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he study aimed to clarify the effect of altitudinal

oradient on some physiological and ecological
characters of Solanum incanum L. growing naturally in
Yemen. The plant samples were collected from four
locations ranging in altitude from 1570-2595 meters
above sea level in two seasons (Winter and Summer of
2000).

Results indicated that locations 1 and 2 (1570 and
1800 m) had a higher monthly temperature than the other
elevations. Moreover. location 3 (2200 m) showed the
lowest value of relative humidity. In addition. location 2
had the highest amount of rainfall. The soil associated
with S. incanum at the highest altitude (2595 m) was
characterized usually by the highest values of soil
moisture content. EC, K and total anions during the two
studied seasons. Additionally, soil of location 3 generally
had the maximum amounts of Na. Ca, Mg. Cl as well as
total cations in both seasons.

It was found that as altitude increased, K.Ca, Mg.
total reducing value (TRV) and protein-N content were
increased in the stem of S.incanum during winter, while
protein-N and total -N contents were increased in
summer. Moreover, total soluble-N content decreased in
the two studied scasons. In the leaves. with increasing
altitude. polysaccharides. total carbohydrates and total
soluble-N content were usually lower in winter. In
addition, reducing and total soluble sugars values in
lcaves were increased during summer with increasing
altitude. Compared with the lowest altitude, TRV value
in fruits of S incanum increased during winter. however.
Mg, Fe, polysaccharides. protein-N and total-N contents
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decreased in winter. Also, high solasodine content was
detected in fruits of S. jncanum at the highest altitude
during winter. The result of the gel electrophoretic
technique showed that more proteins were synthesized in
abundance in the medium elevations (1800 and 2200 m)
than at the lowest and the highest ones.

Keywords: Solanum incanum L., altitude physiological studies, ecological
studies, ion accumulation, metabolic products

Yemen lies in the south western corner of the Arabian Peninsula and it is a
country of a number of sharply defined habitats which gives it its floristic
richness. Altitude ranges from sea level to over 3000 m above sea level. The
altitudinal gradient is associated with variation in a number of environmental
factors such as air temperature, precipitation, wind exposure, light intensity,
radiation and pressure (Kofidis e/ al., 2003).

A number of studies dealing with the effect of different elevations on
some physiological and ecological aspects of different species were found to
be of much relevance and help during this work (Ndamba e al., 1995;
Alwadi and Abulfatih, 1996; Hamouz e/ al., 1999; Venema et al., 1999;
Vinay ef al., 2002 and Wang et al., 2002).

The aim of this work was to clarify the effect of altitudinal gradient on
some physiological and ccological aspects of S. incanum growing at four
different elevations in Yemen ranging from 1570-2595 melers above sea
level in two seasons (Winter and Summer).

MATERIALS AND METHODS

The plant material used in the present investigation was obtained
from the selected species (Solanum incanum L.) growing at four locations
varying in clevation above sea levels (1570, 1800, 2200 and 2595 m).

Climatic data for the four locations were obtained from the Natural
Resources Authorities (Yemen) during the period of investigation year of
2000.

Soil samples associated with S. incanum were collected from dilferent
depths (0-20 cm), (20-40 c¢m) and (40-60 cm) and some physical and
chemical properties were determined according to the methods described by
Allen et al (1974).

The plant samples were collected, well washed and separated into
leaves, stems and fruits. Then, they were dried at 80°C and ground to fine
powder for chemical analysis. Ca, Mg, P and Fe were determined using
atomic absorption spectrophotometry, while Na and K by flame photometer
according to Allen (1989).
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The methods adopted for plant analysis can be summarized as follows:

photosynthetic pigments (Metzner ¢f al., 1965), extraction and estimation of

carbohydrate fractions (Naguib, 1963 and 1964), nitrogenous constituents
according to Naguib (1969) and proline determination by Bates ef al. (1973).

Sodium dodecyl sulphate polyacrylamide gel clectrophoresis (SPS-
PAGE) was used to fractionate the proteins in leaves according to molecular
weight (Bhatty. 1982; Fullington ef al., 1983 and Sharobeen ef al., 1991),
Quantitative estimation of solasodine was done according to Lancaster and
Mann (1975).

The obtained data were subjecled (o analysis of variance according (o
Snedecor and Cochran (1989) and L.S.D value at 5% significance was
calculated.

RESULTS AND DISCUSSION

Climatic Factors

The climatic conditions prevailing in the study locations during 2000
are presented in table (1). It is clear that locations | and 2 had a higher
monthly temperature than the others. Moreover, the highest altitudes (2200
and 2595 m) were characlerized by lower temperature during the winter
months (November-February). This result is in agreement with those of
Younis (1992).

