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Summary: A laboratory experiment was conducted to evaluate the effect of five different levels of
water potential (y) viz., 0.00; -4.09; -8.18; -12.28 and -16.36 bars on the uptake and accumulation of
K", Ca’ and Na’ contents of six cultivars of Sorghum bicolor L. seedlings. Mannitol was used as an
osmoticum alongwith half strength Hoagland culture solution. Results depicted that in relation to
different levels of water potential all mentioned cations responded significantly (P < 0.05). Cultivars
response was also found to be significant. Results further revealed that as water potential level
increased, K*, Ca’ and Na* contents of both root and shoot were generally decreased. Maximum
level of K* (13.69 mg g") and Na' contents (308.10 mg kg") in roots were obtained for water
potential level of - 4.09 bars. While in case of shoot, maximum level of K* (25.37 mg g') was also
recorded in - 4.09 bars. Whereas, maximum Ca®* both for root and shoot (7.47 and 4. 050 mg g'')
was found in control level of water potential. Data also showed that in general there was an increase
uptake of 39. 08 and 79.75 % in Ca® and Na* contents of root over shoot, respectively. Whereas,
shoot K™ contents was 14.16 % greater over their respective roots. Relatively much higher
concentration of cations in root than in shoot suggests that the upward translocation/ uptake of these
ions were influenced by imposed water potential levels. Results based on cumulative drought
tolerance index (%) of cations accumulation, Sorghum bicolor cv. Giza-3 could be rated as drought
tolerant and cv. ICSV = 107 and Pak. S.S.II as drought sensitive. While remaining three cultivars
viz., 1747, SET P = 14 - 2 and ICSH = 479 could be rated as drought intermediate in response,
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respectively.

Introduction

Sorghum bicolor L. Moench"is a crop,
which is widely grown all over the world for food
and feed. It is a key staple in many parts of the
developing world, especially in the drier and more
marginal areas of the semi tropics [1]. It is also an
important kharif grain crop of the country. Many
cultivars of this crop are being grown in irrigated
and rain-fed areas. In Pakistan, it is grown over an
average of 3,46,700 ha y"' with an average annual
production of 2,41,767 t or 0.697 t ha! [2]. While in
Balochistan province, it is grown on an area of
21,333 ha with a total production of 18,835 t or an
average of 883 kg ha”' [3]. The cultivation and
production of both the country as well as of
province is very low as compared with the
production potential of the said crop.

Potassium (K") is one of the sixteen
essential nutrients required for plant growth and
reproduction. it plays a vital role in regulation of
water content, upkeep of turgor pressure, resistance
of drought and plant diseases, photosynthesis,
divert of photosynthate to plant stores, movement
and transmission of signals. Therefore, K'
deficiency causes a variety of dysfunctions in plants

metabolic processes, which result in, decreased
productivity and quality of the crop yield [4]. All
living cells have an absolute requirement for K,
which must be taken up from the external medium.

If K is limiting then Na* could substitute
for K' in some cellular functions, but in others it is
toxic. In the vacuole Na' is not toxic and can
undertake osmotic functions, reducing the total K*
requirements and improving growth when the lack
of K" is a limiting factor. Because of these
physiological requirements, the terrestrial life of
plants depends on high-affinity K* uptake systems
and benefits from high-affinity Na" uptake systems.
In plants, both systems have received extensive
attention during recent years and a clear insight of
their functions is emerging [5].

Among various constraints responsible for
low grain yield, inadequate water supply (water
stress) at its critical developmental stages and high
sensitivity of different sorghum cuiltivars to water
stress/ deficit are of immense importance [6-7].
Water stress can be measured in terms of water
potential, and water potential is the chemical
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potential of water. Water stress not only modifies
the morphology of plants but also adversely affects
its metabolism [8]. Morgan [9] showed that yields
were higher in genotypes or cultivars, which were
capable of adjusting osmotically under water
deficit. The compound involved in osmotic
adjustment are mostly soluble sugars, K, Organic
acids, chloride and free amino acids [10-11].
Research revealed that a wide range of compounds
have been found to accumulate by different plant
species subjected to water stress [12-15]. It is very
important for scientists to find some sorghum
cultivars with the capability of absorbing and
accumulating extraordinarily high amounts of
cations under water stress/deficit conditions. The
present study was, therefore, designed to select a
suitable sorghum cultivar with high uptake and
accumulation of cations under water stress
conditions.

