28 1.05 585 1051
7.73 0. 586 1Z.44 .37 0.94 45¢ q1c2
7.50 Celftz 11.83 -35 0.5¢ 361 83t
8.0¢& C.503 11.30 .24 0.87 SE5 €15
7.42 0. 498 10.93 w5 J.E6 501 487
€.74 C.41C .43 .03 0.e7 31z 618
7.87 C.€12 14 .00 .€3 0.52 Hs50 783
7-.12 0. 556 13.60 - 19 -32 397 s
€.90 €552 13.03 .35 1.0¢9 43¢ 617
€.52 €.41¢9 13.33 .57 0.58 447 £98
6.44 €. u89 10.76 -11 0.717 2€0 600
TulBE C.281 12.31 .75 0.58 5%3 622
€.U3 C.u51 1z .82 . 56 0.58 277 €52
7.50 0.530 14.38 - 43 1. 14 3E93 570
€.5% C.47¢ 1z .00 .02 0.E5 223 516
8.1C C.€80 4.8z .48 1.20 4z8 €95

2.70 2.42 0.158 4.15 0.€48 0.318 166 i
3.24 2.28 0.150 3.85 0.570 0.3 104 190
3. 33 2.08 0. 145 3.57 0.610 0.272 86 280
2.93 2.U3 0.175 3.81 0.€59 0.313 134 296
4.12 1.72 0.138 3.28 0.4811 0.320 95 185
.22 2.76 0. 188 4.41 0.%80 0.308 107 277
2.25 2.72 0.190 4,34 0.750 06.309 84 216
Zubil 2.0 0,1¢€8 3.74 0.783 0.29 83 21€
3.22 2.30 0.200 4.09 0.808 0.229 92 180
3. 20 2.28 0.167 4.26 0.€57 0.235 112 133
2. €8 2.E1 0.182 4.89 0.834 0.257 75 17¢
1. 83 3.11 0.180 4.58 1.200 0.30¢ 158 225
1.62 -22 0.190 4.69 1.130 0.378 125 231
1. E5 3.4¢C 0.198 4.26 1.250 0.32¢ 145 228
2.28 2.90 0.180 4.16 0.920 0.39¢6 166 155
2.46 2.82 0.190 4.13 0.770 0.342 72 119
2.E0 2.80 0.189 4.11 0.822 0.371 10¢ 144
3. €65 2.30 0.180 3.88 G.900 0.287 133 288
2.96 2.061 0.198 4.20 0.E00 0.316 152 254
3.1 2.2C 0.1€e2 3.47 0.690 0.281 10¢ 245
2. 80 2.88 0.180 4.04 C.800 0.312 202 220
2.77 2.68 0.180 3.95 0. €50 0.312 181 176
2.17 3.11 0.189 4.35 0.475 0.309 144 285
3.78 2.08 0.162 3.70 C.€95 C.2uy4 118 207
3.M 1.92 0. 150 3.67 0.t891 0.3%6 107 193
3.45 2.0C 0.1€0 3.78 0.€82 0.317 127 179
3. 49 1.87 0.120 3.82 0.736 0.280 128 200
2.57 2.50 0.190 h4.18 0.€20 0.298 101 233
3.0¢ 2.27 0.1¢68 3.85 0.79¢ 0.284 1£0 180
3.05 2.11 0. 148 4.21 C-E40 0.323 91 214
3. 60 2.08 0. 147 3.99 0.€73 0.316 108 158
2.7%5 2.4¢ 0.171 4,37 0.73¢ 0.31 81 188
3.82 2.12 0.179 3.88 0.€50 0.314 112 182
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3.61 2.11 0.160 3.67 0. €75 0.331 171 175 “ 7.61 0. 577 13.24 -43 1.18 617 631
3.57 2.30 0.1¢62 3.61 0.€74 0.223 119 11¢ . 8.21 C.E7¢E 12.8% 41 0.80 4z5 393
3. 19 2.5 0.168 4.04 0.765 0.332 135 161 - 7.%7 C.53¢ 12.EE < Uy 1.0¢ 431 513
Z.€7 2.80 0.20& 4.33 9.708 0.2¢8 185 223 . £.93 C.tug 11.54 .89 0.71 453 595
2.67 2.12 0. 200 4.33 0.E61 0.321 Ry 228 = Te28 0= 533 11.54 - 30 0.E8 235 €08
2.E4 2.7¢ 0.149 4.17 0.850 0.329 124 211 . 7.13 0. 394 11.02 -25 0.50 3z8 587
3. E2 1.90 0.150 3.€5 0.¢08 C. 300 81 154 5 7.2F C.E72 13.582 w32 1.14 309 588
3.61 2.30 0. 180 3.90 0.832 0.39 128 232 - B.31 0.650 14.09 3. 01 .11 Be2 BIgB



