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Abstract

In search of alternative counter to harmful effects of chemical fertilizers on soils and
environment, probiotic and organic manures-based fertilizer management options
need to be evaluated. The experiments were designed as randomized complete
block design (RCBD) consisting of three wheat varieties and nine soil amendment
treatments. The result revealed that organic amendments had prominent and
variable effects on studied parameters and statistically at par with chemical fertilizer.
Some vyield-associated parameters like spike length, spikeletsspike™!, fertile spikelets
spike’l, grains spikel, grains weight spike! and 1000-grain weight were
significantly influenced by organic amendments. Moreover, grain yield and straw
vield were increased73% and 27%, respectively under the treatment of poultry
manure combination in comparison with control. In addition, the seed quality
characters viz. germination, vigor index and total soluble protein content also
exhibited significant improvement showing23%, 44%and 17%, respectively by
poultry manure + vermicompost + green manure. The above findings showed that
to apply poultry manure + vermicompost + green manure as an effective soil
amendment option and to obtain good vield and quality seed of wheat.

Introduction

In Bangladesh, wheat occupies 4% of the total cropped area and 11% of the cropped area in
the Rabi season and contributes 7% to the total output of food cereals (BBS, 2008). In
Bangladesh, the average vield of wheat is 3.16 t hal (BBS, 2017), which is below the
achievable vield of 4.5 t ha'l (BARI, 2011). Alam et a/. (2013) stated two reasons for the vield
gap as (i) biotic factors including poor quality seeds and seedlings, insects, diseases, weeds and
rodents; and (i) abiotic factors including soil, nutrients and water. However, many reasons for
this yield gap remain unexplained. Nutrients availability of soils is declining with time pace but
which had been rich in the past. Among the different agricultural inputs, fertilizer is the most
important one and nearly 50% of the modern agricultural production depends on this insert
(Pradhan, 1992). The non-judicial and imbalanced use of chemical fertilizer generate hazards on
soil, environment and human health which led the growers’ considerable attention to turn
organic manures application for sustainable production practices (Singh ef al, 2018). It is
authentic that fairly good soil fertility and plant nutrients are important to farming, whether the
practices are considered “conventional” or “sustainable” (Hue and Silva, 2000). Yadvinder-Singh
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et al. (2008) stated organic materials like crop residues, green manure, and animal manure show
great influence on soil productivity. Therefore, probiotic and organic manures application should
be evaluated on agricultural land reclamation and crop vield potentiality aspects in Bangladesh.
In this view, the investigation was carried out to assess the effect of probiotic and organic
manure amendment soil on the vield and seed quality of wheat.

Materials and Methods

The present piece of research work was conducted in the Institute of Biological Sciences (IBS)
and Plant Pathology Laboratory, Department of Agronomy and Agricultural Extension,
University of Rajshahi, Bangladesh during the period from July 2016 to June 2019. The
experimental field is geographically situated at 24°17" N latitude and 88°28" E longitude at an
elevation of 20 m above the sea level belonging to the Agro-ecological Zone-11(AEZ-11). The
soil of the experimental field is characterized by poorly drained with moderate permeable, loamy
and slightly alkaline (pH = 8.10) in nature. Before 2016, the field was occupied with barley
production for two years. The experiment was laid out in randomized complete block design
(RCBD) with three replications. Three wheat varieties viz. BARI Gom-28 (V;), BARI Gom-29
(Vo), BARI Gom-30 (Vs)and nine soil amendment treatments viz. control (T), rice straw +
vermicompost + green manure (T1), cow dung + vermicompost + green manure (T5), compost +
vermicompost + green manure (T3), poultry manure + vermicompost + green manure (Ty),
Trichoderma harzianum + vermicompost + green manure (Ts), mungbean residue +
vermicompost + green manure (T¢), Trichoderma viride + vermicompost + green manure (T+)
and chemical fertilizer (Tg) were used . The unit plot was 5.0 m? having the plot to plot 0.5 m,
bed to bed 0.25 cm distances and 1m from surrounding the boundary. Seeds of Dhaincha
(Sesbania rostrata) were sown at the rate of 50 kg halto the respective plots and after 50 days
of sowing young succulent green plants were incorporated into the soil. Crop residues (rice
straw, mungbean residue), cow dung, compost and poultry litter were applied @ 10 t ha'! before
7 days of sowing. Vermicompost was applied @ 5 t haland 7richoderma spp. suspension
(1 10% cfu g1 @ 5 kg ha'l) before sowing. In the case of chemical treatment, one-third of urea
(200 kg hal), TSP 160 kg ha'l, MoP 45 kg ha'l and Gypsum 115 kg ha'l were used as basal
dose (BARI, 2014). The rest of the urea was applied as two installments one at 21 DAS and
another at 55 DAS.

