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Field experiment on long-term application of chemical fertilizers and farmyard manure is 

ongoing in a floodplain soil of Bangladesh since 1978. The treatments are application of N, NP, 

NK, NPK, NS, NZn, NSZn, NPKSZn, and N+FYM (cowdung as farmyard manure), along with 
control (no addition), and have been executed in every cropping. Forty-five times of paddy-rice 

cropping was done before soil sampling in July 2002. Among chemical properties of soil, the 

organic matter and total N concentrations, clay mineralogical composition, and the heavy metal 

concentration were assessed. The organic matter and total N concentrations of surface soil 

were increased from those in the initial state, although this was ascribed to continuous cropping 

of paddy-rice rather than the direct effect of chemical fertilizers and farmyard manure. Clay 

mineralogical change, such as fixation of K in the vermiculite interlayer to be transformed into 

clay mica, was not detected. Accumulation of heavy metals in soil was not noticed. 

INTRODUCTION 
Bangladesh is situated in the northeastern part of the Indian subcontinent. The total 

land area is around 147,000km2 and the greater part of it exists on the 
Ganges-Brahmaputra delta; climate belongs to the tropical to subtropical monsoon. 

Agriculture is the mainstay of economy of the country. It contributes to over 300/0 of the 

gross domestic product (GDP) and provides employment for about 600/0 of the labor 

force. Nearly 600/0 of the national land is cultivated for different crops throughout the 

year. Increase in intensification of cropping due to population pressure, however, has 

caused a gradual decline in soil fertility. An FAO report (FAO-UNDP-UNEP, 1994) esti-

mated 650/0 of agricultural land in Bangladesh suffers from soil fertility decline. 

Moslehuddin et al. (1997) reviewed the fertihty status of Bangladesh soils and concluded 

that the overall status was not satisfactory. Organic matter status has a first priority in 

conservation of soil fertility in Bangladesh. Approximately 600/0 of the soils contain less 
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than 20/0 organic matter, and N percentage is very low (Zaman, 1986) . . 

The experiment of long-term application of chemical fertilizers and farmyard manure 

is ongoing since 1978 at the university farm of Bangladesh Agricultural University of 

Bangladesh. Soil samples were taken in 2002 after 45 times of cropping of paddy-rice. In 

the present paper, organic matter status of soil was studied for evaluation of the iniluence 

of long-term application of those amendments on the accumulation of organic matter. In 

addition, the clay mineralogical changes and heavy metal accumulation were examined 

FIELD EXPERIMENT 
Description under this heading mostly comes from the MS Thesis of Bilkis (2002), 

Soil Science Department of Bangladesh Agricultural University (BAU) . 

Location and soil 
The field experiment was initiated in 1978 at the farm of BAU, Mymensingh, 120km 

north of Dhaka, the capital in Bangladesh. The falln is located on the Old Brahmaputra 

Floodplain. It comprises Noncalcareous Dark Grey Floodplain soil by the Bangladesh 

classification system, equivalent to Aeric Haplaquepts by Soil Taxonomy (Saheed, 1984; 

FAO-UNDP, 1988), and developed from Old Brahmaputra alluviurn. The field is on a very 

gently undulating ridge, above flood level, with imperfect drainage. Selected chemical 

and physical properties of the initial soil just before starting of the long-term experiment 

are reproduced in Table I . 

Table 1. Selected chemical and physical properties of the 
initial soil. 

Pro perty Value 

Particle-size distribution (olo) 

Sand (2.0-0.05 mm) 

Silt (0.05-0.002 nun) 

Clay (<0.002 mm) 
Texture 

pH 
Organic matter (o/o) 

Total N (o/o) 

18.8 

63.6 

17.6 

Silt loam 

6.8 

1.25 

0.06 

Measured in 1978 and quoted from Bilkis (2002). 

Treatinents 
Ten treatments were set up in the field experiment. Those were control (no addi-

tion) , and application with N (N, expressed sinxilarly thereafter), N and P (NP), N and K 

(NK), N and P and K (NPK), N and S (NS), N and Zn (NZn), N and S and Zn (NSZn), N 

and P and K and S and Zn (NPKSZn) , and N and farmyard manure (N + FYM) . The appli-

cation rates of N, P, K, S, and Zn per crop were 70, 20, 19, 30, and 8kg ha~*, respectively. 

Urea, triple superphosphate, muriate of potash, gypsum, and zinc sulfate were used as 

sources of N, P, K, S, and Zn, respectively. Cowdung was used as farmyard manure at a 

rate of 5.0Mg ha~*. Chernical fertilizers and cowdung were applied in every cropping and 
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incorporated to soil during final land preparation, except for N in which three equal splits 

were applied as basal-dressing and two times of top-dressing. The above application 

iates were not different between Aus and T. Arnan and between high-yielding and local 

varieties. 

