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ABSTRACT

This study aimed to evaluate the effect of soil fertility levels on the growth, chlorophyll content,
and yield of soybeans at the BINA substation in Barisal. The research was conducted using
Binasoybean-3 in a randomized complete block design (RCBD) with three replications. Four
different soil fertility treatments were applied: FO (no fertilizer), F1 (Rhizobium inoculation),
F2 (NPK fertilizer), and F3 (Organic matter, cow dung at 2 tons ha-1). Macronutrients such as
nitrogen (N), phosphorus (P), and potassium (K) were supplied through urea, triple super
phosphate, and muriate of potash. Plants that did not receive any fertilizer had the lowest
chlorophyll content, while plants treated with NPK showed the highest chlorophyll content,
which was 21.78% higher than the control. This higher chlorophyll level in NPK-treated plants
contributed to superior total dry mass (TDM) accumulation at both 80 and 90 days after sowing
(DAS), with an increase of 60.83% and 81.49%, respectively, compared to the control. The
maximum absolute growth rate was observed in NPK-treated plants at both 80 and 90 DAS.
Furthermore, key yield-related traits, including the number of branches, pods, grains per pod,
and 1000-grain weight, were highest in NPK-treated plants. As a result, the grain yield in NPK-
treated plants was 97.46% higher than the control. These findings indicate the essential role of
adequate NPK fertilization in maximizing soybean grain yield, as it enhances chlorophyll
production, which in turn improves yield and plant growth.
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Soybeans are a significant source of essential nutrients and bioactive compounds, including various phenolic
compounds and free radicals, which are associated with their antioxidant properties [1-3]. These compounds
contribute to numerous health benefits, such as reducing the risks of certain cancers [4-6], lowering cholesterol
levels, and decreasing cardiovascular disease risks [7]. Additionally, soybeans help prevent osteoporosis and
alleviate post-menopausal symptoms [8]. Soybeans also provide amino acids that are typically lacking in grain-
based diets for livestock and poultry [9]. Because of these health advantages, soybeans are in high demand for
both human consumption and animal feed, making them a valuable commaodity in the food processing and
agriculture industries. Moreover, they have been used to improve the nutritional status of rural communities,
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particularly through fortification in local dishes [10, 11]. Consequently, soybeans are highly sought after across
the globe, including in Bangladesh.

In Bangladesh, soybean production is mainly concentrated in the Bhola and Noakhali districts. However, many
farmers are reluctant to cultivate and consume soybeans, primarily because of limited awareness about the benefits
and inadequate access to improved seed varieties and agricultural practices, including proper fertilizer use. In
particular, the application of phosphate and inoculum fertilizers is crucial for improving plant growth, chlorophyll
content, and soybean yield [12]. Chlorophyll content is a key determinant of plant growth, directly influencing
photosynthesis and overall crop productivity [13]. Rhizobium inoculation improves nitrogen fixation in soybeans,
which boosts their yield [14-16]. Phosphorus, especially, is essential for seed development and yield [17].
Fertilizers containing nitrogen, phosphorus, and potassium not only promote nutrient uptake but also enhance root
growth, support nodule formation, correct nitrogen deficiencies, and aid in seed maturation [18]. Prior research
has highlighted the benefits of integrated soil fertility management (ISFM), combining organic fertilizers with
phosphorus to improve plant health and increase soybean yield [19-22]. However, little research has been
conducted on the effects of these practices on chlorophyll content, growth, and seed yield. Our research aims to
examine the influence of various soil fertility conditions on chlorophyll content, plant growth, and yield in soybean
crops.

Materials and Methods

A field experiment was carried out during the Rabi season of 2022 at the BINA sub-station, located in Barisal,
Bangladesh. The coordinates of the site are 22.8162° N latitude and 90.3137° E longitude, with an altitude of 2
meters above sea level. The region experiences alternating cold and hot seasons. The experimental design followed
a randomized complete block design (RCBD) with 3 replications. Four different treatments were applied to the
Binasoybean-3 crop field: FO (no fertilizer), F1 (Rhizobium inoculum), F2 (NPK fertilizer), and F3 (cow dung at
2 tons per hectare). Soybean seeds were sown on January 5th, 2022, in unit plots of 3 m x 2.5 m, maintaining a
30 cm spacing between rows. For treatment F1, the seeds were inoculated with Rhizobium biofertilizer before
sowing. In the F2 treatment, each plot received urea (86.95 kg/ha), triple super phosphate (TSP) (66.67 kg/ha),
and muriate of potash (MoP) (100 kg/ha). In treatment F3, organic cow dung was applied at a rate of 2000 kg per
hectare.

