
American Journal of Plant Sciences, 2019, 10, 631-639 
http://www.scirp.org/journal/ajps 

ISSN Online: 2158-2750 
ISSN Print: 2158-2742 

 

DOI: 10.4236/ajps.2019.104046  Apr. 26, 2019 631 American Journal of Plant Sciences 
 

 
 
 

Effect of Missing Nutrient Elements on Grain 
Yield of Wet Season Rice in Bangladesh 

Md Mozammel Haque, Abdul Latif Sha, Jatish Chandra Biswas, Md Rafiqul Islam,  
Aminul Islam, Umme Aminun Naher 

Soil Science Division, Bangladesh Rice Research Institute, Gazipur, Bangladesh 

 
 
 

Abstract 
Background and objective: Long-term fertility study is one of the important 
factors to monitor changes in yield because of different nutrient management 
options and cropping systems involved in Asian regions. Many short-term 
and long-term fertilizer trials were conducted for intensive irrigated rice 
cropping patterns mostly to provide fertilizer rate, but did not considered 
sustainable soil management for soil health. The objective of the present 
study was to examine the effect of missing nutrient elements for a long time 
on rice yield, photosynthetic rate and residual soil fertility. Materials and 
Methods: The experiment was initiated on a permanent layout at the Ban-
gladesh Rice Research Institute (BRRI) farm, Gazipur during 2000 to 2008 in 
wet season. Seven treatments in randomized complete block design with four 
replications were imposed. Grain yield was determined at physiological ma-
turity from three 5 m2 areas within each plot followed by bagging and 
threshing. Photosynthetic was measure by Li Cor 6400 (USA) machine dur-
ing study period. Soil sample was analyzed for following standard methods. 
Results: It was found that grain yield was in decreasing trends for the missing 
elements that were similar with BR 11 and BRRI dhan 31. On an average, 
grain yield reductions were 11.6, 7.0, 10.6, 1.1 and 3.4 percent for −N, −P, −K, 
−S and −Zn, than complete fertilizer treatment (NPKSZn) respectively. Un-
der no fertilization, the ability of soil was to produce 2.9 t∙ha−1 of BR11 and 
3.1 t∙ha−1 of BRRI dhan 31 respectively. Photosynthetic rate of rice plant was 
always higher in complete fertilizer treatment (NPKSZn) than missing of any 
nutrient element. The decrease in photosynthetic rate was more pronounced 
with N missing than others for both the rice varieties. Conclusion: It is con-
cluded that balance chemical fertilizers (NPKSZn) are to be used for sus-
tained and/or increased rice production and to maintain soil fertility. 
 

Keywords 
Long-Term, Fertilizer, Soil Nutrient Status, Photosynthetic Rate, Variety, 

How to cite this paper: Haque, M.M., Sha, 
A.L., Biswas, J.C., Islam, M.R., Islam, A. 
and Naher, U.A. (2019) Effect of Missing 
Nutrient Elements on Grain Yield of Wet 
Season Rice in Bangladesh. American 
Journal of Plant Sciences, 10, 631-639. 
https://doi.org/10.4236/ajps.2019.104046  
 
Received: February 15, 2019 
Accepted: April 23, 2019 
Published: April 26, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

  
Open Access

http://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2019.104046
http://www.scirp.org
https://doi.org/10.4236/ajps.2019.104046
http://creativecommons.org/licenses/by/4.0/


M. M. Haque et al. 
 

 

DOI: 10.4236/ajps.2019.104046 632 American Journal of Plant Sciences 
 

Yield Pattern 

 

1. Introduction 

Rice is the main food for more than 150 million populations in Bangladesh, and 
it occupies 74% of the total arable land areas [1]. Newly release rice variety by 
Rice Research Institute and innovative farming technologies have dramatically 
increased rice production in Bangladesh from ca. 17 million tons (MT) in 1970 
to ca. 48 MT in 2009, mainly due to introduction of high yielding rice varieties 
and chemical fertilizers [2] [3], which is not enough for 2050 and beyond. It will 
require about 44.6 MT milled rice in 2050 to feed about 215.4 million peoples 
[4]. As the rice productivity of Bangladesh is still low compared to other Asian 
countries, such as Indonesia and Malaysia [5]; it will be difficult to achieve the 
target of food self-sufficiency in future. 

