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Abstract

Biochar is a stable carbonaceous material produced through the pyrolysis of biomass. It is commonly
utilized to enhance soil functionality, mitigate greenhouse gas emissions, and augment crop yields. This study
aimed to investigate the impact of varying doses of biochar application combined with mineral fertilizers on the
growth and development of soybeans. The research was conducted in Bac Giang province, situated in northern
Vietnam. Within the framework of the field experiment, the influence of two key factors, namely fertilizers and
soybean genotype, was examined. Specifically, the effects of soybean varieties DT20 and DT26 were evaluated
across replicated plots measuring 40m? each. The fertilization aspect, encompassing four distinct experimental
treatments, was scrutinized within plots of 10 m?, allocated within each larger 40 m? plot. Throughout the soybean
growth phase, parameters relating to growth, development, and yield were meticulously recorded. Analysis of the
experimental outcomes revealed that biochar application significantly impacted soybean growth, development,
and vyield, influencing parameters such as leaf area index, nodule mass and quantity, dry matter accumulation
capability, total fruit count per plant, and soybean seed yield. Furthermore, it was ascertained that the most
effective approach for integrating mineral fertilizers with biochar for soybean varieties DT20 and DT26 in the
infertile soils of Bac Giang province was the application of 40 kg N + 120 kg P,Os + 80 kg K,O + 1 ton of biochar
per hectare.
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I. INTRODUCTION

Vietnam is a country with a high level of agricultural development, upon which the livelihoods of the
majority of Viethamese depend. The intensive agricultural practices in Vietham result in a significant amount of
agricultural by-products, which serve as suitable raw materials for biochar production. The production of biochar
from agricultural by-products represents a novel direction in scientific research. On one hand, biochar production
addresses environmental pollution concerns.
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On the other hand, biochar serves as a beneficial product for enhancing soil properties.

The objective of this study is to ascertain the optimal dosage of mineral fertilizers in conjunction with
biochar for various new soybean varieties under winter conditions in Bac Giang province.

The study was conducted from September 2020 to January 2021 in Bac Giang province, Vietham. Two
soybean varieties, DT20 and DT26, were used in the study, with planting initiated on September 25, 2020.

As part of the field experiment, the influence of two factors was examined: fertilizers and soybean varieties.
The impact of soybean varieties DT20 and DT26 was assessed on plots measuring 40 m?, replicated three times.
The fertilizer factor, comprising four experimental variants, was investigated on plots measuring 10 m? within each
40 m? plot. The fertilizers utilized included the mineral complex N4oP120Kgo and biochar derived from rice husks.
Biochar was applied ten days prior to sowing the seeds (September 15, 2020), while mineral fertilizers were
applied to the soil after the emergence of 2-3 true leaves on the soybeans. The experimental treatments
consisted of: fertilizer level 1 (PB1): 40 kg N + 120 kg P,0Os + 80 kg K,O (control without biochar); fertilizer level 2
(PB2): 40 kg N + 120 kg P,0Os + 80 kg K,O + 0.5 t/ha of biochar; fertilizer level 3 (PB3): 40 kg N + 120 kg P,Os +
80 kg K,O + 1 t/ha of biochar; fertilizer level 4 (PB4): 40 kg N + 120 kg P,Os + 80 kg K,O + 1.5 t/ha of biochar.

The solil in the study areas exhibited a granulometric composition ranging from sandy loam to loam, with a
pH range from 5.01 to 5.29, and was classified as gray forest sail.

Throughout the soybean growing season, various parameters including growth duration, main stem height,
node count, primary branch count, leaf area, leaf area index, nodulation capacity, and dry matter accumulation at
different growth stages were assessed. At the conclusion of the soybean growing season, metrics such as total
fruit count per plant, percentage of mature fruits per plant, ratio of three-seeded fruits, weight of 1000 seeds, and
actual yield were determined.

The results of the experiment revealed notable differences in the main stem heights of the two soybean
varieties under investigation. The greatest main stem height was observed in the PB4 treatment variant (1.5 t/ha
of biochar), with DT26 reaching 47.9 cm and DT20 reaching 38.18 cm. Across all fertilizer treatments, DT26
consistently exhibited a greater main stem height compared to DT20.

