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INTRODUCTION

1. Thesis imperiousness

Climate change (CC) has been potential and adverse impacts on development. Climate change is not only an environmental issue and it is no longer an issue of an individual factor, but it is a matter of sustainable development.
In recent years, the weather and climate situation has become increasingly complicated and unpredictable. The sunny season is usually longer, hotter and more intense. There are prolonged heat waves and temperatures are approximately 40°C. In winter, the average temperature is low with many long-lasting cold. Diseases on plants and animals are becoming more complicated.

Vietnam is rated by scientists as the 13th among the top 16 countries strongly affected by climate change, of which, agriculture in general and crop production in particular will be most affected by climate change and sea level rise. According to Pham Dong Quang, Deputy Director of the Department of Crop Production, total crop production output can be reduced by 1-5%, yield of major crops can be reduced by up to 10%, especially for rice production (Nguyen Thi To Tran, 2014).

In that general context, the Pho Day river basin in Son Duong district, the southern region of Tuyen Quang province, has a large area of agricultural and forestry land, favorable for a concentrated commodity production area, bringing revenue for people. However, over the past years, under the impacts of climate change, the region has also been affected by climate change. From the above issues, the implementation of the topic "Studying the effects of climate change on the production of some main crops and proposing solutions for adaptation in Pho Day river basin, Son Duong district, Tuyen Quang province” is very necessary.
2. Objectives of the study

- Assessment of climate change affecting the Pho Day river basin, Son Duong district.

- Assessment of the impacts of climate change on production of major crops in Pho Day river basin, Son Duong district.

- Proposing solutions to climate change adptation.
3. Scientific and practical significance
3.1. Scientific significance
The thesis topic systematically provided a scientific basis for the effects of climate change on the production of major crops and suggested adaptive solutions. The research results of the thesis topic were meaningful information for the next research in the field of climate change.
3.2. Practical significance
Evaluating the impacts of climate change on the production of major crops in the region and proposed solutions to climate change adaptation which were suitable for Pho Day river basin and places with similar conditions.

4. New contributions of the study
- The thesis has investigated and collected data to synthesize, analyze and evaluate the trends of climate change and the impacts of climate change on  maijor crop production of Pho Day river basin, Son Duong district. 
- The dissertation has analyzed and evaluated the evolution of seasons, growing period and yield for major crops in Pho Day river basin, Son Duong district through the climate change. 
- Proposing a number of breeding and technical solutions for rice, maize and peanuts adapting to climate change, contributing to the sustainable development of the locality.
Chapter 1. DOCUMENT OVERVIEW 

1.1. The scientific basis of the topic
Agriculture is a relatively sensitive area to climate change such as temperature, number of sunny days, rainfall, etc. Climate change has a great impact on agricultural production in different ecological regions in the world (IPCC, 2007, Stern N., 2007). This study demonstrated in the following aspects:
When the temperature increases, it will affect the ability to the growth and development of crops, causing yield and production changes; As the temperature increases, the water resources are reduced, many areas have no water and cannot continue to cultivate, leading to a decrease in the cultivated area.

Extreme and irregular weather phenomena such as early and late storms, improper rainfall, heavy rain, prolonged rain, severe cold will cause difficulties for crop structure arrangement and cause damages, etc.
The synthesized studies showed that the impacts of climate change on agriculture is relatively clear and come from climatic components. Minimizing the above impacts will be much more difficult than adapting, selecting and improving technologies suitable to climate change conditions.
1.2. Effects of climate change on crop production 

1.2.1. In the world 
Synthesis of published case studies showed that the effects of climate change on crop production is shown as follows:
Brown M.E. et al (2015) projected the increase in temperature, change in rainfall, change in extreme weather and the reduction in water availability can lead to a decrease in agricultural productivity.
The FAO, 2005 reported an estimate of 25–42% of the species in Africa  habitat could be lost, affecting both grain crops and non-grain crops. Habitat changes were taking place in several areas, leading to a change in species, altering plant diversity including native grain crops and medicinal plants (McClean J. Colin). In developing countries, 11% of arable land was likely to be affected by climate change, including reduction in grain yields in 65 countries, an estimate of 16% agricultural GDP (FAO, 2005).
In the US, the annual weed control costs are more than 11 billion dollars, which are expected to increase as temperature and carbon dioxide concentrations increase. In 2012, high nighttime temperatures affected maize yield across the US corn belt and cherries sprouting early from warm winters cost $ 220 million in Michigan.

Ganesh C. Bora et al. (2014) evaluated the impacts of change in different climatic factors keeping other factors constant on spring wheat production in North Dakota from 2007 to 2011. Spring wheat yields were mainly dependent on climate change during growing period from April to September. The average maximum air temperature varied considerably from April to September. The average minimum and maximum air temperatures were high during planting and increase in yield; while low average soil temperature, excessive rainfall in April caused low wheat yields in spring.
The FAO estimated that productive agriculture (crop production, livestock, fisheries and aquaculture) will have to grow by about 60 percent by 2050 to feed the global population. Climate change will reduce staples production. Therefore, it is urgently necessary to coordinate actions to address climate change, it is estimated that by 2100 maize yield could decrease by 20-45%, wheat yield decreases by 5 - 50%, rice yield increases by 20-30% and soybean yield increases 30-60% (FAO, 2016).

In 2008, an unusual flood of the Mississippi River occurred during the harvest phase of a variety of crops, causing an estimated $ 8 billion loss to farmers (Nick Carey, 2008).
1.2.2. In Vietnam 

- Expression of climate change in Vietnam 
According to the Ministry of Natural Resources and Environment (2009), in the past 50 years (1958 - 2007), the annual average temperature in Vietnam increased from 0.5°C to 0.7°C. Winter temperature increased faster than summer temperature and temperature in Northern regions increased faster than that in the Southern regions. The annual average temperature of the last four decades (1961-2000) was higher than that of the three previous decades (1931-1960) (Ministry of Natural Resources and Environment, 2012).
Over the past 30 years, due to the effects of climate change, the frequency and intensity of natural disasters has been increasing, causing great losses in human, property, economic, crops and communal infrastructure and bad impacts on the environment. Especially natural disasters such as storms, floods, flash floods, landslides, droughts and other natural disasters have caused significant loss of human and property and the estimated value of damages to property accounted for about 1-1.5% of GDP/year (Ministry of Agriculture and Rural Development - UNDP, 2012).

