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Abstract: A considerable proportion of the arable land cropped with pearl millet in northern Nigeria is affected
by salt concentration. Pot experiments were conducted at Maiduguri in Sudan savanna to determine the
influence of NaCl concentration on growth and nutrient content of pearl millet. The treatments comprised of
three NaCl concentrations: 0.0, 1.4336 and 2.1504g/kg of soil and five pearl millet varieties: Ex-Borno (Sammil-1),
Maiwa, SE-13 (Sammil-6, Yar-Mubi and Buduma, arranged in completely randomized design and replicated three
times. Germination percentage, plant height, shoot and root dry weights significantly were decreased with
increasing soil salinization. Millet variety, Maiwa was significantly superior to the other varieties in the
expression of these parameters. N, P, K, Ca and Mg Concentrations were also significantly decreased  with
increasing  NaCl  concentrations,  but Na and Cl accumulation increased in the plant tissues.The highest values
of N, P and K, Na, Ca + Mg and Cl were observed for Ex-Borno, Yar-Mubi, SE_13, Maiwa and Buduma,
respectively. The significant NaCl concentration and millet variety interaction effects revealed that, both growth
parameters and plant nutrient contents significantly decreased with increasing soil salinization for all varieties.
However, the Maiwa variety was relatively more tolerant to soil salinization as it expressed superior nutrient
content and growth parameter. The variety could therefore possess superior inherent genetic characteristics
that could assist in the identification of superior genes for salt tolerance in pearl millet for improving its
productivity in the region.
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INTRODUCTION Plant grown in soil with high salt levels can also exhibit

Pearl millet (Pennisetum glaucum (L) R. Br.) is an [9, 10].
important staple food crop in semi-arid region of Northern Emergence and early growth of millet are critical
Nigeria, where soil salinity survey revealed that a stages for the establishment of millet for high yield [1].
considerable proportion of the arable land is salt affected Germination and seedling characteristic are the most
[1-3]. Accumulation of soluble salts in soils lead to useful criteria used for selecting salt tolerance in plants
unfavorable  soil-plant-water-air relationships [4, 5]. [11]. Salt inhibition of seed germination could be
Otherr studies indicated that soil salinity causes reduction attributed to osmotic stress [12] or by ion toxicity [13].
in osmotic potential leading to reduced water use and Low germination is also related to salinity induced
stunted growth in maize (Zea mays L. ) plant [6]. Salinity disturbance of metabolic process leading to increases in
induced reduction in crop growth have been associated phenolic compounds [14]. Salinity due to NaCl
with the reduction in nutrients uptake of groundnut concentration  can  reduce germination rate, root and
(Arachis  hypogaea L) plant [7]. Intensive studies by shoot length and fresh root and shoot weights of
Hajer et al. [8] showed that salinity stress brings about Amaranthus [15]. Reduced germination rate, root and
changes in growth morphology and physiology of roots shoot dry matter weight and nutrients uptake by sorghum
which   affect   water  and  nutrients uptake by tomato. (Sorghum bicolor L.) Muench.) plant under salinized

symptoms of sclerosis, leaf and/or poor vegetative growth
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condition have been observed [16]. These workers also [19]. Chlorine was analyzed by addition of 0.25g CaCO
reported variation among the sorghum varieties in their and a few drops of K Cr O  indicator to the extract and
tolerance to soil salinity. then titrated against AgNO . Potassium and Sodium were

There is limited available information on the effect of measured by flame photometry and Ca and Mg by EDTA
soil salinity on pearl millet. Therefore, this study was titration [20]. Data generated were subjected to analysis
carried out to investigate the influence of NaCl salinity on of variance using the analytical software (statistix Ver.
seed germination, seedling growth and nutrients 3.1,) and significant differences were compared using
composition of millet varieties grown under controlled Duncan multiple range test [21].
conditions with a view to identifying the most tolerant
varieties to sodic soils in the region. RESULT AND DISCUSSION 

