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INTRODUCTION
1. The rationale of the thesis
Glycine max (L) Merrill is the scientific name for cultivated soybean, which belongs to the the botanical family Fabaceae, within the order Fabales, subfamily Papilionoideae, genus Glycine, and subgenus Soja. Soybean products provide sustenance for humans, cattle feed, feed for livestock, raw materials for the processing industry, and are a major export item. Furthermore, soybean is a short-term crop that is well-suited for rotation, polyculture, and intercropping with a variety of other crops, and it is an excellent soil improver (Ngo The Dan et al., 1999).

Thai Nguyen is a northeastern mountainous province with a total natural land area of 352,664 thousand hectares, of which 112,797 thousand hectares are utilised for agricultural production (accounting for 31.89% of the total natural land area) (statistics of Thai Nguyen province, 2019). Thai Nguyen province has a lot of potential for growing short-term industrial crops, particularly soybean, which is beneficial for rotation, intercropping, and soil improvement. However, in recent years, Thai Nguyen province's soybean area and production have steadily decreased: in 2010, the soybean area was 1567 hectares; in 2019, it was 679 hectares, the output was 1.10 thousand tons, the energy was 1.10 thousand tons, and the average yield was 1.62 tons/ha (Thai Nguyen Provincial Statistics Office, 2019). The survey results show that soybean is still planted mostly in the spring crop (63%) in Thai Nguyen, while the planting area in the summer-autumn crop is low (37%). (Appendix 5). There are numerous reasons why the soybean production area in the Summer-Autumn crop is not high. In particular, the main reasons for this are: 1) People do not have an appropriate new set of soybean cultivars. The major cultivars used are still local or DT84 (which have showed signs of degradation and have a low production potential); 2) Technical solutions are ineffective, and scientific developments have not been applied to soybean production. 3) High temperatures and heavy rain are some of the limiting external elements in the summer-autumn harvest. High temperatures during the flowering stage will cause flower loss, reduce fruit set rate, and result in a decreased yield. The phenomena of falling down is also caused by heavy rain and strong wind during the fruiting period; 4) High temperatures and humidity encourage the growth of hazardous pests like leafworms, fruit borers, rust diseases, and other pests that degrade grain quality. As a result, selecting soybean cultivars with high yield, stability, strong shedding resistance, and medium growing time, as well as adequate technical measures, is a pressing production requirement. 

For the reasons stated above, we conducted out the project "Research on various technical techniques to boost summer-autumn soybean production in Thai Nguyen".
2. The objectives of the thesis
- Selecting new soybean cultivars with high and steady yield that are suitable for Thai Nguyen's summer-autumn cultivation conditions.

- Determining appropriate technical methods for selected soybean cultivars to boost yield and contribute to refining the soybean production process in Thai Nguyen's Summer-Autumn harvest. 

3. New contributions of the thesis
DT51 has been chosen for its 90 to 93-day growth period, good growth, average plant height, number of primary branches from 2.5 to 3.5 branches/plant, low level of pest and disease infection, good resistance to spillage, yield of 2.4 - 2.6 tons/ha, and suitability for expanding the summer-autumn crop planting area in Thai Nguyen.

Appropriate and effective technological methods have been determined in order to plant DT51 in the summer-autumn crop. Specifically, the suitable planting season is from June 26 to July 16; the density is 30 plants per square meter; the amount of fertilizer per hectare is 30 kg of N: 60 kg of K2O: 60 kg of P2O5: 1000kg of Song Gianh microbial organic fertilizer (SGMOF) or 5 tons of manure; seed treatment with G3 nano-preparation mixed with A4 foliar fertilization in two stages before flowering and when the plant generates full fruit.
CHAPTER 1:  OVERVIEW OF THE THESIS
1.1. ECOLOGICAL REQUIREMENTS OF SOYBEAN PLANTS
1.2. SOYBEAN PRODUCTION AND CONSUMPTION IN THE WORLD AND IN VIETNAM
1.3. SOME RESEARCH RESULTS OF SOYBEAN IN THE WORLD AND VIETNAM.
1.4. CONCLUSIONS FROM THE RESEARCH OVERVIEW
Soybean is a crop with great nutritional and economic value, thus its area and production are steadily rising around the world, particularly in nations such as the United States, Brazil, and China. Meanwhile, soybean acreage and output in Vietnam and Thai Nguyen province have been steadily declining. Until 2018, the country as a whole had 53.4 thousand hectares of soybean cultivation, with a total output of 81.3 thousand tons; Thai Nguyen province just had 722 hectares of soybean cultivation, with a total production of 1.17 thousand tons.

The globe and Vietnam are particularly interested in soybean selection and breeding, with an emphasis on the direction of choosing cultivars with high yield, quality improvement, tolerance to adverse weather conditions (heat, drought, cold), insect resistance, herbicide resistance, pesticide resistance and so on. Many successes have been made in Vietnam by the Institutes and Research Centers on Beans in the selection and breeding of new soybean types. Many new soybean cultivars with great yield potential, such as DT51, DT2008, DT34, and DT2001, have been selected and cultivated in all three crops in a year. 

Technical measures (season, density, fertilizer) are researched for each cultivar, ecological location, and season in order to maximize the yield potential of the cultivar. Recently, new material scientific and technological applications (nanotechnology for fertilizers or microbial organic fertilizers) have been studied on soybean to boost yield, quality, and resistance to pests and diseases. 

