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Abstract

The interactive effects of different salt concentrations (EC: 0, 10 and 20 dS.m'l) and waterlogging
levels of 75, 100 and 125% water holding capacity on growth of Arriplex amnicola Paul G. Wilson in sandy
loam and silty loam soils was studied. Plant growth in terms of shoot volume decreased in salinity treat-
ments, with no significant differences at waterlogging treatments. There was an increase in shoot volume
in silty loam soil as compared to sandy loam soil. Leaf area : weight ratio (LA:W) showed definite re-
sponses to both salinity and waterlogging treatments.

Silty loam soil produced higher biomass as compared to Sandy loam soil. High salt contents of EC:
20 dS.m" " at 125% WHC showed adverse effects on biomass production. In sandy loam soils, different
plant parts showed non-significant variation in organic matter and ash contents for salt levels, whereas,
ash contents increased and organic matter decreased at waterlogging levels. Silty loam soil exhibited low
percentage of organic matter than sandy loam soils. Shoot biomass productivities correlated to both soil
salinity and plant volume data. Regression equations have been calculated to determine the estimated
biomass over a period of time.

Introduction

Approximately 10% of the total land area of the world is affected by salinity and
sodicity problem (Szabolcz, 1991) and about 20 million hectares of land deteriorates
to zero production each year (Malcolm, 1993). In Pakistan, out of 20.36 million ha. of
cultivated land, ca. 5.8 million ha. are salt-affected (Qureshi ef al., 1993) of whnch 31
million ha. occurs in the irrigated areas (Canal Commanded Arcas), with Na* and
Cl” being the dominant ions. The salt content varies in different regions of the salt-
affected areas, but at certain sites could reach up to an EC,, of 90-102 dS.m -1 (Ahmad
& Ismail, 1993 a).

Besides salinity, waterlogging is often encountered in the salt affected areas. In
Pakistan, the problem of waterlogging has been primarily due to the proliferation of
unlined canals and the construction of dams and water-works to reduce run off
(Sabadell, 1988). In the Punjab and Sindh, which are the main agricultural areas of
the country, there are approximately 1.74 m.ha. which have ground waters at 0-5 cm.
and 2.81 m.ha. at 1.5-3 m depth.

Area of high salinity and sodicity do not support the growth of glycophytic species
but are occasionally dominated by halophytic species. Economic uses of the halophytic
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species as forage/fodder for grazing animals, reclamation and use as oil crops, etc.,
have been extensively reviewed (Choukrallah; 1993; Jefferies & Pitman, 1986; Le
Houerou, 1986).

Among the halophytes the genus Atriplex has been extensively studied not only
for its biomass productnvntnes, but also for its fodder value and its ability to grow on
degraded saline lands; improve soil conditions (Malcolm, 1993; Davidson & Galloway,
-1993; O’Leary, 1986; Barrett-Lennard et al., 1986); and its nutritional values (Hanjra
& Rasool, 1993; Bhattacharya, 1988) Atriplex amnicola is regardcd as one of the most
salt tolerant and productive species within the genus. It grows in highly saline areas,
has good palatability and recovers from grazing (Malcolm & Swaan, 1989). Within the
prevailing climatic zones of Pakistan, 4. amnicola and A. lentiformis have been re-
ported as being well adapted and productive species for both sandy and inland waste-
land areas (Abdullah et al., 1993; Ahmad & Ismail, 1993b; Rashid et al., 1993).

The present study was carried out to evaluate the growth response and biomass
production of a clone of A. amnicola to various degrees of salinity and waterlogging in
two types of soils which are representative of the saline areas of Pakistan.

Materials and Methods

Experimental Design: Vegetative cuttings of Atriplex amnicola Paul G. Wilson, were
obtained from Western Australian Department of Agriculture and propagated in

Table 1. Physical and chemical characteristics of the types of soil used

in the experiment.
Parameters Studied Soil Type Sail Type
1 2

Soil Texture Sandy Loam Silty Loam
Water Holding Capacity (%) 2056+1.78 29.54+1.39
pH 8.43+0.03 8.05+0.03
Electrical Conductivity (dS.m™1) 4.98+0.56 8.45+1.87
Total Dissolved Solids (g/L) 3.32+0.37 5.54+126
Osmotic Potential (K.Pa) -199 -318

Na* (Meq.L'}) 16.44+0.75 170.10+2.76
- (MeqL'1) 52.23+10.51 156.86 +5.53

Each value is the mean + s.e. of five readings.
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Table 2. Analysis of saline irrigation solution used in the experiment.

