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Abstract 

 Residual effects of urea with poultry manure (PM) and biogas slurry (BS) on okra after Boro rice have 
been studied. Yield attributes and yield of rice and okra were the best in the treatment receiving 50% of 
recommended dose equivalent to 94 kg/ha N from urea and 50% N from PM equivalent to 4.5 t/ha. 
Application of 50% urea N and 50% PM N in preceding rice crop highest grain yield of rice (6.83 mt/ha) and 
fruit yield of okra (8.10 mt/ha) was obtained. The contents of organic matter, total N, available P, 
exchangeable K, available S, exchangeable Ca, exchangeable Mg and available Zn and pH in post-harvest 
soils increased compared to initial soil indicating the improved soil fertility. Results indicated that N at the 
rate of 94 kg/ha along with 4.50 mt/ha PM was the best combination for producing rice and okra in rice-okra 
cropping sequence.  
 
Introduction 
 Rice-vegetables cropping sequence is now being practiced in many places of Bangladesh. 
Generally, farmers use only chemical fertilizers with little or no organic manure for individual 
crop without considering cropping sequence for the whole year. As a result, large amount of 
fertilizers are being misused every year.  
 Nitrogen rate, type of nitrogen, and timing of its application are important factors to increase 
yield (Garrido-Lestanche et al. 2005). Pilled urea, the most widely used chemical N fertilizer in 
Bangladesh. The nitrogen efficiency especially of urea fertilizer is very low (30 - 35%) in rice 
cultivation (IFDC 2007). The loss of N from urea is accelerated by the quick release of available N 
from urea. Integration of organic with inorganic fertilizers improves the physiological system of 
the crop, provides adequate growth regulating substances and modifies soil physico-chemical 
behavior and results in augmented crop yield (Hukkeri et al. 1977). Nutrients contained in organic 
manures are released more slowly and are stored for a longer time in the soil, thereby ensuring a 
long residual effect (Makinde and Ayoola  2008), supporting better root development, leading to 
higher crop yields (Abou El-Magd et al. 2006).  
 Okra (Abelmoschus esculentus (L.) Moench) is one of the most important vegetable crops 
grown extensively throughout Bangladesh during the whole year due to its high adaptability over a 
wide range of environmental conditions. The fresh fruit is a good source of vitamins, minerals and 
plant protein (Eke et al. 2008). Although the nutritional value of okra, did not achieve better 
returns with (2 - 3 mt/ha) and quality in tropical countries, due in part to a continuing decline in 
soil fertility. Karim et al. (2011) studied that integrated nutrient management (INM) through 
poultry manure along with reduced rate of recommended dose of fertilizer (RDF) performed the 
best  in  recording  yields of  okra  and  improved  bulk density and organic-C in tomato-okra-stem 
 

*Author for correspondence: <shamsuzzamansm@gmail.com>. 1Soil Resource Development Institute, Krishi 
Khamar Sarak, Dhaka-1215, Bangladesh. 2Department of Land Management, University Putra Malaysia 
(UPM), 43400 Serdang, Selangor, Malaysia. 



366 BEGUM et al. 

amaranth cropping pattern. Application of bioslurry in combination of inorganic N fertilizer 
increased  fruit  yield of tomato including increased in organic matter, available N, P, and K, total 
N and P in soil Yu et al. (2010). Srivastava et al. (2009) observed that the impact of integrated 
nutrient management on the performance of brinjal and its residual effect on rotational crops of 
pea and okra fruit size was positive. Hence, the present study was undertaken for the rice-okra 
cropping sequence to assess the residual effect of PM and BS on the yield attributes and yield okra 
fruit as succeeding crop of Boro rice with the changes of soil properties. 
 
