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IMPROVEMENT OF SOIL PROPERTIES AND SEED YIELD OF
MUSTARD AS INFLUENCED BY RICE STUBBLE IN-SITU BURN ASH

M. I. NazrUL!

Abstract

On-farm research was conducted at low land areas located at 24° 06' N and 91°
17' E with elevation of 5-8 m under Habigonj district during winter in consecutive
years of 2020-21 and 2021-2022, respectively. Five rice stubble management
practices viz., Ti. rice straw burn + no tilth (Control), T»: rice straw burn + no tilth
+ water spray, Ts: rice straw burn + one tilth, T4: rice stubble burn + two tilths and
Ts: common practice was evaluated in mustard cultivation. The experiment was
setup in randomized complete block design with three replications. The mustard
seed was sown in broadcast method. One of the locally popular broadcasts Aman
rice cultivars (viz. Gota, Lucky, Kashi) followed by mustard var. BARI Sarisha-
14 were used in this trial. The practice rice straw burn + soil tilth twice could be
the good option for better seed yield of mustard with higher marginal benefit cost
ratio.

Key words: Deep water rice, Straw management practices, Soil tilth, Mustard
yield

Introduction

Mustard (Brassica spp) under Brassicaceae family is the most important oil crops
in the world after soybean and groundnut (FAO, 2012). In Bangladesh, more than
twenty mustard based cropping patterns (CPs) covering over 6% of the net cropped
area (Nasim et al., 2017) of which broad cast Aman rice (Gota, Lucky, Kasha)
followed by mustard containing CPs widely practices in low land areas. Mustard
is being cultivating either monocrop or in cropping patterns under AEZ 20 of
Surma-kushiyara floodplain soils (Nazrul and Akkas Ali.,, 2020; Ahmed and
Kashem. 2017; Nazrul, 2020). The broadcast Aman rice followed by mustard
cultivation is an important rotation in low lying areas of Sylhet region and extended
to Brahmanbaria under AEZ 21. Straw is significant for organic substances to most
rice growing farmers contain about 40, 35, 85, and 50% of N, P, K and S,
respectively taken up by rice, rest remains in vegetative plant parts at crop maturity
(Dobermann and Fairhurst, 2002). Straw is either removed from the field, burned
in situ, piled or spread in the field, incorporated into soil, or used as mulch for the
following crop. The removal of straw from the field is widespread in India,
Bangladesh, and Nepal (Dobermann and Fairhurst, 2002).
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In paddy based cropping systems, huge quantities of rice straw are left for disposal
after harvest (Sidhu and Beri, 2008; Jusoh ef al, 2013) and most of this remains
unutilized in the field. Management of paddy straw (6-8 t ha) in fields is a serious
problem (Chauhan et al., 2012). About 80% of rice straw produced is being burnt
annually in just 3 to 4 weeks during October-November in between the rice harvest
and wheat sowing in India (Sehgal et al., 1999). Rice stubble burning has
advantages in terms of farm operations but disadvantages from an environmental
perspective. The burning process eliminates many pathogens, and the practice is
less laborious than straw incorporation (Kutcher and Malhi, 2010; Mendoza and
Samson, 1999). In-situ burn changed the physicochemical properties of soil and
affect the structure of soil bacterial communities due to the properties of rice straw
ash (Luo et al., 2017). The ash causes changes in the soil pH, affecting the
abundance of soil microorganisms (Zhao et al., 2017) due to changes in nitrogen,
phosphorus, and potassium levels. Burning causes atmospheric pollution and
results in nutrient loss, but it is a cost-effective method of straw disposal and helps
reduce pest and disease populations (Dobermann and Fairhurst 2002).

Therefore, an appropriate in-situ burn rice straw ash management is required for
enhancing the system productivity of broadcast Aman rice-mustard pattern with a
view of changing physio-chemical properties of soil.

Materials and Methods

On-farm trial was conducted at low land areas located at 24° 06' N and 91° 17' E
with elevation of 5-8 m under Habigonj district during winter in consecutive years
0f2020-21 and 2021-2022 in Sylhet Basin under the Agro-Ecological Zone (AEZ-
21). However, five rice stubble management practices viz. T}. rice straw burn + no
tilth (Control), T»: rice straw burn + no tilth + water spray, T3: rice straw burn +
one tilth, T4: rice stubble burn + two tilths and Ts: common practice (straw removed
from field before plough) was evaluated in mustard cultivation. The experiment
was setup in randomized complete block design with three replications. The
mustard seed was sown in broadcast method and each unit plot size was 20 m?.
Locally popular broadcast Aman rice cultivars (viz. Gota, Lucky, Kashi) was
followed by mustard var. BARI Sarisha-14 was used. The soils of experimental
area are grey silty clay loams, acidic in nature, topsoil quickly becomes dry during
winter with medium to high level of soil fertility. During experimentation the pre-
and-post soil samples were collected from trial plots and then sent to the laboratory
of Soil Resource Development Institute (SRDI), Sylhet to perform chemical
analysis, and the methods viz. core sampler, volumetric and gravimetric have been
used for measuring the bulk density (gcm™), porosity (%) and moisture content (%)
of soil, respectively.