STATISTICESAL ANALYSIS SYSTEHK 11:16 FRILCAY, MARCH 26, 198:Z
DATA FRCHM 1982

CES v L R W N P K CA BG AL NN PD Iw TE 1K 1CA IH8G TAL THR
127 13 4 1 3.30 Z.18 0,742 4.02 C.830 9.349 €9 21 1.0 7.20 C.ues 12.28 Z2.74 1.15 2z8 €37
128 13 i 2 2.15 3.10 G. 200 4.95 0.922 0. 3€3 111 290 1.0 6.66 0.4z29 10.63 1.98 0.78 238 623
129 13 q 3 2.13 2.75 0.190 4.€9 0.790 0.313 113 220 3.0 5.8E C.U4GE S.0% 1.¢€8 0.¢7 241 4es8
130 14 4 1 3. 5% 2.34 2. 159 .92 0.713 t.334 20 208 2.0 8.3¢C C.5¢4 13.90 z.53 1.18 713 738
31 12 4 2 2.97 2.40 0. 142 4.12 0.598 ¢.306 111 219 3.0 7.14 G.422 12.25 1.78 0.91 3320 €EY
132 iL u 3 3. 51 2.0¢ 0.134 3.€9 0.830 0.290 88 198 2.0 8.0% G.E24 .43 Z.d5 1.13 344 174
133 i5 4 1 2.9% 2.35 0. 180 .34 0.820 ¢.31 100 184 2.0 €£.92 C.c3C 12.77 Z.41 0.97 294 542
134 15 4 2 3.78 1.92 0.160 4.02 0.797 C.399 s 198 2.0 7.25 0. €04 1£.19 2.01 1.51 421 148
123 it y 3 3.47 2.31 0.150 3.85 0.790 0.352 14¢ 154 2.0 8.01 C.E20 13.3¢ Z2.74 1.22 5C¢ £34
136 1 a L 2.33 2.90 0. 180 .54 1.082 0.289 91 195 0.0 £.7% C.419 1C.5¢ 2.52 0.e7 212 454
137 1 8 2 -8 2.7% 0. 182 h.18 1.600 0.340 92 49 1.0 7-11 0. 470 10.80 2. 58 0.88 238 38t
1:e 1 & 3 2.135 2.58 0.180 4.¢€8 1.040 0.310 9y 142 0.0 6,95 C.H422 10.68 2. 44 0.73 221 333
13¢ Z 8 1 2.83 2.52 0.165 4.40 1.075 C.241 90 104 0.0 T.14 C.ue7d 12.47 3.05 0.t8 2E5 295
146G 2 8 2 2.70 2.50 0. 180 4.4 1.000 0.299 106 101 0.0 6-76¢ 0. 487 12.82 z.70 0.81 2E7 273
141 z B 3 1.49 2.2 0.182 5.40 1.740 0.30¢ 105 79 G.0 3.91 C.272 E.Ce 1.70 0.4¢ 157 116
142 3 8 1 2. 04 3.20 0.190 4.29 1. 460 6.317 177 94 0.0 €.5% . 287 £.73 2.97 0.€5 3¢e0 191
143 3 8 2 t. 82 3.30 0-160 4.61 1.510 0.310 139 6h 0.0 6.02 0.292 B.41 .15 0.57 2%y 117
14y 3 8 3 1. G¢€ 3.2C 0.192 4.42 1. 500 0.324 262 101 0.0 €.2€ €.37¢ £.¢5 Z.93 0.63 512 1¢¢
145 4 8 1 2. 44 3.00 0. 200 3.92 1.060 €.383 129 72 1.0 7.33 C.ug8%g €.58 £.59 0.94 315 17¢
146 4 & 2 2.27 2.5¢C 0.179 3.87 1.089 0.390 102 73 1.0 6.60 0. 407 8.8C Z. 48 0-.€9 232 16€
147 4 B 3 2.7¢ 2.7¢ 0.192 3.¢9 1.4600 0.355% 124 S4 1.0 7.£% C.23¢C 10.18 2.76 0.58 342 149
148 5 3 1 3. 07 Z.12 0.1748 3.E5 1.040 0.355 122 191 1.0 €.51 0.45E 11.21 3.19 1.05 31s 587
149 5 8 2 2.7 2.3% 0.158 4.04 1.030 t.318 123 190 2.0 6.48 0.u28 10.95 2.79 0.EE€ 233 gy
120 g 8 3 2. €7 2.41 0.148 3.93 0.973 0.428 126 1€5 1.0 7.0¢ C.u2¢ 11.28 2.79 1.23 3€2 474
1c1 6 8 1 2. 68 2.32 0.140 3.81 0.E70 0.299 133 120 2.0 €.2Z2 .25 1C.21 2.33 0.80 3E¢ 322
182 € e 2 2.78 2.70 0.170 4,33 0.%80 0.294 123 80 2.0 7.51 0.473 12.05 2.73 0.82 342 223
1%3 € 8 3 2. U¢ 2.2€ 0.121 3.78 0.895 0.243 101 87 2.0 5.5¢ C.297 €.29 2.20 0.€60 2ug 214
124 7 8 1 3. 23 2.06 0.160 4.13 0.E00 0.363 91 129 1.0 EEE .51¢ 12.33 2.58 0.98 294 41¢
15E 7 8 2 3. 53 2.21 0.171% 3.85 G.£80 0.315 123 120 1.0 7.79 C¢.€03 13.58 3. 10 1.1 4y 423
1te 7 8 3 3.130 2.12 0.1€0 3.88 0.800 0.298 305 158 0.0 7.0C C.52¢ 12.81 Z.64 0.¢8 10G7 522
157 8 <] 1 2.90 2.40 0.161 4.37 C.c50 0.327 117 121 1.0 €£.9E C.Ueé 12.6¢ 2.75 0.95 339 380
158 8 8 2 2.96 2.38 0. 150 4.44 0.500 0.3€9 97 98 1.9 7.04 0. 444 13.13 z. B6 1.09 287 2940
159 g (£} 3 2,82 2.40 0.151 4.24 0.952 0.275 106 140 1.0 €.78 C.42¢ 11.81 2.69 0.78 299 39¢E
160 G 8 1 3. 37 2.19 0.161 4.18 0.792 0.377 1e7 104 0.0 7.38 €. E43 14.09 Z.¢7 1.27 5¢€3 351
161 G 3 2 3.28 2.08 0. 148 4.10 0.792 0.342 1290 21 1.0 6.82 0.48% 13.44 2~ 60 1.12 3¢3 2498
1€2 2 3 3 3.35 2.00 0.131 4.0¢ 0.827 0.375 177 120 0.0 €.ES C.u3e 132.5% z.77 1.2¢ 592 492
163 10 g 1 2.89 2.60 0. 1498 4.27 C.E0D 0.3%2 . 121 173 2.0 7.51 C.2%z 12 .34 2.1 1.13 3=0 500
164 10 8 2 2. 89 2.50 0.160 4.20 0.870 0.323 206 152 3.0 7.22 0-462 12.13 .21 0.83 555 439
1€5 10 e 3 .53 2.09 0.132 3.t¢ 0.731 0.283 82 1 3.0 B.2z c.c1¢ 14.40 Z.88 1.1 323 437
166 11 8 1 2.24 2.50 0.152 4.38 0.<10 t.3M 93 9 2.0 5.¢1 C.zu1 S.E2 2.04 0.740 209 21
167 11 8 2 2. 30 2.68 0.195 4_ts 0.549 0.319 123 140 1.0 6.17 0. 449 10.47 .18 0.7%3 2E3 322
1¢e8 11 8 3 2.%3 2.22 0.1¢€0 4.32 0.510 0.334 89 122 2.0 €.50 C.ues 12.¢€¢ Z.€7 .58 2¢€1 381
169 12 a 1 3. 67 2.18 0. 150 S ) 0.795 0.279 98 117 3.0 8.01 C.E51 13.¢7 £.92 1.03 3€0 430

