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Abstract. High soil salinity often results in poor stand establishment, reduced plant
growth, and reduced yield of many horticultural crops such as peppers (Capsicum
annuum). We investigated the effects of soil salinity and soil type on seedling emergence
and growth of four commercial peppers (‘NuMex Joe E. Parker’, ‘NuMex Nematador’,
‘NuMex Primavera’, and ‘Jupiter’) in greenhouse experiments. Seeds were sown in
either a loamy sand or a silt loam soil in pots and irrigated with saline solutions at
electrical conductivity of 0.9 (tap water), 3.0, or 6.0 dS-m™" (Expt. 1) or at 0.0 [reverse
osmosis (RO) water], 0.9, or 1.5 dS-m ' (Expt. 2). No seedling emergence was observed in
treatments irrigated with 3.0 or 6.0 dS-m' solutions. The salinity at the top soil layer
increased linearly with time when subirrigated with tap and saline solutions in both soil
types, whereas no substantial increase in soil salinity was found when subirrigated with
RO water or overhead irrigation with tap water. Salt accumulation at the top soil layer
was greater in loamy sand than in silt loam. Seedling emergence percent subirrigated
with RO water ranged from 70% to 80% in loamy sand and 45% to 70% in silt loam,
depending on pepper cultivars. When subirrigated with tap water and saline solutions,
the emergence percent ranged from 0% to 60%, depending on pepper and soil types. In
Expt. 3, seedlings were germinated in commercial potting mix and grown in 1.8-L pots
containing commercial potting mix. Saline solution treatments of 1.4 (control, nutrient
solution), 2.1, 2.9, 3.5, or 4.2 dS-m ! were initiated when seedlings had 11 to 13 leaves. Five
weeks after initiating saline water irrigation, the reduction in shoot dry weight was
greater in ‘Jupiter’ and ‘NuMex Primavera’ as compared with ‘NuMex Joe E. Parker’
and ‘NuMex Nematador’, but the differences were small.

Soil salinity is a common problem in
agricultural regions of the southwestern
United States as a result of low rainfall, high
evapotranspiration, and poor quality of irri-
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gation water. High soil salinity leads to poor
germination, delays stand establishment, and
reduces subsequent growth and yield of chile
peppers and onion (Corgan et al., 2000; Flynn
et al., 2002; Phillips, 2003). Seed germina-
tion and seedling emergence are critical
growth stages for successful stand establish-
ment, which impacts ultimate crop yields.
Anecdotal observation indicated that it is more
difficult for chile pepper seeds to germinate
and establish in mineral soils compared with
commercial potting mix. Elevated soil salinity
and/or inadequate water supply can further
reduce seedling establishment.

In furrow-irrigated croplands, a common
problem with saline water and soils for

vegetable production is high seedling mor-
tality (Miyamoto et al., 1986). Soil salinity at
or near the soil surface increases exponen-
tially with time when saline water is used for
irrigation (USDA Staff, 1954). Miyamoto
et al. (2010) reported that seed germination,
seedling emergence, and seedling growth of
onions were affected by soil property, salinity
of irrigation water, and irrigation method.
The dynamics of salt movements and distri-
bution in various soils are poorly understood.

Chile peppers (Capsicum annuum) are
important vegetables in the southwestern
states of the United States and in many other
countries of the world. Peppers are consid-
ered moderately sensitive to salt stress (Maas
and Hoffman, 1977; Pasternak and Malach,
1994). Yield reduction of peppers begins
when the electrical conductivity (EC) of
saturated soil extraction is greater than 1.5
dS-m' (Maas and Hoffman, 1977). However,
limited recent studies of mostly bell peppers
have indicated that some genotypes are more
tolerant to salinity than others (Aktas et al.,
2006; Chartzoulakis and Klapaki, 2000). The
objectives of this study were to quantify 1)
the effect of salinity of irrigation water and
soil type on seedling emergence in two soil
types; and 2) the relative tolerance of four
commercial pepper varieties belonging to four
botanical types, New Mexico long green,
jalapefio, cayenne, and bell pepper, by grow-
ing them in commercial potting mix and
irrigating the seedlings with saline solutions
at various salinities.