Thai Nguyen is a mountainous midland province with ideal climate and weather conditions for soybean cultivation. Summer-autumn crop is one of the most productive soybean planting seasons because the weather conditions (temperature, light, humidity) are ideal for soybean plant growth and development. Summer and autumn crops are typically less vulnerable to pests and diseases (leaf rollers, fruit borers, root rot, rust, etc.). However, the province's summer-autumn soybean planting area is not large (accounting for 37 percent of total surveyed households), for a variety of reasons such as: hot sun and heavy rain at the start of the crop lead to seed rot and germination and density reduction, resulting in a decrease in yield; lack of suitable cultivars; lack of suitable technical measures; lack of labor and so on.
As a result, in order to enhance Thai Nguyen province's summer-autumn soybean producing region, comprehensive research on the following concerns is required: selecting suitable soybean cultivars; applying appropriate technical measures, such as sowing time, density, fertilizer levels, organic fertilizers for selected cultivars; and applying new material technologies for soybean cultivation, in order to increase yield and economic efficiency for summer-autumn soybean production. 
CHAPTER 2

RESEARCH MATERIALS, CONTENTS AND METHODOLOGIES
2.1. Research materials 

+ 10 soybean types: 8 cultivars selected by the Genetic Institute and the Center for Research and Development of Beans, and 2 local cultivars. 
+ Inorganic fertilizers: Urea (CO(NH2)2 46%), Superphosphate (P2O5 16%), Potassium chloride (KCl 60%).
+ Organic fertilizers: animal manure, Song Gianh microbial organic fertilizer, Guilin microbial organic fertilizer, NTT biological organic fertilizer 
+ G3 nano-preparation with solution elements N, P2O5, K2O, Mg, S, Fe, Cu, Co, Zn, Mn, B, Mo, Se, NAA, GA3, amino acids, humic, and Cruiser fungicidal preparation.

+ A4 nano foliar fertilizer solution: Fe, Cu, Co, Zn, Mn, B, Mo, Se, N, P2O5, K2O, GA3, Amino acids, and nano silver are among the ingredients.
2.2. Reasearch content 
The study covered four major topics:

1. An investigation and assessment of soybean production in the Thai Nguyen province's Summer-Autumn crop.

2. Research and selection of soybean cultivars suitable for summer-autumn cultivation conditions in Thai Nguyen.
3. Research on several technological solutions to boost soybean production in Thai Nguyen's Summer-Autumn crop.

4.  Establishing a paradigm of summer-autumn soybean production in Thai Nguyen.

2.3. Research methodologies
2.3.1. Investigate and assess soybean production in Thai Nguyen's summer-autumn crop
-  Primary data is gathered using a set of farmer household interview questionnaires, which includes 120 survey questionnaires with qualitative and quantitative criteria related to the topics to be collected (Appendix 5).  

- Secondary data is gathered from the Department of Agriculture and Rural Development of Thai Nguyen province, as well as the Divisions of Agriculture and Rural Development of Thai Nguyen Province's districts. 

- The synthesis and analysis of data and survey results are conducted on SPSS software.

2.3.2. Research and selection of soybean cultivars that are suitable for summer-autumn cultivation conditions in Thai Nguyen

- Experiment 1: Study the growth and development of soybean cultivars planted in the summer-autumn crop in Thai Nguyen

2.3.3. Research on certain technical approaches to boost soybean yield in Thai Nguyen’s summer-autumn crop
- Experiment 2: Study the effect of planting season on growth and yield of DT51 under summer-autumn crop conditions in Thai Nguyen.

Experiment 3: Study on the density and suitable amount of fertilizer for DT51. 
Experiment 4: Study the effect of organic fertilizer on the growth and development of DT51. 
Experiment 5: Study the effect of seed treatment and the addition of foliar fertilizer by nano-preparations on the growth and development of the new DT51. 
2.3.4. Building a summer-autumn soybean production model applying research results on DT51 and technical measures for the cultivar
2.4. Techniques for taking care of soybean plants and methods of monitoring research criteria 

2.4.1. Techniques for soybean plant care and pest control
-  In the tests, soybean plants were sown and cared for in accordance with the instructions QCVN 01-58: 2011/BNNPTNT.
- Pest control and chemical medicine use were carried out in accordance with Plant Protection Industry guidelines. 

2.4.2. Research objectives and tracking methods:

· Growth-development criteria
· Physiological criteria
· Resilience 
· Productivity and productivity components 
2.4.3. The economic effectiveness of technical methods
2.5. Data processing methods
- The collection and synthesis of survey data were processed on SPSS software.

- The research results were statistically analyzed using the SAS 9.1 program and Excel software. 
2.6. Research location and time
2.6.1. Research location
- Upland crop area in Thai Nguyen University of Agriculture and Forestry, Phu Luong district, Vo Nhai district, Thai Nguyen province.
2.6.2. Research time
The project was carried out from December 2014 to December 2018
CHAPTER 3: RESEARCH RESULTS AND DISCUSSION
3.1. Survey results on summer-autumn soybean production in Thai Nguyen
3.1.1. Current agricultural land use and climate and weather conditions in Thai Nguyen province's summer-autumn crop
3.1.2. Current status of summer-autumn soybean production in Thai Nguyen province
3.1.3. Major difficulties in soybean production in Thai Nguyen province during the summer-autumn crop
3.1.4. Issues drawn from the survey results

- The agricultural land and climate of Thai Nguyen province are favorable for the growth of soybean planting areas, particularly in the summer-autumn crop. However, the soybean planting area in Thai Nguyen province has steadily fallen in recent years, and the number of families engaging in summer-autumn soybean cultivation accounts for just 37% of the total number of households surveyed. 

