Muhtor Nasyrov, Uzbekistan

New Techniques for Evaluation of Water Stress and Drought Effects in Crop and Rangeland  Plants

Background: Population growth and associated expansion and intensification of agricultural activity in many areas of Central Asia (including Uzbekistan) have caused increased rates of land degradation and subsequent declines in plant biomass production.  The Region faces a serious challenge to its natural resource base with degradation becoming a concern on croplands, rangelands, and mountainous areas.  The reduced availability of agricultural inputs, feed, and fodder is resulting in a decline in livestock numbers.  Water scarcity and misuse is compounding the threat to food security, human health, and ecosystems. 

Temperature and water regimes are the main factors that affect the growth, development, and yield of plants growing in arid and semi-arid regions.  Consequently, any change in climate will likely have a major influence on plants growing in these areas.  For example, a 1-3 0C rise in temperature can shift growth to 5-14 days earlier, which may result in growth initiation during the last week of February.  This shift may be critical for the growth of vegetation where growth would be shifted to a period of more intensive rainfall and lower air temperatures, resulting in declines in total biomass production.  This may be particularly important for sedges (Carex spp.), a main fodder crop in Central Asia, which have previously been shown to exhibit considerable reductions in height during the last 30 years.  

Drought is an overriding environmental factor that affects production of agricultural crops around the world.  Drought can reduce plant yields or in extreme cases can lead to plant death.  Global climate change is a critical issue facing agriculture that could lead to the intensification of drought effects on crop production.  Countries such as those in Central Asia that have arid and semi-arid climates with already high temperatures and limited water may be particularly vulnerable to future climate changes.  For example, analysis of climatic patterns in Uzbekistan indicate that annual temperatures have risen by about 1.4 C during the last 100 years.  Predictions for Uzbekistan indicate that annual temperatures in Uzbekistan will continue to rise in the future.  These changes have the potential to intensify drought effects on plants, making both irrigated and non-irrigated plants less efficient in their use of water (lower water-use efficiency).  To evaulate the influence of these global change effects on crop production in Uzbekistan, there is a critical need to develop more precise, realistic techniques to evaluate the effects of water stress on arid crops in Uzbekistan.  

To precisely evaluate the effects of water stress on plant growth, it is often desirable to grow plants under controlled conditions such as greenhouses and growth chambers.  Controlled environments minimize variability within experimental treatments and allow for the precise testing of hypotheses related to environmental effects on plant growth.  However, plant growth in pots in a greenhouse or growth chamber can be problematic because soil water dynamics in pots can differ significantly between plants grown in pots or small containers compared to field plots.  Use of deep soil columns for evaluation of water stress effects on plant growth represent an improvement over pots because soil columns are deeper, hold more soil, and better approximate field water dynamics.  Generally, the deeper the soil column in relation to the surface area of column, the closer actual field water dynamics can be simulated.  A small soil column surface area for soil columns compared to the column depth allows the development of realistic water stress effects in a greenhouse or controlled environments.  As a result, several randomized treatments can be effectively established with soil columns within a small area.  In addition, new techniques using Watermark sensors have been developed to more precisely monitor levels of water stress in soil columns.  The combination of these techniques will allow careful statistical comparisons to be made to precisely evaluate water stress effects in arid plants.
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Research Objective:  The objective of the proposed research is to evaluate the use of soil columns in combination with Watermark sensors to precisely examine the influence of water stress effects on plant growth. 

Hypotheses

The new system of controlled application of water deficits in soil columns will be used to test two interrelated hypotheses: that elevated CO2 results in a relatively smaller sensitivity of photosynthesis to mild soil water deficits than does the current ambient CO2, and secondly, that the opposite pattern will exist for more severe soil water deficits.  These hypotheses will be tested for cotton, and Amaranthus retroflexus, important weeds of cotton.

Rationale

The first hypothesis is based on the fact that photosynthesis at ambient CO2 is limited by CO2 supply, and that mild soil water deficits cause partial stomatal closure which further restricts CO2 supply.  For plants at elevated CO2, CO2 supply is not as limiting to photosynthesis, so stomatal closure would impose relatively less limitation on photosynthesis.

The second hypothesis is based on the idea that more severe water deficits reduce photosynthesis additionally primarily by reducing the biochemical process of RuBP regeneration (reviewed in Flexas et al. 2004).  RuBP regeneration limits photosynthesis especially at high CO2 concentrations, so photosynthesis of plants at elevated CO2 would be relatively more susceptible to severe water deficits.  