Parameters Studied Salt Treatment 1 Salt Treatment 2 Salt Treatment 3
Electrical Conductivity 0.34 10.00 © 20.00

(dS. m'1

Total Dissolved Solids 022 6.68 13.31

(g/L)

pH 8.00 8.10 8.25

Nat (MeqL}) 091 395.65 840.00

CI" (Meq.L'}) 0.74 136.20 063.50

polythene bags filled with three parts of sand and one part of organic manure. Exper-
iment was conducted in 30 cm diameter and 45 cm height undrained plastic pots. An
8-cm. layer of pebble stone was placed at the bottom of the pots to facilitate water
movement beneath the soil. A S0 cm PVC pipe was placed on top of the pebble layer
for irrigation. Two separate sets of pots were filled with two different types of soil
(Table 1). .

Three month old seedlings of A. amnicola of uniform size were transplanted in
each pot (1 seedling/pot), and established for one week with tap water. Plants were
then acclimatized to the saline conditions by gradually increasing the salinity of the
water until they reached to the final concentration of salts at which the experiment
was continued.

The experiment was conducted using a ‘Completely Randomized Design’ (CRD).
Separate sets of pots were, prepared for two different soil types. Each set comprised of
three salinity treatments of EC: 0, 10 and 20-dS.m™", with each salt treatment further
subjected to three waterlogging levels of 75, 100 and 125% water holding capacity
(WHC). The WHC was calculated in both type of soil samples as described by Rich-
ards (1954). There were 3 replicates of each treatments. Levels of salinity were main-
‘tained by mixing appropriate amount of sea salt in tap water to give the desired EC,,.
Analyses of the salt solution used in the experiment is given in Table 2. Pots for bot
salinity and waterlogging treatments were randomized in the set up and replicated
twice for monitoring plant growth at two different harvest periods of 4 and 8 weeks,
respectively. Plants were subjected to irrigation after every third day when the mois-
ture content at low watering (75% WHC) treatment pots decreased upto 50%. Pots of
100% and 125% waterlogging treatments received that much amount of water to
attair the respective moisture levels.
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Fig.1. Variation in plant volume of Aeriplex amnicola grown in two types of soil under different salinity
and waterlogging conditions.
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Morphological Studies: Plant height and diameter(s) [maximum diameter of plant
designated as " 1" and right angle to "d;" designated as "d,"] were recorded weekly
to calculate the shoot volume. Shoot volume was calculated as described by Ward
(1993) and Ismail et al., (1993) for hemispheroid plant shape.

Plant Volume: 1/61r(d1*d2*h)

Plant Harvest: Pots containing both types of soil with respective salinity and water-
logging treatments were harvested after 4 weeks and 8 weeks growth period. At each
harvest, plants were separated into leaf, stem and roots for fresh weight determina-
tion. Sub-samples of respective plant parts were oven dried at 70°C for dry weight.
Dried samples of respective parts were further analyzed for organic matter and ash
contents.

Results

Plant Velume: In sandy loam soil, the over-all plant volume decreased at EC._ : 20
dS.m™" as compared to non-saline conditions. Waterlogging (125% WHC) seemed to
increase plant volume at 0 dS.m™" with minimum values at 20 dS.m™". However, dif-
ferences in waterlogging treatments appeared to be non significant (Fig. 1, Table 3).

Table 3. ANOVA for plant volume in A. amnicola under different levels of
salinity and waterlogging treatements, soil types and harvest period.

