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 An assessment of the dynamics and variability of rice yields in the south of the Far East 

(RFE) of Russia (Primorsky Krai) was conducted for the period of 1950-2013. Rice 
cultivation in Primorye is carried along the northern boundary of the range of the global 

spread of this culture in an unstable monsoon climate RFE, which is one reason for the 

relatively low yield of rice. Anomalies in the decadal average air temperature in years 
that has been abnormally high or low on rice yield are considered. Identified 

dependencies are significant on levels of 1-5%. Despite the adverse weather conditions, 

about 55 thousand tons of grain of rice are collected here per year, which allows 
meeting the needs of the population in the RFE concerning this product supply. To 

increase the stability of the rice harvest it is proposed to improve the technology 

agrometeorological service. 
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INTRODUCTION 

 

  Rice is a major agricultural crop and it is the staple food product for most of the world's population 

[26,13,25]. It is widespread due to the high yield and nutritional qualities of grain. This culture employs about 

two-thirds of the total irrigated acreage in the world. Rice gathering exceeds wheat gathering, nevertheless the 

demand on the world market is yet fully satisfied. Rice prices are by 2-2.5 times higher than wheat prices. 

 In the Russian Federation (RF) the rice production is concentrated in the Southern Federal District 

(Krasnodar Krai, Rostov region), in the North Caucasian Federal District (Republic of Dagestan, Adygea, 

Kalmykia, Astrakhan region, Chechen Republic) and in the Far East Federal District (Primorsky Krai). Rice 

zone of RF is adjacent to the northern border of the world's distribution range of rice. Considering that rice 

grows under a layer of flooding, the main agro-climatic factor limiting growing of rice in the rice-growing area 

of the Russian Federation is the heat supply of the vegetation period [8,19]. The least heating-supplied region in 

Russia is located in the monsoon climate of the Far East — in Primorsky Krai. The weather conditions of the 

area are characterized by large imbalance that causes significant inter-annual fluctuations in yield. The study of 

peculiarities of the spatial and temporal changes in climate and weather elements of Primorsky Krai has an 

important methodological implications not only for the scientific substantiation of rice crops allocation in the 

northernmost parts of the global area of distribution, but also for forecasting rice yield, the adverse weather 

conditions risk assessments, recommendations on the use of climatic and prognostic information.  

 Methods for climate assessing with the purpose of the production of agricultural crops, including rice are 

presented in works of foreign [3,16,14,1,7,2421,10] and Russian researchers [4,5,6,18,27,11,22,2]. When 

assessing the agro-climatic and agro-meteorological conditions for rice production, such prerequisites are 

primarily analysed: thermal conditions of the vegetation period, moisture conditions and adverse abnormal 

weather phenomena (drought, floods, decrease in temperature, etc.).  

 The use of agro-climatic resources in the production of rice must include, in our opinion, several key areas: 

1) dynamic-statistical estimates of climate 2) climate prediction; 3) socio-economic aspects of climate 

variability (risks); 4) selection of optimal management decisions, taking into account the climate and weather 

variability (adaptation and technology); results of territorial zoning depending on micro climate forming factors. 
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 Issues of climate variability of certain regions and areas of growth of various crops and methods of 

assessing the impact of climate change on the productivity of the agricultural sector acquire a particular 

relevance to the background of global climate change [7,21,4]. To address these issues, various models of 

climate change are being used. 

 Up to 1990 the agroclimatic resources of Primorsky Krai in relation to rice production were studied, as a 

rule, on the basis of meteorological data  

 [19,4,5,18]. In these studies, it was established that in the conditions of the Far East monsoon climate 

fluctuations of total temperature above 10
ᵒ
С during the growing season, due to the circulation peculiarities 

temperatures can reach up to 350
ᵒ
С. Thus the most heat is provided by rice cultivation areas of Primorsky Krai, 

which includes the territory adjacent to lake Hanka, is obtained during years of adverse temperature conditions 

additionally 200–250
ᵒ
 С. In addition, the rice fields on the most favourable soils in the growing season can reach 

up to 120 
ᵒ
С.  

