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Abstract

The ettect of sandy and clavey loams was studied on the growth and development ol roots of
cotton seedlmgs at different soil salinity levels. Plastic bags were filled with soils ol dilferem
textures and made saline with 0.4 % (EC $44 dS/m in sandy loam, 545 dS/m in clayey foam) and
0.8 G (LC 82 dS/mm sandy loam, 9.05 dS/m in clay loam) dilutions ol sea salt. Seven days old
seedlings were transplanted in these plastic bags and allowed o grow for forty days. The soil was
later washed out from the roots very carelully Jeaving undamaged root system al sieve, which was
examined thoroughly. Roors were found thicker in clavey loam as compared to sandy loam, but in
both the cases root thickness decreased with an mcerease in salinity. Primary roots were longer in
sandy foam o control and 0.4 <4 sotl satimitv, but at 0.8 9 soil salinity 1itwas longer m clayey loam.
Number ol secondary roots was comparatively more o sandy loam at 0.4 ¢ salinity treatment, b
at 0.8 % sty (reatmend it was more in clayey Toam. Average length of secondary roots wis
longer i clavey doam. Tertiary root development was much more in clayey loam but decreased
with the increasie ~alinity in both the soil textures, Root and shoot biomass, height of seedlings
and number of feaves were comparatively more inclavey loam. Salinity did affect the shoot grow th
but over all 1t was much better in clavey loam. i above mentioned range of salinity than that of

sandy foam
Introduction

Soil solution s the most mmportant immediate source ol nutrients for absorption by
the roots. Since the mineral elements essential for the growth of plants arc taken from the
soil solutton, absorbing organs (roots) are reported to penetrate through the whole mass
of the sotl bringing the large possible surface into intimate contact with the sotl matrix
(Epstein, 1971) Soil textures present a variety ol mineral environment for absorption
from roots and they also differ in their resistance o root penctration. Mechanical
impedance refers to the resistance offered by the soil matrix against root development: it
permits rool elongation only to the extent that the root pressure exceeds the mechanical
impedance (Boone & Veen, 1982 Nadian er af.. 1996). Changes in mechanical
impedance through the rooting zone can modify root growth and distribution (Shierlaw &
Alston, 1984). Salinity has been reported o atfect the root growth, Tateral root formation
and the rate of there development (El-Saidi, 1997). The cotton plant has. in general, a
fairly slender tap root. the size of which depends on the soil environment(. such as
physical texture, fertility. sotl temperature and the amount ol moisture (Afzal, 1969).

Root niorphology is suaid to be dependent upon the total surface arca of root system
that is expesed o salinity (Barber & Sitherbush 19800 1t is further governed by the soil
texture and the degiee of salinity in rhizosphere. The cffect of diiferent soil textures
supplemented with different levels of salinity have been investigated on the morphology
ol cotion roots in present studies.
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Materials and Methods

Sinee cotten s quite susceptble to salinie at cernumation stang e ol possible
to obtain cood srzed healthy seedlings at soil ol higher saimites cAbdadinh & Ahmed.,
TU86), hience the seeds weres o start with, sown at non sadine soils of vious wextures and
the seedhings obtatned were exposed to various levels ol salinies at fater stages. Cotton
seeds (Gossypun hivsuron 1o ev, Nayab-78) were germinated in non saline sotls ol
different textures (Le. sandy and clavey Toams) kept in small plastic bags and mrigated
with tape water to obtam the seedlings of the same size Tor all salinity treatments. Scyven
days old seedhmgs were transplanted in large plastic bags containing the soil of same
textures i owhich seedlings were raised. The sotl was irrigated up to field capacity level
with sofutions of 048 %0 sea salt (HC 44 dS/m i sandy Joam, 5,45 dS/min clavey Toamy
and O8G0 sea salt (B0 X2 dS/moin sandy Toam, 9.05 dS/m e clay loam). Farmvard
manure (FY M) was mixed in 901 ratio. The seedlings were irngated with just sulhcient
amount ol non-salme water at regular intervals to avoid water logged conditions, Three
replicates were made cach tor control tnon-saline) and salinity treatments in both the
kinds of soil i order to study growth of root systenm. Plastic bags containing forty davs
old seedlings were placed on a plastic tray having perforated sieve bottom, and root
system was cleaned without damage by washing out sotl particles under tap water. The
roots without any soil particles were dried on a blotting paper and photosate were made
on graph paper, fength and diameter ol tp roots were measured. Numbers of secondary
and tertary roots were counted. Number of teaves, plant herght and biomass of seedlings
crown tnder vacious salinity levels were also noted to correlate with the root growth.