Materials and Methods

The work presented here deals with the
effect of four different levels of water potential (¥)
i.e., 0.00, -4.09, -8.18, -12.28 and —16.36 bars on
the seedling growth of six cultivars of sorghum
(Sorghum bicolor L.) viz., Giza-3, ICSH=479,
ICSV=107, Pak. S. S. I, SE.T P=14-2 and 1747.
These cultivars were then designated as cv,, cv,,
cvy, cvy, cvs and cve, respectively. The water
potential treatments (¥) were prepared by
dissolving calculated amount of mannitol (C¢H405)
in deionized water, using the formula as described
by Ting [16]. Half strength of Hoagland culture
nutrients was also dissolved separately in each
treatment. The treatments were then designated as

¥, ¥y, ¥, Peand Vs
¥ (bars)=-21.8 xMx T
273

After treating with 1.0 % mercuric
chloride solution, the seeds of each cultivar were
soaked in respective water stress treatments and
incubated in petri-dishes of 9 cm in diameter at 30
°C. Each treatment was replicated thrice and
arranged in a Completely Randomized Design
(CRD). The detail procedure is found in Achakzai
and Bazai [17]. After 15 days of germination, root
and shoot of sorghum seedlings were kept
separately in an oven at 80 °C for 24 hours. After
weighing, root and shoot of each treatment was
separately digested by wet digestion method using
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nitric acid and perchloric acid [i8]. For possible
extraction of metal ions, plant material was
neutralized to pH 7.5-8.5 by the addition of NaOH.
Thereafter each of the samples was separately
analyzed for K, Ca’ and Na' contents. These
cations were determined by Flame Photometry
using Cormning 400 model Flame Photometer
equipped with methane burner.

Data obtained for cations of sorghum
seedlings were statistically analyzed following the
procedure as described by Steel and Torrie [19].
MSTAT-C computer software package was used
for the purpose. Drought tolerance index (DTT) was
Calculated following the formulae given below:-

1. DTI for cations Accumulation (%) =
Individual cation accumulation by

Seedlings of ¥ s treatment (-16.36 bars) x 100
Individual cation accumulation by

Seedlings of ¥, treatment (0.00 bars)

2. Cumulative Drought Tolerance Index (%) =
Average amount of all cations in ¥s

treatment (-16.36 bars) x 100
Average amount of all cations in ‘¥, Treatment
(0.00 bars)

Results and Discussion

Resuits presented in Table- 1 showed that
in relation to various levels of water potential, all
mentioned species of cation as well as their
cultivars responded significantly (P < 0.05). The
interaction between water potential and sorghum
cultivars are also found significant (except of root
K" content). Similar findings have been also
obtained by Achakzai (2006) for cations
accumulation in six maize cultivars.

Data presented in Table- 2 and 3 depicted
that various levels of water potential significantly
reduced the shoot K* contents (except in ), but
remained unaffected in case of roots when
compared with their respective control level of
water potential. Maximum uptake of K by roots
(13.69 mg g') and shoots (25.37 mg g') is
recorded in y,. Data also enumerated that based on
grand mean values, K* content in shoot (17.740 mg
g") was much greater than their respective roots
(9.906 mg g). Research revealed that K is one of
the major and active osmotic contributors and is
actively involved in the osmotic adjustment by
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Table-1. Analysis of variance (ANOVA) for endogenous levels of few
metabolites of Sorghum bicolor L cultivars in response to imposed water

potential levels.