The number of branches per plant tended to increase with escalating biochar application from the PB1 to
PB3 treatment variants, but a further increase in biochar amount (PB4) resulted in a decrease in branch count.

The growth duration of both soybean varieties, DT26 and DT20, subjected to different fertilizer treatments,
did not exhibit significant variation. The growth duration ranged from 88 to 92 days for DT20 and from 83 to 87
days for DT26.

The leaf area index exhibited a gradual increase with rising fertilizer amounts. Both soybean varieties
displayed the lowest leaf area index in the PB1 treatment variant and the highest in the PB3 treatment variant.
However, with increased fertilizer application up to PB4, the leaf area index declined. Across all experimental
variants, the leaf area index for DT20 consistently showed lower values than for DT26 (at a 95% confidence
level).

The accumulation of dry matter progressively increased from the onset of flowering, peaked during
flowering, and reached its maximum during fruiting. During flowering and fruiting stages, dry matter accumulation
was minimal in PB1 and maximal in PB3. Conversely, dry matter accumulation tended to decrease in the PB4
treatment variant. The ability of DT20 to accumulate dry matter was consistently lower than that of DT26 across
all experimental variants.

Significant disparities were observed in the number and mass of nodules between the two soybean
varieties, DT26 and DT20, under various fertilizer treatments. In the PB3 treatment variant, both DT26 and DT20
exhibited the highest nodule count and volume across all developmental stages, reaching a peak during the
fruiting phase. However, an increase in biochar application to PB4 led to a reduction in nodule count and volume.

The yield of both soybean varieties, DT26 and DT20, increased with escalating biochar application.
Nevertheless, excessively high biochar application (PB4) resulted in decreased yield.
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Soybean is a crop that matures early and boasts high nutritional value. Its seeds find applications in human
consumption, livestock feed, and various processing industries [1]. Furthermore, soybeans exhibit notable
capabilities as soil fertilizers. The yield of soybeans is intricately linked to the fertilization regimen employed.
Research by Saleh and Sumarno (2002) [2] indicates that fertilizing soils with low available phosphorus levels
below 18 ppb significantly enhances soybean yield compared to non-fertilized conditions. A study on fertilizer
dosage conducted in Queensland, Australia, by Dikson et al. (1987) [3] illustrated that soybean yield experiences
a substantial increase upon phosphorus fertilization. The susceptibility of soybeans to phosphorus fertilizers is
contingent upon soil acidity, organic matter content, and soil texture. Watanabe et al. (1986) [4] suggested that in
order to achieve a soybean seed yield of 3 tons per hectare, an application of 60 kg of nitrogen per hectare is
necessary.

There have been numerous studies examining the optimal dosage of NPK fertilizers for novel soybean
varieties [5-9], yet investigations into the synergistic effects of combining NPK fertilizers with biochar to enhance
soybean yield are relatively scarce. In Vietham, biochar represents an emerging area of research. Various
organic materials such as coconut fiber, rice husk, and straw are utilized in the production of biochar across
different regions. Despite the rapid economic development, Vietnam continues to rely significantly on agriculture,
which sustains the livelihoods of the majority of its population. The country's intensive agricultural practices
generate abundant by-products that serve as viable feedstocks for biochar production. Despite the widespread
recognition and utilization of biochar across various industrial sectors, comprehensive studies elucidating its
properties remain limited.

According to the General Statistical Office of Vietnam [10], the winter soybean yield in Bac Giang province
averages only 16-17 quintals per hectare (g/ha). The underlying causes of this low yield are attributed to
incomplete and unbalanced fertilizer application, particularly concerning new soybean varieties. There is a
notable dearth of research focusing on the optimal application rates of NPK fertilizer combined with biochar for
winter soybeans cultivated in soil following the rice harvest in Bac Giang. Hence, the objective of this study is to
ascertain the appropriate fertilizer application rates in conjunction with biochar supplementation for selected new
soybean varieties under winter conditions in Bac Giang province.