Staistical analysis ol the data was carried out as outlined by Little & Thlls (1975)
and Gomez & Gomes (19767, Data were analyzed using a computer program Costat 3.03.
Mean separation of data was carried out using Duncan’s Multiple Range test (Duncan,
1US5).

Results

a) Root biomass: Growth ol cotton seedlings in term of root biomass production at
dilferent soil textares and different salinity fevels is presented in Tigs. 1 & 2. 11 showed
non-significant reduction in fresh werghe and significant (P<0.05) reduction in dry
bromass production. with increase m soil salinity i both the soil textures. Root biomass
5 ore meckavey loam as compared o that of sandy foam.

b) Diameter of primary root: Primary root thickness of cotton scedlings grown in
different sotd textures and salinity levels is presented in Table 1. The diameter of primary
root in clayey loan was greater than that in sandy loany trrespective of saline or non-
saline conditions. In sandy Toam root thickness significantly (P<0.05) decreased in saline
sonl as compased 1o the control but there was no dilTerence in root thickness between
different salinity levels. In clayey loam, there was a significant (P<0.05) decrease in root
thickness with mcrease m the soil salimity level,

¢) Primary root lengtli: Primary root length of forty days old cotton scedlings grown in
different soit textures and salinity levels are given in the Tuble 1. Average primary root
length decreased with inerease  in soil salinity n sandy loam. In clayey loam primary root

&
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length decreased e saline soil as compared to control (non-saline) but there wis no
difference in primary oot fength at two soil salinity Tevels. In non-saline and 0.4 % saline
treatment the proanary root length is more m ~audy fowm than o ol e hut It s
more mectay Joam at highest sabimty fevel

d) Nunther of secondary roots: Nuber ol sccondary roots 1 torts aavs old cotton
seedlimes i beth the testares remained  almost sume under control (non-saline)
conditions. In sandy Toam, number of sccondary roots mcereased 4 9% salinity
trearment but decreased in 0.8 S0 saline treatment as compared to control. In clay loam
there is agradual significant decrease (P<0.05y i the development ol secondary roots
wille the mereasing soil saliniy fevel, The number of secondary roots is comparatively
more in O % saline treatiments mosandy Toam than that in clay lowm. but 1t s more in
clivey Towm m 0.8 “¢ saline treatment than that m sandy loam.

¢) Length of secondary roots: 1.ength ol sccondary rools decrcased m saline soil as
compared to non-saline soil in both the soil (extures (Fig. 4. In non-satine and 0.4 4
saline clayey loam secondary roots were longer than those at these salinity levels insandy
loam. The bulk ol secondary roots of longer Tength arise from 1™ five centimeters of tap
rool {from eround levely in clay loam, whereas in sandy loam they keep on arising up 1o
ten centimeters. Secondary roots are longer in sandy loam than the secondary roots in
clavey Towm at highest salinity fevel.

J) Number of tertiary roots: ‘There is o gradual significant decrease (P<(.05) in number
ol ertiary roots with imerease in soil salinity level in both the soil textuares (Table 1),
Number of tertiary roots s more in clayey loam as compared o the sandy Toam.

) Shoot hiomass: Shoot bromass showed signilicant reduction (P<O.00 1) with mercasimg
salinity levels in both the sotl textures. In clayey loam seedlings showed more fresh and
dry shoot hiomass production at all soil salinity levels than those in sandy loam (Iig. 3.