Rational fertilization and management of soil fertility could be one of the most 
important measures to improve rice productivity and soil quality because in-
adequacy of five nutrient elements (NPKSZn) in many paddy soils of Bangladesh 
is responsible for reaping high yields [6] [7]. In general, missing of one nutrient 
element from complete fertilization reduced grain yield of rice, but it was re-
versible when missing nutrients were added [8] [9] [10]. Previous researcher also 
found that if limiting nutrient is corrected through reverse management in a 
long-term missing element experiment, rice yields switch back to initial status of 
complete (NPKSZn) fertilization [11]. 

There are many mechanisms of yield reduction like reduced spikelet number, 
1000-grain weight [12], reduction in photosynthetic rate, etc. Dey and Narasinga 
Rao [13] reported that deficiency of N, P and K reduced photosynthetic rate in 
early rice varieties and ultimately reduced grain yield. Declining rice and wheat 
productivity with continuous cropping was related to deficiency of P, K, S and 
Znin Asia including Bangladesh [10] [14] [15]. The relative decrease in rice 
yield, in absence of a mineral nutrient as compared to an adequate soil fertility 
level, can give an idea of the magnitude of deficiency. However, no such findings 
are available based on long-term missing element trials in Bangladesh. There-
fore, the objectives of this study were to assess the effect of long-term missing of 
chemical nutrient sources on rice yield, soil properties, and rice plant photosyn-
thetic rate during wet season. 

2. Materials and Methods 
2.1. Experimental Site and Season 

A long-term missing element experiment on rice-rice system was conducted at 
the Bangladesh Rice Research Institute research farm, Gazipur, Bangladesh dur-
ing wet seasons of 2000-2008. The annual rainfall was about 2000 mm, and 
about 80% of rainfall is concentrated during mid June to the end September. The 
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soil of the experimental field is Chhiata clay loam, a member of hyperthermic 
verticendoaquept. The soil was characterized with pH (1:5 with H2O) 7.0, 12.2 
g∙kg−1 organic carbon, 1.1 g∙kg−1 total N, 19 mg∙kg−1 available P, 70 mg∙kg−1 
available K, 9 mg∙kg−1 available S and 3.3 mg∙kg−1 available Zn. 

2.2. Experimental Design and Management 

The treatments were: NPKSZn as complete treatment, omission of one or more 
nutrients from complete treatment i.e. −N, −P, −K, −S, −Zn, and control that 
were assigned in a randomized complete block design with four replications. In-
dicator varieties used were BR11 and BRRI dhan 31. However, decreased yield 
was calculated from complete treatment yield minus omission nutrient plot yield 
during the period of 2000-08. The fertilizer rate NPKSZn @ 80-25-35-20-5 
kg∙ha−1 was used in T. Aman season. Nitrogen was applied in three 3 equal splits 
i.e. 1/3 at final land preparation, 1/3 at active tillering stage and 1/3 at 5 - 7 days 
before panicle initiation stage. Rest of the fertilizers was applied at final land 
preparation. The unit plot size was 6 m × 7.3 m. Thirty-three day-old 2 - 3 
seedlings in a hill were transplanted during 1 - 15 August in each year. 

2.3. Rice Yield Determination 

Grain yield was determined at physiological maturity from three 5 m2 areas 
within each plot followed by bagging and threshing. The samples were sun dried 
for three days, cleaned and weights were recorded in digital balance for every 
sample followed by moisture measurement by digital grain moisture meter (Sa-
takemoistex, model SS-5). Grain yields were adjusted at @ 14% (wt∙wt−1). 

2.4. Soil Sample Collection and Chemical Analysis 

The post-harvest soil samples were collected after 18th
 crop conditions in rice 

field. Soil sample was analyzed for following standard methods. Organic carbon 
was determined by Walkley and Black method [16], total nitrogen by modified 
Kjeldahl method, available phosphorus by modified Olsen method and exchan-
geable potassium by ammonium acetate extraction method following the pro-
cedures of page et al. [17]. Available sulphur was extracted by 500 ppm P [18]. 
Available zinc was determined by DTPA extraction method [19]. 