IIl. MATERIALS AND METHODS

The study was conducted from September 2020 to January 2021 in Bac Giang Province, Vietham. Bac
Giang Province experiences a tropical monsoon climate characterized by four distinct seasons annually. The
average humidity throughout the year stands at 83%. Certain months witness humidity levels exceeding 85%,
while in drier periods, it ranges between 74% and 80%. The region enjoys an average of 1500 to 1700 hours of
sunshine annually, facilitating the cultivation of tropical and subtropical crops [11]. Annual precipitation averages
around 1533 mm, with maximum rainfall occurring between April and September. The average annual
evaporation rate is approximately 1000 mm [11]. Prevailing winds are predominantly influenced by southeast
winds during the summer and northeast winds during the winter [11]. The study was conducted on two soybean
varieties, DT20 and DT26, which were developed and researched by the Vietnam Institute of Food and Food
Plants. Soybeans were sown on September 25, 2020.

As part of the field experiment, the influence of two factors was examined: fertilizers and soybean variety.
The impact of soybean varieties DT20 and DT26 was evaluated on plots measuring 40 m?, each replicated three
times, as depicted in Figure 1. The fertilizer factor, comprising four experimental treatments, was investigated on
plots measuring 10 m?, allocated within each 40 m?® plot. Fertilizers utilized included a mineral complex of
N4oP120Kgo and biochar derived from rice husks (refer to Table 1). Biochar application occurred ten days prior to
seed sowing, on September 15, 2020. Mineral fertilizers were administered to the soil after the emergence of 2-3
true leaves on the soybean plants. The experimental treatments consisted of the following fertilization levels: PB1
(fertilization level 1): 40 kg N + 120 kg P,0Os + 80 kg K,O (no biochar - control); PB2 (fertilization level 2): 40 kg N
+ 120 kg P,0s + 80 kg K,O + 0.5 ton/ha biochar; PB3 (fertilization level 3): 40 kg N + 120 kg P,05 + 80 kg K,O +
1 ton/ha biochar; PB4 (fertilization level 4): 40 kg N + 120 kg P,0s + 80 kg K,O + 1.5 ton/ha biochar.
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Fig. 1. Scheme of the experiment
[Table 1]

Substance content (%) in biochar obtained from rice husk

Parameter | pHKCI C (%) N (%) P (%) K (%) Ca (%) | Mg (%)

Value 6,380 42,790 0,568 0,152 0,531 0,183 0,088

The soil within the study areas is classified as poor gleysoic according to the FAO classification. Chemical
analysis of the soil revealed its acidic nature (pH in H,O ranging from 5.01 to 5.29, pH in KCI from 4.19 to 4.49).
Soil absorption capacity varies from low to medium-low, ranging from 9.24 to 10.47 mg eqg/100 g of soil. The soil's
saturation with bases ranges only from 22% to 29%. The organic carbon and total nitrogen content in the arable
soil layer were measured as average, at 1.21% to 1.53% OC and 0.12% to 0.15% N, respectively. The levels of
total and readily available phosphorus in the soil in the arable layer ranged from rich to very rich (0.11% to 0.15%
P,Os and 10.09-23.48 mg P,0Os/100 g soil). Conversely, the levels of total and easily digestible potassium in the
topsoil layer were found to be very low (total potassium ranging from 0.19% to 0.58% K,O, and readily available
potassium ranging from 5.79 to 15.08 mg K,0/100 g of soil) [12]. The granulometric composition of the sail
ranged from sandy loam to loam. The proportion of clay particles in the surface layer ranged from 13% to 17%,
while the content of clay particles in the surface layer varied from 16% to 20%. The density of the topsoil varied
from 1.23 to 1.26 g/cm3, and the porosity ranged from 50% to 52%. Low organic matter and potassium content in
gray soil represent two major limiting factors in agricultural production that require mitigation [12]. Throughout the
soybean growing season, various parameters including growth duration, main stem height, node count, primary
branch count, leaf area, leaf area index, nodulation capacity, and dry matter accumulation at different growth
stages were evaluated. At the conclusion of the soybean growth cycle, assessments were made regarding the
total fruit count per plant, proportion of mature fruits per plant, ratio of three-seeded fruits, weight of 1000 seeds,
and actual yield.