Materials and Methods  
 The study was conducted at the research farm of the Bangabandhu Sheikh Mujibur Rahman 
Agricultural University, Gazipur, Bangladesh (24.090 N latitude and 90.260 E longitude). The soils 
of the experimental field belong to the Shallow Red- Brown Terrace and classified as Inceptisols.  
 The experiment consisted of six treatment combinations i.e. no nitrogen (T1 = Control), 
recommended dose of N (T2  =  Urea-N188kg/ha), 75% N through urea and 25% N through PM (T3 = 
Urea-N141kg/ha + PM2.25t/ha), 50% N through urea and 50% N through PM (T4 = Urea-N94kg/ha + 
PM4.50t/ha), 75% N through urea and 25% N through  BS (T5 = Urea-N141kg/ha + BS4.75t/ha), and 50% 
N through urea and 50% N through  BS (T6 = Urea-N94kg/ha + BS9.50t/ha). Boro rice (cv. BRRI dhan 
29) was used as the test crop in the first experiment. Fertilizer Recommendation Guide-2005 
(BARC 2005) was followed for calculating the fertilizer dose on the basis of initial soil test value 
according to treatment combinations. Well decomposed PM and BS were applied as per treatments 
one week before final land preparation. All the treatments received recommended dose of P, K and 
S (16, 27 and 20 kg/ha, respectively) and were applied during final land preparation. Nitrogen 
from urea was top dressed in three equal splits at the time of final land preparation, maximum 
tillering stage and at booting i.e. panicle initiation stage of crop growth. Forty five days old 
seedlings were transplanted keeping distances of 25 cm from row to row and 15 cm from plant to 
plant. After transplanting, standing of water approximately 5 - 6 cm was maintained in each plot 
throughout the growing period. Precautionary measures were taken against different pest and 
diseases time to time. The crop was harvested plot wise at maturity and ten hills from each plot 
were randomly selected to keep records on yield (grain and straw yields in mt/ha) and yield 
contributing characters (number of tillers/hill, number of panicles/hill, panicle length, number of 
grains/panicle, thousand grain weight in g). The selected hills were collected before the crop was 
harvested and necessary information was recorded accordingly.  
 Okra variety BARI Dherosh-1 was used as test crop in second experiment. No manure 
and fertilizer were applied after Boro rice harvest. Preparing the experimental plot of first 
experiment 15 days old seedlings were planted in the field maintaining row to row and plant to 
plant spacing of 60 cm and 50 cm, respectively. Intercultural operations were done throughout the 
cropping period for proper growth and development of the seedlings. For controlling Jassid, 
Nogos @ 0.02% was sprayed four times in an interval of seven days after fruit setting. The okra 
field was properly irrigated an interval of 10-15 days as required. Stagnant water was drained out 
after heavy rain. Fruits were harvested at every alternate day at edible stage. The harvested fruits 
of each plot were weighed. Ten plants from each plot were selected randomly and tagged and then 
the following yield (mt/ha) and yield contributing characters (fruit length, fruit breadth, individual 
fruit weight, number of fruits per plant) were recorded. The analysis of variance for the crop 
characters was done following the ANOVA and the mean values were adjusted by DMRT. 
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Results and Discussion 
 Combined use of PM or BS with urea demonstrated significant effects on the number of 
effective tillers/hill, panicle length, filled grains/panicle and 1000 grain weight of BRRI dhan 29 
(Table 1). All the treatments gave significantly higher plant height over control (T1). Except 
highest number of effective tillers/hill (14.42), panicle length (24.17), filled grains/panicle 
(131.37), and 1000 grain weight (19.22) was found in T4 (50% N through urea + 50% N through 
PM) which was statistically similar with the treatment T6 (50% N through urea + 50% N through 
BS). The effects of treatments T3 and T5 were, however, statistically similar to the treatment T2 
ranked second. The lowest value (10.17, 20.37, 107.00 and 17.78, respectively) was observed in 
T1 (control). These results are well corroborated with the findings of Parvez et al. (2008) who 
found that number of effective increased with the combined use of manures and fertilizers. Verma 
et al. (2001) reported that application of FYM @ 10 mt/ha coupled with 50% recommended N 
recorded higher number of tillers/hill with higher panicle length and seed/panicle compared to 
control. Similar results were reported by Rahman et al. (2007) who found that panicle length and 
filled grains/panicle increased with the application of manures and fertilizers.  
 
Table 1. Effect of organic manure with urea on yield components of BRRI dhan29. 
 

Treatment Effective 
tiller/hill 

Panicle 
 length (cm) 

Filled  
grains /panicle 

1000 grain weight 
(g) 

T1  10.17c 20.37c 107.00c 17.78c 
T2  13.40b 23.12b 125.20b 18.18b 
T3  13.49b 23.25b 125.43b 18.28ab 
T4 13.95a 24.17a 131.37a 19.22a 
T5 13.43b 23.22b 125.42b 18.23b 
T6  14.11a 24.03a 126.90ab 19.17a 
CV (%) 3.36 2.85 2.46 2.95 

Means in a column followed by the same letter(s) are not significantly different at p < 0.05 by Fisher’s 
protected least significant difference test. 
 

