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ABSTRACT 
 
 In order to study the effects of potassium (K) levels and water stress on growth and yield of forage sorghum 
Var. Speed-Feed, a field experiment was conducted in Agricultural Research Station of Birjand during 2001 
growing season. The experimental treatments were arranged as split plots based on a randomized complete 
block design with three replications. Main plot was three water stress levels (100% FC (I1), 85% FC (I2), and 
65% FC (I3)), and sub plot was three levels of potassium fertilizer (K0, (0), K1, (125) and K2, 250 kg K2SO4/ 
ha). Growth parameters like tiller number, stem height, stem diameter, leaf number, fresh and dry matter 
productions g/m2 and crop growth rate (CGR) were studied along with the chemical traits i.e. Na and K contents 
of shoot as well as K/Na ratio. Water stress decreased growth parameters; however potassium application 
increased them under water stress. The highest shoot fresh (3.14 kg/m2) and dry (1.36 kg/m2) matter yield were 
obtained by 125 kg ha-1 K under second water stress level (85% FC). Leaf-K content as affected by water stress 
and K fertilizer application and the highest Leaf-K content was obtained by 125 kg ha-1 K application under 
second water stress level (85% FC). It is concluded that potassium application, could ameliorate negative effects 
of water stress on growth and yield of sorghum and consequently improved them. 
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Introduction 
 
 Sorghum (Sorghum bicolor L. Moench) is a 
warm-season (C4 photosynthetic pathway), short-day 
annual grass. It grows best under relatively high 
temperatures and under sunny conditions. Forage 
sorghum is the best modern and high yielding grass 
especially for silage [9,27]. Sorghum  has  a  
significant  role  in  livestock production,  
particularly  in  the  tropical  zone where  feed stuffs  
could  not meet  animal  requirements  due  to many 
factors  such  as  poor  soil  fertility,  drought  and  
others [22]. Forage sorghums are similar to grain 
types but are taller and have higher forage quality. 
 Among the environmental stresses, drought is 
one of the most severe stresses for plant growth and 
productivity. Water stress affects virtually every 
aspect of plant physiology and metabolism. Drought 
stress reduces both nutrient uptake by the roots and 
transport from roots to the shoots, due to restricted 
transpiration rates and impaired active transport and 
membrane permeability [31]. Water-stressed 
sorghum showed larger root/shoot ratio and root 
length than without water stress conditions [30].  
Drought stress reduced dry matters of balm by 
reduction in the area of the leaf, height of plant and 

lateral stem number [1]. Drought stress also reduces 
the sorghum growth, and severely affects the 
seedling biomass, photosynthesis, stomatal 
conductance, plant water relations and starch 
metabolism [11].  
 Status of mineral-nutrient in plants plays a 
critical role in increasing plant resistance to water 
stress. Among the mineral nutrients, potassium (K) is 
reported to be valuable in mitigating the adverse 
effects of soil water stress for the survival of crop 
plants. Potassium (K+) is an essential element for 
plant growth and development and is the most 
abundant cation in plants, making up 3–5% of a 
plant’s total dry weight [19]. Potassium is essential 
for many physiological processes, such as 
photosynthesis, translocation of assimilates into sink 
organs, protein  synthesis, osmoregulation during cell 
expansion, stomatal movements, maintenance of 
turgescence, activation of  enzymes and reducing 
excess uptake of ions such as Na and Fe in saline and 
flooded soils [19,20]. Potassium is not only an 
essential macronutrient for plant growth and 
development, but also is a primary osmoticum in 
maintaining low water potential of plant tissues. 
Therefore, for plants growing in drought conditions, 
accumulating abundant K+ in their tissues may play 
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an important role in water uptake along a soil–plant 
gradient. Potassium nutrition to plants stimulates root 
growth and hence, efficient exploration of soil water 
[25]. Umar [28] reported the increase and 
improvement of seed yield, dry material by using 
higher amount of potassium under moisture stress 
conditions in Indian mustard (Brassica Juncea) and 
sorghum. In cereal crops, transpiration (E) was 
reduced at higher tissue K concentrations [2]. 
Andersen et al. [2] observed increased leaf area and 
straw yield of K-sufficient compared with K-
deficient barley plants during drought stress. The 
protective role of K in plants suffering from drought 
stress has been attributed to the maintenance of a 
high pH in stroma and against the photo-oxidative 
damage to chloroplasts [8].  
 Declining underground water levels in the arid 
and semi-arid regions of Iran are threatening the 
sustainability of highly productive agriculture in 
these areas. Producers are facing limited or no water 
for irrigation and are forced to grow crops that are 
highly efficient water users. The decline in water 
resources is further exacerbated by increasing 
demand for good quality forages in the region by the 
largest and fastest growing dairy industry and the 
largest concentration of beef cattle in the country. 
Sorghum is typically cultivated in the arid and semi-
arid regions of Iran generally in areas with low 
precipitation that are not suitable for corn (Zea mays 