SOURCE df Mean F-Value
Square
Salinity (S) 2 0.002 140
Waterlogging (W) 2 0.001 0.44
SxW 4 0.002 . 121
Soil Type (ST) 1 0.030- 335"
SxST 2 0.002 128
WxST 2 0,001 0.43
SxWxST 4 0.001 1.07
Harvest Period (H) 1 0.062 461"
SxH 2 0.004 3.06°
WxH 2 0.001 0.08
SxWxH 4 0.001 0.84
STxH 1 0.005 415"
SxSTxH 2 0.002 . 188
WxSTxH 2 0.002 1.91
SxWxSTxH 4 0.003 244"
Erroff2 0.001

CV(%) 64.14
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Fig.2. Variation in leaf area : weight (LA : W) ratio observed in Atriplex amnicola at two growth periods

(after 4th and 8th weeks).
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Table 4. ANOVA for biomass production in 4. amnicola under different levels of
salinity and waterlogging treatements, soil types and harvest period.

FRESH WEIGHT
LEAF WEIGHT STEM WEIGHT ROOT WEIGHT
SOURCE df Mean F-Value Mean ) F-Value Mean F-Value
Square Square Square
Salinity (S) 2 7488 060 19224 350" 6.26 338,
Waterlogging (W) 2 9442 0.7 124.54 226 1022 551
SxW 4 7B 059 135.66 247 219 118
Soil Type (ST) 1 378649 303" 262631 776" 056 030
$xST 2 9784 0 4835 0.88 0.64 035
W ST 2 S6TT 045 12864 234 5.05 22,
SXWxST 4 4704 038 4884 0.89 457 2.47
Harvest Period (H) 1 129484 1037° 636304 152" 1569 847"
SxH 2 6688 054 41291 750" 047 025
WxH 2 80719 647 7822 142 102 0.55
SxWxH 4 3930 031 64.89 118 149 0.1
STxH 1 17647 141 36726 668" 9.86 532"
SxSTxH 2 334 027 5555 . 101 398 215
WxSTxH 2 17235 138 6.72 0.12 517 279
SxWxSTxH 4 8251 066 176.96 3n* 408 220
Error 72 12485 5498 1.86
CV.(%) 3695 2941 36.29
DRY WEIGHT
Salinity (S) 2 481 034 79.49 6.16"" 173 594""
Waterlogging (W) 2 969 069 50.18 389] 134 461"
SxW 4 1352 096 6166 478 0.15 0.52
Soil Type (ST) 1 49094 8"’ 968.94 504" 143 494"
$xST 2 955 068 2630 204 0.43 148
WxST 2 121 0.09 2887 224 0.81 279
SxWxST 4 463 033 32.66 253, 051 174,
Harvest Period (H) 1 53633 3804 288765 22363 7.89 27.16
SxH 2 248 159 159.97 1239 o4 2.88
WxH 2 5145 365 31.84 247 0.06 0.21
SxWxH 4 117 o051 29.19 226 024 0.82
STxH 1 6054 288 130.79 103" 191 658"
SxSTxH 2 065 065 2343 181 071 2.45
WxSTxH 2 1054 075 621 0.48 0.74 2.56
SxWxSTxH 2 1336 095 6439 499" o054 185
Error 7 1410 1291 029

CV.(%) 42.26 25.37 38.05
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Silty loam soil exhibited better plant volume as compared to sandy loam soils and
exhibited higher plant volumes at 0 dS.m"1 and 125% WHC. Increase in salinity
showed a reduction in plant volume at 125% WHC. Plaats at 20 dS.m"! exhibited
greater reduction in the plant volume as compared to other salinity treatments though
statistically non-significant differences were evident for different waterlogging levels.

Leaf Area: Weight Response: As compared to sandy loam soil, silty loam soil (at
Harvest -1 period) exhibited non-significant variation at 100 and 125% WHC at all

the salt levels (EC: 0-20 dS.m'l). A slightly higher value was evident at 75% WHC. At
Harvest -I1, the ratio decreased with increase in salinity and waterlogging levels (Fig.
2). Sandy loam soils in general also exhibited a decrease in this ratio with increase in
salinity and waterlogging levels. However, there appeared an exception at 10 dS.m"
(Harvest -I) when the ratio was very high at high waterlogging levels (125% WHC).
At 20 dS.m'l, significant variation was evident at 75% WHC as compared to 100 and
125% WHC, at both the harvest periods.

