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ABSTRACT 

Natural wetlands provide food resources for a variety of migratory birds. 

Although much is known regarding the production of aboveground food resources, 

comparatively less is known regarding the production of underground food resources such 

chufa (Cyperus esculentus") tubers. In addition, studies demonstrating the utiHzation of 

underground food resources by migratory birds are lacking. In 1996 and 1997, chufa 

tuber production and use by migratory birds were compared among mowing, discing, and 

sustained flooding treatments at Bosque del Apache National Wildlife Refuge, New 

Mexico. In addition to chufa, Johnson grass (Sorghum halepense), field bindweed 

(Convolvulus arvensis), and total underground production were compared. Aboveground 

plant composition, standing crop, and seed mass were also compared among treatments. 

FinaUy, the utilization of underground food resources by waterfowl and sandhiU cranes 

(Grus canadensis) during winter flooding was measured by comparing paired open and 

exclosed sampling points in each treatment. 

Mowing to control cocklebur (Xanthium strumarium) did not increase chufa tuber 

biomass (P = 0.666) when compared with control fields. Suppressed chufa growth was 

detected on the control treatment through reduced chufa tuber size (P < 0.001) and 

reduced aboveground chufa composition compared with the mowed treatment (P = 

0.033). The mowing treatment suppressed aboveground composition of cocklebur (P = 

0.003). OveraU mowing and discing treatments had similar underground chufa biomass 

whereas the sustained flood treatment suppressed chufa growth (P = 0.071). Chuta 
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production was higher during the second year of the study on aU treatments probably due 

to vegetative cloning over the 2-year study (P = 0.029). Although Johnson grass (P = 

0.430), field bindweed (P = 0.613), and total underground biomass (P = 0.917) levels 

were similar among treatments, total aboveground seed production was reduced as a 

resuh of discing (P = 0.044). Johnson grass, a problem plant species, expanded most on 

the sustained flood treatment. Cocklebur was reduced on mowed and disced fields 

compared with sustained flood fields (P = 0.069). 

Uniform clay soils among treatments resuhed in similar rapid soil drymg when 

water was removed from fields. Higher ambient temperatures in 1996 and higher 

precipitation in 1997 resuhed in slowed soil drying in 1997 (P = 0.008). Similar water use 

among treatments (P = 0.565) was attributed to uniform soil water retention properties. 

Water use was higher than anticipated in this study. Fewer irrigations would reduce water 

use, but effects on production of aboveground and belowground food resources is 

unknown. 

Although soil salinity and pH were identified by muhiple regression as variables 

affecting chufa production (R^ = 0.038, P = 0.021), recorded saHnity levels should not 

adversely affect germination and growth of most plants. The pH levels of soil where chufa 

production is higher are from the eastern United States where pH levels are lower than 

those recorded in this study. Soil compaction and aboveground standing crop also 

affected chufa production (R- = 0.151, P < 0.001). Higher soil compaction in this study 

may be Hmiting chufa production. Lower aboveground standing crop in this study relative 
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to other moist-soil production areas may be providing conditions conducive to chufa 

growth by limiting competitive interactions with other plant species. 

Utilization of underground food resources by migratory birds did not occur in 

1996 (t > 0.10). In 1997, birds consumed chufa tubers, Johnson grass, and field bindweed 

rhizomes in the mowed (t < 0.10) and sustained flood (t < 0.10) treatments but not in the 

disced treatment (t > 0.10). Due to low statistical power and the potential for type II 

error, these resuhs are cautionary. Utilization of chufa may have occurred where the 

number of tubers, and hence the number of potential encounters while birds were foraging, 

was greatest. Use of underground food resources also appeared related to the amount of 

seed available on each treatment. In the mowed and sustained flood treatments where 

underground food resources were utilized, 32% of overaU food resources were 

aboveground. Utilization did not occur in the disced treatment where only 18% of total 

food resom"ces were aboveground. Waterfowl and sandhiU cranes may have initiaUy been 

attracted to flooded fields with high seed mass leading to higher utilization of underground 

food resources. In this study, I estimated a threshold value for utilization of belowground 

tuber and rhizome mass at about 440 g/m"̂ . These data may aUow for the expansion of the 

equation by Reinecke et al. (1989) used to estimate potential duck-use-days by including 

an estimation of the production and utilization of underground food resources. Just 3,046 

duck-use-days/ha were provided in 1997 on mowed fields when only aboveground seed 

production was considered, compared with 8,993 duck use days/ha when both above and 

belowground food resources were included. 
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When the benefits of overaU production and utilization are weighed with problem 

plant expansion, the mowed treatment was favorable over other treatments in this study. 

Mowed fields provided more above and belowground food resources used by migratory 

birds. Mowing also controlled cocklebur and slowed the expansion of Johnson grass, 2 

problem plant species encountered in moist-soU management. 
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CHAPTER I 

WETLAND PLANT PRODUCTION AND USE BY MIGRATORY BIRDS 

Introduction 

Natural wetlands provide feeding habitat for a variety of migratory birds including 

many species of ducks, geese, and cranes. Feeding ecology studies have shown that these 

migratory bffds consume a variety of natural wetland plants and invertebrates, which 

provide energy, protein, and nutrients essential for the completion of energeticaUy 

demanding Hfe cycle events (Fredrickson and Taylor 1982, Reid et al. 1989, Reinecke et 

al. 1989). 

Flooding regimes based on natural watershed hydrologic events drive wetland 

productivity and, therefore, influence the foods avaUable to migratory birds. Flooding 

regime factors include the timing, depth, duration, and frequency of flooding (Fredrickson 

and Reid 1990). Most natural wetland systems have been ahered and many have been 

lost to agricuhural, industrial, urban and flood-control development (Dahl 1990). 

Waterbirds now concentrate on fewer wetlands where productivity is often maintained by 

artificially mimicking natural flooding regimes (Kelly et al. 1993). 

First described by Low and Behose (1944) as moist-soU management, aspects of 

this controlled water-level management program have since been refined and adapted to 

diverse areas of the United States including the Upper Mississippi River VaUey 

(Fredrickson and Taylor 1982), the Playa Lakes Region (Haukos and Smith 1993), and 

the Central VaUey of California (Smith et al. 1995). GraduaUy, a greater understanding of 



the requirements for establishing and maintaining many desirable wetland plant species in 

moist-soU environments has been reached. Species such as miUet (Echinochloa spp.) and 

smartweed (Polygonum spp.), which provide abundant seed resources, can now be 

predictably estabHshed and maintained over wide areas (KeUy 1986, Reid et al. 1989, 

Haukos and Smith 1993). 