Materials and Methods

Seedling emergence (Expt. 1). Two soils
were used: 1) Blue Point loamy sand, which
is characterized as structureless, loose when
dry, rapidly drained, moderately alkaline, and
calcareous; and 2) Harkey silt loam, which is
calcareous and sandier than most alluvial
soils of the Rio Grande Valley (Miyamoto
et al., 2010). Blue Point loamy sand, similar
to Vinton loamy sand, was collected from the
south side of the El Paso Research Center
property. Harkey silt loam, which is used
extensively for irrigated crop production and
mostly under surface irrigation in the middle
Rio Grande Valley, was collected from a farm
field located in Socorro, TX. These soils were
air-dried, crushed, and passed through a 4-
mm screen. Two inch square pots (243 mL)
with holes were filled with either loamy sand
soil or silt loam soil. To prevent soil loss,
a Whatman filter paper was placed at the
bottom of the pot.

Four commercial pepper varieties, namely,
‘NuMex Joe E. Parker’ (New Mexico long
green), ‘NuMex Nematador’ (cayenne),
‘NuMex Primavera’ (jalapefio), and ‘Jupiter’
(bell), were used in this study. Six seeds were
sown per pot 0.5 cm below the soil surface.
Thirty-two pots, eight pots per cultivar, were
placed in one tray. There were four trays per
treatment. Trays were subirrigated with sa-
line solutions daily by placing them in
a shallow flat-bottomed large container with
dimensions of 130 x 70 x 18 cm to mimic
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furrow irrigation. The initial soil salinities
analyzed by saturated extraction according to
USDA Staff (1954) were 0.8 dS-m™' and 0.9
dS-m™! for loamy sand and silt loam soils,
respectively. Three saline solutions at EC of
0.9 (tap water), 3.0, and 6.0 dS-m™" were
prepared by adding sodium chloride (NaCl),
magnesium sulfate (MgSO,4-7H,0), and cal-
cium chloride (CaCl,) to tap water at a 87:8:5
ratio on a weight basis.

The experimental design was a split-split
plot with saline solution as the main plot, soil
types the subplot, and cultivars as the sub-
subplot. There were four replications per
treatment with eight subsamples. Emergence
was recorded every 2 to 3 d. The soil salinity
of the top 1-cm soil layer was analyzed at the
end of the experiment. Because few seedlings
emerged at salinity levels of 3.0 and 6.0
dS‘m™', statistical analysis was conducted
for the final emergence percent and soil
salinity of the top soil layer at the end of
the experiment between the two soil types
by ¢ test. The details of the soil analysis
procedure are described subsequently in
Expt. 2.

Seedling emergence (Expt. 2). A second
experiment was conducted to repeat the
emergence test by lowering the salinity levels
of the irrigation water to 0.0 [reverse osmosis
(RO) water], 0.9 dS‘m™! (tap water), or 1.5
dS-m! (saline solution). The loamy sand soils
were collected again 4 months later from the
same site and the initial soil salinity was 1.6
dS-m™' (USDA Staff, 1954); that is, the initial
soil salinity of loamy sand was higher than
that in Expt. 1. The same silt loam collected
for Expt. 1 was used for Expt. 2. Seedling
emergence was recorded every 2 to 3 d. The
average day/night greenhouse temperatures
during these experiments were 23.6/17.0 °C.
The experimental design for seedling emer-
gence was identical to that of Expt. 1. Because
the time course of emergence percent was pre-
sented, no statistical analysis was conducted.

Because salt was significantly accumu-
lated at the top soil layer in Expt. 1, 20
additional pots per treatment without seed
were prepared for soil samplings every week
(four pots per week for 5 weeks) for soil
salinity analysis to avoid disturbing seed
germination and seedling emergence. Fur-
thermore, to investigate the effect of irriga-
tion method on salt accumulation at the top
soil layer, additional flats with pots filled with
both soil types without seed were included
and irrigated with tap water using a mist head
to mimic sprinkler irrigation.