Biomass Productivities: At first harvest, fresh weight of stem in sandy loam soil did
not exhibit any significant variation to both salinity and waterlogging treatments,
whereas, in silty loam soil, it showed reduction to increased levels of water (Fig 3).
Salinity in silty loam showed a maximum increase in stem biomass at 20 dS.m™". Leaf
biomass in general did not show any variation to both salinity and waterlogging treat-
ments (Table 4). Root biomass was not affected by salinity treatments but showed a
reduction with increased waterlogging (Fig. 3). At first harvest, dry biomass and ash-
free dry biomass again showed non-significant variation for stem component in sandy
loam soil. Except under non-saline condition, all component parts exhibited a de-
crease in watcrloggmg treatments. In silty loam soil, stem showed higher biomass at
20 dS.m™1 salinity in 100% WHC-waterlogging treatment (Fig. 3). Both salinity and
waterlogging treatments showed a significant variation in dry weight in stem and root
components (Table 4).

At second harvest, fresh weight of above ground biomass increased in both salini-
ty and waterlogging treatments of sandy loam soils (Fig. 4), however, dry weight and
ash-free dry weight showed lower productivities at higher salinity level (20 dS.m'l), as
well as in waterlogging levels. Leaf biomass was less affected by salinity but showed
higher differences in waterlogging treatments. In silty loam soils, an increase in
moisture levels of growing medium significantly increased the above ground produc-
tivity, especially of ihe stem component of fresh, dry and ash-free dry weights. Higher
salinity (20 dS.m™) although showed relatively less differences to the other salt
treatments for fresh and dry weight, exhibited significant variation when compared for
the ash-free dry weight. Dry and ash-free dry biomass showed a very significant effect
in both the harvest periods (Fig. 4, Table 4). Analyses of variance for both fresh and
dry biomass of A. amnicola plants showed significant variation for soil types, harvest
periods and interactions between salinity and harvest; and soil types and harvest
(Table 4). Productivities of stem (both fresh and dry) was affected by salinity, water-
logging, soil types and harvest periods.

Fresh weight : dry weight ratio in leaves and roots of plants grown on sandy loam
soils were less effected by waterlogging treatments but decreased with increasing
salinity levels (Table 5). These ratios were, however, significantly different for both
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Figures above the bars indicate the electrical conductivity of irrigation water, whereas, those below the

bars (W1, W2, and W3) represent waterlogging treatments at 75, 100 and 125% WHC.
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Table 5. Some ratios related to biomass productivity of 4. amnicola subjected to
various degrees of salinity and waterlogging treatments.

PARAMETERS WATERLOGGING SALINITY LEVELS (EC;y, in dS.m'l)
STUDIED LEVELS
(% OF WHC) 0 10 20

Harvest Harvest Harvest Harvest Harvest Harvest

1 I 1 | | I
SANDY LOAM SOIL

LEAF 75 446 293 417 311 408 367

FW/DW Ratio 100 420 282 460 311 439 311

125 442 305 406 311 48 381

STEM 75 204 174 195 105 - 191 354

FW/DW Ratio 100 196 151 228 190 197 303

125 209 158 212 115 192 546

ROOT 75 331 268 372 271 2713 298

FW/DW Ratio 100 345 256 292 242 313 289

125 366 272 297 259 266 303

Shoot/Root Ratio T 724 1355 636 1215 1117 2059

(Fresh Weight) 100 ' 948 1063 2174 1188 1334 1444

125 784 1687 886 1179 1259 2715

Shoot/Root Ratio 75 800 1714 819 1860 1090  17.09

(Dry Weight) 100 1120 1400 1900 1247 1382 1363
125 958 2151 887 1600 1159  19.08 -

SILTY LO4M SOIL

LEAF 75 39. 266 379 261 319 270

FW/DW Ratio 100 39 284 455 278 401 353

125 367 235 400 369 405 360

STEM 75 193 168 195 168 184 166

FW/DW Ratio 100 184 172 91 177 192 176

125 185 151 188 179 187 182

ROOT 75 273 206 735 229 279 241
FW/DW Ratio - 100 231 211 275 212 276 3080
125 225 189 268 261 235 2645