The chlorophyll content in the leaves was measured using a SPAD-502 chlorophyll meter (Minolta, Japan), which
assesses nitrogen levels by measuring the light transmission through the leaves at wavelengths of 650 and 940
nm. This device calculates an average of both wavelengths, providing a SPAD value for each measurement. After
seventy days of sowing, plant samples were harvested at 10-day intervals for total dry and growth rate matter
determination. Five plants per plot were collected, oven-dried at 70 + 2 °C, and used to calculate the absolute total
dry mass and growth rate. The absolute growth rate was determined by the increase in plant dry weight over a
specified period, following the formula by Hunt [23, 24]:

Absolut th rat _W2-wi 1)
souegrow rate = T2—T1

Where W1 is the dry weight at the initial time, W2 is the dry weight at the final time, T1 is the initial time, and
T2 is the final time.

Upon reaching physiological maturity, five plants from each plot were harvested to record yield-related
parameters. Additionally, a 1 m2 quadrat was used to determine the yield per plot, which was then converted to
tons per hectare. All data were analyzed using the SPSS software, employing analysis of variance (ANOVA).
Duncan's Multiple Range Test at a 5% significance level was applied to compare treatment means.

Results and Discussion

The chlorophyll content in soybean leaves is influenced by the NPK levels in the soil. Measurements were taken
using a Chlorophyll Meter SPAD-502 Statistical analysis (P > 0.05) confirmed that NPK availability plays a
significant role in determining chlorophyll concentration.

Among the tested treatments, the highest chlorophyll content was observed in soybean plants treated with NPK,
which showed a statistically significant difference compared to other treatments. This was followed by plants
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treated with Rhizobium and organic matter, while the lowest chlorophyll content was recorded in the control group
(39.03) (Figure 1a).

Additionally, the percentage increase in chlorophyll content relative to the control was assessed. The highest
increase (21.78%) was observed in NPK-treated plants, followed by Rhizobium-treated and organic matter-treated
plants (Figure 1b). These findings indicate a direct correlation between higher NPK levels and enhanced
chlorophyll content in soybean leaves. Similar results have been reported by Wamalwa et al. [25] and Pingale and
Amrutkar [26], who observed an increase in chlorophyll content in finger millet leaves with higher NPK
application.
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Figure 1. Impact of soil fertility on chlorophyll enhancement in leaves; a) chlorophyll content measured in
SPAD units, and b) percentage increase compared to the control group; distinct letters above standard
deviation bars indicate statistically significant differences among the means at a type | error rate of 0.05 (LSD
test).

Impact of NPK on total dry mass accumulation

The accumulation of total dry mass (TDM) in Bina soybean-3 varied across different soil fertility treatments,
showing a significant increase (P > 0.05) as the plant advanced in age. At 70 DAS, the highest TDM accumulation
was taken in Rhizobium-treated plants (33.87 g/plant), followed closely by those treated with NPK (30.59 g/plant)
and organic matter (30.19 g/plant), while the control plants had the lowest value (24.80 g/plant) (Figure 2).

At 80 DAS, plants treated with NPK exhibited the highest TDM (72.39 g/plant), whereas those receiving
Rhizobium and organic matter showed slightly lower values (61.18 g/plant and 59.18 g/plant, respectively), with
the untreated control group recording the lowest TDM (55.02 g/plant) (Figure 2). A similar trend continued at 90
DAS. From 70 DAS onward, soybeans grown with NPK consistently demonstrated the greatest TDM
accumulation at growth stages, with statistically significant differences from other treatments. These findings
align with those of Mete et al. [27], who reported a higher biomass yield in soybeans following NPK application
compared to organic matter treatments.
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Figure 2. Variations in total dry mass (TDM) of soybeans at different growth stages under varying soil
fertility treatments; asterisks indicate statistically significant differences among means at a 0.05 type | error
level (LSD test).
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Effect of soil N, P, and K levels on the absolute growth rate of soybean

The absolute growth rate (AGR) of soybean exhibited a significant (P > 0.05) increase as the plant matured,
reaching its peak at 80 DAS before declining at 90 DAS across all treatments (Figure 3a). The observed AGR
increase at 80 DAS corresponded with the pod development phase. Among the treatments, plants receiving NPK
had the highest AGR, while control plants displayed the lowest values. Specifically, the highest AGR values were
recorded in NPK-treated plants at both 80 DAS (4.18 g/plant/day) and 90 DAS (3.29 g/plant/day), followed by
Rhizobium-treated (3.32 and 2.86 g/plant/day) and organic matter-treated plants (3.32 and 2.86 g/plant/day). The
lowest AGR was observed in untreated control plants (2.59 and 1.82 g/plant/day).