- People continue to primarily use local cultivars and DT84 cultivars for the summer-autumn crop, with only 10% of the total surveyed households using other cultivars (of unknown origin and name) for the summer-autumn crop, in addition to the use of inappropriate farming techniques, such as using unbalanced fertilizers (the amount of manure and inorganic fertilizers is low), and the plant density is relatively sparse (from 20 to 30 plants/m2); using pesticides incorrectly according to the methodology, and so on. This results in a low soybean yield of just 1.3 - 1.5 tons/ha.

- There are some climate constraints when growing summer-autumn soybeans: high temperatures and heavy rain. If heavy rain falls during the first stage of the sowing season, it is easy to cause seed rot, limit germination rate, and take time to re-seed or remove seedlings. It is possible to cause flower drop and reduce fruit set rate if the flowering stage is subjected to heavy rain and high temperatures. If the fruit is firm and physiologically ripe, it is vulnerable to severe rain, which might cause its dropping and damage the quality of the seeds. High temperatures and high humidity throughout the crop can easily produce a variety of pests (leafworms, fruit borers), diseases, and other problems (rust, root rot, brown spots, etc.). Therefore, there is a need to have a thorough study on the issue of selecting suitable cultivars: Selecting cultivars with growth time of less than 85 days (early ripening) or less than 95 days (medium ripening) to limit the pressure to expand the harvest, suitable plant height (to avoid falling down), and tolerance to heat, pests, and diseases; and developing technical processes (season, fertilizer, and density) for selected cultivars so that they can grow and develop properly for high and stable yields under cultivation conditions of summer-autumn crop in Thai Nguyen. 
3.2. Results of research on growth, development and yield of soybean cultivars in the summer-autumn crop of 2015-2016
3.2.1.  Growth and development stages of experimented soybean cultivars
Table 3.7. Growth and development stages of experimented soybean cultivars in Thai Nguyen’s summer-autumn crops in 2015 and 2016 
	Cultivars
	Time from sowing to … (days)
	Growth time (days)

	
	Growing
	Flowering
	

	
	2015
	2016
	2015
	2016
	2015
	2016

	DT84 (CC)
	4
	5
	33
	32
	86
	86

	DT2001
	3
	4
	43
	41
	96
	95

	DT51
	4
	4
	35
	35
	90
	93

	DT34
	3
	4
	37
	35
	94
	93

	DT22
	3
	4
	37
	35
	83
	85

	DT12
	3
	4
	30
	31
	81
	84

	D8
	4
	5
	34
	33
	83
	84

	DT2008
	4
	5
	47
	49
	101
	98

	Cuc Bong (Pinto beans)
	3
	4
	40
	41
	93
	91

	Vang CB
	3
	4
	39
	40
	91
	91


The results of Table 3.7 show that the growth time of the experimented soybean cultivars in the Summer-Autumn crop ranged from 81 to 101 days (2015) and from 84 to 98 days (2016). In which, the cultivar with the shortest growth time is DT12, which is only from 81-84 days (in both years), so it is 2-5 days shorter than the control cultivar (CC). The following cultivars have a growth time of more than 90 days: DT51, DT34, DT2001, DT2008, Cuc Bong, and Vang Cao Bang (5-15 days longer than the control cultivar). With this growth time, two cultivars (DT12, D8) belong to the early ripening group (growing time < 85 days), while the remaining cultivars belong to the medium ripening group. 

3.2.2. Some morphological characteristics of experimented soybean cultivars
Table 3.8. Plant height and fruiting height of experimented soybean cultivars in Thai Nguyen’s summer-autumn crops in 2015 and 2016 
	Cultivars
	Plant height (cm)
	Fruiting height (cm)

	
	2015
	2016
	2015
	2016

	DT84 (CC)
	68,90
	72,45
	14,51
	12,23
	

	DT2001
	66,96
	73,66
	16,01
	15,05
	

	DT51
	60,66
	66,71
	15,06
	15,15
	

	DT34
	64,06
	66,06
	15,65
	14,67
	

	DT22
	58,10
	55,25
	11,30
	9,70
	

	DT12
	46,10
	43,97
	9,93
	11,35
	

	D8
	55,13
	55,79
	9,55
	11,85
	

	DT2008
	73,96
	76,45
	19,83
	17,41
	

	Cuc Bong (Pinto beans)
	55,56
	57,98
	11,38
	9,12
	

	Vang CB
	59,46
	56,95
	13,10
	11,04
	

	P
	<0.05
	<0.05
	<0.05
	<0,05
	

	CV(%)
	7,9
	6,7
	10,7
	11,3
	

	LSD.05
	8,2
	7,2
	2,5
	2,4
	


Table 3.8 shows that plant height of the experimented soybean cultivars varied greatly in both years, ranging from 46.10 to 73.96 cm (in 2015), and from 43.97 to 76.45cm (in 2016). DT2008, DT2001, and the control cultivar are similar in height and taller than the others. DT12 has the lowest plant height (45.03cm), which is lower than the control cultivar and the rest.
· The experimented soybean cultivars had considerably diverse fruiting heights, ranging from 9.55 to 19.83cm (in 2015) and from 9.12 to 17.41cm (in 2016). Cultivars with fruiting heights more than 15cm are DT2001, DT51, DT34, and DT2008. The cultivar with the greatest fruiting height is DT2008, whereas the cultivar with the lowest fruiting height is Cuc Bong,  
Table 3.9. Number of primary branches and fertile nodes, and stem diameter of experimented soybean cultivars in Thai Nguyen’s summer-autumn crops in 2015 and 2016 
	Cultivars
	Number of primary branches (per plant)
	Number of fertile nodes (per stem)
	Stem diameter (mm)