170 12 8 2 3. 11 2.5 0. 165 .52 C.5%40 0.349 132 129 3.0 7.79 0.514 14.08 Z.93 1.09 %11 40z

111 iz 8 3 2.%6 2.58 0.143 1.10 0.578 0.328 107 130 2.0 €E.eC C.3€¢ 16.48 -Z.50 0.€4 274 332

172 13 8 1 1.69 3.20 0.148 4.90 1.040 0.355 110 118 3.0 5.4C C.334 £.2¢ 1.75 0.¢0 18¢5 199

173 13 8 2 2.57 2.68 0.161 4.21 1.044 0.334 118 112 3.0 6.88 0.413 10.81 z.68 0.€6 302 288

174 13 B 3 2.4 2.58 0.158 4.69 1.109 0.340 120 132 1.0 5.52 0. 338 10.04 2. 37 0.73 257 282

175 14 8 1 2.93 2.42 0.180 4.6€ 0.240 ¢.330 156 13¢ 3.0 7.1C 2B 13.67 z.7¢ 0.57 45€ z99

176 14 8 2 3. €1 2.2¢ 0.148 3.99 0.730 ¢.304 123 104 3.0 8.1¢ €.234 10.40 zZ.€3 1.10 44y 375

177 14 B 3 3.19 2.40 0. 168 4.45 0.500 0.304 115 125 2.0 7.6% 0. Z3¢ .19 2. 87 0.7 367 398

178 18 8 1 3.¢7 1.893 0.12¢ 3.49 0.747 0.319 114 10¢ 3.0 T.€7 €.zocC 13.8¢ 2.97 1.27 45z L21

179 15 8 2 2.98 2.62 0.180 4.17 0.840 0.271 105 118 2.0 7.81 C.E3¢ iz .43 2.50 1.1t 31z 352

180 15 8 3 3.33 2.20 0.136 3.84 0.<30 f.384 i08 136 1.0 7.33 0. 853 12.79 .30 1. z¢& 36C 4E3



Table 3 ,

Nutrient

Nitrogen
Fhosphorus
Potassium
Calcium
Megnesium
Sulphur
Zinc
Boron
Manganese
Iren
Copper

Aluminum

Field corn (01), cucumbers (16), muskmelon (21), sorghum-
sudan (37), sweet corn (L4l), watermelon (45), pumpkin (50),
end squash (53).

Nutrient concentration in tissue

Deficient Low Sufficient High Excessive
4 <1.75 1.75-2.46  2,50-3.50 3.51-L4,00 > 4,00
% < 0.16 0.16-0.24  0.25-0.50 0.51-0.80 > 0.80
% < 1.25 1.25-1.7%  1.75-2.25 2.26-2.75 > 2.75
% < 0,10 0.10-0.29  0.30-0.60 0,61-0.90 > 0.90
4 < 0.10 0.10-0.19  0.20-0.40 0.41-0.55 > 0.55
% < 0.10 0.10-0.20  0.21-0.50 0.51-0.80 > 0.80
rm < 15 15-25 26-75 76-150 s 150
prm < 2.0 2,0-5.0 5.1-40.0 40,1-55.0 > 55,0
prm < 15 15-25 26-150 151-200 > 200
pom < 10 10-49 50-250 251-350 > 350
o < 2.0 2,0-5.0 5.1-20.0 20.1-50.0 > 50.0
) e} < 10 11-3C0 301-5C0 > 500



ANALYTICAL PROCEDURES USED
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INDIVIDUAL/SIMULTANEQUS DETERMINATION OF NITROGEN

AND/OR PHOSPHORUS IN BD ACID DiGESTS

. Nitrogen  1-50 mg/I; 20-1000 mg/
" Phosphorus 1-50 mg/l; 20-1000 mg/t
BD-20/BD-40 (CIALYZER;)

RANGE

GENERAL DESCRIPTION PHOSPHORUS

NITROGEN

The determination of nitrogen is based on a
colorimetric method in which an emerald-green color

The determination of phosphorus is based on the
colorimetric method in which a hlue color is fonned
by the reaction of ortho phosphate, molybdate ion
and antimony ion followed by reduction wilth

o o ol mmonty st st i . sidc L The

: ‘ ' 1 lybdenum complex is read at 650 nm.
hypochlorite (chlorine source) in a buffered alkaline heephosoly LH e, EDpLEs 1 e
medium at a pH of 12.8-13.0. The ammonia-salicylate The acid digest samples are prepared by digestion
complex is read at 660 nm. with the Technicon BD-10 or BD-20 Block Digestor.

Refer to Manual No. TA4-0323-11 for sample
preparation.

