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Research on Factors Influencing Fertilizer Application of Farmer

Households in Anhui Province
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Food and Drug College, Anhui Science and Technology University, Fengyang 233100, China

Abstract Known as the "food of grain" , chemical fertilizer plays a very important role in increasing the output of agricultural products. In the

meantime, its negative externalities such as soil and water environment pollutions as well as the quality and safety hazards caused to agricultural

products have been revealed gradually. Taking 126 farmer households in 5 counties ( districts) of Anhui Province as samples, the fertilizer ap-

plication behaviors of farmer households are analyzed. Research shows that farmers applying fertilizer are generally older in age with relatively

lower degree of education, inveterate farming habits and small area of cultivation. Besides, the farmer households wish to receive training and

guidance on techniques of fertilization, but very few of them have attended the trainings on agricultural technology. Moreover, the individual

characteristics and family factors of farmer households have a significant impact on their fertilizer application behaviors. And the degrees of im-

pact are also different for the fertilizer applying behaviors in different stages. Therefore, improving the educational level of farmer households,

strengthening the training and promotion of agricultural techniques and accelerating land transfer among farmer households will play a funda-

mental role in regularizing the fertilizer application behaviors of farmer households and improving the quality and safety of agricultural products.

Key words Agricultural products, Quality and safety, Fertilizer application, Behavior of farmer households

Agricultural products constitute the material foundation and basic
guarantee for human beings. With rapid economic growth and the
gradual improvement in our living standard, our government and
residents are increasingly aware of the safety of agricultural prod-
ucts. The Survey Report on Food Safety in the Circulation Field is-
sued by the Ministry of Commerce indicates that 95. 8% of the ur-
ban consumers and 94. 5% of the rural consumers attach impor-
tance to the quality and safety of agricultural products. These pro-
portions have been increased by 13.2% and 36.4% respectively
as compared with that of the year 2006. However during the tran-
sitional development of China, the satisfaction degree of urban and
rural consumers with agricultural products has dropped significant-
ly due to the frequent food safely incidents inclusive of agricultural
products'!. Although the occurrence of adverse situation with re-
gard to the safety of agricultural products has been caused by mul-
tiple factors in various links from farmland to dining-table, there is
no denying that the excessive application of fertilizers and unrea-
sonable fertilizer application behaviors of farmer households consti-
tute one of the important factors that affect the quality and safety of
agricultural products.

As one of the necessary inputs for agricultural production,
chemical fertilizer has long been an important material for the pro-
duction of agricultural products and has played an important role
in maintaining and increasing agricultural production. However,
excessive and unreasonable fertilizer application behaviors have

caused serious pollutions that allow of no ignorance to the ecologi-
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cal environment. Our country has become one of the countries with
maximum level of fertilizer usage and intensity around the world.
Statistics show that the total amount of fertilizer usage in China has
increased from over 1 200 t in 1980 to over 5 700 t in 2011, indi-
cating a growth rate of nearly 5 times. The agricultural acreage of
China accounts for less than 10% of the world’s total acreage.
However, the annual usage of fertilizer has accounted for 1/3 of
the total fertilizer usage of the world. The fertilizer usage per hec-
tare ( converted into scalar quantity) has increased rapidly from
94. 83 kg to 430.43 kg, which is much greater than the safe upper
limit of fertilizer use intensity (225 kg/hm’) that has been set by
the developed countries'”'. Besides, due to the massive use of fer-
tilizers, the faeces and straws that could have been recycled are

discarded and become the important " carbon source" and

") The unreasonable and non-regulated fertiliz-

’pollution source
er application behaviors of farmer households can lead to soil hard-
ening, land capability decline, worsening conditions for the growth
and development of agricultural crops and the eutrophication of
water environment, which will further affect the yield and quality
of agricultural products directly. Therefore, in the context of envi-
ronment & climate changes, farmland shrinking, increase in rigid
demands of population, and that fertilizer will continue to play an
integral role for a long term as an important element for agricultur-
al production, it will be the most important and realistic approach
to further observe farmer behaviors, analyze the principal factors
influencing the fertilizer application behaviors of farmer house-
holds, implement institutional supply and moderate market mecha-
nism actively to regulate the fertilizer application behaviors of
farmer households, and minimize human impact so as to reduce
the impact of fertilizer application on the safety of agricultural

products at present and in the future.
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1 Description of program implementation and sample
statistics

1.1 Investigation method and data source

1.1. 1

closely around the topic of decision-making research on the fertil-

Questionnaire design. The questionnaire is designed

izer application behaviors of farmer households on the basis of
comprehensive analysis and reference of relevant research litera-
ture. The questionnaire falls into 3 parts: basic characteristics of
fertilizer users, behaviors of fertilizer users during fertilizer appli-
cation and the cognition of fertilizer users on fertilizer application
behaviors. There are totally 19 questions that are connected with
each other.