Cropping 
After initiation of the field experiment, rice (Aus and T. Aman) was normally grown 2 

to 3 times in a year following rainfed- and irrigated-rice-based cropping patterns. 

Usually, Aus is planted in mid-March to mid~pril and is harvested in June, and the grow-

ing season of T. Aman (Transplanted Aman) ranges from mid-July to mid-December 
(Zaman, 1986). Irrigation water from a deep tubewell was given to the plots. A sum of 46 

rice crops has been harvested up to the end of 2002, of which 29 were high-yielding vari-

eties and 17 were local varieties. Rice grain yields of the selected treatments in 1982, 

1995 and 2002 are reproduced in Table 2, quoted from Bilkis (2002) . 

Table 2. Rice grain yields (Mg ha~1) of the selected treatments. 

Treatment 1 982 1995 2002 

Aus T Arnan Aus T Arnan Aus T. Aman 
Control 

N 
NP 
NPK 
NS 
NPKSZn 
N + FYM 

l .4 

2.1 

2.8 

2.1 

2.2 

4.0 

3.5 

2.1 

3.3 

3.3 

3.4 

4.0 

5.4 

4.9 

1.5 

2.1 

2.3 

2.6 

2.6 

3.2 

3.5 

2,0 

2,6 

3.0 

3,2 

3.6 

4.6 

3.8 

3,0 

4.5 

4.5 

4.7 

5.0 

4.3 

4,2 

3.3 

3.6 

5.0 

6.1 

6.3 

6.8 

4.5 

Quoted from Bilkis (2002). Refer to the text for the treatments. 

MATERIALS AND METHODS 
Soil sample 
Soil samples were taken from 0-10 cm (surface) and 10-20 cm (subsurface) depths at 

5 spots in each of three replicated plots of the individual treatment in July 2002. They 

were air-dried, gently ground, and passed through a 2-mm sieve to prepare the compos-

ite soil sample of the individual treatment. Therefore, statistical analysis to reveal signifi-

cant differences between the treatments was not carried out. 

Chemical and mineralogical analyses 
Total C and N concentrations of both surface and subsurface soils were determined 

by N･C analyzer (Sumigraph NC-80 Auto, Sumitomo Chemical Ltd.) (Editorial 
Committee for Methods of Soil Environmental Analysis, 1997). The determination was 

made in duplicate to take average. The total C was regarded as the organic form because 

of the noncalcareous nature of the soil and its concentration was multiplied by a factor of 
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1.724 to convert it to the organic matter concentration. Heavy metals were extracted 

from surface soil in duplicate with concentrated nitric and hydrochloric acids (Keller and 

Vedy, 1994) followed by the determination by an atontic absorption spectrophotometer. 

Clay ntineralogical composition was semi-quantitatively estimated based on the relative 

peak intensities of XRD (X-ray diffraction) patterns, after separation of the < 2 ~am clay 

fraction from surface soil by the sedimentation method (Wada, 1966). 

RESULTS 
Organic matter status 
Table 3 shows the organic matter and total N concentrations of surface soils. They 

were in ranges between 21.0 and 26.7g kg~1 and between I .22 and 1.53 g kg~1. The organic 

matter concentration exceeded the critical value of 20.0g kg~1 (Zaman, 1986) and the 

total N concentration was considerably over I .O g kg~1 in all treatments including the con-

trol. In addition, the organic matter and total N concentrations measured in the present 

study were I .7 to 2.1 and 2.0 to 2.6 times, respectively, higher than those of the imtial soil 

(Table 1). During 24 years the organic matter and total N concentrations of surface soil 

increased to around or more than double from the initial state in all the plots amended 

wlth different chemical fertilizers and farmyard manure. It clearly indicates the improve-

ment of organic matter status of surface soil after 24 years of the experiment. Among the 

treatments, the N+FYM treatment showed the highest concentrations of organic matter 

and total N, followed by the NPK treatment. However, the organic matter and total N 

concentrations of the other treatrnents were nearly equal or even below the concen-

trations for the control without addition of chemical fertilizers and farmyard manure . 

The organic matter and total N concentrations of subsurface soils were considerably 

lower than those of surface soils and ranged from 10.5 to 17.8g kg~1 and from 0.62 to 

1 .07g kg~1, respectively, as shown in Table 4. The organic matter and total N concen-

trations of subsurface soil were outstandingly higher in the NPK and NS treatments. In 

the other treatments, however, the organic matter and total N concentrations were not 

much different from the values of the control and remained around the level of the initiai 

Table 3. Organic matter and total N concentrations 
(g kg~1) of surface soils. 