Shoot/Root Ratio 75 1352 1089 4425 1789 1976  17.30

(Fresh Weight) 100 2104 1650 1409 1673 1784 2406

125 2978 2317 1382 2720 2870 2207

Shoot/Root Ratio 75 1350 1125 1609 2065 2276 2070

(Dry Weight) 100 1792 1673 1260 1638 1779 2901

125 2582 2418 128 2673 2412 207
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Fig.5. Relationship between soil salinity (ECe) and shoot biomass productivity (fresh and dry weight) in
Atriplex amnicola as influenced by salinity and waterlogging treatments.

salinity and waterlogging treatments at Harvest -II. Shoot : root ratio on fresh and dry
weight bases increased in both waterlogging and salt treatments, Silty loam soil also
showed similar response, however, plants grown in sandy loam soils were much af-
fected as compared to silty loam soil. In addition, plants grown in silty loam soil
showed higher shoot : root ratio signifying better availability of shoot material for
forage /fodder.

Attempts made to find any possible relationship between soil and plant parame-
ters related to plant biomass productivities in both sandy loam and silty loam soil with
reference to salinity and waterloggmg treatments, showed that except at high water-
logging treatment (125% of WHC) in sandy loam soil, all other waterlogging treat-
ments exhibited a significant correlation between electrical conductivity of soil (EC,)
and total plant biomass (Fig. 5). Depending upon the effect of salts, a 3-4 degree
polynomial curves were obtained between these two parameters. Shoot volume on the
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other hand showed a definite relationship only at low and moderate waterlogging
levels in both types of soils (Fig. 6). No definite relatlonshlp were evident at high
waterlogging levels.

Discussion

Low salinity (EC: 10 dS.m'l) and low to moderate waterlogging levels (75 and
100% WHC), showed little effect on plant volume, whereas, high salt level (EC: 20
dS.m™ ") reduced plant volume as compared to non-saline conditions. Waterlogging
alone showed little effect on plant volume, whereas, waterlogging x salinity significant-
ly reduced total volume of the plant. Silty loam soil was more productive in increasing
plant volume as compared to sandy loam soil, may presumably be due to better avail-
ability of moisture to the plants. Since high temperature and solar radiation increase
moisture loss from soil surface, thus moisture level in the soil is reduced with little
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waterlogging effects. Plants irrigated with non-saline water and kept at 125% WHC
showed higher plant valume as compgred to plants exposed to high salt stress. Varied
levels of salinity (200 and 400 mol.m™ NaCl) without waterlogging have been report-
ed to show no effect on growth, whereas, low level of oxygen (waterlogging), reduced
the RGR by 80 and 86%, respectively, at the two salt levels (Galloway & Davidson,
1993). A

Plants are reported to show variation either in leaf expansion or accumulation of
photosynthate (dry weight) under salinity condition. Leaf area-to-weight ratio
(LA:W), an indicator of a plant response to stress in reference to increase/decrease
in leaf area (turgor balance) or weight (metabolic adjustment) exhibited varied
response to soil types, salinity and waterlogging.

Since plant weight is dependent upon the accumulation of carbon products in
photosynthesis, it is determined by (i) rate of photosynthesis per leaf area, and (ii) the
area of leaf surface (Terry & Waldron, 1984). Leaf area expansion was affected
during early period of salinity/waterlogging treatments and thereafter adapted to
these stresses signifies that growth in terms of leaf expansion may cease due to stress
(particularly in reference to salinity). The thickening of the leaves may be due to
increase in photosynthates. Such a response has been reported by Terry & Waldron
(1984) and Aspinall (1986). Alternatively, an increase in water content and a concur-
rent increase in leaf volume is also possible for leaf expansion and has been reported
for the halophytes (Flowers et al., 1986; Handley & Jennings, 1977). Leaf expansion
could thus be a function of water influx or accumulation of ions and organic solutes.
Munns & Termaat (1986). have suggested that water stress of the root actually regu-
lates leaf expansion, and as such moisture absorption by roots from the soil would
govern the process of leaf expansion.

