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Efficiency of phosphorus applied to correct its wide spread deficiency is very low. An important strategy to 
improve the efficiency of applied P is the combined application of organic and inorganic sources of phosphorus. A 
pot experiment was set up to investigate the effect of either alone or combined application of FYM and DAP on 
maize, grown in three different calcareous soils. The four treatments viz; control, DAP, FYM and DAP+FYM were 
arranged in factorial set up using completely randomized design (CRD). Diammonium phosphate was applied to 
supply 80 mg P2O5 per kg soil while farmyard manure was added @ 50g pot-1. Maize (cv. Pak Hybrid-7222) was 
used as test crop. Shoot dry matter of plants and P uptake were recorded. Physiological and agronomic P 
efficiencies and apparent P recovery were computed.  Results regarding effect of combined P sources on yield 
parameters (shoot dry matter =21.82 g/pot for DAP+FYM, 17.28g/pot for FYM and 17.76 g/pot for DAP) and 
various P efficiencies were significantly better (agronomic efficiency 21.27 g/g for DAP+FYM for FYM 9.91g/g and 
11.13 g/g for DAP) than organic or inorganic P sources alone. Results of the present study provided basis for 
further investigation. 
Keywords: Maize, phosphorus efficiency, diammonium phosphate, farmyard manure 
 
INTRODUCTION 
 
Maize (Zea mays L.) is an important cereal crop which 
provides food for human beings, feed for animals and 
raw material for several agro-based industries. It 
belongs to the group of crops which have high growth 
rate, producing large biomass and in turn require more 
P (Mengel and Kirkby, 2001).  
Soils of Pakistan are generally alkaline and calcareous 
in nature, where maize crop mostly suffers from P 
deficiency. About 80 to 90 % soils from arid and 
semiarid regions of the world, including Pakistan, are 
deficient in available phosphorus (Sander, 1986; 
Memon et al., 1992 and NFDC, 2001). 
Various factors important for controlling P availability in 
calcareous soils include pH, nature and amount of clay 
minerals, Fe and Al oxides and presence of free 
calcium carbonate. Application of inorganic P fertilizer 
in combination with FYM was found effective in 
enhancing the effectiveness of inorganic P fertilizers 
(Whalen and Chang, 2001). Organic manures may 
convert relatively unavailable native and residual P to 
chemical forms which are more available after 
decomposition. This process produces CO2, which 
forms H2CO3 in the soil solution, resulting in the 
dissolution of primary P-containing minerals. Organic 
acids released during decomposition also help to 
dissolve soil mineral P. In soils with high P-fixing 
capacities; organic compounds released during 
decomposition processes may increase P availability 
by coating P adsorption sites or via anion exchange. 
Repeated incorporation of green manures can 
decrease soil bulk density, increase soil aggregation 

and moisture retention. All these factors may also help 
to increase P uptake by increasing root and 
mycorrrhizal growth (Cavigelli and Thien, 2004). 
Therefore, judicious and efficient use of inorganic P 
fertilizer and recycling of organic wastes is inevitable to 
maximize agricultural productivity on sustainable basis. 
This study was therefore, initiated with the objective of 
increasing the efficiency of applied P fertilizers through 
integration with organic matter using maize as a test 
crop. 
 