The height of the main stem was measured from the node of the two cotyledons to the growing tip of the
main stem and expressed in centimeters. The Leaf Surface Index (LSI) (m? leaves/m” soil) was calculated as the
product of the area of one leaf of a plant and the density per 1 m” area. To determine dry matter (g), plant
samples were dried to a constant weight in an oven maintained at a temperature exceeding 80°C, and 5 plants
were weighed for each experimental treatment.
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The total number of fruits was determined by randomly selecting 10 plants from each experimental
treatment, and the average value per plant was calculated. To assess the percentage of mature fruits, 10 plants
were randomly sampled from each plot, and the total number of mature fruits was counted, followed by the
calculation of the average number per plant. Statistical data processing was conducted using MS Excel and

IRRISTAT 5.0.

Ill. RESEARCH RESULTS AND DISCUSSION

[Table 2]

The effect of the fertilizer formula on the height, number of nodes, number of branches of two soybean

varieties

So Experien Plant height in The number of Number of level Total growin
oy peri 9 internodes on 1 branches per 9 9
variety  ce option (cm) time
the stem plant
PB1 42,3 10,15 3,04 84
PB2 43,7 10,21 3,82 83
DT26
PB3 46,6 10,84 4,04 86
PB4 47,9 10,36 3,18 87
PB1 34,64 7,02 2,19 88
PB2 36,18 7,28 2,66 89
DT20
PB3 37,34 7,59 2,86 91
PB4 38,18 7,36 2,47 92
LSDg s 2,69 0,72 0,35
CV (%) 4,00 4,30 5,60

[Table 3]

Effect of fertilizers on the leaf area index of two soybean varieties (m2 of leaves/m? of soil)

The beginning of . .
vaSrioe>;y Experi_enc the floyvering st;rohr1egpf?cr>l\/(\)/gr(i)r:g -I—Irz;?gpc)eefrrlSiq[sOf
e option period
PB1 1,76 2,68 3,56
DT26 PB2 2,14 3,36 4,13
PB3 2,15 3,34 4,16
PB4 2,04 3,02 3,99
PB1 1,55 2,36 3,04
DT20 PB2 2,11 2,93 3,66
PB3 2,13 2,97 3,68
PB4 1,93 2,66 3,46
LSDo 05 0,33
CV (%) 4,61

15

@0
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

W © Agrarian History, Ne 18, 2024, e-ISSN 2713-2447

The experiment revealed a gradual increase in the soybean leaf area index from the flowering stage to the
fruiting stage. This index exhibited a tendency to rise with increasing fertilizer application. Among the two soybean
varieties, the lowest leaf area index was observed in experimental variant PB1, while the highest was recorded in
experimental variant PB3. Notably, as fertilizer application increased to PB4, the leaf surface index displayed a
decreasing trend.

Throughout all three periods, DT26 consistently exhibited the highest leaf area index. At the onset of
flowering, the PB3 experiment reached its peak with a leaf area index of 2.15 m? of leaves/m® of soil. During the
flowering stage, the PB2 treatment demonstrated the highest leaf surface index of 3.36 m? of leaves/m? of soil,
while the PB3 treatment recorded the maximum value of 4.16 m? of leaves/m? of soil during the fruiting period.
Overall, across all experimental variants, the leaf area index for the DT20 variety consistently displayed lower
values compared to the DT26 variety, with statistical significance at a 95% confidence level.

Plant dry matter accumulation is contingent upon factors such as leaf area, photosynthetic efficiency, and
the plant's capacity to absorb nutrients. This accumulation serves as a crucial indicator of plant growth and
potential yield. The outcomes of monitoring dry matter accumulation in experimental treatments across different
growth and development stages are presented in Table 4. The quantity of dry matter accumulated by soybean
plants exhibited significant variability across all experimental treatments. Dry matter accumulation gradually
increased from the onset of flowering, experienced a rapid surge during flowering, and peaked during the fruiting
stage. Throughout the flowering and fruiting periods, dry matter accumulation was minimal in PB1 and maximal in
PB3. Conversely, in the PB4 treatment, there was a tendency for decreased dry matter accumulation.
Furthermore, across all experimental treatments, the DT20 variety consistently displayed a lower ability to
accumulate dry matter compared to the DT26 variety.