1.1.2 Sampling method and model selection. This survey is con-
ducted in 5 counties (districts) (Dangshan County, Datong Dis-
trict, Shou County, Taihu County and Lixin County) that are ran-
domly selected from 5 prefecture-level cities ( Suzhou City, Huain-
an City, Lwan City, Anqing City and Bozhou City) in Anhui
Province. In each county (district) , 5 townships are selected ran-
domly. And in each township, 1 village will be selected as the
survey sampling area randomly. In order to ensure the authentici-
ty, validity and rationality of the survey, random sampling has
been applied. All the farmer households under investigation are
scattered households with the experience of fertilizer application.
They are family-based production and business units and haven’t
participated in any forms of cooperatives. Due to the limitations of
location, language, resources, time and other factors, this ques-
tionnaire survey has been conducted by the team of home-returning
students on the basis of one-on-one interview and in the form of
answering questions at the scene. A total of 140 questionnaires
have been issued, and 126 valid ones have been retrieved, resul-
ting in an effective rate of 90% . In model selection, the Binary
Logistic model has been applied for data analysis in this paper.
1.2 Basic characteristics of respondents Male farmers have
held a larger majority in this survey. The total number of them is
82, accounting for 65. 1% of the total number of samples. 89 of
the respondents are aged 40 or above, accounting for 70. 6% of
the total number. Respondents with relatively lower degree of edu-
cation (educational level of junior high school or below) account for
77.8% of the total number of samples. 53.2% of the respondents
have been engaged in agricultural production for over 20 years. 99
of the respondents have family members of 4 and above, accounting
for 78% of the total number of samples. The annual household in-
come of the respondents is on the low side. Only 21.4% of them
have an annual income of higher than 50 000 yuan. Among the re-
spondents, 67 of them do part-time jobs in the slack farming season,
accounting for 53.2% of the total number of samples. In the mean-
time, 79.4% of the respondents have never employed labor force for
agricultural production in busy farming season.

1.3 Fertilizer application behaviors of respondents The
analysis on fertilizer application of farmer households is very com-
plex, and the behaviors observed from different angles present sig-

nificant differences. For the sake of typicality, this research has

divided the fertilizer application behaviors of farmer households in-
volved into concrete behaviors of 3 stages (before fertilizer appli-
cation , during fertilizer application and after fertilizer application)
according to the continuity of the fertilizer application behaviors for
statistical analysis.

1.3.1 Behaviors of farmer households before fertilizer applica-
tion. The behaviors of farmer households before fertilizer applica-
tion mainly involve 4 aspects, including knowledge training on
chemical fertilizer, sense of identification with guidance of agricul-
tural technicians, considerations in fertilizer purchasing and the
need for deep and extensive soil cultivation.

The survey results show that the number of farmer households
who have attended fertilizer knowledge trainings accounts for only
7% of the total number of samples. That is to say, 93% of the
households haven’t attended any training. With regard to the guid-
ance effect of agricultural technicians, 69% of the households
deem the guidance as effective, and 31% of them say that they are
not very clear about it. No one thinks that the guidance of agricul-
tural technicians is of no effect. This indicates that most farmer
households have anticipations to agricultural technology expan-
sion. Only a few of them are not familiar with the promotion and
training of agriculture science and technology, but they do not re-
ject it. Through further investigation on the considerations of farm-
er households in fertilizer purchasing, it has been found that price
and the growth conditions of crops remain to be the their primary
considerations. And the above factors account for 77% and
76.2% of the total number of samples respectively. Only 5.6% of
the farmer households will consider whether the fertilizer is envi-
ronment friendly.

Besides, deep and extensive soil cultivation will promote the

root development of crops and increase production. Statistics show
that 60% of the respondents conduct deep and extensive soil culti-
vation before fertilizer application, and the remaining 40% of
them do not conduct deep ploughing before fertilizer application,
which will lead to the underutilization of fertilizers. Some of the
fertilizer retained on soil surface will flow into rivers and lakes
along with rainfalls and cause pollution to surface water.
1.3.2 Behaviors of farmer households during fertilizer applica-
tion. The behaviors of farmer households during fertilizer applica-
tion mainly include the following 3 aspects: fertilizer usage for ev-
ery 667 m’ of wheat in a season, application method for base fer-
tilizer during fertilization, and the kinds of additional fertilizers
applied each year.

