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Summary — A set of 12 tropical maize cultivars was screened for grain nitrogen, phosphorus, and potassium concen-
tration (GNC, GPC and GKC). The experiments were conducted at the National Corn and Sorghum Research Centre,
Farm Suwan, Pakchong, Thailand during a rainy and a dry season. The genotypic variability in GNC, GPC and GKC
was considerable. There was no inverse relationship between grain yield and grain nutrient concentration. The hy-
brids KUH 2301 and KUH 2602 were identified as high yielding, high GNC cultivars. However, due to positive correla-
tions between GNC and GPC, both cultivars exported much more phosphorus from the field than the high yielding low
GNC cultivars, Pi hybrid 6181 and CP hybrid. The cultivation of the latter 2 should be recommended to Thai cash crop
farmers as a means of reducing the need for large amounts of scarce and costly mineral fertilizers and because de-
creases in GNC, GPC and GKC are not necessarily a disadvantage for utilization in animal husbandry in developed
countries.
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Résumé — Variation génotypique de la concentration des grains en éléments nutritifs chez des mais tropi-
caux cultivés pendant une saison des pluies et une saison séche. Un ensemble de 12 cultivars tropicaux de
mais a été étudié pour la teneur des grains en azote, phosphore et potassium (GNC, GPC et GKC). Les essais ont
été conduits au National Corn and Sorghum Research Centre, Farm Suwan, Pakchong, Thailande, pendant une sai-
son des pluies et une saison séche. La variabilité génotypique des GNC, GPC et GKC a été considérable. Aucune re-
lation n'a été observée entre rendements en grains et concentrations en nutriments dans les grains (fig 1a-f). Les hy-
brides KUH 2301 et KUH 2602 ont été identifiés comme cultivars a haut rendement et haut GNC (fig 1a, b). Mais, a
cause d'une corrélation positive entre GNC et GPC (tableau Il), tous 2 ont exporté hors du champ beaucoup plus de
phosphore que les cultivars & haut rendement et bas GNC que sont Pi hybride 6181 et CP hybride. Aux agriculteurs
thailandais produisant pour la commercialisation, la culture de ces 2 derniers devrait éire recommandée comme
moyen de réduire les besoins en engrais minéraux rares et chers. De plus une diminution des GNC, GPC et GKC
n'est pas nécessairement désavantageuse pour l'alimentation animale dans les pays développés.

mais / cultivar tropical / concentration des grains en N / concentration des grains en P / concentration des
grains en K

nitrogen concentration (GNC), breeding for high
GNC has been neglected up to now. This is
mainly due to the low economical value of high
protein maize. Furthermore, there is a wide-

INTRODUCTION

For economical and ecological reasons, plant

nutrients should be applied as efficiently as pos-
sible. Low concentrations of mineral nutrients in
the grains can help to avoid wasting mineral ferti-
lizers and polluting water.

A high protein content is an important dietary
criterion of grain maize. Although both early and
more recent investigations (Boyat et al, 1979,
1980) have shown genotypic variability in grain

spread assumption that improvement of GNC
leads to decreases in grain yield (Glover and
Mertz, 1987). Actually, inverse relationships be-
tween GNC and grain yield have sometimes
been found (Gupta et al, 1975; Dudley et al,
1977). However, Eberhard (1977) and Kauff-
mann and Dudley (1979) could not confirm such
a negative correlation.
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Whereas high concentrations of N in the
grains are desirable, lower concentrations of
phosphorus and potassium (GPC and GKC, re-
spectively) may prove to be rewarding goals for
plant breeders. Low accumulation of P in maize
kernels would reduce the content of phytate (Mi-
chael et al, 1980) which is thought to be respon-
sible for mineral deficiency (Ca, Cu, Zn) both in
animals and in man (Maga, 1982). Furthermore,
with an average utilization rate of only 30%, phy-
tate is a rather inefficient source of P for mono-
gastric animals and man. Additionally, non-
utilized phytate-P cannot be recycled from ma-
nure, slurry or sludge if grain maize is grown as
a cash crop. Therefore, from the nutrient efficien-
cy and ecology point of view, it seems to be pref-
erable to use maize cultivars with a low GPC
and to add, if necessary, supplemental P directly
as inorganic salt. A decrease in GKC is also de-
sirable because man and animals have low K re-
quirements.