Data recording

In the case of vield and vield attributes, ten spikes were selected randomly from each
experimental plot for recording data on spike length, spikeletsspike’!, fertile spikelets spikel,
grains spike’l and grain weight spike'l, while 1000-grain weight, grain vield and straw vield of
crops were recorded which were collected from one square meter area at the center of each unit
plot.

Harvest index (%)

The harvest index denotes the ratio of grain vield (economic vield) to biological vield and was
calculated with the following formula:
Grain yield

Harvest index (%) = 100

Biological yield %
Here, Biological vield= Grain vield + straw vield.



Yield and Seed Quality of Wheat Through Probiotic and Organic Soil Amendment 3

Determination of seed germination

Four hundred seeds of each treatment were taken for germination test as recommended by ISTA
(1985). Germination of seeds was collected regularly for up to 10 days. Percentage of
germination was determined as follows:

Germination (%) — No. of germinated seedling < 100
ermination (%) = No. of seed set for germination

Vigor index

After setting seeds, the germination percentage was calculated from the final count. Vigor index
was found out by using the following formula (Maguire, 1962):
No. of normal seedlings (First count)

Vigor index = 4 — +
8 Days to first count

No. of normal seedlings (Final count)

Days to final count

The total soluble protein content of seed

A technique formerly defined by Guy et al (1992) was performed with some modification to
estimate the total soluble protein of seed using a spectrophotometer.

Statistical analysis

The recorded data were compiled and tabulated for statistical analysis. The trial data for all
parameters were analyzed statistically for analysis of variance (ANOVA) throughr-studio
(http://www.rstudio.com/) of “Agricolae” package (https://CRAN.R
project.org/package=agricolae) and Duncan’s multiple range test (DMRT) was performed for
comparing treatment means(Gomez and Gomez, 1984).

Results and Discussion

Effect of soil amendment on vield and vield attributes
Spike length

The spike length was affected significantly by various soil amendment treatments (Table 1). In
the final year, it has been found that the treatment Tg(chemical fertilizer) produced the maximum
spike length (8.60 cm) which was followed byT4(poultry manure + vermicompost + green
manure) (8.43 cm) while the smallest spike length recorded from T (7.00 cm) It might be due to
higher nutrient concentration and moisture retention of the soil amended with poultry manure
combination treatment that led to the formation of longer spike length. This result was
correlated with Ahmed et al. (2002). Nevertheless, green manure fortified poultry manure keeps
the N balance which may enhanced the length of spike of wheat. The above statement was also
supported by Nguyen et al. (1995).

Spikelets spike'! and fertile spikelets spike!

The spikelets spike’! is treated as an important element of wheat grain vield (Sabaghina et al,
2014). From Table 1, it revealed that spikelets spike™! varied significantly from 13.80 to 17.97
where the maximum and the minimum value for this parameter were recorded from Tgand Tj.
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Nitrogen-rich organic manures may have a positive effect on the growth and vield attributes of
wheat where higher fertile spikelet spikel from Tg (17.24) and T4 (17.00) but 13.22 was the
lowest obtained from Ty These findings were partially correlated with the observation of
Siavoshi et al (2011).