Other important desirable food plants are better known for their production of 

underground tubers and rhizomes. However, less information is available concerning 

establishment and maintenance of these species (KeUy 1990). Underground tubers of one 

such species, chufa (Cyperus esculentus), are considered an important food for waterfowl 

(McAfee 1939, Anderson 1959) and sandhiU cranes (Grus canadensis) (Guthery 1976) on 

wintering areas. Although chufa is considered a key waterfowl and sandhUl crane energy 

food (KeUy and Fredrickson 1991), few studies have explored techniques to increase its 

avaUabiHty. Moreover, food preference studies showing the importance of chufa as a 

food for migratory birds are lacking. 

I investigated 3 treatments to enhance chufa production: mowing, discmg (KeUy 

1986), and sustained flooding. The mowing and sustained flooding treatments were used 

to reduce potential plant competitors. Shading is considered a primary factor Hmiting 

chufa production (Patterson 1982). When grown with millet, chu&i production has been 

sharply reduced (ThuUen and Keeley 1980). At Bosque del Apache National WUdHfe 

Refuge (NWR) in New Mexico, chufa production was negatively correlated with millet 

production as weU (Taylor 1996). These studies suggest that competitors for Hght must 

be reduced to enhance chufa production. 



Cocklebur (Xanthium strumarium) production is high on many moist soU managed 

areas throughout the U.S. (Fredrickson and Taylor 1982) and may Umh chufa production 

due to shading. Cocklebur is an undesirable wetland plant that has rapid growth 

characteristics. Timely mowing may reduce cocklebur cover, thereby enhancing chufa 

tuber production. Mowing mature chufa plants suppresses growth and lowers density 

but populations return to premowing densities in the absence of other plant competitors 

(Tweedy et al. 1980). According to HoUeman (1979), care should be taken not to damage 

chufa tops during the growing season if areas are mowed for weed control. At Bosque del 

Apache NWR, cocklebur plants are taUer than chufa shoots early in the growing season 

and might be mowed without affecting the remaining plant community at that time 

(Taylor, pers. obser.). 

Fredrickson and Taylor (1982) described water manipulations to drown 

undesirable vegetation. This technique may also be an effective means of reducing chufa 

plant competitors. Chufe shoots are generally the first plants to emerge during the spring 

(KeUy 1990). Therefore, managers might flood wetlands to a level where other vegetation 

is submerged but portions of chufa plants protrude above the water surface. This may 

cause mortaHty in the submerged plants and aUow chufa to survive. 

A third treatment, discing, was used to separate chufe tubers from parent plants 

and cause physical damage to dormant tubers to stimulate additional production. KeUy 

(1990) at Mingo National WUdHfe Refuge, Missouri, and Peters and Afton (1993a) at 

Catahoula Lake, Louisiana evaluated chufe tuber production foUowing discing treatments. 

KeUy (1990) suggested that shaUow discing (5 cm) after wetland drawdown stimulated 



tuber production in Missouri, whereas Peters and Afton (1993a) documented high tuber 

mortaHty through deep tUlage (22.4-41.5 cm). Moreover, discing is an important 

cuhivation tool routinely used to stimulate annual moist-soU plant growth and to control 

wood species and should be evaluated on this basis alone (Taylor 1996). 

Edaphic factors including soU texture, soU saHnity, soU pH, and soU compaction 

can be related to moist-soU plant production (Fredrickson and Reid 1988). Tuber 

formation and growth occur in a variety of so Us including clay, clay loam, sUty clay, loam, 

sandy sUt loam, peat, sand, and sandy gravel (Thumbleson and Kommedahl 1961, Lapham 

1985, KeUy and Fredrickson 1991). In the midwestem and southem U.S., the best chufa 

production occurs on sHghtly acid soUs with pH ranging from 5.0 to 7.5 (KeUy and 

Fredrickson 1991). The presence of aboveground plant competitors can also affect chufa 

production as was described above (ThuUen and Keeley 1980). This study explores the 

relationship of these variables to production of chufa tubers. 

BehavioraUy and physiologicaUy important events for waterfowl and sandhiU 

cranes such as moh, pairing, and thermoregulation occur on wintering areas and present 

high energy demands (Gordon et al. 1989). Chufa tubers, composed mostly of 

carbohydrates and Hpids, can potentiaUy meet these requirements (KeUy 1986, Fredrickson 

and Reid 1988). Consumption, however, is influenced by foraging efficiency (Fredrickson 

and Drobney 1979). Foraging efficiency is the energy derived per unit of energy expended 

in foraging (Fredrickson and Drobney 1979). Tubers must be avaUable at some threshold 

level for birds to realize a net gain for the effort expended m acquiring the food. 

McKenzie (1987) did not note chufa tubers as important foods for maUards and Canada 



geese where production was 71 kg/ha. Reinecke et al. (1989) used a foraging threshold 

value of 50 kg/ha for moist-soU plant production below which it was assumed birds would 

not actively feed. My study was also designed to address whether or not waterfowl and 

sandhiU cranes consume chufa tubers preferentiaUy on areas with known tuber densities. 

Goals and Objectives 

The goals and objectives of this study were to: 

1. Compare chufa tuber production resuUing from three management regimes in managed 

wetland complexes at Bosque del Apache NWR (Chapter II): 

a. Mowing early in the growing season to reduce cocklebur, an aggressive 

competitor for Hght, to increase tuber production. 

b. Light discing 30 days after wetland drawdown with irrigations to stimulate 

more tuber production. 

c. Periodic sustained flooding during the growing season without discing to drown 

competing plants, to increase tuber production. 

2. Investigate edaphic and synecological factors such as soU texture, soU salinity, soU pH, 

soU compaction and aboveground plant community composition and mass, that may 

mfluence chufa tuber production (Chapter III). 

3. Determine if chufe tubers are consumed by migratory waterfowl and sandhiU cranes at 

various avaUabUity densities when fields are flooded in winter (Chapter IV). 



