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Calcium Deficiency in Sorghum Grown in Controlled Environments
in Relation to Nitrate/Ammonium Ratio and Nitrogen Source

H. M. Murtadha, J. W. Maranille,* and R. B. Clark

ABSTRACT

Sorghum [Sorghum bicolor (1..) Moench) grown under growth
chamber and greenhouse conditions often develops Ca deficiency.
Since information on factors affecting Ca upiake and distribution in
sorghum is limited, experiments were conducted to better understand
factors associated with the enhancement of this disorder. Sorghum
genotypes ‘Redlan’ and *Martin® were grown in a growth chamber
with 21.4 mA N (300 mg 1. ') at NO7/NIH; ratios of 300:0, 250:50,
200:100, and 150:150, with Ca levels of 1.25 or 2.50 mAM (50 or 100
mg L ', respectively) to determine the effects of these N ratios on
sorghum growth in nutrient solution and the occurrence of Ca Je-
ficiency. The same genotypes and conditions were used ina N source
experiment where NOy, NO7/Ni; (1:1), NI, and urea were com-
pared. Symptoms of Ca deficiency were visible on young leaves of
plants grown in solutions containing high proportions of NH; and
low levels of Ca, but not with NO7 only or urea. 'The pH of solutions
in the NO7/NIl; ratio experintent were higher with NOy as the
predominate N source. Growth and Ca concentrations decreased but
total plant N concentrations increased with high proportions of
NH; in the treatment solutions and with decreased Ca levels. Thus,
N/Ca'ratios increased progressively as the proportion of NH; in the
nutrient solution increased, which also corresponded to increasing
severity of Ca deficiency observed on leaves. Lower leaves had higher
Ca concentrations than upper leaves indicating the relative immo-
bility of Ca in sorghum. When comparing N sources, plants grown
with NO7 or urea as the sole source of N generally had the best
growth and the highest Ca concentrations, folluwed by plants grown
with 1:1 NO7/NH;, and NI; only, respectively. Dry matter yields
increased with increasing solution Ca levels regardless of N source,
The enhanced uptake of Ca in sorghum when grown with only
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NOy is believed to occur partially as a mechanism to counterbalance
anion absorption and maintain proper cation/anion balance. It is
likely that a reduciics in Ca concentration in plants grown with high
NHj; was partially a result of reduced solution pH exerting antag-
onistic effects on Ca absorption or releasing Ca from cell wall anionic
sites. Reduced and abnormal voot growth resulting from high selution
NH; may have enhanced the anpearance of Ca deficiency symptoms
by reducing Ca uptake due to veduced absorbing surface or lack of
root tip growth.

Additional index words: Calcium uptake, Calcium accrnmulation,
Ton balance, Mineral nutrition, Nutrient solution, Sorghuri bicolor
(1..) Moench.

ORGHUM grown under controlled conditions often
develops Ca deficiency (R.B. Clark and J.W. Mar-
anville, 1985, personal observations). Calcium defi-
ciencies are common to many plants grown under con-
ditions of controlled environments (Shear, 1975; 1979).

H.M. Murtadha, Dep. of Computer Sci., Univ. of Nebraska, Lin-
coln, NE 68583; J.W. Maranvillc and R.B. Clark (USDA-ARS), Dep.
of Agronomy, Univ. of Nebraska, Lincoln, NE 68583. Published as
Paper no. 8202 in the Journal Scries of the Nebraska Agric. Exp.
Stn. Work supported in part by a grant from the Int. o?hum/
Millet Coop. Res. Supp. Prog. (INTSORMIL) and is part of a dis-
sertation submitted by the senior author as partial fulfillment for
the Ph.D. degree. Received | Apr. 1987. *Corresponding author.

Published in Agron. J. 80:125-130 (1988).