Grains spike1

Grains spikelis significantly influenced by soil amendments. During the research period, a
significantly higher number of grains spike’! was recorded from the treated plot in comparison
with the control plot. The rank of treatments were T8>Ty> Tg> T7> Tg> Tg> To> T1> Ty
(Table 2). The maximum number of grains spikel (45.73) was recorded from Tg which was
statistically similar to T4 (44.80) and the least value from T (33.67). Considering the organic
soil amendment treatments, poultry manure (T4) performed the better response; such result
might be due greater amount of N within it, which produced more dry matter and partitioning it
towards grains which enhanced the grains spikel. This result was confirmatory with the
outcomes of Shah et al. (2010) and Mukhtiar et a/. (2018).

Table 1. Effect of organic and probiotic soil amendments on vield and vield contributing
characters of wheat

Treatments Spike length Spikeletsspike™! Fertile spikeletsspike 1
(cm) (no.) (no.)

2016- 2017- 2018- 2016- 2017- 2018- 2016- 2017- 2018-

2017 2018 2019 2017 2018 2019 2017 2018 2019

7.31e 7.12f 7.00e 14.66d 14.20d 13.80d 14.00g 13.78f 13.22f

To +0.16 +0.10 +0.05 021 020 +£0.15 +020 +0.17 +£0.19
T 7.45de  7.55e 7.63d 15.33c 15.50c 15.77¢ 14.74f 14.86e 15.08e
1 +0.11 +0.11 008 +014 +026 +0.17 +0.22 +0.13 +0.22
T 7.62cde 7.73de 7.84d 15.60c 15.86¢c 16.10c 15.20de 15.32d 15.51d
2 +0.12 +0.11 008 +0.12 +020 +0.14 +0.12 +0.10 +0.13
T 7.77bcd 7.99bcd 8.18c 16.10b 16.40b 16.63b 15.50cd 15.72¢ 15.93c
3 +0.09 +0.12 +£0.10 +014 +023 +0.16 +0.14 +0.12 +0.08
T 812ab 8.29ab 8.43ab 17.16a 17.59a 17.8la 16.60a 16.78a 17.00a
4 +0.12 +0.11 +0.08 +0.13 +0.17 +0.16 +0.16 +0.09 +0.13
T 7.91bc 8.12abc 8.25bc 16.43b 16.68b 16.88b 1590b 16.16b 16.40b
5 +0.10 +0.07 006 +014 =+0.16 +0.21 +0.16 =+0.15 +0.17
T 7.54cde 7.66de 7.77d 15.51c 15.78c 16.01c 14.90ef 15.10de 15.41de
6 +0.10 +0.08 +0.08 +0.15 020 +0.17 +0.18 +0.17 +£0.15
T 7.79cd 7.95cd 8.08c 16.26b 16.46b 16.70b 15.62bc 15.89bc 16.12bc
7 +0.12 +0.09 006 +019 =+0.11 +0.19 +0.15 +0.13 +0.16
T 827a 84la 860a 17.36a 17.68a 17.97a 16.89a 17.06a 17.24a

+0.08 +009 +0.10 +0.17 +0.16 +0.17 +0.13 +0.10 +0.18

LS ek sk ek sk sk sk sk sk sk

CV (%) 4.58 4.03 2.93 2.76 3.23 3.23 2.42 2.00 261

In the column, mean values bearing similar letter(s) or without letter are similar and those having dissimilar letters
are differed significantly as per Duncan’s Multiple Range Test. Tg = control, T1= rice straw + vermicompost +
green manure, To = cow dung + vermicompost + green manure, T3 = compost + vermicompost + green
manure, T4 = poultry manure + vermicompost + green manure, Tg = 7. harzianum + vermicompost + green
manure, Tg = mungbean residues + vermicompost + green manure, T; = 7. viride+ vermicompost + green
manure, Tg = chemical fertilizer, LS = Level of significance, **= 1% level of significance, CV = Coefficient of
variation
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Grains weight spike !