L.). Birjand (a city located in eastern Iran), is a 
region where also suffers from a deficient water 
balance especially during summer months due to its 
increased agricultural activities and higher ambient 
temperatures. Sorghum plants are considered to be 
relatively resistant to drought, although to achieve 
optimum growth or yield, sufficient water for 
irrigation is required. Therefore, the objective of this 
research was to evaluate the effects of potassium 
rates and water stress levels on the growth and yield 
of sorghum plants.  
 
Material and Method 
 
Site description: 
 
 This study was conducted at the Agricultural 
Research Center of Birjand in 2001, which is located 
in the eastern part of Iran (lat: 51:38N, long: 35:20E, 
and 1470M above sea level). The mean annual 
rainfall is 171mm, with most of it occurring during 
autumn and winter. The minimum and maximum 
daily average air temperature during the growing 
season were 21.5°C and 39.6°C, respectively. In the 
year of conducting this experiment the annual 
precipitation was 59.9 mm. Soil sample was taken 
from depth 0-30 cm and analyzed for some 
physicochemical characteristics (Table 1).

  
Table 1: Some physiochemical characteristics of soil. 

EC pH Organic C N  P K  Sand Silt Clay FC PWP 
ds m-1  (%)            ppm  (%) 

7.3 7.9 0.4 0.04  14.4 210  38.7 36.0 25.3 17.3 8.7 

 
Experimental details: 
 
 Seedbed preparation included sloughing, disk 
harrowing and cultivating.  The seeds of forage 
sorghum (Sorghum bicolor L. Var. Speed-Feed) were 
sown manually on May 2, 2001. Seeds were planted 
in 3-4 cm depth. The trial was laid out in a split plot 
design based on randomized complete block 
replicated three times with plot size of 12 m2. Main 
plot was three water stress levels (100% FC (I1), 
85% FC (I2), and 65% FC (I3)), in each irrigation 50 
mm water was applied through flooding. To  
determine  the  soil  water-potential within  the  root  
zone,  the  soil water  content  at  the depth of rooting  
was  bi-daily  measured  using  the  Time-domain 
reflectometer  (TDR)  mounted  at  the  middle  of  
the  plots. Sub plot treatments consisted of three 
levels of potassium fertilizer (K0, (0), K1, (125) and 
K2, 250 kg K2SO4/ ha-1).  Each plot consisted of 4 
rows, 6 m long with 50 cm space between rows and 
15 cm distance between plants on the rows. Fertilizer 
requirement for supplemental of phosphorus (p) and 
nitrogen (N) fertilizers were based on soil test 
samples that were taken prior to planting and on local 
fertilizer recommendations. One second of nitrogen 

(150 kg ha-1) as urea, 150 kg ha-1 of phosphate as 
triple super phosphate at planting were applied on the 
basis of soil analysis and the remaining nitrogen 
fertilizer (150 kg N ha-1) used at two different 
periods during plant growth stages. The field was 
kept weed-free by weeding.  
 