- Climate change scenarios for Vietnam

+ Temperature: According to the low scenario, by the end of the 21st century, the annual average temperature will increase from 1.6 to greater than 2.2°C over most of the northern areas (from Thua Thien Hue upwards). The increase in temperature to 1.6°C in the majority of the area from Da Nang to the south of Vietnam (Figure 1.1).
[image: image22.emf]
Figure 1.1. Average annual increase in temperature (°C) 
at the end of 21st century under the low scenario
+ Rainfall: Under the low scenario, rainfall will increases to 5% by the middle of the 21st century and over 6% by the end of the 21st century. The lowest increase will be in the Central Highlands at around 2% in the middle and late 21st century.
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Figure 1.2. Annual rainfall change rate (%) in the middle (a) and late 21st century (b) under the low scenario
- Impacts of climate change on crop production

In Vietnam, agriculture plays an important role in the national economy, accounting for about 52.6% of the labor force and 22% of the gross domestic product (GDP) in 2010. Manufacturing activities of the industry depend on many natural factors, such as land, water, climate, hydrology, temperature and humidity, etc. Climate change in recent years has had a negative impact on Vietnam's agriculture sector.
Table 1.1. Damages caused by natural disasters to the agricultural sector
	Category
	Year

	
	2002
	2005
	2007
	2009
	2010

	Rice (ha)
	46.490
	504.095
	173.830
	237.799
	157.696

	Other crops (ha)
	43.698
	160.780
	215.059
	173.662
	--

	Dead buffaloes and cows 
	8.465
	1.629
	2.931
	48.938
	4.567

	Dead pigs
	27.732
	6.705
	246.553
	98.620
	32.555

	Dead poultry
	219.456
	131.747
	2.868.985
	1.249.087
	676.782

	Area of shrimp and fish farming ponds broken(ha)
	5.828
	55.691
	17.765
	9.424
	28.481

	Ship or boat sinks
	26
	383
	266
	683
	164

	Total damage (billion dong)
	
	
	725
	86
	

	The rate of damage (%)
	
	
	0,31
	0,025
	


(Source: Central Steering Committee for Flood and Storm Control, 2010)

1.2. Climate change adaptation to crop production


Due to the effects of climate change on crop production, studies also showed that people offerred a variety of adaptation activities:

Changing varieties: 


Many studies in Vietnam as well as in the world: Dang Thi Hoa and Quyen Dinh Ha in 2014, Ministry of Natural Resources and Environment in 2010, Nguyen Tuan Anh in 2012, Coretha Komba and Edwin Muchapondwa in 2012, Gutu 2014, etc. showed that changing varieties to adapt to the weather and soil conditions was considered a reasonable adaptation method.

Changing crop structure: 


Changing crop structure was also applied quite commonly: changing the crop structure towards diversification (Palmah Gutu, 2014), experimenting with rice varieties and fish or crop rotation, etc.


Changing farming techniques: 


Along with changing varieties, farmers also focused on changing farming techniques because the change of new varieties also needs to go simultaneously with new farming techniques such as fertilizers, sowing time, pesticides, etc.


Changing to other production activities:


In addition to two methods of changing varieties and farming techniques, or completely change to off-farm activities; production links, etc.
1.4. Current situation and impacts of climate change on crop production in Tuyen Quang province 

1.4.1. Expressions of climate change in Tuyen Quang province 


- Temperature
[image: image15.png]Nhiétdd TB (0C)

Nhiét 46 TB mua Thu

27,5

27

26,5
26

25,5

25
24,5
24

235
23

1975

1980

1985 1990 1995 2000 2005

Nam

2010

2015

2020




[image: image16.emf][image: image17.emf][image: image18.emf][image: image19.png]Lwong mwa TB (nm)

2500

2000

1500

1000

500

0

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

=—&—Luong mua trung binh ca ndm

Nam




[image: image20.emf]
Figure 1.4. Changing in average annual temperature at 3 weather stations in Chiem Hoa, Ham Yen, Tuyen Quang period 1980 – 2010
Researching on climate change in Tuyen Quang showed that, in the period 1961-2015, the annual average air temperature and seasons in Tuyen Quang province tended to increase about 0.1 - 0.2oC per decade. In particular, the temperature in the south (Son Duong district, Tuyen Quang city) always had a faster growth rate than the north (Chiem Hoa and Na Hang districts). (Figure 1.4).
· Rainfall

[image: image21.emf]

During the period 1980 - 2010, the annual average rainfall in the whole province tended to decrease. In which, the average annual rainfall at Chiem Hoa weather station decreased by 9.18%; 11.28% in Ham Yen and 19.05% in Tuyen Quang. Seasonal rainfall at weather stations tended to decrease, however, rainfall did not decrease steadily in months, but tended to decrease slightly in summer and sharply decreases in autumn, while rainfall tended to increase in spring and winter but not significantly (Figure 1.5).
1.4.2. Impacts of climate change on crop production in Tuyen Quang province 

Temperature tended to increase gradually, while rainfall tended to increase significantly. However, rainfall tended to decrease in January, March and April and increase in July and August. According to climate change scenarios, summer rainfall will increase by 1.9% by 2020; 5.0% in 2050 and 9.2% in 2100. The daily, monthly and yearly rainfall will gradually increase while the drought will be getting more severe and increase in flood flow. The assessment results of  the impacts of climate change on growing period and yield of some crops show:
- Rice: 
+ Spring rice: Growing period (GT) of spring rice tended to be shortened compared to the reference period (period 1980 - 1999). In the year 2020 and 2030 in the B2 scenario, the potential conditions for spring rice yield will be around 7.3-8.6 tons/ha/crop, the un-irrigated conditions will give the yield from 1.4 to 1.8 ton/ha/crop.
+ Summer-autumn rice: In comparison to the reference period, the growing period in 2020 and 2030 will be shortened. The growing period of summer-autumn rice in 2020, in scenario B2 will decrease 2-4 days compared to the reference period.
- For maize: In comparison to the reference period, maize yield under un-irrigated conditions showed 1.3 to 1.8 ton/ha/crop and under normal cultivation conditions it showed more than 2 tons/ha/crop. In the year 2020 and 2030 in the B2 scenario, maize yield will tend to decrease but not significantly by less than 50 kg/ha/crop. Thus, under the impacts of climate change, maize yield will be slightly affected.
- For peanuts: At the reference period, under potential conditions showed 3.6 - 3.9 tons/ha/crop; under normal cultivation conditions, peanut yield will be 1.6 - 2.1 tons/ha/crop; While in the un-irrigated conditions, the yield will be very low at 0.6 ton/ha/crop.
- For soybeans: Under the impacts of climate change, the growing period of soybean in 2020 and 2030 will tend to be shortened compared to the reference period. Under normal cultivation conditions, the growing period of soybean in the period 1980 - 1999 will be 111 - 115 days and in 2030 will decrease to 108 - 111 days in scenario B2.
1.5. General assessment of the issues that need to research 
Through the published documents presented above, the researches mentioned are quite rich and diverse in terms of climate change affecting agriculture. However, in the process of referring to write this thesis, the research student found that most of the references mainly study the impacts of climate change on agriculture, crops only have general theoretical for large areas and the world. On the other hand, some studies only focused on research one or some specific issues on climate change scenarios for the domestic agricultural sector. With the thesis topic for PhD student, the above studies were very meaningful, it helped PhD student to have more convenient access to solve problems related to climate change affecting agriculture sector in general and crop production in particular in the Pho Day basin, Tuyen Quang province. On the basis of systematizing the theory of climate change, the effects of climate change on crop production to concretize this theory into specific conditions of the research topic.
Base on the above reasons, it shows that the approach of assessing the impacts of climate change on crop production and proposing adaptive solutions is a new issue that needs to research. In this chapter, the PhD student has given three main research steps, including: (1) Determining the manifestations of climate change in the study area through factors such as changes in temperature, average annual rainfall, manifestations of extreme weather factors such as storms, floods, frostbite, damaging cold. (2) Assessing the effects of climate change on agricultural production in the study area. (3) Proposing solutions to adapt to climate change in the study area.
CHAPTER 2. RESEARCH CONTENTS AND METHODOLOGY
2.1. Research materials and sites 

