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ABSTRACT

The study reports the effects of solution pH and external calcium (Ca) and nitrogen (N)
applications on seed germination, and early growth of pepper cv. Demre § seedlings in
perlite culture. The percentage of pepper seeds that germinated was significantly affected
by solution pH, and ranged from 55% at pH 3.0 to 90% at pH 6.5. Seedling growth was
more sensitive to pH as was evident with significant declines in root and shoot dry mass,
root and shoot length, number of leaves per plant, lateral root formation and root surface
area. Increasing solution Ca concentration diminished the adverse effects of low pH on
germination and seedling growth. Nitrogen was also effective in enhancing the
germination and seedling growth. Lateral root formation, shoot and root dry mass
increased with increasing N and Ca concentrations. It is suggested that germination and
early growth of pepper can be significantly improved in strongly acid soils if adequate Ca
and N is made available to the germinating seed.

pH, Azot ve Kalsiyum Konsantrasyonlar:1 Biberde (Capsicum annuum
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L.) Cimlenme ve Fide Biiyiimesini Etkiler

OZET

Calismada, perlit kiiltiiriinde yetistirilen Demre 8 biber ¢esidinde solusyon pH’s1 ve digsal
kalsiyum (Ca) ve azot (N) uygulamalarinin tohum ¢imlenmesi ve fide biiylimesi
iizerindeki etkileri arastirilmustir. Cimlenen biber tohum yiizdesi solusyon pH’sindan
o6nemli derecede etkilenmis ve ¢imlenme % 55 (pH 3.0) ile % 90 (pH 6.5) arasinda
degismigstir. Fide biiylimesinin pH’ye kars1 olduk¢a duyarli oldugu kdk ve siirgiin kuru
agirhigi, kok ve siirgiin uzunlugu, bitki bagina yaprak sayisi, lateral kok olusumu ve kok
ylizey alaninda goriilen 6nemli azalmalarla kamitlanmuistir. Solusyon Ca miktarinin
arttirilmasi pH’nin ¢imlenme ve fide biiylimesi {izerindeki olumsuz etkilerini ortadan
kaldirmistir. Azot uygulamasi da ¢imlenme ve fide biiyiimesini arttirmada etkili olmustur.
Lateral kok olusumu, ve siirgiin ve kok kuru agirhigi yiikselen N ve Ca konsantrasyonlari
ile artis gostermistir. Caligma sonucunda, ¢imlenen biber tohumlarina yeterli Ca ve N
saglandi: takdirde, kuvvetli asidik topraklarda ve biiylime ortamlarinda ¢imlenme ve fide
biiyiimesinin 6nemli derecede iyilestirilebilecegi ileri siirilmiistiir.
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INTRODUCTION

Plant growth on acidic soils is rather slow
due to the availability of toxic
concentrations of hydrogen (H+),
aluminum (Al) or manganese (Mn), and
the deficiencies of minerals including
calcium (Ca), magnesium (Mg), nitrogen
(N), phosphorus (P), potassium (K),
molybdenum (Mo), and zinc (Zn) [1, 2, 3,
4, 5, 6]. The specific causes of weak plant
growth on acidic soils vary with soil pH,
clay mineral type and clay content, kind
and content of organic matter, levels of
salts, and with plant species and genotype
[1]. Low soil pH stress and Ca deficiency
restrict growth and development of many
vegetable species including pepper
(Capsicum annuum L.) in acid soils [4, 7,
8, 9, 10]. Excess H' ions can increase
plant requirements for Ca and other
nutrients in the growth medium due to the
effects on nutrient uptake and retention by
plant roots [4]. Calcium deficiency leads
to low yield, quality, seed germination
and disease resistance [11]. The direct
effects of H+ toxicity or Ca deficiency on
plant growth in acid soils are difficult to
determine, because at soil pH<4.0, Al,
Mn, and other mineral elements may be
present in toxic concentrations, and also,
the availability of other elements essential
for plant growth may be suboptimal [4].
Since the effects of the H concentration
and the effects of Ca are confounded by
other factors in acid soils [2], researchers
use nutrient solutions or sand and perlite
cultures to study the effects of low pH or
Ca.

