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Abstract: Drought stress is one of the most important problems in crops production in the world arid and semi-
arid regions. Application of some materials such as Superab A200 polymers in soil can increase soil water
reservation. They can also decrease water losses, fertilizer leaching in soils, effects of water deficiency in plants
and so can improve the yield in the arid and semi-arid regions. This experiment was conducted on forage
sorghum (sorghum bicolor var speedfeed) in Zahedan, southeastern of Iran in 2010. The experimental design
was a split plot with two factors including four irrigation levels (40, 60, 80 and 100 evaporation (mm) from pan
(class A)) as main plots and four Superab A200 levels (0, 75, 150 and 225 kg ha ) as subplots in a completely1

randomized block design with three replications. Results showed that drought stress decreased leaf relative
water content (RWC) and leaf chlorophyll index, but using Superab A200 increased leaf relative water content
and leaf chlorophyll index. According to the results of the present experiment, it could be concluded that level
of 80 mm evaporation from pan and 75 kg ha-1 Superab A200 may have a desirable dry matter yield.
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INTRODUCTION the polymer gradually releases water so the moisture is

Water scarcity is one of the most important problems a renewed irrigation [1, 8, 9]. Thus, application of
that is severely increasing in many parts of the world. hydrophilic polymers can result in significant reduction of
Climate changes especially increasing of temperature and the required irrigation frequency particularly for sandy
decreasing of rainfall will cause more water scarcity. soil [10]. This is an important problem in arid and semi-arid
Drought is one  of  the  most  important  problems of regions, where the irrigation water is a scarce commodity
crops production in the world, specifically in the arid  and and a  short-term  drought  can  cause  plant  losses.
semi-arid areas like Iran [1]. Sorghum (sorghum bicolor Thus, the cost of irrigation and water saving must be
var. speedfeed), which is grown as a summer annual crop, minimized [11].
is a drought resistant crop [2, 3] and able to maintain Crops dry matter (DM) is affected by water deficit
stomata opening in low levels of leaf water potential and when it is along with an increase in drought stress
through osmotic adjustment [4, 5]. Sorghum is adapted to intensity, a significant decreasing in yield of DM is
the climatic conditions of Iran, particularly in tropical and observed [12]. Cox and Jolliff [13] concluded that in
arid areas such as Sistan and Baluchistan and southern drought stress conditions, reduction of the net
provinces of Iran [6]. It's a drought resistant crop and in photosynthesis decreased  of  DM  production  in  leaf
order to produce of a great forage, it needs much area unit.
irrigation. According to the researches, it requires 330 li. Leaf relative water content (RWC) has a close relation
Water to produce 1 kg of dry matter, while this amount for with water potential of plants [14, 15]. Decreasing of the
Corn is 368, Barely 434 and Wheat 514 lit [7]. soil water potential can lead to decrease of the leaf RWC

Superab A200 polymers are made of hydrocarbon. and thus the plant photosynthesis decreases due to
These materials can absorb and retain water several times decrease of stomata conductivity and accessibility of
of their weights. When the environment dryness occurs, plant to carbon dioxide. [16, 17].

retained in the soil for a long-time without any needing for
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Drought stress directly affects on the leaf chlorophyll
index and consequently  on  the  yield  of  corn [18]. Earl
et al. [19] reported that active oxygen causes damages to
the cellular membranes under water stress conditions
because of lipids proxidization. It finally leads to decrease
of the plant chlorophyll content. The aim of this
investigation was to study the effects of the various
levels of drought stress and Superab A200 on the leaf
RWC, chlorophyll index and forage yield, in order to
achieve an effective solution for optimizing the limited
water sources in the arid and semi-arid areas.