The relative increase in AGR due to treatments was assessed through the percentage rise compared to control
plants (Figure 3b). NPK-treated plants demonstrated the highest growth increase, with 64% at 80 DAS and 84%
at 90 DAS, surpassing the Rhizobium treatment (28% and 60%, respectively) and organic matter treatment (28%
and 64%, respectively). These findings highlight that higher chlorophyll levels are strongly linked to greater dry
mass accumulation and an enhanced absolute growth rate. Similar observations were reported by Thompson et al.
[28] and Haidar and Al-Shorafa [29], who identified a strong correlation between chlorophyll content and areal
leaf mass (ALM) in soybeans.
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Figure 3. Impact of soil fertility levels on soybean growth over time; a) variations in absolute growth rate
(AGR) at different growth stages, and b) percentage increase in growth rate relative to the control; distinct
letters above standard deviation bars indicate statistically significant differences among means at a type |
error rate of 0.05 (LSD test).

Impact of nutritional status on morphological traits and yield components

Variations in soil fertility significantly influenced the morphological traits and yield-related characteristics of
soybean (Table 1). The highest number of branches was observed in soybean plants treated with organic matter,
which statistically was very similar to NPK-treated plants. In contrast, Rhizobium-treated plants exhibited the
lowest branch count, which did not differ significantly from the untreated control. The highest pod count per plant
was taken in NPK-treated plants, followed by those treated with organic matter, whereas the lowest pod count
was discovered in Rhizobium-treated and control plants. Similarly, the greatest number of grains per plant was
obtained from NPK-treated plants, while Rhizobium-treated and control plants showed no significant difference
in this parameter.

Regarding seed size, as represented by 1000-grain weight, the largest seeds were found in NPK-treated plants,
which showed no statistical difference from organic matter-treated plants. Meanwhile, the smallest seeds were
recorded in Rhizobium-treated plants, which statistically were very similar to the control. The highest grain yield
(2.33 tons ha™') was obtained from NPK-treated plants, attributed to their seed weight, superior pod count, and
grain number per pod. Conversely, the lowest yield (1.18 tons ha™) was recorded in control plants. The yield
increase over control was highest in NPK-treated plants (97.46%), followed by organic matter-treated plants
(55.93%) and Rhizobium-treated plants (18.64%).

These findings suggest that an increase in chlorophyll content contributes to enhanced dry matter accumulation
through improved photosynthesis. This, in turn, supports higher absolute growth rates, increased branching,
greater pod formation, heavier seeds, and ultimately higher grain yield. The results align with the studies by
Dzhidzalov et al. [30] and Shi et al. [31], which highlighted the direct relationship between photosynthesis and
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dry matter accumulation in soybeans. Additionally, research by Mete et al. [27] and AlGarni et al. [32] indicated
that NPK application leads to a greater increase in soybean yield compared to organic matter application.

Table 1. Yield and yield contributing characters at different soil fertility conditions.

Ry

Treatments Branch plant?  Pods plant?  Grain pod? 1000 grain weight ~Grain yield (ton hat) ig(::relzlsde
Fo 3.78+0.19° 60.45+£1.68° 7.89%0.70% 10.17 £0.31° 1.18 + 0.09¢ 0.00
F1 3.66 +0.18° 60.40 £2.89° 8.22+£0.512 10.07 £ 0.26° 140 +0.11°¢ 18.64
F2 411 +£0.322 7222 £250% 8.22 £0.422 11.51£0.872 2.33+£0.192 97.46
Fs 4.44 +0.312 66.22+2.77° 8.11+0.512 10.83 £0.292 1.84 +0.05° 55.93

This means having different letters are significantly different (Duncan's Multiple Range Test, P < 0.05)

These findings suggest that achieving a high growth rate during the flowering and vegetative phases is crucial for
maximizing seed yield in soybeans. A crop’s capacity to efficiently capture solar radiation early on and convert it
into biomass plays a significant role in determining its overall growth and productivity [33]. In soybeans, enhanced
light interception during the early seedling stages promotes rapid initial growth, ultimately leading to increased
yields [11, 34]. The present study observed a similar trend, where NPK-treated soybeans exhibited greater absolute
growth rate (AGR) and total dry mass (TDM) in the early growth stages, contributing to the highest seed yield.