The soil salinity of the top 1-cm layer of
the pots without seed was analyzed for four
pots per treatment (four replications) on a
weekly basis, including the overhead-irrigated
pots. The soil sampling procedure was as
follows: cut the pot lengthwise along one side
of the pot and pull the pot apart to expose the
soil profile and mark the top centimeter of
the soil surface. A piece of scratch paper was
placed underneath the pot to collect the cut
soil. The top soil layer was sliced using a
spatula at the measured mark making sure
the slice was even at all sides of the pot. The
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moist soil was then collected and placed into
a pre-labeled paper bag and dried in an oven
at 65 °C for soil salinity and pH analysis
(USDA Staff, 1954). The extracted solutions
were diluted by adding de-ionized water to
obtain the actual EC whenever the EC
exceeded 20 dS-m'. The EC and pH of the
extracted solutions were determined using
salinity and pH meters (Model B-173;
Horiba, Ltd., Kyoto, Japan).

The effects of soil type (loamy sand and
silt loam), salinity of irrigation water (RO,

tap, and saline water), and time after the
initiation of the treatment (Weeks 1, 2, 3, 4,
and 5) and their interactions on EC and pH of
top soil layer were analyzed by analysis of
variance (ANOVA) using PROC GLM (SAS
Institute, 2002). The differences between the
overhead irrigation method and other indi-
vidual treatments were compared using ¢ test.

Seedling growth (Expt. 3). To evaluate the
relative salt tolerance of the selected four
peppers, seeds were sown in a commercial
potting mix, Sunshine Mix No. 5 (SunGro
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Fig. 1. Seedling emergence percent (Expt. 1) of four peppers, ‘Jupiter’ (bell), ‘NuMex Nematador’
(cayenne), ‘NuMex Joe E. Parker’ (long green), and ‘NuMex Primavera’ (jalapeno), in loamy sand and
silt loam soils irrigated with tap water with electrical conductivity (EC) of 0.9 dS-m™. No seedlings
emerged when saline water at EC of 3.0 and 6.0 dS-m™" was used (data not shown).
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Fig. 2. (A-D) Soil salinity and pH (Expt. 2) of the top 1-cm layer analyzed through saturation extraction
when subirrigated with reverse osmosis (RO) water, tap water at electrical conductivity (EC) of 0.9
dS‘m™! or saline solution at EC of 1.5 dS-m™!, or overhead irrigated with tap water. Vertical bars

represent sgs (n = 4).
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Hort., Bellevue, WA) and germinated in
a mist bench in the greenhouse. Forty days
after sowing, seedlings were transplanted to
plastic pots (1.8 L), one seedling per pot.
Instead of using mineral soils, Sunshine Mix
No. 4 (SunGro Hort.) was used in this ex-
periment to rapidly screen the relative salt
tolerance of the four pepper types. Three
weeks after transplanting, when the seedlings
had 11 to 13 true leaves and were 15 to 17 cm
in height, saline water irrigation treatments
were initiated. Ten uniform seedlings per
treatment for each cultivar were selected.
Saline solutions at EC of 1.4 (control, nutrient
solution), 2.1, 2.9, 3.5, and 4.2 dS-m™! were
prepared by adding NaCl, MgSO,-7H,0, and
CaCl, to a nutrient solution. The nutrient
solution was prepared by adding 0.5 g-L ™' of
20N-8.6P-16.7K (Peters 20-20-20; Scotts,
Allentown, PA) to tap water. The major ions
in the tap water were Na*, Ca**, Mg?*, CI", and
SO,* at 184, 52.0, 7.5, 223.6, and 105.6
mg-L', respectively. Plants were irrigated
with 1 L treatment solution every time through
the medium surface, which corresponded to
~45% leaching fraction. Irrigation intervals
were determined according to plant water use,
which was estimated gravimetrically, and the
environmental conditions to prevent overwa-
tering and water stress. The average daily
greenhouse temperatures during this experi-
mental period were maintained at 23.8 + 0.9
°C and daily light integral of the photosyn-
thetically active radiation measured by a quan-
tum sensor (Model QSO-SUN; Apogee
Instruments, Inc., Logan, UT) was 22.4 + 2.3
mol-m2d ™.