Growing high-yielding cultivars with high GNC
but low GPC and GKC would be especially prof-
itable to third-world farmers for whom fertilizers
are either unavailable or too expensive as com-
pared to the prices paid for maize. In this study,
a set of tropical maize cultivars was screened for
genotypic variability in GNC, GPC and GKC with
the goal of identifying high yielding nutrient-
efficient cultivars. Furthermore, the relationships
between (1) grain yield and mineral nutrient en-
richment in kernels and (2) GNC, GPC and
GKC, were considered in order to determine
possible incompatibilities between some breed-
ing goals. During 2 extremely contrasting crop-
ping periods (rainy and dry season) field experi-
ments were conducted to obtain information
about the stability of correlations and varietal dif-
ferences.

MATERIALS AND METHODS

Both trials were carried out at the National Corn and
Sorghum Research Centre, Farm Suwan, Pakchong,
Thailand (latitude 14.5°N).

Plant material

The plant material consisted of 12 tropical cultivars
which were formerly or are currently used by Thai
farmers: (1) Suwan I; (2) Suwan Ii; (3) Thai O, Comp
#3; (4) Thai Comp #3; (5) KUC 9; (6) TFE; (7) Guate-
mala DMR; (8) KUH 2301; (9) KUH 2602; (10) Pi hy-
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brid 6181; (11) Pacific hybrid; (12) CP hybrid. Cultivars
(1) to (7) are open pollinated varieties, the others are
hybrids. Apart from some commercial hybrids (Pi hy-
brid 6181, Pacific hybrid, CP hybrid) these cultivars
originate from the national com breeding program of
the Kasetsart University. The open pollinated cultivars
are predominantly based on Caribbean and Mexican
flint-dent sources. The grain of all cultivars is orange-
yellow, the kernel type is mostly semi-fiint and in a few
cases, flint.

Climatic and agronomic conditions

The trials were sown on July 20, 1985 (rainy season)
and December 7, 1985 (dry season), respectively.

During the whole rainy season the maximum and
minimum temperatures varied from 30 °C during the
day to 21 °C during the night. The dry season trial
had, at first, maximum temperatures of 27 °C during
the day and minimum temperatures of 16 °C during
the night. However, during March and April, maximum
day temperatures of 32 °C and minimum night temper-
atures of 27 °C were reached.

During both seasons, plots were irrigated at weekly
intervals when necessary. The soil type was a reddish
brown latosol. The soil analysis of the A, horizon
(depth 0-16 cm) revealed the following values: water
pH, 6.6; 2.5% organic matter; P (Bray Il), 69 ppm; K
(exchanged with 1 mmols-! ammonium acetate, pH
7.0), 133 ppm (rainy season) and pH 7.5, 2.6% organ-
ic matter, 92 ppm P and 175 ppm K (dry season). All
treatments received 27 kgeha-! P as TSP and 41
kgeha—! (K) as KCI. During both seasons, the nitrogen
supply was 40 kg N given as (NH4), SO, before sow-
ing. The previous crop was maize. All plots consisted
of 6 rows, spaced 75 cm apart and 5 m long. The plots
were thinned to 5.3 plantssm-2 at the 4 leaf stage.
Weed was removed by hand. During both seasons,
fungicides were sprayed against downy mildew. Eight
plants from each plot were harvested at full maturity
(about 20% grain moisture). All samples were dried to
constant weight in a convection oven at 105 °C. Each
value presented in the figures was calculated from 12
replications which were randomized in a block design.

Plant and soil samples were analyzed in the Central
Laboratories of the Kasetsart University.