The monthly temperature, rainfall, relative humidity, and visibility of experimental
site has been presented in Figure 1. The two years average climatic data of
experimental site shows that the minimum and maximum temperature was 12.82
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and 35.31 0° in the months of January and April, respectively. The rainfall of the
area was uni-modal, usually occurring during April to October, and the highest
precipitation of 480.93 mm occurred in June, whereas in November no rain at all
and the lowest amount of rainfall occurs in January followed by February. Monson
starts in April and continue to October.
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Fig. 1. Average of two years (2021-22) weather information of experimental site.

The experimental plots were tilth by power tiller followed by laddering and Aman
seeds was broadcasted in first to second week of April depending on the set off
sufficient rainfall. Due to rain fed cultivation, no irrigation was provided or even
any weeding was done during cultivation. The rice harvesting was started from
October last week to first week of November of each year. After harvest, rice straw
remains left in the field for 3-5 days to air dry thereafter set fire normally at noon
when the ash becomes cool at afternoon; the mustard seeds have been sown over
the ash. No weeding and irrigations were provided. But insecticide viz., Fighter 2.5
EC @ 1 ml/L and fungicide Rovral 50 wp @ 2g/L of water was sprayed once at
pod setting stage for preventing pod borer and leaf blight diseases.

The crop was fertilized with 95-35-42-7-1 kg ha™! of NPKSB, respectively as basal
dose. The fertilizer nutrients were used in the form of Urea, TSP, MoP, Gypsum
and Boric acid. Half of urea and all of TSP, MoP, Gypsum and Boric acid were
applied at 10-15 days after sowing (DAS) of mustard seeds. Remaining half of urea
was applied at 20-25 DAS in top dress at the time of flowering. Mustard was
harvested in first week of February. Data on yield and yield components were
collected from 10 plants selected at random in each plot and seed yield was
recorded plot wise. The collected data were analysed statistically using “STAR”
software package and means were separated by using LSD test.
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Results and Discussion
Soil physical and chemical properties

There were no significant differences in bulk density, porosity, soil pH, % organic
matter, and the levels of S, Zn and B after two years after experimentation (Tablel).
At a depth of 0-15 cm, the highest soil moisture (22.19 %) was found in T4, where
rice straw was burn followed by soil was tilth twice before sowing of mustard
seeds. Significantly, the highest per cent of N, P and K was detected in post burning
soil samples collected from T4 (rice stubble burn + two tilths). On the contrary, the
levels of other micro-nutrients statistically unchanged compared with control and
general practice along with the soil physical properties.

Table 1. Physiochemical properties of initial and post soil of experimentation 2021-23

Bulk . [Moisture Pl K| s |zn]|B
Treatments |density| Po(ro(/)s)lty content (II),I_II) 8/1\/)[ N (%) | (meq.100g" -1
(gcm-S) 0 (%) : ° 1) (ngg?)

Tl 1.20 4323 2152 540 287 0.15 742 0.12 10.08 149 0.53

T2 123 4424 22.15 530 289 0.17 7.51 0.13 10.15 1.52 0.54

T3 122 4403 22.18 530 291 0.17 7.50 0.14 10.15 1.52 0.57

T4 123 4422 2219 550 293 0.18 7.57 0.15 10.14 1.54 0.54

TS 1.21 4423 21.20 517 285 0.14 7.13 0.11 10.11 1.45 0.55
CV (%) 138 1.22 1.38 390 342 748 0.74 454 031 2.07 490
LSD (0.05) NS NS 126 NS NS 002 0.10 001 NS NS NS

Initial soil 1.23 44.16 22.17 537 291 0.17 7.53 0.14 10.15 1.53 0.55
status

T). rice straw burn + no tilth (Control), T»: rice straw burn + no tilth + water spray, T3: rice
straw burn + one tilth, T4: rice stubble burn + two tilths and Ts: common practice

Plant height (cm)

Plant height is one of the most important growth contributing characters for any corps
which would be related on several factors like genetic makeup, nutrient availability,
environmental or climatic condition, soil characteristics, regional adaptability etc.
Though the plant height of mustard was non-significant, but numerically higher plant
height was found in T, (rice straw burn + no tilth + water spray) followed by T3 (rice
straw burn + one tilth), and T4 (rice stubble burn + two tilths), where rice straw burn
ash incorporated in soil through ploughing. This indicated the influence of ashes is
very prominent on making soil friable and loose for roots water to penetrate the soil
deeply (Shukla and Mishra, 1986 and Yeledhalli, 2007).

Plant population ~

Optimum sowing time, planting geometry and plant population are the important
factors affecting the yield of any crops. Good tilths are an important factor
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influencing the germination and seedling establishment for achieving desired
populations. Different rice stubble management practices for mustard cultivation
significantly affected plant populations m?. The maximum number of plant
population was recorded in T4 followed by T, and Ts. On the contrary, minimum
plants population was observed in T (Table 2).

