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Abstract 
A field experiment was conducted to evaluate the effect of K fertilizer on the quality and yield of maize fodder 

on a calcareous sandy clay loam soil under semiarid conditions of district Faisalabad, Pakistan. Six levels of K 
i.e.0, 25, 50, 75, 100 and 125 kg K2O ha-1 along with 60 kg each of N and P2O5 ha-1 were applied. The system of 
layout was randomized complete block design (RCBD) with 3 replications. Crop was harvested after eight weeks of 
emergence. Fresh and dry fodder yield and quality parameters were determined. Potassium application significantly 
improved the yield and quality. Green fodder and dry matter yield increased by 31 and 21 %, respectively, over 
control whereas protein content improved by 32 % over control while other quality characteristics like crude fiber, 
acid detergent fiber contents (ADF) and neutral detergent fiber contents (NDF) remained non-significant as 
compared to control. Plant K concentration also increased with increasing K application. The K status of the soil 
was enhanced by 11 % due to K fertilizer application. So the potassium fertilizer should be applied along with 
nitrogen and phosphorus to the maize fodder to get the maximum yield of improved quality.  
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Introduction 

Agriculture is an important factor controlling the GDP 
of Pakistan with a total share of 21 %. Livestock has the 
major contribution (52%) in this sector. Out of total 
cropped area of 23.51 mha only 2.35 mha is under fodder 
crops in Pakistan (Economic Survey of Pakistan, 2008). 
Green fodder is the most valuable and cheapest source of 
food for livestock. It is rich source of metabolizable energy, 
nutrient elements, carbohydrates, proteins and water. With 
quality nutritional fodder, milk production can be increased 
up to 100 % (Maurice et al., 1985).  It is reported that about 
80-90 % of nutrients requirements of livestock are met from 
the fodder crops in irrigated areas (Younas and Yaqoob, 
2005). The present fodder supply is 1/3 times less than the 
actual needs and the area under fodder crops has reduced 
during the past decade or so without any significant 
corresponding increase in per ha yield (Younas and 
Yaqoub, 2005). This reduction in area and yield is due to 
growing pressure of human population, shortage of 
irrigation water, less and erratic rainfalls, low priorities to 
fodder production and imbalance use of fertilizers (Rashid 
et al., 2007). The livestock feed pool in Pakistan was 
deficient by 21 % of total dry matter (DM), and by 33 % of 
crude protein requirements (Dost, 1997). Green fodders are 

not available in sufficient quantities especially in extreme 
hot months (June-July) and during cold seasons (December-
January) thus the majority of the animals remained under 
fed (Younas and Yaqoub, 2005).  

Low milk yield, less reproductive efficiency, delayed 
maturity and poor animal growth rate are major constraints 
due to imbalance nutrition. Under these circumstances, 
provision of balance nutrition can perk up the animal 
productivity up to 50 per cent with the existing gene pool 
(Economic Survey of Pakistan, 2008). Maize grown for 
green fodder is a short-duration crop and is ready for 
harvesting in about 8-10 weeks after sowing. No research in 
the recent past has been carried out to find out the 
profitability of maize as green fodder in Punjab inspite of 
the ever-increasing demands and its economic importance.  

Potassium (K) is an essential major nutrient element 
for plants and animals together with nitrogen and 
phosphorus (Oborn et al., 2005). Soils of Pakistan are 
deficient in N and P but the status of K is variable (NFDC, 
2003). The use of fertilizers has been mainly confined to 
the application of nitrogen and phosphorus, while ignoring 
potassium (K) which is being depleted under intensive 
cropping systems. The nutrient balance sheet for Pakistan 
shows an annual deficit of 265,000 tons K2O (Bajwa, 
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1994) with depletion of 8.8 mg K kg-1 annually (Malik et 
al., 1989). Another study showed that 28, 8 and 35 % soil 
series in Punjab, Sindh and NWFP, respectively, were 
deficient in available K (NFDC, 1994). Potassium 
deficiency typically occurs in coarse textured soils 
(Dobermann et al., 1998). Crop responses to K application 
are fairly good on sandy irrigated soils and even on clay 
soils (NFDC, 2003)). Potassium application also improves 
the quality of fodder (Rashid et al., 2007). Keeping in view 
the above facts and figures, this research was planned to 
assess the yield and quality attributes of maize fodder as 
influenced by K application in high pH, sandy clay loam 
and calcareous soil. 