RESULTS

Average grain yield was almost 40% higher dur-
ing the dry season although 1 000 kernel weights
were rather similar during both seasons (table 1).
In contrast to grain yield and biomass, harvest in-
dex (proportion of grain dry matter to total bio-
mass) was affected only to a slight degree. Dur-
ing the rainy season, the maize plants developed
considerably faster from emergence to silking
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Table 1. Comparison of the rainy and the dry season
trial (average values of 12 maize cultivars).

Rainy Dry Standard
season season error

Grain yield (g+pi~1) 62.9 868 1.7
1 000 kernel weight (g) 252 264 3
Biomass (g-pi-1) 1733 2203 3.0
Harvest index (%) 35.7 389 04
Total N uptake (mgepl-1) 1951 1735 39

N harvest index (%) 52.0 694 06
Total P uptake (mgep-!) 136 341 6

P harvest index 67.1 66.8 1.1
Total K uptake (mgepl-1) 1342 2317 34

K harvest index (%) 245 12.9 0.5
Grain N (%) 1.67 1.38 0.02
Grain P (%) 0.15 026 0.03
Grain K (%) 0.53 0.34 0.01
Days to silking 46.5 66.5 0.02
Days to black layer 854 1120 04

and during grain growth. Total plant nutrient ac-
cumulation depended to a great extent on sea-
sonal effects. In contrast to N uptake which was
even higher, P and K accumulation was distinctly
lower during the rainy season. Remarkably, nutri-
ent harvest indices (proportion of grain nutrients
to total amount of nutrients) did not respond uni-
formly to varying growing conditions. Contrasting
reactions were observed in K and N harvest indi-
ces, whereas the P harvest index remained more
or less stable.

Grain nutrient concentrations were influenced
by seasonal conditions. Enhanced GNC during
the rainy season was associated with increases
in GKC but with a decrease in GPC. The con-
trasting growing conditions of both seasons influ-
enced the ranking of cultivars in grain yield to a
high degree. The poor correlation between the
varietal productivity during the rainy and the dry
season (r = + 0.31) reflects the significant depen-
dence of the relative performance of cultivars on
environmental factors. However, such divergent
conditions may be very useful for investigations
of differences in grain nutrient concentrations be-
tween cultivars.

A considerable genotypic variation, both in
grain yield and GNC, was observed during both
seasons (fig 1a, b). There was no significant
negative correlation between ‘grain yield and
GNC (the correlation coefficients were + 0.26
and -0.44 during the dry and rainy season, re-
spectively). Remarkably, in contrast to cultivars
10 and 12 (Pi hybrid 6181 and CP hybrid), culti-
vars 8 and 9 (KUH 2301 and KUH 2602) were
able to combine high grain yield and high GNC.

During the dry season, KUH 2301 and KUH
2602 outyielded most of the low GNC varieties
despite their especially high GNC. During the
rainy season, when a greater range of grain
yields was observed, only the low yielding culti-
vars 3 and 7 (Thai O, Comp #3 and Guatemala
DMR) showed a higher GNC. While Thai O,
Comp #3 continued to show a high GNC during
the dry season, Guatemala DMR only had an
average GNC.

GPC values ranged from 0.24 to 0.28% dur-
ing the dry season and from 0.12 to 0.18% dur-
ing the rainy season (fig 1c, d). The cultivars 8,
9, 10 and 12 were selected for closer examina-
tion of the relative accumulation of phosphorus
in the grain because they showed peculiarities in
the combination of grain yield and GNC. Figures
1c and 1d show differences between these culti-
vars in GPC, similar to those in GNC: the culti-
vars 8 and 9 also showed a higher GPC. The
GPC of cultivar 3 gives further clues as to the re-
lationship between GNC and GPC. This cultivar
reached high levels in GNC and GPC during
both seasons. Grain yield and GPC were not
significantly correlated (r = —-0.22 for the dry sea-
son and r = —0.09 for the rainy season). In com-
parison with the rainy season, genotypic varia-
tion in GKC was low during the dry season (fig
1e, f). During the rainy season, the GKC of culti-
vars 10 and 12 was lower than that of cultivars
3, 8 and 9. Surprisingly, the situation was almost
reversed during the dry season. The differences
between the mentioned varieties had vanished,
and cultivar 12, which had a low GKC during the
rainy season, achieved a high GKC during the
dry season. Significant correlations between
grain yield and GKC were not found (r = —0.14
for the dry season and r = + 0.04 for the rainy
season).