There is remarkably little information in the literature to judge these hypotheses.  This is because most research on water deficits at elevated CO2 has focused on the water-saving aspect of elevated CO2, which has largely prevented photosynthetic comparisons at equivalent soil water deficits (Bunce 2004).  The new system for controlled application of soil water deficits will avoid this problem.

The use of two species will test the generality of the hypothesized responses, and its applicability to both C3 and C4 species (i.e. cotton is C3, Amaranthus is C4).  Additionally, comparisons of susceptibility of the two species to soil water deficits at both ambient and elevated CO2 will indicate whether these weeds are likely to become more or less competitive with cotton during drought and as atmospheric CO2 rises.
Soil column design 

Special soil columns will be used for the proposed research to allow the realistic development of water stress.  The soil columns will be made from a 2-Liter PVC pipe (46 cm long, 7.6 cm diameter) with the bottom fitted with a cap having a 1.2 cm drain hole covered with 16-mesh screen to prevent soil leakage.  The surface area and total volume of the soil columns are increased substantially by the addition of PVC bell fittings to the top of each soil column by fitting a 10.16 cm (4 inch) by 15.24 cm (6 inch) bell fitting nested inside a second 7.62 cm (3 inch) by 10.16 cm (4 inch) bell fitting.  
Porous ceramic cup for controlling water stress

A 1-bar porous ceramic cup (0652X11-B01M3, Soil Moisture Equipment Corp., Santa Barbara, CA) will be sealed into the side of each soil column near the bottom to aid in precise water removal from the soil column.  The ceramic cup will be seated into a modified threaded 1.3 cm by 0.32 cm NPT PVC bushing.  Adhesive-lined, heat shrinkable tubing will be slipped over the ceramic cup and bushing, and a heat gun will be used to seal the tape around the cup/bushing interface.  A 0.32 cm NPT by 0.64 cm tube fitting will be screwed into the top of the PVC bushing to complete the assembly.  After the wetted cup is in close contact with the soil, a vacuum of 100 kPa (14.5 PSI, 1 atmosphere) will be applied to the cup.  This causes water, but not air, to move out of the soil into the cup.  After this initial vaccum is applied, a vacuum of -30 kPa (4.5 PSI) will be applied to the cup, and the removed water from the soil column will be collected in a vacuum trap.  
Besides the strict control of water content in the soil column by the application of precise vaccum levels, special care will be taken when packing the soil columns to minimize soil settling to retain as much aggregate soil structure as possible.  To accomplish this, water will be applied to the mixed soil by gradually adding water to bulk soil.  The target consistency is when soil particles stick together, but not so wet as to cause clumping.  Thoroughly mixed and uniformly moist soil will be added to each soil column by scooping and dumping, as opposed to pouring.  This keeps soil particle sizes well mixed (Lebron and Robinson, 2003), resulting in a dry bulk density of 1.18 ± 0.03 g/mL.  Exact dry bulk density will be calculated by weighing the empty column, then weighing the column after column filling to obtain soil mass.
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Soil column watering
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After seedling transplanting, a pulse of water will be applied to the column.  After this initial watering, water will be added to the soil columns frequently by use of an automated watering system that adds small volumes of water to the soil surface, thereby preventing ponding and soil compaction in the soil column.  Plant roots in the soil columns will be allowed to penetrate the entire soil column.  An automated watering system that adds frequent, small volumes of water at the soil surface over the course of an hour or two each watering day will prevent water ponding and soil compaction.  A saturating pulse of water will be automatically applied on alternate days with an event timer and a duration timer programmed to open a solenoid valve and allow water to be gravity-fed to the columns several times during a 1-3 hour period.   The water will be delivered via a manifold with individual spaghetti tubes plumbed to the soil surface in each column.  A small square of Scotch Brite® scouring pad will be placed beneath the outlet of each tube to dissipate the impact of the droplets and prevent cratering of the soil.  The duration of each watering event will be set to add just enough water so that water ponding does not occur.

Use of Watermark soil moisture sensors 

The Watermark soil moisture sensor (Irrometer Company, Riverside, CA) is a granular matrix sensor, similar to a gypsum block.  It consists of two concentric electrodes embedded in a reference matrix material, which is surrounded by a synthetic membrane to protect against deterioration.  A stainless steel mesh and rubber outer jacket makes the sensor more durable than a gypsum block.  Movement of water between the soil and the sensor results in changes in electrical resistance between the electrodes in the sensor. The electrical resistance can then be converted to soil water potential.  Watermark sensors measure soil water potential across a wider range of soil moisture conditions (0 to -2 bars, or 0 to -200 kPa) than tensiometer.  Watermark sensors are compact, easily installed, and have low maintenance. Watermark sensor Model 200SS has a large area for soil contact and a relatively fast response time.  Calibrations will be done for individual sensors and soil combinations (Hanson et al., 2000b, Lieb et al., 2003).  Although sensors have a poor response under wet soil conditions (0 to -10 kPa range) (Irmak and Haman, 2001; Taber et al., 2002), they work well under drier soil conditions (10 to -200 kPa).  Shock et al. (1998a) found that the Watermark 200SS sensors are accurate with low variation among sensors.