Similarly, nitrates stimulate germination
of many dormant seeds [12]. One cause
for this effect on germination is reported
to be that nitrate acts as an oxidizing

substrate in a metabolic regulatory
process involving NADPH - NADP" in
the pentose pathway of glucose
metabolism [13]. On the other hand, both
promotive and inhibitive actions of
ammonium salts have been reported. For
instance, ammonium salts repressed
germination of Timothy grass (Phleum
pratense) seeds, possibly due to the
known actions of ammonium salts as
inhibitors of L-amino acid oxidase and as
uncouplers of oxidative phosphorylation
[14]. However, ammonium salts showed
marked promotive activity for scurvy
grass (Barbarea verna) and yellow rocket
(Barbarea vulgaris) seeds, for which they
served as metabolic substrates [15]. The
promotion of germination is thought to
depend on coupling of peroxidase action
to NADPH oxidation, which can regulate
the pentose pathway of D-glucose 6-
phosphate use [15].

Although the effects of growth regulators,
cultivar, and environmental conditions on
germination and early growth of seedlings
of pepper have been studied [8, 9, 16, 17],
very little attention has been given to the
effects of pH, N and Ca deficiency per se
on germination and seedling growth. This
study examines the effect of pH and
external Ca and N concentrations on
germination and early growth of pepper in
perlite culture.

1. MATERIALS AND METHODS

Experiments were conducted at the
experimental laboratory of Suleyman
Demirel University, Isparta, Turkey.
Germination and early growth of the
pepper cultivar ‘Demre 8 were tested for
response to solution pH that was varied
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independently or in combination with
solution Ca and N concentrations.

Effect of pH, N and Ca on germination

The effects of eight pH values (3.0, 3.5,
4.0, 4.5, 5.0, 5.5, 6.0 and 6.5) and the
control (distilled water) on germination of
pepper cv. Demre 8 were investigated.
Healthy pepper seeds obtained from
Genagri Inc. Antalya, Turkey, were
germinated in 9 com Petri dishes
containing two sheets of moist filter paper
(Filtrak GmBH, Germany) to which 4 mL
of distilled water (control) and distilled
water at different pH values were added.
The pH of the water was adjusted to the
desired levels by adding an appropriate
amount of 0.1 M HCI. There were eight
replications for each treatment
combination with each replication
consisting of a single Petri dish of 50
seeds. Petri dishes were incubated in the
dark in a temperature-controlled growth
chamber (NUVE EN 500, Gaziantep,
Turkey) at 25°C for 14 days [18] and then
germination was assessed. The treatments
were arranged in a split plot experimental
design. Seeds showing radicle emergence
(5 mm) were recorded as germinated [19]
and the germinated seeds were counted
every other day during the experimental
period. The experiment was repeated four
times.

To determine the effects of solution pH
levels (3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, and
6.5), N (0, 2, 4 and 6 mM) and Ca (0, 1,
1.5, and 2 mM) concentrations in
combination on germination, the solution
described above with the desired Ca or N
concentration was used. The desired Ca
and N concentrations were obtained by
adding the appropriate amounts of
calcium acetate and ammonium nitrate,

both from Sigma (USA), to the solution
respectively. There were eight
replications consisting of 50 seeds per
treatment combination, resulting in a total

of 400 seeds per treatment. The
germination conditions were similar to
those described above, and the

experiment was repeated four times.

Influence of pH, N and Ca on seedling
growth

Seedling growth experiments were carried
out in growth chambers. To determine the
effects of pH, N and Ca concentrations on
early seedling growth, the basal nutrient
solution described below, but without Ca
and N was utilized. The desired Ca and N
concentrations were obtained as described
above. For each treatment combination,
25 pre-germinated seeds were planted 2.5
cm deep in perlite culture in 35x30x15 cm
deep vials and kept at 25°C and 95%
relative  humidity under a  16-hr
photoperiod with a light intensity of 72
w/m’ at the plant tops provided by a
combination  of  fluorescent  and
incandescent lamps. Moreover, the same
amount of pre-germinated seeds were
planted in 1:1 (v/v) perlite and peat moss
(pH: 5.5; EC: 250 mmhos/cm; N: 300 mg
L' P,Os: 300 mg L™'; K,0: 400 mg L™';
organic matter: 2%) and used as the
control [18]. The sterilized media was
moistened with a dilute nutrient solution
which comprised (uM): 250 K, 250 N,
300 Ca, 400 S, 100 Mg, 10 Fe (as EDTA),
10 CL, 3 B, 0.25 Zn, 0.10 Mn, 0.07 Cu,
and 0.02 Mo. This solution had a pH of
6.5, and was titrated with either 0.1 M
NaOH or 0.1 M HCI to obtain the target
treatment pH values. The pH treatments
were similar to those in the previous
experiment, and the sterilized media was
kept moist by periodic irrigation with the
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same nutrient solution. The experiment
was conducted with four replications.
After emergence, the seedlings were
allowed to grow for 28 days during which
seedling mortality was assessed at seven-
day intervals. On day 28 of emergence,
the surviving healthy plants were
harvested, and roots were separated from
their tops. To determine treatment effects
on seedling growth, root length and dry
mass, shoot length and dry mass, lateral
root formation, root surface area, number
of leaves per plant and leaf total
chlorophyll content were evaluated. Root
length and root surface area were
estimated using the GLS root scanner (HP
Scanjet 3C, USA). Total root length was
obtained by summing the lengths of all
roots of a seedling. The root surface area
was measured in mm?. The plant shoots
and roots were oven-dried at 80°C for 48
h to determine the dry mass. Shoot length
was measured with a ruler. Leaf total
chlorophyll content was determined using
the procedure of Knudson et al. [20]. The
experiment was repeated four times.