[Table 4]

The effect of fertilizers on the accumulation of dry matter of two varieties of soybeans

Soy Experienc The beginning of the The period of strong The period of large
variety e option flowering period flowering fruits
PB1 2,79 6,89 17,85
PB2 3,24 8,17 19,75
DT26 PB3 3,43 8,22 20,31
PB4 3,05 8,04 19,28
PB1 2,58 5,36 15,06
PB2 3,15 7,58 18,27
DT20
PB3 3,18 7,81 18,66
PB4 2,96 7,12 17,43
LSDo.05 1,42
CV (%) 4,0

Nodules on soybean roots form as a result of symbiosis between the bacterium Rhizobium japonicum and
plant roots. This type of nodule bacteria possesses the capability to fix atmospheric nitrogen, converting it into a
readily assimilable form for plants. The quantity and size of nodules serve as indicators of the symbiotic
relationship and biological nitrogen fixation by bacteria. Bacterial activity is significantly influenced by soil
conditions, external environmental factors, growth conditions, and the genetic characteristics of the soybean
variety [14]. The findings regarding nodule formation in the experimental treatments are presented in Table 5. The
experimental results demonstrated significant differences in the number and weight of nodules between the two
soybean varieties, DT26 and DT20, under various fertilizer regimes.
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In the PB3 treatment, both DT26 and DT20 exhibited the highest number and volume of nodules across all

growth stages, peaking during the fruiting phase. With an increase in biochar application up to PB4, there was a

tendency for the number and volume of nodules to decrease. Furthermore, across all fertilizer treatments, variety
DT26 consistently exhibited a lower number and weight of nodules compared to DT20, with statistical significance
at a confidence level of 95%.

[Table 5]
The effect of fertilizer treatment on the nodules of two varieties of soybeans
The beginning of the The period of strong . .
flowering period flowering The period of large fruits
Soy |Experienc
variety | e option | Total number of weight | Total number of weight | Total number of weight
nodules
(nodes/plant) (g/plant) nodules (g/plant) nodules (g/plant)
P (nodes/plant) (nodes/plant)
PB1 19,35 0,09 28,42 0,17 45,70 0,48
DT26 PB2 28,32 0,15 38,71 0,31 58,68 0,76
PB3 29,70 0,16 39,34 0,34 60,36 0,85
PB4 21,70 0,12 32,70 0,28 54,84 0,60
PB1 31,32 0,17 44,64 0,36 58,14 0,94
DT20 PB2 38,66 0,22 57,56 0,68 74,45 1,16
PB3 41,13 0,26 60,72 0,92 85,13 2,04
PB4 36,30 0,21 52,50 0,56 67,36 1,11
LSDg 05 2,97 3,42 6,95
CV (%) 5,20 4,10 5,80

The total number of fruits per plant is indicative of soybean's fruit-bearing capacity. The results presented in
Table 6 demonstrate that, under varying fertilizer levels, the two soybean varieties exhibit differing fruit yields.
Throughout the experimentation, the DT26 variety consistently outperformed the DT20 variety in terms of fruit
production, with statistical significance at the 95% confidence level. Notably, the PB3 treatment yielded the
highest total number of fruits, with the DT26 variety yielding 51.42 fruits and the DT20 variety yielding 34.56 fruits.
Monitoring results also indicated a high percentage of hard fruits per plant and a high percentage of three-seeded
fruits for both varieties, with the PB3 treatment consistently yielding the highest values.

[Table 6]

Effect of fertilizer compositions on yield and yield components of two soybean varieties

Percenta
. . Percentage geof weight of 1000 .
Soy variety Exgetrilgrr:ce Total numt()fenrJ ict);‘;)frwts/trees of hard fruits  three- seeds ACt(lEI:% l23eld
P (%) seeded (@)
fruits (%)
DT26 PB1 43,19 93,15 17,44 160,76 17,89
PB2 48,29 96,60 21,43 168,28 20,63
PB3 51,42 97,52 22,67 170,16 20,72
PB4 46,12 94,23 18,41 165,95 19,45
DT20 PB1 27,90 92,37 16,86 199,45 16,58
PB2 32,82 95,85 20,13 211,94 18,78
PB3 34,56 97,11 20,48 214,75 18,88
PB4 31,98 94,68 18,45 203,82 18,33
LSDO_05 3,87 1,27
CV (%) 5,61 5,32
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IV. CONCLUSION