2.5. Photosynthetic Rate Determination 

In addition, photosynthesis was measured for T. Aman 2008 (18th rice crop) at 
maximum tillering stage in field condition by Li Cor 6400 (USA) machine in all 
treatments (seven) during field conditions. 

2.6. Statistical Analysis 

Analysis of variance was performed by using the procedure of GLM to deter-
mine the effects of treatment on yield. Means for rice yield was compared by us-
ing Tukey’s HSD method by using [20] systems. 
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3. Results 
3.1. Rice Yield at Different T. Aman Varieties 

Long-term varietal yield levels and response behaviors of BR11 and BRRI dhan 
31 during T. Aman season were apparently identical. Omission of N, P, K, S and 
Zn decreased grain yields than complete treatment (NPKSZn) over times but not 
lower than absolute fertilizer control treatment (Table 1). The reductions in 
grain yields were almost identical with BR11 and BRRI dhan 31 that varied from 
3% to 12% depending on missing elements (Table 1). The least response was 
observed with Zn missing and the highest with N missing. The omission of any 
nutrient element from complete treatment reduced grain yields in both the va-
rieties after 18th crop (Figure 1). In fertilizer control condition i.e. soil ability to 
produce yield 2.9 t∙ha−1 of BR11 after 9th year, but during initial three years it was 
3.5 t∙ha−1. Similarly, average of first three years yield of complete fertilized treat-
ment (NPKSZn) was 3.77 - 4.43 t∙ha−1 depending on varieties (Figure 1). 

3.2. Contribution of Soil and Chemical Fertilizer on Rice Yield 

During 2000-2004, the native soil contribution to yield was about 64% and that 
of fertilizer was about 36%. In 2005-2008, contributions of soil and fertilizer 
were 60% and 40%, respectively (Figure 2). 

3.3. Determination of Photosynthetic Rate 

Photosynthetic rate of rice plant was always higher in complete (NPKSZn) ferti-
lizer treatment than missing of a single nutrient element (Table 2). About 10% - 
28% photosynthetic rate decreased due to nutrient omission like N, P, K and S 
than complete chemical fertilization. There is no significant difference in photo-
synthetic rate because of Zn missing. 

3.4. Changes of Soil Properties 

Continuous rice cultivation without fertilizer application for nine years signifi-
cantly deteriorated soil pH, organic carbon and inorganic N and K (Table 3). 
 
Table 1. Grain yield of rice in complete and omission of single nutrient treatment from 
2000-2008. 

Treatment 
Grain yield (t∙ha−1) 

Percent yield decreased compared to  
NPKSZn treatment 

BR11 BRRI dhan 31 BR11 BRRI dhan 31 Mean 

NPKSZn 3.96 ± 0.08 3.89 ± 0.12 - - - 

−N 3.50 ± 0.07 3.44 ± 0.10 11.62 11.57 11.6 

−P 3.65 ± 0.12 3.65 ± 0.12 7.83 6.17 7.0 

−K 3.5 ± 0.073 3.52 ± 0.14 11.62 9.51 10.57 

−S 3.91 ± 0.18 3.87 ± 0.20 1.62 0.51 1.07 

−Zn 3.82 ± 0.11 3.76 ± 0.20 3.54 3.34 3.44 

Control 3.13 ± 0.12 3.14 ± 0.14 - - - 
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Figure 1. Changes of rice yield during 2000-2008 in T. Aman season. 

 

 
Figure 2. Yield contribution by soil and ferti-
lizer during 2000-2008 in T. Aman. 

 
Moreover, the long-term P fertilizations significantly increased available P con-
tents in soil. 

4. Discussion 

Long-term effect of complete fertilization (NPKSZn) and missing of nutrient 
elements showed variable response to grain yields of rice. Use of complete 
chemical fertilizer was conducive to maintain and/or improving rice yield than 
missing of any nutrient element. Since most of our farmers use imbalanced ferti-
lizers [21] for production of crops, nutrient depletion or build up takes place 
[22] [23] resulting in poor crop yield. These imply that balanced fertilizer should 
be added for crop production, although rate of fertilizer use needed to be tuned  
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Table 2. Photosynthetic rate of rice plant in nutrient stress and sufficient condition at 
maximum tillering stage during T. Aman season (18th crop). 

