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ABSTRACT 

 
A pot study was conducted at Postgraduate Agricultural Research Station, 
University of Agriculture, Faisalabad, Pakistan to determine the appropriate 
potassium level for enhancing growth and development of maize (Zea mays) 
plant under drought conditions. Two maize hybrids [32-F-10 (drought tolerant) 
and YH-1898 (drought sensitive)] were sown on January 20, 2010 in a net house 
with two drought levels viz. 100 percent field capacity (control: no drought) and 
70 percent filed capacity with application of five potassium levels (0, 50, 100, 
150 and 200 mg/kg of soil). All other fertilizer nutrients were applied as 
recommended. The drought levels were maintained after two weeks of 
germination on 30 percent depletion in respective level. The moisture levels 
were regulated with the help of moisture meter. The data were taken after 35 
days of sowing using recommended procedures. The results showed 
significant differences among the treatments. Under drought, variety 32-F-10 
performed significantly better at potassium level of 100 mg/kg for plant height 
(60.59 cm), leaf area (484.68 cm2), shoot fresh weight (34.62 g), shoot dry 
weight (8.79 g), relative water content (83.64%) and photosynthetic rate (18.71 
µmol/m2/s) which was statistically similar to potassium levels of 150 and 200 
mg/kg of soil. Same trend was also noted in variety YH-1898 at 100 mg 
potassium level with 33.76 cm plant height, 270.06 cm2 leaf area, 19.29 g shoot 
fresh weight, 4.26 g shoot dry weight, 68.15 percent relative water content and 
10.43 µmol/m2/s photosynthetic rate. The results further indicated that 
potassium application under drought conditions enhanced all traits studied 
significantly as compared to control. However, differences beyond 100 mg 
potassium level were non-significant. The study suggests to investigate the 
role of potassium under severe drought stress in maize crop.   
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INTRODUCTION 
 

Maize (Zea mays L.) occupies a prominent status among all the crops grown 
in Pakistan. It is the third most important cereal crop after wheat and rice 
cultivated on an area of 1083 thousand hectares with production of 4271 
thousand tons per annum (3). In Pakistan, 65 percent maize crop is generally 
grown under irrigated conditions while 35 percent maize is grown in rainfed 
areas. However, with the passage of time, availability of irrigation water is 
becoming a limiting factor for every crop. Maize being C4 crop plant is high 
yielding for dry matter production (1). Maize crop plant needs 500-800 mm of 
water for its life cycle of 80-110 days (11). Hence, it necessitates to develop 
strategies to grow crop under moisture deficit conditions to combat water 
shortage issues (2). Under water shortage, drought tolerant maize varieties 
could be a good source to obtain high yield (10). 
 
A proper amount of soil moisture is compulsory for crop growth, transpiration 
and also for transportation of food prepared in leaves to sink. Under drought 
stress, crop growth and yield decreases (29). Previous work on maize 
clarifies that moisture deficit in root zone reduces leaf area, chlorophyll 
contents and photosynthetic rate (5). Maize cultivated twice in a year, is more 
sensitive to drought that leads to low crop yield (6, 17). Although, maize is 
drought sensitive crop, yet vigorous seedling can provide good crop 
establishment and yield.  
 
To enhance the drought tolerance in maize, nutrient application could be 
useful, particularly in the semi-arid regions of Pakistan. The presence of 
mineral nutrients in plant body produces tolerance to drought. Potassium 
plays an important role to reduce negative effects of drought (9, 11). It is a 
macronutrient absorbed by crop plants which plays a vital role in plant growth 
and development as activation of more than 60 enzymes takes place by this 
element. Potassium creates immunity in plants body against drought and 
high temperature as well as diseases. All plants require potassium but those 
plants require more which are high in carbohydrates. Studies on crop plants 
show that potassium enhances the shelf life of fruits, and increases the 
length of stem and root. Impairment in stomatal regulation, transfer of light 
energy into chemical energy, transport of assimilates from source to sink and 
disturbance in photosynthetic CO2 fixation are the main disorders of 
potassium deficiency (9). 
 