It is also of note that the values of relative humidity of the medium
altitude (2200 m) were lower than those of other clevations. On the other
hand. rainfall was irregular and location 2 (1800 m) had the maximum
amount of rainfall. There were (wo rainy seasons during March to June and
[rom July to September. Such results are in agreement with those obtained
by Abulfatih and Al-Ani (1997) and Abulfatih (1999).

Soil Characteristics

Table (2) shows that the soil was of sandy loam texture in all the
studied locations. Also, soil moisture content was much greater at the highest
altitude compared with the other ones during the studied period. There was a
general trend of increasing soil moisture content during summer than in
winter.

Tablc (3) indicales that the soil reaction (pH) of all soil samples, in
general, was slightly alkaline and values of EC were very low. Na was the
dominant cation followed by Ca, K and Mg at all locations. Data also reveal
that Ca, Mg as well as total cations were gencrally higher in summer than
during winter.
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TABLE (1). Seasonal variation in climatic factors at the studied
locations in 2000.
Location |

Location 2

¢ e °C Temperature °C
Tempersnr: Relative | Rainfall £ Relative [Rainfall
Month  {Nean|Mean|[Monthly humidity%] (mm) Mean| Mean | Monthly humidity%| (mm)
Max.| Min. | Mean Max. | Min. | Mean
January [272]220] 246 52 00 222 | 1068 19.5 38 0.0
February [290 | 248 | 269 41 00 255 ) 199 227 35 035
March [304[238] 271 43 1.0 312 248 280 30 3.0
April 3221275 299 32 225 298 | 278 28.8 19 20
May 330286 308 28 155 30.1 | 27.7 289 28 19.0
June 3M0|306] 323 29 03 325 | 307 316 31 240
July 326(250| 288 57 343 340 ] 316 328 58 1535
\ugnst | 327|288 308 19 639 342 | 308 325 50 127.0
Sceptember| 315258 | 287 33 1.5 304 | 294 299 31 00
October [270(232] 251 47 035 284 | 220 252 35 0.0
November | 270|196 233 43 00 250 | 17.0 210 39 05
December | 270 ISG| 228 50 10 240 152 196 37 1.0
Total
Annual |30311249] 2759 422 146.4 289 | 245 267 359 3305
Mean ’
Location 3 Location 4
¥ L of" . .
Month  [Femperature °C | gejative [Rainfull —Lemperature °C Relative [Rainfall
Month (N ean| Mean| Monthly [ o (mm) |Mean| Mean | Monthly |y nidity %] (mm)
Max. | Min. | Mean ) Max.| Min, | Mean )
January | 172121 147 35 00 246 158 202 43 0.0
February [ 197 [ 137 167 20 00 253 163 208 30 00
March 200157 179 28 27 220 182 2001 35 20
April 227187 207 3 00 239 175 207 24 95
May 245|208 27 13 00 224 194 209 20 48
June 2511219 2335 15 00 206 | 190 19.8 22 0.0
July 2041183 214 45 414 [ 226 200 213 51 243
August 248 | 197 223 31 394 236 | 208 222 20 659
September| 230 | 188 209 36 4.0 224 19.2 20.8 35 15
October [202] 154 178 48 44 21.1 135 173 47 20
November | 175|116 146 37 00 204 22 163 40 125
December | 168 | 92 130 37 00 26| 150 188 43 00
Total
Annual | 213163 189 301 919 | 226 | 172 199 342 122 55
Mean

Location T = Nalhag (1370 m)
Location 2 = Bait Mufarch (1800 m)

Location 3 = Hadda (2200 m)
Locatoin 4 = Wadi Algara (2595 m)
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TABLE (2). Mechanical analysis of soil associated with S. incanum and
mean values of soil moisture content during the two
scasons in 2000,

. Soil S Soil moisture content
Il:tl‘:l:i.::h:\ depth Soil fraction % Sell (pxtare o,
o (cm) Sand Silt Clay Winter | Summer
Mafh 0-20 5075 4505 420 Sandy Loam 055 554
| <':m q 20-10 | 6742 | 282 | 438 Sandy Loam 076 746
(AS70m) | o0 | 7585 | 224 | 175 Loamy sand 246 755
0-20 6 45 2725 930 Sandy Loam 215 319
“"‘: :'Jl‘l‘f"""' 2040 | 7245 | 237 | 385 Sandy Loam 178 319
a800m) -t yo60 | 596 | 3375 | 665 Sandy [.oam 120 3.36
0-20 4865 45 85 5.5 Sandy Loam 092 1315
Hadda 20-40 5175 41 85 (X Sandy Loam 095 116l
(2200 m) -I()-ﬁ(l
Rocky Rocky Rocky
., . 0-20 6225 3315 460 Sandy Loam 25 1575
v ‘2‘29,‘;';‘:;” 20-40 | 8795 | 104 | 165 | Sandy Loam 37 150
Rarte 40-60 | 35975 385 175 Sandy Loam 6.7 1643

The higher altitudes (Hadda, 2200 m and Wadi Algara, 2595m) had
the higher values of EC, Na, K, Ca, Mg, total cations as well as total anions
during the two studied seasons with few exceptions (Table 3).