PERFORMANCE AT 40 SAMPLES PER HOUR

MANUALLY PREPARED STANDARDS

NITROGEN 1-50 mg/l 20-1000 mg/!
Sensitivity at 50 mg/l at 1000 mg/l
0.20 absorbance unit 1.00 absorbance unit
Coefficient of at 25 mg/l at 500 mg/!
VYariation $0.6% +0.4%
Detaction Limit 1.0 mgN 20 mg/i
PHOSPHORUS 1-50 mg/l 20-1000 mg/l
Sensitivity at 50 mg/l at 1000 mg/l
0.20 absorbance unit 0.60 absorbance unit
Coelficient of at 25 mg/l at 500 mg/l
Variation +0.5% +0.6%
Deteclion Limit 1.0 mgN 20 mg/l

*Seo Operating Note 7,

s

q TECHMNICON INDUSTRIAL SYSTEMS / TARRYTOWN, N.Y, 10591



RCAGENTS

bkl i
Uitless ntherwise specificd, all reagents showld i
of ACS qualily or equivalent.

GENERAL REAGENTS

TRITON X-100 SOLUTION (50% in Methanol)
Triton X-100**
{Technicon No. T21-0188)
Methanol (CH,OH)

Preparation:
Add 50 ml of Triton X-100 to 50 mi of methano!
and mix thoroughly.

50 ml
50 mi

SYSTEM WASH WATER SOLUTION

(For System Shut-Down and Start-Up Only)
Triton X-100 Solution 1.0mi
Distilled Water 1000 ml

Preparation:
Add 1.0 ml of Triton X-100 solution to one liter of
distiled water and mix.

SAMPLER IV WASH RECEPTACLE SOLUTION
Distilled Water
Note: This reagent contains no wetting agent.

NITROGEN REAGENTS

STOCK SODIUM HYDROXIDE SOLUTION, 20%
Sodium Hydroxide Solution,
50% w/w
Distillad Water, q.s.

400 g
1000 ml

Preparation:

To 600 ml of distilled water, add 400 g of sodium
bydroxide solution, 50% w/w. Cool to room
femperature and dilute to one liter with distilled
water.

STOCK SODIUM POTASSIUM TARTRATE
SOLUTION, 20%
Sodium Potassiuin Tartrate
{NaKC,H, 0, 4H, 0)
Distilled Water, q.s.

200 g
1000 ml

Preparation:

Dissolve 200 g of sodium potassium tartrate in
tbout 600 m! of distilled water. Dilute to one liter
with distilled water and mix thoroughly.

STOCK BUTFER SOLUTION 0.547
Sodinnn Phosphate, Dibasic, crystal

(Na, H?O, - 71,0 134 g
[Sodium Fhosphate, Dibasic,

anhydrous (Nu, HPO, )] 171 gl
Sadium Hydroxide Solution,

50% wiw 40 ¢
Distilled Water, q.s. 1000 mil

Preparation:

Dissolve 134 g of sodium phosphate, dibasic,
crystal (or 71 g of sodium phosphate, dibasic,
anhydrous) in about 800 m! of distilled water. Add
40 g of sodium hydroxide solution, 30% w/w, dilute
to one liter with distilled water and mix thoroughly.

WORKING BUFFER SOLUTION

Stcck Buffer Solution, 0.547 200 ml
Stock Sodium Potassium Tartrate

Solution, 20% 250 ml
Stock Sodium Hydroxide

Solution, 20% 250 ml
Distilled Water, q.s. 1000 ml|
Brij-35,*** 30% Solution

(Technicon No. T21-0110} 1.0mi

Preparation:

Combine the reagents in the stated order: add
250 ml of stock sodium potassiura tartrate solution,
20%, to 200 ml of stock bulfer solution, 0.5, with
swirling. Slowly, with swirling, add 250 ml of sodium
hydroxide solutioi:, 20%. Dilute to one liter with
distilled water, add 1.0 ml of Brij-335, 30% solution,
(20-25 drops) and mix thoroughly.

SULFURIC ACID/SODIUM CHLORIDE SOLUTION
Sulfuric Acid, 95-98%

(H,;S0,) 7.5 ml
Sodium Chloride (NaCi) 100 g
Distilled Water, q.s. 1000 ml
Brij-35, 30% Solution 1.0ml

Preparation:

Dissolve 100 g of sodium cliloride in about 600 ml
of distilled water. Add 7.5 mil of sulfuric acid and
dilute to vre liter with distilled water, Add 1.0 ml of
Brij-35 (about 20 Jdrops) and mix thoroughly.

SODIUM SALICYLATE/SODIUM
NITROPRUSSIDE SOLUTION

Sodium Salicylate {NaC,H,0,} 150 g
Sodium Nitroprusside

[Na, Fe{CN),NO* 2H, 0] 030 g
Distilled Water, q.s. 1000 ml
Brij-35, 30% solution 1.0 ml

YTrsdemark of Ruhm and Huss Compuny, *

**Trademark of Atlas Cheancal Indusiries, e,



Preparation:

Dissolve 100 g of sodium salicylate and 0.330 ¢ of
sodium nitroprusside in about GO0 ml of distilled
wialer. Filter through fast flter papee into a one dier
volumetric ask and dilute to volume wilh distilled
water. Add 1.0 ml of Brij-35 and mix thoroughly.
Store in a light-resistant contaer,

SODIUM HYPOCHLORITE SOLUTION, 0.315%
Sodium Hypochlorite

Solution, 5.25% 6.0 mli
Distilled Water, g.s. 100 mi
Brij-35, 30% Solution 0.1 ml

Preparation:

Dilute 6.0 ml of sodium hypochlorite solution to
100 ml with distilled water. Add 0.1 ml (2 drops) of
Brij-35 and mix thoroughly. Prepare fresh daily. [Any
commercial bleach solution (e.g. Clorox) containing
5.25% available chlorine is s2tisfactory.]

