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Abstract Using three kinds of labor skills training methods ( expert team training, recruit training and local agricultural extension center

training ) , based on enterprise planting and farmer planting, this paper analyzes the impact of training methods on the development of potato in-

dustry, such as yield, income and planting extension. The results show that the expert team training, recruit training and labor skills training

of local agricultural extension center can significantly improve the labor quality and skills, and increase the yield and income of winter potatoes.

The expert team training, recruit training and local agricultural extension center training can lift growers out of poverty and improve the willing-

ness of people to plant and extend. The winter potato industry has become one of the pillar industries to shake off poverty and become rich, in-

creasing local economic benefits. Through labor skills training, the winter potato industry has become one of the main industries to improve the

quality of the local people and increase economic income, promoting the local people to shake off poverty and become well-off.

Key words Winter potato, Labor skills training, Promoting industrial development, Increasing economic benefits

1 Introduction

Potato has become the fourth largest food crop in China.
China’s winter potato industry originated in the south, such as
Guangxi, Guangdong, Hainan, and Yunnan. Yunnan is one of the
earliest regions to plant winter potato, and it has unique climatic
advantages''’. Yunnan is the largest winter potato producing area
in China, with a planting area of about 200 000 ha. After 10 years
of winter potato cultivation practice, the team of Yunnan Agricul-
tural University has established a potato technology extension sys-
tem at the provincial, city, county and township levels, and win-
ter potato industry is the plateau characteristic agriculture in Yun-
nan Province. The area and yield of winter potato in Yunnan Prov-
ince are close to 10% of the province’s potato planting area and
yield, and the development of winter potato has unique geograph-

ical, climatic and market advantages. Good economic benefits
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have been achieved in some suitable areas of Yunnan Province,
such as Honghe, Dehong, Lincang and Pu’er. For example, win-
ter fallow fields are turned to effective fields and making use of ec-
ological conditions such as less rainfall,, strong light and large tem-
perature difference between day and night in tropical river valleys
can effectively inhibit diseases and pests, reduce the amount of
pesticides by 60% , and greatly improve the yield and quality of
potatoes”’ . Potato industry is one of the most direct industries for
short-term poverty alleviation in Yunnan hot areas because of its
short growth cycle, high yield and high income. Winter potato
cultivation technology is the most feasible to spread as a mature
science and technology in Yunnan hot areas. At present, there is
still a lot of room for the development of winter potato in Yunnan
border areas.

At present, there are many kinds of labor skills training
based on agricultural science and technology modes at home and
abroad. Wang Qian analyzed the supply of kiwifruit agricultural
industry science and technology training and farmers’ demand will
in Shaanxi Province, and proposed measures and methods to im-
prove the efficiency of agricultural technology extension and train-
ing, to increase farmers’ income and to enhance sustainable devel-
opment in agriculture and rural areas'*’. Yan Ji et al. carried out
policy analysis on the strategy of promoting poverty alleviation
through labor skills in agricultural science and technology”’. Xu
Jinhai et al. studied the demand of farmers for labor skills training
based on agricultural science and technology service!®. Si Xue-
gang et al. analyzed the impact of labor skills training based on
agricultural science and technology on the development of modern

]

agriculture'” . Dilinuer Abula explored the factors of the transfor-
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mation of labor skills related to agricultural science and technolo-
gy'®. Ding Linhui et al. studied the measures of labor skills
training under the new normal of economy'’’. Song Huaming
et al. studied the development of modern agriculture and the train-
ing methods of skilled talents in agricultural science and technolo-
gy’ Liang Xian analyzed and thought about the demand of labor
skills training in agricultural science and technology at the present

("] However, there are few reports on the training of agri-

stage
cultural science and technology labor skills in the rural agricultural
industry in the border areas. At present, the industry in the re-
gions inhabited by ethnic minorities of Yunnan is weak, small and
scattered, so there is an urgent need to develop crops with high
economic benefits, short production cycle, easy growth and man-
agement methods, and mature cultivation technology as a new in-
dustry. After years of observation in many areas, the potato pro-
duction cycle is four months, and the benefit per 667 m” is as high
as 6 000 — 10 000 yuan. It has a mature technical system and pro-
motion system, and is the first choice industry to drive the poor
people out of poverty and become rich.

In the areas with low degree of social development, underde-
veloped commodity economy, outdated ideas and lack of awareness
of market competition, the masses lack the necessary labor skills
to develop the industry. Through labor skills training, it is of great
significance to enable ethnic minorities to master winter potato cul-
tivation techniques, promote the development of winter potato in-

dustry, and help people get rid of poverty and become rich.