Study Area 

The study was conducted at the Bosque del Apache NWR (33°48", 106°53"), 

which straddles the Rio Grande in central New Mexico, USA, and spans both the 

Chihuahuan desert scrub and semidesert grassland biotic communities (Brown 1982, 

Browne and Lowe 1980). The Middle Rio Grande basin at the study site is bounded by 

mountain ranges rising 2,000 m to the west and 1,600 m to the east. VaUey floor 

elevations average 1,470 m. Floodplain refuge areas total 607 ha, 486 ha of which are 

used in farming programs that produce over 2.4 miUion kg of com annuaUy for wintering 

waterfowl and cranes; 567 ha of wetlands are included in an intensive moist-soU 

management program (Taylor and Kirby 1990). Regional cHmatic conditions are 

characterized by high Hght mtensity, low relative humidity, and an average Class A pan 

evaporation of 250 cm per year (Johnson 1988). Local rainfaU is extremely variable. 

From 1988 to 1997, annual precipitation has averaged 24.9 cm, with about 50% of the 

rainfaU occurring between July 1 and September 30. During these same years, average 

year round maximum air temperature was 36°C and the average minimum ten^rature 

was -8°C (Bosque del Apache NWR NOAA weather station data). 

Irrigation water is diverted from the Rio Grande at San Acacia, N.M. about 40 km 

north of the refuge through a complex system of irrigation canals and drains. These water 

sources converge to serve the study area from the Riverside Canal, tocated adjacent to, 

and east of two management units, unit 6 and unit 17A (Figure 1.1). Unit 6 is 

approximately 3.2 km north of 17A and both units are adjacent to major com production 



areas. Also adjacent to each unit is the Rio Cjrande, where sandbars and shaUow 

backwaters serve as roost sites for cranes and waterfowl. 

Fifteen moist-soU fields, 10 in unit 6 and 5 m unit 17A, provided the experimental 

units for treatment comparisons. Fields ranged from 1.9 to 5.8 ha (Table 1.1). These 

fields were converted from agricultural management to moist-soU management by 1993. 

Each field is served by an interior feeder canal and feeder drain that provide mdependent 

field irrigation capabUity. SoUs in unit 6 are dominated by GUa clay loams with lesser 

areas of Popotosa clay loams and Glendale clay loams (Johnson 1988). SoUs in unit 17A 

are evenly composed of Armijo clays, Glendale clay loams, and GUa clay loams. AU fields 

were laser leveled to a 0.0025% grade and have shaUow water impoundment potentials of 

up to 45 cm depth. AU fields were deep disced to a depth of 30 cm m March, 1996 before 

the study began to remove aU surface vegetation from the fields. 

Study Design and SampHng Methods 

Belowground production of moist-soU plants and aboveground moist-soU plant 

community composition were compared each year, over a 2-year period on the 15 fields 

(experimental units). Three manipulative treatments to enhance chufe production, 

mowing, discing, and sustained flooding, were randomly assigned among the 15 fields 

resuhing in 5 repHcations for each treatment in a completely randomized design. Only hah" 

of each mowed treatment field was mowed to aUow conparison wrth the unmowed 

portion. These 5 unmowed repHcations served as control treatments and were compared 

with mowed treatments in a randomized block design. Increased chufa production due to 



treatment effects occurs slowly through vegetative clonal expansion (Lapham and Drennan 

1987); therefore, aU treatments remained the same for each repHcation over the 2-year 

period. 

Four permanent transect Hues were randomly established on each field 

perpendicular to feeder canals and irrigation flow direction. Along these Unes, 10 

permanent sampHng points were randomly estabHshed for above and belowground 

sampHng. Twenty soU samples were coUected to determine underground tuber 

production: 10 at established permanent locations and 10 chosen randomly along transect 

lines. Aboveground vegetative con^osition was derived from 10 cm diameter plots at 5 m 

intervals along each transect Hne. Edaphic and synecological information used to explore 

potential factors affecting chufa production were also coUected at the 10 permanent 

sampling locations on each field. SoU sanples were coUected while san^Ung underground 

production and used to determine soU texture, pH, and saHnity. SoUs analysis was 

conducted by the Revegetation and WUdlife Management Center soUs laboratory in 

Blythe, Ca. Relative soU compaction was measured with a penetrometer (Baver et al. 

1972). Permanent sampHng points were also used as locations to determine standing crop 

and for paired soU samples (open and within exclosures) to determine tuber utUization. 

AU above and belowground plant materials were processed in a field laboratory, oven 

dried to a constant mass and weighed to the nearest 0.1 g. SoU moisture readings were 

also obtained immediately prior to irrigations at permanent sampling locations. Further 

details regarding sampHng methodology are provided in subsequent chapters. 
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Irrigation Management and Treatment Manipulations 

AU fields were flooded to about 45 cm in early April of each year to saturate soils 

after which water-level drawdowns lasting 4-5 days were initiated on each field. April 

drawdowns result in higher chufa shoot emergence than later drawdown dates at Bosque 

del Apache NWR providing a competitive advantage as other plant species usuaUy 

germinate later (Taylor 1996). AU fields received 12 irrigations to maintain consistency 

among treatments. Unless otherwise stated, irrigations consisted of floodmg to a depth of 

15-20 cm foUowed by complete dramage within about 30 hours. The 12 irrigations 

represented an average flood interval of 10-12 days through the end of August. 

The mowing treatment occurred about 2 months after initial drawdown when 

cocklebur plants were about 10 cm in height to remove this potential competitor to chufa 

plant production. At this height, cocklebur tops were cHpped yet other vegetation was 

not. The interval between irrigations immediately prior to mowing was longer than other 

intervals to aUow sufficient time for soU to dry and support mowing equipment. The 

discing treatment consisted of Hght discing to a depth of 5 cm about 30 days after initial 

wetland drawdown to increase chufa tuber production (Kelly 1986). Again, the interval 

between irrigations immediately prior to discing was longer than other mtervals to aUow 

for equipment access. The sustained flooding treatment required prolonged periods of 

flooding to drown herbaceous vegetation competing with chufe plants. The frequency and 

duration of sustained flooding events depended on the condition of chufe plants and their 

competitors as the flood period progressed. When chufa plants showed signs of leaf tip 

necrosis, water was removed. NormaUy, flood duration averaged about 70 hours for this 



treatment versus 30 hours for the other treatments. Monitoring-on each field during 

irrigation intervals assured that soU moisture levels were consistent among treatments. 
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Figure 1.1. Moist soU study fields in unit 6 and unit 17A showing adjacent grain com 
feeding areas and roosting areas on the Rio Grande, Bosque del Apache National WUdHfe 
Refuge, New Mexico. 
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Table 1.1. Experimental moist-soU field sizes and treatment designations at the Bosque 
del Apache National WUdHfe Refiige, New Mexico (33M8", 106°53"). 