For the amount of each kind of fertilizer applied by the users,
statistics show that the average fertilizer inputs for every 667 m” of
wheat in a season are as follows: 18. 8 kg bio-organic fertilizer,
135.3 kg farmyard manure, 45 kg nitrogen phosphorus and potas-
sium, and 16 kg micronutrient fertilizer.

Base fertilizer may help to create suitable soil conditions for
the growth and development of crops. With regard to the applica-
tion method of base fertilizer, 57% of the farmer households
choose to spread base fertilizer before ploughing, and 43% of
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them choose to spread base fertilizer after ploughing. According to
the moisture content of farmland, the base fertilizer can be applied
in deep soil by means of deep furrow application or ploughing after
fertilizer spreading. In drought years, deep furrow application is
generally adopted. That is, apply fertilizer in the furrow along
with the soil upturning process of plow, and then turn up soil to
cover the fertilizer. For the farmland with heavy and wet soil, the
method of ploughing after fertilizer spreading is applied to bury
fertilizer into the soil. However in our practical investigation, we
have found that most farmer households will not choose the method
of application after ploughing or application before ploughing ac-
cording to the actual conditions of the soil. They just continue with
their consistent way.

Additional fertilizer is applied to supplement the insufficient
nutrients of base fertilizer. The application of additional fertilizer
is quite flexible and should be conducted according to the element
deficiency diseases of crops presented in different growth periods.
In the application of additional fertilizers, 77% of the farmer
households choose to apply striking root fertilizer and nitrogen fer-
tilizer before transplanting. The application amounts of leaf fertil-
izer and jointing fertilizer are of similar level, accounting for 50.
8% and 47.6% of the total number of samples respectively. Fe-
west farmer households choose to apply booting nitrogen fertilizer,
accounting for only 26.2% . In the survey, it has been found that
the application of additional fertilizers is primarily based on the
self experience of farmer households. There is no scientific basis
for it. In this way, excessive application and waste of fertilizers
are very likely to occur.

1.3.3 Behavior and cognition after fertilizer application. The
behavior and cognition of farmer households after fertilizer applica-
tion involve the following 3 problems: the disposal of fertilizer
packages after application, cognition on the negative effects of ex-

cessive fertilizer application, and the cognition on new technolo-

Table 1 Definition of variables and sample statistics

gies for formula fertilization by soil testing.

For the disposal of bottles and bags of chemical fertilizers and
pesticides after application, 69. 8% of the farmer households
choose to discard them near the farmland or canal directly; 19.
8% of them choose to pile them up together with the other indus-
trial and domestic wastes; and only 7.2% of them will place them
at special recycling stations. Only a small number of farmer house-
holds have a sense of environmental protection.

In addition, the fertilizer application behaviors of chemical
fertilizers depend largely on their cognition of such behaviors.
When asked " whether the excessive fertilizer application will
cause harm to soil conditions and water quality" , 5% and 9% of
the farmer households hold the views that excessive fertilizer appli-
cation causes no hazards or very minor hazards. The number of
farmer households deeming the hazards as " general" and " signifi-
cant" account for 40% and 39% of the total number of samples
respectively. And only 7% of them consider the hazards as " very
serious". Thus it can be seen that most farmer households recog-
nize that excessive fertilizer application will contribute to environ-
mental pollution, but only a small number of them are aware of the
gravity of the problem.

Formula fertilization by soil testing is an effective way to im-
prove land utilization efficiency and achieve scientific farming.
But farmer households have low awareness of the technologies on
formula fertilization by soil testing. Survey results show that only 6
farmer households have tried formula fertilization by soil testing. A
major proportion of them have never heard of formula fertilization
by soil testing, and the number accounts for 58% of the total num-
ber of samples. Up to 42% of the farmer households have heard of
but never tried this technology. Only 20% of the farmer house-
holds who have heard of the technology want to have a try, but

there is a lack of technical guidance.