PHOSPHORUS REAGENTS

SULFURIC ACID SOLUTION, 4.0V

Sulfuric Acid, 95-98% (H,S0,) 111 ml
Distilled Water, q.s. 1000 ml
Triton X-100 Solution 1.0ml

Preparation:

While swirling, cautiously add 111 ml of sulfuric
acid to about 600 m! of distilled water. Cool to room
temperature and dilute to one liter with distilled
water. Add 1.0 ml of Tritoa X-100 solution and mix
thoroughly:

SODIUM CHLORIDE SOLUTION, 0.25%

Sodium Chloride (NaCl) 25g
Distilled Water, q.s. 1000 ml
Agrosol-22¢*** 5.0

Preparation:

Dissolve 2.5 g of sodium chloride in about 600 ml
of distilled water. Dilute to one liter with distilled
water, Add 5.0 ml of Aerosol-22 and mix thoroughly.

MOLYBDATE/ANTIMONY SOLUTION
Ammonium Molybdate

((NH4)5M07024'4H201 10.0 g
Antimony Potassium Tartrate

[K(SbOIC H,0, * 1/2H,0] 0.15¢
Sulfuric Acid, 95-98% (H,S0,) 60 mi
Distilled Water, q.s. 1000 mi

Preparation:
Dissolve 10.0 g of ammonium molybdate and

0.15 g of antimony potassium tartrate in about 800 ml
of distilled water. While swirling, cautiously add 60 ml

*42Tridemurk uf American Cysnamid Company,

of sulfurie acid. Cool Lo romn tetapeatane, dilule to
one liter with distilled water and mix thoroughly.
Transter to o hphb-resmsbanl container, ‘This sodution
is stable for about one moath.

ASCORBIC ACID SOLUTION, 1.0%
Ascorhic Acid (C,11,0,) -0n -
Araboascorbic Acid (C,1,0,)
Distilled Water, q.s.

204
200 md

Preparation:

Dissolve 2.0 ¢ of ascorbic acid or araboascorbic
acid in about 150 ml of distilled water. Dilute to
200 ml with distilled water and mix thoroughly.
Transfer to a light-resistant container. 1 kept
refrigerated and tightly stoppered when not in use,
this solution is stable for at least two days.

OPERATING NOTES

1. Start-Up
a. Check the level of all reagents to ensure an
adequate supply.
b. Excluding the salicylate and
molybdate/antimony lines, place all reagent lines
in their respective containers.

¢. When reagents have been pumping for at least
five minutes, place the salicylate and molybdate/
anlimony linas in their respective containers and
allow the system to equilibrate for 10 minutes.

NOTE: If a precipitate appears after the
adrdition of salicylate, immediately stop the
proportioning pump and flush the coils with
water using a syringe. Precipitation of salicylic
acid is caused by a low pH. Before restarting
the system, check the concentration of the
sulfuric acid solution and/or the working
buffer solution.

d. To prevent precipitation of salicylic acid in the
waste tray (which can clog the tray outlet), Keep
the nitrogen flowcell pump tube and the
nitrogen colorimeter TO WASTE tube separate
from all other lines or keep tap water flowing in
the waste tray.

2. Shut-Down

a. Remove the salicylate and molvudate/
antimony lines from their containers and
allow them to pump air, When the air bubbles
enter the analytical system, place all reacent
lines (excluding the Sampler IV Wash Recep-
tacle Solution line} in the System Wash
Water Solution.

b. After 15 minutes, stop the proportioning pump
and remove the platen,



3. System Operation

a.

b.

Be sure the plistic cover of the analyLical
cartricdge is in plice when operating the systens.,
At STD CAL scltings of 6.00 or more, the
system may be operated in the DAMDP L
position, if necessary.

4. Manifold Connections

To avoid the possibilily ol airborne
contamination, the air lines of the nitrogen
channel should be attached to an air scrubber
containing dilute sulfuric acid (10% v/v).

5. Reagent Background Colar
Place all lines in the syvstem wash water 7. Manifold Canfigurations

a.

.23

6. Concentration Ranges

a.

b.

container and start the proportioning pump.
After making the necessary adjustments on the
colorimeters set the STD CAL control of the
nitrogen colorimeter to 1.00 and the STD CAL
control of the phosphorus colorimeterto 2.90.
Adjust the water baseline on both colorimeters
to zero with the BLANK control.

Following the start-up procedure, place all
reagent lines in the proper arder in their respective
containers and allow the system to equilibrate.

The reading of the reagents compared to
distilled water should not be more than 14 units
(0.140 absorbance) for the nitrogen channel and
not more than 5 units (0.25 absorbance) for the
phosphorus channel. If the absorbance of either
channe! is much higher than the above values,
one or more of the reagents or the water used to
make up the reagents is probably contaminated.

All concentration ranges refer to the
concentration of components in the digestion
tube after diluting to volume with distilled
water.

Nitrogen Channel

1. Concentration ranges from 1-50 mg/l to
20-1000 mg/l can be accommodated by
changing the size of the flowcell and the
sample, resample and diluent lines as
designated in the concentration ranges table
(refer to Figure 1 and flow diagram).

2. For any one manifold configuration, an
approximate five-fold change in concentra-
tion can be accommodated by use of the
STD CAL control. The systen is linear when
operated at a STD CAL sthmg of 1.00 or
highet,

=, Phospharas Channel

L. Concentration ranges from 150 mpfl to
20-T0H) g/l can Dee aecvmondated by
changing Lhe size of the sunple; resimple
and diluent lines as desipnated in the
concentration ranues table (refer to Figure 2
and fMlow diagram).

2. Faor any one manifold confliguration, an
approximate three-fuld chanpe in
concentration can be accommondated by use
of the STD CAL control. The system is linear
when operated at a STD CAL setting of 2.00
or higher.

a. Individual Determination of N or P
When N or P is being determined individually,
the PT fitting is omitted and the sample line
is attached directly to the sample probe of
the Sampler IV.

b. Simultaneous Determination of Nand P
When N and P are being determined simul.
taneously, both initial sample lines are con-
nected to a PT stream-splitter fitting which
is in tumn connected to the sample probe on
the Sampler IV,

. Sample Probe and PT Stream-Splitter

Because stainless steel is susceptible to attack
by sulfuric acid solutions, this method utilizes a
special Kel-F sample probe {Technicon No.171- .
0745) and a special PT stream-splitter with plat-
inum nipples (Technicon No. 116-B331).