MATERIALS AND METHODS

A field experiment was conducted in Dashtak, south
eastern Iran (25°, 30' N and 58°, 47' E), with 120 ml mean
annual  raining   in  the  middle of  April  up  to  the  end
of October  2010,  with  an  arid  and   tropical   climate.
The experiment was a split plot design with three
replications and main plots in randomized design complete
blocks. The treatments included four levels of irrigation
(100 (I ), 80 (I ),  60  (I )  and  40  (I )  evaporation  (mm)1 2 3 4

from pan (Class A)) as main plots  and  four  Superab
A200 levels as well as subplot (0 (S ),  75  (S ),  150 (S )1 2 3

and 225 (S ) kg ha-1). Before planting, soil samples were4

taken from the experimental site and were analyzed
according to the procedure of jakson (1973). Some
physical and chemical properties of the  soil  are
presented in Table 1.

The soil amendment used, was a hydrophilic polymer,
Superab A200 produced by Rahab Resin Co. Ltd., under
license of "Iran Polymer and  Petrochemical  Institute".
The chemical structure of Superab A200 is  shown in
Table 2 [11].

Before seed (sorghum bicolor var. speedfeed)
planting due to location of most roots in depths of 15-20
centimeters, Superab A200 was placed by hand at the
same depth along the ridge of the rows [20]. Seeds were
planted on the rows. When the seedlings had 5-7 leaves,
the thinning was done and the seedlings distances on the
rows were set between to 8-12 centimeters. Water
requirements were determined according to FAO method
and using the evaporation pan data on  base  American
A-class [21]. Daily evaporation and pan coefficient was
calculated as follows:

Etc=KC(ETo) (1)
ETc: sorghum evapotranspiration
Kc: crop coefficients
ETo: evapotranspiration of the reference crop

Table 1: Some physical and chemical properties of a representative soil
samples in the experimental site before sowing (0-30 cm depth) in
2009 and 2010 seasons

Soil properties 2009* 2010*
Particle size distribution
Silt 24.9 24.8
Sand 65.3 65.9
Clay 9.8 9.3
Organic matter (%) 0.05 0.06
Field capacity (%)
EC (1:1 extract) (dSm ) 6.8 6.71

PH(1:1 suspension) 7.7 7.6
Total nitrogen (%) 0.15 0.16
Total CaCo  (%)3

NaHCO -extractable P (ppm) 3.5 3.73

NaOAC-extractable K (ppm) 90 93
*Each value represents the mean of three replications

Table 2: The properties of Superab A200 material A200
Appearance White granule
Grain size (i m) 50-150
Water content (%) 3-5
Density (g cm ) 1.4-1.5-3

Acidity (pH) 6-7
The actual capacity of absorbing
the solution of 0.9% NaCl 45
The actual capacity of absorbing top water 190
The actual capacity of absorbing distilled water 220
Maximum durability (year) 7

The  sorghum   evapotranspiration   calculated by
Eq. [1] with 80 percent efficiency for the furrow irrigation
distribution in the farm. Amount of irrigation in each
treatment was   determined   using   water  counters
(water meters). The leaf RWC was measured one day
before  irrigation  between  8-9  Am.  Five  disks  from
three  leaves   were   weighted immediately,   providing
a  measure for  fresh   mass   (Wf).   After    weighting,
the disks were soaked in distilled  water  for  24  h  and
then weighted again to obtain a fully turgid mass (Wt).
Finally, the leaf disks were dried at 85°C and weighted to
get a dry mass (Wd). The leaf RWC is calculated using
Eq. [2] [18, 22].

(2)

The chlorophyll index was measured using the
Minolta SPAD-502 in three parts of leaf including the tip,
the middle and the bottom in three plants from each plot.
Then the mean of chlorophyll this index was calculated for
the same plot [23]. The leaf area index (LAI) and the leaf
area duration (LAD) were calculated using Eq. [3] and Eq.
[4] [24].
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(3) RESULTS

LA: leaf area in surface unit. levels had significant difference at 5% probably level on