	
	2015
	2016
	2015
	2016
	2015
	2016

	DT84 (CC)
	2,83
	2,90
	13,00
	11,80
	6,63
	5,45

	DT2001
	3,60
	4,03
	19,00
	19,10
	7,40
	6,99

	DT51
	2,66
	3,56
	15,26
	13,86
	4,80
	5,10

	DT34
	2,73
	2,99
	13,91 
	14,00
	6,00
	5,94

	DT22
	2,63
	2,83
	16,21
	16,30
	4,50
	5,63

	DT12
	1,96
	2,17
	12,22
	12,30
	4,10
	4,63

	D8
	2,06
	2,30
	14,4
	13,11
	4,33
	4,84

	DT2008
	3,36
	3,45
	13,10
	11,90
	8,53
	7,34

	Cuc Bong (Pinto beans)
	2,13
	2,52
	17,20
	17,31
	5,46
	5,04

	Vang CB
	2,20
	2,26
	14,31
	14,43
	6,30
	6,92

	P
	<0,05
	<0,05
	<0.05
	<0.05
	<0,05
	<0.05

	CV(%)
	9,56
	10,22
	2,87
	2,92
	6,45
	4,94

	LSD.05
	0,43
	0,50
	0,73
	0,74
	0,64
	0,48


Table 3.9 shows that the experimented soybean cultivars had a considerably varying number of primary branches, ranging from 1.96 to 3.36 (in 2015) and from 2.17 to 4.03 (in 2016). DT2001, DT51, and DT2008 were the cultivars with the most primary branches out of three branches per plant and tended to be stable during the years of experiment. The cultivars with the fewest primary branches are DT12, D8, Cuc Bong, and Vang CB.

The number of fertile nodes per stem of the cultivars varied greatly, ranging from 12.2 to 19.0 nodes (in 2015) and from 12.3 to 19.0 nodes (in 2016). The tallest and taller than the control cultivar was DT2001.  

The experimented cultivars’ stem diameters ranged from 4.10 to 8.53mm (in 2015) and from 4.63 to 7.34mm (in 2016). DT2008 has the biggest stem diameter, which is greater than the control cultivar and the others.
3.2.4.  Tolerance ability of experimented soybean cultivars
Table 3.11. Levels of infection and pest and resistance to falling down of experimented soybean cultivars in Thai Nguyen’s summer-autumn crops in 2015 and 2016 
	Cultivars
	Leaf rollers (%)
	Fruit borers
 (%)
	Rust (score)
	Resistance to falling down (score)

	
	2015
	2016
	2015
	2016
	2015
	2016
	2015
	2016

	DT84 (CC)
	8,06
	8,46
	2,87
	2,10
	2
	2
	2
	2

	DT2001
	8,46
	8,09
	2,76
	1,89
	1
	1
	2
	2

	DT51
	8,66
	8,53
	3,11
	2,02
	1
	1
	2
	2

	DT34
	9,02
	8,33
	3,03
	2,13
	1
	1
	2
	2

	DT22
	9,42
	7,46
	2,91
	2,32
	1
	1
	2
	2

	DT12
	7,81
	7,61
	2,53
	1,88
	1
	1
	2
	2

	D8
	8,21
	7,97
	2,44
	1,87
	1
	1
	2
	2

	DT2008
	9,85
	5,49
	2,98
	1,98
	3
	3
	2
	2

	Cuc Bong (Pinto beans)
	7,69
	5,40
	2,87
	1,78
	1
	1
	2
	2

	Vang CB
	7,35
	7,05
	2,45
	2,01
	1
	1
	2
	2


- According to Table 3.11, all of the cultivars were infected by leaf rollers, which caused 5.40 to 9.02 percent of damaged leaves (both years) and fruit borers, which caused 1.87 to 3.11 percent of damaged leaves (both years).
- Rust disease: The experimented soybean cultivars were infected with rust at varying levels in both years' summer-autumn crops. DT2008 was the most infected (at score 3), followed by (at score 2), while the remaining cultivars were at score 1. 

- The possibility of falling down of the experimented soybean cultivars was quite low, which is at score 2 (<25% of the plants fell down). 

3.2.5. Yield and yield components of experimented soybean cultivars
3.2.5.1. Yield components of experimented soybean cultivars
Table 3.12. Yield components of experimented soybean cultivars in Thai Nguyen’s summer-autumn crops in 2015 and 2016
	Cultivars
	Number of full pods/plant
(pods)
	Number of healthy seeds/pod
(seeds)
	Weight of 1000 seeds
(gram)

	
	2015
	2016
	2015
	2016
	2015
	2016

	DT84 (CC)
	46,10
	44,57
	2,38
	2,12
	165,3
	160,7

	DT2001
	56,33
	53,76
	2,12
	2,27
	160,9
	144,8

	DT51
	54,13
	51,13
	2,52
	2,62
	170,8
	162,3

	DT34
	54,10
	49,82
	2,12
	2,12
	166,4
	158,1

	DT22
	47,46
	51,39
	2,62
	2,41
	137,4
	130,5

	DT12
	31,03
	39,72
	2,12
	2,23
	157,3
	165,1

	D8
	32,63
	42,83
	2,59
	2,12
	182,5
	164,3

	DT2008
	46,73
	50,57
	2,30
	2,59
	184,3
	175,0

	Cuc Bong (Pinto beans)
	40,83
	47,90
	2,41
	2,30
	121,1
	109,0

	Vang CB
	44,06
	43,35
	2,23
	2,12
	114,5
	103,1

	P
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	CV(%)
	5,95
	7,63
	7,02
	8,13
	2,69
	2,32