. Phosphorus Channel (only)
a. Cleansing Procedure

Before initially operating the system, the
following procedure should be performed to
cleanse the system. Once a week thereafter,
this procedure should be repeated during
system start-up.

With the exception of the ascorbic acid and
molybdate/antimony lies. place all phosphorus
reagent lines into their respective containers.
Start the proportioning pump and allow five
minule pumping Lime, Mace both the ascorbic
acid and molybdate/antimony lines in sodium
hydroxide solution, 20% for [ive minutes, then
into hydrogen peroxide, 50% for five minutes,
then into distilled water, After five minuates
follow Lhe start-up procedure {Operating Nole 1)
and allow the system to equilibrate.



b. Caonditioning Procndure
After the initiad cleansing of the system is
performed, condition: the phosphorus ehan-
nel as describied helow. Once this channei
has been conditioned, there is no need Lo re-
peat the procedure; only the cleansing pro-
cedure need be performed onee cach week
during start-up.

Following the Start-Up proccdure (Operat-
ing Note #1), place all reagent lines for
phosphorus in their respective containers
and allow the system to equilibrate. Place
three sample cups containing nidscale
standard solution on the Sampler IV tray
(with a stop-pin at the third cup) and start
the sampler. Aspirate the sct of standards
three times, allowing five minutes of wash
between each set. After the Recorder traces
the last standard peak, wait ten minutes and
adjust the baseline tracing to zero using the
BASELINE control.

10. Crudde Protein Deternmimation -- AQAG

When this methodolopy is utilized to assay
acied digestates for Lhe determination of Crode
olein in Feeds by the official AOAC proce-
dure, the following hardware changes must be
incorporated into the system:

a, Sampler IV — Sampler IV cam must be
40/hour with a sample-to-wash ratio of
2:1 (cam is included in the accessories
and spares kit).-

). Analytical Cartridge — dilution loop pump
tubes must be of the following size:

INITIAL SAMPLE DILUTION

Sampple Line

RESANMPLE DILUTION

Resample Line

c. Colorimeter — must he equipped with

15 mm pathlength flowcell (1.5 0or 2.0 mm ID).

0.16 ml/min {(QOrn/Yel)
H,S0,/NaCl Line 1.20 m!/min (Yel/Yel)

0.16 ml/min {(Orn/Yel)
H,S0,/NaCl Line 0.80 mi/min (Red/Red)



PROCEDURE FQR AVAILABLE PHOSEHORUS N SOILS

= s e T e R e 0T P
=

Welgh 5 grams of dry soll Into an Erlenmeyer flask.

Add 50 mi. of P-A (0.025 N HCl and 0.03 N NH,F Bray's phosphorus
extracting solutlon.)

Stopper the flask and shake for 1 minute.

Fiiter the suspension through a Whatman 41 fliter paper of a simllar

qual lty.

Pipette 25 ml. of the flltrate Intoc an Erlenmeyer flask.

Add 1 ml. of P-B (ammonlum molybdate solution) and swirl to mlx.
Add 1 ml. of P-C (reducing reagent} and swirl to mix.

Fifteen minutes after addlng the P-C reagent, read the optical
denslity of the solutlon In a spectrophotometer at 660 mu wave-

length.

Prepare standard solutlons contalning 0, 1, 2, 3, and 4 ppm of P,
and

Run a standard curve by foliowing steps 5 through 8 In the above

procedure,



A.

B.

Reagenfs:
1. Reducing reagent, amino-naphthol-sulfonic acid (P-C).
2.5 gm, l-amino-2-naphthol-j-sulfonic acid (Eastman 360)
5.0 gm, NapS04

146,25 gm, sodium meta bisulfite (Na25205)
Mix dry materials thoroughly and grind to a fine powder. Dissolwve 8,0
gm, of powder mixture in 50 ml, of warm distilled water. Allow the
golution to stand overnight before using. Make up fresh every three
weeks, _

2, Ammonium fluoride stock solution (approx. N NHzF).
Dissolve 37 gm. of NH4E in water and dilute to 1 liter. Store in a wax-
lined bottle,

3+ Ammonium fluoride extracting solution (P-A) (0403 N NHyF, 0.023 X ECI)-
Add 15 ml, of NHyF stock solution and 25 ml, of 0.5 N HC1l to 385 ml.
of distilled water,

4s Approx, 0.5 N HCl., Dilute 20,2 ml, of concentrated HCl to 500 ml. with
distilled water.

5. Ammonium molybdate - HCL - HBO3 solution (P-B).
Dissolwve 100 gm, ammonium molybdate in 850 ml. of distilled water.
Filter and cool, Make a second solution of 1700 ml., of concentrated
HC1l, mixed with 160 ml, of water, cool. Add the first solution slowly
to the second sclutiocn, stirring constantly. Add 110 grams of reagent
grade boric acid,

Standard Phosphcrus Solutic:

PHOSPHCRUS PRCCEDURE F(R PHOTCMETER
(Bray's sulfonic acid reduction method.)

1.

Standard phosphorus stock sclution (100 pepems of P sclution).

Dissolve exactly 0,4389 gm., of dry KHpPOy in distilled water and dilute
to 1 liter.



COLORADO STATE UMNIVERSITY

New DTPA-TEA Sol!l Test for Zn, Fe, Mn and Cu

W. L. Lindsay and W. A. Norvell

June 1967
EXTRACTANT
1. DTPA Acid 0.005 M (1.965 gm./liter)
Z. CaCI2 0.01 M (1.11 gm./liter)
3. TEA Buffer 0.1 M (triethenolamine) (14,9 gm./llter)

4. Adjust pH to 7.30 with HC!. Thls Is critical since 1t Influences
the amount of metal extracted.

Notes:

DTPA 1s not scluble in water. Place DTPA In a small amount of H.O.
Add solution of TEA to bring DTPA Into solutlon, then add HZO ang
adjust to volume,

PRCCEDURE
1. Add 20 ml of extractant to 10 gm soll.