2 Areas and methods of labor skills training based on
agricultural science and technology for winter potatoes
2.1 Basic information of the training area For example,
Lancang Lahu Autonomous County, located in the southwest of
Yunnan Province, is the largest Lahu settlement, where the inci-
dence of poverty is 34. 56% , the number of poor people ranks
fourth in Yunnan Province and the first in Pu’er City. Poverty is
caused by low labor quality and lack of labor skills. The period
from October to June of the following year in Lancang Lahu Auton-
omous County is the dry season, the number of sunshine hours is
about 1 800, and the average temperature is 13.6 —19.5 C.
About 60% of the area is fallow in winter, with an elevation of
800 —1 600 m above sea level. The soil is mostly sandy loam with
loose texture, good permeability and high content of organic mat-
ter. The area of valley plains such as Shangyunba, Menglangba,
Mengbinba, Xiayunba, Huigeba and Xiyunba is about 13 300 ha,
which is very suitable for the development of winter potatoes.

2.2 Training methods

2.2.1 N$4 level. The potato expert team of Yunnan Agricultural
University provides training on the spot about potato planting tech-
niques, potato field plot selection standards, field soil preparation
methods, potato seed breeding process, storage and seed cutting
methods, field planting specifications and methods, use of small
agricultural machinery and tools, high-yield potato cultivation

technical regulations and management, identification of main dis-

eases and symptoms, field water and fertilizer management and in-
tegrated control techniques.

2.2.2 NS3level. Lancang Vocational High School is responsible
for recruiting local farmers aged 18 — 60 in Lancang County. The
potato teacher team of Yunnan Agricultural University compiles
teaching materials for training trainees, adopts practical training
system, and teaches potato planting techniques directly, including
potato field plot selection standards, field soil preparation meth-
ods, potato seed breeding process, storage and seed cutting meth-
ods, field planting specifications and methods, use of small agri-
cultural machinery and tools, high-yield potato cultivation techni-
cal regulations and management, identification of main diseases
and symptoms, field water and fertilizer management and integrat-
ed control techniques. Each student receives potato seeds
(667 m’), chemical fertilizers and pesticides, and personally
plants potato in the field, and the teachers go to the trainees’ land
regularly to guide the management of water, fertilizer, diseases
and pests. Taking the yield as the standard, the evaluation stand-
ard was established.

2.2.3 NS2 level. The training from local agricultural extension
center is the training from the county level agricultural extension
center and the township level agricultural service center for farm-
ers to plant.

2.2.4 NSI level. Planting enterprises grow their own plants and
carry out simple training.

2.2.5 NSO level. The scattered farmers receive no training.
2.3 Data collection methods Statistics of winter potato plant-
ing from 2005 to 2019 from the Agricultural Extension Center of
Lancang Lahu Autonomous County are collected. We conduct a
survey of the area, yield and income of trainees ( Lahu, Hani,
Wa, Yi and Dai nationalities ), enterprises and farmers in the
whole county in 2016, 2017 and 2018, as well as the planting
willingness and extension willingness in suitable areas.

Microsoft office 2013 is used for

data collation and analysis, and Graphpad 7.0 software is used for

2.4 Data analysis methods
data collation, T-test and one-way ANOVE analysis.

3 Results and analysis

3.1 Development and public awareness of winter potato in-
dustry in Lancang Lahu Autonomous County during 2005 —
2019 Fig. 1 shows that the planting area of winter potato during
2005 —2019 was extremely unstable and made no progress in 10
years, with an area below 66. 67 ha, a low in 2016, a peak in
2018 (reaching 220 ha), and a planned area extended of 133.33
ha in 2019 (Fig. 1A). According to the survey and statistical
analysis of the planting area, it is found that only 15% of the
towns were the extension areas before 2016 (Fig. 1B), and the
public awareness was 14% (Fig. 1C). The winter potato industry
is a small industry in local areas. 50% of the towns became the ex-
tension areas after 2016 — 2018 ( Fig. 1D), the public awareness
was increased to 79% (Fig. 1E), and the winter potato has be-

come one of the major local industries.
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3.2 Effect of winter potato training on yield and income of
winter potato From the perspective of different years of winter
potato training, the on-the-spot training effect of potato expert
team of Yunnan Agricultural University is the best. After the
training for the masses in 2016, 2017 and 2018, the average annu-
al yield (Fig.2A) and income (Fig.2B) decreased year by year,
and tended to be stable in 2017 and 2018. The average annual in-
come exceeded the poverty alleviation standard of 56 250 yuan/ha,
and 1 —2 people can be lifted out of poverty every 667 m” of winter
potatoes( Table 1). The potato expert team of Yunnan Agricultural
University is responsible for training, the yield and income of the
trainees in 2018 were significantly higher than those in 2017