2.1.1. Research materials

- Weather and climate in Pho Day river basin, Son Duong district, Tuyen Quang province. 
- Crops (rice, maize, peanuts, sweet potatoes, vegetables) in the study area.
2.1.2. Research sites

- The space sites: The study was conducted the climate change and crop production in the Pho Day river basin, but mainly concentrated in Son Duong district where there are up to 50km/total length of 250km of the Pho Day river basin flows through. 
- Time: Data was collected and researched from 2011 to 2016.
2.2. Research contents

2.2.1. Natural and socio-economic conditions in Pho Day basin in Son Duong
An overview of Pho Day river basin, natural conditions, socio-economic development situation and potentials and limitations for crop production. 
2.2.2. The effects of climate change on Pho Day river basin, Son Duong district 

Changes in rainfall; temperature changes; Extreme weather phenomena. 
2.2.3. Current situation of crop production and impacts of climate change on crops in Pho Day river basin 

Current situation of crop production in Pho Day river basin; Climate change affected crop production in Pho Day river basin.
2.2.4. Impacts of climate change scenarios on agricultural production and  crop seasons in the study area 

2.2.4.1. Affecting rice crops 

2.2.4.2. Affecting maize crops 

2.2.4.3. Affecting peanut crops 

2.2.4.4. Affecting soybean crops 

2.2.5. Proposing solutions to climate change adaptation in Pho Day river basin 
2.2.5.1. Selection of varieties adapted to climate change 

2.2.5.2. Selection farming techniques adapted to climate change 

2.2.5.3. Proposing crop models adapted to climate change.
2.3. Research methodology 

2.3.1. Research approach: The topic combined the selection of an interactive and integrated approach. 
2.3.2. Research methodology 

2.3.2.1. Statistical methods 
2.3.2.2. Inheritance methods 
2.3.2.3. Methods of collecting secondary data 
2.3.2.4. Survey methods to collect primary data 
2.3.2.6. Experimental methods 
Researching on climate change adaptation solutions for rice, maize and peanuts 
2.3.2.7. Data analysis methods 
- Using DSSAT model to evaluate and analyze the results. 
- Experimental data were processed by Microsoft Excel software and SPSS statistical software.
Chapter 3. RESULTS AND DISCUSSION

3.1. Natural and socio-economic conditions in Pho Day basin in Son Duong district 

3.1.1. Overview of Pho Day river basin 

Pho Day River is a tributary of Lo river with the upstream and midstream reaches flowing in the mountainous areas and the Northern Midlands, while the downstream flows in Vinh Phuc province. Pho Day river originates from Tam Tao mountain area, Cho Don district, Bac Kan province flows through Yen Son and Son Duong districts of Tuyen Quang province, Lap Thach district, Tam Dao, Tam Duong, Vinh Tuong district of Vinh Phuc province and join the Lo river between Son Dong commune (Lap Thach) and Viet Xuan commune (Vinh Tuong) about 200m above the Viet Tri bridge. 
3.1.2. Natural conditions in the Pho Day river basin in Son Duong 

3.1.2.1. Geographical location: Pho Day river is located in Son Duong district (running through 10 communes of Son Duong district, with a length of 50 km), is a mountainous district located in the south of Tuyen Quang province, far from the city center about 30 km to the Southeast. 
3.1.2.2. Hydrological climate: The regional climate is tropical monsoon, influenced by North Asian climate and divided into two distinct seasons: hot, humid summer with a lot of rain (from April to September); cold, dry winter (from October to March next year). 
3.1.2.3. Natural resources: The study area is an agro-forestry ecoregion that is suitable for many crops such as rice, corn, peanuts, soybeans, sugarcane, tea, paper trees, fruit, etc. The natural area is 78,795.16 ha, distributed into 3 main land groups: The agricultural land group is 70,270.21 ha (accounting for 89.18% of the natural area), of which, agricultural land has 25,972 18 ha (accounting for 36.96% of total agricultural land), forest land has 43,174.89 ha (accounting for 61.44% of agricultural land); The group of non-agricultural land is 7,159.69 ha (accounting for 9.09% of the natural area); The group of unused land is still quite large 1,365.26 ha (accounting for 1.73% of the natural area). 
3.1.3.3. General assessment: On the basis of data on the results of natural socio-economic conditions in Son Duong district above, it shows that the study site has been selected and research contents were suitable with objectives and reality in the area. 
3.1.3. Current situation of socio-economic development 

3.1.3.1. Economic development: Industrial and handicraft production of Son Duong district are maintained and developed. Enterprises and factories in the province continue to maintain stable production, the production value of industry and handicraft in 2015 reached 3,379.3 billion VND. 
+ Industrial crops: Tea plant and sugar cane were kept stable, meeting the demand for raw materials for the processing factories in the area. The current sugarcane area was 3,765.6 ha, reaching 90.7% of the plan. 
+ Forestry: Afforestation was 2,058.2 ha, reaching 106.9% of the plan; Area exploited for plantation forest in 2016 was 1,628.27 ha, commercial wood output was 136,085.08 m3, reaching 82.9% of the plan. 
+ Breeding: The total herd of buffaloes is 21,692 heads, cows were 11,256 heads, pigs were 179,518 heads, poultry was over 1,396,981 heads.
3.2. Changes in climate factors affected Pho Day river basin, Son Duong district 