7. Shake for 2 hours and fllter

3. Measure zn, Fe, Mn and Cu contents of the filtrate directly by
Atomic Absorption Spectrometer,

Note:
Make standards up in DTPA extractant.



CXIDATION OF PLANT MATERIAL WITH A MIXTURE OF NITRIC ACID,
WATER AND PERCHLORIC ACID

E. B, Earley
Department of Agronomy, University of Illinois

Use of perchloric acid in mixtures of other acids as an oxidizing
agent for plant tissues is gaining in favor, One of the latest papers
on this subject is that of Gleseking et al,® They state that cold
perchloric acid, either diluted or concentrated, is not affected by
ordinary reducing agents, whereas hot concentrated perchloric acid may
react violently with organic substances, making it imperative to pre-
treat the sample with nitric acid,

Perhaps more significant is the faet that a cold or hot dilute
water solution of perchloric acid is not a strong oxidizing agent and
may, therefore, be placed safely in contact with plant materials, The
following method takes advantage of this fact by recommending a mixture
of nitric acid, water, and perchloric acid as a safe and rapid means
of oxidizing crganic matter without lengthy pre-treatment with nitric
acid,

Theory Underlying Oxidation of Plant Material
with Nitric Acid, Water, and Perchloric Acid

Concentrated nitric acid is thoroughly mixed with the plant material
for the purpose of oxidizing the most easily oxidizable compounds, one
class of which are the aldehydes, Concentrated nitric acid oxidizes
these compounds slowly enough for safety, whereas perchloric acid may
possibly cause an explosion, The nitric acid also oxidizes these easily
oxidizable compounds within a few minutes after it is thoroughly mixed
with the sample, Therefore no delay or heating of the sample is
necessary before adding the water and perchloric acid,

Experience shows that adding Hp0 to the sample before adding per-
chloric acid not conly makes it safer to add the perchloric acid, but the
slow evaporaticn of the H20 on the steam bath also permits the sample to
be further oxidized by the nitric acid, gradually concentrating the
perchloric acid and in turn oxidizing most of the plant material, By
the time all of the water has evaporated and the perchloric acid is
concentrated, all of the organic matter except the most resistant hes
been destroyed,

% Gieseking, J., E,, Snider, H. J., and Getz, C. A, Destruction of
organic matter in plant material by the use of nitric and perchloric
acids. Ind, and Eng. Chem., Anal, Ed., V., 7, P, 185-6, 1935,
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The use of concentrated perchloric acid in contact with this type
of organic matter is quite safe, As the temperature on the hot plate
1s raised to the boiling point of perchloric acid, the organic matter
which is resistant to perchloric acid at the temperature of the steam
bath is readily oxidized., The rate of oxidation of the plant material
on the hot plate is proportional to the heat applied. Consequently it
is advisable not to boil the perchloric acid solution too vigorously at
any time,

Proportions of Materials to Use in Oxidizing Grai

1 g. sample 10 ml, HNO3 10 ml, Hp0 10 ml, HC104)
2 g, sample 15 ml, H¥O3 15 ml, Hp0 15 ml, HC1l0;) Use 250 ml. beakers
3 g. sample 20 ml, HNO3 20 ml, Hp0 15 ml, HC1Op)

4 g, sample 25 ml, HNO3 25 ml, Ho0 20 ml, HC104)

5 g. sample 30 ml, HNO3 30 ml. Hp0 20 ml., HC1O.)

6 g, sample 30 ml, ENO3 30 ml, Hp0 20 ml. HC10,)

7 g. sample 35 ml. HNO3 35 ml, H20 25 ml, HC10;) Use 400 ml, beakers
8 g. sample 35 ml, HNO3 35 ml, H20 25 ml. HC104)

9 g. sample 40 ml, HNO3 40 ml, H20 30 ml, HC10.)
10 g, sample 40 ml. HNO3 40 ml, H20 30 ml. HC10,)

Proportion of Materials to Use in Oxidizing Vegetative Samples

1 g. sample 10 ml., HNO3 10 ml, H2C 10 ml, HC1Op)
2 g. sample 20 ml, HNO3 20 ml, H20 15 ml, HC104) Use 250 ml, beakers
3 g. sample 30 ml, ENO3 30 ml, Hp0 20 ml. HC10y)

4 g. sample 40 ml, HNO3 40 ml, Hp0 25 ml. HC10;)
5 g. sample 50 ml, HNO3 50 ml, H20 30 ml, HC104) Use 400 ml. beakers
6 g. sample 60 ml, HNO3 60 ml. Hy0 35 ml. HC10;)

7 go sample 70 ml, HNO3 70 ml, H0 40 ml, H0104;
8 g. sample 80 ml, HNC3 80 ml, HyO0 45 ml, HC10,
9 g. sample 90 ml, HNO3 90 ml. Hy0 50 ml, HC10;)

10 g. sample 90 ml, HNO3 90 ml., H0 50 ml, HC1O7)

Use 600 ml, beakers
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FRCCEDURE

(Read through carefully before starting cn oxidaticn)

Place sample in beaker, add the concentrated nitric acid, and mix
it thoroughly with the sample, using a glass stirring rod, Remove the
stirring rod and rinse any adhering sample into the beaker with a small
amount of distilled water. Add the distilled water and then the per-
chloric acid., Pour both down the side of the beaker and not directly on
the plant material., Place a watch glass on the beaker and not directly
on the plant material, Flace a watch glass on the beaker, set it on the
steam bath, and heat it slowly until there is no danger of serious
foaming, Use a ribbed watch glass or a watch glass on a glass supvort
for all samples except the l- and 2-gram samples.,

Continue to heat the beaker on the steam bath until the sample is
thoroughly dlsintegrated and partly oxidized, Heating overnight on the
steam bath is recommended for all samples except the l-, 2-, and 3-granm
samples. Two or 3 hours on the steam bath are usually long enough for
these small samples,