MATERIALS AND METHODS 
 
Bulk surface (0-15 cm) samples were collected for the 
three soils from Chakwal and Gujranwala areas. The 
samples were air dried and ground to pass through 2-
mm sieve. Soil colour was recognised according to 
Munsil Colour Chart notation. The prepared soil 
samples were analysed for various physical and 
chemical properties including texture, pH, ECe, K, 
Olsen P, Solution P, Organic Matter, Calcium 
Carbonate and Total Iron contents, according to 
standard procedures as described by Richards (1954). 
Five kilograms of prepared soils were weighed and 
filled into glazed pots. The treatments included; control, 
DAP, FYM and DAP+FYM. . Diammonium phosphate 
was applied to supply 80 mg P2O5 per kg soil while 
farmyard manure was added @ 50 g pot-1. Soils in pots 
were irrigated up to their respective saturation 
percentage. After a week when soils reached to field 
capacity, pots were emptied and soils were remixed 
and refilled in the pots. This process was repeated 
thrice and various treatments were imposed in 
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triplicate. The experiment was conducted with factorial 
setup of Completely Randomized Design. Maize (cv. 
Pak Hybrid-7222) was sown and four uniform plants 
per pot were allowed to grow after germination. 
Moisture contents in pots were maintained with distilled 
water at about 60 % of the water-holding capacity 
during the growth period of plants. Whole plant tops 
were harvested 45 days after germination. Plant 
samples were washed with distilled water, and dried to 
constant weight at 65oC in a force-air oven. The plant 
samples were ground in a Wiley mill and ‘wet 
digestion’ for the determination of P concentration of 
plant samples was done by taking one gram oven dried 
plant material in 20 ml concentrated HNO3 and 10 ml 
of 72 % HClO4. Then yellow colour method was 
adopted by taking five ml of the digested aliquot in 50 
ml volumetric flask, added 5 ml of ammonium vanadate 
(0.25 %) and ammonium molybdate (5 %), made 
volume and allowed to stand for 15-30 minutes. 
Readings were recorded on spectrophotometer at 400 
nm absorbance. From the standard curve, phosphorus 
concentration (%) in plant was calculated (method 54a, 
US Salinity Lab. Staff, 1954). 
Beneficial effects pertaining to integrated use of FYM 
and DAP on maize growth and P uptake were 
assessed by calculating following parameters 
according to Mengel and Kirkby (2001). 
                                              Yield F – Yield C 
o Agronomic Efficiency = ------------------------- gm-1gm 
                                            Fertilizer P applied 
                                              P uptake F – P uptake C  
o Apparent P Recovery = --------------------------------x 100 
                                                Fertilizer P applied 

                                                   Yield F --- Yield C 
o Physiological Efficiency = ----------------------------- gm-1gm 
                                                P uptake F – P uptake C 
F = Fertilizer applied C = Control (without fertilizer) 

Statistical analysis 

The data obtained were statistically analyzed 
according to CRD factorial using software MSTAT-C 
(Russel and Eisensmith, 1983). Analysis of variance 
(ANOVA) technique was used and Duncan’s Multiple 
Range (DMR) test was applied to separate the 
significant treatment means (Steel and Torrie, 1980). 
 
RESULTS AND DISCUSSION 
 
Texture of the soils I and III was sandy loam while soil 
II was sandy clay loam. The three soils were alkaline in 
reaction (pH > 7.0) and non-saline (ECe < 4.0 dS m-1). 
Soil I and soil III were deficient in organic matter 
contents but soil II had 1.31% organic matter. 
Extractable K ranged from 60 to 130 mg kg-1 and 
Olsen P varied from 5.26 to 16.65 mg kg-1 soil.  Three 
soils had CaCO3 2.12 to 5.5%. 
Shoot dry matter (SDM) of maize increased 
significantly over control when P was applied as DAP 
or FYM alone as well as in combination (Fig. 1). 
Surprisingly, DAP and FYM proved statistically similar 
with a nominal difference in their response whereas 
combined application produced maximum dry matter. 
Significant difference was also recorded within the 
experimental soils. The overall means (19.38 g pot-1) 
for S2 were the highest followed by S1 (18.13 g pot-1) 
and S3 (15.12 g pot-1). However, the interaction 
between soils and P sources were not found to be 
appreciable in statistical terms. 

Table 1. Physico-chemical properties of soils 

Parameters Soil I 
(Dull yellowish brown) 

Soil II 
(Brownish grey) 

Soil III 
(Dull yellow orange) 