Conclusion

In conclusion, the findings of this study demonstrate that NPK-treated soybeans exhibited the highest chlorophyli
content, leading to the greatest absolute growth rate (AGR) and total dry mass (TDM) during the early growth
and flowering stages. This, in turn, resulted in a higher number of seed weights, branches, and pods per plant,
ultimately boosting seed yield. Thus, it can be noticed that increased chlorophyll content enhances the absolute
growth rate and is strongly linked to higher seed yield.

Acknowledgments: None
Conflict of Interest: None
Financial Support: None
Ethics Statement: None
References

1. Siah SD, Konczak I, Agboola S, Wood JA, Blanchard C. In vitro investigations of the potential health benefits
of Australian-grown faba bean’s (Vicia faba L.) chemopreventive capacity and inhibitory effects on the
angiotensin-converting enzyme, a-glucosidase, and lipase. Br J Nutr. 2012;108(1):123-34.
doi:10.1017/S0007114512000803

2. Duefias M, Hernandez T, Estrella I. Phenolic composition of the cotyledon and the seed coat of lentils (Lens
culinaris L.). Eur Food Res Technol. 2002;215(6):478-83. doi:10.1007/s00217-002-0603-1

3. Troszynska A, Estrella I, Kozlowska H, Estrella I, Lopez-Amores ML, Hernandez T. Antioxidant activity of
pea (Pisum sativum L.) seed coat acetone extract. LWT-Food Sci Technol. 2002;35(2):158-64.
doi:10.1006/fstl.2001.0831

4. Shweta KM, Rana A. Bioactive components of Vigna species: current perspective. Bull Env Pharmacol Life
Sci. 2017;6(8):01-13.

5. Shahwar D, Mohsin T, Bhat MYK, Chaudhary S, Aslam R. Health functional compounds of lentil (Lens
culinaris Medik): a review. Int J Food Prop. 2017;20(sup1):S1-5.

6. BarnesS, Kirk M, Coward L. Isoflavones and their conjugates in soy foods: extraction conditions and analysis
by HPLCeMS. J Agric Food Chem. 1994;42(11):2466e2474.

7. Potter SM. Overview of proposed mechanisms for the hypocholesterolemic effect of soy. J Nutr.
1995;125(suppl_3):606S-11S.



Marchao et al.,

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Messina M, Messina V. The role of soy in vegetarian diets. Nutrients. 2010;2(8):855-88.
d0i:10.3390/nu2080855

Bruce KJ, Karr-Lilienthal LK, Zinn KE, Pope LL, Mahan DC, Fastinger ND, et al. Evaluation of the inclusion
of soybean oil and soybean processing by-products to soybean meal on nutrient composition and digestibility
in swine and poultry. J Animal Sci. 2006;84(6):1403-14. doi:10.2527/2006.8461403x

Alamu EO, Popoola I, Maziya-Dixon B. Effect of soybean (Glycine max (L.) Merr.) Flour inclusion on the
nutritional properties and consumer preference of fritters for improved household nutrition. Food Sci Nutr.
2018;6(7):1811-6. doi:10.1002/fsn3.751

Purcell LC, Ball RA, Reaper JD, Vories ED. Radiation uses efficiency and biomass production in soybean at
different plant densities. Crop Sci. 2002;42(1):172-7.

Hichaambwa M, Chileshe C, Chimai-Mulenga B, Chomba C, Mwiinga-Ngcobo M. Soybean value chain and
market analysis. Indaba agricultural policy research institute (IAPRI), final draft report. 2014;67.

Zhang F, Zhou G. Estimation of vegetation water content using hyperspectral vegetation indices: a
comparison of crop water indicators in response to water stress treatments for summer maize. BMC Ecol.
2019;19(1):18. doi:10.1186/s12898-019-0233-0

Ibrahim SA, Mahmoud SA. Effect of inoculation on growth, yield, and nutrient uptake of some soybean
varieties. Egypt J Soil Sci. (Egypt). 1989;29(2):133-42.

Kim SD, Hong EH, Park RK, Yoo ID, Shin MK, Choe JH, et al. Effect of rhizobium inoculant application
on nodulation and nitrogen fixation at different soil types in soybeans. The research reports of the rural
development administration-upland and industrial crops (Korea R.). 1988.