3.2.1. Temperature changes

Figure 3.1. Trend of average temperature in Pho Day river basin period 1980 - 2015 (Tuyen Quang weather station)     
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Figure 3.2. Trends in temperature according to seasons in the Pho Day river basin period 1980 - 2015 (Tuyen Quang weather station)
The average summer temperature in the study area over the past 35 years (1980 - 2015) has not increased sharply as in other seasons but the severity of summer has shown more clearly. 
3.2.2. Rainfall changes

Figure 3.3. Average annual rainfall in the Pho Day river basin period 1980 - 2015 (Tuyen Quang weather station)

Rainfall in seasons tended to decrease. Autumn and winter rainfall tended to increase, while the average rainfall in Spring decreased about 16.2% and 22.42.9% in summer; while rainfall increased 5.83% in Autumn and 8.28% in Winter.
3.3. Current situation of crop production and impacts of climate change on major crops in the Pho Day river basin 
3.3.1. Current situation of crop production in Pho Day river basin 
Table 3.1. Area and yield of some crops Son Duong district, period 2011 - 2015
	No
	Cultivar
	Crop
	 2011
	 2015

	
	
	
	Area (ha)
	Area structure (%)
	Yield (quintal /ha)
	Area (ha)
	Area structure (%)
	Yield (quintal/ha)

	1
	Rice
	Spring
	3.120,50
	27,70
	61,24
	5.290,80
	30,55
	60,10

	
	
	Summer-Autumn
	3.314,40
	29,42
	59,99
	6.388,29
	36,89
	58,09

	
	
	Total/

Average
	6.434,90
	57,11
	60,61
	11.679,09
	67,45
	59,09

	2
	Maize
	Spring
	742,00
	6,59
	46,80
	1.653,40
	9,55
	46,02

	
	
	Summer- Autumn
	327,90
	2,91
	46,20
	1.041,40
	6,01
	44,24

	
	
	Winter
	870,00
	7,72
	45,90
	1.471,80
	8,50
	45,34

	
	
	Total/

Average
	1.939,90
	17,22
	46,30
	4.166,60
	24,06
	45,20

	3
	Peanut
	Spring
	56,00
	0,50
	23,35
	478,20
	2,76
	22,00

	
	
	Summer- Autumn
	38,80
	0,34
	22,00
	19,30
	0,11
	20,00

	
	
	Winter
	52,00
	0,46
	20,65
	-
	-
	-

	
	
	Total/

Average
	146,80
	1,30
	22,00
	497,50
	2,87
	21,00

	4
	Soybean
	Spring
	455,00
	4,04
	19,60
	93,04
	0,54
	22,00

	
	
	Summer- Autumn
	140,00
	1,24
	17,30
	50,00
	0,29
	17,00

	
	
	Winter
	600,00
	5,33
	16,00
	-
	-
	-

	
	
	Total/

Average
	1.195,00
	10,61
	17,63
	143,04
	0,83
	19,50

	5
	Sweet potato
	Spring
	200,00
	1,78
	55,00
	126,91
	0,73
	70,00

	
	
	Winter
	1.350,00
	11,98
	55,00
	703,15
	4,06
	70,00

	
	
	Total/

Average
	1.550,00
	13,76
	55,00
	830,06
	4,79
	70,00

	Total 
	
	11.266,60
	100,00
	
	17.316,29
	100,00
	


The crop structure (grain crops) in the period 2011-2015 was mainly rice (the main crop). In 2011, there were 6,434.90 ha, accounting for 57.11%, but by 2015 it increased to 11,679.09 ha, accounting for 67.45%. In 2011, spring crop accounted for 27.70% and 29.42% in Summer-Autumn crop. In 2015, the spring crop accounted for 30.55% and 36.89% in Summer-Autumn crop. The average yield was 60.61 quintal/ha (2011) and 59.09 quintal/ha (2015). Thus, the average yield decreased after 5 years. 
3.3.2. Effects of climate change on major crops in the Pho Day river basin

3.2.2.1. Situation of the annual variety structure in the period 2011 - 2014 
Table 3.2. Variety structure in 2011
	No
	Cultivar
	Variety
	Area (ha)
	Variety structure
(%)
	Yield
(quintal/ha)

	1
	Rice
	Hybrid rice
	2.773,8
	43,11
	63,34

	
	
	Khang Dan 18
	530,0
	8,24
	62,28

	
	
	Huong Thom 1
	513,0
	7,97
	57,66

	
	
	Bac Thom 7
	534,0
	8,30
	58,77

	
	
	BC15
	1.127,8
	17,53
	63,89

	
	
	Sticky rice
	658,0
	10,23
	57,76

	
	
	Other varieties
	298,3
	4,64
	

	
	
	Total
	6.434,9
	100,00
	

	2
	Maize
	DK888
	647,0
	33,35
	44,60

	
	
	B06
	564,0
	29,07
	46,12

	
	
	B96-98
	401,9
	20,72
	47,36

	
	
	Other varieties
	327,0
	16,86
	50,23

	
	
	Total
	1.939,9
	100,00
	

	3
	Peanut
	L14
	52,0
	35,42
	22,88

	
	
	L19
	36,8
	25,07
	23,57

	
	
	L23
	30,0
	20,44
	19,80

	
	
	Sen
	28,0
	19,07
	21,78

	
	
	Total
	146,8
	100,00
	

	4
	Soybean
	DT84
	445,0
	37,24
	22,90

	
	
	DT90
	357,0
	29,87
	21,09

	
	
	DT99
	393,0
	32,89
	23,87

	
	
	Total
	1.195,0
	100,00
	

	5
	Sweet potato
	Hoang Long
	632,0
	40,77
	122,0

	
	
	VX-37
	469,0
	30,26
	120,0

	
	
	Other varieties
	449,0
	28,97
	119,0

	
	
	Total
	1.550,0
	100,00
	

	6
	Vegetables
	Potato
	175,0
	25,07
	252,0

	
	
	Kohlrabi
	98,0
	14,04
	307,0

	
	
	Cabage
	96,0
	13,75
	317,0

	
	
	Cauliflower 
	55,0
	7,88
	296,0

	
	
	Other varieties
	274,0
	39,26
	-

	
	
	Total
	698,0
	100,00
	

	
	
	
	
	
	


Table 3.3. Variety structure in 2014
	No
	Cultivar
	Variety
	Area (ha)
	Variety structure
(%)
	Yield
(quintal/ha)

	1
	Rice
	Hybrid rice
	4.850,0
	43,81
	65,23

	
	
	Khang Dan 18
	1.123,0
	10,14
	61,32

	
	
	Huong Thom 1
	1.312,0
	11,85
	56,92

	
	
	Bac Thom 7
	798,0
	7,21
	56,56

	
	
	BC15
	1.238,0
	11,18
	61,89

	
	