The experiment was a split-plot design
with saline solution as the main plot and
cultivar the subplot with 10 replications (10
plants per treatment). Five weeks after saline
irrigation treatments, six plants out of 10
were randomly harvested. Shoots were sev-
ered at the medium surface. Shoots were
separated into leaves and stems and dry
weights were determined after oven-drying
at 70 °C to constant weight. The salinity of
leachate was measured three times during the
course of the 5-week experiment on four pots
per treatment using a pour-through method
(Wright, 1986). Specifically, 50 mL of RO
water was added to the pot surface 1 h after
irrigation when gravity drainage was com-
plete. Leachate was collected and analyzed
for EC and pH using salinity and pH meters
(Model B-173; Horiba, Ltd.).

Data were analyzed by a two-way
ANOVA using PROC GLM (SAS Institute,
2002). Linear and quadratic regressions be-
tween dry weight and salinity of irrigation
water were performed. For the differences
among the salinity treatments on seedling
growth, Student-Newman-Keuls multiple
comparisons were performed.

Results and Discussion

Seedling emergence (Expt. 1). The salin-
ity of the top 1-cm soil layer at the end of the
experiment (53 d after sowing) was 16.6 2.3
dS'm™ and 7.7 £ 0.7 dS‘m™" for loamy sand
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and silt loam, respectively, when subirrigated
with tap water (0.9 dS-m™"). The salinities of
the top soil layers for the other two salinity
treatments were greater than 20 dS-m™' and
not analyzed in this experiment.

No seedlings emerged when soils were
subirrigated with two high saline solutions
(3.0 or 6.0 dS-m™), regardless of soil type or
cultivar. Therefore, only results of seedlings
subirrigated with tap water are presented
(Fig. 1). The final emergence percent was
higher in loamy sand than silt loam (P =
0.0002) regardless of pepper type. Seedlings
started to emerge between the second and

third weeks after sowing. In loamy sand,
‘Jupiter’ had the slowest emergence followed
by ‘NuMex Joe E. Parker’. The differences in
emergence percent among the four tended to
be smaller over time. Forty-five d after sow-
ing, there were no differences in emergence
percent among the four, because some seed-
lings of ‘NuMex Nematador’ and ‘NuMex
Primavera’ died as a result of the high salinity
at the soil surface. The emergence percent 3
weeks after sowing for all cultivars except for
‘Jupiter’ tended to be lower in silt loam soil
compared with loamy sand. After 5 weeks in
silt loam, the final percent of emergence was
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Fig. 3. Seedling emergence rate (%) (Expt. 2) of four peppers, ‘Jupiter’, ‘NuMex Nematador’, ‘NuMex Joe
E. Parker’, and ‘NuMex Primavera’, in loamy sand and silt loam soils subirrigated with reverse
osmosis (RO) water, tap water at electrical conductivity (EC) of 0.9 dS-m™, or saline solution at EC of

1.5dS'm™.
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lower for ‘NuMex Joe E. Parker’, but there
were no differences in the final emergence
percent among the four peppers.

Seedling emergence (Expt. 2). Interactive
effects of salinity and soil type were observed
for soil pH and salinity of the top 1-cm soil
layer. Salinity of the top soil layer increased
linearly with time for both tap and saline
solutions in both soils when subirrigated,
whereas it was relatively stable at EC of less
than 5 dS-m™! subirrigated with RO water or
overhead irrigated with tap water (Fig. 2A—
B). For overhead irrigation in loamy sand
soil, the soil salinity at the top soil layer was
slightly lower than that when irrigated with
RO water (Fig. 2A). In silt loam soil irrigated
with overhead tap water, the soil salinity of
the top layer was similar to that when sub-
irrigated with RO water (Fig. 2B). Salt
accumulation at the top soil layer was greater
in loamy sand than silt loam when subirri-
gated with tap and saline water, similar to
Expt. 1. This result is consistent with obser-
vations by Miyamoto et al. (2010) whereby it
was reported that salts can accumulate in the
surfaces of poorly drained soils as a result of
evaporation of saline water, which moves to
the surface through capillary action. In the
current study, salt accumulation in the sur-
faces of the silt loam soil was less dramatic.
The pH was generally higher when subirri-
gated with RO water and overhead irrigated
with tap water compared with tap and saline
water from the third week after sowing (Fig.
2C-D). The soil pH generally decreased
when soil salinity increased in both soil types.