(4) irrigation treatments indicated that highest and lowest leaf

LA1 and LA2 are the primary and secondary plant evaporation, respectively. This attribute did not have
leaf area in two sequential times of t1 and ht2 based on significant difference under 40 with 60 mm, 60 with 80 and
sampling time. To determine the weight, the harvested 80 with 100 treatments (Table 4). Superab A200 in 600 and
plants (stems and leaves) were desiccated at 75°C for 2 766 growth degree-day (GDD) had a reasonable effect on
days in a ventilating oven. Growing degree-days (GDD) RWC (Table 3). Mean comparison of leaf RWC under
was calculated using the Eq. [5]: Superab A200 treatments indicated that highest and

Superab  A200  and  control  treatment,  respectively

Where Tmax and Tmin are the daily maximum and between the mean of RWC with mean of LAD and mean
minimum temperatures respectively and B represents a of DM yield r=0.818 and r=0.814, respectively (Table 5).
base temperature value of 10°C [25]. According with The interaction of irrigation and Superab A200 on the leaf
sorghum higher DM yield  in  the  second  harvest,  so, RWC was not significant (Table 3).
the data related to this harvest were analyzed with SAS Irrigation  treatments  reduced  chlorophyll  index.
9.2. A compare of Mean was also conducted with The maximum chlorophyll index was observed in the 100
Duncan's Multiple Range Test (DMRT). The interactions mm evaporation  treatment  and  the  minimum  was  seen
were compared through least mean squires. in  the   40   mm  evaporation  treatment  (Tables  6 and 7).

Obtained results showed that different irrigation

leaf RWC (Table 3). Mean comparison of leaf RWC under

RWC under irrigation based on 100 and 40 mm

lowest leaf RWC under irrigation based on 225 kg ha 1

(Table 4). There was a positive and significant correlation

Table 3: The analysis of variance for DM yield and RWC
Mean squares
---------------------------------------------------------------------------------------------------------------------------------------------------------

Source of RWC in RWC in RWC in RWC in RWC in
variation df 282 GDD GDD 444 600 GDD 766 GDD 907 GDD Mean RWC Dry matter (g m )2

Block 2 147.59 ns 144.28 ns 320.41 ns 248.01 ns 258.41 ns 209.4 ns 53001.33ns
Irrigation (A) 3 2266.24 ** 2681.36 * 3115.38 ** 2457.23 ** 2545.92 ** 2592.18 ** 11228410.22**
Error (a) 6 143.49 286.85 312.41 194.48 141.48 192.42 46634.22
Superab A200 (B) 3 52.89 ns 49.78 ns 45.61 * 105.32 ** 40.97 ns 49.25 ** 237236**
A*B 9 35.11ns 23.51 ns 1.58 ns 31.38 ns 27.07 ns 22.99 ** 107201.04**
Error (b) 24 19.63 18.39 13.65 16.47 16.51 6.59 126.75
CV (%) 6.18 6.38 5.96 6.75 7 4.02 9.62
** Significant at the 1% level * Significant at the 5% level  Non-significantns

Table 4: The mean comparisons of the effects of irrigation and Superab A200 levels on RWC
RWC in RWC in RWC in RWC in RWC in

Main effects 282 GDD 444 GDD 600 GDD 766 GDD 907 GDD Mean RWC Dry matter (g m )2

Irrigation levels
I1 86.74a 83.43a 80.87a 77.29a 75.54a 80.78a 2281.3a
I2 77.4ab 72.77ab 67.7ab 65.06ab 62.88b 69.16ab 2008.67b
I3 68.09b 64.53bc 56.43bc 54.08bc 52.14bc 59.05bc 619.33c
I4 54.53c 48c 43.05c 44.04c 41.55c 46.23c 362d
Superab A200levels
S1 69.2b 65.16b 60.6b 57.25c 56b 61.64c 1137.33b
S2 70.76ab 65.95ab 61.81ab 58.3bc 57.69ab 62.9bc 1283.67b
S3 73.8a 67.95ab 60.81b 61.09ab 57.94ab 64.32ab 1389.67a
S4 73ab 69.68a 64.8a 63.8a 60.48a 66.36a 1460.67a
Means, in each column, followed by similar letter are not significantly different at the 5% probability level-using Duncan's Multiple Range Test.