The similarities between GNC, GPC and, to a
lesser extent, GKC are reflected by predomi-
nantly positive correlations between these traits
(table Il). In some cases, the relationships be-
tween grain nutrient concentrations were rela-
tively close (fig 2 a-f). In figure 2a where GNC'is
plotted against GPC, the positions of cultivars 4
and 8 (Thai Comp #3 and KUH 2301) seem to
be somewhat unusual: Thai Comp #3 had a high
GPC and a rather low GNC, and KUH 2301
combined a medium GPC and a high GNC.
However, during the rainy season, these devia-
tions were smaller (Thai Comp #3) or vanished
completely (KUH 2301). The lack of clearly iden-
tified “positive” correlation breakers (high GNC
and low GPC) indicates that it is difficult, or even
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Fig 1. Grain yields of 12 tropical maize cultivars plotted against grain N (a and b), P (c and d) and K (e and f) concentrations during
the dry (a, ¢, @) or the rainy (b, d, f} season (3 = Thai O, Comp #3; 7 = Guatemala DMR; 8 = KUH 2301; 9 = KUH 2602; 10 = Pi hy-
brid 6181; 12 = CP hybrid; other cultivars are without numbers). SE = standard error of a value.

Table lil. Correlations between nutrient uptake/nutrient
harvest index and grain nutrient concentrations of 12
maize cultivars.

Table Il. Correlation between grain nitrogen (GNC),
grain phosphorus (GPC) and grain potassium (GKC)
concentration of 12 maize cultivars.

Rainy Dry
GPC GKC season  season
Rai Total N uptake GNC +0.23 +0.76*
any season N . Total P uptake GPC +061"  +0.12
GNC +0.89 +0.64 Total K uptake GKC +041  +061°
GPC +0.83*
Dry season N harvestindex GNC +0.08 +0.33
GNC +0.57 -0.19 P harvestindex GPC +0.31 +0.16
GPC +0.16 K harvest index GKC + 0.41 -0.02

* Significant at the 0.05 probability level.

GNC/GPC/GKC = grain; N/P/K : concentration. * Significant at
the 0.05 probability level.
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Fig 2. Grain P and K concentrations of 12 tropical maize cultivars during rainy (b, d, f) and dry (a, ¢, @) season plotted against grain
N (a-d) and K (e-f) concentrations (4 = Thai Comp #3; 8 = KUH 2301; other cultivars are without numbers). SE = standard error of a

value.

impossible, to select simultaneously for high
GNC and low GPC.

Although the differences between the high
yielding cultivars KUH 2301, KUH 2602, Pi hybrid
6181 and the CP hybrid remained almost unaf-
fected by the extremely different growing condi-
tions during the 2 seasons, the correlations be-
tween the grain nutrient concentrations of the
cropping seasons were not significant (r = +
0.51, + 0.39 and + 0.14 for GNC, GPC and GKC
respectively). However, after exclusion of the
only old local cultivar (cultivar. 7, Guatemala
DMR), the correlation coefficient for GNC in-
creased to + 0.74* (fig 3a). This indicates that va-
rietal differences in GNC were rather constant

even under extremely contrasting growing condi-
tions.

Again Guatemala DMR (7) and, additionally,
the cultivars 1 and 4 (Suwan | and Thai Comp
#3) were responsible for the weak correlation
between the GPC of the rainy and the dry sea-
son (fig 3b).

in principle, there are 2 ways of increasing
grain nutrient concentrations:

— by enhancing the nutrient uptake; and
— by improving the partitioning efficiency.