	Sticky rice
	886,0
	8,00
	55,65

	
	
	Other varieties
	863,0
	7,80
	-

	
	
	Total
	11.070,0
	100,00
	

	2
	Maize
	DK888
	1.422,0
	33,07
	43,11

	
	
	B06
	1.126,0
	26,19
	46,23

	
	
	B96-98
	984,0
	22,88
	45,67

	
	
	Other varieties
	768,0
	17,86
	46,22

	
	
	Total
	4.300,0
	100,00
	-

	3
	Peanut
	L14
	285,0
	63,33
	22,30

	
	
	L19
	75,1
	16,69
	23,30

	
	
	L23
	58,8
	13,07
	18,60

	
	
	Sen
	31,1
	6,91
	20,20

	
	
	Total
	450,0
	100,00
	-

	4
	Soybean
	DT84
	68,0
	33,75
	23,60

	
	
	DT90
	45,5
	22,58
	21,22

	
	
	DT99
	88,0
	43,67
	24,80

	
	
	Total
	201,5
	100,00
	-

	5
	Sweet potato
	Hoang Long
	438,0
	51,21
	123,0

	
	
	VX-37
	226,0
	26,42
	121,0

	
	
	Other varieties
	191,3
	22,37
	119,3

	
	
	Total
	855,3
	100,00
	-

	6
	Vegetables
	Potato
	125,0
	23,15
	260,0

	
	
	Kohlrabi
	66,0
	12,22
	315,0

	
	
	Cabage
	67,0
	12,41
	320,0

	
	
	Cauliflower 
	48,0
	8,89
	305,0

	
	
	Other varieties
	234,0
	43,33
	-

	
	
	Total
	540,0
	100,00
	


The results in Table 3.2 and 3.3 showed that the variety structure of short-term crops with different varieties and the area of each variety over period also fluctuated to adapt changes in weather and climate. Variation of varieties did not change much in 2014 compared to 2011. It showed that producers have not really found a good solution when production has been affected by climatic factors affected the growth and yield. 
3.2.2.2. Impacts of climate change on major crops in the Pho Day river basin

Table 3.4. Impacts of climate change on crops
	Cultivar
	Extreme weather phenomenon
	Evaluation (%)
	Impact on crop

	Rice
	Heavy rain
	47
	Flooding, crop failure, sharply reduced productivity

	
	Persistant drought
	100
	
Yield reduction 
- Pests: 
+ Scotinophara tarsalis (not previously available) appeared much in most communes, especially in hybrid rice, rice growing areas suffer from sun exposure. 
+ Aphids, Rice Panicle Mite (not previously available), caused minor damage 
+ Stem borer worms: Previously caused minor damage but they have caused 4-5% damage from 2010 onwards 

- Increasing production costs: fertilizers, pesticides, labours, and watering costs were 2 times higher than before

	
	Extreme cold
	78
	Rhizoctonia solani, seedlings damages, slowed the crop seasons

	
	Unusual weather
	76


	- Pyricularia oryzae occurred due to unusual rain and shine 

- Rice Grassy Stunt did not exist before but it appeares at present

	Maize
	Persistant drought and high temperature
	68


	- Less kernels due to lack of water at tassel emergence stage

- No kernels, yield reduction 
- Rhizoctonia solani Kuhn, Helminthosporium turcicum Pass appears in many parts.

	
	Exstreme cold
	92
	- Corn ears stage is slower, yellow leaves 

- Less kernel, yield reduction

	
	Unusual rain and shine, Heavy rain
	72
	- Caused decay to the base and death. 

- Harmful pests and diseases: Agrotis ypsilon and tassel aphids were the objects that often make the pollen not to fly caused poor kernels.

	Peanut
	Drought
	56
	Red ants ate kernels

	
	Cold
	87
	No sprouting

	
	Heavy rain, high humidity, unusual weather
	67
	- Agrotis ypsilon and tassel aphids appeared
- Rhizoctonia solani causing root damage and the base close to the ground

	Soybean
	Drought
	45
	Dark green aphids grew much caused plants dwarf and die, appearing in May - June.

	
	High temperature
	41
	Affected pollen grain formation, pollination, elongation of pollen grains

	
	Extreme cold
	87
	Seed rot, crop failure, yield decrease

	
	Unusual rain and shine
	86
	- Falling flowers, flowering many times, uneven ripening 

- Uromyces appendiculatus, Erysiphe sp, Fusarium, Rhizoctonia solani 

- Stem borer worms, pod borer worms, leaf rolling, gray worms, stink bug, aphids

	Sweet potato
	unusual weather changes
	49
	Young worms that eat leaves developped, lose leaves when the plant is still young, a large worm can destroy the whole plant in one night.

	
	Persistant drought
	58
	- Red ants eat tubers, reducing yield 

- Lack of moisture affected growth and development

	
	Exstreme cold
	98
	Slow down root striking and crop seasons

	
	Unusual rain and shine, heavy rain
	78
	Cylas formicarius, Sphaceloma batatas Sawada


Note: Total number of survey papers: 100 papers (Source: Survey data)
Table 3.5 showed the current situation of the impacts of climate change on each plant object through the results of the investigation, collecting information on people's experiences in agricultural production adapting climate change. 
Table 3.5. Evolution of rice varieties in the period 2011 - 2014
	Variety
	Area (ha)
	Variety structure (%)
	Yield (quintal/ha)

	
	2011
	2014
	2011
	2014
	2011
	2014

	Hybrid rice
	2.773,8
	4.850,0
	43,11
	43,81
	63,34
	65,23

	Khang dan 18
	530,0
	1.123,0
	8,24
	10,14
	62,28
	61,32

	Huong thom 1
	513,0
	1.312,0
	7,97
	11,85
	57,66
	56,92

	Bac thom 7
	534,0
	798,0
	8,30
	7,21
	58,77
	56,56

	BC15
	1.127,8
	1.238,0
	17,53
	11,18
	63,89
	61,89

	Sticky rice
	658,0
	886,0
	10,23
	8,00
	57,76
	55,65

	Other varieties
	298,3
	863,0
	4,64
	7,80
	-
	-

	Total
	6.434,9
	11.070,0
	100
	100
	
	


Although the rice area increased nearly doubled from 2011 to 2014, the increase in rice area varieties was different (Table 3.5). The area of hybrid rice varieties increased from 2,773.8 ha in 2011 to 4,850.0 ha in 2014, especially rice varieties such as Huong 1, increased more than 2 times. Some other varieties like BC15, sticky rice, Bac thom 7, increased very little. 
• Impacts of climate change on maize: 

Table 3.6. Evolution of corn varieties in the period 2011 - 2014
	Variety
	Area (ha)
	Variety structure (%)
	Yield (quintal/ha)