Am-Euras. J. Agric. & Environ. Sci., 12 (2): 231-236, 2012

234

Table 5: The Pearson correlation coefficients related to DM yield and other characteristics

Characteristics 1 2 3 4 5

DM yield 1
Mean LAI 0.901 ** 1
Mean LAD 0.48 ** 0.466 ** 1
Mean Leaf RWC 0.814 ** 0.87 ** 0.818 ** 1
Mean chlorophyll index 0.836 ** 0.908** 0.913 ** 0.814 ** 1

** Significant at the 1% level * Significant at the 5% level  Non-significantns

Table 6: The analysis of variance for Chlorophyll index

Mean squares
---------------------------------------------------------------------------------------------------------------------------------------------------------------

Source of Chlorophyll Chlorophyll Chlorophyll Chlorophyll Chlorophyll Mean
variation df index in 282 GDD index in 444 GDD index in 600 GDD index in 766 GDD index in 907 GDD chlorophyll index 

Block 2 22.19 ns 7.6 ns 36.52 ns 6.86 ns 4.11 ns 1.79 ns
Irrigation (A) 3 449.13 ** 557.78 ** 422.53 ** 495.34 * 305.78 ** 430.24 **
Error (a) 6 18.38 23.44 28.49 57.84 26.64 22.64
Superab A200 (B) 3 106.85 ** 25.41 * 51 ** 2.39 ns 42.44 ** 31.05 **
A*B 9 17.15 ns 10 ns 11.23 ns 15.38 ns 14.24 ns 5.9 **
Error (b) 24 12.42 8.23 6.91 7.6 7.66 1.63
CV (%) 11.11 8.81 7.82 8.98 9.65 4.05

** Significant at the 1% level * Significant at the 5% level  Non-significantns

Table 7: The means comparisons of the effects of irrigation and Superab A200 levels on chlorophyll index

Chlorophyll Chlorophyll Chlorophyll Chlorophyll Chlorophyll Mean
Main effects index in 282 GDD index in 444 GDD index in 600 GDD index in 766 GDD index in 907 GDD chlorophyll index 

Irrigation levels
I1 38.97 a 39.81 a 39.86 a 38.26 a 34.93 a 38.37 a
I2 33.5 b 36.4 a 36.92 a 31.71 ab 28.89 b 33.48 b
I3 30.1 b 29.29 b 31.03 b 30.29 b 28.24 b 29.79 b
I4 24.39 c 24.72 b 26.6 b 22.6 c 22.59 c 24.18 c

Superab A200
S1 27.6 b 30.61 b 31.05 b 30.16 a 26.65 b 21.29 c
S2 33.19 a 32.44 ab 32.83 b 31.04 a 27.49 b 31.39 b
S3 31.67 a 34.04 b 35.06 a 30.55 a 30.04 a 32.38 ab
S4 34.49 a 33.14 ab 35.48 a 31.11 a 30.47 a 32.83 a

Means, in each column, followed by similar letter are not significantly different at the 5% probability level-using Duncan's Multiple Range Test

Superab A200 had a significant effect on chlorophyll A200 had a significant effect on DM yield (Table 3).
index, excepting 766 GDD (Table 6).The highest and Means comparison of DM yield using  four  Superab
lowest chlorophyll index produced using 225 kg ha A200 levels showed the highest and lowest DM yield1

Superab A200 and control treatment, (Table 7). However, using 225 (kg ha-1) Superab A200 with 150 and 75 with
the results showed that there was a positive and control treatment, respectively (Table 5). Moreover, there
significant correlation between the RWC with chlorophyll was a positive and significant correlation between mean
index; r=0.814 (Table 5). There was a positive and chlorophyll index with DM yield (r=0.836) and an increase
significant correlation between mean chlorophyll index in the chlorophyll index and finally, resulted in an increase
and mean LAD; r=0.913 (Table 5). Interaction of Irrigation in the DM yield (Table 5). The interaction
levels and Superab A200 on chlorophyll index was not betweenirrigation and Superab A200 levels on DM yield
significant (Table 3). was significant (Table 3). According to the interactions

Irrigation treatment decreased DM yield enough and we can say that using 75 (kg ha )  Superab  A200 in
the maximum DM yield was observed in the 100 mm terms of 80 mm evaporation, we could  increased DM
evaporation treatment and the minimum was seen in the 40 yield dry matter similar with treatment of 100 mm
mm evaporation treatment (Tables 3  and  4).  Superab evaporation (Table 8).