Data analysis

Germination and seedling survival
percentage data were arcsine transformed
before statistical analysis to ensure
homogeneity of variance [21]. Analysis of
variance (ANOVA) was performed using
the General Linear Model procedure
provided by the Statistical Analysis
System, USA [22]. The treatment means
were separated by the Student—Newman-
Keuls test.

2. RESULTS AND DISCUSSION

Effect of pH on seed germination

Pepper seed germination was significantly
affected by solution pH (Table 1). The
proportion  of  germinated  seeds
significantly increased with the increase
in solution pH, and the maximum number
of germinated seeds was obtained from
pH 6.5 treatment during the experimental
period. The number of germinated seeds
was similar at pH 3.5, and 4.0, but
significantly lower at pH 3.0. The final
germination count on day 14 ranged from
55% at pH 3.0 to 87% at pH 6.0.
Germination was rather slow at pH 3.0 as
compared to that at above pH 5 (not
shown). From an agronomic point of
view, the faster the seedling emerges the
greater the likelihood of escaping pre-
emergence diseases, and the less damage
will be exacted by seed and seedling
pathogens such as Aspergillus flavus,
Aspergillus niger, Pythium spp, Rhizopus
spp, Penicillium spp, Fusarium spp,
Rhizoctonia solani, etc. [23]. Thus, the
slower germination observed at pH 3.0
would make the seeds in the soil more
vulnerable to soil fungal and bacterial
pathogens, leading to reduced seedling
emergence.

Effect of pH on seedling growth

Seedling growth was significantly
affected by the growth medium pH
(Tables 1 and 2).

All pre-germinated seeds emerged from
the growth medium, but the number of
surviving seedlings at all pH levels
gradually declined starting
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Table 1. Effects of pH and various concentrations of calcium and nitrogen on pepper

seed germination and seedling growth.

Root Lateral Root Total

Treatment Germination Length Root Surface Chlorophyll

(%) (m) Formation  Area (ng/mg)

(cm®)