-\



126 AGRONOMY JOURNAL, VOL. 80, JANUARY-FEBRUARY 1988

These disorders are especially severe and frequently
reported for tomato (Lycopersicon esculentum L.)
blossom-end rot and lettuce (Lactucu sativa L.) tip
burn. However, information on Ca deficiency dicor-
ders in sorghum grown in controlled environments is
limited. The appearance of a bull-whip and leaf ser-
ration or curl disorder was reported for corn (Zea mays
L.) and sorghum (Sorghum vulgare Pers.) grown under
controlled conditions in nutrient solutions (Kawasaki
and Moritsugu, 1979; Moritsugu and Kawasaki, 1985).
The symptoms were induced only slightly by higher-
thrn-normal levels of B', Mn* ', Cu*', Zn'*, Mo" ',
and Si* *, but were enhanced markedly by higher-than-
normal levels of Mg*', K*, Na*, NH,, and P. How-
ever, P may not have been a direct cause of the dis-
order since P deficient leaves were also serrated. Sim-
ilar symnptoms were induced by low levels of Ca and
high temperatures. Calciun: concentrations in newly
developing leaves that became serrated were below 13
mmol kg "' of dry matter. “When sufficient Ca was added
to treatment colutions that induced the disorder, the
symptoms could be alleviated. From these results, the
disorder that develops on corn and sorghum plants
appears to be Ca deficiency or a disorder associated
with Ca nutrition. The symptoms noted resembled Ca
deficiency.

The functions of Ca in plant nutrition are not fully
understood although many reviews have been written
about Ca in recent years (Bangerth, 1979; Christiansen
and Foy, 1979; Clark, 1984; Hanger, 1979; Hanson,
1984; Marme’ 1983; Marschner, 1986: Shear, 1979;
Smith, 1984). Calcium generally functions in cell wall
and membrane stability or permeability (cell integ-
rity), cell extension, enzyme modulation and metab-
olism, action potentials, phytohormones, and calmo-
dulin. Even though Ca has been considered a
macronutrient and accumulates in plants at relatively
high concentrations, considerable evidence is avail-
able indicating that many Ca functions occur at very
low Ca concentrations (Hanson, 1984: Marme’, 1983;
Smith, 1984).

Many factors affect Ca uptake and activity. Exten-
sive interactions of other mineral elements with Ca
havi been reported (Clark, 1984; Hanson, 1984). The
ions that strongly inhibit Ca uptake are H', K', Na',
MG'', Ai''', and NH;. The inhibitory role of
NH, on Ca uptake is of special interest since NH;
fertilization of plants is a commor. practice. Nut-ient
solutions containing some NH' become low in pH
(ncar 4.0 or below) when sorghum and corn are grown
in them (Bernardo et al., 1984; Clark, 1982). The up-
take of cations at low pH (high H' corcentration) is
less than that at higher pH values, and Ca uptake is
depressed more than the other cations (Kirkby, 1979;
Marschner, 1986). Ammonium is absorbed more read-
ily than is Ca and this can inhibit growth. Growth
inhibition of sorghum by NH, was closely related to
decreases in nutrient solution pH imposed by NH,
uptake (Findenegg et al., 1982). Growth inh:bition by
NH; may be a result of Ca deficiencies that may occur
under thesc cenditions.

Tiue physiological processes by which low pH or
higher concentrations of other cations depress the up-
take of Ca are not fully undersiood. The experiments
reported here were conducted to study the effects of

NH;, different NO37/NH; ratios, and different N
sources in combination with two Ca levels on dry mat-
ter production of sorghum plants and Ca uptake, trans-
location, and accumulation in sorghum plants.

MATERIALS AND METHODS

The genotypes ‘Redlan’ and *‘Martir’ were used in these
experiments since they have been observed to become Ca
dcficient when grown in nutrient solution. Seeds were ger-
minated between rolled moist paper towels, and yonng seed-
lings werce transferred to 0.3-strength nutrient solution for 5
d as previously outlined (Clark, 1982). Two uniform sized
scedlings were transferred to 1.8-L glass containers painted
black and held in place on supports by sponge rubber. In
the first experiment, treatment solutions consisted of a total
N concentration of 300 mg L ' (21.5 mAM) at NO3/NH;
ratios of 300:0, 250:50, 200: 100, and 150:150 in combination
with 50 or 100 mg L ' of Ca (1.25 and 2.50 mAd, respec-
tively). Solutions were supplied with other nutrients as fol-
lows [micromolar (uAf) element]: 7240 K, 1550 Mg, 1940
Cl, 1820 S, 65 P, 18 Mn, 50 B, 1.2 Zn, 1.2 Cu, 1.6 Mo, and
47 Fe as FeHEDTA (ferrichydroxyethyl-cthylenediamine-
triacetate). The pH of solutions was adjusted initially 15 5.4.