Plant Sampling and Growth Analysis:  
 
 Harvesting was carried out in two cuts at 
maturity stage. For this purpose, 5 plants were 
sampled and some vegetative growth parameters like 
tiller number, stem height, stem diameter, leaf 
number, fresh and dry matter yield and crop growth 
rate (CGR) were recorded. For measuring CGR 
plants were sampled at approximately 15-day 
interval after planting. The plant samples were oven-
dried at 78°C for 48 h to a constant weight and dry 
weight was recorded. Then CGR, the increase in dry 
weight per unit ground area of crop in a unit time, 
was calculated as (W2–W1)/ (t2–t1), where W1 and 
W2 are dry weight at times t1 and t2, respectively, 
and expressed as g m-2 per day. 
 A large quantity of 1.0 g powder of each sample 
was digested with 10 N HNO3, and for determining 
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sodium (Na) and K contents, a flame photometer 
(model, JENWAY-PFP7) was used. 
 Statistical analysis of collected data was done 
using SAS software with mean comparison by Least 
Multiple Range Test of Duncan at 0.05 probability 
level. 
 
Results: 
 
Plant growth:  
 
 Tiller number of sorghum plants decreased 
dramatically with the increasing of water stress 
levels. All potassium treatments increased the tiller 
number compared to non-treated plants both in the 

absence and presence of water stress. Plants treated 
with 250 kg ha-1 K application had the highest tiller 
number under maximum levels of water stress (65% 
FC) (Fig. 1A). Under well water conditions, 
application of potassium (250 kg ha-1) significantly 
increased tiller number as compared to control (Fig. 
1A). Leaf number was significantly decreased with 
the increasing of water stress levels (Fig. 1B). 
However, application of potassium used in the study 
caused to the elevated leaf number. The highest leaf 
number was obtained from 250 kg ha-1 K application 
and the second level of water stress (85% FC). Under 
non-water stress conditions, potassium (250 kg ha-1) 
increased leaf number by 14% as compared to 
control (Fig. 1B). 

 

 
 
Fig. 1: Effects of different levels of water stress and potassium fertilization (K0: 0, K1: 125 and K2, 250 kg 

K2SO4/ ha.) on tiller (A) and leaf (B) number, stem height (C) and diameter (D) of sorghum plants.  
  
  Stem height was also affected by water 
stress (Fig. 1C). The highest stem height was 
recorded from second water stress level (85% FC). 
However, application of potassium improved plant 
height under water stress. The highest significant 
stem height (109.9 cm) was observed in treatment 
85% FC along with application of K2SO4 in a rate of 
250 kg ha-1 (Fig. 1C). Stem diameter analysis of 
variance showed that there was no significant effect 
of potassium application and water stress on the stem 
diameter (Fig. 1D). A significant interaction between 
irrigation water treatments and K application was 
observed on the stem diameter. The highest leaf 
number was obtained from 250 kg ha-1 K application 
and second water stress level (85% FC) (Fig. 1D). 
 

Shoot fresh and dry matter Yield: 
  
 Based on the present results, shoot fresh matter 
was intensively decreased by water stress treatment; 
however, potassium application significantly 
increased shoot fresh matter under water stress levels 
(Fig. 2A). The highest level of shoot fresh matter 
(3.14 kg m-2) was obtained by 125 kg ha-1 K 
application under second level of water stress (85% 
FC). Under no water stress, the greatest shoot fresh 
matter was obtained from 125 kg ha-1 K application 
as compared to control (Fig. 2A). Water stress (65% 
FC) decreased shoot dry matter by 42%, but the 
reduction was only 2% when K2 treatment was 
applied to water stress-treated plants, as compared to 
control. Plants treated with 125 kg ha-1 K application 
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had the highest shoot dry matter under moderate 
levels of water stress (85% FC) (Fig. 2B). Trends of 
dry matter accumulation for all of the treatments 
were shown in Fig. 3. At 60 days after planting 
(before the first cutting), the highest dry matter was 
recorded in 125 kg ha-1 K application under well 
water conditions, while the lowest dry matter was 

obtained by control plants. The results showed that 
plants treated with 125 kg ha-1 K application under 
the second level of water stress (85% FC) had the 
greatest dry matter accumulation before the second 
cutting (105 days after planting), as compared to the 
others (Fig. 3). 