	LSD.05
	4,63
	6,17
	0,28
	0,31
	7,21
	5,86


* Table 3.12 shows that the quantity of full pods/plant of experimented soybean cultivars varied greatly, ranging from 31.03 to 56.33 pods/plant (in 2015) and from 39.72 to 53,76 pods/plant (in 2016). DT51 and DT2001 were the cultivars with the highest number of full pods, which is higher than the control cultivar and the rest, and tended to be consistent across the experimented years; and their yields ranged from 51.13 to 56.33 pods/plant. The experimented soybean cultivars all produced more than two healthy seeds per pod. The weight of 1000 seeds from the experimented soybean cultivars ranged from 114.5 to 184.3 grams (in 2015), and from 103.1 to 175.0 grams (in 2016). DT2008, D8 had the maximum weight of 1000 seeds, while Cuc Bong and Vang CB had a weight of 1000 seeds that was significantly lower than the control cultivar and the rest. 
3.2.5.2. Yields of experimented soybean cultivars
Table 3.13. Theoretical and actual yields of experimented soybean cultivars in Thai Nguyen’s summer-autumn crops in 2015 and 2016
Unit: tons/ha
	Cultivars
	Theoretical yield
	Actual yield

	
	2015
	2016
	2015
	2016
	Average 

	DT84 (CC)
	5,43
	4,54
	1,97
	2,00
	1,99

	DT2001
	5,75
	5,27
	2,37
	2,40
	2,38

	DT51
	6,96
	6,96
	2,46
	2,55
	2,51

	DT34
	5,73
	4,99
	2,15
	2,12
	2,14

	DT22
	5,13
	4,84
	2,15
	2,23
	2,19

	DT12
	3,11
	4,39
	1,50
	1,55
	1,55

	D8
	4,63
	5,23
	1,51
	1,63
	1,57

	DT2008
	5,92
	6,89
	2,45
	2,35
	2,40

	Cuc Bong (Pinto beans)
	3,57
	3,59
	1,76
	1,84
	1,80

	Vang CB
	3,37
	2,84
	1,61
	1,76
	1,69

	P
	<0.05
	<0.05
	<0.05
	<0.05
	

	CV(%)
	8,60
	10,04
	9,83
	9,71
	

	LSD.05
	0,73
	0,83
	0,33
	0,34
	

	PG
	
	
	
	
	<0.05

	PN
	
	
	
	
	>0.05

	PG&N
	
	
	
	
	>0.05

	CV(%)
	
	
	
	
	9,56

	LSD.05 G
	
	
	
	
	0,22


· Actual yields:
According to the data in Table 3.13, the connection between cultivars and five experiments on actual yield is not significant (PGxN > 0.05). When the components are considered separately, it is revealed that the actual yield is dependent on the cultivar factor (PG < 0.05), ranging from 1.55 to 2.51 tons/ha. In which the yield of DT51 was equivalent to that of DT2008 and DT2001, as well as higher than that of the control cultivar DT84 and the rest. The yield of DT12 is comparable to that of D8 and Vang Cao Bang, but lower than that of the control cultivar and the others. 

Preliminary conclusion: The results of the cultivar comparison in the two years 2015-2016 show that DT51 chosen by the Center for Bean Research and Development has many advantages in terms of growth, development, being slightly infected by diseases and pests, having good resistance to falling down, producing a high yield (average 2.51 tons/ha, 26 percent higher than the control cultivar’s), and being stable in summer-autumn cultivation conditions in Thai Nguyen. As a result, DT51 was chosen as the subject of the experiment to study technical measures in the summer-autumn crop in Thai Nguyen.
3.3. Research results on technical measures for DT51
3.3.1.4.  Effect of planting season on yield and yield components of DT51
Table 3.19. Effect of planting season on yield and yield components of DT51 in Thai Nguyen’s summer-autumn crop in 2016
	Formula
	Phu Luong
	Vo Nhai
	Average

	PS1
	2,63
	2,93
	2,78

	PS2
	2,46
	2,60
	2,53

	PS3
	2,52
	2,51
	2,51

	PS4
	2,14
	2,18
	2,16

	PS5
	1,79
	1,58
	1,68

	P (formula)
	<0.05
	<0.05
	

	CV% (formula)
	4,53
	9,11
	

	LSD.05 (formula)
	0,19
	0,40
	

	PPS
	
	
	<0.05

	PPS&PL
	
	
	>0.05

	CV (%) (planting season)
	
	
	7,37

	LSD.05 (planting season)
	
	
	0,20


According to the results of Table 3.19, the real yield of different planting seasons varies greatly, with a tendency to gradually decrease the actual yield at late planting seasons.