Plants were grown in a growth chamber with 16/8 h of
light/dark at temperatures of 28/23 + {°C (light/dark). Rel-
ative humidity was maintained at 50 + 5% and light inten-
sity (photosynthetic photonflux density) was 410 umol m—2
s 'at plant level (1.0 m below the lamps). Containers were
continuously acrated, and distilled water was added as needed
to maintain solution level. The experimental design was a
completely randomized factorial arrangement with four rep-
lications,

After 15 d of growth in treatment solutions, some plants
showed Ca deficiency symploms, and the experiment was
lerminated after plants had grown 21 d in treatment solu-
tions. Plants were scparated into roots, lower leaves (leaf
nos. 1-5), and upper leaves (lcaf nos. 6 and above), and the
roots rinsed with distilled water. Leaves with deficiency
symptoms were also separated from other plant parts. Plant
parts were dried for 3d at 70°C in a forced-air oven, weighed,
and ground using a stairless steel mill to pass a 0.5-mm
screen. Samples (100 mg) of ground material were pelleted
and analyzed for Mg, P, Cl, K, Ca, S, M, Fe, Cu, and Zn
by cnergy dispersive x-ray fluorscence (Knudsen et al., 1981).
Homogencous samples of the shoots and roots were analyzed
for N concentrations using the Kjeldahl method.

A second, smaller experiment to monitor Ca distribution
within individual lcaves was onducted using only Martin
plants. Solutions contained element concentrations the same
as were described for the first exneriment except anly threc
NO;/NH; ratios were used (250:50, 200:100, an.d 150:150)
with 50 mg L ' Ca. Plants grown in full-strergth nutrient
solution (Clark, 1982) served as the control i 2atment. The
concentrations of Ca and N in the control solutions in mi-
cromuiarity (uAf) were 7540 Ca, 22 900 NO,-N, and 2780
NH,~-N. The experiment was terminated after 21 d of growth
in treatment solu*‘ons, and plants were separated into roots,
lower leaves, and upper leaves. Each lower leaf was subdi-
vided into two equal segments. The first segment (S1) was
the leaf material from the point of attachment on the plant
to the midseciion of the leaf, and the second segment (S2)
was the plant material fron the midsection to the leaf tip.
Each upper leaf was subdivided irte inree paiis. The first
part(¥'1) was the plant matericl from the point of atte.chment
10 one-fourth of the leaf length, the sccond part (P2) was the
plani material from the end of the first part to three-fourths
of the leaf length, and the third part (P3) was the remaining
plant material to the leaf tip.

A third experiment was conducted to test N source on the
expression of Ca deficiency in sorghum. The N compounds
used in this experiment at 300 mg N L' were NO7 as Ca
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and K salts, NH; and NOy (1:1) as NH,NO, salt. NH; as
(NH,),S0,, and urea. Levels of Ca in solution were 50 or
100 mg L ', and other element concentrations were as de-
scribed for the first experiment, Atharvest, plants were water
rinsed, blotted dry. and separated into roots, lower leaves,
and upper leaves. Procedures and conditions for plant prep-
aration and analyvsis were the same as those described for
the first experiment.

RESULTS AND DISCUSSION

Symptoms of Ca deficiency were visible on young
leaves of plants grown with solutions of high NH; and
low Ca (Fig. 1). The symptoms appeared on the tips
and margins of young leaves. Newly emerging leaves
affected by Ca deficiency tended to curl toward the
inside, became sticky, and later the edges were ser-
rated. Marginal necrosis was highly developed on the
upper part of young leaves and spread downward along
the leaf with time. Root growth of Ca deficient plants
was reduced and a decrease in root branching was
noted. Root tips were dark brown and stubby com-
pared to white, longer normal roots.

Plants grown with only NO\ and urea appeared to
grow normally with only minor tip-burn when Ca level
in the treatment solution was low. Although consid-
crable vegetative growth occurred, Ca deficiency
symptoms were noted on plants grown with 130:1350
NO3/NH; solutions and the symptoms were more
severe with only NH;. Visual deficiency symptoms
were consistent with low plant Ca concentrations. The
association between visual symptoms and low Ca con-
centrations in plants indicated that the symptoms were
most likely caused by a lack of Ca. and not from some
other element.