(Table 2 and Table 3). The yield increased by 518 kg/667 m’
and the income increased by 1 315 yuan/667 m’. One person can
be lifted out of poverty per 667 m” of winter potato. Compared with
2017, the way of training for farmers by the local agricultural ex-
tension center in 2018 made the yield of farmers decrease signifi-
cantly and the income decrease (Table 2 and Table 3) , but there
was no significant difference, the planting area was expanded, the
guidance was insufficient, and the effect decreased.

Enterprise planting model: compared with 2017, the yield
decreased by 100 kg/667 m’ and the income increased by 467
yuan/667 m” in 2018 (Table 2 and Table 3), but the difference
was not significant, which indicated that cultivation and manage-
ment techniques had not been improved.

Scattered farmer planting model: the average annual yield
and income of growers without training tended to be stable in 2016,
2017 and 2018, and the average yield per 667 m” was 484.4, 416.2,
484.9 kg (Fig. 2C), respectively, and the average income was
968.7, 832.4, 969. 8 yuan/667 m’ (Fig.2D). The yield is low, the
income is low, the benefit is the worst, so it is not worth extension.

According to the different training modes of winter potato
planting, the on-the-spot training of potato expert team of Yunnan
Agricultural University in 2016, 2017 and 2018 was very effec-
tive, and the yield of farmers who received the training increased
in 2016 (2 902 kg/667 m’ vs. 484.4 kg/667 m’ ), 2017 (2 266
ke/667 m’ vs. 416.2 kg/667 m>) and 2018 (2 075 kg/667 m’
vs. 484.9 kg/667 m’) , and the income increased in 2016 (8 705
yuan/667 m’ vs. 968.7 yuan/667 m>), 2017 (6 797 yuan/667
m’ vs. 832.4 yuan/667 m’) and 2018 (5 951 yuan/667 m’ vs.
969. 8 yuan/667 m’) (Table 2 and Table 3). In 2017, the yield
differences between all models were extremely significant (2 266,
2271, 1406, 1 300, 416.2 kg/667 m’, respectively) (Fig.3A),
and the income differences were extremely significant (6 797,
5579, 2506, 2333, 832.4 yuan/667 m’, respectively) (Fig.3B).
In 2018, the yield differences between all models were extremely
significant (2 075, 2789, 1042, 1200, 484.9 kg, respectively)
(Fig.3C), and the income differences were extremely significant

(5951, 5579, 2396, 2 800, 969.8 yuan/667 m*) (Fig.3D).
y g

Table 1 Effect of labor skills training based on agricultural science and technology on the yield of winter potatoes from 2016 to 2019

2016 //kg/667 m*

Training methods

2017 //kg/667 m>

2018 //kg/667 m>

Number of samples

Ns4 2902.0+201.1 A 2266.0 £282.4 A 2075.0+£797.20 B 45/45/32
NS3 2271.0 £64.98 A 2789.0+89.70 A 14/16
NS2 1406.0 +£97.01 B 1042.0 £54.49 C 34,29
NS1 1300.0+351.2 B 1200.0 +400.00 C 3/3
NSO 484.4 +61.73 B 416.2 +101.7 C 484.9 £37.82 D 10/17/19

Note: Different letters indicate significant differences among different training methods (P <0.01).

Table 2  Effect of labor skills training based on agricultural science and technology on the income of winter potatoes from 2016 to 2019

Training methods

2016 // RMB/667 m?

2017 // RMB/667 m>

2018 //RMB/667 m>

Number of samples

N4 8705.0 £603.3 A 6797.0 +£847.3 A 5951.0+2582.0 A 45/45/32
NS3 B 4264.0+298.2 B 5579.0+179.4 B 14/16
NS2 - 2506.0 £176.7 C 2396.0+£278.1 D 34/29
NS1 - 2333.0+437.2 C 2 800.0 £611.0 C 3/3
NSO 968.7 +123.5 B 832.4 £203.4 D 969.8 £75.65 E 10/17/19

Note: Different letters indicate that there are significant differences between different training methods and different elevations (P <0.01).
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Fig.3 Effect of labor skills training based on agricultural science and technology on yield and income per 667 m? of winter potato industry

Based on the analysis of the yield and income for the same
planting pattern in different years or different training models in
the same year, the on-the-spot training model of the potato expert
team of Yunnan Agricultural University is better than the student
training model of the potato expert team of Yunnan Agricultural
University; the student training model of the potato expert team of
Yunnan Agricultural University is better than the farmer training
model of local agricultural extension centers; the farmer training
model of local agricultural extension centers is better than the en-
terprise planting model; the enterprise planting model is better
than the farmer planting model.