Treatment Organic matter Total N 

Control 

N 
NP 
NK 
NPK 
NS 
NZn 
NSZn 
NPKSZn 
N + FYM 

23.9 

23.4 

24.5 

23.0 

25.6 

21.0 

23.7 

21.5 

24.4 

26.7 

1.41 

1.39 

1 .42 

1.35 

1.50 

l.22 

1.39 

1.28 

1 .42 

l .53 

Refer to the text for the treatments. 
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Table 4. Organic matter and total N 
(g kg~1) of subsurface soils. 

concentrations 

Treatment Organic matter Total N 

Control 

N 
NP 
NK 
NPK 
NS 
NZn 
NSZn 
NPKSZn 
N + FYM 

1 1 .5 

10.5 

14.1 

11.3 

17.8 

17.3 

10.7 

13.4 

12.8 

13.9 

0.64 

0.62 

0.83 

0.65 

1.07 

1.04 

0.62 

0.78 

0.75 

0.78 

Refer to the text for the treatments. 

soil (Table 1). This was considered as the result that the improvement of organic matter 

status by chernical fertilizers and farmyard manure was still limited to surface soil and did 

not reach to subsurface soil in the present field experiment even after 24 years of their 

continuous application. 

Clay mineralogical composition 
Figures I and 2 show XRD patterns of the clay fraction separated from surface soils 

of the NPK treatment as a representative of the chemical and organic treatments and of 

the control, respectively. From the XRD patterns, vernliculite, clay mica and kaolinite 

1 .42 

3 8 13 
2 e [' 

18 
J 

23 28 

Mg-air 

Mg-glycerol 

K-air 

K-3 OO 

K-550 

Fig. 1. XRD pattems of the < 2 pam clay fraction separated from surface soil of the NPK treat-

ment. Spacing is in nm. Treatments: Mg-air, Mg-saturation and air-diying; Mg-glycerol, 

Mg-saturation and glycerol-solvation; K-air, K-saturation and air-drying; K-300, 
K-saturation and heating at 300 'C; K-550, K-saturation and heating at 550 'C. 
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l.80 

¥ 

1 .42 

l .OO 

0.71 

0.50 

¥ 
0.357 

0.472 ¥ 
/ 

0.354 

J 

0.333 

Mg-air 

Mg-glycerol 

K- air 

K-300 

K-550 

3 8 13 18 
2e[' l 

23 28 

Fig. 2. XRD patterns of the < 2~hm clay fraction separated from surface soil of the control. 

Spacing is in nrn. Refer to Fig. I for the treatments. 

Table 5. Approximate mineralogical composition of layer 
silicates in the clay fraction. 

Treatrnent 
Mineralsl) (o/o) 

Mc Vt + vt-Ch Ch Kt 

Control 

N 
NK 
NPK 
NPKSZn 
N+FYM 

17 

17 

16 

16 

18 

18 

60 

59 

62 

61 

59 
59 

5 

9 

8 

5 

9 

5 

18 

16 

15 

18 

14 

18 

*) Abbreviations: Mc, clay mica; Vt, vermiculite; Vt-Ch, 

vermicuhte-chlorite intergrade; Ch, chlorite; Kt, kaolinite. 

Refer to the text for the treatments. 

were identified as main clay minerals with minor amounts of vermiculite-chlorite 

intergrade and chlorite. The approximate mineralogical composition of layer silicates in 

the clay fraction was estimated based on the relative peak intensities for the respective 

minerals and is shown in Table 5. Essentially no difference was found in the mineralogical 

composition of the clay fraction among the selected six treatments. 

Heavy metal concentration 
Table 6 shows the concentrations of Cd, Pb, Zn and Cu of surface soils extracted wlth 

concentrated nitric and hydrochloric acids. They were in narrow ranges of 0.25 to 0.52, 

10.7 to 14.8, 92.7 to 97.7, and 64.6 to 66.2mg kg~1 for Cd, Pb, Zn, and Cu, respectively. 

Essentially no difference was noted in the total concentrations of Cd, Pb, Zn and Cu 



Long-Term Field Experiment in Bangladesh 867 

Table 6. Concentrations (mg kg~1) of Cd, Pb, Zn and Cu 
of surface soils. 