The utilization of already assimilated nutrients
can be expressed by nutrient harvest indices
which are defined as the proportion of grain nu-
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Suwan [; 4 = Thai Comp #3; 7 = Guatemala DMR; other culti-
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trients to total plant nutrients. From table Ill it can
be deduced that varietal differences in grain nu-
trient concentrations are neither totally explain-
able by differences in nutrient uptake nor by dif-
ferent nutrient harvest indices. However, in most
cases, correlation coefficients of nutrient uptake
were higher. Consequently, higher concentra-
tions of nutrients in the grain were mainly the re-
sult of higher nutrient uptake; more efficient utili-
zation of already incorporated nutrients played
only a minor role.
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According to Kramer (1979), the well known
negative correlation between grain yield and
GNC in wheat can be overcome by avoiding one-
sided breeding for higher harvest indices. Table
1V indicates that the lack of a clear negative cor-
relation between grain yield and GNC in this set
of maize cultivars may actually be due to differ-
ences in biomass between genotypes, as high
biomasses were generally associated with high
total nutrient uptake. In contrast, the correlation
coefficients between harvest index and total
nutrient uptake were also positive (exception: K
uptake during the rainy season) but generally
lower. This may support the hypothesis that in-
creases in grain yield may preferably be attained
by increasing biomass if the GNC is to remain at
an acceptable level. On the other hand, there
was no consistently significant positive correla-
tion between biomass and GNC, indicating that
biomass-induced increases in N uptake were just
high enough to prevent the dilution of kernel N
caused by simultaneously increasing grain yields
(the correlations between grain yield and bio-
mass were + 0.73* during the dry season and
+ 0.93* during the rainy season, respectively).

DISCUSSION

Due to the poor quality of maize protein and the
ready availability of inexpensive, high quality pro-
tein supplements such as soybeans, attempts to
achieve an increase in protein content have not
interested breeders to any great extent. Never-
theless, this should not discourage breeders
from selecting high protein types because:

— maize protein can be utilized by ruminants
such as bovines without any restriction;

— in many regions of the world additional sources
of protein are not available;

— high protein cultivars may have at least slightly
increased concentrations of lysine and trypto-
phan; and

— there is obviously no close inverse relationship
between GNC and grain yield.

In this study, the cultivars KUH 2301 and KUH
2602 were identified as high yielding, high pro-
tein cultivars. This indicates that a considerable
variability in GNC in high yielding tropical maize
hybrids exists. However, information concerning
the lysine content is also needed if the outstand-
ing nutritional value of the mentioned cultivars is
to be confirmed. There are, however, clues that
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Table IV. Correlations between biomass/harvest index and total nutrient uptake/grain nutrient concentration of

12 maize cultivars.

Total Total Total Grain N Grain P Grain K
N uptake P Uptake K uptake (%) (%) (%)

Rainy season

Biomass +0.83* +0.64* +0.94* -0.32 -0.04 +0.15

Harvest index + 0.31 +0.50 +0.45 -0.04 -0.31 -0.44
Dry season

Biomass +0.73* +0.70* +0.35 +0.35 -0.02 +0.11

Harvest index +0.28 +0.24 -0.81" -0.48 -0.13 -0.09

* Significant at the 0.05 probability level.

high levels of lysine are associated with high per-
centages of N. Arnold et al (1977) considered
grain protein concentration of cultivars to be the
best selection criterion for lysine concentration.

The literature offers contradictory information
concerning correlations between grain yield and
protein concentration. However, this and several
other investigations indicate that gains in the per-
centage of protein can be realized without a de-
crease in grain yield. Such inverse relationship
may occur but it seems that they are bound to ex-
treme conditions. For instance, a weak negative
correlation between grain yield and GNC was de-
tected in the rainy season trial which may be due
to the very wide range of yields. Another example
is provided by the experiments of Dudley et al
(1977) who found a high negative correlation be-
tween grain yield and percentage of protein (r=—
0.70) in a set containing types with extremely
high and extremely low protein values.

However, inverse relationships between GNC
and grain yield will probably become more impor-
tant if:

— cultivars with extremely high levels of N and
therefore high requirements for N are grown;

— availability of nitrogen is limited;

— future increases in yield would predominantly
be the result of breeding for an increased harvest
index.