pH 3.0 55 fe 0.42 ef 0g 0.25h 8.00 g
Ca(1.0mM) 74cb 0.61 def 033 ¢g 0.36 h 8.26¢g
Ca(l.5mM) 75cb 0.62 def 033 ¢g 0.39h 12.54 f
Ca(20mM) 73cb 0.64 def 0.67 fg 0.43 gh 13.12 ef
N (2 mM) 87 ab 1.24 de 333 cd 0.32h 1251 f
N (4 mM) 87 ab 0.82 edf 1.33 ef 0.36 h 18.84 de
N (6 mM) 80 ab 0.51 ef 1f 0.34h 15.13 ef
pH 3.5 60 ¢ 0.39 ef 1.33 ef 027 h 9.15 fg
Ca(1.0mM) 73cb 0.74 def 1.67 ef 0.44 gh 16.26 ef
Ca(1.5mM) 67dc 0.59 def 1.82 ef 0.38 h 18.15 de
Ca(20mM) 67dc 0.53 ef 1.13 f 0.35h 16.70 e
N (2 mM) 80 ab 0.62 def 2.67d 0.40 h 13.22 ef
N (4 mM) 87 ab 0.65 def 1.33 ef 0.41h 14.76 ef
N (6 mM) 87 ab 0.72 def 1.33 ef 0.44 gh 18.05 de
pH 4.0 60 ¢ 0.49 ef 1.67 ef 0.30h 10.24 fg
Ca(1.0mM) 60e¢ 0.86 def 1.82 ef 0.55 gh 16.13 ef
Ca(l.5mM) 73cb 0.77 def 1.66 ef 0.51 gh 17.49 de
Ca(20mM) 67dc 0.70 def 1.66 ef 0.48 gh 17.52 de
N (2 mM) 90 a 0.94 de 2.67d 0.60 fg 16.20 ef
N (4 mM) 87 ab 0.90 def 2.33 de 0.58 fg 14.17 ef
N (6 mM) 73 cb 0.69 def 2.33 de 0.48 gh 15.95 ef
pH 4.5 70 ¢ 0.48 ef 2.67d 0.30h 13.65 ef
Ca(1.0mM) 67dc 1.16 de 2.33 de 0.82 ef 17.91 de
Ca(l.5mM) 70c 1.11 de 2.45 de 0.79 ef 21.06d
Ca(20mM) 70c 0.77 def 1.67 ef 0.51 gh 22.36¢cd
N (2 mM) 80 ab 1.12 de 2.67d 0.79 ef 22.53 cd
N (4 mM) 87 ab 1.10 de 3.33cd 0.77 ef 20.76 de
N (6 mM) 73 cb 1.01 de 3.35bc 0.74 f 18.98 de
pH 5.0 80 ab 1.01 de 3.67 be 0.64 fg 17.80 de
Ca(1.0mM) 78ab 1.15 de 3.67 be 0.80 ef 22.06 cd
Ca(l.5mM) 78ab 1.24 de 3.67 be 0.88 ef 2476 c
Ca(2.0mM) 81 ab 1.24 de 2.33 de 0.88 ef 25.97 be
N (2 mM) 82 ab 1.15de 3.75 be 0.80 ef 23.95¢
N (4 mM) 83 ab 1.26 de 3.57 bc 0.89 ef 25.64 c
N (6 mM) 80 ab 1.21 de 2.15de 0.85 ef 23.06 cd
pH 5.5 86 ab 2.17 abc 4.33 ab 1.19cd 18.64 de
Ca(l1.0mM) 84ab 2.16 abc 4.33 ab 1.18 c¢d 21.65 cd
Ca(1.5mM) 87ab 1.95 be 3.67 be 1.06 de 20.31 de
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Ca(2.0mM) 88ab 1.96 be
N (2 mM) 84 ab 2.33 abc
N (4 mM) 85 ab 2.54 ab
N (6 mM) 88 ab 2.42 abc
pH 6.0 87 ab 2.56 ab
Ca(1.0mM) 85ab 2.62 ab
Ca(1.5mM) 86ab 2.53 ab
Ca(2.0mM) 85ab 2.53 ab
N (2 mM) 80 ab 2.74 ab
N (4 mM) 80 ab 3.12a
N (6 mM) 80 ab 3.05 ab
pH 6.5 87 ab 2.45 abe
Ca(1.0mM) 85ab 2.51 ab
Ca(l.5mM) 90a 2.48 ab
Ca(2.0mM) 87ab 2.50 ab
N (2 mM) 80 ab 2.66 ab
N (4 mM) 87 ab 2.75 ab
N (6 mM) 85 ab 2.78 ab
Control 83 ab 2.44 abc
Ca(1.0mM) 80ab 2.46 abc
Ca(l.5mM) 85ab 2.48 ab
Ca(2.0mM) 83ab 2.46 abc
N (2 mM) 80 ab 2.53 ab
N (4 mM) 75 cb 2.51 ab
N (6 mM) 73 cb 2.56 ab

3.33cd 1.02 de 20.75 de
453 a 1.25¢ 26.43 be
4.68 a 1.36 be 2523 ¢

3.11cd 1.20 cd 23.02 cd
3.11cd 1.26 ¢ 20.17 de
3.10cd 1.29¢ 26.02 be
2.95¢cd 1.24 ¢ 2291 cd
2.95¢cd 1.24 ¢ 2227 cd
3.33cd 1.47 be 29.06 be
3.67 be 1.66 a 33.39 ab
3.11cd 1.62 ab 33.70 a

2.53d 1.23 cd 20.00 de
2.51d 1.25¢ 23.36 cd
2.52d 1.24 ¢ 25.14 ¢

2.52d 1.24 ¢ 23.99 ¢

2.63d 1.29¢ 26.59 be
2.65d 1.32¢ 27.00 be
2.33 de 1.33¢ 25.38¢

1.12f 1.25¢ 20.41 de
1.21°f 1.25¢ 2292 cd
1.05f 1.24 ¢ 23.72 cd
1.14 1.24 ¢ 23.07 cd
1.12 f 1.26 ¢ 23.44 cd
1.24 f 1.25¢ 23.92¢

1.13 f 127 ¢ 23.32cd

*Means within each column followed by the same letter are not significantly different at

the 5% level of significance.