MATERIALS AND METHODS Effect of NaCL Salt on Soil Chemical Properties:

A pot experiment was conducted to observe the presented in Table 1. The ECe and ESP varied
influence of NaCl concentrations on germination, early considerably between treatments as a result of sodium
growth (plant height, root and shoot dry weights) and chloride salinization.
nutrient uptake of millet. The experiment was carried out
in a screen house at the Faculty of Agriculture, University Effect of Salinity on Seedling Emergence: Seedlings
of Maiduguri-Nigeria. Maiduguri falls in the savanna emergence of millet varieties was significantly affected by
agroecology with semi-arid climate. The soil used was salt treatments (Table 2). The mean percentage emergence
collected from an uncultivated land in the research farm was decreased from 85.32 for control (1.70 dSm ) to 43.34
and  has  been classified as Typic ustipsamment [17]. Each and 23.32 at 6.77 and 11.75 dSm  of the salt, respectively.
plastic pot contained 6kg of soil, the pots were perforated The reduction in germination percentage and death of the
at bottom to facilitate drainage. The treatments consisted seedlings may be attributed to the combined effect of
of three levels of NaCl salts:0.0 (s ); 1.4336 (s ) and osmotic stress and specific ion toxicity [13]. Higher1 2

2.1504g  (s )   NaCl/Kg   soil   and   five   millet  varieties concentration of salt is also known to reduce the water3

(Ex-Borno,   SE-13;   Maiwa;  Yar-  Mubi  and  Buduma). potential in the medium which hinders water absorption
The treatments were replicated three times and arranged by germinating seeds and thus reduces germination [22].
in completely randomized design. The soil was thoroughly Salinity can disrupt the normal equilibrium of
mixed with the salt treatments and blanket dose of 0.7854g physiological process in plant, leading to death [23]. The
urea and 0.6204g KH PO  corresponding to 100kg N/ha decrease in germination percentage with increasing  salt2 4

and  30kg  P/ha  and  20kg K/ha, respectively. The soil concentration  is in agreement with Gulzar et al. [24];
was analyzed for pH, electrical conductivity (ECe) and Maouromicale and Licandro [25] and Chiroma et al. [26].
exchangeable  sodium  percentage  (ESP). Ten seeds  were The millet varieties differed significantly (P=0.05) in
sown  per  pot and manually irrigated with de-ionized emergence percentage at all treatment levels. Maiwa had
water every two days. the highest mean germination percentage (66.67), while Ex-

Germination counts were recorded and the seedlings Borno and Yar-Mubi recorded the lowest (41.10%) for
were thinned down to three stands per pot after the each. These results are in line with Jeannette et al. [27]
emergence had ceased. Plant height was measured weekly who found variation in emergence percentage among
for  three  weeks.  Plants were  harvested  at  21  days after Phaseolus species grown in saline media. They assumed
sowing, shoots and roots separated and washed that this differential responses to salinity was due to
thoroughly to remove dirt and other contaminants. The genetic variation among the crop species.
plants materials were then oven-dried at 65°C for 24 hours,
weighed and ground. Representative samples of the
ground plant materials were digested with a mixture of
HClO  and H SO  (v/v 1:10). Total N in samples was4 2 4

measured by the Kjedahl method [18]. Phosphorus was
determined by the Vanodo molybdate colorimetry method

3

2 2 4

3

Selected soil properties measured before planting are

1

1

Table 1: Selected soil properties under salinity treatments

NaCl g/kg Soil pH (1:1 H O) ECe (dSm ) Esp (%)2
1

0.0 Control S 8.6 1.70 6.61

1.43 S 8.7 6.77 13.32

2.15 S 8.6 11.75 16.63
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Table 2: Effect of NaCl salinity on germination, plant height, shoot and root weights and root: shoot ratio of pearl millet

Salinity Germination (%) Plant height (cm) Dry Shoot weight(g/pot) Dry root weight(g/pot) Root:Shoot ratio.