	
	2011
	2014
	2011
	2014
	2011
	2014

	DK888
	647,0
	1.422,0
	33,35
	33,07
	44,60
	43,11

	B06
	564,0
	1.126,0
	29,07
	26,19
	46,12
	46,23

	B96-98
	401,9
	984,0
	20,72
	22,88
	47,36
	45,67

	Other varieties
	327,0
	768,0
	16,86
	17,86
	50,23
	46,22

	Total
	1.939,9
	4.300,0
	100
	100
	
	


Although the maize area increased doubled from 2011 to 2014, the increase in area of maize varieties was different (Table 3.6). The area of DK888 maize varieties increased more than 2 times from 647.0 ha in 2011 to 1,422.0 ha in 2014. The area of B96-98 variety also increased more than double. The other varieties like B06 increased less area. 
Table 3.7. Evolution of peanut variety structure in the period of 2011 - 2014

	Variety
	Area (ha)
	Variety structure (%)
	Yield (quintal/ha)

	
	2011
	2014
	2011
	2014
	2011
	2014

	L14
	52,0
	285,0
	35,42
	63,33
	22,88
	22,30

	L19
	36,8
	75,1
	25,07
	16,69
	23,57
	23,30

	L23
	30,0
	58,8
	20,44
	13,07
	19,80
	18,60

	Lac Sen
	28,0
	31,1
	19,07
	6,91
	21,78
	20,20

	Total
	146,8
	450,0
	100
	100
	
	


In terms of peanut variety structure changes, it showed that the L14 variety tended to increase the most are, from 52.0 ha in 2011 to 285.0 ha in 2014 (Table 3.7). The other varieties increased less. 
Table 3.8. Evolution of soybean varieties in the period 2011 - 2014
	Variety
	Area (ha)
	Variety structure (%)
	Yield (quintal/ha)

	
	2011
	2014
	2011
	2014
	2011
	2014

	DT84
	445,0
	68,0
	37,24
	33,75
	22,90
	23,60

	DT90
	357,0
	45,5
	29,87
	22,58
	21,09
	21,22

	DT99
	393,0
	88,0
	32,89
	43,67
	23,87
	24,80

	Total
	1.195,0
	201,5
	100
	100
	
	


The statistics in table 3.8 showed that the area of soybean varieties decreased dramatically from 2011 (1,195.0 ha) to 2014 (201.5 ha). The decline in soybean area and yield was not high due to the impact of climate change and pests and diseases. 

Table 3.9. Evolution of sweet potato varieties in the period 2011 - 2014
	Variety
	Area (ha)
	Variety structure (%)
	Yield (quintal/ha)

	
	2011
	2014
	2011
	2014
	2011
	2014

	Hoang Long
	632,0
	438,0
	40,77
	51,21
	122,0
	123,00

	VX-37
	469,0
	226,0
	30,26
	26,42
	120,0
	121,00

	Other varieties
	449,0
	191,3
	28,97
	22,37
	119,0
	119,30

	Total
	1.550,0
	855,3
	100
	100
	
	


As soybean area, the area of ​​sweet potato varieties in the river basin also decreased sharply from 1,550.0 ha in 2011 to only 855.3 ha in 2014 (Table 3.9). Notably, only Hoang Long variety decreased slightly, while other varieties declined dramatically. The main reason for the decrease in the area of sweet potato varieties was mainly due to heavy rains caused yield decrease and the producers have changed from one crop area to others. 
Due to many different reasons such as farming practices, income efficiency of crops etc, the impact of climate change has made the area as well as the variety structure of crops change. However, the producer was still confused about how to overcome this situation. Therefore, in the solutions to partially overcome the effects of climate change such as changing the cropping system, farming methods etc, the solution of selecting adaptive varieties is urgent.
3.4. Impacts of climate change on agricultural production and crop seasons of some major crops in the study area 

3.4.1. Effects of climate change on rice  

3.4.1.1. Spring rice
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The potential productivity of this region will be relatively high and slightly reduced by climate change in all scenarios. However, when crop will not be irrigated, the yield will be severely reduced to less than 2 tons/ha/crop and by 2050 it will be below 1 ton/ha/crop. 
3.4.1.2. Summer-Autumn rice
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The growing period of Summe-Autumn rice in the study area will slightly reduce in less than 5 days compared with the total growing period of all scenarios. Especially in none-irrigated conditions, the growing period of rice will be equivalent to that under optimal conditions. It proves that Summe-Autumn rice will not be under much pressure by climate change scenarios. 
3.4.2. Effect of climate change on maize
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Maize will be relatively strongly affected by climate change when most of maize has shortened its growing period in all climate change scenarios. The relatively strong shortening of growing period can be up to more than 10 days. Yield potential of maize will not be much variation but there will be a decrease in yield over time. Yield that is not be irrigated will be also slightly affected in the climate change scenarios but also will not much changes. This yield will ranges from 1.7 to 2 tons/ha/crop. 
3.4.3. Effect of climate change on peanut
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Peanuts in the study area will be only affected by the impacts of climate change on growing period but yield will not be affected by climate change. However, under none irrigated conditions, yield will be severely reduced, only under 0.6 ton/ha/crop while the yield potential can reach nearly 4 tons/ha/crop. Yield will not be high, below 2.5 tons/ha/crop. It is necessary to identify limiting factors of land in order to promote the potential of land to improve productivity and income for people. 
3.4.4. Effect of climate change on soybean
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Soybeans in the study area will have a relatively large impact on growing period, the growing period can be shortened to 17 days in 1 crop. Yield potential of soybeans will be only below 2 tons/ha/crop. Under irrigated conditions, yields will be only about 0.3 ton/ha/crop. While under irrigated and fertilized conditions, soybean yields can be asymptotic to yield potential of up to 1.5 ton/ha/crop. This makes it possible to know that the soybean varieties will be subject to less restrictions and easy to intensify for yield closed to its yield potential. 
3.5. Extreme weather phenomena (extreme cold)
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The evolution of minimum temperatures in January, February and March is shown in Figure 3.9. It showed clearly that the minimum temperatures of these 3 months were significantly different, of which the temperature in January was very low compared to February and March, especially in many days with the minimum temperatures below the extreme cold (≥10oC) and (≥13oC), they are damaging threshold to stop plant growth. It is shown that sowing in January was high risk of plant death or damages, especially in 2008, the temperature dropped extremely low in both January and February and March. 