Field Treatment Area (Ha) 

6/1 
6/1 
6/2 
6/2 
6/3 
6/4 
6/5 
6/5 
6/6 
6/7 
6/8 
6/9 
6/9 
6/10 
17/7 
17/8 
17/8 
17/10 
17/11 
17/12 

Mowed 
Control 
Mowed 
Control 
Sustained Flood 
Sustained Flood 
Mowed 
Control 
Sustained Flood 
Sustained Flood 
Sustained Flood 
Mowed 
Control 
Disced 
Disced 
Mowed 
Control 
Disced 
Disced 
Disced 

1.86 
1.86 
1.85 
1.85 
3.25 
4.65 
0.93 
0.93 
4.50 
4.68 
4.49 
1.99 
1.99 
5.91 
4.72 
2.20 
2.20 
4.20 
5.46 
5.82 
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CHAPTER n 

MANAGEMENT OF CHUFA TUBERS 

Introduction 

Cypems esculentus L. (Cyperaceae) occurs from southem Canada to northem 

Argentina m the westem hemisphere, in southem Europe, and in Afiica (MuUigan and 

Junkins 1976). Chufa, also caUed yeUow nutsedge, can be a serious perennial weed 

problem in croplands of the United States (Jansen 1971, Keeley and ThuUen 1975, StoUer 

et al. 1979, Patterson et al. 1980), and is a persistent weed in Canada (MuUigan and 

Junkins 1976) and Africa (Lapham 1985). However, it is recognized as a valuable 

wetland food plant for migratory birds (McAtee 1939, Anderson 1959, WUls 1970, 

Guthery 1976). 

Chufa Morphology and (jrowth 

The basal bulb of chufa is the principal origin of leafy shoot and subterranean 

growth. Subterranean growth radiates from the basal bulb as a rhizome differentiating into 

either tubers or new shoots (Garg et al. 1967). Rhizome length varies from 2-60 cm 

before forming a tuber or basal bulb (Jansen 1971). Vegetative growth, both aboveground 

and belowground, is rapid from mid-May to early August in Illinois (StoUer 1980). Four 

to 6 nodes occur on mature tubers and are the origin of buds, which develop in the axils of 

smaU thick-veined leaves compressed against the tuber surface (Bendixen 1973). In 

CaHfomia, the number of buds per tuber ranged from 2 to 7 with 4 to 5 buds occurring on 
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76% of the plants studied (ThuUen and Keeley 1975). Tubers initiaUy are white but as 

they mature, they tum brown. Mature, senescent scale leaves make the tubers appear 

black (Jansen 1971). 

Tubers produce one or more rhizomes, which terminate in a basal bulb before 

producing a leafy shoot in the spring (BeU et al. 1962). New shoot growth occurs when 

day length reaches 13 to 14 hours coinciding with warmer temperatures (Taylorson 1967, 

Jansen 1971, StoUer 1973, MuUigan and Junkins 1976, Taylor 1996). New leaves are 

initiated every 4.5 to 5 days with growth rates of from 2.2 to 4.5 cm/day and roots 

originate at the bases of leaves in the basal bulb (Jansen 1971). Short fibrous roots also 

develop at the base of rhizomes and tubers. The appearance of a triangular reproductive 

culm is the earHest evidence of flowering (Jansen 1971). 

Chufa Reproductive Characteristics 

Chufa seed propagation is generaUy not considered a consistent means of plant 

population recruitment. Percent germination of seed is low (ThuUen and Keeley 1979, 

Lapham and Drennan 1990) and triggered by cooler evening temperatures of about 21°C 

(BeU et al. 1962). Tubers appear to be the main source of plant expansion and begin 

forming about 6 weeks after shoot emergence with day lengths of about 14 hours (Jansen 

1971). A minimum temperature of 12°C is required for tuber germination initiation in the 

laboratory (StoUer and Wax 1973) corresponding to a day length of about 14.5 hours in 

late May and early Jime at Bosque del Apache NWR. In greenhouse experiments, tubers 

in earHer plantings weighed more than tubers in late plantings (Jordan-Meloro and StoUer 
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1978), and plants grown for a fuU season produced up to 200-fold more tubers than the 

number originaUy planted (ThuUen and Keeley 1987). Mature tubers measure about 1 cm 

in length 28 days after formation begins (Bendbcen 1973). 

Chufa Production Treatments 

Insight into potential treatment ahematives to enhance chufa production are 

derived from efforts to cultivate the plant as an important wetland food for migratory 

birds, or to control it as a weed pest in croplands. From this Hterature, 3 treatments were 

selected for comparison of chufa enhancement potential. 

Two of the treatments selected were based on the intolerance of chufa to shading 

by other plant competitors (WUls 1975, Jordan-Molero and StoUer 1978, Keeley and 

ThuUen 1978, Patterson 1982). KeUy (1990) speculated that the rapid growth partem of 

chufa evolved in response to competition with other plant species for Hght. Wills (1975) 

noted that when other weed species were controUed, chufa proliferated. In CaHfomia, 

plants common in moist-soU production areas such as barnyard grass (Echinochloa 

crusgaUf). prostrate pigweed (Amaranthus bHtoides), redroot pigweed (A. retroflexus). 

and witchgrass (Panicum capUlare), reduced chufa mass by as much as 88% (ThuUen and 

Keeley 1980). 

Cocklebur (Xanthium strumarium) is an undesirable plant in moist-soU managed 

wetlands and presents a potential Hmiting factor for chufe production due to shading. 

Heavy cocklebur infestations are routinely controUed through mowing on Bosque del 

Apache NWR (Bosque del Apache NWR, unpubHshed data). Although mowing mature 
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chufe plants suppresses growth and lowers density (Tweedy et al. 1980), timely mowing 

before plants mature may reduce cocklebur cover and enhance chufa tuber production. 

HoUeman (1979), advised that care should be taken not to damage chufa tops during the 

growing season if areas are mowed for weed control. 

Fredrickson and Taylor (1982) suggested shaUow flooding could be used to 

control undesirable herbaceous species. Plants such as barnyard grass are vulnerable to 

mortaHty from reflooding at the seedHng stage when overtopped with water (Taylor, pers. 

observ.). MerreU (1975), also suggested that short periods of reflooding may enhance 

chufa by reducing competition from other plants. KeUy and Fredrickson (1991) stated that 

chufa can withstand temporary flooding if the plants are not completely covered with 

water. MerreU (1975), observed that the best chufa production occurred when mature 

plants were about 10-cm above water. However, undefined prolonged flooding during the 

growing season was not recommended (Wills 1970, MerreU 1975, KeUy and Fredrickson 

1991). It may therefore be possible to control plant competitors by employing shaUow 

flooding to control potential plant competitors. 