Number of silique plant’

The maximum number of siliqua plant! (98.25) was obtained in T4 (rice stubble
burn + two tilths) which was statistically similar to that of T3 practice. Results
revealed that the treatments consist of tilth performed better and produce maximum
number of siliques which might be due to proper mixture of ash into soil which
helps for better soil amendment. A study reported that the highest diameter of
capitulum, seeds capitulum™, and weight of 1000-seeds of sunflower was recorded
in fly ash amendment soil (Kabal et al., 2015). This finding was in conformity with
the findings of Rahman et al., (2022) who stated that mustard var. BARI Sarisha-
14 produced the highest number of siliqua plant™ (81.26). This maximum number
of siliques can be contributed to seed yields (Table 2).

1000-seed weight (g)

The weight of seeds expresses the size and development of individual, which is an
important yield determinant and plays a decisive role in showing potentiality of a
crop (Mamun et al., 2014). Significant variation was observed in 1000-seed weight
of mustard in different rice stubble management practices. The maximum 1000-
seed weight was recorded from T4 (3.65 g) which was statistically similar to that
of T, followed by T3 (Table 2). However, this yield contributing character of
mustard (Brassica napus L.) sharply responded where rice straw burn ash
incorporated to soil by ploughing beyond which these parameters decreased. Ash
addition to soil improves various physical, chemical and biological properties and
thereby is also beneficial for mustard plant growth with increased 1000- seed yield.
This result coincides with the findings of Pani et al., (2015) on sunflower
(Helianthus annuus L.). On the contrary, lowest weight of 1000-seeds 2.64 and
2.79 g were recorded from Tsand T, respectively.

Number of seeds per siliqua

The number of seeds siliqua™ was found non-significant; it was ranged from 22.00
to 25.12. The higher number (25.12) of seeds siliqua! was produced by T4 (rice
stubble burn + two tilths) followed by (23.78) T (rice straw burn + no tilth + water
spray). On the contrary, the rice stubble management practice viz. rice straw burn
+ no tilth (Control) gave lower number of seeds per siliqua. Islam ef al., (2015)
also reported that BARI Sarisha-14 gave higher seeds siliquae™ (31) and the lowest
number of seeds (12) in BARI Sarisha-11. Ahmed and Kashem (2017) reported
that significantly the highest seed siliquae”! was recorded in BARI Sarisha-14
(22.93) and the lowest in var. BADC-1 (9.71).
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Seed yield (t ha™)

A significant effect on seed yields of mustard was varied with different rice straw
management techniques. Seed yield is the reflection of siliqua plant™!, weight of
1000-seeds and seeds siliqua™. The maximum seed yield (1.73 t ha') was recorded
in T4 (rice stubble burn + two tilts) but statistically similar to that of T, (1.53 t ha
1. It shows an increase of seed yields under rice straw burn + two tilths (T4), over
other cultivation practices; it might be due to fact that the rice straw burn ash more
properly mixed with soil and helps to conserve moisture and increases the levels
of N P and K in soils. The seed yield of mustard was found to increase significantly
due to incorporation of rice straw burn ashes compared to control and common
practice. This is the combined effect of ash and tilth practices.

Financial analysis

The economic returns from mustard cultivation under different rice straw
management practices were furnished in Table 3. The practices rice straw burn +
two tilths) performed better and contributed higher gross return of Tk. 121100 ha
! with higher variable cost. As such, the treatment T4 and T» showed very close
marginal benefit cost ratio (MBCR) of 6.18 and 6.16, respectively. Total cost was
varied due to variation of excess operational costs.

Table 3. Cost benefit analysis of mustard under different in-situ management
practices of rice stubble for two years of experimental results (based on
pooled mean values)

Gross return Variable cost Marginal benefit cost
Treatments (Tk. ha'!) (Tk. ha') ratio (MBCR)
Actual ‘ over control | Actual ‘ over control

T, 84000 0 51280 0 0

T, 107100 23100 55030 3750 6.16
T3 101500 17500 54280 3000 5.83
Ty 121100 37100 57280 6000 6.18
Ts 83300 -7000 59530 8250 -0.85

T} rice straw burn + no tilth (Control), T»: rice straw burn + no tilth + water spray, Ts: rice
straw burn + one tilth, T4: rice stubble burn + two tilths and Ts: common practice

Mustard seed: Tk. 70 kg™!

Conclusion

The rice stubble management practice has some impact on soil moisture (%),
chemical composition (N, P, & K) but nutrients of soil (S, Zn, B) do not affect the
seed yield of mustard. The practices, rice straw burn + soil tilth twice (T4) and rice
straw burn + no tilth + water spray (T2) could be the good option for better seed
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yield of mustard with higher marginal benefit cost ratio in low land areas by
managing the rice straw with burn process.
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