3.6. Solutions to adapt to climate change in Pho Day river basin 

3.6.1. Selection of varieties adapted to climate change 

3.6.1.1. Solution to select and propose rice varieties adapted to climate change 

Table 3.10. Yield and yield components of rice varieties over 2 crops

	No
	Variety
	Panicle/m2
	Spikelets/Panicle
	Spikelet sterility (%)
	Yield

(quintal/ha)

	1
	BC15
	284 ± 4,50
	144±5,03
	24,5±0,45
	54,8±0,36

	2
	BG1
	330± 5,00
	160±6,02
	18,2±0,70
	63,4±0,65


Note: Mean value ± Standard deviation

The experimental results showed that: BG1 rice variety had much higher yield than BC15, the ratio of spikelet sterility was less, while the number of panicles/m2 and spikelets/panicle were much higher. Therefore, the solution to replace BC15 variety by BG1 rice variety to improve yield in the locality is feasible. 

3.6.1.2. Solution to select and propose maize varieties adapted to climate change
Table 3.11. Yield and yield components of maize varieties over 2 crops
	No
	Evaluation criteria
	Variety

	
	
	LVN61
	HT119
	P4199

	1
	Density (plant/m2)
	Active irrigation
	5,1±0,40
	5,2±6,11
	5,2±0,45

	
	
	Inactive irrigation
	5,2±0,55
	5,3±0,62
	5,2±0,61

	4
	Corn ear number/plant
	Active irrigation
	1,0±0,45
	1,1±0,45
	1,1±0,55

	
	
	Inactive irrigation
	0,77±0,07
	0,85±0,12
	0,93±0,06

	3
	Corn ear length (cm)
	Active irrigation
	18,5±0,45
	20,2±0,7
	22,5±0,5

	
	
	Inactive irrigation
	11,5±0,55
	13,7±0,7
	14,3±0,36

	4
	Corn ear diameter (cm)
	Active irrigation
	4,3±0,65
	4,5±0,45
	4,3±0,55

	
	
	Inactive irrigation
	2,9±0,65
	3,4±0,45
	3,5±0,45

	5
	Average kernels/row
	Active irrigation
	32,3±4,50
	35,0±4,50
	35,3±5,50

	
	
	Inactive irrigation
	22,7±0,60
	24,2±0,55
	24,6±0,47

	6
	Row number/ear corn
	Active irrigation
	13,6±3,51
	14,6±5,03
	16,3±5,50

	
	
	Inactive irrigation
	12,8±0,80
	13,0±50
	13,3±0,45

	7
	1000 kernel weight  (g)
	Active irrigation
	271,3±0,61
	283,5±0,45
	286,4±0,55

	
	
	Inactive irrigation
	223,7±0,65
	239,3±0,55
	240,2±0,70


Note: Mean value ± Standard deviation

Table 3.12. Yield of  maize varieties over 2 crops

	No
	Variety
	Activate irrigation (quital/ha)
	Inactivate irrigation (quital/ha)
	Difference (%)

	1
	LVN61
	65,21±0,10c
	34,90±0,06c
	46,48

	2
	HT119
	72,82±0,06b
	44,57±0,07ª
	38,79

	3
	P.4199
	73,43±0,06a
	44,25±0,05b
	39,72

	
	CV(%)
	0,11
	0,16
	

	
	LSD0,05
	0,16
	0,13
	


Note: Mean value ± Standard deviation. The numbers in the column had the same letters (a, b, c) are not statistically significant difference. 

The above results defined that HT119 and P.4199 varieties showed little significant difference between two experiments of active irrigation and inactive irrigation. The yield of studies between the active irrigation and the inactive irrigation showed that the high yielding varieties had less yield difference than the local variety LVN61. 

Table 3.13. Yield and yield components of  peanut varieties through 2 crops
	No
	Evaluation criteria
	Variety

	
	
	L19
	TK10
	TB25
	L14 (ĐC)

	1
	Plant number/m2 (plant)
	27,5±0,55
	26,2±0,60
	25,5±0,45
	27,5±0,55

	2
	Pod number/plant (pod)
	16,4±0,60
	15,6±0,45
	14,3±0,65
	15,6±0,60

	3
	Pod fertility number/plant (pod)
	15,1±0,45
	14,5±0,60
	12,3±0,61
	14,5±0,70

	4
	P100 seed (gam)
	150,6±4,04
	155,0±4,58
	181,0±4,58
	152,6±6,02

	5
	P100 seed (gam)
	56,0±5,56
	55,6±4,50
	54,6±4,50
	61,0±6,55

	6
	Yield potential (quintal/ha)
	46,6±3,51
	43,7±0,66
	41,8±0,75
	45,2±0,55

	7
	Yield (quintal/ha)
	33,3±0,61
	30,7±0,70
	28,7±0,65
	32,5±0,60


Note: Mean value ± Standard deviation

The highest yield was L19 variety (0.6 quintal/ha), it was 101.8% higher than the control variety L14. While yield of TK10 variety was 1.8 quintals/ha lower than that of the control L14, equivalent to 94.5%, the lowest yield was TB25 variety, it was 3.8 quintals/ha lower than the control variety L14, equivalent to 88.3%. Yield compared with yield potential of  peanut varieties did not change much (from 69.1 to 72%). Thus, it can be confirmed that the L19 peanut variety had the highest yield and it is well adapted to the local conditions. 

The study results evaluated, tested, selected and proposed 03 main cultivars (rice, maize, peanut) adapted to climate change including: BG1 rice variety, P4199 maize variety and L19 peanut variety. These varieties all had quite high yield potentials and were resistant to pests and diseases, adapt to different external conditions and soil. The study has proposed farming techniques for climate change adaptation for each variety: BG1 rice, P4199 maize and L19 peanut varieties . 
3.6.2.1. Farming techniques of rice varieties adapted to the climate change 

Table 3.14. Effects of crop seasons on yield of BG1 rice varieties in Spring crop 2015
	Crop
	Panicle/m2
	Spikelet/panicle
	Spikelet sterility 
(%)
	Yield
(quintal/ha)

	TV1
	300,6 ± 4,50
	146,6 ± 6,11
	19,5 ± 0,50
	56,2 ± 0,61

	TV2
	316,3 ± 6,02
	151,0 ± 6,00
	19,0 ± 0,36
	60,3 ± 1,02

	TV3
	332,0 ± 6,24
	160,3 ± 2,51
	18,2 ± 0,40
	63,0 ± 1,06


Notes: Crop 1: Transplanted on January 2, Crop 2: Transplanted on January 15, TV3: Transplanted on January 28 

* Testing on sowing and transplanting density of BG1 rice varieties: 

Table 3.15. Effects of sowing and transplanting  density on yield of BG1 rice varieties 
	Density
	Panicle/m2
	Spikelet/panicle
	Spikelet sterility
(%)
	Yield
(quintal/ha)

	I
	277,0 ± 6,55
	157,0 ± 6,55
	17,8 ± 0,40
	57,2 ± 0,65c

	II
	330,6 ± 5,03
	160,6 ± 4,04
	19,1 ± 0,45
	63,9 ± 0,60ª

	III
	361,3 ± 6,50
	137,3 ± 7,02
	22,4 ± 0,60
	61,3 ± 0,55b


Note: I: 45 tillers/m2; II: 55 tillers/m2; III: 65 tillers/m2
The numbers in the column had the same letters (a, b, c) are not statistically significant difference.
The results showed that the best planting density for BG1 rice variety was 55 tillers/m2, reaching 330.6 panicles/m2, total spikelets/panicle reached 160.6 and the highest yield was 63.9 quintals/ha. 
3.6.2.2. Farming techniques for maize varieties adapting to climate change 

- Actively plant maize earlier in winter. 
- Encouraging inefficient conversion of rice land to maize. Expanding the area of hybrid maize varieties with high yield such as HT119 and P4199. 
- Changing traditional farming techniques and methods such as: Land preparation: low beds; planting techniques.