Sensor performance

Two 45-cm long soil columns constructed from 7.62 cm (3 inch) diameter PVC pipe were each equipped with two Watermark sensors and two electronic Irrometer tensiometer (Model RSU, Irrometer Company, Santa Barbara, CA).  One of each sensor type will be  positioned at 10 cm below the soil surface (upper 
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sensors), and one each at 20 cm above the bottom of the column (lower sensors).  The columns will be saturated at the start of the experiment, and drainage was achieved by applying 30 kPa of suction to a porous cup (1 bar, high flow, Soil Moisture Equipment Corp., Santa Barbara, CA) positioned in the bottom of the column.  The columns will be periodically watered and allowed to drain.  After 17 days of data collection the column was planted with corn.  Two days later the suction drainage will be turned off.  

Watermark sensor installation
Prior to installation, Watermark sensors will be soaked overnight and installed wet.  An access hole in the soil column will be made in the soil column at the desired depth using a length of 1.27 cm PVC pipe.  The hole will be filled with water, and the sensor will be firmly seated in the bottom of the access hole.  The hole will be filled with soil and tamped firmly to avoid compacting the soil.  The Watermark sensors will be monitored continuously with a data logger in combination with a multiplexed (Campbell Scientific, Inc., CSI Model 253) equipped with an in-line blocking capacitor (CSI model 257 sensor).  The digital output is converted from resistance to soil suction (kPa) using a non-linear equation developed by Shock et al. (1998a).   The Watermark sensors will be calibrated with the soil mixture used in our study for optimum performance and accuracy.  The conversion equation will take into account the soil temperature because as temperature increases resistance decreases (Spaans and Baker, 1992). 

Experimentation with combined use of soil columns and Watermark sensors

The soil columns and Watermark sensors described above will be used in combination to evaluate plant growth using the controlled environment facilities at the Ghent University, Climate change facilities.  Their combined use will enable precise control of the imposition of realistic water stress levels to test the effects of water stress on plant growth.

Significance:  I will gain knowledge on new, precise techniques for water stress research that I can put to use in my research and teaching at Samarkand State University in Uzbekistan.  Data from this research will allow me to develop models that can be used to predict the influence of global change effects on production in arid plants.  This experience will complement my current and previous research dealing with carbon dioxide and water flux research.   

Evaluation and Dissemination:  I will incorporate my research into the courses that I teach at Samarkand State University including undergraduate courses in plant physiology and plant ecophysiology, and an advanced graduate class in plant ecophysiology.  This will allow my students to be exposed to the latest cutting edge technology concerning water stress effects on arid plants.  Information from my research will also be added to the laboratory portions of my courses and will allow my students to test computer models of plant response to environmental stress.  I will also give seminars and workshops about my research to faculty and extension personnel at Samarkand State University and other universities and research institutes in Uzbekistan.  My experience gained in ICBA will also make me more competitive in seeking grants from international donors and NGOs.     
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Duration:  2-3 months

English Proficiency:  I began my English training in 1983 and took special English courses during 1988-90 at the University of World Languages in Tashkent.  I received the highest level of excellence for my training.  I have also participated in several short-term visits to U.S.A. Europe and Asian universities.  I graduated my Fulbright senior scholarship in 2009-2010. For the last three years, I have taught a course (Environment and Agriculture of Uzbekistan) at Samarkand State University to international visiting scholars. I also served as Graduate Supervisor to an M.S. student from Belgium, Germany and France.  As a result, I am proficicient in speaking, reading, and writing in English.

Other:  The proposed research will be an important addition to my previous and ongoing research related to carbon and water fluxes on rangelands of Uzbekistan.  My ongoing research also involves the use of various instruments and data loggers from Campbell Scientific.  These same data loggers will be used in conjunction with the Watermark sensors and control equipment that will be used for the proposed water stress research.  As a result, the proposed research will expand my research experience and allow me to lear state-of-the art technology related to water stress research.    
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