FinaUy, detaching tubers from parent plants and causing physical damage to 

dormant tuber stimulates production (Tumbleson and Kommedahl 1962, Taylorson 1967, 

Sanchez Tames and Vieitez 1970, ThuUen and Keeley 1975). KeUy (1986) reported tiiat 

chufe stem density, and aboveground and belowground biomass mcreased as a resuh of 

shaUow discing (5 cm depth) foUowed by nrigation in Missouri. However, KeUy (1986) 

noted that deeper discing at a 15 cm-depth buried seedlings and tubers Hmiting seedHng 

survival and tuber sprouting potentials. Peters and Afton (1993a) at Catahoula Lake, 
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Louisiana also determmed that deep tUlage of 22.4 to 41.5 cm caused high tuber mortaHty. 

KeUy (1986) advised that discing treatments should occur about 30 days after wetland 

drawdown mitiation. This strategy would sever tubers from newly estabHshed plants with 

developed root stmctures. New tuber formation would be encouraged as a result of 

subsequent irrigation, and additional sprouting from severed tubers would be stimulated. 

The objective of this study was to compare chufa tuber production among 3 

management regimes m managed wetland complexes at Bosque del Apache NWR: (a) 

mowing early in the growing season to reduce cocklebur, to increase tuber production; (b) 

Hght discing 30 days after wetland drawdown with irrigations to stimulate more tuber 

production; and (c) periodic sustained flooding during the growing season without discing 

to drown competing plants, to increase tuber production. 

Study Area 

The study was conducted at the Bosque del Apache NWR in the Middle Rio 

Grande VaUey of central New Mexico, USA, which spans both the Chihuahuan desert 

scmb and semidesert grassland biotic communities (Brown 1982, Brown and Lowe 1980). 

The Middle Rio Grande basin at the study site is bounded by mountain ranges rising 2,000 

m to the west and 1,600 m to the east. VaUey floor elevations average 1,470 m. Regional 

c lunatic conditions are characterized by high Hght intensity, low relative humidity, and an 

average Class A pan evaporation of 250 cm per year (Johnson 1988). Local rainfeU is 

extremely variable. From 1988 to 1997, annual preciphation has averaged 24.9 cm, with 

about 50% of the rainfaU occurring between July 1 and September 30. During these same 
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years, the average maximum air temperature was 36°C and the minimum temperature was 

-8°C (Bosque del Apache NWR NOAA weather station data). Irrigation water was 

diverted from the Rio Grande at San Acacia, N.M. about 40 km north of the refiige 

through a complex system of irrigation canals and drains. These water sources converge 

to serve the study area from the Riverside Canal, located adjacent to and east of 2 units, 

unit 6 and unit 17A, which are approximately 3.2 km apart (Figure 1.1). 

Fifteen moist-soU fields, 10 in unit 6 and 5 in unit 17A, provided the experimental 

units for treatment comparisons each ranging from 1.9 to 5.8 ha (Table 1.1). These fields 

were converted from agricultural management to moist-soU management by 1993. 

Treatment repHcation among randomized experimental units provided strong inferences 

from study results. Each experimental unit was served by an interior feeder canal and 

feeder drain that provided independent field irrigation capabiHty. Soils in unit 6 were 

dominated by GUa clay loams with lesser areas of Popotosa clay loams and Glendale clay 

loams. Soils in unit 17A were evenly comprised of Armijo clays, Glendale clay loams, and 

Gila clay loams. AU fields were laser leveled to a 0.0025% grade and had shaUow water 

impoundment potentials of up to 45 cm in depth. AU fields were deep disced to a depth of 

30 cm in March, 1996 before the study began to remove aU surfece vegetation from the 

fields. 
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Methods 

Study Design and SampHng Methods 

Belowground production of tubers and rhizomes was compared on 65 ha of moist-

soU managed wetland habitat divided into 15 fields (experimental units) in a completely 

randomized design. Expansion of chufa plant communities is normaUy slow and occurs 

primarily through vegetative cloning (Lapham and Drennan 1987). Therefore, treatments 

remained the same for each repHcation in 1996 and 1997. Aboveground plant 

composition (% frequency), standing crop (g/m^), and seed mass (g/m^) were also 

measured to provide inferences for belowground production in a similar study design. 

Mowing, discing, and sustained flooding treatments were assigned at random among the 

15 fields resulting in 5 repHcations of each treatment. Only half of each mowed treatment 

field was mowed to aUow comparison with the unmowed portion. These 5 unmowed 

repHcations served as a control treatment and were compared with the mowed treatment 

in a randomized block design. These repHcations were mowed in March, 1997 to remove 

residual cocklebur vegetation, prior to repeating treatment manipulations the second 

growing season. 

Belowground production was sampled from 4 permanent transect Hnes randomly 

estabHshed on each field perpendicular to feeder canals and irrigation flow direction. 

Along these Hnes, 20 15cm x 15cm x 15cm soU samples (Gutman and Watson 1980), were 

coUected from 10 randomly estabHshed permanent sampHng quadrats and 10 additwnal 

random locations in October, 1996 and 1997, for a total of 300 samples coUected each 
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year. Tubers and rhizomes were washed free of soU, categorized by species, oven dried to 

a constant mass, and weighed to the nearest 0.1 g. 

To help interpret treatment effects and monitor problem plant frequency changes 

resuhing from treatment manipulations, vegetation composition was determined in early 

October, 1996 and 1997, after inflorescence emergence of grasses and prior to 

senescence. Four permanent transects were randomly estabHshed perpendicular to sHght 

elevation gradients existing on each field. Species composhion was determined within a 

10 cm diameter plot at each 5 m interval along each transect (Smith and Kadlec 1983). 