seven days after emergence (data not
shown). Only 48% of the seedlings
survived on day 28 of emergence at the
pH 3.0 treatment, compared to 98% and
97% at pH 6.5 and control treatments,
respectively (Table 2). The total root
length on day 28 of emergence was 0.42
m per plant for plants grown at pH 3.0,
and increased over 6 fold to 3.12 m for
plants grown at pH 6.0 (Table 1). Roots
thicker than 2 mm in diameter in the pH
3.0, pH 4.0 and pH 4.5 treatments
exhibited visual symptoms similar to
those reported [24] for H' injury on plant
roots. These symptoms included stunted

root growth, brownish colour, and little
lateral root development. Some of the
roots were decayed. There was no lateral
root formation at pH 3.0 (Table 1).
However, pepper plants started to form
lateral roots as the pH increased. Even a
0.5 unit rise in pH of the medium caused
significant  lateral root formation.
Maximum lateral root formation was
obtained at pH 5.5. Hydrogen-induced
root injury as observed at pH below 4.5
in our study may change root membrane
permeability ~ (membranes  become
leaky), interferes in absorption and
transport of nutrients, increases loss of
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organic substrates (such as sugars and
amino acids) and adsorbed cations, and
reduces capacities for absorption of
nutrients [4]. Thus, plants grown in acid
soils are bound to be restricted from
utilizing available water and nutrients
when root proliferation and root function
is limited by low pH [25].

Root surface area followed a similar
response trend as root length (Table 1).
The root surface area increased by more
than 400% for plants growing at pH 6.5
compared to those growing at pH 3.0.
The detrimental effects of a solution pH
of 3.0 were evident within 12 days of
plant growth when the shoot growth was
visibly impaired, and the plant shoots
and hypocotyls had a grayish-green
color. Plants grown at low pH levels
demonstrated slower growth than plants
grown at higher pH levels (Table 1). As
the pH increased shoot length increased
significantly and reached 7.9 cm at pH
6.5. A similar trend was also observed
for the total number of leaves per plant
(Table 2). Leaf total chlorophyll content
remained relatively constant up to pH
4.5 and then increased significantly with
rises in pH (Table 1). The significantly
higher levels of total chlorophyll content
in seedlings grown at higher pH levels
possibly contribute to more assimilate
production and thus leading to more
growth of these seedlings.

Increases in pH resulted in a significant
rise in shoot and root dry mass (Table 2).
The shoot dry mass was not significantly
different at pH 3.0, 3.5, 4.0, 4.5 and 5.0,
although plants in the pH 3.0, 3.5 and
4.0 treatments displayed some symptoms
of H' injury. Similarly, solution pH had

no significant effect on root dry mass at
low pH levels (pH 3.0-5.5). Low pH
appears to redirect more assimilates to

the roots than to the shoot system in
order to offset the adverse effects of
unfavourable pH on root growth. Tang
and Thomson [26] also noted that root
dry mass of a number of grain legume
species responded to solution pH in a
similar manner to shoot dry mass, but
the effect of low pH on decreasing root
mass was less than on shoot mass. The
adverse effects of low solution pH were
greater on root surface area compared to
root dry mass. We observed a
considerable level of fine roots at high
pH levels compared to the low pH levels
where short and stubby roots were
prominent. This phenomenon can be
attributed to inadequate Ca uptake,
which negatively affect on cell division
and elongation, resulting in a shorter and
denser root system [2, 7]. Furthermore,
at low pH levels assimilates were
accumulating in the roots, resulting in
short and stubby roots, thus no
differences in dry mass of the root
systems were observed at different pH
levels. Therefore, while root
proliferation can be severely affected by
inadequate Ca, the root mass may not be
affected to the same extent.

Effect of pH, nitrogen and calcium on
seed germination

At pH 3.0, only 55% of the seeds
germinated when no Ca was applied
(Table 1). As the Ca concentration
increased, the negative effects of pH

diminished and germination improved.
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Table 2. Effects of pH and various concentrations of calcium and nitrogen on pepper
seedling growth on day 28 of emergence.