Table 3.19 also demonstrates that the interaction between planting season (PS) and planting location (PL) on yield of soybean cultivar DT51 is not significant (PPSxPL > 0.05). Considering the planting season factor, there is a significant difference in yield when sowing at different seasons, the yield trend decreased at late planting seasons, ranging from 1.68 to 2. 78 tons/ha. In which, PS1 (sowing on June 26) gave the highest yield (2.78 tons/ha); PS2 and PS3 had the same productivity but higher than PS4 and PS5. PS5 (sowing on August 5) had the lowest actual yield (1.68 tons/ha).
3.3.2.5. Effect of density and amount of fertilizer on yield and yield components of DT51
Table 3.27. Effect of density (D) and amount of fertilizer (F) on yield of DT51 in Thai Nguyen’s summer-autumn crops in 2016 and 2017
Unit: tons/ha

	Formula
	Theoretical yield
	Actual yield

	
	Phu Luong
	Vo Nhai
	Phu Luong
	Vo Nhai

	
	2016
	2017
	2016
	2017
	2016
	2017
	2016
	2017

	F1D1
	3,0
	3,80
	2,86
	3,74
	1,62
	1,49
	1,56
	1,54

	F1D2
	2,99
	4,03
	4,35
	3,66
	1,65
	1,67
	1,75
	1,68

	F1D3
	5,16
	5,11
	3,92
	3,80
	1,74
	1,80
	1,78
	1,65

	F2D1
	3,62
	3,60
	3,37
	3,55
	1,78
	1,73
	1,61
	1,78

	F2D2
	5,02
	4,72
	4,47
	4,73
	2,45
	2,20
	2,52
	2,44

	F2D3
	5,66
	6,24
	4,14
	3,98
	2,52
	2,20
	2,50
	2,41

	F3D1
	4,63
	4,03
	2,63
	4,37
	1,74
	1,74
	1,70
	1,76

	F3D2
	5,19
	4,89
	3,95
	5,06
	2,51
	2,34
	2,52
	2,53

	F3D3
	5,19
	5,89
	4,10
	5,44
	2,37
	2,51
	2,40
	2,48

	PFxD
	>0.05
	>0.05
	>0.05
	>0.05
	<0.05
	<0.05
	<0.05
	<0.05

	CV(%)
	14,92
	10,51
	8,42
	13,55
	7,70
	6,48
	8,32
	9,45

	LSD.05(FxD)
	-
	-
	-
	-
	0,15
	0,12
	0,16
	0,19

	F1
	3,72
	4,31
	3,71
	4,11
	1,67
	1,66
	1,70
	1,63

	F2
	4,77
	4,85
	3,99
	4,76
	2,25
	2,04
	2,21
	2,21

	F3
	5,00
	4,94
	3,56
	4,76
	2,21
	2,20
	2,21
	2,26

	PF
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	CV(%)
	14,92
	10,51
	8,42
	13,55
	7,70
	6,48
	8,32
	9,45

	LSD.05(F)
	0,67
	0,49
	0,31
	0,61
	0,15
	0,12
	0,16
	0,19

	D1
	3,75
	3,8,21
	2,96
	3,95
	1,71
	1,65
	1,62
	1,69

	D2
	4,40
	4,5,48
	4,26
	4,28
	2,20
	2,07
	2,26
	2,22

	D3
	5,34
	5,7,56
	4,06
	5,40
	2,21
	2,17
	2,23
	2,18

	PD
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	CV(%)
	14,92
	10,51
	8,42
	13,55
	7,70
	6,48
	8,32
	9,45

	LSD.05(D)
	0,67
	0,49
	0,31
	0,61
	0,15
	0,12
	0,16
	0,19


Notes: F1: 15kg of N:40kg of P2O5:40kg of K2O + 1 ton of SGMOF; F2: 30kg of N: 60kg of P2O5: 60kg of K2O + 1 ton of SGMOF; F3: 45kg of N: 80kg of P2O5: 80kg of K2O + 1 ton of SGMOF; D1: 20 plants/m2; D2:30 plants/m2; D3: 40 plants/m2
· Theoretical yield: The interaction between density and fertilizer on theoretical yield is not significant (PFxD > 0.05), according to the results in Table 3.27. As a result, the theoretical yield varies depending on the amount of fertilizer used or the density of the soil. General trend: Theoretical yield increases as the amount of fertilizer increases from F1 to F3, with F1 providing the lowest theoretical yield. Theoretical yield increases with density from D1 to D3, with D3 providing the largest theoretical yield. 
· Actual yield: The results of Table 3.27 demonstrate that there is a significant interaction between density and fertilizer on the actual yield of DT51 in Thai Nguyen during the summer-autumn crop (PPxM < 0.05). In particular:
+ In Phu Luong: The experimented formulas' actual yield ranged from 1.62 to 2.51 tons/ha (in 2016) and from 1.49 to 2.51 tons/ha (in 2017). In which, the combinations that obtained the best yield and tended to remain consistent over the years were the combinations F2D2, F2D3, F3D2, F3D3, which achieved an actual yield of 2.20 - 2.51 tons/ha. 

+ In Vo Nhai: The actual yield of the experimented formulas was from 1.56 to 2.52 tons/ha (in 2016) and from 1.54 to 2.53 tons/ha. The combinations with the highest and stable actual yields over the experimented years were F2D2, F2D3, F3D2, F3D3, achieving a yield of 2.41 - 2.53 tons/ha.