  

 
 
Fig. 2: Effects of different levels of water stress and potassium fertilization (K0: 0, K1: 125 and K2, 250 kg 

K2SO4/ ha.) on fresh (A) and dry (B) matter yield of sorghum plants.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Effects of different levels of water stress (I1: 100% FC, I2: 85% FC and I3: 65% FC) and potassium 

fertilization (K0: 0, K1: 125 and K2, 250 kg K2SO4/ ha.) on trends of shoot dry matter accumulation of 
sorghum plants.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Effects of different levels of water stress (I1: 100% FC, I2: 85% FC and I3: 65% FC) and potassium 

fertilization (K0: 0, K1: 125 and K2, 250 kg K2SO4/ ha.) on trends of crop growth rate of sorghum 
plants.  
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 Application both in the absence and presence of 
water stress (Fig 4). The trends of increasing in CGR 
for all of the treatments were shown in Fig 4. The 
greatest CGR were observed in 125 kg ha-1 K 
application under well water conditions at 60 days 
after planting (before the first cutting), while 
treatment 125 kg ha-1 K application under the second 
level of water stress (85% FC) had the highest CGR 
before the second cutting (Fig 4). 
 
Crop growth rate: 
  
 CGR, the functional trait describing biomass 
growth efficiency per unit land surface, was 
enhanced by potassium  
 

Leaf K and Na contents: 
 
 Leaf-K content as affected by irrigation regimes 
and K fertilizer application. The present study 
showed that K uptake by leaves improves due to 
elevated soil-K levels both under irrigated and 
stressed conditions. The highest Leaf-K content was 
obtained by 125 kg ha-1 K application under second 
water stress level (85% FC) (Table 2). Mean 
concentrations of Na in the leaves were not 
statistically significant (Table 2), while K+/Na+ ratios 
as affected by water stress and K fertilizer 
application in the crops. The highest K+/Na+ ratio 
(39.27) was recorded in 125 kg ha-1 K application 
under moderate level of water stress (Table 2).

Table 2: Effects of different levels of water stress and potassium fertilization on leaf K and Na contents and K+/Na+ratio of sorghum plants. 
Water stress levels Potassium fertilization K (%)  Na (%) K+/Na+ 

100% FC control 1.17 b  0.039 a 29.36 b 
 125 kg ha-1 K  1.30 ab  0.042 a 30.65 ab 
 250 kg ha-1 K  1.18 b  0.037 a 31.23 ab 

85% FC control 1.54 a  0.039 a 38.99 ab 
 125 kg ha-1 K  1.37 ab  0.034 a 39.27 a 
 250 kg ha-1 K  1.40 ab  0.038 a 36.70 ab 

65% FC control 1.31 ab  0.037 a 35.11 ab 
 125 kg ha-1 K  1.44 ab  0.038 a 37.50 ab 
 250 kg ha-1 K  1.17 b  0.039 a 29.57 ab 

Means followed by a similar letter within a column are not significantly different at the 0.05 level probability by Duncan’s Multiple Range 
Test. 

 
Discussion: 
 