Iy Plant lieight: Tleight of Torty days old seedlings. signiticanty decreased (P<0.001)
with inercase mosotl sabinity fevel m both the soil textures (Fig. 5). Plant height was more
in clayey foam as compared to the plant height in sandy foam at all salinity levels.

i) Number of Leaves per plant: The number of leaves per plant significantly decreased
{P<0.01) 1 saline soil in both the soil extures. Number of leaves per plant was greater in
clayvey Towm in non-saline as well as in 0.4 % salinity fevel than the number of leaves per
plant in non-saline sandy loam.

Discussion

Reduction i root biomass, primary root thickness, primary and sccondary root
length and the development of (he tertiary roots was noticed at saline soil as compared (o
control {non-saline soily in both the soil fextures. except that ol development of sccondary
root at 0.8 % salmity level in sandy Joam. Salinity atfects the root grow(h by inhibiting
their initation and development. Initiation of lateral roots 15 comparatively less alfected
by the salinity. whercas ther elongation seems to be the most sensitive process (Waisel
1991, Inhibition ol the subsequent growth of fateril roots would reduce the horizontal
spread ol the root system of salt affected plant and compel them to depend on the deep
sotl fayers for supply of water and nwtricats (El-Saidi. 1997).
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Fig. 3. Biomass of cotton seedlings under different soil textures at various soil salinity levels.

Soil texture had marked effect on root morphology of plants. In sandy loam primary
roots are longer than those in clayey loam in control (non-saline) and 0.4 % soil salinity
level. Soil compaction is known to reduce root clongation (Barley, 1965; Taylor &
Ratliff, 1969}, Montague et «l. (2001) are ot the opinion that position ol localized soil
compaction determines root and subsequent shoot growth responses. Primary roots in
clayey loam in present investigation were found thicker, sccondary roots longer with
significant increase in the formation of tertiary roots. The change in the morphology of
cotton scedlings grown in clayey loam was probably caused by the higher mechanical
impedance ol clayey toam due to more compactness, as compared to the sandy loam. The
pressure exerled by the soil particles on the large elongating primary roots probably
stimulates the Tormation ol small tertiary roots which are able to grow hetween soil
particles (Gross, 1977; Veen, 1982).
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Hieo 4 Average length of secondary roots of 40 days old cotton seedlings in soils of different
textures amended with various levels ol soil salinity.

I'here appear reductions in plant height, number of lcaves and shoot biomass under
saline conditions in both the soil textures. Plant growth in glycophytes is gencrally
reduced by the salinity even at lower level (Greenway & Munns, 1980). The reduction in
growth is the consequence of several physiological responses, including tonic imbalance,
waler status (physiotogical drought), stomatal behavior, photosynthetic efTiciency. carbon
allocation and utilization (Flowers ef al., 1977: Greenway & Munns, 1980; Munns &
Termat(, 1986; Munns, 1993). Salinity influences several vital processes of plant growth
such as nutrient uptake (Alam, 1990; Yang ef «f., 1990), protein and nucleic acid
svithesis (Hurkman & Tanaka, 1987: Hurkman er «f., 1988), photosynthesis (Hasio,
1973), hormonal balance. enzyme activities and their interactions (Reddy. 1985).
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Fugo 50 Plant height and number of leaves per plant of cotton scedlings in soils of
different texture and amended with various levels of soil salinity.

Soil texture had stgnificant effect on seedling growth. There was 35.11 % promotion
i fresh biomass of roots. 61.35 % promotion in fresh biomass of shoot, 29.1 %
promotion i plant height and 41.46 % promotion in number of leaves in clayey loam as
compared to the sandy loam under non-saline condition. Signilicant promotion was also
observed in all the above-mentioned parameters in both the salinity levels in clayey loam
in comparison with sandy loam.

Clayev loam appears to be promoting root as well as shoot growth cven under
different salinity levels. Availability ol essential muneral elements for plant growth and
capuability of moisture retention is higher in clay. However, higher concentrations of salt
under clayey loam (beyond the salinity levels taken for present investigations) could be
imhibitory for plant growth since it is capable of retaining saits in greater concentrations
in sotl matrix i comparison with sandy loam due to obvious differences in textures.
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