Materials and Methods 
This trial was a continuum of a long term study in 

which six K rates (0, 25, 50, 75, 100 and 125 kg K2O ha-1) 
were applied to the potato crop in the previous season in six 
replications at farmer’s field in the semiarid region of 
district Faisalabad, Pakistan. Representative composite soil 
samples were collected from 0-30 cm depth before planting 
and analyzed for ECe (Rhoades, 1982), pHs (Mclean, 1982), 
organic matter (Nelson and Sommers, 1982), total N 
(Tecator, 1981), particle size analysis (Gee and Bauder, 
1986), P (Olson and Sommers, 1982), CaCO3 and K as 
described by US Salinity Laboratory Staff (1954). In the 
present study six K rates (0, 25, 50, 75, 100 and 125 kg 
K2O ha-1) were applied to maize fodder before sowing. The 
nitrogen and phosphorus each was used @ 60 kg ha-1. The 
sources of N, P and K were urea, DAP and K2SO4, 
respectively. All P, K and half of N were broadcast at the 
time of sowing while the remaining N was applied at first 
irrigation. The experiment was laid out using RCBD with 
three replications. The crop was sown by using 100 kg ha-1 
seed during the second week of February. The crop was 
irrigated with canal water (EC of 0.37 dS m-1, SAR of 4.41 
(mmole L-1)1/2 and RSC negligible). The potassium buildup 
status of the soil was assessed by analyzing the NH4OAC 
extractable K in all the plots before sowing and after 
harvesting of the crop. 

Data regarding the total green fodder yield was 
recorded by harvesting the whole plot. Percent dry matter 
was determined by using fresh and oven dry weight of plant 
samples. The plant samples were finally ground and passed 
through 0.5 mm sieve and preserved for analysis to 
determine potassium (K) concentration by flame 
photometer and nitrogen (N) by micro-kjeldahal apparatus 
as described by US Salinity Laboratory Staff (1954). 
Crude protein was calculated by multiplying the nitrogen 
content with a factor 6.25 (Jones, 1931). Crude fiber, acid 
detergent fiber (ADF) and neutral detergent fiber (NDF) 
contents were determined by following the AOAC (1995) 

methods. After harvesting, soil samples were collected from 
each treatment plot to determine K buildup. Analysis of 
variance (ANOVA) technique was used and Duncan’s 
Multiple Range (DMR) test was applied to see the 
significance of differences among treatments means 
(Duncan, 1955). 
Results and Discussion 

The soil used was free from salinity/ sodicity and 
alkaline in reaction, calcareous in nature, deficient in 
organic matter and P, and medium in K. The texture was 
sandy clay loam (Table 1). 
Table 1. Physical and chemical characteristics of the 

experimental field (0-30 cm depth) 

Soil Determinant Unit Value 
ECe dS m-1   1.20 
pHs -   8.10 
CaCO3 %   7.53 
Organic matter %   0.56 
Olsen   P mg kg-1   6.63 
Sand % 56.00 
Silt % 20.00 
Clay % 24.00 
Textural Class - Sandy clay loam 

Green fodder yield and dry matter contents 
The green fodder yield (Mg ha-1) and dry matter 

contents (%) were improved significantly with K 
application (Table 2). Analysis of variance revealed that K 
showed a significant effect on the improvement of green 
fodder yield of maize crop. The green fodder yield reached 
to the plateau value of 56.77 Mg ha-1, an increase of 31 % 
over control, with the treatment where 125 kg K ha-1 was 
applied. The treatments of 100 and 125 kg K ha-1 were 
statistically at par with each other (p < 0.05). Treatments 
where 50 and 75 kg ha-1 K was applied were also 
statistically similar to each other but significantly higher 
than control.  