Plant species frequencies were determined by combining transect data for each field 

(experimental unit). Total sampHng points were variable among fields due to differences 

in field size. Species comprising greater than 5% of the plant community overaU were 

selected for treatment comparisons. These species included chufa (Cyperus esculentus), 

bearded sprangletop (Leptochloa facicularus), bamyard grass (Echinochloa crusgalH), 

yeUow bristlegrass (Setaria glauca), and faU panicum (Panicum dichotomiflorum). Prairie 

cupgrass (Eriochloa contracta) and Eriochloa graciHs also comprised at least 5% of the 

plant community but were combined as Eriochloa spp. due to difficuhies in distinguishing 

early inflorescence emergence when field data were gathered. Johnson grass (Sorghum 

halepense) and cocklebur (Xanthium strumarium) also comprised greater than 5% of the 

community, and were of added interest as species of management concem. 

Standing crop and seed mass were determined from 1 nr quadrats at 10 randomly 

estabHshed permanent sampHng points on each field in September, 1996 and 1997. AU 

herbaceous material was cHpped at ground level, oven dried to a constant mass and 
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weighed to the nearest 0.1 g. Estimates of standing crop also included seed and chaff 

processed independently. Seed heads were cHpped by species, separated from chaff and 

also oven dried to a constant mass and weighed to the nearest 0.1 g. These species 

included chufa, bearded sprangletop, bamyard grass, yeUow bristlegrass, Eriochloa spp.. 

Johnson grass, and faU panicum. Seed heads were cHpped in September to gather tiie buUc 

of late maturing grain prior to seed shatter. Although a large portion of the seed crop was 

encountered stUl cHnging to inflorescences, many had shattered or were in the process 

shattering. To compensate for this, shattered seed heads within each quadrat were 

counted and an average weight per seed head was appHed for seed mass calculations. 

These weights were determined from the average weight of 30, full, representative seed 

heads per species coUected nearby. 

To assure that soU moisture levels were consistent during irrigation intervals, soU 

moisture was measured immediately prior to field irrigations using a digital Aquaterr 

Moisture Meter Model 200. Measurements were taken at each of the 10 randomly 

established permanent sampHng points on each field. The instrument provided a readout 

as a percent measure of volume of water relative to volume of air at approximately 15 cm 

below ground surfece. The range of soU moisture points measured by the meter ranged 

from 100 (saturation) to 0 (dry). 

Water flow measurements were taken at the inflow and outflow of each field to 

determine water use using a Marsh-McBimey Model 2000 Flo-mate portable water flow 

meter. Flow values were extrapolated over each total irrigation time period to provide 

seasonal estimates of water use per hectare for each treatment (Taylor et al. 1994). 
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Irrigation Management and Treatment Manipulations 

AU fields were flooded to about 45 cm in early April of each year to saturate soUs 

after which water-level drawdowns were initiated on each field lasting 4-5 days. AU fields 

received 12 irrigations representing an average flood interval of 10-12 days through the 

end of August. The reason 12 irrigations were appHed was that this was the number of 

times a field could be irrigated during the growing season given water deUvery constraints 

of the irrigation system. Unless otherwise stated, irrigations consisted of flooding to a 

depth of 15-20 cm foUowed by complete drainage within 30 hours. 

The mowing treatment occurred about 2 months after initial drawdown when 

cocklebur plants were about 15 cm in height to remove this potential competitor to chufa 

plant production. At this height, cocklebur tops were cHpped yet damage to other 

vegetation was minimal. The interval between irrigations immediately prior to mowing 

was longer than other intervals to aUow sufficient time for soU to dry and support mowing 

equipment. The discing treatment consisted of discing to a depth of 5 cm about 30 days 

after initial wetland drawdown to maximize chufa tuber production (KeUy 1986). Again, 

the interval between irrigations immediately prior to discing was longer than other 

intervals to aUow for equipment access. The sustained flooding treatment required 

prolonged periods of flooding to drown herbaceous vegetation competing with chufe 

plants. The duration of sustained flooding events depended on the condition of chufe 

plants and their competitors as the flood period progressed. When chufa plants showed 

signs of leaf tip necrosis, water was removed. Flood duration averaged about 70 hours for 
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this treatment. Monitoring on each field during irrigation intervals assured that soU 

moisture levels were consistent among treatments. 

Data Analysis 

NormaHty of data was tested using the Shapiro- WUk W-test (Shapiro and WUk 

1965). Homogeneity of variances was tested on normal and log-transformed data using 

Hartley's F^^^ test (Kirk 1982) in completely randomized designs. Fisher's Least 

Significant Difference was used as a mean separation test (MilHken and Johnson 1992). 

Tukey's test (Tukey 1949) for nonadditivity was used to test for block by treatment 

interaction in randomized block designs. Significance was determined at the P < 0.10 

level for aU tests. 

Control and Mowing Treatment Comparison 

Chufa tuber numbers (tubers/m^), individual chufa tuber weight (g/tuber), chufa 

tuber mass (g/m^), Johnson grass rhizome mass (g/m^), field bindweed rhizome mass 

(g/m^), and total mass (g/m^) were individuaUy compared in a randomized block design. 

NormaHty was not violated for chufa tuber weight (W = 0.97; P = 0.747), chufa tuber 

mass (W = 0.96; P = 0.501), field bindweed mass (W = 0.99; P = 0.997), or total mass (W 

= 0.94; P = 0.314). However, normaHty was violated for chufa tuber numbers (W = 0.90; 

P = 0.053) and Johnson grass mass (W = 0.84; P = 0.003) and therefore, these data 

required log transformation. For comparative purposes, aU variables were log transformed 

prior to analysis and back-transformed after anafysis rendering median values. These are 
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presented for chufa tuber numbers, chufa tuber weight, chufa ttiber mass, Johnson grass 

mass, field bindweed mass, and total mass. A repeated measures ANOVA with treatment 

as the main plot factor and year as the repeated measures factor, was used for these 

analyses. Tukey's test (Tukey 1949) for nonadditivity was used to test for block by 

treatment interaction. 

Prior to comparing plant frequencies among treatments, data weighting was 

considered based on the approach of Cochran (1943), which considered the degree of 

binomial variation among frequency comparisons. Based on these calculations, low 

binomial variation was determined for aU species considered for treatment comparison and 

no weighting was required. Proportional data comparisons reqiured arcsm transformation 

prior to analysis. Data were normaUy distributed for chufa (W = 0.97; P = 0.798), 

bearded sprangletop (W = 0.94; P = 0.242), bamyard grass (W = 0.95; P = 0.454), yeUow 

bristlegrass (W = 0.97; P = 0.696), faU panicum (W = 0.95; P = 0.451), Johnson grass (W 

= 0.98; P = 0.921), and cocklebur (W = 0.99; P = 0.999). However, log transformation 

was required for Eriochloa spp. (W = 0.89; P = 0.031). A repeated-measures ANOVA 

with treatment as the main plot fector and year as the repeated measures fector, was used 

for these analyses. Tukey's test (Tukey 1949) for nonadditivity was used to test for block 

by treatment interaction. After analysis, data were back transformed for data presentation 

as treatment means. Median values are discussed for Eriochloa spp. data. 