Variable name Variable definition and assignment

Y1 Explained variable, whether to plough soil deeply before fertilizer application (1 =Yes; 2 =No)

¥, Explained variable, application method of base fertilizer (1 = Application before ploughing; 2 = Ploughing before application)

Y3 Explained variable, disposal method of bags after fertilizer application (1 = Recycling or other; 2 = Discarding or stacking)

X, Explaining variable, gender, (1 =Male; 2 = Female)

x, Explaining variable, age (1 =Aged 40 and below; 2 = Above 40 years old)

X, Explaining variable, years of education (1 = Less than 6 years; 2 =6 -9 years; 3 =9 —12 years; 4 = More than 12 years)

e Explaining variable, years of experience in agricultural production (1 = Less than 10 years; 2 =10 —30 years; 3 = More than 30 years)

Xs Explaining variable, whether to take part-time jobs (1 = Yes; 2 =No)

Xg Explaining variable, number of family members (1 =2 members or below; 2 =3 members; 3 =4 members; 4 =5 members or above)

x Explaining variable, household income (1 =30 000 yuan or below; 2 =30 000 —50 000 yuan; 3 =50 000 — 100 000 yuan; 4 = Over
7 100 000 yuan)

. Explaining variable, non-agricultural income (1 =30 000 yuan or below; 2 =30 000 —50 000 yuan; 3 =50 000 — 100 000 yuan; 4 =
s Over 100 000 yuan)

Xy Explaining variable, total area of family cultivation (1 =5 mu and below; 2 =2 =10 mu; 3 =10 - 15 mu; 4 = More than 15 mu)

Xy Explaining variable, land leased (1 =Yes; 2 =No)

Xy Explaining variable, land rented (1 = Yes; 2 =No)

2 Empirical analysis
On the basis of the descriptive analysis on the individual charac-

teristics, family characteristics and related behaviors of respond-

ents before, during and after fertilizer application, a binary Logis-
tic model has been built from the perspective of household charac-

teristics to further explore the characteristic factors that affect the
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fertilizer application of farmer households. Variable explanations
involved in the model are shown in Table 2, and the corresponding
binary Logistic model is expressed as:

logit((p)) =In( LB S) =ae S +¢

where f(p) is the probability of dependent variable y =1; a is

constant term, Y b, is regression coefficient; x; is the factor that
i=1

affects the fertilizer application behaviors of farmer households,

including the variables of individual characteristics and production

& operation characteristics; n equals to 126; and ¢ is the random

error subject to normal distribution.

Table 2 Logistic regression results for deep and extensive cultivation

In this research, 3 typical behavior characteristics including
whether to perform deep and extensive soil cultivation, how to apply
base fertilizer during the application and how to dispose the bags af-
ter fertilizer application have been considered as the representative
behaviors before, during and after fertilizer application respectively.
Through empirical research, the household characteristics that affect
fertilizer application behaviors have been studied.

Statistical software SPSS16. 0 is applied to conduct Binary
Logitic regression analysis on the cross-section data of the 126
samples under investigation. The results are shown in the following

Table 2, Table 3 and Table 4,

Name Regression coefficient B Standard error Wald value Degree of freedom Significance Exp(B) value
x, 0.730 0.372 3.862 1 0.049 2.076
e -0.592 0.307 3.722 1 0.054 0.553
X 0.784 0.208 14. 160 1 0.000 2.190
Xg —1.468 0.360 16. 668 1 0.000 0.230
X, 0.988 0.434 5.192 1 0.023 2.686
Constant 0.729 1.134 0.413 1 0.520 2.074

Table 3 Logistic regression results for base fertilizer application

Name Regression coefficient B Standard error Wald value Degree of freedom Significance Exp(B) value
X, 1.033 0.352 8.620 1 0.003 2.810

Xs -2.061 0.633 10.590 1 0.001 0.127

% -1.115 0.435 6.569 1 0.010 0.328

Xy 0.674 0.332 4.118 1 0.042 1.962

B —1.484 0.637 5.422 1 0.020 0.227
Constant 1.366 1.589 0.739 1 0.390 3.921
Table 4 Logistic regression results for bag disposal after fertilizer application

Name Regression coefficient B Standard error Wald value Degree of freedom Significance Exp(B) value
X, -0.917 0.500 3.367 1 0.067 0.400