S 85.32 21.56 0.67 0.61 0.911
a a a a a

S 41.34 7.09 0.34 0.14 0.412
b b b b c

S 23.32 3.20 0.09 0.05 0.783
c c c c b

Variety

Ex Borno 41.10 11.73 0.33 0.28 0.85d b b ab b

Maiwa 66.67 12.86 0.44 0.28 0.64a a ab b c

SE-13 46.67 10.03 0.51 0.31 0.58c c a a c

Yar-Mubi 41.10 7.87 0.27 0.25 0.94d d c b a

Buduma 54.43 10.09 0.23 0.20 0.84b c c c b

Figures followed by the same letter are not significantly different according to Duncan Multiple Range Test (DMRT) at 5%.

S =1.7 dsm ; S = 6.77dsm : S  = 11.75 dsm1 2 3
1 1 1

Effect  of  Salinity  on  Seedling  Height:  Plant  height also was decreased from 0.61 to 0.05g/pot as NaCl
was  significantly  reduced as salt concentrations salinization increased from 1.70 to 11.75 dSm . Tuna et al.
increased  (Table….??).  Salinity induced reduction in [32] found tomato grown under salt stress produced low
plant growth has been reported in tomato (Lycopersicon fruit dry matter weight and relative water content than
esculentum  mil.)  seedlings [8] and sorghum seedlings those grown in standard nutrient solution. Chiroma et al.
[16]. The effect of salinity on growth of plants might be [26] reported up to 85 and 70% reduction in shoot and
due to interference of nutrient absorption and root dry weights, respectively, in Amaranthus grown at
physiological water  stress  created by high salt 13.54dSm  of salt. These may be due to deleterious effect
concentrations in the root zone [28, 29]. It may be due to of high concentration of salt on root length,  number  and
toxic effect of the NaCl used, as well as, unbalanced permeability  to  water  and ions [33, 34]. In this study, the
nutrient uptake by the seedlings, [15]. High salt millet varieties differed significantly  in  their responses to
concentration within the root zone can also reduce root salinity as quantified by the dry matter accumulation.
permeability to ions and water [30], thereby reducing Maiwa had the highest shoot dry weight (0.44g/pot) and
nutrients and water uptake. Significant differences at 5% the lowest 0.23g/pot was recorded for Buduma. Root dry
in plant height among the millet  varieties were also matter yield was highest for SE-13 (0.31g/pot) and lowest
observed with Maiwa having the value (12.86 cm), (0.20g) for Buduma. This indicates that the depressive
followed by Ex-Borno (11.73cm) and  the lowest  value  of effect of NaCl salinity on shoot dry matter yield was least
7.87 cm  was  recorded  by Yar-Mubi. This indicates that in Maiwa and the greatest in Buduma. These results are in
Maiwa was the least affected  variety.  This  result is in agreement with Ali et al. [35] who reported decreases in
agreement with Yakubu et al. [16] who reported that the yields and yield components of eighteen rice genotypes
effect of salinity on growth of sorghum varied among the grown in saline conditions but some genotypes showed
varieties. Differences in growth among Phaseolus species better salinity tolerance than others. Similarly, Jamil et al.
under saline condition were reported by Jeannette et al. [15] reported that shoot and root dry weights were
[27]. Similarly, Stone et al. [31] found some alfalfa varieties significantly  reduced  in four vegetable species of
more susceptible to salt damage at the early stage of cabbage (Brassica oleracea capitata L.), Sugar beet
growth  than  others.  Salt  tolerance  at  germination  and (Beta vulgaris L.), Amaranthus (A. paniculatus L.) and
at the seedling stage appears to be controlled by more Pak-choi  (Brassica  compestris  L.)  at  all  salinity  levels
than one gene and is highly influenced by salt (4.7 – 14.1 dsm , NaCl).
concentration [27]. There  were  highly  significant  differences  among

Effect of Salinity on Shoot and Root Weights: Soil salinity Amaranthus showed less reduction, indicating that it is
significantly influenced shoot and root dry weights. The less affected by salinity treatments than other species.
dry matter yields was decreased with increasing NaCl Root: shoot ratio differed significantly and higher values
salinization (Table 2). The mean shoot dry weight was were observed for the salinization control (1.70dSm ) and
decreased from 0.67 to 0.09g/pot and the root dry weight Yar-Mubi.