Provision of potassium to crop plants under drought conditions develops 
tolerance to drought in its body by using soil moisture efficiently as compared 
to potassium deficient plant. Potassium regulates osmotic pressure, turgor 
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potentials and stomatal functioning under drought stress (33). It also 
increases photosynthetic rate, growth and yield under water deficit stress 
conditions (23, 27). Potassium maintains pH of drought stressed plants in 
stroma and also provides protection against photo-oxidative damage to 
chloroplast (9). Hence, potassium is an essential nutrient for plant’s internal 
functioning under drought conditions (10). 
 
The present study was designed to optimize the most appropriate potassium 
level for alleviating the drought stress effects in maize when grown in water 
deficit conditions.  
 

MATERIALS AND METHODS 
 

This study was conducted in pots at Postgraduate Agricultural Research 
Station, University of Agriculture, Faisalabad, Pakistan during the year 2010. 
This station is located between longitude 73°74 East, latitude 30°31.5 North, 
with an elevation of 184 meters above sea level. This area is located among 
the Indus river tributaries irrigated by canals originated from this river. The 
soils of this area are alluvial in nature. The meteorological data were 
recorded daily and averaged as given below: 
 

 January 2010 February 2010 
Temperature (°C) 11.1 15.7 
Relative humidity (%)  82.3 62.7 
Rainfall (mm)  0.03 0.43 
Sunshine (hrs)  4.1 6.6 
Potential evapotranspiration (mm)   0.8 2.5 
Wind speed (km/hr)  4.4 5.0 

 
The field capacity was determined on gravimetric basis (24). Field capacity of 
each pot was maintained as per treatment. Soil moisture percentage of each 
pot was measured on daily basis with the help of soil moisture meter. Each 
time pots were irrigated to maintain field capacity level, when moisture 
contents were depleted to 30 percent. This procedure was carried out upto 
assessment of seedlings. 
 
Two maize hybrids viz. 32-F-10 (drought tolerant) and YH-1898 (drought 
sensitive) were used in this study. The treatments comprised two drought 
levels (70 and 100 % field capacity) and five potassium levels (0, 50, 100, 
150 and 200 mg/kg of soil). Soil of pots was analyzed prior to experiment 
(Table 1). 



M.  Aslam et al.  

J. Agric. Res., 2013, 51(4) 

446

Table 1. Analysis of soil used in pots. 
 

Parameters Values Parameters Values 
Texture Sandy loam Sand (%) 56 
pH 8.3 Silt (%) 22 
EC (dS/m) 0.72 Clay (%) 22 
Organic matter (%) 0.39 Field capacity (%) 25.5 
Nitrogen (%) 0.045 Wilting point (%) 7.9 
Available P (ppm) 7.42 SAR 09 
Extractable K (ppm) 129.5   

 
The recommended amount of fertilizer nutrients (250-125 kg NP/ha) was 
mixed in eight kilogram of soil on hectare basis. All of P and 1/3 of N was 
applied at sowing while remaining N was applied 20 days after sowing. The 
sowing was done on January 20, 2010. Eight seeds of each hybrid were 
sown in each pot. After sowing of seeds all pots were irrigated fully. On every 
day each pot was irrigated with required amount of water on visual 
observation of soil. At four leaf stage thinning was done and four plants per 
pot were maintained. Drought stress was imposed after two weeks of 
germination with the help of moisture meter to maintain required field 
capacity of 100 and 70 percent after 30 percent depletion in it.  
 

Crop was uprooted after 35 days of sowing. Data on morphological and 
physiological parameters were taken by using standard methods. 
Photosynthetic rate and transpiration rate were measured with infrared gas 
analyzer. To determine the relative water content fresh weight of excised leaf 
(0.5 g) was measured and put into test tube full of water so that leaf portion 
could be fully soaked into water. Leaf was taken out of test tube after 24 
hours. Water on the surface of leaf was swiped out with tissue paper and 
weight of leaf was measured. The samples were then dried in an oven at 
80°C for 24 hours and weighed to measure the dry weight. The relative water 
contents (RWC) were measured by following formula (18): 

 
RWC = (FW-DW)/ (TW-DW) x 100 

 
Here FW is the fresh weight of sample, DW is the dry weight of sample and 
TW is the turgid/soaked weight of sample.  