X, 1.450 0.276 27.602 1 0. 000 4.263

Xg 0.773 0.263 8.624 1 0.003 2.166

%, -1.177 0.407 8.355 1 0.004 0.308

£ 1.342 0.530 6.408 1 0.011 3.828
Constant —-4.244 1.392 9.290 1 0.002 0.014

Through further analysis, the models that affect the fertilizer
application behaviors of farmer households are shown below;

logit(y,) =0.729 +0. 730x, +0. 592x, +0. 784x, — 1. 468x, +
0. 988, (D

From Formula (1), it can be seen that the choice regarding
whether to perform deep and extensive soil cultivation before fertil-
izer application depends largely on the factors including gender,
years of experience in agricultural production, number of family
members, non-agricultural income and the area of rented land. It
shows a negative relationship with the years of experience in agri-
cultural production and the non-agricultural income, and has a
positive relationship with the other factors.

logit(y,) =1.366 + 1. 033x, — 2. 061x, — 1. 115x, +0. 674x, —
1. 484x, (11)

It can be seen from Formula (1II) that the choice on the
method of fertilizer application relies heavily on the factors inclu-

ding the years of education, the taking of part-time jobs, annual

household income, total area of family cultivation and the area of
leased land. It is positively correlated with the years of education
and the total area of family cultivation, and is negatively correla-
ted with the other factors.

logit(y,) = —4.244 —0.917x, + 1. 450x, +0. 773x, - 1. 177
x, + 1. 342x,, (1IT)

From Formula (IIT), it can be seen that the disposal of fer-
tilizer bags after fertilizer application is significantly affected by
the age, years of education, number of family numbers, annual
household income and the area of leased land of the farmer house-
holds. Among these factors, it is negatively correlated with the age

and annual household income.

3 Conclusions
Through the investigation on 126 farmer households in 5 counties

(districts) in Anhui Province, statistical description and model
(To page 108)
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living conditions in the base should be further improved so that
scientific researchers can feel secure when working here and dem-
onstration effect can be obviously improved.

4.2 Equipping rationally structured talent team Talent
team should be rationally structured through introduction and dis-
tribution of human resources to make sure that professionals in sci-
entific research, promotion and management are relatively stable
with clear division. The current professionals in Guangzhou exper-
imental station cannot satisfy the construction requirements, there-
fore it is suggested that professionals in the brother institutes can
be introduced to the experimental station with titular positions.
4.3 Striving for project support Without project implemen-
tation, people will go away or become lazy and land can be was-
ted. Therefore, project support from CATAS, Jiangmen City,
Ministry of Agriculture and Guangdong Province should be a-
chieved to maintain the routine management, especially those
large industrialized projects, which can encourage professionals in
Guangzhou experimental station and agricultural science and tech-
nology innovation center in Jaingmen to jointly participate in pro-
ject implementation and truly achieve the co-construction of exper-
imental station.

0@00S00S00S00S00S00S00S00S00 SO0

(From page 97)

analysis have been conducted for the fertilizer inputs of farmer
households as well as the influencing factors. Research results
indicate that most farmer households hold a positive attitude to-
ward the guidance of agricultural technicians and want to obtain
such guidance and training, but only a very few of them have ac-
tually received the trainings on the knowledge of pesticides and
chemical fertilizers. Although the farmer households have certain
understanding of the adverse impact posed by excessive fertilizer
application on the environment, they don’t really know what kind
of behaviors will cause environmental pollution during their own
operation procedures. Formula fertilization by soil testing is a
scientific fertilizing method that has attracted extensive attention
in recent years. But in rural areas, most farmer households have
never heard of formula fertilization by soil testing. This indicates
that they have very few channels to learn about new technologies.
In addition, the behaviors of farmer households before, during
and after fertilizer application are affected by the basic character-
istics including age, years of education, number of family mem-
bers, the taking of part-time jobs, annual household income, to-
tal area of family cultivation and the area of leased land etc. to
varying degrees. The research results indicate that the basic

measures for solving potential quality and safety problems of agri-

4.4 [Establishing benefit affiliating mechanism and striving
for full support Relevant offices in CATAS should play a lead-
ing role in building the benefit affiliating mechanism between the
experimental station and research institutes, making those institu-
tes with achievements take the work in experimental station as

their own.
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cultural products from the source include improving the cultural
education and environmental cognition of farmer households, of-
fering farmer households with rational fertilization information
through the training and promotion of agricultural technologies,
speeding up land circulation among different households, achie-
ving land operation of suitable scale, and strengthening the pro-
motion and application of new agricultural technologies such as
formula fertilization by soil testing. These measures are also im-

portant approaches for improving rural ecological environment.

(This article chinse version has been published in " Guang-

dong Agricultural Sciences" 2014 first issue).
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