 The main purpose of this work was to determine 
the effect of water stress and application of K 
fertilizer on sorghum growth and yield.  
 Increasing water stress resulted in decrease in 
plant height. Water stress led to reduction in water 
potential of stem cell to a lower level needed for cell 
elongation and consequently, shorter inter nodes and 
stem height. The decrease of shoot length as response 
of cell elongation resulting from water deficiency, 
which led to a decrease of each cell turgid volume 
and eventually, cell growth [7] or due to blocking up 
of xylem and phloem vessels, thus preventing any 
transferring through [18]. Our results showed that the 
effect of irrigation stress was significant for stem 
diameter. One of the effects of low water availability 
is the reduction of stem diameter due to lower radius 
growth of stem. In this condition, the main stem and 
lateral branch growth are suppressed and thus a 
lower stem dry matter will be obtained.  
 Adverse effects of drought on plant growth are 
well known, and have been documented for number 
of plant species [12,24].  In general, K fertilization is 
associated with increasing crop growth  because  of  
the  positive  effect  of  this  nutrient  in osmotic 
adjustment, stomatal regulation, photosynthesis, and 
protein  synthesis  [4,23]. Potassium ion ameliorates 
the adverse effect of water stress on dry matter 
accumulation trend, leaf area index and plant height. 
The reason of such phenomenon can be attributed to 

high capability of photosynthesis by increasing the 
capturing carbon and enzyme rubisco and 
encouraging synthesis and matter transport [3]. The 
data obtained from this study suggest that there is a 
close relationship between K nutritional status and 
the resistance of growth to water stress in sorghum. 
Similar K effects were reported for sunflower [16] 
and alfalfa [21]. Potassium deficiency reduced shoot 
DM and LA of tomato plants [6]. Cakmak [8] has 
reported several examples emphasizing the role of 
potassium in alleviating the adverse effects of 
drought on crop production. 
 Possible mechanisms helpful in minimizing 
detrimental effects of drought by improving water 
use efficiency in crop plants with K nutrition were 
described by Waraich et al [29].  Under water stress 
conditions, K nutrition increases crop tolerance to 
water stress by utilizing the soil moisture more 
efficiently than in K-deficient plants. Potassium 
maintains the osmotic potential and turgor of the 
cells [16] and regulates the stomatal functioning 
under water stress conditions, it enhances 
photosynthetic rate, plant growth and yield under 
stress conditions [10]. The protective role of K in 
plants suffering from water stress by maintenance of 
a high pH in stroma and against the photo-oxidative 
damage to chloroplasts was also reported by Cakmak 
[8].  
 Crop growth rate (CGR) expresses the rate of 
dry matter accumulation. In numerous studies, Crop 
Growth Rate (CGR) reduction has been reported as 
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the result of water stress [14,15]. Water deficit stress 
through the reduction in the LAI and plants 
photosynthetic capacity reduces CGR and eventually 
total dry matter [15]. The application of potassium 
significantly improved the periodic CGR under 
drought conditions (Fig. 4). Improvement in the crop 
growth might be the result of maintenance of 
photosynthetic activity owing to potassium 
application.  
 In the present experiment, leaf K content 
declined under water stress conditions; this could be 
recovered to some extent by application of high level 
of potassium. It may be because the nutrient film 
around the soil particles becomes thin under water 
stress, and consequently, the distance for movement 
of ions increases resulting in their poor diffusion into 
the plant roots, and causing low potassium content in 
the plant. A higher K availability under conditions of 
water deficit in the soil could lead to a decreased 
path length for the movement of ions resulting in a 
high K level in plants [5]. The antagonistic 
relationship between K and Na uptake has been 
observed by others [13]. Shabala and Hariadi [26] 
explained that the ions K+ and Na+ compete for the 
same non-selective cation channels for uptake.  It is 
possible that a surplus of K+ ions lowered the uptake 
potential for Na+ ions and resulted in less Na content 
in plant tissues. 
 
Conclusion: 
   
 The  results  from  this  study  on  sorghum,  
contributes additional  valuable  information  to  the  
continuing effort to determine the influence of K 
fertilizer on the responses of plants to water  stress. 
In general, increasing the water stress levels directly 
decline growth parameters like tiller number, plant 
height, fresh and dry matter yield and CGR. On the 
other hand, application of K gradually mitigated the 
negative effects of water stress. Moderate levels of 
potassium application (125 kg ha-1 K2SO4) showed 
highest performance under moderate levels of water 
stress (85% FC). To sum up, the results of recent 
study confirmed recovery impacts of potassium 
application under water stress conditions on sorghum 
plants.  
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