Treatment No. of  Shoot Shoot Dry Root Dry Seedling
Leaves Length Mass (gr)  Mass (gr) Surv. (%)
(cm)
pH 3.0 4.8 fg 55e 0.031h 0.022d 481
Ca(l.0mM) 55f¢ 6.5 de 0.043 fg 0.034 cd 74 efg
Ca(l.5mM) 6de 6.6 de 0.046 f 0.035 cd 86 bed
Ca(2.0mM) 6.7cd 6.9 cd 0.051 ef 0.038 be 98 ab
N (2 mM) 5fg 58e¢ 0.037gh  0.024d 54 jkl
N (4 mM) 5fg 57e 0.033 h 0.022d 53kl
N (6 mM) 5fg 54e 0.032 h 0.022d 55 jkl
pH3.5 51g 55e 0.032 h 0.022d 53kl
Ca(1.0mM) 53f 6.4 de 0.043 fg 0.034 cd 75 efg
Ca(l.5mM) 55f¢ 6.8 de 0.044 fg 0.036 ¢ 87 bed
Ca(2.0mM) 6de 7.1 cd 0.053 ef 0.039 be 99 a
N (2 mM) 4.9 fg 54¢ 0.030 h 0.021d 56 jkl
N (4 mM) 4.9 fg 50¢ 0.028 h 0.019d 58 ijk
N (6 mM) 5.11g 51e 0.029 h 0.020d 58 ijk
pH 4.0 4.9 fg 5.1e 0.033 h 0.022d 72 fgh
Ca(l.0mM) 55f¢ 6.3 de 0.039¢ 0.025d 89 bed
Ca(l.5mM) 6.3d 7.8 cd 0.047 £ 0.032 cd 97 ab
Ca(20mM) 74b 8.2 bc 0.062 cd 0.036 ¢ 99 a
N (2 mM) 6 de 52e 0.035gh  0.022d 78 def
N (4 mM) 7.1 be 6.0 de 0.042 fg 0.026 d 84 cde
N (6 mM) 7.2 be 6.3 de 0.048 ef 0.029 cd 86 bed
pH 4.5 4.8 fg 57¢ 0.034 gh 0.023d 83 cde
Ca(1.0mM) 6.2de 6.7 de 0.037gh  0.030 cd 95 ab
Ca(l.5mM) 6.6cd 7.0 cd 0.045 f 0.033 cd 97 ab
Ca(20mM) 6de 79c¢c 0.056 de 0.037 ¢ 99 a
N (2 mM) 6 de 54e 0.032 h 0.022d 84 cde
N (4 mM) 6.5 cd 58e 0.039 ¢ 0.023 d 88 bed
N (6 mM) 6.9 be 5.9de 0.040 fg 0.024 d 85 cde
pH 5.0 57fF 58¢ 0.036gh  0.023d 88 bed
Ca(1.0mM) 6.3d 6.8 de 0.046 f 0.031 cd 98 ab
Ca(l.5mM) 6.7cd 7.5cd 0.053 ef 0.035 cd 100 a
Ca(2.0mM) 6.7cd 8.2 bc 0.064 cd 0.041 be 100 a
N (2 mM) 6.3d 6.0 de 0.037gh  0.026d 98 ab
N (4 mM) 7.7b 7.0 cd 0.049 ef 0.033 cd 98 ab
N (6 mM) 75D 7.3 cd 0.053 ef 0.035 cd 97 ab
pH 5.5 6.5cd 6.8 de 0.046 0.031 cd 95 ab
Ca(1.0mM) 6.7cd 7.8 cd 0.059 de 0.039 be 100 a
Ca(l.5mM) 6de 8.2 bc 0.062 cd 0.044 be 100 a

Ca(2.0mM) 6de 8.5 bc 0.066 cd 0.046 be 100 a



278

Erciyes Universitesi Fen Bilimleri Enstitiisii Dergisi 26 (3): 270-282 (2010)

N (2 mM) 7.5b 7.5cd
N (4 mM) 7.7b 8.5 bc
N (6 mM) 83a 8.2 bc
pH 6.0 6.5 cd 7.0 cd
Ca(l.0mM) 6.4cd 7.4 cd
Ca(l.5mM) 6.6cd 7.6 cd
Ca20mM) 6.5¢cd 8.0 bc
N (2 mM) 7 be 9.2 ab
N (4 mM) 740 98a

N (6 mM) 7.6b 98a

pH 6.5 6.0 de 79 ¢

Ca(1.0mM) 6.1de 9.0 ab
Ca(l.5mM) 6.1de 9.0 ab
Ca(20mM) 6.0de 9.2 ab
N (2 mM) 7.0 be 10.0a
N (4 mM) 74b 9.4 ab
N (6 mM) 75D 9.0 ab
Control 6.0 de 6.6 de
Ca(1.0mM) 6.2de 9.6 ab
Ca(l.5mM) 6.4cd 8.7 bc
Ca(2.0mM) 6.3d 7.4 cd
N (2 mM) 7.2 be 9.4 ab
N (4 mM) 750 8.0 bc
N (6 mM) 7.7b 7.5cd