3.3 Effect of labor skills training on trainees’ willingness to

plant and promote winter potatoes The survey and analysis

show that in the frost-free area at an altitude of 900 — 1 300 m, the
average area of winter potatoes that people are willing to plant is
0.547 8 ha per person (the smallest of 667 m’, the highest of
1.33 ha), and the average area of winter potatoes that people are
willing to promote is 9.446 7 ha per person ( the smallest of 1.33
ha, the highest of 33.33 ha). In the light-frost area at 1 300 —
1 500 m above sea level, the average area of winter potatoes that
people are willing to plant is 0. 698 7 ha per person (the smallest
of 0. 133 ha, the highest of 1.33 ha), and the average area of
winter potatoes that people are willing to promote is 20. 133 ha per
person (the smallest of 1.33 ha, the highest of 133.33 ha). Gen-
erally, the planting willingness and promotion enthusiasm of winter

potato are high, and the enthusiasm in the light-frost region at
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1 300 — 1 500 m above sea level is higher than that in the frost-
free region at 1 300 m above sea level, which is of positive signifi-
cance to promoting the expansion and development of winter potato
industry.

Table 3 Willingness of trainees to plant and promote winter potatoes af-
ter labor skills training

. Planting area Area extended Number of
Altitude //m N 2
667 m~/per person 667 m~/per person samples
900 -1 300 0.5478+ 0.0954a 9.4467+1.8073 B 23
1300-1500 0.6987+ 0.1131a 20.6667 +8.1400 A 20

Note: Different letters indicate significant differences (P <0.01).

4 Discussion

The labor skills training based on agricultural science and
technology is the main method and force to promote the new indus-
try at present. According to the survey and analysis, it is conclu-
ded that the labor skills training based on agricultural science and
technology in the vast rural areas has a relatively positive impact
on the improvement of agricultural productivity. Improving the
quality of rural laborers is an important way to promote agricultural
development and increase farmers’ income, and also an important
way to drive innovative development strategy!” ™. We carried out
a survey in conjunction with Yunnan Agricultural University, Lan-
cang Vocational High School and Lancang Agricultural Technology
Extension Center in Lancang County, a frontier minority region of
Yunnan Province. In Lancang County, the average education
length is 6.3 years, it has inconvenient transportation and infor-
mation is deficient, lacking understanding of labor skills based on
agricultural science and technology. There was no poverty allevia-
tion-oriented promotion of winter potato industry, and the public
awareness of winter potato industry was poor in Lancang County
before 2016. In order to promote winter potato planting in this re-
gion, labor skills training is very important. Through the publicity
and practical guidance for trainees and the masses, farmers’ recog-
nition of winter potato industry increased from 2016 to 2019, and
winter potato has become one of the main local industries.

After the trainees and the masses took part in the labor skills
training, the yield and income of winter potatoes were greatly in-
creased, which is consistent with the survey results of P.
Agres™ | but different from the results of P. Agres, the training
effect is affected by annual climate, sowing date, management and
planting area. The most obvious is that the agricultural extension
center’s guidance area is large, there is a lack of guidance, resul-
ting in annual yield fluctuations, production decline and income
decline phenomenon. The expert team’s one-to-one guidance is al-
so faced with the same situation. From the perspective of training
methods, after taking part in the training, the trainees and the
masses have mastered the techniques of planting winter potatoes,
and the yield and income have been improved. The annual income
of winter potatoes per 667 m’ for the trainees and the masses have
a high degree of mastery is nearly 10 000 yuan, and 1 —2 people
can be lifted out of poverty (estimated by the poverty alleviation
line of 3 750 yuan). This is a bright spot and novel result of the
survey, and there are no researchers involved in this area at pres-

ent. The results of the survey on the trainees in the area suitable
for winter potato are similar to those of Xu Jinhai'®. In this case,
each trainee can grow 0. 533 —0. 667 ha of winter potato and ex-
tend 9.400 —20. 667 ha of winter potato. The social benefit is ex-
cellent and the training effect is good. The winter potato can be
used as an agricultural industry for local poor people to shake off
poverty and go to a well-off society for a long time. This labor
skills training model has important reference value and reference
significance for promoting the poor people in China’s border areas
to shake off poverty and move towards a well-off society.
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