1



Am-Euras. J. Agric. & Environ. Sci., 12 (2): 231-236, 2012

235

Table 8: The interaction of Irrigation levels and Superab A200 on DM yield
Irrigation levels Superab A200 levels Dry matter (g.m2)
I1 S4 2272a

S3 2288a
S2 2230.7a
S1 2334.7a

I2 S4 2193.3a
S3 2144a
S2 2168a
S1 1529.3b

I3 S4 952c
S3 752c
S2 425.3d
S1 393.3d

I4 S4 380d
S3 374.7d
S2 356d
S1 292d

DISCUSSION

Since growth is a result of cell development and
division Cell development is a result of optimum pressure
potential. Growth is very sensitive to water deficit, so
drought stress can cause a decrease in the cell turgidity
and growth ceases [26], So that we can say the plant
growth is sensitive to the potential water.

Generally, water deficit caused a decrease in the mean
RWC but Superab A200 increased the mean RWC with
mean chlorophyll index in the stress treatments as much
as one level higher. On the other hand, the existence of
correlation between the DM yield and mean RWC and
between the DM yield and the mean chlorophyll index
showed that an increase in the mean RWC and the mean
chlorophyll index caused an increase in  the  DM  yield.
So the findings indicated the role of Superab A200 in
decreasing the negative effects of drought stress on RWC
and on chlorophyll index. It could be concluded that the
application of Superab A200 can cause an increase in the
amount of DM yield under drought stress condition.
Therefore, the treatment of the level of 80 mm evaporation
from pan along with using 75 (kg ha ) Superab A200 for1

producing dry matter (DM) yield is recommended.

REFERENCES

1. Yang,  Y., M.   Watanabe,   X.   Zhang,   J.  Zhang,
Q. Wang and S. Hayashi, 2006. Optimizing irrigation
management for wheat to reduce groundwater
depletion in the piedmont region of the Taihang
Mountains in the North China Plain. Agricultural
Water Management, 82: 25-44.

2. Krieg, D.R. and R.J. Lascano, 1990. Sorghum. In:
Stewart BA, Nielsen DR (Eds.), Irrigation of
agricultural crops. American Society of Agronomy
Madison WI USA, pp: 719-740.

3. Camargo, M.B.P. and K.G. Hubbard, 1999. Drought
sensitivity indices for sorghum crop. Journal
Production Agri., 12: 312-316.

4. Ludlow, M.M., J.M.  Santamaria  and  S. Fukai, 1990.
Contribution of osmotic adjustment to grain yield in
Sorghum bicolor (L.) Moench under water-limited
conditions. II. Water stress after anthesis. Australian
J. Agricultural Res., 41: 67-78.

5. Girma, F.S. and D.R.  Krieg,  1992.  Osmotic
adjustment in sorghum. I. Mechanisms of diurnal
osmotic   potential      changes.      Plant     Physiol.,
99: 577-582.

6. Muldoon, D.K., 1985. Summer forage under irrigation,
1. Growth and development. Australian J.
Experimental Agriculture, 25: 392- 401.

7. House, L.R., 1985. A guide to sorghum Breeding.
International Crops Research Institute for Semiarid
Tropics. Patancheru, India, pp: 344-502.

8. Monnig, S., 2005. Water saturated superabsorbent
polymers used in high strength concrete. Otto- Graf-
J., 16: 193-202.

9. Widiastuti, N., H. Wu, M. Ang and Zhang Dk, 2008.
The potential application of natural zeolite for
greywater treatment. Desalination, 218: 271-280.