 Application of urea alone or in combination with organic manure showed a positive effect on 
grain, straw and biological yield of BRRI dhan29 (Table 2). The grain and straw yield ranged from 
4.40 to 6.90 6.03 to 8.55 t/ha, respectively. The highest grain (6.83 mt/ha), straw (8.55 mt/ha) and 
biological (15.38 mt/ha) yield was recorded in T4 receiving 50% N from urea and 50% N from PM 
which was at par with and T6 (50% N through urea + 50% N from BS). Treatments T2 (100% N 
through urea), T3 (75% N through urea + 25% N through PM) and T5 (75% N through urea + 25% 
N through BS) recorded statistically similar grain, straw and biological yield. The lowest grain 
(4.40 mt/ha), straw (6.09 mt/ha) and biological (10.59 mt/ha) yield were noted in T1 
(control).These results are in agreement with the findings of  Rahman et al. (2007), Parvez et al. 
(2008) and Khan et al. (2007), who reported that grain yield was significantly increased due to 
application of organic manure and chemical fertilizers. Selvi et al. (2003) also observed that 50 
per cent of N as inorganic with 50 per cent through organics (green manure) registered maximum 
seed yield. As per our results the highest harvest index was obtained with treatment receiving 50 
per cent N through chemical fertilizer and 50 per cent N through FYM Mandal and Adhikary 
(2005). 
 Data presented in Table 3 clearly indicated that the fruits per plant, fruit length, fruit diameter 
and single fruit weight (g) significantly influenced by the residual effect of organic manure with 
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inorganic fertilizers. The highest number of fruits per plant (18.00), length of fruits (12.51 cm) and 
diameter of fruit  (1.42 cm) were noted in the treatment T4  (N94P16K27S20kg/ha + PM4.5t/ha) 
which was statistically similar to treatments T6 (N94P16K27S20kg/ha + BS9.5t/ha), but the highest 
single fruit weight (14.07 g) was recorded in T6. The effects of treatments T5 (N141P16K27 
S20kg/ha + BS4.75t/ha) were, however, statistically similar to treatments T3 (N141P16 K27S20kg/ha + 
PM2.25t/ha). The minimum number of fruit per plant (12.30),  lowest length of fruits (9.46 cm), 
diameter of fruit  (1.18cm) and single fruit weight (11.10 g) was noted in T1 (control). 
This was might be due to the residual effect of organic manure that supplied balanced nutrient 
elements which was favorable for increasing the yield contributing characters. The lowest 
quality of fruit  was in control might be due to inadequate supply of nutrients from 
untreated plots that has led to less growth of plant which eventually caused reduction in 
diameter of fruit . These results are in good agreement with that of Chattoo et al. (2010) who 
reported that the residual effect of organic manures and inorganic fertilizers increased pod 
number/plant of okra. Tiamiyu et al. (2012) investigated that poultry manure positively increased 
fresh pod weight of okra by 34.6% compared to control treatments.  
 

Table 2. Effect of organic manure with urea on the yield and harvest index of BRRI dhan29. 
 

Treatment Grain  
yield (mt/ha) 

Straw  
yield (mt/ha) 

Biological yield 
(mt/ha) 

Harvest 
index (%) 

T1 4.40c 6.093c 10.49c 41.92b 
T2 6.55b 8.33ab 14.88ab 43.98ab 
T3  6.50b 8.22b 14.72b 43.83ab 
T4 6.83a 8.55a 15.38a 44.38a 
T5 6.36b 8.21b 14.57b 43.62ab 
T6  6.75a 8.48ab 15.23ab 44.23a 
CV (%) 2.83 2.41 2.45 2.71 

 

Means in a column followed by the same letter(s) are not significantly different at  
p < 0.05 by Fisher’s protected least significant difference test. 
 
Table 3. Residual effect of organic and inorganic fertilizer on yield and yield components of okra in 

rice-okra cropping sequence. 
 

Treatment Fruits/plant 
(no.) 

 Fruit length 
(cm) 

Fruit diameter 
(cm) 

Single fruit 
 weight (g) 

Fruit yield 
(mt/ha) 

T1  12.30d  9.46d 1.18c 11.10c 4.55c 
T2  15.05c 10.60c 1.26bc 13.06bc 6.55bc 
T3 15.20c 11.64b 1.34b 13.29b 6.70bc 
T4 17.50ab 12.51a 1.42a 13.90ab 8.10ab 
T5 16.80b 12.07b 1.27b 13.14bc 7.30b 
T6 18.00a 12.28a 1.39a 14.07ab 8.45a 
CV (%)  4.36 4.67 3.46 4.41 6.70 

 