Karpov VY, Medvedev IN, Komarov MN, Dorontsev AV, Kumantsova ES, Mikhailova OD. Possibilities of
students' health improvement through physical training in the aquatic environment. J Biochem Technol.
2021;12(4):67-71. doi:10.51847/JesqloXQhS

Rao SB, Krishna N, Prasad JR, Raghavan GV. Evaluation of nutritional quality of some fibrous resources by
in vitro and nylon bag techniques in goats. Ind J Animal Nutr. 1995;12(2):85-90.

Miguez-Montero MA, Valentine A, Pérez-Fernandez MA. Regulatory effect of phosphorus and nitrogen on
nodulation and plant performance of leguminous shrubs. AoB Plants. 2020;12(1):plz047.
doi:10.1093/achpla/plz047

Chiezey UF, Odunze AC. Soybean response to application of poultry manure and phosphorus fertilizer in the
sub-humid savanna of Nigeria. J Ecol Nat Environ. 2009;1(2):025-031.

Manral HS, Saxena SC. Plant growth, yield attributes, and grain yield of soybean as affected by the
application of inorganic and organic sources of nutrients. Bioresour Technol. 2003;92:110-8.

Rurangwa E, Vanlauwe B, Giller KE. Benefits of inoculation, P fertilizer, and manure on yields of common
bean and soybean also increase the yield of subsequent maize. Agric Ecosys Environ. 2018;261:219-29.
doi:10.1016/j.agee.2017.08.015

Tiwari R, Rathour K, Tyagi LK, Tiwari G. Egg shell: an essential waste product to improve dietary calcium
uptake. Pharmacophore. 2022;13(4):32-40. doi:10.51847/2X53Nfl6Lo

Eleonora K, Angelika F. Evaluation of selected soybean genotypes (Glycine max L.) by physiological
responses during water deficit. J Cent Eur Agric. 2013;14(2):213-28.

Hunt R. Plant growth analysis studies in biology. Edward Arnold Ltd., London; 1978. p. 67.

Wamalwa DS, Sikuku P, Netondo GW, Khasabulli BD. Influence of NPK blended fertilizer application on
chlorophyll content and tissue mineral contents of two finger millet varieties grown in acid soils of Kakamega,
western Kenya. Int J Plant Soil Sci. 2019;27(4):1-9. doi:10.9734/ijpss/2019/v27i430082

Pingale PL, Amrutkar SV. Quercetin loaded rifampicin-floating microspheres for improved stability and in-
vitro drug release. Pharmacophore. 2021;12(3):95-9. doi:10.51847/yBXnlI2bSUH

Mete FZ, Mia S, Dijkstra FA, Abuyusuf M, Hossain ASMI. Synergistic effects of biochar and NPK fertilizer
on soybean yield in an alkaline soil. Pedosphere. 2015;25(5):713-9. doi:10.1016/S1002-0160(15)30052-7
Thompson JA, Schweitzer LE, Nelson RL. Association of specific leaf weight, an estimate of chlorophyll,
and chlorophyll content with apparent photosynthesis in soybean. Photosynth Res. 1996;49(1):1-10.

Haidar FT, Al-Shorafa AJ. Employers' needs of accounting graduates skills in the Saudi labor market:
analytical study. J Organ Behav Res. 2023;8(1):286-96. doi:10.51847/nCoVT7740v

Dzhidzalov VA, Bzhihova MA, Agaev ZS, Umarov GM, Tovzerkhanov BA, Djamaldinova LR. The method
of volumetric visualization of bone density. Ann Dent Spec. 2023;11(1):53-7. d0i:10.51847/2pnOTO5Qu6

32



33

31.

32.

33.

34.

Marchao et al.,

Shi H, Guo J, An J, Tang Z, Wang X, Li W, et al. Estimation of chlorophyll content in soybean crop at
different growth stages based on optimal spectral index. Agronomy. 2023;13(3):663.
doi:10.3390/agronomy13030663

AlGarni AG, AlAmri RDM, AlZahrani MAB, AlHarthi AHH, AlGarni MAG, AlZahrani KAM, et al.
Awareness of vitamin D deficiency among the general population in Taif City, Saudi Arabia. Arch Pharm
Pract. 2023;14(1):29-34. doi:10.51847/zXSQhK2rwW

Hanlan TG, Ball RA, Vandenberg A. Canopy growth and biomass partitioning to yield in short-season lentil.
Cand J Plant Sci. 2006;86(1):109-19.

Huzaifa M, Singh A, Aggarwal V, Dhar A. Metachronous carcinoma at colostomy site post abdominoperineal
resection — a rare presentation case report. Clin Cancer Investig J. 2023;12(2):1-3.
d0i:10.51847/ZP8HS1y926