The pH of the nutrient solutions increased with in-
creasing NO. supply and decreased with increasing
proportions of NH; similar to the results of Bernardo
ct al. (1984). With only NO. as a source of N in so-
lutions, the pH increased from 5.4 1o about 7.4 by the
twelfth day. With a NOy/NH; ratio of 150:150. the
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Fig. 1. Calcium deficieney symptoms of sorghum leaves from plants
prown with high levels of NH;, and a healthy single leaf (right)
from a plant grown with only NO,.

pH declined from an initial 5.4 10 3.8 within 14 d.
The capapuity of plants to change the pH of the nu-
trient solution appeared 1o be due to the unequal ab-
sorption of cations and anions (Kirkby, 1979; Kirkby
and Mengel. 1967; Marschner. 1986). High pH values
with higher NO, in solution have been attributed to
excretion of hydroxyl or bicarbonate ions. or both,
from the roots to solutions, and increased organic acid
synthesis to balance charges after NO7 reduction
(Kirkby and Mengel. 1967). Plants grown with high
proportions of NH; in solution tended to expell H-
to balance the positive charges of NH, taken up.

As the ratio of NO/NH, in the nutrient solutions
increased, dry matter yields of both genotypes in-
creased at cither level of Ca (Table 1), The increase
indry matter yield for Redlan plants was slightly greater
at the higher than at the lower Ca level. Both genotypes
produced more dry matter when grown with the higher

Table L. Calcium concentrations in roots (R), lower leaves (LL), upper leaves (UL), deficient leaves (DL), and the whole plant (WP), and
dry matter yields, N concentrations, and N/Ca ratios of Redlan and Martin plants grown at different Ca levels and NO;/NH; ratios.

N()|/N}l: Ca in plant parts Dry
Ca ratio matter N N/Ca
Genotype level (300 mg pot ) R LL Ul DI, wp yield cone. ratios
myg L myg ! . g plant ! mg gt
Redlan H() $00:0 1.63 2.2 0.70 -1 1.67 3.35 22.9 13.7
250:50 0.97 2,31 0.64 1.23 1.41 3.09 26.9 19.0
200:100 1.66 2.07 0.64 1.55 1.27 2.70 27.2 21.4
150:150 0.66 1.96 .42 0.73 1.11 2.55 25.3 22.8
100 300:0 2.68 313 0.70 - 2.64 1.86 21.1 8.0
250:50 1.56 J.18 0.67 3.05 2,14 3.80 25.1 11.7
200:0 1.17 2.78 0.64 252 1.19 3.33 30.3 25.5
150:160 1.41 1.79 0.42 1.58 1.54 3.33 241 15.6
Martin 30 300:0 1.46 3.01 0.76 - 2.06 2.84 219 10.7
250:50 0.99 2.77 0.83 1.77 1.71 2.82 25.3 14.8
200:100 0.86 2.07 0.57 2.01 1.39 2.35 29.3 21.1
150:150 0.69 1.65 0.52 1.67 1.14 213 25.5 22,3
100 J00:0 1.82 4.23 1.44 - 2.83 3.90 23.7 8.3
250:50 1.82 3.47 0.92 2.68 2,17 3.70 27.0 9.7
200:100 1.40 4.15 0.91 2.54 2.27 3.45 33.9 14.9
150:150 0.94 2.35 0.55 1.63 1.51 3.39 24.4 16.2
LSDt 0.57 (.74 0.33 1.36 0.43 0.98 4.0 1.2

tLSD at P = 0.05 for differences among means in columns for a particular variable,

1 No Ca deficiency noted in any leaves so DI, were not separated.
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Table 2. Calcium co..centrations in roots (R), lower leaves (LL), upper leaves (UL), whole plant (WP), and dry matter yields, N concentra-
tions, and N/Ca ratio of Redlan and Martin plants grown in different Ca levels and N sources.

Ca in plant parts

Ca N Dry N N/Ca

Genotype level source R LL UL wp matter conc. ratio
mg g - & plant”! mg g

Redlan 50 NH; 1.22 1.08 0.13 0.87 0.82 24.0 27.6

NO; 1.83 3.30 2.99 2.56 3.32 1.6 5.3

NHYNO; 1.05 1.63 0.71 1.16 2.17 229 19.6

Urea 1.16 2.20 0.80 1.58 3.34 23.3 18.5

100 NH; 1.53 Ln 0.30 1.01 1.04 21.0 20.8

NO; 2.42 4.76 2.83 3.44 3.58 13.6 3.9

NHYNO; 1.37 1.84 1.07 1.52 2,27 23.3 15.3

Urea 5.60 65.04 2.72 4.93 3.42 35.4 7.2

Martin 60 NH; 0.85 1.17 0.08 0.88 0.89 29.3 33.4

NO; 1.81 2,52 2.53 2,18 3.28 14.5 6.7

NH/NO; 0.87 1.53 0.75 1.08 2.46 2€.7 24.7

Urea 0.83 1.67 1.33 1.31 3.10 22,6 17.3

100 NH; 1.11 1.90 0.48 1.40 0.9¢ 27.1 19.4

NO; 2,20 4.74 3.60 3.42 3.45 14.8 4.3

NH{/NO; 1.16 238 1.03 1.60 295 25.4 15.9

Urea 1.08 2.86 1.20 1.94 3.30 24.3 123

LSDt 1.87 1.10 1.13 1.23 0.59 4.4 6.6

tLSD at P = 0.05 for differences among means in columns for a particular variable.