Treatment 
Photosynthetic rate (µmol CO2 m−2∙Sec−1) 

BR11 BRR Idhan 31 

NPKSZn 36.13 40.23 

−N 26.03 31.07 

−P 30.73 35.87 

−K 32.63 37.90 

−S 28.23 32.93 

−Zn 36.07 36.37 

Control 29.67 34.23 

LSD (0.05) 1.08 1.36 

CV (%) 1.94 2.15 

 
Table 3. Changes of soil nutrients over initial soil due to omission of nutrients after 18 
cropping, BRRI-Gazipur. 

Treatment 
Organic C 

(%) 
Total N (%) 

P (mg∙kg−1) K (mg∙kg−1) S (mg∙kg−1) Zn ( mg∙kg−1) 

Available Available Available Available 

NPKSZn 2.10 0.11 19 55 28 4.7 

−N 2.14 0.12 30 47 21 4.7 

−P 2.07 0.11 3 47 22 5.0 

−K 2.14 0.11 19 43 13 5.3 

−S 2.41 0.12 22 47 23 4.7 

−Zn 2.11 0.11 18 47 16 1.3 

Control 1.90 0.09 3 43 20 2.0 

Initial soil 1.97 0.08 9.8 70 9 3.3 

 
up after certain period of time for a particular cropping sequence. Cassman and 
Pingali [24] opined that rice cultivation for several consecutive years with con-
stant fertilizer inputs are responsible for declining trend in rice yields. Moreover, 
Shah et al. [25] obtained higher yield with higher dose of NK than previous 
recommended dose in Boro season. In other words, continuous rice cultivation 
with recommended fertilizer dose for long time may not be enough to obtain 
maximum yield as previous or need to be increased fertilizer dose for obtaining 
experimental inception yield level. 

Organic matter contents in most soils of Bangladesh are poor [9]; so missing 
of N reduces grain yield than any other element. On the other hand, many far-
mers uses P and K fertilizers, although not in right proportion [9] [26], yield re-
ductions are low with P and K compared to N missing. Phosphorus fertilization 
@ 25 kg∙ha−1∙crop−1 was responsible for its build up in soil; but when P was not 
applied, its availability in soil decreased in the same way of unfertilized plot. Al-
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though K fertilizer was applied based on soil test at 35 kg∙ha−1∙crop−1, its balance 
was negative. Depletion of available K, even in treatments receiving K fertiliza-
tion under continuous cropping, was also reported by Subramanian and Kuma-
raswamy [27]. Our findings and available literatures [23] [28] indicate that K 
rate need to be tuned up more frequently to maintain not only soil health but al-
so to improve activity of other nutrients [17]. Sulphur fertilization (20 kg∙ha−1∙crop−1) 
improved soil available S, but its addition rate can be further reduced for rice in 
regions of industrial development. Higher level of available S in control plot 
compared to initial soil might be due to wet and dry deposition [29]. 

Missing a particular nutrient changes nutrient ratios in soil and thus plant 
suffer from either excess or deficiency resulting in reduced physiological activi-
ties [23]. So, we have found variable photosynthetic rate depending on missing 
elements. Addition of missing nutrient element in reverse management also in-
creased photosynthetic rate of rice plant. The decrease of photosynthesis rate 
was prominent with N when omitted from complete treatment causes low 
supply of N reduced chlorophyll content in plants [30]. 

5. Conclusion 

Continuous rice-rice cropping for a longer period of time even with recom-
mended chemical fertilizer dose may not provide sustainable grain yield because 
other minor and micro elements are removed from soil, which must come from 
organic sources. Potassium uptake by rice influences many enzyme activities in 
plants and thus grain and straw yields. So, special care has to be taken in adjust-
ing K rate for successful crop production and to maintain soil fertility in Ban-
gladesh. We have considered only five elements in the present investigation that 
need to be extended for some more nutrients like magnesium, iron, copper, sili-
con and boron, etc. and addition of organic materials for sustained rice produc-
tion in Asian countries. 
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