As a vield component, grains weight spike! of wheat is an important factor that contributes to
the grain yield (Peltonen-Sainio ef al, 2007). Grain weight spike’! at harvest varied significantly
due to different soil amendment treatments (Table 2). Among the different soil amendment
treatments, T4 (2.14 g) performed better than other treatments. The rest of the treatments were
also showed as descending by Tg (2.06 g), T7 (2.01 g), T3 (1.99 g), T2 (1.93 g), T (1.89 g), T
(1.86 g), while the lowest one in T (1.60 g). The advancement of grain weight spike’l that
provided with poultry manure treatment combination might be due to balanced nutrient stock
during the grain filling stage and improvement of soil fertility. A similar result was also reported
by Garg and Bahla (2008).

1000-grain weight

For cereal crops, 1000-grain weight is an important factor to determine the vield and vield
attributes (Metho et al, 1998). The data of 1000-grain weight of wheat indicated that chemical
fertilizer (Tg) and poultry manure combination (T4) significantly increased the weight (54.12 g
and 53.90 g) while plants that did not receive any soil amendments (T() showed the lowest
(48.78 g) might be due to availability of nutrients throughout the growing period and
improvement of soil characters. This outcome was agreed with Ahmed et al. (2017).

Table 2. Effect of organic and probiotic soil amendments on vield and vield contributing
characters of wheat

Grains spike1(no.) Grain weight spike1(g) 1000-grainweight (g)
Treatments 2016- 2017- 2018- 2016- 2017- 2018 2016- 2017- 2018-
2017 2018 2019 2017 2018 2019 2017 2018 2019
36.88f 35.04e 33.67i 1.66g 1.62g 1.60g 49.52f 48.6le 48.78i

To +030 +030 087 +£0.03 +0.02 004 +044 +051 041
T 36.98f 38.42d 39.53h 1.74f 1.80f 1.86f 50.03f 51.056d 51.30h
1 +0.22 023 +088 +002 +003 =+0.04 037 =+030 =+0.31
T 38.11e 39.36d 40.67f 1.80ef 1.88de 1.93e¢ 51.19de 51.84bcd 51.95f
2 +021 +026 +096 +0.03 =+003 =005 +£033 +059 +£0.33
T 38.76d 40.51c 41.58e 1.83de 1.91d 1.99d 51.77cd 52.34a-d 52.49e
3 +0.21 +£039 +1.02 +0.02 =+003 =004 019 034 +0.34
T 42.11b 43.50a 44.80b 1.98b 2.10b 2.14b 52.94ab 53.51ab 53.90b
4 +040 059 +1.13 +002 +002 =005 =027 047 =+0.39
T 40.17¢ 41.59b 43.14c 1.93bc 2.02c 2.06c 52.27bc 52.98abc 53.19¢
5 +022 +£043 +1.08 +0.03 =002 =005 =+021 090 +0.38
T 37.20f 38.71d 40.23g 1.77ef 1.84ef 1.89f 50.48ef 51.39cd 51.60g
6 +0.20 027 +097 +003 +003 =+005 =040 +0.31 =+0.34
T 39.73c 40.83bc 42.50d 1.89cd 1.99c 2.01d 51.97bcd 52.51ad 52.64d
7 +025 +042 +1.07 +0.02 =002 =005 +0.14 +0.26 +0.36
T 42.74a 4441a 45.73a 2.07a 2.15a 2.20a 53.28a 53.8la 54.12a

+0.37 #053 +1.04 +003 +003 +005 +030 +0.29 =+0.40

LS 23 ek ek sk sk sk sk sk 23

CV (%) 1.52 2.55 1.09 3.69 2.90 1.48 1.90 3.12 1.23

In the column, mean values bearing similar letter(s) or without letter are similar and those having dissimilar letters
are differed significantly as per Duncan’s Multiple Range Test. Tg = control, T1= rice straw + vermicompost +
green manure, To = cow dung + vermicompost + green manure, T3 = compost + vermicompost + green
manure, T4 = poultry manure + vermicompost + green manure, Tg= 7. harzianum + vermicompost + green
manure, Tg = mungbean residues + vermicompost + green manure, T; = 7. viride+ vermicompost + green
manure, Tg = chemical fertilizer, LS = Level of significance, **= 1% level of significance, CV = Coefficient of
variation
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Grain yield