F-value of variables

Variables Cultivars ~ Water potential CVxy CLV (%)
(CVY) levels (y)
1) Root K* content (mg g™ 1.8+ 1.6* 0.lns 102.23
2) Shoot K* content (mg g) 38859 * 308004 * 1489.0 * 0.84
3) Root Ca** content (mg g™") 2944 * 2460 * 140.0 * 4.45
4) Shoot Ca®* content (mg g™') 3323+ 945+ 663" 3.99
5) Root Na* content (mg kg') 109102 * 116413 * 3168.0* 0.88
6) Shoot Na” content (mg kg™) 246313 * 26576.1* 9940.1 * 0.64

* Significant at 5 % level of probability and ns = non-significant.
Cf. V = coefficient of variation

Table- 2. Effect of five different level of water potential on root K* content (mg

g’ of six cultivar of Sorghum bicolor L.

Water Sorghum Cultivars (CV) *Mean
Potential CV| CVz CV, CV, CVs CVs
Levels
(W)
A 1487ab  17.90 ab 16.30 ab 750ab 840ab 833ab 1222ab
V2 18.10ab 1940a 15.90 ab 833ab 990ab 10.50ab 1369a
Vs 15.03 ab 10.60 ab 9.20 ab 477ab 900ab 693ab 926ab
‘" 1333 ab 10.60 ab 8.03 ab 7.73ab 6.00ab 373ab 824ab
v 9.77 ab 6.67 ab 10.17 ab 277b 2.73b 467ab 6.13b
*Mean 1422a 13.03 ab 11.92 ab 6.22b 721ab 6.83ab 9906

LSD (for CV) = 7.396; LSD (for y) = 6.572; LSD (for y x CV) = 16.540

Values followed by the same letter within columns (cv) and rows (y), and
similarly mean values (*) followed by the same letter within a column and row
are not significantly differ with each other at 5% level of probability using LSD

test.

Table-3. Effect of four different levels of water potential on shoot K*
(mg g™ of six cultivar of Sorghum bicolor L.

content

Water Sorghum Cultivars (CV) *Mean
Potential CV, CVz CV3 CV4 CV5 CV(,

Levels

)

Wi 21.60h 2640c  23.80e 2160h 2380 17.101  22.38b
W 2660 ¢ 28.00a 23.10f 22380¢g 27200 2450d 2537a
Vs 21.001i 1520n 1290q 1240r 24.50d 1740k  1723¢
Wy 1920 1520n 1140s 620vw 16.50 m 10.80t 13.22d
Vs 13.80p 9.60 u 14400 630v 6.00 w 1290q 1050
*Mean 2044 a 1888¢ 17.12d 1386f 19.60 b 1654e 17.740

LSD (for CV) = 0.1083; LSD (for y) = 0.0989; LSD (for y x CV) = 0.2422

Values followed by the same letter within columns (cv) and rows (y), and
similarly mean values (*) followed by the same letter within a column and row
are not significantly differ with each other at 5% level of probability using LSD

test.
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solute accumulation in drought tolerant genotypes
under increasing water deficit [11]. On the basis of
grand mean values, relatively much higher
concentration (44.16 %) in shoot than root suggests
that the uptake and translocation of this ion was not
affected by imposed water potential treatments.
This increased level of K* may attribute to non-
antagonistic effects of Na’. Because in present
study Na” was not used in osmoticum, and water
potential levels were produced by the addition of
mannitol. Results further revealed that sorghum
cultivars are also responded significantly.
Maximum root and shoot K* contents (14.22 and
20.44 mg g') is obtained for sorghum cv. Giza-3
and minimum contents (6.83 and 13.86 mg g™') for
cv. 1747 and cv. Pak. S. S. II. Similar differential
but increased response is also recorded by Khan et
al., (1999) in eight wheat genotypes subjected to 10
and 20 days of water stress treatment. More or less
similar trend of results have been achieved by
Achakzai (2006) for six maize cultivars, but the
grand mean value of K' content in present study is
at par than those of maize. This clearly indicates
that Sorghum bicolor is comparatively more
drought tolerant than maize. Results based on
drought tolerance index of root and shoot K’
accumulation, Sorghum bicolor cv. Giza-3 and cv.
1747 could be rated as drought tolerant and cv.
S.E.-T P=14-2 as drought sensitive. While
remaining four cultivars were found as drought
intermediate in

response (Fig. 1).