Data were normaUy distributed for standing crop (W = 0.96; P = 0.636) and seed 

mass (W = 0.99; P = 1.000). A repeated measures ANOVA with treatment as the main 
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plot fector and year as the repeated measures fector, was used for these analyses. Tukey's 

test (Tukey 1949) for nonadditivity was used to test for block by treatment interaction. 

Mowing. Discing, and Sustained Flooding Treatment Comparison 

Chufa tuber numbers (tubers/m )̂, individual chufa tuber weight (g/tuber), chufa 

tuber mass (g/m^), Johnson grass rhizome mass (g/m )̂, field bindweed rhizome mass 

(g/m^), and total mass (g/m )̂ were compared in a completely randomized design. 

NormaHty was not violated for chufa tuber numbers (W = 0.95; P = 0.225), chufa tuber 

mass (W = 0.98; P = 0.814), Johnson grass mass (W = 0.98; P = 0.789), field bindweed 

mass (W = 0.96; P = 0.352), or total mass (W = 0.98; P = 0.955). NormaHty was violated 

for chufa tuber weight (W = 0.92; P = 0.093), which required log transformation. Error 

variances were homogeneous for chufa tuber numbers, chufa tuber mass, chufa tuber 

weight, Johnson grass mass, field bindweed mass, and total mass. A repeated measures 

ANOVA with treatment as the main plot factor and year as the repeated measures factor, 

was used in these analyses. Mean values are presented for aU data except individual tuber 

weight, which was log transformed prior to analysis and back-transformed after analysis 

for presentation as a median value. 

AU species had low (30%) binomial variation and no weighting was required. 

Prior to analysis, data were arcsin transformed (Krebs 1989). AU data were normaUy 

distributed except for feU panicum, which was log transformed (W = 0.93; P = 0.081) 

prior to analysis. NormaHty values included those for chufe (W = 0.94; P = 0.133), 

bearded sprangletop (W = 0.99; P = 0.957), bamyard grass (W = 0.96; P = 0.323), yeUow 
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bristlegrass (W = 0.95; P = 0.263), Eriochloa spp. (W = 0.95; P = 0.192), Johnson grass 

(W = 0.98; P = 0.788), and cocklebur (W = 0.98; P = 0.752). Error variances were 

homogeneous for chufa, bearded sprangletop, bamyard grass, yeUow bristlegrass, faU 

panicum, Eriochloa spp., Johnson grass, and cocklebur. A repeated measures ANOVA 

with treatment as the main plot factor and year as the repeated measures factor, was used 

to analyze frequencies. Data were back transformed after analysis for data presentation as 

treatment means except for faU panicum data where median values are discussed. 

Log transformation was required to satisfy normaHty for standing crop (W = 0.94; 

P = 0.084) rendering a median value when back transformed; however, normaHty was not 

violated for seed mass (W = 0.99; P = 0.982). Error variances were also homogeneous 

for standing crop and seed mass. A repeated measures ANOVA with treatment as the 

main plot factor and year as the repeated measures factor, was used in these analyses. 

Median values for standing crop mass and mean values for seed mass are discussed. 

SoU Moisture and Water Use 

A completely randomized design was used to compare soU moisture conditions 

and water use among treatments. Treatment errors were normaUy distributed for soU 

moisture (W = 0.96; P = 0.478) and water use (W = 0.99; P = 0.999) data. Error 

variances were homogeneous for soU moisture and water use. Mean values are presented 

for soU moisture and water use data. A repeated measures ANOVA with treatment as the 

main plot factor and year as the repeated measures factor, was used for these analyses. 
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Resuhs 

Chufe tubers, Johnson grass rhizomes, field bindweed rhizomes, and curly dock 

roots were found in soU samples coUected in 1996 and 1997. Some saltgrass rhizomes 

were found in 1997. Due to the high variability and lower mass densities of curly dock, 

and saltgrass compared with chufa, Johnson grass, and field bindweed, no attempt was 

made to compare these species individuaUy among treatments. However, the mass of 

these species was included m total mass comparisons. 

Control and Mowing Treatment Comparison 

There was no block x treatment interaction for chufa tuber density (F = 1.33, 1, 4 

df, P = 0.332), individual chufa ttiber weight (F = 0.19, 1, 4 df, P = 0.689), chufa tuber 

mass (F = 5.62, 1, 4 df, P = 0.098), Johnson grass mass (F = 0.64, 1, 4 df, P = 0.482), 

field bindweed mass (F = 0.22, 1, 4 df, P = 0.672), or total mass (F = 0.21, 1, 4 df, P = 

0.676). Further, there was no treatment by year interaction for chufa tuber density (F = 

1.67, 1, 4 df, P = 0.232), chufa ttiber weight (F = 1.29, 1, 4 df, P = 0.289), chufe ttiber 

mass (F = 0.64, 1, 4 df, P = 0.448), Johnson grass mass (F = 0.00, 1, 4 df, P = 1.000), 

field bindweed mass (F = 0.36, 1, 4 df, P = 0.565), or total mass (F = 0.75, 1, 4 df, P = 

0.412). 

Median chufe tuber numbers did not differ between treatments (F = 0.02; 1, 4 df, P 

= 0.898) but density was greater in 1997 (F = 45.01; 1, 4 df; P < 0.001). The median 

across tt^atments was 641.5 tubers/m^ in 1996 and 1,084.5 ttibers/m^in 1997. Median 

tuber weight (g/tuber) differed between treatments (F = 12.12; 1, 4 df, P = 0.025) and was 
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higher on control fields in 1996 (0.05 g/tuber) than 1997 (0.03 g/Uiber) and on mowed 

fields in 1996 (0.06 g/ttiber) tiian 1997 (0.03) (F = 81.08; 1, 4 df; P < 0.001). Median 

chufa tuber mass did not differ among treatments (F = 0.20; 1, 4 df; P = 0.666) and there 

was no difference in production between years (F = 0.43; 1, 4 df; P = 0.546) (Table 2.1). 