Different vield component specifically spikesm? number and weight of grains spike’! and 1000-
grain weight mathematically functioned on vield of cereal crop (Thiry et al, 2002). Application
of different soil amendments showed significant variation of grain yield of wheat (Figure 1, 2 and
3). In the last year, influences of different treatments on grain yield were found to be ranked in
that following descending order Tg (4.25 t ha'l) > T4 (4.09 t ha'l) > T5 (3.85 t ha'l) > T; (3.64
t hal) > T3 (3.60 t ha'l) > T5(3.34 t ha'l) > T (3.27 t ha'l) > T; (3.05 t ha'l) > Ty (2.36
t ha'l). Better performance of T4 might be enhanced soil fertility and improvement of physical
conditions, reduction of nutrient losses which collectively contributed to the higher grain vield.
This result was in confirmed to that with the observation of Zhang et al. (2016).

Straw yield

Soil amendments significantly influenced the straw vield (Figure 1, 2 and 3). Among the different
treatments, Tg (5.40 t ha'l) performed superior. The rest of the treatments were also showed
significant result ranked as descending by T4 (5.31 t ha'l), T5 (5.14 t ha'l), T7 (5.05 t ha'l), T3
(4.93 t ha'l), T¢ (4.83 t ha'l), To (4.73 t ha'l) and T; (4.60 t ha'l), while the lowest one in T
(4.18 t ha'l). This performance of organic manures might be due to the capability of abundant
nutrients supply and the creation of a favorable growth environment. A similar result was also
noted by Auti ef al. (1999) and Kumar and Abraham (2018).
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Fig. 3. Effect of organic and probiotic soil amendments on grain vield and straw vield of wheat in
2018-2019.

Harvest index

Treatment Tg showed a maximum harvest index (44.05%) followed by T4 (43.48%) and the
lowest one (36.13%) derived from T during 2018-2019 (Figure 4).The boosting harvest index
might be the continued supply of nutrients and higher dry matter distribution towards grain
formation provided by the poultry manure treatment combination. This result was in agreement
with the investigation of Kabesh et al. (2009) and Khan et al. (2018).

OT0 @T1 @T2 OT3 OT4 OTS OTe @T7 OT8
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Harvest index
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Fig. 4. Effect of organic and probiotic soil amendments on harvest index of wheat in 2016-
2017, 2017-2018 and 2018-2019.
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Effect of soil amendments on seed quality

After every harvesting, seeds were collected separately from each treatment and preserved.
Major seed quality characters viz. germination, vigor index and total soluble protein content were
determined. The introduction of designed soil amendments not only developed the growth and
vield of wheat but also enriched parameters of seed quality.

Germination (%)

Soil amendments influenced the germination of seed. The treatment T, significantly enhanced
(92.08%) the germination followed by Tg (88.89%) and T had a lower effect (74.78%) on
germination in 2018-2019 (Table 3). A similar trend was also observed in the previous two
cropping season. This might be due to an adequate supply of nutrients which helps to build up
carbohydrate-like seed elements thus producing vigorous seeds. The outcome of the
investigation was the conformity of previous results of Gowda et al (2010) and Aslam et al.
(2011).

Table 3. Effect of organic and probiotic soil amendments on seed quality of wheat

Germination (%) Vigor index Soluble prg(’)_tlegl“(,:)ontent(mg

2016- 2017- 2018- 2016- 2017- 2018 2016- 2017- 2018-
2017 2018 2019 2017 2018 2019 2017 2018 2019
70.50h 72.53g 74.78g 24.70h 27.49f 28.84f 77.3le 77.47e 79.10e