3.6.2.3. Farming techniques for peanuts adapting to climate change 

- Varieties: Replacing local varieties by new varieties with high yield and good resistance to local climatic conditions like L19 peanut variety. 
- Crop seasons: Spring crop can be sown from January 10th to February 25th, so it shouldn't be sown too late, affecting productivity and flowering. 
- Farming techniques: Changing farming techniques and methods according to climate change adaptation trends. Regularly update weather information in order to arrange crop seasons and following the instructions of the extension staffs. 
+ Soil preparation: The soil is plowed and harrowed thoroughly, small, picking up weeds, fertilized with manure and lime. After soil preparation and basal fertilization, spraying should prevent  Pseudomonas solanacearum Smith,  low bed. 

+ Sowing: Before sowing, it is necessary to use plastic to cover the bed surface, scrape soil under the trench to block the sides of the bed to avoid overturning wind. It is recommended to use thin white plastic that will help the plant to grow easier than other thick plastic. If the soil is too dry, watering lightly before sowing will help the peanuts grow faster, evenly and grow well.
CONCLUSIONS AND RECOMMENDATIONS

1. Conclusion 

- Research results on climate change in Pho Day river basin, Son Duong district, Tuyen Quang province showed that: The average annual temperature increased by 0.50C. The annual average rainfall tended to decrease sharply in the period from 1980 – 2015. In the study area, the average rainfall decreased by over 20%. This unusual rainfall fluctuated in some years and seasons. Rainfall tended to decrease sharply in autumn and summer. Extreme weather phenomena such as storms, heavy rain, tornadoes, water shortages, prolonged heat, severe cold, etc occurred frequently with increasing frequency, difficult to predict. Therefore, it caused heavy damage to agricultural production, making people's life more difficult. 
- Climate change of the region has had an impact on cultivation. Although the main crop structure of the area is mainly rice, maize and peanuts with the area of ​​these 3 crops increased in period, productivity tended to decrease again. Structure of rice, maize and peanut varieties almost unchanged but areas of varieties changed clearly over the years. The area of varieties with high yield potential or good quality and resistance to pests and diseases and adapted to external conditions tended to increase, while the opposite is true for low adaptive varieties . 
- The research results of the development of scenarios compared to the reference period showed that under the impacts of climate change, the growing period of spring rice will be shortened from 3 to 5 days in 2030 and 5 to 10 days by 2050. Productivity will be severely reduced to less than 2 tons/ha/crop and by 2050 to less than 1 ton/ha/crop if there will be a lack of water. The growing period of Summer-Autumn rice crop will slightly decrease by 5 days compared to all scenarios. The rice yield in all scenarios will be reduced compared to the reference period within 0.5-0.7 ton/ha/crop. Maize will be affected by climate change relatively strongly for more than 10 days, this yield will range from 1.7 to 2 tons/ha/crop. If peanut will not be irrigated, the yield will be severely reduced, only less than 0.6 ton/ha/crop while the yield potential can reach nearly 4 tons/ha/crop. Soybeans in the study area will have a relatively large impact on growing period, the growing periode can be shortened to 17 days in 1 crop. Research results showed: 

+ Spring rice yield was low if transplanted in January, yield increased gradually if transplanted in February until March 5 and the rice yield decreased from March 15. Hence, the optimal time for transplanting spring rice in the study area was February 25 to March 5; 
+ Spring maize yield was low if sowing in January, yield increasesd and was stable if sowing at the end of February until April 25. Consequently, the optimal time for sowing Spring maize in the study area was February 25 to April 25. 

+ Spring peanut reached the highest yield if sowing in early January, yield decreased and was stable if sowing from 15/01 to 15/3. After this time, peanut yield gradually decreased. Therefore, the optimal time for sowing spring peanuts in the study area was January 5 to March 15. 
+ Spring-summer soybean yield was high if sowing in early January, April 15 to April 25. Yields decreased if sowing between January 15 and April 5. Therefore, the optimal time for sowing soybeans in the Spring-Summer crop in the study area was January 5 and April 15 and April 25. 
- The study analyzed, evaluated, tested, selected and proposed 03 cultivars adapted to climate change including: BG1 rice variety, P4199 maize variety and L19 peanut variety. These varieties had quite high yield potential and they were resistant to pests and diseases, adapt to different external conditions and soil. The study has proposed farming techniques for climate change adaptation for each variety: BG1 rice variety, P4199 maize variety and L19 peanut variety.
2. Recommendations

Pho Day river basin area, Son Duong district has been adversely affected by the climate change. In order to fully assess the effects of climate change on the agricultural production of the region in general and the cropping systems in particular, it is needed to establish a data bank on the basis of updates as well as investigating, analyzing and additionally observing additional data, meteorological data, data on annual agricultural production activities can help managers to adjust, supplement, build and develop plannings to adapt the reality and development orientations in the context of climate change.
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Figure 1.5. Changes in average annual rainfall at 3 weather stations in Chiem Hoa, Ham Yen, Tuyen Quang in the period 1980 - 2010
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Figure 3.5: Effects of climate change scenarios on growing period (upper chart) and Summe-Autumn rice yield (bottom chart) in the study area





Figure 3.4: Effects of climate change scenarios on growing period (upper chart) and spring rice yield (bottom chart) in the study area








Figure 3.6: Effects of climate change scenarios on growing period (upper chart) and maize yield (bottom chart) in the study area





Figure 3.7: Effects of climate change scenarios on growing period (upper chart) and peanut yield (bottom chart) in the study area 





Figure 3.8: Effects of climate change scenarios on growing period (upper chart) and soybean yield (bottom chart) in the study area








Figure 3.9: Evolution of the minimum temperatures by day of January, February and March in the period 1998-2017