Treatment Cd Pb Zn Cu 

Control 

N 
NP 
NK 
NPK 
NS 
NZn 
NSZn 
NPKSZn 
N + FYM 

0.40 

0.47 

0.37 

0.40 

0.33 

0.25 

0.47 

0.42 

0.52 

0.42 

14.1 

14.1 

14.8 

12.8 

11.4 

12.1 

11.4 

13.5 

10.7 

11.1 

93.0 

95.5 

95.1 

92.7 

93.6 

94.6 

95.2 

97.0 

97.7 

94.8 

65.3 

66.2 

65.9 

65.3 

64.6 

65.8 

66.2 

65.4 

66.1 

66.1 

Refer to the text for the treatments. 

among the treatments, and the concentrations of the four heavy metals of the treated 

plots were not different from those of the control. 

DISCUSSION 

Improvement of organic matter status 
Organic matter status of the floodplain soil on the Old Brahmaputra Floodplain in 

Bangladesh was improved by continuous application of chemical fertilizers and farmyard 

manure of 24 years (1978 to 2002). The improvement of organic matter status was 

limited to the surface soil (O to 10 cm deep) in most treatments. Among the chemical fer-

tilizers tested, the combination of NPK was found to be most effective on the accu-

mulation of organic matter. Application of cowdung at the rate of 5.0Mg ha~1 per crop 

contributed to the additional accumulation of organic matter. However, the improvement 

of organic matter status was also recognized to the control (no addition of chemical 

fertilizers and farmyard manure) which showed the similar level of the concentrations of 

organic matter and total N to the N treatment with or without other chemical fertilizers. 

It means that the improvement of organic matter status of surface soil recognized in the 

present field experiment is not due to the direct effect of continuous application of 

chemical fertilizers and farmyard manure but has been performed probably through 

remaining and accumulation of crop residues. 

Table 2 reproduced rice grain yields of the selected treatments in 1982, 1995, and 

2002, quoted from Bilkis (2002). The grain yield was mostly higher for T. Aman than for 

Aus in the same year and tended to increase with year eveh in the control. The grain 

yield of the NPKSZn treatmeht was higher than that of the NPK treatment, except for Aus 

in 2002, suggesting the additional contribution of S and/or Zn to increase in the grain 

yield. The relative contribution of cowdung to increase in the grain yield was gradually 

reduced with year. The grain yield was not necessarily related to the organic matter sta-

tus of soil, and the grain yield of the control was always lowest among the treatments in 

every year and season of cropping. 
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Therefore, it was considered that organic matter status was improved by continuous 

cropping of paddy-rice in the floodplain soil of the Old Brahamputra Floodplain. Under 

the subtropical monsoon climate of Mymensingh chemical fertilizers and farmyard 
manure show the fertilizer effect to a crop and mainly contribute to the increase in the 
grain yield 'of paddy-rice of that cropping season. Without application of chemical fer-

tilizers and farmyard manure the grain yield of paddy-rice is kept in a low level, but con-

tinuous cropping is more effective to improve organic matter status or soil fertility of the 

floodplain soil used for paddy-rice cropping. 

Increase in the total N concentration of surface soil by remaining and accumulation of 

crop residues was estimated to the control plot with several assurnptions. The average 

rice grain yield was calculated to be 2.2Mg ha~* based on the data of Table 2. 
Corresponding to this value, the total mass of stem, Ieaf and root which were added to 

field was regarded as 2.2 Mg ha~* wlth assurnption of the equal mass of the grain and the 

total of stem, Ieave and root. The average N concentration of stem, Ieaf and root was 

assumed to be 5.0g kg~1 for the Inchca-type rice. Calculation of the following equation 

gives the value of 495kg ha~~ as the amount of N added to soil through 45 times of crop-

ping: 2200X0.005 X45. If we assume 1.2Mg m~3 as bulk density of soil with a soil depth 

of 10cm, it gives soil mass of I .2 X 10"kg ha~1. So, the increase in the N concentration of 

soil is calculated to be 0.41 g kg~~. Addition of this value to the total N concentration of 

the initial soil of 0.6g kg~~ (Table 1) gives I .OI g kg ~1 as the total N concentration of sur-

face soil of the control plot. The determined value of surface soil of the control plot was 

1.4lg kg~* (Table 3) and exceeded considerably the calculated one. Underestimation of 

the total mass and the average N concentration of stem, Ieaf and root and additional 

supply of N by biological N fixation and through rainfall and irrigation water are 

considered as reasons of disagreement between the two values. 