10. Sojka, P.E. and J.A. Entry, 2000. Influence of
polyacrylamide application to soil on movement of
microorganism in runoff water. Soil and Water
Conservation  Society   Environmental   Pollution,
108: 405-412.

11. Abedi-Koupai, J. and J. Asadkazemi, 2006. Effects of
a hydrophilic polymer on the field performance of an
ornamental plant (Cupressus arizonica) under
reduced  irrigation   regimes.  Iranian  Polymer J.,
15(9): 715-725.

12. Osborne, S.L.,  J.S.  Schepper,  D.D.  Francis  and
M.R. Schlemmer, 2002. Use of spectral  radiance  to
in- season biomass and grain yield in nitrogen and
water- stressed corn. Crop Sci., 42: 163-171.

13. Cox, W.J. and G.D. Jolliff, 1986. Growth and yield of
sunflower and soybean under soil waters deficits.
Agronomy J., 78: 226-230.

14. Ober, E.S., M.L. Bloa, C.J.A. Clark, A. Royal, K.W.
Jaggard and J.D. Pidgeon, 2005. Evaluation of
physiological traits as indirect selection criteria for
drought tolerance in sugar  beet.  Field  Crops  Res.,
91 (2): 231-249.



Am-Euras. J. Agric. & Environ. Sci., 12 (2): 231-236, 2012

236

15. Lafitte, R., 2002. Relationship between leaf relative 21. Giovanni, P., K. Jonghan, T. Marek and T. Howell,
water content during reproductive stage water deficit 2009. Determination of growth-stage-specific crop
and grain formation in rice. Field Crops Researchers, coefficients (KC) of maize and sorghum. Agricultural
76: 165-174. Water Management, 96: 1698-1704.

16. Martinez, J.P., H. Silva, J.F. Ledent and M. Pinto, 22. Hamissou, M. and D.E. Weibel, 2004. The effects of
2007. Effect of drought stress on the osmotic epicuticular wax cover on the rate of water loss of
adjustment, cell wall elasticity and cell volume of six sorghum bicolor (L) moench. Asian J.  plant  Sci.,
cultivars of common beans (Phaseolus vulgaris L). 3(6): 742-746.
European J. Agronomy, 26: 30-38. 23. Oneill, P.M., J.F. Shanahan and J.S. Schepers, 2006.

17. El- Hady,   O.A.     and     C.Y.    El-Dewiny,   2006. The Use of chlorophyll fluorescence assessments to
conditioning effect of composts (natural) or and differentiate corn hybrid response to variable water
acrylamide hydrogels (synthesized) on a sandy conditions. Crop Sci., 46: 681-687.
calcareous soil 1. Growth response, nutrients uptake 24. Rasheed, M., A. Hussain and T. Mahnood, 2003.
and water and fertilizers use efficiency by tomato Growth analysis of hybrid maize as influenced by
plants. J. Applied Sci. Res., 2(11): 890-898. planting techniques and nutrient management. J.

18. Schlemmer, M.R., D.D. Francis, J.F. Shanahan  and Agriculture Biol., 5(2): 169-171.
J.S. Schepers, 2005. Remotely measuring chlorophyll 25. McMaster, G.S. and W.W. Wilhelm, 1997. Growing
content in corn leaves with differing nitrogen levels degree-days: one Equation, two interpretations.
and relative water content. Agronomy J., 97: 106-112. Agricultural and Forest Meteorol., 87: 291-300.

19. Earl, H.J. and R.F. Davis, 2003. Effect of drought 26. Sadras, V.O. and S.P. Milroy, 1996 Soil- water
stress  on   leaf   and     whole     canopy  radiation thresholds  for   the   responses  of leaf expansion
use efficiency  and  yield  of  maize.  Agronomy  J., and  gas   exchange:  A  review.  Field  Crops  Res.,
95: 688- 696. 47: 253-266.

20. Lavy, T.L. and J.D. Eastin, 1969. Effect of soil depth
and plant age on 32 phosphorous uptake by corn and
sorghum. Agronomy J., 61: 677-680.