Table 2. Effect of K fertilizer on green fodder and dry matter 
yield of maize  

K2O rate (kg ha-1) Green fodder 
yield (Mg ha-1) 

Dry matter 
yield (%) 

Control 38.99 d 19 f 
25 44.63c 20 e 
50 47.35 bc 21 d 
75 49.92b 23 c 
100 54.45a 23 b 
125 56.77a 24 a 
LSD at p = 0.05 3.1300 0.1945 

These results are supported by the work of Laughlin et 
al. (1973) who obtained increased smooth brome grass 
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yields of 6.3 to 11.5 tons ha-1 in Alaska (USA) with 
application of 112 kg K ha-1. These results are also in 
agreement with the findings of Biswas and Benbi (1997) 
who reported positive response of K application to maize 
crop.  

The effect of K on dry matter yield was positive 
(Table 2). The dry matter reached to the plateau value of 24 
%, an increase of 21 % over control, with treatment where 
125 kg K ha-1 was applied. Minimum dry matter 19 % was 
harvested from control plot which increased with the 
application of potassium @ 125 kg ha-1 to a maximum level 
of 24 %. 

These results are supported by the work of Pholsen and 
Sornsungnoen (2004) who reported a 15 % increase in dry 
weight of sorghum fodder with 100 kg K2O application 
over control plots. The results are also in line with the 
findings of Eichhorn (1983) and Malhi et al. (2004) who 
reported that the K application has significantly increased 
the dry matter yield of plants. 

Potassium concentration (%) in plant 
The data regarding the effect of potassium fertilizer on 

its concentration in plants are presented in Table 3. The 
analysis of variance revealed that K showed a significant 
effect on the improvement of K concentration in maize 
fodder. Maximum K concentration was observed in the 
treatment where 125 kg K2O ha-1 was applied. The overall 
increase was 26 % over control. Treatments where 25 and 
50 kg K2O ha-1 was applied and the control plots were 
statistically similar to each other. Illite may be the inherent 
source of soil K, its presence greatly influences the K 
supplying ability of a soil (Sparks, 1987).  

r
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to different K fertilizer rates therefore, source of this K may 
be illite, one of the dominant clay minerals present in the 
soils of Pakistan (Mehdi, 1993).  

The results are in accordance with Eichhorn (1982) 
who showed that plant K+ concentrations in coastal 
bermuda grass increased from 10 to 21 g kg-1 as K rates 
increased from 0 to 555 kg ha-1 Corresponding values for 
plant uptake of K were 138 and 358 kg ha-1 at 0 and 555 kg 
ha-1 K. 

Quality parameters of maize fodder 
Crude protein contents  

Analysis of variance depicted that the K showed a 
significant effect on the improvement of the crude protein 
contents (Table 3). The crude protein reached to the plateau 
value of 11.70 %, an increase of 31.32 % over control, with 
treatment where 100 kg K ha-1 was applied. The treatments 
with 100 and 125 kg ha-1 K2O were statistically at par with 
each other. It appears from the present study that crude 
protein component of the fodder can be enhanced with 
concomitant decrease in protein supplementation reducing 
additional cost on supplementing rations. Increased as crude 
protein concentration at higher K fertilizer rates may be due 
to the phenomenon of dilution effect (Mislevy and Everett, 
1981). 

These results also support the work of Wichman (2001) 
who concluded that the K fertilizer had a diverse impact on 
crude protein. They found that K fertilizer tended to 
enhance protein content at Geyser, reduce protein content at 
Moore and had no effect on protein at Moccasin. 