If we assume the value of 10.0g kg~1 as the average N concentration of stern, Ieaf and 

root, which is reported to the Japonica-type rice, it gives the comparable value of 1.43g 

kg~1 as the total N concentration of surface soil of the control plot. In the above calcula-

tion, however, all N from crop residues was assurned to accumulate in soil. Usually, some 

parts of soil N are adsorbed by crops after mineralization. Why the total N concentration 

was increased, meaning the improvement of organic matter status, in the control plot 

after continuous cropping of paddy-rice and hence what is the source of N are a big 
puzzle . 

Clay mineralogical change 
Main target of the clay mineralogical change was transformation of vermicuhte into 

clay mica. About 600/0 of layer silicate minerals in the clay fraction was occupied by 

vermiculite and vermiculite-chlorite intergrade (mainly vermicuhte) (Table 5 and Fig. 2), 

and decrease in the vermiculite percentage along with the corresponding increase in the 

clay mica percentage was expected by continuous addition of K to soil through 
application of K-containing fertihzer or farmyard manure. However, such ITrineralogical 

change was not noticed from the clay mineral analysis. In this context, total amounts of K 

added to soil by K-containing fertilizer and farmyard manure were calculated. 

In each cropping 19kg ha~1 of K was added as muriate of potash, and total amount 

became to 855 kg ha~* by multiplying it by 45 times of cropping. If we assume I .2Mg m~3 
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as bulk density of soil with a soil depth of 10 cm, the value of 855kg ha~* is equivalent to 

0.713g kg~* or I .82 cmo~ kg~* of K. The CEC (cation exchange capacity) of the soil was 

measured as 7.3 cmol, kg~1, and the value of I .82 cmol, kg~* of K was about one-fourth of 

the CEC. Total amount of K added by K-containing fertilizer may not be enough for 

transformation of vermiculite into clay mica in the field. 

Similarly, total arnount of K added through application of farmyard manure was calcu-

lated, under assurnption that all K included in cowdung was released to soil by mineraliza-

tion of it. The data concerning cowdung used in the farm of BAU were quoted from 
Bhuiyan (2004) as follows: the dry matter mass of 5.0 Mg of wet cowdung was 1.73 Mg and 

the K concentration of dry cowdung was 1.020/0 . The amount of K of 5.0Mg ha~1 wet cow-

dung is equivalent to 17.6kg. Multiplication of 17.6kg by 45 times gives 792 kg. It 

amounted to 0.660g kg~* or I .69 cmol, kg~* of K and was in the sirnilar level of K added by 

K-containing fertilizer. Potassium is additionally supplied through irrigation water, but 

fixation of K in the interlayer of vermiculite was not revealed wlth mineralogical change. 

Potassium added to soil through application of K-containing fertilizer or farmyard manure 

during 24 years was not enough to cauSe fixation of K in the vermiculite interlayer. Much 

more K is needed for even partial fixation of K in the velmicuhte interlayer under the field 

condition where reaction of added K with vermiculite does not proceed so effectively as in 

the laboratory. 

Heavy metal acculnulation 
Possible accumulation of heavy metals was expected by continuous application of 

chemical fertilizers and farmyard manure, because they are usually contaminated with 

different heavy metals. However, accumulation of heavy metals caused by those materials 

did not attain to a noticeable level after 24 years from initiation of the experiment. 

Moslehuddin et al. (1999) reported the concentrations of heavy metals for the selected 

Bangladesh paddy soils. According to them, the total concentrations of Pb, Zn and Cu for 

the Lokdeo series of the Old Brahmaptura Floodplain were 39, 69.8 and 23.8mg kg~~, 

respectively. Comparison of those values wlth the present data indicated that surface soil 

of the present study (university farm, BAU) contained higher Zn and Cu by 25 and 42 mg 

kg~*, respectively, while lower Pb by 26 mg kg~1 than did the Lokdeo series. Although such 

differences in the Pb, Zn and Cu concentrations are probably attributed to the site differ-

ence even if both soils are distributed on the same physiographic unit and are derived 

from Old Brahmaputra alluvium, another possibihty is supply of Zn and Cu to the soil of 

the BAU farm through agricultural practices such as irrigation. 

CONCLUSIONS 
l~lfluences of the long-term application of chemical fertilizers and farmyard manure 

on chemical properties of paddy=soil were examined at the farm of Bangladesh 
Agricultural University, Bangladesh. The organic matter status was improved in the 

surface soil. But, this was ascribed to the continuous cropping of paddy rice, Ieading to 

remaining and accumulation of crop residues, and the fertilizer effect of chemical fer-

tilizers and farmyard manure mainly contributed to increase in the grain yield of 

paddy-rice of that cropping season. Mineralogical change of the clay fraction was not 
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detected and accumulation of heavy metals in soil was not noticed. 
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