Sand (%) 74 52 68 
Silt (%) 11 22 14 
Clay (%) 15 26 18 
Textural class Sandy loam Sandy clay loam Sandy loam 
pH 7.74 7.29 7.88 
ECe (dSm-1) 0.63 1.17 0.59 
K (mg kg-1) 60 100 130 
Organic matter (%) 0.62 1.31 0.41 
Olsen P (mg kg-1) 6.65 16.65 5.26 
Solution P (mg L-1) .012 .061 .010 
CaCO3 (%) 4.06 2.12 5.5 
Total Fe (ppm) 1.11 5.66 0.66 
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Figure 1. Effect of various treatments on (a) Shoot Dry Matter 
            (b) P concentration (%) in Shoot and (c) P Uptake 
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Figure 2. Effect of various treatments on (a) Agronomic Efficiency of applied P (AE), 
         (b) Apparent P recovery (%) and (c) Physiological Efficiency of P (PPE). 
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Better response to P with FYM, due to enrichment of 
long term fertility of soil through increase in organic P 
and short term supply as recalcitrant P, has also been 
reported earlier (Reddy et al., 1996 and Singh et al., 
2001a, b). The addition of organic materials causes 
mineralization of more recalcitrant fraction of P through 
increased microbial activity and resultant biochemical 
transformation (Nziguheba et al., 1998). The 
interactions with soil components to increase P uptake 
by plants are also important (Whalen and Chang, 
2001), especially clay and lime contents. Therefore, P 
response was found better in sandy soils (S1 and S3) 
as compared with that having higher clay contents (S2). 
Phosphorus concentration in maize plant increased 
significantly over control with the application of 
chemical (DAP) and organic P (FYM) sources alone as 
well as in combined form. Diammonium phosphate 
(0.13 %) proved statistically superior over FYM 
(0.12%) while their combination caused the highest 
percentage in plants (0.14%). Difference among 
experimental soils was also significant statistically and 
overall means for S2 (0.14 %) were the highest 
followed by S1 (0.12 %) and S3 (0.11%). Nevertheless, 
the interactions among soils and P sources were not 
statistically important. Gibali and Rahmatullah (1982) 
also concluded that addition of P alone or in 
combination with manure resulted in higher 
concentration of P in plants.  
Phosphorus uptake by maize plant increased 
significantly from 13.0 mg pot-1 in T1 (control) to the 
peak value of 32.0 mg pot-1 recorded for T4 (DAP + 
FYM) which was 59 % greater over control (Fig.2). 
Farmyard manure and DAP, were also significant over 
control. However DAP (23.0 g pot-1) caused more P 
uptake than FYM (21.0 mg pot-1) alone. Phosphorus 
uptake also depended upon the characteristics of 
experimental soils. The differences were also 
significant statistically and overall means for S2 (27.0 
mg pot-1) were the highest followed by S1 (22.0 mg pot-1) 
and S3 (18.0 mg pot-1). Nevertheless, interactions 
among soils and P sources were found statistically 
non-significant. 
Similar results were also reported by Chaudhary et el 
(1998) about the maximum P uptake by the plants 
growing in soil treated with both organic and inorganic 
fertilizers. In general it was observed that high intensity 
of P (concentration in soil solution) was found with 
inorganic source DAP than the organic FYM. From the 
environmental point of view P from organic source is 
considered better but it alone cannot meet the crop 
requirements as has been observed in the present 
study. Increase in shoot dry matter was more than with 
FYM but combination of organic and inorganic sources 
proved best over the all treatments which is in 

accordance with the results reported by Kawabiah et 
al., (2003). 
Agronomic efficiency of P was minimum with FYM 
followed by DAP. However, combination of organic and 
inorganic sources (DAP+FYM) was found significantly 
better (21.27 mg g-1) than FYM (9.91 mg g-1) or DAP 
alone (11.13 mg g-1). Overall means of S3 (14.93 mg g-1) 
and S2 (14.29 mg g-1) were statistically at par while it 
was least in soil S1 (13.09 mg g-1). On the other hand 
the interactions among experimental soils and different 
P sources were not statistically significant. 
Apparent P recovery was different in all P sources. 
Combined application of organic and inorganic sources 
(DAP+FYM) proved statistically better than rest of P 
sources. On individual basis, single chemical P source 
(DAP) showed higher P recovery  over single organic 
source (FYM).The over all means of experimental soils 
S1 (2.9 g kg-1) and S3 (2.8 g kg-1) showed no statistical 
significance while S2 (3.3 g kg-1) proved better than S1 
and S3. Nevertheless, interactions among experimental 
soils and different P sources were found statistically 
non-significant. Similar results were reported by 
Whalen and Chang (2001) that addition of manures not 
only resulted in to better P recovery but it also 
enhanced the effectiveness of inorganic P fertilizers. 
Physiological P Efficiency (PPE) of organic and 
inorganic   P sources on individual and combined basis 
was non-significant, while experimental soil S3 showed 
significant PPE as compared to other soils (S1 and S2). 
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