Results regarding Ca”* content of root and
shoot (Table-4 and 5) reflected that imposed water
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potential treatments in general significantly and
linearly reduced the uptake of this cation when
compared with its control (y;). Minimum
accumulation of Ca”* both in shoot and root (3.15
and 5.13 mg g'') is recorded in water potential level
of -8.18 and -12.28 bars, respectively. Results
based on grand mean values enumerated that Ca™
content in root (6.003 mg g') was 39.08% greater
than that of shoot (3.657 mg g™'). Relatively low
amount of Ca’" indicates that this specie of cation
does not involve in contributing osmotic adjustment
by sorghum seedlings. Similarly, [11] reported that
Ca”" did not show any considerable change under
water stress and control treatment in eight wheat
genotypes subjected to 10 and 20 days of water
stress treatments. Results further deciphered that
cultivars also responded significantly. Maximum
root & shoot Ca’* contents (7.90 and 4.60 mg g'')
are obtained for cv. S.E.T P=14-2 and cv. Giza-3.
While, minimum contents for cv. 1747 and cv. Pak.
S.S.II. Likewise, differential response is also
obtained by Khan er al, (1999) in eight wheat
genotypes and Achakzai (2006) in maize cultivars.
Data based on drought tolerance index of root and
shoot Ca®* accumulation, Sorghum bicolor cv.
Giza-3 and cv. ICSH=479 could be ranked as
drought tolerant and cv. ICSH=479 and ICSV=107
as drought sensitive, while remaining cultivars are
found as drought intermediate in response (Fig. 1).
Data obtained for Na* contents depicted
that in response to different levels of water
potential, root (except v,) and shoot Na* contents
significantly decreased when compared it with their
respective control treatment. Statistically minimum
amount of Na™ both for shoot (37.08 ppm) and root
(187.5 ppm) are obtained for y; and ys level of
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Fig. 1: Drought tolerance index (%) for various cations accumulation (RK = root potassium; SK = shoot
potassium; RCa = root calcium; SCa = shoot calcium; RNa = root sodium and SNa = shoot
sodium) by six cultivars of Sorghum bicolor L. as influenced by highest water potential levels.
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Table-4. Effect of five different levels of water potential on root Ca®* content
(mg g of six cultivar of Sorghum bicolor L.

Water Sorghum Cultivars (CV) *Mean
Potential cv, CV, CV, Ccv, CV; CV¢

Levels (y)

W 5.30h 8.60b 800cd 930a 830bc 5.30h 747a
¥, 6.00g 600g 730ef 100m 760de 630g 570¢
Vs 7.00 f 4.60i 730ef 760de 730ef 530h 6.52b
Wy 7.60 de 330k 630g 2.601 7.00 f 4.00 5.13d
Vs 630¢g 300kl 4.00j 530h 930a 330k 5204d
*Mean 644 b 5.10¢ 6.58b 5.16c 790 a 484d 6.003

LSD (for CV) = 0.1946; LSD (for y) =0.1777; LSD (for y x CV) = 0.4352
Values followed by the same letter within columns (c¢v) and rows (y), and
similarly mean values (*) followed by the same letter within a column and row
are not significantly differ with each other at 5% level of probability using LSD
test.

Table-5. Effect of five different levels of water potential on shoot Ca®* content
(mg g’ of six cultivar of Sorghum bicolor L.