 
RESULTS AND DISCUSSION 

 
Plant height (cm)  
 
The data (Table 2) showed that maize hybrid 32-F-10 attained more plant 
height than YH-1898. Drought significantly (P≤0.05) reduced the plant height 
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while application of potassium enhanced the plant height. However, higher 
levels of potassium than 100 mg/kg were statistically at par with one another 
which showed luxury consumption of potassium in these levels. 
 
Table 2.  Effect of potassium levels on plant height and leaf area of maize hybrids 

grown under drought stress conditions. 

 
Hybrids K levels 

(mg/kg of soil 
Plant height (cm) Leaf area (cm2) 

  100% field 
capacity 

70% field 
capacity 

100% field 
capacity 

70% field 
capacity 

32-F-10 0 51.40 e 42.60 h 411.18 e 340.83 i 
50 53.49 d 48.38 f 413.49 e 387.03 f 
100 83.42 a 60.59 c 667.38 a 484.68 d 
150 83.92 a 59.75 c 671.37 a 477.96 d 
200 84.36 a 60.04 c 674.91 a 480.30 d 

YH-1898 0 44.86 g 19.09 k 358.89 h 152.67 l 
50 46.54 fg 30.43 j 372.33 g 243.39 k 
100 69.19 b 33.76 i 553.56 c 270.06 j 
150 70.48 b 34.39 i 563.85 bc 275.10 j 
200 70.74 b 34.66 i 565.95 b 277.30 j 

LSD (P ≤ 0.05) 1.89 12.25 
Means followed by common letter (s) are not significantly different according to Fisher’s 
protected LSD test at P = 0.05. 
 
Data indicated that interaction of maize hybrids, drought and potassium 
levels was significant (P≤0.05) (Table 2). Minimum plant height (19.09 cm) at 
zero level of potassium was observed under drought in variety YH-1898. At 
100 mg/kg of potassium under drought both the cultivars performed better 
with plant height of 60.59 cm (32-F10) and 33.76 cm (YH-1898). These 
results indicated that potassium increased the plant height as per treatment 
of drought.  
 
Potassium improved the photosynthesis and activated many enzymes which 
helped in transport of assimilates towards stem (20, 21). Crop plants 
suffering from environmental stresses like drought have a large internal 
requirement of potassium (8).  
 
Leaf area (cm2) 
 
The interaction of maize hybrids, drought and potassium levels was also 
statistically significant for leaf area (Table 2). The data indicated that under 
both well watered and drought stressed treatments, leaf area was increased 
with potassium application. In K levels above 100 mg, increase was non-
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significant. Under no drought condition, 32-F-10 had maximum leaf area 
(674.91 cm2) with 200 mg potassium, followed by 150 mg (671.37 cm2) and 
100 mg K level (667.38 cm2). Minimum leaf area (340.83 cm2) was noted in 
drought with the lower level of potassium. YH-1898 also showed maximum 
leaf area (565.95 cm2) with 200 mg K as compared to lower levels of 
potassium. Minimum leaf area (152.67 cm2) was observed under drought 
without potassium application. This might be due to positive effect of 
potassium on absorption of more water from the soil even under drought 
stress condition. Potassium taken up in plant body from soil through water 
might have its role in physiology to increase vegetative growth. 
 

Leaf area determines the growth rate and crop yield besides its efficiency to 
produce photosynthates (26). The increase in leaf area index values may be 
attributed to sustained supply of potassium in soil-plant continuum. Mengel et 
al. (22) and Silberbush and Lips (28) also reported higher potassium uptake 
with higher potassium application. Similarly Huber (15) also reported that 
potassium affects photosynthetic capacity positively. Thus, the carbon 
exchange rate of an expanding leaf is restricted rapidly after the onset of 
potassium deficiency. The present findings agree to those of Suevanarit and 
Sertapukdee (30) who stated that leaf area was not affected by potassium 
application and agreed with previous results (4, 18) where approximately 20 
percent increase in leaf area was observed with the application of potassium. 
 