 Issue Statement. The main objective of this study are: estimation of dynamics of rice yields in the 

Primorsky Krai in 1950-2013; refinement of climatic and agro-meteorological peculiarities growing rice in the 

Primorsky Krai; evaluation of critical periods of the formation of rice yield in a monsoon climate in the southern 

Far East. 

 

Materials and metodology: 

 As a background information, data on rice yields for the period from 1950 to 2013 was used. Author's and 

Primorskstat data [19,20].  

 For the assessment of regional climate change of rice cultivation zone of Primorsky Krai (South of Russian 

Far East) a variety of Russian and foreign sources of meteorological data is used: Applied scientific guides on 

Climate from Roshydromet of RF (Khairullina K.S., 2005), the Russian open access base AISORI 

(http://meteo.ru); details from an international database of Global historical climatological network (GHCN) 

(http://kodac.knmi.nl/kodac/). 

 Rice yield Рt was considered as the sum of two components: non-random or trending Еt due to the culture of 

farming (rice varieties, agricultural technology) and long-period variations in climate, and a random component 

ΔРt, which is determined by the weather conditions of a particular year:  

Рt = Еt ± ΔРt,                  (1) 

 where t – means time, years. 

 To assess the variability of the series the basic statistical characteristics (mean, standard deviation, mode, 

median, the asymmetry coefficients, kurtosis, etc.) were originally calculated. For smoothing the series and 

highlighting the trends, analytical functions were used, in particular the modified method of least squares. The 

trend component was an approximated linear function, a polynomial of the second and third degree. Moreover, 

the method of a moving average was used. For comparative evaluation of the sampling distribution of the actual 

and theoretical normal distribution of meteorological values for all stations and months of the study period the 

graphs of the distribution curves were constructed. Number of gradations was determined by the Sturges rule:  

K= 1+3,32lg N                  (2) 

 where N - is the sample size, row length; K - is the number of gradations. 

 In assessing the statistical significance of the identified dependencies Student's test criteria (tC) and 

Pearson's chi-squared test (χ
2
) (Korn G., Korn T., 1984) were used.  

 

RESULTS AND DISCUSSIONS 

 

  The cultivation of rice in the Primrsky Krai began at the beginning of last century, but by the end of the 

forties, the industrial irrigation systems were built in the province, adjacent to the southeast, south and south-

west coast of the Hanka lake. The second area of rice production was located along the middle reaches of the 

Arsen'evka River. These territories are the most favourable for rice cultivation in the region in terms of 

temperature and soil type. Main water intake irrigation system is operated from the lake Hanka.  

 Gross harvest of rice in Primorsky Krai in 2013 amounted to 54.7 thousand tons. Rice production in the 

region allows to almost fully meeting the needs in this valuable agricultural crop of the population of Primorsky 

Krai and the Far East. Analysis of the dynamics and temporal variability of rice yields in Primorye is shown in 

Figure 1.  

 

 

http://meteo.ru/
http://kodac.knmi.nl/kodac/
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Fig. 1: Dynamics of rice yields in Primorsky Krai. 

 

 The average rice yield in the last 10 years in Russia amounts to 51 cwt/ha. The highest yield of rice (70 

cwt/ha) in the country is stated in the Krasnodar region, where at some fields up to 80-90 cwt/ha [3, 20] are 

collected. In Primorsky Krai agro-climatic conditions for the cultivation of rice are significantly inferior to the 

Krasnodar region. Rice yields over the last 10 years in Primorye amounted to about 25 cwt/ha. The highest rice 

yields in Primorye were collected in 1978 (32.2 cwt/ha) and in 2010 (31.4 cwt/ha).  

 Purchasing prices for rice allow achieving high profitability to almost all rice-growing farms. Currently, 

almost half of the rice of Primorye produced on private farms. 
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Fig. 2: Secondary sample and the actual distribution of the average in Primorsky Krai rice yields for different  

periods of years. 

  

 In our opinion, these results suggest that there is a certain periodicity in the rice yields in Primorye. In this 

case, it is inappropriate to use linear trend, to evaluate and forecast annual fluctuations in yields. Best results are 

obtained by the method of moving average. If, on the one hand, we should proceed from the premise that a 

change (warming) of climate tends to be the most pronounced in the last 15-20 years, and, on the other hand, 

take into account that the agro-climatic limiting factor for successful rice production is temperature, then in that 

case the rice yield of Primorye in the last 10-15 years should be higher than in 1950-1992.  