1

1

1

all the vegetable species in root and shoot weights.

1
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Table 3: Effect of NaCl salinity on nutrient composition of pearl millet

Salinity N (%) P (ppm) K (%) Ca+Mg (%) Na (%) Cl (%) NA:K ratio Na:Ca+Mg ratio

S 2.32 1134 2.76 2.09 0.86 0.78 0.31 0.411
a a a a c c c c

S 2.02 964 2.18 1.75 1.27 1.24 0.58 0.732
b b b b b b b b

S 1.89 820 1.75 1.37 1.55 1.42 0.89 1.633
c c c c a a a a

Variety
Ex-Borno 2.28 982 2.32 1.58 1.09 1.06 0.47 0.69a ab a b ab a a a

Maiwa 2.21 923 1.98 1.85 1.01 0.89 0.51 0.55a b b a b a a c

SE-13 2.12 997 2.29 1.71 1.26 0.97 0.55 0.74ab ab a a a a a a

Yar-Mubi 1.85 1048 2.40 1.82 0.93 0.98 0.34 0.51b a a a b a b c

Buduma 1.95 951 2.17 1.73 1.03 1.1 5 0.43 0.60b ab ab a b a a b

Figures followed by the same letter are not significantly different according to Duncan Multiple Range Test (DMRT) at 5%.
S =1.7 dsm ; S = 6.77dsm : S  = 11.75 dsm1 2 3

1 1 1

Table 4: Interaction effects of salinity levels and millet varieties on growth parameters

Variety
-------------------------------------------------------------------------------------------------------------------------------

Growth parameters Salinity Ex-Borno Maiwa SE-13 Yar-Mubi Buduma

Germination (%) S 83.30 90.00 90.00 83.30 80.001
ab a a ab ab

S 26.70 60.0 40.00 30.00 50.02
ef bc de ef cd

S 13.30 50.00 10.00 10.00 33.303
g cd g g ef

Plant height (cm) S 24.40 25.83 20.10 17.40 20.101
a a b c b

S 7.80 9.56 6.90 3.70 7.502
de d e f e

S 3.00 3.20 3.10 2.50 2.603
f f f g g

Dry shoot weight (g/pot) S 0.70 0.79 0.69 0.59 0.581
ab a ab ab ab

S 0.21 0.45 0.80 0.15 0.072
ab ab a ab b

S 0.08 0.09 0.09 0.07 0.043
b b b bc c

Dry root weight (g/pot) S 0.64 0.54 0.76 0.58 0.521
b cd a c d

S 0.16 0.24 0.12 0.13 0.042
f e f f g

S 0.05 0.05 0.04 0.04 0.043
g g g g g

Figures followed by the same letter are not significantly different according to Duncan Multiple Range Test (DMRT) at 5%.
S =1.7 dsm ; S = 6.77dsm : S  = 11.75 dsm1 2 3