Treatments

To +092 +093 085 042 +040 +£0.27 028 +0.58 +0.42
T 75.31g 77.54f 79.67f 28.20g 32.52¢ 34.39e 78.20e 79.68d 79.58e
1 +1.08 +102 +£118 +055 +054 +036 +045 +£1.05 =+0.52
T 78.14f 80.88de 83.67d 31.69e 34.42d 35.93d 80.25d 80.97cd 82.98d
2 +0.82 +098 +09 +085 +096 +0.38 =046 +0.73 +0.39
T 81.08d 83.86bc 86.17c 32.60d 36.84b 38.36b 80.20d 81.98c 82.24d
3 +0.85 +092 +094 +043 +049 +034 =+102 +144 =+128
T 88.27a 8993a 92.08a 3599a 39.48a 41.54a 88.17b 93.30a 92.56b
4 +1.05 +101 +124 +0.73 +0.84 +058 +1.89 +090 +0.70
T 84.75b 86.52b 88.89b 3457b 37.30b 39.26b 87.59% 88.30b 91.03c
5 +1.06 +115 +084 +052 +058 +046 +059 =+066 =+0.99
T 78.76e 78.40ef 81.83e 30.21f 34.68d 35.37de 81.51c 81.31c 82.62d
6 +0.89 +146 +142 +046 +0.33 +033 =+0.72 +0.63 +0.70
T 83.59¢ 83.33cd 86.28c 33.56c 35.78c 36.98c 87.88b 89.17b 91.99bc
7 +093 +105 096 +043 +038 +042 +058 +0.83 =+0.67
T 81.37d 84.57bc 86.76c 32.46d 34.03d 37.27¢c 93.32a 93.80a 96.43a

+08 +105 +01.16 +050 +034 +048 +1.08 +120 =+1.14

I_.S stk sk ek sk sk sk skt sk T3

CV (%) 0.82 3.34 1.79 0.97 3.16 291 1.58 1.61 1.42

In the column, mean values bearing similar letter(s) or without letter are similar and those having dissimilar letters
are differed significantly as per Duncan’s Multiple Range Test. T = control, T1= rice straw + vermicompost +
green manure, To = cow dung + vermicompost + green manure, T3 = compost + vermicompost + green
manure, T4 = poultry manure + vermicompost + green manure, Tg = 7. harzianum + vermicompost + green
manure, Tg = mungbean residues + vermicompost + green manure, T; = 7. viride+ vermicompost + green
manure, Tg = chemical fertilizer, LS = Level of significance, **= 1% level of significance, CV = Coefficient of
variation
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Vigor index

The vigor index is an imperative quality of seed that indicates the potentiality of constant
emergence of seedlings (Pradeep, 2018). After three years of experimentation, considering the
comparable trend of vigor index from respective treatments, poultry manure (41.54) and
Trichoderma harzianum (39.26) in comparison with control treatment (28.84).The speed of
germination i.e. vigor index might be significantly different for providing the substantial macro
and micro nutrient in the grain filling stage and carbohydrate stored in seed enhances the quality.
This result was in agreement with the reflection of Farhad et al (2011).

Total soluble protein content

Among the major cereals, wheat is the prominent source of vegetal protein (13%). The results in
general Tg produced higher protein (96.43 mg g1 FW) followed by T4 (92.56 mg g1 FW) and
the least at Ty (79.10 mg g! FW). The increase of protein content might be due to the
availability of high NPK that satisfy the plant requirement and accumulated N in leaf mobilized to
seed components which leads the protein production. This result was in corroborates with the
findings of Abedi et al. (2010) and Rasul et al. (2015). Considering the fact, the poultry manure
combination treatment (T4) was an environmentally friendly alternative to chemical fertilizer (Tg)
for increasing soil fertility and crop productivity.

Conclusion

There is a potentiality for sustainable improvement of wheat growth, vield and seed quality with
organic soil amendment through probiotic and organic manure. In that term, the inclusion of
green manure, vermicompost and poultry manure might be a worthy alternative. Organic
manures particularly poultry manure was a healthier source for improvement of growth, vield
parameters and seed quality of wheat as compared to other manures. So, the poultry manures
could be suggested for soil amendment and increase wheat production in the studied region.
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