Seedling emergence started between 21
and 28 d after sowing in both soil types for all
pepper types (Fig. 3). When subirrigated with
RO water, emergence percent was higher in
loamy sand than silt loam for ‘Jupiter’, but
the differences in emergence percent for
other pepper types between the two soil types
were smaller compared with ‘Jupiter’. When
subirrigated with tap water, only ‘Jupiter and
‘NuMex Nematador’ had more than 40%
emergence in loamy sand; the other pepper
types had lower emergence percents, regard-
less of soil type. When subirrigated with
saline solution at 1.5 dS-m™!, emergence
was lower than 20%, except for ‘Jupiter’ in
loamy sand. Few seedlings of ‘NuMex Pri-
mavera’ and ‘Jupiter’ emerged with saline
solution in silt loam.

Emergence percent was generally higher
in loamy sand than silt loam, although salt
accumulation at the top soil layer was greater
in loamy sand than silt loam, which may be
the result of soil permeability. Soil perme-
ability influences salt accumulation and dis-
tribution in the root zone and therefore results
in differences in plant responses to salinity
(Shannon et al., 1994). Under subirrigation or
furrow irrigation, seedling establishment of
the selected four pepper types in soils con-
taining salts, in this case, with EC, of 1.6 and
0.9 dS‘m™! for loamy sand and silt loam,
respectively, would be challenging unless the
irrigation water contains little salts, which is
not likely. Overhead irrigation such as with
a sprinkler may help seedling establishment
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resulting from lower soil salinity at top soil
layer, which is evidenced in this experiment.
Miyamoto et al. (2010) reported that onion
seedling emergence and growth were en-
hanced by overhead irrigation compared with
subirrigation in loamy land. Therefore, irri-
gation with an overhead sprinkler, leaching
salts, or increasing seeding density may be
options to improve seedling establishment in
salt-affected fields and with low-quality irri-
gation water.

Seedling growth (Expt. 3). The leachate
EC and pH were unaffected by pepper types.
Therefore, data were pooled across the four
peppers. The leachate EC, averaged from
three measurements, was 2.3, 3.6, 5.0, 5.3,
and 6.0 dS-m ! for the treatments 1.4 (control,
nutrient solution), 2.1, 2.9, 3.5, and 4.2
dS-m™, respectively (data not shown). The
pH values of the leachate for all treatments
were stable, ranging from 6.19 to 6.35.

The dry weight (DW) of stems, leaves,
and shoots for all four pepper types were
reduced by the elevated salinity of irrigation
water, but the reduction varied among pepper
types (Table 1). The DW reduction at 4.2
dS‘m ™' compared with control was higher in
stems than in leaves for ‘Jupiter’ (31%),
‘NuMex Joe E. Parker’ (25%), and ‘NuMex
Primavera’ (35%). For ‘NuMex Nematador’,
DW of both leaves and stems had similar
reductions (18% and 20%) in 4.2 dS-m™!
compared with control. By comparing 4.2
dS-m™ with control, total shoot DW was
reduced by 32% in ‘NuMex Primavera’,
25% in ‘Jupiter’, and 18% in ‘NuMex Joe
E. Parker’ and ‘NuMex Nematador’. There-
fore, based on growth, ‘Jupiter’ and ‘NuMex
Primavera’ were more sensitive to salinity
compared with ‘NuMex Joe E. Parker’ and
‘NuMex Nematador’, which was in agree-
ment with the emergence results in Expt. 2
with saline water irrigation in silt loam soil.
However, the differences in seedling emer-
gence and growth in response to elevated
salinity were small among the four peppers.