1 1 1

Effect of Salinity on Nutrients Concentration in Plant cations in the soil, but also on their activities in the soil
Tissues: Concentrations of N, P, K, Ca and Mg in the solution relative to one another. N and Mg being integral
plant tissues were decreased significantly as a result of components of chlorophyll molecule, inhibition of their
increases in NaCl in the soil solution. But soil salinity uptake under high NaCl levels may reduce
caused significant increases in Na and Cl accumulations photosynthesis and  plant growth. Supporting evidence
in the plant tissues (Table 3). The existence of significant can be found in the data on plant height and dry matter
negative relationship between Na and K and Ca+Mg, yields which were consistently lower in plants grown in
suggested that Na exerts inhibitory effect on the the salt treated soil compared to control. Significant
accumulation of K, Ca and Mg in millet. These results are decreases in all nutrients uptake and leaf chlorosis and
in agreement with Gulzar [36]; Yakubu et al. [16]; and browning of plants under increased  salinity  was
Ajmal Khan et al. [37] who reported that NaCl salinity reported by Brown et al. [39]. The tested millet varieties
induced decrease in N, P, K, Ca and Mg contents in differed significantly in all nutrients uptake under saline
plants. In contrast, Chiroma et al. [26]  fund that increased conditions. Ex-Borno contained  the  highest  amount  of
in NaCl salinity enhanced P, K and Mg uptake by N (2.28%)  while Yar-Mubi had the lowest (1.85%). P
Amaranthus. The depressive effect of high Na and Cl concentration was greatest in Yar-Mubi (1048ppm) while
concentrations  on  other nutrients may be explained on Maiwa had the least uptake of P (923ppm). The highest K
the basis of ion competition at the site of absorption. content was found in Yar-Mubi (2.40%) and the lowest in
Lombin  and Fanyemi, [38] showed that availability of soil Maiwa (1.98%). The concentration of Ca+Mg was the
cations to crops may depend on the concentrations of highest  in  Maiwa  (1.85%)  and  the  lowest   in  Ex-Borno
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Table 5: Interactions effects of salinity levels and millet varieties on nutrient content of millet

Variety
-------------------------------------------------------------------------------------------------------------------------------

Nutrients Uptake Salinity Ex-Borno Maiwa SE-13 Yar-Mubi Buduma

Nitrogen S 2.52 2.45 2.38 2.03 2.241
a a ab cd bc

S 2.32 2.25 2.10 1.68 1.752
abc abc bc d d

S 1.89 1.99 1.90 1.84 1.853
cd cd cd d d

Phosphorus S 1150 1050 1170 1210 10901
ab bcd ab a abc

S 965 900 1000 1010 9602
de e cde cde de

S 820 830 821 825 8043
f f f f f

Potassium S 2.86 2.20 3.00 3.05 2.701
a bc a a ab

S 2.30 2.00 2 15 2.35 2.102
bc c . c bc c

S 1.50 1.80 1.72 1.79 1.703
f d e d e

Ca+Mg S 1.93 2.23 2.09 2.13 2.101
b a b ab ab

S 1.49 1.89 1.74 1.89 1.752
ed ed c bc c

S 1.32 1.45 1.31 1.43 1.333
e d e d e

Figures followed by the same letter are not significantly different according to Duncan Multiple Range Test (DMRT) at 5%.
S =1.7 dsm ; S = 6.77dsm : S  = 11.75 dsm1 2 3

1 1 1

(1.58%). Na uptake was the greatest in SE-13 (1.26%) and Thus the relatively high tolerance of Maiwa variety to
the lowest in Maiwa (1.01%). The concentration of Cl was increase in soil salinization could explain the superior
the highest in Buduma (1.15%) and the lowest in Maiwa growth characteristics expressed by Maiwa due to some
(0.89%). The highest Na:/K and Na/,Ca+Mg ratios level of tolerance to increase in soil salinization in this
occurred in SE-13 and the lowest in Yar-Mubi. This study.
indicates that the antagonistic effect of Na on K and
Ca+Mg was the highest in SE-13 and least in Yar-Mubi. CONCLUSIONS
Similar results were reported by Yakubu et al. [16] among
sorghum varieties. NaCl stress reduced seed germination, seedling

Interaction Effects of Soil Salinity and Millet Varieties: five  millet varieties, but Maiwa was least affected and was
There was significant effects between soil salinity  and the only variety that survived under the highest salinity
millet  varieties  on growth parameters (Table 4). Values of level (11.75dSm ), thus demonstrating its higher genetic
germination, plant height, dry shoot and root weights potential for salinity tolerance. However, further research
were significantly higher for control (1.70dSm ), while should be conducted under field conditions in order to1

lower values were observed for the highest soil authenticate these findings.
salinization (11.75dSm ) for all the varieties tested.1
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