
Summary
� Seasonal nutrients in all lakes show a similar seasonal pattern, with highest nitrogen 
during the winter months.  Many studies suggest that high ammonium typically results 
from anoxic lake conditions (Rysgaard et al. 1994, Moore et al. 1992, Beutel 2006). 
However, dissolved oxygen in the lakes at the time of highest nitrogen suggests an 
outside source of nitrogen.  

� Despite prevailing agricultural land use in the study region, lake water nitrogen does 
not appear to immediately reflect localized patterns of nitrogen use.  

� Lake water column nitrogen loads are very low when compared to growing season 
nitrogen fertilizer loads in the agricultural areas immediately surrounding the lakes.

� � 15N levels in zooplankton samples support the hypothesis that summer application of 
synthetic nitrogen fertilizer applied to the fields directly surrounding the study lakes is 
not responsible for the observed ammonium levels in the lake water.

� Water samples collected from the Amu River, which supplies the greatest portion of 
water used for agricultural activity in the region, show similar levels to those observed 
in the lake.  Therefore, the high spring ammonium levels in the lakes may result from 
sudden input of Amu River water as agricultural activity begins in the spring.

� Alternatively, lake ammonium may be due to agricultural nitrogen from the previous 
year that is washed into the drainage canals during spring field leaching events.  It is 
unlikely that lake nitrogen enters through groundwater input, since this source 
probably constitutes only a very minor portion of the water balance (Scott 2009), at 
least during summer.

� More frequent sampling, especially during spring months, may yield a clearer picture 
of the inputs driving the nutrient cycles in these lakes. 

Evaluation of the Contribution of Agricultural Acti vity to Nitrogen 
Concentrations in Several Small Lakes in the Khorezm Region of Uzbekistan

Abstract
Cotton, rice, and wheat are grown extensively in the Khorezm 
province of western Uzbekistan, fed by water from the Amu Darya 
River.  Approximately 150-300 kg of nitrogen/ha per year are applied 
to these crops, although a minimum of 30% is utilized by plants 
(Scheer et al. 2008).   Runoff from fertilized fields and seepage from 
shallow groundwater provide water for 450 shallow lakes distributed 
across this arid region.  Monthly water quality samples were collected 
from 13 lakes from 2006 to 2008 and compared to land use data to
evaluate temporal variations between fertilizer loads and agricultural 
fields and nitrogen in the lake.  Zooplankton were periodically 
collected and analyzed for � 15N to examine the effects of land use on 
aquatic systems.

Land use analysis showed a majority of fields surrounding lakes were 
planted with cotton and rice, for which fertilizer is applied between May 
and August.  In contrast, water column dissolved inorganic nitrogen 
were highest in all lakes during winter months and peaked in March.  
Ammonium was the most abundant constituent of nitrogen in all lakes, 
with concentrations up to 3.0 mgN/L.  We hypothesize that although 
fertilizer is applied to surrounding fields during the summer growing 
season, excess agricultural nitrogen does not have a noticeable 
impact on lake water quality until the following spring (March), when 
fields are flooded with water to leach high salt concentrations from the 
soil in preparation for planting.  Zooplankton � 15N results supported 
this hypothesis, with values increasing by as much as 2.6‰ between 
June and October.  An understanding of the effects of local agriculture 
on lake water quality is useful as local farmers consider implementing 
aquaculture in these lakes to supplement family income. 

Results
•Total nitrogen is dominated by ammonium in each lake (Figure 3).

Despite differences in land use surrounding the lakes, nitrogen patterns 

between the lakes are very similar.  Contrary to the pattern of nitrogen 

fertilizer application, lake water column nitrogen is generally lowest in the 

summer and spikes during the cold winter months.  Ammonium in the 

Amu River shows a pattern similar to that seen in the lakes.

•Fertilizer application varies by crop.  Lake water nitrogen is much lower

compared to the amount applied to fields nearby the lakes (Figure 4).  

•Physical water quality measurements generally show well-mixed 

conditions throughout the water column (maximum depth in these lakes 

is approximately 1-3 m and varies seasonally). During most months, 

dissolved oxygen shows oxygenated waters throughout the water 

column and anoxic sediments below.  Average dissolved oxygen is 

lowest during the hot summer months (Figure 5).

•Ammonium in inflow water to Eshan Rabat Lake is slightly higher than 

lake water (Figure 6).  This inflow canal is one of the largest drainage

canals in the Khorezm province.  Most lakes receive inflows from

several smaller, localized drainage canals as well as direct runoff from 

rice paddies.

•Zooplankton � 15N does not show a decrease during the summer 

months, when direct inputs through irrigation water runoff and drainage 

canal inflows entered the lake (Figure 7).

Introduction and Methods
•In the last decade, Uzbekistan has suffered environmental and human health problems related to the  cotton 
monoculture established under the Soviet Union.  
•The Khorezm province of northwest Uzbekistan in the Aral Sea Basin is an agricultural area under water use 
stress that exemplifies these issues. 
•Cotton is the principal crop grown in the region at 46% of total agricultural use, followed by winter wheat and 
rice at 23 and 21%, respectively (Conrad 2006).  Cotton and winter wheat production are mandated by the state, 
while rice is the principal cash crop in the region.
•This study examines the water quality and nutrient cycles in small lakes throughout the province to determine 
agricultural impacts on the lakes, as well as their potential as a water resource in an arid landscape. 

Methods: 
� Water quality and stable isotope data were collected in A) Eshan Rabat, 
B) Khodjababa, C) Shur, and D) Tuyrek lakes in 2006-2008 (Figure 1).  
In 2006-2007, data was also collected for E) Koshkopir Lake and the Amu 
Darya River.  The five lakes represent a range of land use (Figure 2). 
� Nutrient grab samples for nutrients were collected at a depth of 0.3 m from 
each lake on a monthly basis and analyzed for nitrate, nitrite, and ammonium. 
� Zooplankton were sampled from the water column in a Wisconsin plankton 
net (153 � m), dried 24 hours at 106°C, and analyzed for � 15N.
� A YSI sampler was used to collect physical water quality parameters 
(dissolved oxygen concentration, salinity, and temperature) at 0.5 m 
incremental depths from each lake.
� MODIS data were analyzed using remote sensing techniques to determine 
land use within 500 m of each lake.
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Figure 1.  Map of the Khorezm province, 
northwest Uzbekistan.  

Figure 2. Percentage of land 
under agricultural use within 500 m 
of each lake.

Diana Shermetova recording physical water 
quality measurements at Tuyrek Lake.

Figure 3. Ammonium concentrations in the Amu River
(red) and in five lakes (gray).

Figure 4. Total nitrogen loads measured in the water column
and estimated fertilizer nitrogen applied during the growing
season in Khodjababa Lake.

Figure 5. Average, minimum, and maximum dissolved 
oxygen concentrations measured over the five study lakes.

Figure 6. Ammonium concentration in the lake water 
column of Eshan Rabat Lake and its inflow canal for spring 
and summer 2008.

Figure 7. Zooplankton � 15N for samples collected in 
Khodjababa lake in 2006-2008.

Marhabo Bekchanova collecting physical 
water quality measurements, July 2006.

At the entrance to Khodjababa Lake.  

Collection of zooplankton 
samples from Tuyrek Lake.

View of Shur Lake in April 2006.
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