 

Table 3. Effects of K fertilizer on quality parameters of maize  

K2O  rate (kg ha-1) K concentration 
(%) 

Crude protein 
contents (%) 

Crude fiber 
content (%) 

Acid detergent 
fiber (ADF) (%) 

Neutral detergent 
fiber (NDF) (%) 

Control 1.63 d 9.96 e 31.13 42.44 70.16 
25 1.64 d 10.21 d 29.74 43.43 67.97 
50 1.66 d 10.64 c 30.43 42.70 69.32 
75 1.82 c 11.21 b 29.94 43.87 66.87 
100 2.05 b 11.70 a 30.28 43.32 69.22 
125 2.19 a 11.69 a 29.41 42.69 68.93 
LSD at p = 0.05 0.0744 0.1277  NS     NS     NS 
The K concentration in high yielding maize fodder is 
elatively large and removal is much higher where 
egetative material is harvested on cut and carry basis, and 
his fact is prominent from the data depicted in table 3. It is 
lear from the data that K concentration is not comparable 

 
Crude fiber content 

Analysis of variance revealed that K showed a non-
significant effect on the crude fiber (CF) contents of maize 
crop. All the treatments where K was applied were 
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statistically at par with control.  The respective means of 
crude fiber for 0, 25, 50, 75, 100 and 125 kg K ha-1 were 31, 
20, 30, 20, 30 and 29 %, respectively (Table 3). 

This non-significant response may be due to the fact 
that the stage of maturity at harvesting time was the most 
influential factor affecting CF of forage crops (Collar and 
Aksland, 2001). Crude fiber contents remained almost same 
across all the treatments varying about less than 1 %. 

Acid detergent fiber contents (ADF) and neutral detergent 
fiber contents (NDF) of maize fodder  

Analysis of variance revealed that the treatments had a 
non-significant effect on ADF and NDF in fodder quality 
parameters with respect to control.  

The results are supported by the findings of Collar and 
Aksland, (2001) and Pholsen and Sornsungnoen (2004) 
who also reported non-significant effect of different K 
fertilizer rates on the quality parameters like ADF, and 
NDF, etc. of fodder crop. 

K status in soil 

Analysis of variance depicted that K status of the soil 
increased with application of K fertilizer (Table 4). At 
lower rate of K application the K status of the soil 
decreased than the original but at higher rates it increased 
significantly. The increase in available K level in the soil 
may be due to the reason that the applied K may become 
fixed on the negative charges on the soil by competing with 
that of NH4 and is converted into slow release form. 

Table 4. Effect of K fertilizer on K buildup status in the 
soil 

K2O  rate (kg ha-1) K before sowing 
(mg kg-1) 

K after sowing 
(mg kg-1) 

Control 66 f 62 e 
25 74 e 73 d 
50 78 d 82 c 
75 82 c 84 c 
100 85 b 94 b 
125 117 a 119 a 
LSD at p = 0.05 2.3408 5.8638 

These results support the work of Swarup and Chhillar 
(1986) who reported that application of K did not affect the 
yield of wheat crop but enhanced its available status in soil 
and uptake by the crops. Contribution of the non-
exchangeable K towards total potassium removal was about 
93% in the absence of applied K which decreased to 87% 
with the use of K. Application of K  resulted in lesser 
uptake from non-exchangeable form as compared to its 
application to  crop.  

These results are also in line with Collins (1978) who 
studied 48-h K fixation in the laboratory following K 
applications of 0 to 0.68 cmol K+ kg-1. He found that K 
fixation increased linearly with K application, averaging 
0.24 cmol K+ kg-1 at the highest application rate. 

Conclusion   
The maximum green fodder yield of 61.28 Mg ha-1 was 

obtained where K was applied @ 125 kg ha-1. The K 
application improved the maize fodder quality traits 
including crude protein, dry matter, K concentration but 
crude fiber, acid detergent fiber (ADF) and neutral 
detergent fiber (NDF) contents (%) remained non 
significant. So the potassium fertilizer should be applied 
along with nitrogen and phosphorus to the maize fodder to 
get the maximum yield of improved quality.  
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