3.3.2.6. Economic efficiency of experimented formulas
Table 3.28 shows that the formulas' returns above variable cost ranges from 10.76 to 30.53 million VND per hectare. The F1D1 formula yielded the lowest returns above variable cost (10.76 million VND/ha), while the F3D2 formula yielded the greatest returns above variable cost (30.53 million VND/ha). However, the formulas F2D2 and F3D2 have the same value cost ratio (0.95%), despite the fact that the formula F2D2 has a smaller value cost ratio. Thus, with DT51, the amount of fertilizer 30kg of N: 60kg of P: 60kg of K combined with a density of 30-40 plants/m2 or 40kg of N: 80kg of P: 80kg of K) combined with a density of 30 – 40 plants/m2 will offer the maximum actual yield and best returns above variable cost. 
Table 3.28. Economic efficiency of formulas that experimented the effect of density and amount of fertilizer on yield of DT51 in Thai Nguyen’s summer-autumn crops in 2016 and 2017
Unit: million VND
	Formulas
	Total Variable Cost (TVC)
	Total Revenue
	Returns Above Variable Cost (RAVC)
	Value cost ratio (VCR)

	
	
	Phu Luong
	Vo Nhai
	
	

	
	
	2016
	2017
	2016
	2017
	
	

	F1D1
	28,97
	48,69
	44,94
	46,80
	50,34
	10,76
	0,37

	F1D2
	29,35
	49,59
	50,34
	54,60
	51,63
	13,59
	0,46

	F1D3
	29,74
	52,29
	54,15
	54,54
	49,77
	14,16
	0,47

	F2D1
	30,22
	53,61
	51,90
	48,51
	52,47
	12,79
	0,42

	F2D2
	30,61
	72,69
	66,12
	75,66
	72,42
	29,15
	0,95

	F2D3
	30,99
	75,78
	66,12
	72,60
	72,39
	28,77
	0,92

	F3D1
	31,48
	52,32
	52,35
	50,19
	52,05
	11,62
	0,36

	F3D2
	31,86
	75,48
	70,41
	77,73
	75,93
	30,53
	0,95

	F3D3
	32,25
	70,20
	75,45
	69,27
	71,43
	27,40
	0,84


3.3.3. Effects of organic fertilizers on DT51 development and yield in summer-autumn crops in 2016 and 2017
3.3.3.5. Effects of some organic fertilizers on yield and yield components of DT51
+ Actual yield: 

· In Phu Luong: The actual yield in the summer-autumn crop of 2016 was notably different in multiple experimented formulas, ranging from 2.22 to 2.49 tons/ha. FOR1 (Control formula - CF) had an actual yield that was comparable to FOR2 (Song Gianh fertilizer application) but much greater than FOR3 (Que Lam fertilizer application) and FOR4 (NTT fertilizer application). The actual yield in the experimented formulas was similar in the summer-autumn crop of 2017, ranging from 2.29 to 2.54 tons/ha.
Table 3.35. Effects of some organic fertilizers on the yield of DT51 in Thai Nguyen’s summer-autumn crops in 2016 and 2017
Unit: tons/ha

	Formula
	Theoretical yield
	Actual yield

	
	2016
	2017
	2016
	2017

	Phu Luong
	
	

	FOR1 (CF)
	4,76
	4,55
	2,49
	2,44

	FOR2
	4,89
	4,37
	2,47
	2,54

	FOR3
	4,26
	4,15
	2,32
	2,39

	FOR4
	3,97
	4,24
	2,22
	2,29

	P
	<0.05
	>0.05
	<0.05
	>0.05

	CV(%)
	5,20
	5,15
	3,36
	4,57

	LSD.05
	0,46
	-
	0,15
	-

	Vo Nhai
	
	

	FOR1 (CF)
	4,84
	5,07
	2,53
	2,56

	FOR2
	4,86
	5,10
	2,50
	2,61

	FOR3
	4,34
	4,43
	2,33
	2,41

	FOR4
	4,41
	4,45
	2,20
	2,30

	P
	<0.05
	<0.05
	<0.05
	<0.05

	CV(%)
	3,10
	5,38
	4,26
	2,70

	LSD.05
	0,28
	0,51
	0,20
	0,15


(FOR1: Manure, FOR2: Song Gianh microbial organic fertilizer, FOR3: Que Lam bio-organic fertilizer, FOR4: NTT bio-organic fertilizer)
· In Vo Nhai: The actual yield in the summer-autumn crop of 2016 was notably different in multiple experimented formulas, ranging from 2.20 to 2.53 tons/ha. FOR1, FOR2, and FOR3 all have actual yields that are similar. FOR4 has an actual yield similar to FOR3, although it is substantially less than FOR1 and FOR2. The yearly yield ranged from 2.30 to 2.61 tons/ha in the 2017 summer-autumn crop. FOR1 and FOR2 have actual yield values that are similar to each other and greater than the other two formulas.
3.3.4. Effects of nanotechnology application in seed treatment and foliar fertilization on growth and yield of DT51 in summer-autumn crops in 2016 and 2017
3.3.4.4. Effect of nano preparations in seed treatment and foliar fertilization on yield and yield components of DT51
Table 3.40. of DT51 in Thai Nguyen’s summer-autumn crops in 2016 and 2017
Unit: tons/ha

	Formula
	Theoretical yield
	Actual yield

	
	2016
	2017
	2016
	2017
	Average

	FOR1
	5,26
	7,17
	2,50
	2,63
	2,56

	FOR2
	5,73
	7,25
	2,49
	2,64
	2,56

	FOR3
	7,61
	7,37
	2,83
	2,98
	2,90

	FOR4
	6,63
	6,93
	2,55
	2,64
	2,60

	FOR5(CF)
	4,64
	5,63
	2,45
	2,48
	2,43

	P
	<0.05
	<0.05
	<0.05
	<0.05
	

	CV(%)
	8,23
	7,73
	3,10
	4,39
	

	LSD.05
	0,92
	1,00
	0,15
	0,22
	

	PFOR
	
	
	
	
	<0.05

	PFOR&BF
	
	
	
	
	>0.05

	CV(%)
	
	
	
	
	3,77

	LSD.05 (FOR)
	
	
	
	
	0,11


Notes: FOR1: Base fertilizer (BF) + seed treatment with nano preparations.