0.052 ef 0.037 ¢ 95 ab
0.064 cd 0.046 be 98 ab
0.063 cd 0.044 be 98 ab
0.051 ef 0.033 cd 95 ab
0.053 ef 0.035 cd 99 a

0.056 de 0.037 ¢ 100 a
0.064 cd 0.042 be 100 a
0.076 b 0.049 ab 98 ab
0.083 ab 0.054 ab 100 a
0.083 ab 0.054 ab 100 a
0.062 cd 0.040 be 98 ab
0.074 b 0.047 b 99 a

0.075b 0.047 b 98 ab
0.077b 0.049 ab 100 a
0.085a 0.057 a 98 ab
0.080 ab 0.051 ab 98 ab
0.074 b 0.047 b 100 a
0.043 fg 0.029 cd 96 ab
0.076 b 0.053 ab 97 ab
0.065 cd 0.048 ab 96 ab
0.055 de 0.037 ¢ 97 ab
0.081 ab 0.051 ab 99 a

0.060 d 0.042 be 98 ab
0.055 de 0.036 ¢ 98 ab

*Means within each column followed by the same letter are not significantly different at

the 5% level of significance.

Germination percentages of up to 90%
were obtained with Ca concentrations of
1.0 mM or higher, irrespective of the pH
(Table 1). However, there were no
significant differences among the three
Ca concentrations evaluated in our study
in any of the pH treatments. The effects
of Ca on seed germination were more
apparent at lower pH values and as the
pH increased its effects started to
diminish. At pH 5.0 or higher
treatments, there was no significant
difference between control (no Ca) and
Ca treatments. Thus Ca acts to alleviate
the negative effects of low pH on seed
germination. In one contrasting report,

Pierce et al.[27] did not find any effects
of Ca on the germination of large
crabgrass when soil was amended with
CaCOs. This could be due to differences
between plant species [1].

N diminished the negative effects of low
pH, increasing seed germination
significantly at all low pH levels (Table
1). However, the greatest effect was
observed at pH 3.0. While control seeds
showed 55% germination at pH 3.0, the
germination increased to 87% in the 2
mM N treatment. As in the case for Ca,
the effect of N on pepper seed
germination was not significant at higher



279

Erciyes Universitesi Fen Bilimleri Enstitiisii Dergisi 26 (3): 270-282 (2010)

pH levels. Stimulation of germination by
nitrate and ammonium has been
documented for several species [10, 18,
28, 29]. It was suggested that N oxides
induce the germination of these species
by oxidizing the sub-dermal cuticle and
thus increasing its permeability [30]. The
emergence and stand establishment of
pepper seeds are often slow and
extremely erratic, particularly under
stress conditions. Pepper seeds have a
well defined non-starchy endosperm. It
has become clear that the endospermic
tissue enclosing the radicle tip of the
embryo offers a mechanical barrier to
the growing embryo, thus affecting
germination [17, 31, 32].

Effect of pH, nitrogen and calcium on
seedling growth

On day 28 of emergence, the solution
pH, N and Ca concentration significantly
affected seedling growth (Tables 1 and
2). At pH levels below 5.0, Ca
concentrations had significantly higher
effects on seedling survival and growth
compared to that at pH above 5.0. As
pH  decreased seedling  survival
percentages declined (Table 2). More
than 95% of the seedlings survived at pH
6.0, regardless of the Ca concentrations
of the nutrient solution. Both Ca and N
concentrations significantly affected root
length and lateral root formation (Table
1). The greatest effect was observed at
lower pH levels. For instance, at pH 3,
root length increased 35% and 132%
with 2 mM Ca and 2 mM N applications,
respectively. Similarly, no lateral root
formation was observed at pH 3.0 but
seedlings produced significant amount of
lateral roots in response to N treatment.
At higher pH levels (pH>4.5) there were

no significant effects of N and Ca on
root length and lateral root formation
except pH 5 and 5.5 at which 2.0 mM Ca
significantly decreased lateral root
formation. Root surface area followed
the same response trends as root length
(Table 1). Total root surface area in the
control treatment did not differ
significantly from that at pH 6.0, but was
404% higher than that at pH 3.0. Ca
treatment significantly increased root
surface area only at pH below 5.0.
However, N was effective at both high
and low pH levels (Table 1). N gradually
increased root surface area up to pH 6.0
and then its effect declined. N also
significantly increased root surface area
at pH 6.0 as compared to the control. Ca
significantly increased root dry mass
even at pH 3.0, but N showed no
significant effect on root dry mass.
Better root growth was observed when
solution pH was favourable (Table 1 and
2). The root dry mass was the highest at
pH 6.5, and ranged from 0.022 g plant’
with no Ca or N to 0.057 g plant™ at 2.0
mM N. There was a greater reduction in
the development of the finer roots than
of the thicker roots and taproot at the
lower pH levels and lower Ca
concentrations in agreement with the
findings of Sanzonowicz et al. [33] who
reported that H' toxicity inhibited the
length of lateral roots of soybeans more
than that of taproots. In their study, a
50% reduction in lateral root length
occurred at pH 5.1, whereas a similar
reduction in taproot length occurred at
pH 4.7.