Remove the beaker from the steam bath and rinse the watch glass and
the sides of the beaker with a small amount of distilled water, If this
does not transfer the adhering plant material from the sides of the
beaker to the acid solution, use a policeman and an additional small
amourt of distilled water,

Cover the beaker with a plain watch glass, place it on the hot plate,
and gently boil the solution until all organic matter is oxidized and the
solution becomes straw yellow. Continue to boil the straw yellow solution
for about one-half hour. If bumping cccurs, add a few glass beads. When
oxidation is complete, reduce the temperature of the hot plate, remove
the beaker, and let it cocl. Rinse the watch glass and sides of the
beaker with a small amount of distilled water and remove the watch glass,

Place the beaker on the hot plate and evapcrate the perchloric acid
to drymess below its boiling point. Remove the beaker and let cool,

FRECAUTION

Never transfer a sample with a thick, syrupy consistency from the
steam bath to the hot plate. If for any reason a sample is not largely
oxidized and liquid-like at the completion of the steam bath treatment,
add one-half of the original quantity of nitric acid, water, and perchloric
acid and continue to heat on the steam bath until the sample is largely
oxidized and liquid-like. Only then should it be transférred to the hot
plate. Observe samples on the hot plate occasionally to see if any of them
are boiling down to a viscous condition. If any are, remove them and give
them another acid treatment on the steam bath,
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Preparation of the Oxidized Sample for Chemical Analysis

There is no single procedure for preparing the oxidized plant residue
fer chemical analysis, The residue is usually taken up in 25 ml, of
approximately one normal acid and heated below the boiling point on the
steam bath or hot plate for about one-half hour to completely dissolve
the plant residue and convert the metaphosphate to the COrtho form. The
kind of acid to use in weking up the residue is specified in the method
of analysis, After the plant residue has been treated with the correct
acid, the solution 1s transferred to a volumetric flask., If silica is
present, the solution should be filtered. The solution is made to volume
with distilled water and thoroughly shaken, after which it is ready to be
analyzed.

EBE:ps 12-19-50 AGL4LT6
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ABSTRACT

Three separate experiments were carried out; two under greenhouse coundi-
tions and c¢me in the growth chamber, All three studies were designed to deter-—
mine the response of different corn sources under slightly and highly acidic
conditions. The variables chosen were: lime and phosphorus treatments in
the first greenhouse study, only lime in the second greenhouse study, and
aluminum in the growth chamber study with a nutrient solution culture,

Genotype variability was much more pronounced under stress conditions
than under non—-stress conditions. In the first greenhouse study, effect of
lime treatment was more detrimental than beneficial for dry matter production.
Increasing pH from 5.5 to near neutral may have decreased the availability of
other nutrients in the soil which suggests that other nutrients should be suf-
ficient in the soil to get a positive response from liming.

Effect of P’was highly significant in raising the level of P in the plant
material as well as dry matter production. Genotypic variability was more pro-
nounced under P stress conditions than non-stress conditions. N1206 ranked
top in dry matter production at both levels of P, however, P concentration and
P uptake were not influenced. Under stress conditions, N304 was highest for
P concentration. However, strain Blanco Subtropical showed fewer deficiency
symptoms under stress conditions. In general, dry matter production of a genc-
type and P content in the plant tissue was negatively correlated. Nevertheless,
genotypic variability for the relationship did exist suggesting that P absorp-
tion and utilization may be under genetic control. Even with the application
of 100 ppm P, average P concentration in the plant tissue was not sufficient
for maximum growth. This may possibly be due to restricted root growth in the pot.

Among the nutrients, K was the highest in the plant tissue followed by

nitrogen. W, K, Ca and Mg content significantly decreased with P treatment,



Total uptake tended to be related to the increase in dry matter production.
Calcium concentration significantly increased at higher levels of lime
in both greenhouse studies. Calcium concentration in the first study increased
by approximately 25% at the higher level of lime and Ca uptake increased by
approximately 20%., Effect of lime on Mg concentraticn was less than for Ca
concentration. In the second greenhouse study, Mg concentration tended to
decrease probably due to increased dry matter production.
The effect of lime was more pronounced in the second‘greenhouse study.
Highly significant results were obtained to differentiate the relative yield
of different genotypes particularly under stress conditions. This might be
useful in picking tolerant genotypes under highly acidic conditions as in-
fluenced by Al toxicity. Among the sources, PI 270080 and Va-1l7 performed very
well under stress conditions and showed the least effects of toxicity. Tox-
icity due to Al present in the soil was clearly visible on the root systems
growing in the soil. Highly susceptible inbreds like Col(03 showed increased
root damage as well as the lowest relative yield. In general, toxicity due
to exchangeable Al in terms of root damage disappeared as the level of lime
increased. Dry matter production did not increase at the highest level of
lime treatment which agrees with the finding in the first greenhouse study.
In soil analysis as the lime level increased, pH increased significantly and
exchangeable Al and Mn concentration decreased. Al content in the soil at
8000 kg and 16500 kg per ha of lime was almost undetectable by atomic absorp-
tion spectrophotometry suggesting that Al present in the soil was precipitated
and detoxified at pH 5.4 and above. Aluminum concentration in the plant tis-
sue did not show significant differences with respect to lime level. Genotypic
variability did exist but did not give a close relationship between Al tolerant
and susceptible genctypes. Such a relationship could not be explained due to

the lack of study of rcot absorption and translocation capacity under genetic



control. Manganese concentration and uptake showed a better relationship.

In the growth chamber study, effect of Al toxicity was measured in terms
of primary root length, relative root length, secondary root coefficient and
composite value, Composite value was the most important factor.

One important result obtained from these studies is that tolerance to
Al toxicity could be relative. Thus, selection of stress level is an impor-
tant factor, Stress level may vary from genotype to genetype, species fo

species and conditions under which the plant is grown.