Reduction of forage/fodder is related to growth rate and consequently biomass
productivity (particularly aerial biomass for perennials). Results of the present studies
showed that production of biomass is controlled to some extent by moisture levels of
soil, however, presence of salt with excess water affected the biomass. The productivi-
ties was at least 25% higher in silty loam soil at all the waterlogging levels as com-
pared to sandy loam soils. As the capacity of moisture retention is much higher in
such soil, availability to the plants is ensured without the expense of energy to extract
water of low potential. This energy is thus used in conversion of biomass, though a
part of it is still required in adjustment to salt stress.

During the early growth period of 4-weeks, the leaf growth was maximum as
compared to stem in sandy- and silty-loam soils and after 8-weeks, a shift of biomass
allocation towards the stem was observed. Salinity appeared to promote leaf produc-
tivity at low EC (10 dS.m'l), whereas, at higher EC (20 dS.m™"), leaf weight de-
creased with an increase in stem weight in both types of soil. This however does not
affect the overall productivities in the sense that both leaves and stem of A. amnicola
are heavily grazed. Similar response have been reported in A. lentiformis where in-
crease in dry matter production appears to be related to a corresponding accumula-
tion of stem components and enhanced by the reproductive phase (Watson et al.,
1987). Both salinity and waterlogging did not show any variation in the produ-tivity of
roots in both sandy loam and silty loam soil. Both fresh and dry weight of root was
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low in contrast to those reported by Mahmood & Malik (1987) at the salinity levels
which suggests a reduction due to waterlogging only.

Though fresh and dry biomass gives an indication of productivities, but due
consideration should be given when evaluating biomass due to high contents of mois-
ture and ash (Glenn & O’Leary, 1984), and thus ash-free dry weight (AFDW) is
considered better for comparison as far as total organic matter production is con-
cerned. In the present study salinity showed little effect on the ash-free dry weight in
sandy- and silty-loam soil types, with waterlogging being the major factor for reduc-
tion in biomass. Ash-free dry weight was high in silty loam soil as compared to sandy
loam soil. This does not under-estimate the growth of A. amnicola in light textured
soils, as they provide a very good medium of salt infiltration thus reducing chances of
salt accumulation. A number of halophytic species have been grown on sandy waste-
lands with different concentration of sea water and even pure sea water (Glcnn &
O’Leary, 1985; Gallagher, 1985).

Variation in moisture content is the key factor to determine the FW/DW ratio.
. All the plants showed reduction in FW/DW ratio in leaf, stem and roots under differ-
ent salinity levels as well as growth period. This probably indicates adaptibility of
plant parts to salinity at early stages of growth. Shoot to root ratio appeared to be
quite high as compared to those reported for other halophytes (Cooper, 1982). Both
salinity and waterlogging either increased or did not alter the shoot : root ratios,
however, the growth period and soil types did affect the ratio. An increase in shoot :
root ratio has also been reported for other halophytic species (Okusanya & Ungar,
1984).

Presence of salts in irrigation water associated with high moisture levels results in
high soil salt-contents thus adversely affecting productivities. Attempts to correlate
plant biomass with soil salinity (EC,) indicated that biomass was directly affected by
the presence of total soluble salts w?uch resulted in different growth curves at differ-
ent moisture levels. This presumably is due to overall salt distribution at high mois-
ture levels (125% WHC), whereas, at low moisture content, salt distribution was
usually concentrated on the soil surface, which is reported to be the rooting zone in A.
amnicola (Galloway & Davidson, 1993). A decrease in root growth of plants having
shallower root systems have been reported (Ahmad & Ismail, 1993a; Drew & Lynch,
1980).

Growth in terms of plant volume widely used for non-destructive estimations of
plant biomass (Ward, 1993; Ahmad & Ismail, 1993b; Barrett-Lennard, 1993), has
been found to be useful in providing shoot biomass estimations. Correlations between
plant volume and biomass productivities showed significant r-values at 75 and 100%
WHC. High water levels in soils appeared to have varied response to the plants in
association with salinity Presumably plants behave differently to overcome waterlog-
ging stress at various salt concentrations.

The present investigation shows that this provenance of A. amnicola can with-
stand both salinity and waterlogging and there is need to evaulate its cultivation on
long term bases under field conditions.
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