Means in a column followed by the same letter(s) are not significantly different at p < 0.05 by Fisher’s 
protected least significant difference test. 
 Residual effect of organic manure with inorganic fertilizers significantly affected the fruit 
yield (Table 3). The maximum fruit yield (8.45 mt/ha) was obtained from the residual effect of T6 
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(N94P16K27S20kg/ha + BS9.5t/ha) treatment. The effect of this treatment was statistically similar to 
treatments T4 (N94P16K27S20kg/ha + PM4.5t/ha).  The minimum fruit yield (4.55 mt/ha) was observed 
in control (T1). That’s why residual effect of organic manures showed better results than control in 
fruit yield. Similar results were reported by Chattoo et al. (2010) who assessed the residual effect 
of organic manures and inorganic fertilizers on succeeding crop pea in okra-pea rotation and 
revealed that integration among organic with inorganic sources in equal proportion (50:50) 
registered higher values of 118.84 q pod yield per ha of okra. Uwah et al. (2012) reported that 
growth and fresh pod yield of okra peaked at 10 mt/ha PM and 4 mt/ha mulch rates.  
 
Table 4. Changes of chemical properties of soil due to residual effect of organic manures in rice-okra 

cropping sequence. 
 

Treatment pH OM  
(%) 

TN  
(%) 

P  
(ppm) 

K  
(meq/100 g soil)

S    
(ppm) 

Zn 
(ppm) 

T1 5.65b 1.90b 0.073d 6.28d 0.163c 5.32d 1.99d 
T2 5.63b 1.84c 0.090c 6.51c 0.183bc 5.74c 2.28c 
T3 5.93a 2.15ab 0.114b 6.68b 0.189bc 6.23b 2.49bc 
T4 5.99a 2.20a 0.123ab 7.05a 0.206a 6.53a 2.72a 
T5 5.77ab 2.16ab 0.116b 6.72b 0.193b 6.18bc 2.61b 
T6 5.87ab 2.21a 0.128a 7.02ab 0.203ab 6.44ab 2.80a 
CV (%) 2.27 1.89 5.34 2.01 3.40 1.93 4.57 

 

Means in a column followed by the same letter(s) are not significantly different at p < 0.05 by Fisher’s 
protected least significant difference test. 
 

 The pH value, organic matter, total N, available P, exchangeable K, available S and Zn 
content of the post-harvest soil differed significantly with the application of PM and biogas slurry 
in previous crop (Table 4). All the treatments receiving organic manures slightly increased the pH 
value and N, P, K, S and Zn compared to initial soil. The value of pH and N, P, K, S and Zn were 
higher and statistically similar in T4 (N94P16K27S20kg/ha + PM4.5t/ha) and T6 (N94P16K27S20kg/ha + 
BS9.5t/ha). The lowest value of pH and P, K, S and Zn were recorded for the application of only 
chemical fertilizers (T2), but N was lowest in control (T1). Total soil N decreased in T1 (control) 
treatment and slightly increased in T2 treatments and all the organic manures sources increased the 
total N of post-harvest soil. This might be attributed to the enhanced multiplication of microbes by 
addition of different sources of organic manures for the conservation of organically bound N to 
inorganic form. The pH value of the post-harvest soil increased, because decomposition of organic 
matter produced ammonium ions and humic acids (Komilis and Ham 2006) and their combined 
effect of these two oppositely charged ions regulates the pH towards neutrality (Pramanik et al. 
2007). The pH was lowest mainly due to the fact that most fertilizers supply N as NH4

+ first, 
which oxidized to NO3

-generating a proton (Enwall et al. 2007). The available P increased might 
be due to release of CO2 and organic acids during decomposition which helps in solubilizing the 
native soil P. The organic  matter may also reduce the fixation of phosphate by providing 
protective cover on sesquioxides and chelating cation like Ca2+ and Mg2+ (when applied organic 
manures along with inorganic fertilizer) which in enhanced the availability of P. Treatments that 
received organic manure showed significantly higher exchangeable K status in soil. This may be 
due to application of organic manure can attributed to the direct addition of potassium to the 
available pool of the soil. These results are well corroborated with Pathak et al. (2005) observed 
that addition of organic matter was helpful in improving organic carbon status of post-harvest soil. 
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Yogananda et al. (2004) reported that application of urban compost with inorganic NPK fertilizers 
increased soil available N, P, K and Zn.  
 Application of 50% N of recommended dose from urea and 50% N from PM resulted higher 
grain yield of rice and fruit yield of okra compared to other management practices. Different 
organic manures with urea in rice had a significant positive residual effect on succeeding crop 
okra. Organic manure applied along with urea slightly increased pH, organic carbon, total N, 
available P, exchangeable K, S and Zn in post-harvest soils compared to initial soil. For 
sustainable productivity of rice-okra cropping sequence and soil fertility, N at the rate of 94 kg/ha 
(50% N from urea) with PM at the rate of 4.50 mt/ha (50% N from PM) may be recommended.  
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