level of Ca in solution under all NO7/NH, ratios com-
pared to low Ca. The positive association between
growth and higher Ca level in the solutions indicated
the essentiality of adequate Ca for normal sorghi:m
growth.

The highest dry matter yield was produced by plants
grown with NO7 and urea solutions (Table 2). Plants
grown with NO7/NH. (1:1) rankcd third in dry matter
yield, while those grown with only NH, were lowest.
The satisfactory growth ¢. sorghum plants using urea
as a sole N source in nutrient solution has been con-
sistently observed in other of our experiments (Solo-
mon, 1984). Urca enzymatically decomposes into CO,
and NH, in soil (Ladd and Jackson, 1982). In nutrient
solution, however, it is quite likely that the molecule
is taken up intact and metabolized internally either in
the root or aerial portion (Harper, 1984). Urea might
be =xpected to act more like NO7 than NH, in this
case. Both genotypes responded similarly to N source
with regard to dry matter production.

Regardless of the N source, dry matter yield in-
creased with increasing Ca levels in the nutrient so-
lutions. Both genotypes had similar patterns of dry
matter production in response to Ca level or N source.
The consistent response of NO7 over NH, in pro-
ducing healthy growth of sorghum has also been ob-
served in wheat (7riticum aestivum L.) (Cox and Re-
isenauer, 1973).

As the NO7/NH, ratio irzreased, Ca concentration
in the whole plant tissue increased (Table 1). In so-
lutions with NG7 only, Ca concentration in roots was
higher than that in roots of plants grown with other
N treatment combinations for both genotypes. Higher
Ca concentrations were also found in shoots of plants
grown at the higher NO7/NH/ ratios. Higher Ca con-
centrations in plants grown with highe: proportions of
NO7 may have resulted from enhanced Ca uptake in
response to high NO7 absorption. Plants grown with
NOs7 have greater cation uptake, including Ca, than
plants grown with lower proportions of NO7 (Kirkby,

1979; Kirkby and Mengel, 1967). The stimulatory ef-
fect of NO7 on Ca uptake agrees with the results of
other rescarch (Cox and Reisenauer, 1973). The re-
striction of new root growth due to higher NH; in
solution and subsequently lower pH values also re-
sulted in reduced Ca uptake. This probably occurred,
in part, because Ca, which moves across the root apo-
plastically (Hanson, 1984), was restricted due to the
lack of root tip growth. Similar results have been noted
for other grass plants (O’Brien and Carr, 1970). Oider
parts of roots have endodermal suberization that would
block apoplastic movement of Ca across roots (Han-
son, 1984). Explanations for the depressing effects of
NH, on Ca uptake have been attributed to carrier
competition among cations for the same absorption
sites (Epstein, 1972), decreased membrane stability and
hydrophobicity which would enhance greater uptake
of the other cations compared to Ca (Hanson, 1984),
and the reduced ability of Ca to compete against other
more quickly absorbed cations, especially NH., for
anion cquivalents to neutralize positive charges
(Kirkby, 1979).

Increasing Ca levels in solutions resulted in higher
Ca concentration in plant parts or the whole plant at
cach N regime. Lower leaves of both genotypes re-
tained higher concentrations of Ca compared to upper
lcaves of plants grown at each Ca level and N regime
(Tables 1 and 2). This pattern of Ca distribution and
the appearance of Ca deficiency symptoms only on
young leaves indicated a low Ca mobility in sorghum,

The segment of lower leaf nearest the stalk had lower
Ca concentrations than the segment away from the
point of attachment (Table 3). Calcium concentrations
in each segment and in the whole plant increased grad-
ually with increased NOjy in the nutrient solution.