According to Kramer (1979), the last men-
tioned point could be responsible for the well doc-
umented negative correlation between grain yield
and GNC in wheat (Kibite and Evans, 1984; Pac-
caud et al, 1985). Comparisons between old and
modern wheat varieties have revealed that up to
now, increases in yield are based almost exclu-

sively on an improvement of the harvest index
(Austin et al, 1980, 1989; Feil and Geisler,
1988). This does not seem always to be the
case for maize (Jain et al, 1976; Stamp and Kull-
mann, 1984; Tollenaar, 1989). At least in 1 case,
harvest index was even negatively correlated
with grain yield (Jain et al, 1976). In our experi-
ments, both harvest index and biomass contrib-
uted to higher grain yields. However, in both
seasons only biomass showed a close relation-
ship with nitrogen uptake. This supports the hy-
pothesis that the non-existence of an inverse re-
lationship between grain yield and GNC in maize
is due to the breeding strategy which is different
for wheat. In accordance with Bruetsch and
Estes (1976), a considerable genotypic variation
in GPC and GKC was observed. With the excep-
tion of K during the rainy season, the relative ac-
cumulation of P and K in the grains was similar
to N which was expressed by more or less posi-
tive correlations between GNC, GPC and GKC
(table Il). Comparable relationships between
grain nutrient concentrations were found by Ar-
nold and Baumann (1976) and Arnold et al
(1977).

Low activities of leaf nitrate reductase or pro-
tease may limit N enrichment in kernels (Deck-
ard et al, 1973; Boyat and Robin, 1977; Reed et
al, 1980; Eichelberger et al, 1989). However, if
genotypic variation in GNC is really based on
the different activity of these enzymes, it is diffi-
cult to explain how different activities of nitrate
reductase or proteases should induce simultane-
ous increases in GPC and GKC, respectively.
Perhaps high activities of those enzymes en-
hance the storing capacity for P and K by accu-
mulation of proteins in grains.
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Alternatively, one may speculate that enzyme
activities do not limit GNC and that phosphorus
itself is somehow involved in the protein storing
process.

Fortunately, the literature offers some clues as
to the physiological background of positive corre-
lations between GNC, GPC and GKC. In wheat,
O'Dell et al (1972) found that 87% of the total
grain phytate was associated with the aleurone
layer. In some legume species, EDX (energy dis-
persive X-ray) analysis revealed that phytates
seem to be present throughout the proteina-
ceous matrix portions of protein bodies (Lott and
Buttrose, 1977). For Jennings and Morton
(1963), there was little doubt that such protein
bodies are the sites of accumulation of storage
protein. Furthermore, Morris et al (1985) found
that there was much similarity in the mobilisation
of both leaf N and P. This may indicate that there
is a physiological linkage between nitrogen and
phosphorus uptake of grains and that it will be
very difficult or even impossible to decouple
GNC and GPC completely. These arguments
are strongly supported by figure 2a-b which re-
veals a rather close relationship between GNC
and GPC. A similar positive correlation was
found by Arnold et al (1977). However, further in-
vestigations in different environments and with
other cultivars are needed to confirm the close
linkage between GNC and GPC.

Phytate is the main storage form of P in ce-
reals. As a salt of the hexainositol phosphoric
acid, it is a carrier of cations. Therefore, in-
creases in grain phosphorus may inevitably lead
to considerably higher concentrations of K, Mg
or Ca. This would explain the positive correlation
between GPC and GKC during the rainy season
and between GPC and grain magnesium content
in the experiment of Arnold and Baumann
(1976). However, the lack of a comparable corre-
lation during the dry season suggests that other
factors also influence GKC.

Finally, the economical importance of the va-
rietal differences in GPC and GKC will be con-
sidered more closely. For example, if the grain is
sold, cultivation of CP hybrid instead of KUH
2301 would have saved 15% of the P and 5% of
the K export from the field, taken as an average
of both seasons. However, this gain would have
been paid for by a considerable loss in nitrogen
yield, which is in any case, negligible for Thai
cash crop farmers.
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