Based on the findings of the study, it was revealed that the combined application of biochar and mineral
fertilizers yields greater efficiency compared to the use of fertilizers alone. Optimal outcomes across various
soybean parameters were observed in the PB3 treatment, where 40 kg N, 120 kg P,Os, 80 kg K,0, and 1 t/ha of
biochar were applied. Consequently, in the PB3 treatment, the highest leaf area index was consistently observed
across all three developmental stages of soybeans, surpassing other experimental treatments. Additionally, the
PB3 treatment exhibited the highest number of nodules in both soybean varieties, with the DT26 variety
displaying a greater number of nodules compared to the DT20 variety. Moreover, the volume of nodules in the
PB3 treatment exhibited the highest values throughout the soybean growing season, spanning the onset of
flowering, vigorous flowering, and fruiting stages. Remarkably, the PB3 treatment also resulted in the highest net
soybean yield compared to other experimental treatments, reaching 20.7 quintals per hectare for DT26 and 18.84
quintals per hectare for DT20.

REFERENCE LIST

lanunyenko A. T, ®okmHa E. M. (2022) BnusiHne MeTEOpPOSIOrM4eckux YCroBuMn Ha OpMMpOBaHue
ypOXxanHocTn copToB coun cenekumn BHUW con. ArpapHbii BecTHUK Ypana. 2022. Homep 7 (222). C. 16 - 25. doi:
10.32417/1997-4868-2022-222-07-16-25.

Saleh N., Sumarno. (2002) Soybean in Asia. AVRDC. Pp. 173-218.

Dickson T.P.; Moody W., Haydon G. F. (1987) Soil tests for predicting Soybean phosphorus and potassium
requirement. Soybean in tropical and subtropical cropping systems. Pp. 309-310.

Wanatabe |., Koshei T., Hiroshi N. (1986) Response of soybean to supplemental nitrogen after flowering.
Soybean in Tropical and Subtropical Cropping systems. Pp. 301-308.

Fontana M. B., Novelli L. E., Sterren acM. A., Uhrich W. G., Benintende S. M., Barbagelata P. A. (2021)
Long-term fertilizer application and cover crops improve soil quality and soybean vyield in the Northeastern
Pampas region of Argentina. Geoderma. Vol. 385. 114902. doi: 10.1016/j.geoderma.2020.114902.

Wang K., Hu X., yang S., Xing K., Zhang X., Zhu L., Han X., Xu Y., Wei W. (2020) Impact of long-term
chemical fertilizer and organic amendment to Fusarium root rot of soybean. Oil Crop Science. 2020. Vol. 5. Pp.
48-53. doi: 10.1016/j.0csci.2020.03.007.

Akhtar K., Wang W., Ren G., Khan A., Feng Y., Yang G., Wang H. (2019) Integrated use of straw muilch
with nitrogen fertilizer improves soil functionality and soybean production. Environment International. Vol. 132.
105092. doi: 10.1016/j.envint.2019.105092.

Ohyama T., Ikebe K., Okuoka S., Ozama T., Nishiura T., Ishiwata T., Yamazaki A., Tanaka F., Takahashi
T., Umezawa T., Ohshima H., Kato T., Yoshiyuki M., Saito A., Higuchi K., Ohtake N., Takahashi Y., Harada N.,
Ohkama-Ohtsu N. (2022) A deep placement of lime nitrogen reduced the nitrate leaching and promote soybean
growth and seed yield. Crop and Environment. 62 p. doi: 10.1016/j.crope.2022.09.002.

Yahaya S. M., Mahmud A. A., Abdullahi M., Haruna A. (2022) Recent advances in the chemistry of N, P, K
as fertilizer in soil - A review. Pedosphere. doi: 10.1016/j.pedsph.2022.07.012.

Nguyen V. Q., Nguyen T. T. H. (2021) Result of mid-term rural and agricultural survey 2020. Statistical
publishing house. 552 p.

18

@0
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ﬁ © Agrarian History, Ne 18, 2024, e-ISSN 2713-2447

Nguyen Duy Phuong. (2017) Study on the effects of organic fertilizers and biochar on crop yield and some
properties of gray soil in Hiep Hoa district, Bac Giang province. Thesis of Doctor of Agriculture. Specialization in
Soil Science. Code 9620103.