 However, in reality this did not take place, despite the fact that in general, in the warm season (April-

October), an increase in the average monthly temperature is sighted. In general, during the vegetative period 

sums of temperatures above 10
ᵒ
С became 10–15% higher than for the period of 1950–1990. 

 We therefore attempted to estimate the contribution of decadal average air temperature in the interannual 

variability of rice yields. Curves of decadal course of an average air temperature in the low yielding and high 

yielding years were constructed (ΔРt ± 3σ). It has been determined that the greatest difference between the 

average decadal temperature (ΔD
ᵒ
С) air is observed from the third decade of May to late July, and in the first, 

the second week of August. Assessment of the significance of set differences is given in Table 1.  

 
Table 1: Student's test criteria (tC) and the level of significance (%) of differences in the decadal average air temperature (ΔDᵒС) in the high- 

yielding and low yielding years (1950-2013) 

 

Characteristics 

May June July August 

III I II III I I II 

ΔDᵒС 16 22 27 25 17 16 13 

tC 1.58 2.17 3.13 2.97 1.78 1.72 1.64 

Level of significance, % 10 5 1 5 10 10 10 

  

  Thus, the air temperature in June is a critical agrometeorological factor and has a significant impact on 

relative yield of rice in Primorye. This can be explained from both biological and climatic point of view. As a 

rule, in June rice plants pass through a stage "bushing" and "paniculating and flowering." If in this period, the 

rice plants are in a "depressed" state due to the low temperature, most often (95% probability) of rice yield will 

be low. Far East monsoon is characterized by two stages; June is the month of the first central stage of the Far 

summer monsoon. Low temperatures indicate that the summer monsoon is well developed and the advection of 

cold air masses from the Sea of Okhotsk is carried to the territory of the southern regions of Primorsky Krai 

along the river valley Razdol'naya.  

 Works of some foreign scientists demonstrate a negative impact of high night temperatures on rice yield 

formation [17,23] In the Primorsky Krai, on the contrary, the low temperature in June has a negative effect on 

rice production, which is explained, first, by peculiarities of the monsoon climate of the Far East of Russia. Rice 

varieties cultivated in the region, are characterised by early maturity and resistance to low temperatures 

[13,8,19,4,2].  

 One of the possible ways to increase agricultural production or stabilize harvesting is a biological method of 

mutual compensation. The essence of this method lies in the fact that at a certain combination of several crop 

rotation paddy field, you can achieve better stability in annual harvesting of gross harvest. Primorsky Krai main 

crops for the paddy field crop rotation are soybeans, oats, barley and buckwheat (Table. 2). 
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Table 2: Relationship (correlation coefficients r) between deviations of agricultural crop yields of crop rotation of paddy field from trend  

components  

Agricultural crop Rice Soybeans Buckwheat Oats Barley All leguminous 

plants 

Rice 1 0.61 0.43 - 0.180 0.03 0.37 

Soybeans  1 0.39 -0.11 -0.01 0.06 

Buckwheat   1 -0.35 -0.05 0.02 

Oats    1 0.75 0.72 

Barley     1 0.81 

All leguminous plants      1 

  

  Physical meaning of the obtained dependences is obvious. Rice, soybean and buckwheat — are 

"thermophilic" agricultural crops, while oats and barley are contingently "cold-resistant." Given dependences in 

the presence of yield forecasts before sowing the crops, can be used for the development of adaptation measures 

for sustainable cultivation of gross yield of the rice crop and crop rotation.  

  

Conclusion: 

 Rice — a valuable alimentary agricultural crop, grows in the Primorsky Krai along the northern boundary 

of the global area of distribution in the area of unstable farming. Weather and climatic conditions of given 

region are characterized by high instability and a high probability of the extremely unfavourable and dangerous 

weather for rice cultivation: heat deficit, especially in the first half of the growing season (late May - early July). 

However, modern agricultural methods, given that farmers are provided with specialized climate and prognostic 

information with a big advance, will allow manufacturers to significantly reduce the risk in cultivation of this 

crop, and also enable the development of a set of management solutions aimed at obtaining sustainable harvest 

of rice in the monsoon climate of Far East 
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