Plant Analysis
Mineral composition

The stem of S. incanmm contained the highest amount of Ca, Mg and
Fe during summer at the lowest altitude (Table 4). Furthermore, fruits had
the maximum content of K, Mg and Fe during winter at the lowest altitude,
In contrast, Ca, Mg and Fe concentrations in slems (Table 4) reached the
maximum values in winter at the highest altitude. In this regard, Liu (1988)
stated that concentrations of Mg, Na, K and P in the roots of Bupleurum
Jalcatum grown at low altitude (1200 m) were higher than in the roots of
plants grown at 2200 m, but Ca content was lower. Morcover, Na and K
contents were increased during  winter in slems of
S. incanum. Also, Ca content shows the same trend at the medium elevation
(1800 and 2200 m). In this respect, Younis (1992) working on Pulicaria
crispa and Peganum harmala grown naturally in Yemen observed that K,
Ca, Mg, Fe and P confents were greater during the winter season.
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Photosynthetic Pigments

There was a significant and remarkable increase in chlorophy!l a,b and
carotenoids in leaves ol S. incanum in summer relative to that in winter at all
locations (Table 5). However, Younis (1992) found that chlorophyll a,b, and
total chlorophyll were remarkably decreased during summer for two desert
plants grown in Yemen. As altitude increased a significant difference in
chlorophyll a,b, and carotenoids as well as total pigments were observed in
both scasons.

Data indicate that chlorophyll a,b and carotenoids content increased
to a peak level at 2200 m and then declined at 2595 m. This result is
consistent with those of Sutater ef al. (1987) and Venema ef al. (1999). On
the contrary, Pocceschi er al. (1990) working on Atropa belladona grown at
438 and 1750 m, found that the pigment contents increased at lower altitude.
Carbohydrate Contents

Polysaccharides and total carbohydrate content in the stems of
S. incanum (Table 6) reached their highest values under conditions of the
highest altitude during winter. This result is in harmony with those of Lopez
et al. (2002). However, DRV, polysaccharides as well as tofal carbohydrates
in stem, leaves and fruits (Table 6) in most cases had the highest values
during winter at the lowest altitude. On the contrary, Hamouz et al. (2000)
observed that reducing sugar content was lower in potatoes from dried and
warmer low altitude. Reducing sugars increased in summer but
polysaccharides as well as total carbohydrates in the stem accumulated in
winter. In addition, polysaccharides mostly accumulated during summer in
the leaves. Olama and Aly (1994) found that DRV value was increased
during summer in both leaves and stems of Kanahia laniflora grown in (wo
different habitats in Yemen.

TABLE (5). Seasonal variation of pigments in leaves of 8. incanum
growing at different locations (mg/g fresh wt.)

Chla Chlb Carotenoids Total

LSD LSD LSD LSD

Altitude = . Vi L .
59 VintenSummen 39 inteSummer; S, WinterSummer 3%

Wirm'rSumlm:rJ

006 027 | 132 |022]1 172 476 | 025

(=]
'.r-

1570 m 1121 239 |010] 033 1

051 0.84 144 [008) 293 [ 719 | 046

2
wd

1800 m 154 | 422 |036| 055 1

007 0d1 | 211 |O18] 234 | 921 | 04]

o

2200 m 145 524 (023[ 048 | 1

k| e
)

2595 m 120 1 336 |016] 084 1 112) 038 [ 155 [007| 251 | 616 | 095

(I.SD5%)| 0.11 | 0.25 0.06 | 0.07 0.10 | 0.14 059 | 034

Nitrogenous Contents
Table (7) shows that protecin =N and total =N contents were much

higher in leaves than in both stems and fruits of S. incamum and in winter
than during summer. In addition, total nitrogen in leaves attained the

Egyptian 1. Desert Res., 56, No.2 (2006)
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maximum value at the highest altitude during summer and this result was in
agreement  with  those of Suzuki (1998) who found that nitrogen
concentration was higher at the higher site than at the lower one for
Sunguisorba tenuifolia.