Tran Viet Cuong. (2015) Research on the application of biochar from rice by-products to improve the
degraded gray soil environment. Doctoral thesis in agriculture. Specializing in Land and Water Environment.
Code 62440303.

Imasande J. (1992) Agronomic characteristics that identify high yield, highprotein, soybean genotypes //
Agronomic Journal. 84: Pp. 409-414.

Ministry of Agriculture and Rural Development of Vietham. (2007) Replacing chemical nitrogen fertilizers
with nitrogen fixing microorganisms for legume crops in Vietnam to increase farmers' income and improve the
environment. State-level scientific report.

19

@0
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

ﬁ © Agrarian History, Ne 18, 2024, e-ISSN 2713-2447

BJINAHUE BHECEHUA BUOYAPA B COYHETAHUN C MUHEPAJIbHbIMA
YOOBPEHUAMMW HA POCT, PA3BUTUE U YPOXXAUHOCTb COPTOB COU
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AHHOTauunA

Broyap - 310 cTabunbHbLIN YrNEepoaMCTLIV MaTepuan, nony4aemMsln B pesynbTtate nuponusa duomaccel. OH
LUMPOKO MCMonb3yeTca AN ynyyweHnss pyHKLMOHANbHOCTU NMOYBbI, CHMKEHUS BbIOPOCOB MApHMKOBLIX ra3oB U
MOBbLILLIEHNS YypOXanHOCTU. Llenbio gaHHOro mccnenoBaHust GbINo U3yYnTb BIUSAHME PasnUYHbIX 003 BHECEHUS
Ovoyrns B codeTaHMn ¢ MUHepanbHbIMU yA0bpeHnsiMmn Ha poOCT 1 pasBuTue cou. ViccnegoBaHus NpoBOAMMAUCE B
nposuHuun bak NmaHr, pacnonoxeHHon Ha ceBepe BbeTHama. B pamkax nonesBoro akcnepuMeHTa udyyanoch
BNUsIHWE OBYX KIHOYEBbIX DAKTOPOB, @ MMEHHO YAOOpPEHUN 1 reHoTuna coun. B yacTHOCTU, BNMsIHUE COPTOB COU
DT20 n DT26 oueHuMBanocb Ha pa3MHOXEHHbIX ydacTkax nnowagbto 40 M2 Kaxabin. AcnekT ygobpeHun,
BKIIOYAKOLLMIA YETbIPE pasfnuyHble 3IKCNepuMeHTarnbHble 00paboTku, Obin TWATENbHO M3Y4EH Ha y4dacTKax
nnowageto 10 M?, BbIAENEHHbIX Ha KaXaom Gonblom ydacTke nnowagsto 40 m2 Ha npoTspkeHun Bcen doasbl
pocTa cou TWaTernbHO pPerucTpupoBanncb napameTpbl, CBA3aHHble C POCTOM, PasBUTMEM U YPOXaMNHOCTLIO.
AHanu3 pes3ynbTaToB 3KCMEPUMEHTA MokKasasn, 4To MpumeHeHue 6Gumoyapa 3HaAYMTENbHO MOBMAMANO Ha POCT,
pasBMTUE M YPOXAMHOCTb COW, BO3AEWCTBYS Ha TakMe MapamMeTpbl, Kak MHOEKC nnowagu fnucTbeB, Macca u
KONMYecTBO KnyGHen, cnocOOHOCTbL HakanmnMBaTb CyXOe BELLEeCTBO, 00Liee KONMYeCcTBO NIOLOB HA pacTeHUn u
YPOXaHOCTb ceMsH cou. Kpome TOro, ObIO YCTaHOBMEHO, 4TO Haubonee 3hdeKTUBHBIM MNOAXOO0M K
WHTerpaummn MuHepanbHbIX yaobpeHun ¢ 6uodyapom ans com coptoB DT20 n DT26 Ha HennogopoAdHbIX NovBax B
npoBuHUuKn bak NaHr sensetcsa BHeceHme 40 kr N + 120 kr P205 + 80 kr K20 + 1 ToHHa 6ruovapa Ha rektap.

KnroueBble cnoBa: 6uoyap, ynobpeHus, cos, BbeTHam, cost DT26, coa DT20.
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