In another separate salt tolerance study
with 20 chile peppers, ‘NuMex Joe E.
Parker’, ‘NuMex Nematador’, and ‘NuMex
Primavera’ seedlings had significant growth

reduction, low survival rate, and severe foliar
salt damage when grown in loamy sand and
irrigated with nutrient or saline solution at EC
of 6.35 dS'm™! through the medium surface
(Niu et al., 2010; unpublished data). Sanogo
(2004) also reported that ‘NuMex Joe E.
Parker’ plants exhibited salt damage at EC
of as low as 2.7 dS'm™'. Therefore, salt
tolerance of these four pepper types used in
this study may be rated as moderately sensi-
tive, although ‘Jupiter’ and ‘NuMex Prima-
vera’ may be more sensitive to salinity based
on shoot growth than ‘NuMex Joe E. Parker’
and ‘NuMex Nematador’.

Seedling establishment is among the most
difficult tasks in field management in saline
areas. Given high-quality seed, germination
and emergence are controlled by a number of
factors such as adequate water supply to
ensure imbibition, soil type, initial soil salin-
ity, irrigation method, the quality of irrigation
water, and leaching fraction (Miyamoto
et al., 2010). In this study, soil salinity at the
top soil layer increased with time when salts
existed in irrigation water such as tap water
and saline water at EC of 1.5 dS'‘m™' when
subirrigated. For subsurface drip-irrigated
fields that commonly used fertigation prac-
tices (thus a potential source for salt buildup),
the salinity of the top soil layer can easily
reach a high level affecting seedling emer-
gence for salt-sensitive chile peppers. How-
ever, once seedlings were established, the
impact of salinity of irrigation water at less
than 4.2 dS'-m™' became smaller, which was
verified in Expt. 3.

In summary, germination and seedling
emergence of the four commercial pepper
types were differentially affected by soil
salinity (achieved by using saline irrigation
water) and soil type. Emergence percent was
generally high in loamy sand than silt loam,
although salt accumulation at the top soil
layer was greater in loamy sand than silt
loam. When subirrigated with water contain-
ing salts, the salinity of the top soil layer
increased linearly with time in both soil
types. However, the salinity of the top soil
layer did not increase when subirrigated with
RO water or overhead irrigated with tap

Table 1. Dry weight of stem, leaves, and shoots of ‘Jupiter’ (bell), ‘NuMex Nematador’ (cayenne),
‘NuMex Joe E. Parker’ (long green), and ‘NuMex Primavera’ (jalapeio) pepper seedlings irrigated
with saline solutions at 0.9 (control), 2.1, 2.9, 3.4, or 4.2 dS-m™".

Salinity of irrigation solution

0.9 2.1

2.9 3.4 42 L Q

Jupiter Stem 7.9 a* 8.0a
Leaves 155a 164 a
Shoot 234 a 24.5a
Nematador Stem 13.6a 119a
Leaves 146 a 14.1a
Shoot 282 a 26.1 a
Joe E. Parker Stem 13.5a 14.5 ab
Leaves 159a 16.5a
Shoot 294 a 31.1a
Primavera Stem 7.6 a 8.4 ab
Leaves 114 a 124 a
Shoot 19.0 a 20.8 a

7.1 ab 6.6b 5.6¢c R Y EE
159 a 15.1a 129b wkk ook
23.0a 21.8a 184 b Hokok sk

12.1a 109 a 109 a * NS
143 a 13.1a 12.1a * NS
263 a 240 a 23.0a wE NS
13.9 ab 109 b 109 b ok NS
16.0 a 144 a 149 a NS NS
29.9 a 252 a 258 a * NS

7.5 ab 5.8 be 54c¢ ok *
12.2 ab 9.8 be 8.8 ¢ wE wk
19.6 a 15.6 b 124b *ok Hok

“Means with same letters in the same row are not significantly different among treatments at P = 0.05.
vx Rk xE%Ns indicates significant and nonsignificant at P = 0.05, 0.01, or 0.001, respectively.
L and Q = linear and quadratic regression between growth parameters and salinity treatment.
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water. Based on seedling growth, bell pepper
‘Jupiter’ and jalapefio ‘NuMex Primavera’
may be more sensitive to salinity than long
green ‘NuMex Joe E. Parker’ and cayenne
‘NuMex Nematador’, but the differences in salt
tolerance among the four peppers were small.
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