FOR2: Base fertilizer + seed treatment with nano preparations + Spraying with nano nutrient solution once when the plant has 6-7 nodes (before flowering)

FOR3: Base fertilizer + seed treatment with nano preparations + Spraying with nano nutrient solution 2 times: 1st time: before flowering; 2nd time: when the plant has fully formed fruit (seed development phase)

FOR4: ½ amount of base fertilizer (15N: 30P: 30K) + Seed treatment with nano preparations + Spraying with nano nutrient solution 2 times: 1st time: before flowering; 2nd time: when the plant has fully formed fruit (seed development phase)

FOR5: Base fertilizer + Control (no seed treatment) + No nutrient solution sprayed. 
The results of Table 3.40 reveal that the actual yield of the experimented formulas have a substantial difference betwên them. On the yield of DT51, the interaction between the experimented formula and the five experiments was not significant (PFORxBF > 0.05). The yields differed significantly between formulas, ranging from 2.43 to 2.90 tons/ha. FOR3 has the highest yield (at 2.90 tons per hectare). The control formula FOR5 control group had the lowest actual yield (2.43 tons/ha).
3.4. Result of building production model 
Table 3.42. Evaluation of the economic efficiency of the summer-autumn soybean production model in Thai Nguyen
	Category
	DT51 
	Control cultivar

	Actual yield (ton/ha)
	2,88
	1,66

	Total variable cost (TVC) (VND)
	33.454.000
	22.030.000

	Gross revenue (GR) (VND)
	72.000.000
	41.700.000

	Returns Above Variable Cost (RAVC) (VND) 
	38.546.000
	19.670.000

	VCR (%)
	1,15
	0,89


According to Table 3.42, the cost of DT51 production model employing nano preparations (seed treatment and spraying preparations twice) is greater than the cost of the control area. Model 1's gross revenue and returns above variable cost, on the other hand, were larger (38,546,000/ha) than the control area (19,676,000/ha). In specifically, the DT51 model area’s value cost ratio was 1.15 %, whereas that of the DT84 area was 0.89 %. 
CONCLUSIONS AND RECOMMENDATIONS
I. CONCLUSIONS
1. Result of survey and assessment of summer-autumn soybean production in Thai Nguyen

Thai Nguyen province's climate and soil conditions are ideal for growing soybeans in the summer-autumn crop. However, the province of Thai Nguyen's summer-autumn soybean planting area is still small (37 %). The cultivars used is mainly local or DT84, with low yield (1.3 - 1.5 tons/ha); Inadequate planting density, ineffective fertilizer use (insufficient fertilizer dosage, unbalanced fertilizer application and so on) lead to low yield. In Thai Nguyen, there is a lack of a new set of soybean cultivars and technical techniques for high yield, suitability for summer-autumn crop circumstances and ability to overcome weather constraints (high temperature, high humidity, heavy rain and so on.)
2. Cultivar selection results

DT51 was chosen because of its 90-93-day growth period, good growth and development, good pest and disease resistance, beautiful yellow seeds, and average yield of 2.51 tons/ha, which increased by 26.13 percent above the control cultivar. 
3. Research results on technical measures for DT51

- In Thai Nguyen province's summer-autumn crop, June 26 to July 16 is the best period to sow DT51. With a planting density of 30 plants per m2, a fertilizer combination of 30 kg of N + 60 kg of P2O5 + 60 kg of K2O, and 1000 kg of Song Gianh microbial organic fertilizer, typical yields range from 2.4 to 2.5 tons per hectare. As for the economic efficiency, the returns above variable cost ranged from 28 to 31 million VND per hectare. 

- On the base of inorganic fertilizer (30 kg of N + 60 kg of P2O5 + 60 kg of K2O), using 5 tons of manure or 1 ton of Song Gianh microbial organic fertilizer as a lining fertilizer enhances the number of full pods and the number of pods with 3 seeds/plant, resulting in an actual yield of 2.4 to 2.6 tons/ha. 
- The maximum yield was achieved by using nano preparations for seed treatment in combination with foliar fertilization at two stages before flowering and when the plant form full fruits (average 2.90 tons/ha, a 19% increase over the control).
4. Model building results
The model employing DT51 and modern farming techniques yielded 2.88 tons/ha on average, compared to 1.66 tons/ha for the control model utilizing DT84 and conventional farming techniques. The returns above variable cost of DT51 model area was valued at 38,546,000 VND/ha, whereas that of the model area was valued at 19,676,000 VND/ha. The value cost ratio of the model area planted DT51 reached 1.15%, whereas that of the area planted with DT84 reached 0.89 %. 
II. RECOMMENDATIONS
· Introduce DT51 and researched technical measures to increase productivity into the cultivar structure of Thai Nguyen province, encouraging households to grow and expand the area of ​​Summer-Autumn soybean. 

· Continue to study technical measures to increase the quality of DT51 soybean seeds (isoflavone content; fatty acid content; protein content and so on).
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