Shoot fresh weight (g)  
 

The interactive effect of potassium on shoot fresh weight of maize hybrids 
under drought levels was also found statistically significant (P≤0.05). The 
drought significantly reduced shoot fresh weight in both maize hybrids (Table 
3). Minimum shoot fresh weight (10.91 g) was observed in YH-1898 under 
drought  without  potassium  application.  Maximum  shoot  fresh  weight  was  
observed in higher levels of potassium viz. 200 mg (48.21g), 150 mg 
(47.96g) and 100 mg (47.67g) in 32-F-10 hybrid under well watered 
conditions. The application of potassium mitigated the effect of drought. 
Increasing the level of potassium increased shoot fresh weight but not 
beyond 100 mg/kg of soil where non-significant (P≤0.05) increase in shoot 
fresh weight was observed. Increase in plant growth by application of 
potassium has also been observed by Sharma et al. (27), Tiwari et al. (31), 
Egila et al. (12) and Umar and Moinuddin (32). Potassium is absorbed by 
plants in large amount, while in potassium deficient plants, sclerenchyma 
fiber cell and woody parenchyma cells become thin and poorly lignified cell 
walls result into reduced shoot weight (23). 
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Table 3. Effect of potassium levels on shoot fresh weight (g) and shoot dry weight (g) 
of maize hybrids grown under drought stress conditions. 

 

Hybrids K levels 
(mg/kg of 

soil) 

Shoot fresh weight Shoot dry weight 
100% field 
capacity 

70% field 
capacity 

100% field 
capacity 

70% field 
capacity 

32-F-10 0 29.37 e 24.35 h 6.53 g 5.69 j 
50 30.74 d 27.65 f 6.56 g 5.91 i 
100 47.67 a 34.62 c 10.59 b 8.79 d 
150 47.96 a 34.14 c 10.66 ab 8.95 d 

 200 48.21 a 34.31 c 10.82 a 9.20 c 
YH-1898 0 25.64 g 10.91 k 5.41 k 2.42 o 

50 26.60 fg 17.39 j 6.14 h 3.86 n 
100 39.54 b 19.29 i 7.69 f 4.29 m 
150 40.28 b 19.65 i 7.59 f 4.37 lm 
200 40.43 b 19.81 i 7.95 e 4.56 l 

LSD (P ≤ 0.05) 1.15 0.1971 
Means followed by common letter (s) are not significantly different according to Fisher’s protected LSD test 
at P = 0.05.  
 

Shoot dry weight (g) 
 

The data (Table 3) showed that shoot dry weight produced by 32-F-10 was 
statistically higher than that of YH-1898. Even under drought stress, shoot 
dry weight increased by increasing potassium levels. The control (no K 
application) treatment under drought produced minimum shoot dry weight 
(2.42 g) in YH-1898 maize hybrid. Potassium enhanced the shoot dry weight 
under well watered and drought stress treatments. It might be due to 
improvement in photosynthetic efficiency. Wiebold and Scharf (35) reported 
that potassium enhances the dry mass in maize plant. Potassium application 
enhances the photosynthesis due to which carbohydrates increases. Thus 
potassium application increases carboxylation efficiency in drought stress 
conditions which increases the dry weight of shoot (20).  
 

Relative water contents (%) 
 

Maize hybrid 32-F-10 had more relative water contents than YH-1898 in all 
potassium treatments under drought levels (Table 4). Under both drought 
levels, relative water contents increased with increasing the potassium levels 
but increase in K levels of 100 and 150 mg was at par. Maximum leaf water 
contents (95.70%) were shown by variety 32-F-10 at 200 mg potassium level 
under well watered situation. Potassium has greater role in the maintenance 
of water economy of plant by increasing relative water contents under water 
stress conditions. Similar findings were also reported by Umar and Moinuddin 
(32).  
 