With respect to seasonal variations in nitrogen constituents, it is
concluded that the values of protein =N and total =N content of stems and
leaves were generally higher in winter, whereas total soluble-N content was
accumulated during summer. Olama and Aly (1994) found that fotal nitrogen
and soluble nitrogen contents were accumulated in summer in leaves and
stems of Kanahia laniflora grown in two different habitats in Yemen.

As regards proline content, a significant reduction was detected during
summer relative to winter at all locations. Additionally, respect to the lowest
altitude, proline concentration was significantly decreased except at the
medium elevation (2200 m) where a remarkable and significant increase was
found during both seasons (Table 7).

Protein Fractionation

Data represented in table (8) show the results of SDS-PAGE of leaves
of S. incanum at the four studied altitudes during summer. The molecular
weights expressed in rate of flow (RF) ranged between 0.062 and 0.945.
Moreover, resulls show that S. incanum had only 9 protein bands at locations
I and 4 (the lowest and the highest altitudes), whereas there were 17 bands
al  location 2 and |5 bands only at location 3. This
indicated that many proteins (90.18. 43.96, 29, 42 and 7.78) appeared to be
synthesized in the leaves of plants grown at the medium elevations than the
lowest and the highest ones. The differences may be due to the change in
temperature. In this respect, Pareek ef al. (1995) pointed out that specilic
stress proteins for instance heat sock protein (HSP) 90 (a group of heat sock
soluble protein (HPSS) with molecular weights in the range of 80 and 90
KDa) accumulated under drought stress, heal and salt stress as well as cold
stress.

Solasodine

There was a considerable and significant increase in solasodine
concentration of stem and leaves in summer with respect to winter at all
locations (Table 9).

In lcaves, with increasing altitude from 1800 to 2595 m. a significant
reduction in solasodine concentration was delected during winter. However,
the highest level of solasodine content in fruits was observed at the highest
altitude during winter. This result was in accordance with those obtained by
Bahuguna ef al. (2000) who recorded high alkaloid content in four Aconitum

species in alpine population.
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TABLE (8). SDS-PAGE of Solanum incanun.

. Location Mol w.
; Band No. | VoL w. Muarker RF. 7 3 3 3 bands
| 1 0 06 - + + 124 26
L
[ 2 0 0o + 11571
1 3 012 - + + 106 48
{ 4 013 4 10275
3 Y740 0ls + 97 98
6 01 + 90 18
- oM - + - 84 96
b 026 + + 7500
9 028 + + + 7152
10 66 20 033 + + 61 45
11 035 + 5900
12 037 + + - 3366
13 4000 044 4 43 96
14 047 4 4124
15 049 + = + + 38 86
16 034 1 3403
17 038 + 2942
18 26 60 061 B - + + 2765
19 063 4 4 2020
0 2150 0 66 -+ + 4 + 1834
21 1440 072 4 1532
1 075 + + 4 + 1391
23 0 85 + 4 10,55
24 095 - 778

RF = Rate of lown

It may be concluded from the results, that compared with the lowesl

altitude, K, Ca, Mg, TRV and protein-N contents were increased in stems of

S. mcanum during winter, while protein-N and total-N content were
increased in summer. Also. the concentration of total soluble-N was
decreased in the two studied seasons. Moreover. with increased altitude. Ca
content was decreased during summer.

Concerning leaves, as altitude increased, DRV and TRV values were
mostly increased in  summer. In contrast, polysaccharides, total
carbohydrates and total soluble nitrogen content were decreased in winter
compared with the lowest altitude.

Data also reveal that with increasing altitude, TRV value in [ruits of S,
incanum was increased during winter, however Mg, Fe, polysaccharides,
protein-N and total-N content were decreased during winter.
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TABLE (9). Seasonal variations in solasodine alkaloid in leaves, stems
and fruits of 8. incanum growing naturally at different
locations (pug/mg dry wi).

Location Stem Leaf Fruil
(Altitude) Winter | Summer [LSD 5%/ Winter | Summer [LSD 5%|  Winter  [Summer
Mafhagq 090 | 373 | 102 | 330 | 442 | 342 637 .
(1570 m)
Bait Mufarch | 555 | 343 | 321 | 420 | 430 | 146 650 .
(1800m)
Hadda 0s4 | 361 | 067 | 142 | 539 | 297 501 .
(2200 m)
Wadl Algara | (g9 | 200 | 413 | 097 940 .
(2595 m)
LSD3S % 105 066 098 268 257
* missing ** no fruils in summer
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