The effects of pH, N and Ca
concentrations on shoot dry mass were
significant, with shoot dry mass
increasing as pH, and N and Ca
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concentrations increased (Table 2). The
interaction effects between pH and Ca
and between pH and N concentrations
were also significant, showing a greater
impact of pH on shoot dry mass at
intermediate  Ca and low N
concentrations. Plants grown with
solution Ca concentration of 2.0 mM
produced similar dry mass up to pH 5.5.
Yan et al. [34] documented similar
results in their studies on maize and
broad beans, which showed that higher
levels of solution Ca counteracted the
negative effects of low solution pH on
growth of the two crops. N was not as
effective at low pH as Ca was. The effect
of N on shoot dry mass was not
significant up to pH 5.0 but thereafter it
increased shoot dry mass significantly
confirming the findings of Guzman and
Olave [35] who reported that shoot dry
mass and shoot length of melon
(Cucumis melo) were significantly
enhanced in response to N application.

Overall, the root growth was more
affected by solution pH than the shoot
growth. Other researchers have also
shown that the reductions in shoot
growth of grain legumes at low pH are
associated with more severe depressions
in root growth [36]. Yan et al. [34]
observed an 80% reduction in root
elongation of faba bean grown at pH 4.0
compared to that grown at pH 6.5, while
Beusichem [37] observed a 40%
reduction in root dry mass of peas
without a decrease in shoot dry mass.

Both Ca and N demonstrated significant
effects on shoot length and number of
leaves per plant. Ca was more effective
in increasing shoot length at low pH. At
pH 3.0, 3.5, 4.0 and 4.5, 25, 29, and 61%

increases in shoot length were obtained
with 2 mM Ca treatment. On the other
hand, there was no significant increase in
shoot length in response to N application
up to pH 5.0, thereafter N significantly
stimulated shoot length. However, there
was no significant difference between N
doses at all pH levels. Similar trends
were also observed for the number of
leaves per plant. Both N and Ca
application significantly enhanced leaf
formation. While Ca was effective at low
pH, N effects were more prominent at
higher pH levels. Total chlorophyll
content was also significantly affected
by both increasing Ca and N
concentrations (Table 1). At pH 3, total
chlorophyll content ranged from 8.00 pg
mg” to 13.12 and 18.84 pg mg™’ in 2.0
mM Ca and 4 mM N treatments,
increasing over 64 and 135%,
respectively. At pH 4.5, 64 and 65%
increases were evident in 2mM Ca and 2
mM N treatments, respectively. The
effects of both Ca and N gradually
diminished as pH increased in agreement
with the findings of Pierce at al. [27]
who reported that increasing soil pH
reduced the growth of crabgrass and
melon seedlings. This may be due to a
greater number and size of the cells of
secondary xylem tissues.

3. CONCLUSIONS

The results indicate that low pH has a
major impact on the germination of
pepper  seeds, and  significantly
influences the seedling survival and
early growth. The germination of pepper
seed was not tolerant of low solution pH;
given that at pH 3.0 a germination
percentage of 55% was attained, and that
increasing the pH in the range 3.0-6.5
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enhanced germination to over 90%. The
adverse effects of low pH on
germination and seedling growth were
more pronounced in the absence of Ca,
and became progressively less as the
solution Ca concentration increased.
Seedling growth was more sensitive to
the effects of pH than seed germination,
and both parameters were improved as
the Ca and N concentrations and pH
values were increased. Ca was more
effective at low pH levels but N effects
were observable at both low pH (less
than 4.5) and more so at higher pH levels
(pH>5.0). Pepper seedlings performed
best in the pH range from 5.0 to 6.5.
Seedling growth (root and shoot growth)
also enhanced in response to Ca and N
treatments. The combination of low Ca
and low pH severely retarded shoot and
root growth. These results imply that
germination and early growth of pepper
can be significantly improved in strongly
acid soils if adequate Ca and N are made
available to the germinating seed.
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