Relative water contents are an important feature of plant water budget after 
water deficit on cellular level. Similarly, relative water contents decreased 



M.  Aslam et al.  

J. Agric. Res., 2013, 51(4) 

450

with increasing water deficit stress (Table 4). Decrease in relative water 
contents resulted in wilting, stomatal closure and reduced growth under 
drought (17). Unyayar et al. (34) reported that drought stress decreased 
leaves relative water contents. Regarding physiological attributes potassium 
had significant effect on relative water contents of leaf. Increasing the water 
budget of plant body is a vital function of potassium. Thus it might have 
increased the relative water contents of leaf and leaf water potential in 
present study. This is due to the increasing root length and more absorption 
of water from roots and then maintenance of water in leaf cells by closing the 
stomata. Fusheing (14) reported that application of potassium increased 
relative water contents from 92 to 94 percent in tobacco leaf. Such kind of 
increase in relative water contents with potassium application might be 
recognized to increase cell turgor by osmotic adjustment. Plant absorb large 
amount of potassium from root zone to maintain normal growth and 
development of plant body (13, 19). 
 
Photosynthetic rate (µmole/m2/s) 
 

The application of potassium enhanced photosynthesis significantly as per 
treatment of potassium, but in K level more than 100 mg increase was non-
significant (Table 4). Photosynthesis was reduced under drought stress. 
Maize hybrid 32-F-10 regulated photosynthesis more efficiently as compared 
to YH-1898. Minimum photosynthetic rate (8.87 µmole/m2/s)  was  found  in  
YH-1898  with  zero  potassium  application  under drought stress. Maximum 
rate of photosynthesis was observed in higher levels of potassium in both 
hybrids under both drought levels.  
 
Table 4.  Effect of potassium levels on relative water content (%) and photosynthetic 

rate (µmole/m2/s) of maize hybrids grown under drought stress conditions. 
 

Hybrids 
K levels (mg/kg 

of soil) 

Relative water contents Photosynthetic rate 
100% field 
capacity 

70% field 
capacity 

100% field 
capacity 

70% field 
capacity 

32-F-10 0 68.01 ef 65.25 fg 15.88 e 13.16 i 
50 74.85 de 68.09 ef 15.97 e 14.94 f 
100 85.84 bc 83.64 bc 25.77 a 18.71 d 
150 86.71 b 83.23 bc 25.92 a 18.45 d 
200 95.70 a 87.08 b 26.06 a 18.55 d 

YH-1898 0 59.74 g 63.80 fg 13.86 h 8.87 l 
50 65.74 fg 66.41fg 14.38 g 9.40 k 
100 84.68 bc 68.15 ef 21.37 c 10.43 j 
150 84.99 bc 69.31 ef 21.77 bc 10.62 j 
200 85.55 bc 78.30 cd 21.85 b 10.70 j 

LSD (P ≤ 0.05) 7.58 0.48 
Means followed by common letter (s) are not significantly different according to Fisher’s 
protected LSD test at P = 0.05.   
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The role of potassium in agricultural production is linked with photosynthesis. 
Potassium influences the photosynthetic process at many points such as 
ATP synthesis, activation of enzymes involved in photosynthesis and CO2 
uptake (19). Bednarz et al. (7) found that stomatal regulation disturbance is 
the main cause of reduced leaf photosynthesis in cotton plants during mild 
potassium deficiency. Hence the exact mechanisms of effects of potassium 
on photosynthesis are still not clear. However, the activity of rubisco is also 
important for limiting photosynthesis in rice leaves under drought (25, 36). 
Similar results were found in present study. It might be due to the role of 
potassium in photosynthetic mechanism.  

 
CONCLUSION 

 
The study concludes that in general, water stress levels directly declined 
growth parameters like plant height, fresh and dry shoot weight, relative 
water contents and photosynthesis. On the other hand, application of 
potassium gradually mitigated the negative effect of water stress. Potassium 
(K2SO4) application of 100 mg/kg of soil showed the best performance under 
moderate levels of water stress (70% field capacity). The results confirmed 
the recovery impacts of potassium application under water stress conditions 
on maize plants. 
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