Water Sorghum Cultivars (CV) *Mean
Potential Cv, Ccv, CV; Cv, CV;s CV;

Levels (y)

" 450c 4.00d 450¢ 3.00h 530a 3.00h 4050 a
V2 500b 280h 380de 280h 360ef 3.50fg 3.583¢
Ws 400d 200k 380de 2301 280h 4.00d 3.150d
Wy 500b 400d 3.00h 2.50i 450¢ 4.00d 3833b
Vs 450c 480D 3.00h 210jk  430c 330¢g 3.667c
*Mean 460a 352¢ 362¢c 2544d 410b 3.56¢ 3.657

LSD (for CV) = 0.1058; LSD (for ) = 0.09662; LSD (for w x CV) = 0.2367
Values followed by the same letter within columns (cv) and rows (y), and
similarly mean values (*) followed by the same letter within a column and row
are not significantly differ with each other at 5% level of probability using LSD
test.

Table- 6. Effect of five different levels of water potential on root Na* content
(mg kg') of six cultivar of Sorghum bicolor L.

Water Sorghum Cultivars (CV) *Mean
Potential cv, CV, CV, CV, CV;s CV,

Levels

)

¥ 206.7p 27001 3200g 3700c 3100h 190.0 q 2778b
¥, 280.0j 280.0j 323.7f 34004 3850a 24000 308.1a
3 3100 h 175.0r 3780b 24000 2650m 2100 p 263.0¢
A 290.0i 1050t 260.0n  1000u 2750k 100.0u 188.3d
¥s 3200g 700w 800v 2100p 335.0e 110.0s 187.5d

*Mean 2813b 180.0e 2723c¢ 2520d 3140a 170.0 f 244944
LSD (for CV) =1.567; LSD (for y) = 1.430; LSD (for y x CV) = 3.503
Values followed by the same letter within columns (cv) and rows (y), and
similarly mean values (*) followed by the same letter within a column and row
are not significantly differ with each other at 5% level of probability using LSD
test.
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Table-7. Effect of five different levels of water potential on shoot Na* content

(mg kg™ of six cultivar of Sorghum bicolor L.

Water Sorghum Cultivars (CV) *Mean
Potential CV, CV, CV, CV, CV; CVq

Levels (y)

¥y 85.0c 900b 65.0f 4001 600g 450k 64.17a
W, 65.0f 65.0f 55.0h 210q 50.01i 50.01 51.00c¢
¥s 550h 200r 40.01 225p 40.01 450k 37.08d
W4 650f 300m 700e¢ 300m  110.0a 460 58.50b
Vs 46.0j 75.0d 270n 225p 26.00 27.0n 37.25d
*Mean 362a 560¢c 514d 272¢ 572b 426 49.600

LSD (for CV) = 0.2333; LSD (for ) = 0.2129; LSD (for y x CV) = 05216

Values followed by the same letter within columns (cv) and rows (y), and
similarly mean values (*) followed by the same letter within a column and row
are not significantly differ with each other at 5% level of probability using LSD

test.

water potentials [Table-6 and 7). Results based on
grand mean values depicted that Na' content in root
(244.944 ppm) was 79.75% greater than that of
shoot (49.600 ppm) of their respective seedlings.
Contrasting results have been received by [11] and
[20]. They stated that Ca, Mg, Na and P
concentrations did not exhibit any remarkable
change under stress and control treatments. Results
further depicted that cultivars response are also
significant. Maximum root and shoot Na* contents
(314.0 and 36.2 ppm) are obtained for cv. S.ETP =

1747
19%

Giza-3
22%

SET, P=14-2
18%

Pak. SSli
13%

ICSV=107
13%

14-2 and cv. Giza-3, as well as minimum contents Flg 2:  Cumulative drought tolerance index (%) of
(170.0 & 27.20 ppm) for ¢v. 1747 and cv. Pak. S. S. cations accumulation by roots and shoots
II, respectively. Likewise, differential response is of six cultivar of Sorghum bicolor L.
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