Calcium concentration in each upper leaf also in-
creased from the base to the tip. Although the con-
centration of Ca in the leaf tip was greater than that
in other leaf sections, Ca deficiency symptoms ap-
peared most predominately at the leaf tip. Perhaps,
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physiologically active Ca in ihe tips of upper leaves
was insufficient to allow normal growth. Calcium may
have been inactivated by other elements like P (Moi-
itsugu and Kawasaki, 1985) or by malate or oxalate
(Hanson, 1984; Van Egmont, 1979). Tips of leaves
from control plants had higher Ca concentrations com-
pared to plants from other N treatments (Table 3), and
this amount of Ca appeared sufficient to meet plant
needs. Higher Ca concentrations in the leaf tips in
these experiments generally agreed with the results of
other researchers (Moritsugu and Kawasaki, 1985;
O’Brien and Carr, 1970) where high Ca concentrations
were found in tips of corn leaves. Apparently, the for-
mation of suberin lamellae on parenchyma cells form-
ing a sheath around the vascular tissues could have
resiricted apoplastic movement of Ca. This would re-
sult in high amounts of Ca being moved to the tips
with less transferred laterally.

Nitrogen concentrations in the plants were higher
in both genotypes when the NO37/NH, ratio was
200:100 at cither level of Ca (Table 1). Lowest N con-
centrations were noted in plants supplied with only
NOs. This probably occurred because of a dilution
cffect from the higher dry matter production when
plants were grown with high amounts of NOy solution.

The N/Ca ratio increased progressively in plants as
the proportion of NH; in the nutrient solution in-
creased or the nutrient solution Ca level was reduced,
or both (Table 1). A strong association between Ca
deficiency symptoms and higher proportions of
NH; in the solutions was noted so that high N/Ca
values were also associated with severity of Ca defi-
ciency. The N/Ca ratio appeared to be related to Ca
disorders in other plants (Shear, 1975). Therefore, N/
Ca ratios might be used as a trait to evaluate plants
for Ca nutrition.

The results of the N source experiment showed that
sorghum plants grown in NO7 solutions had the lowest
N concentration compared to the other N sources (Ta-
ble 2). Plants grown with NO7 produced high dry mat-
ter yields, which may have resulted in N dilution.
However, ureca grown plants also produced high dry
matter without reduced plant N concentrations, which
would result in total N content of these plants being
markedly higher than that of those grown with the
other sources. Urea appeared to be a good source of
N for solutions when growing sorghum to maximize
productivity and eliminate Ca deficiency symptoms
that often cccur. Nitrogen concentrations of plants
grown at the high Ca level with NOy as the sole source
of N were similar to those for plants grown with low
Ca, even though plants grown at the high Ca level
generally produced more dry matter. The effects of the
other N sources on N concentration in plants were not
consistent across solution Ca levels or genotypes. Sig-
nificant (P=<0"5) N source X Ca level and N source
X genotype interactions occurred. For example, Red-
lan plants grown with only NH; and 50 mg Ca L *
ranked next to the highest for N concentration, but at
the high Ca level, Redlan plants grown with only
NH, ranked next to the lowest. Martin plants grown
with 50 or 100 mg Ca L 'and with NH; consistently
had the highest N concentrations (Table 2).

The source of N and the Ca level in the nutrient

Table 3. Calcium concentrations in roots (R), first segment ¢ { lower
leaves (S1), second segment of lower leaves (S2), firs: part of
upper leaves (P1), second part of upper leaves (P2), thirc part
of upper leaves (P3), and the whole plant (WP) of Martin plants
grown at different NO;/NH; ratios and control treatment.

Ca in plant parts

NO;INH;
ratio R S1 S2 P1 P2 P3  wp
mg gt

Control 735 843 1206 283 352 597 740

250:50 270 225 323 156 248 418 261

100:100 301 151 218 102 141 327 224

150:150 116 093 138 063 089 216 112
LSDt 389 159 160 125 152 170 215

1 1.SD 0.05 for differences among means in colurnns for a particular variable.

solution had marked effecis on N/Ca ratios. Au ap-
parent association between higher dry matter yield and
lower N/Ca value was observed. For example, Redlan
plantsgrown in 50 mg Ca L ' solutions with N sources
of NO3, urea, 1:1 NO37/NH,, and NH; had N/Ca
values of 0.53, 1.85, 1.96, and 2.76, respectively. Re-
duction in dry matter yield and severity of Ca disor-
ders were associated with these progressively higher
N/Ca values, and higher proportions of NH;] in so-
lution.
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