Johnson grass mass was not affected by treatment (F = 0.85; 1, 4 df; P = 0.408) or 

year (F = 0.02; 1, 4 df; P = 0.891) nor was field bindweed mass affected by treatment (F 

= 0.11; 1, 4 df; P = 0.757) or year (F = 0.86; 1, 4 df; P = 0.380). LUcewise, total mass was 

not affected by treatment (F = 1.91; 1, 4 df; P = 0.234) or year (F = 0.18; 1, 4 df; P = 

0.682) (Table 2.1). 

Thirty-one plant species were recorded during vegetation composition surveys. 

Eight of these species composed at least 5% of the vegetation community and were 

selected for analysis (Table 2.2). No block by treatment interaction occurred for chufa (F 

= 1.97; 1, 4 df; P = 0.255), bearded sprangletop (F = 0.02; 1, 4 df; P = 0.891), bamyard 

grass (F = 0.95; 1, 4 df; P = 0.402), yeUow bristlegrass (F = 2.54; 1, 4 df, P = 0.210), faU 

panicum (F = 1.38; 1, 4 df; P = 0.324), Eriochloa spp.(F = 1.36; 1, 4 df; P = 0.327), 

Johnson grass (F = 1.02; 1, 4 df, P = 0.386), or cocklebur (F = 0.53; 1, 4 df; P = 0.519) 

frequencies. Treatment by year interactions occurred for chufa (F = 8.38; 1, 4 df, P = 

0.020) and cocklebur (F = 12.46; 1, 4 df, P = 0.008), but not for bearded sprangletop (F = 

3.20; 1, 4 df; P = 0.111), bamyard grass (F = 0.14; 1, 4 df, P = 0.715), yeUow bristlegrass 

(F = 0.77; 1, 4 df, P = 0.404), feU panicum (F = 0.73; 1, 4 df, P = 0.419), Eriochloa spp.(F 

= 0.22; 1, 4 df; P = 0.652), or Johnson grass (F = 0.87; 1, 4 df; P = 0.378). 
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Bearded sprangletop did not differ between treatments (F = 3.49; 1, 4 df; P = 

0.135) or year (F = 0.95; 1, 4 df; P = 0.357) nor did bamyard grass (F = 0.09; 1, 4 df; P = 

0.775 and F = 0.20; 1, 4 df; P = 0.664, respectively) or faU panicum (F = 1.80; 1, 4 df; P 

= 0.250 and F = 0.73; 1, 4 df; P = 0.418, respectively) (Table 2.3). 

YeUow bristlegrass did not differ between treatments (F = 1.52; 1, 4 df; P = 0.285) 

nor did Johnson grass (F = 0.79; 1, 4 df; P = 0.423). Frequencies were greater in 1997 

than in 1996 for yeUow bristlegrass (F = 4.65; 1, 4 df; P = 0.063) and Johnson grass (F = 

12.46; 1, 4 df; P = 0.008) (Table 2.3). Median frequencies of Eriochloa spp. differed 

between treatments (F = 4.72; 1, 4 df; P = 0.096) and years (F = 5.11; 1, 4 df; P = 0.036). 

Median frequencies were higher in 1997 (40%) than in 1996 (31%) on the control 

treatment and were higher in 1997 (52%) than in 1996 (38%) on the mowed treatment. 

Chufa did not differ between tt-eatments in 1996 (F = 0.00; 1, 4 df; P = 0.977) but 

a difference occurred in 1997 (F = 10.12; 1, 4 df; P = 0.033) when there was more chufa 

present on mowed fields. There was also more chufa on control fields in 1996 than in 

1997 (F = 43.41; 1, 4 df; P = 0.003), but the frequency was simUar between years on 

mowed fields (F = 0.03; 1, 4 df, P = 0.862). Cocklebur frequencies were greater on the 

contt-ol in 1996 (F = 15.80; 1, 4 df; P = 0.0165) and 1997 (F = 26.75; 1, 4 df, P = 0.007). 

There was more cocklebur on control fields in 1996 than in 1997 (F = 40.84; 1, 4 df, P = 

0.003), but not on mowed fields (F = 0.06; 1, 4 df; P = 0.819). 

No block by treatment interaction occurred for standing crop (F = 0.44; 1, 4 df, P 

= 0.553), nor was there treattnent or year interaction (F = 0.78; 1, 4 df, P = 0.403). Block 
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by treatment interaction did occur for seed mass (F = 6.30; 1, 4 df; P = 0.087) which 

required treatment comparison by block within years. 

Standing crop did not differ between treatments (F = 3.21; 1, 4 df; P = 0.147) but 

was higher in 1997 than 1996 (F = 10.08; 1, 4 df; P = 0.013). Standing crop was 340.8 

g/m^ (SE = 45.12) in 1996 and 387.2 g/m^ (SE = 17.85) in 1997 on control fields and 

270.1 g/m^ (SE = 17.47) in 1996 and 352.4 g/m^ (SE = 23.34) in 1997 on mowed fields. 

Seed mass differed between treatments in 2 of the 5 blocks in 1996. There were no 

treatment differences within blocks in 1997 (Table 2.4). Mean seed mass in 1996 was 

28.8 g/m^ (SE = 6.33) on control fields and 48.9 g/m^ (SE = 3.03) on mowed fields. In 

1997, control fields produced 23.0 g/m^ (SE = 8.00) and mowed fields produced 40.6 

g/m^ (SE = 7.89) of seed. 

Mowing. Discing, and Sustained Flooding Treatment Comparison 

There was no treatment by year interaction for chufa tuber numbers (F = 0.73; 2, 

12 df; P = 0.501), individual chufa ttiber weight (F = 1.81; 2, 12 df; P = 0.206), chufa 

tuber mass (F = 1.25; 2, 12 df; P = 0.321), Johnson grass mass (F = 0.82; 2, 12 df; P = 

0.463), field bindweed mass (F = 1.11; 2, 12 df, P = 0.360), or total mass (F = 2.36; 2, 12 

df, P = 0.137). Chufe tuber numbers differed among treatments (F = 3.62; 2, 12 df; P = 

0.059), and there were more ttibers in 1997 tiian 1996 on aU tt-eatments (F = 50.45; 1,12 

df; P < 0.001) (Table 2.5). Mowed fields had more chufa tubers than sustained flood 

fields, but then- density on disced fields was not different from either of these treatments. 
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Individual chufa tuber weight and chufa mass also differed among treatments (F = 

2.98; 2, 12 df; P = 0.089 and F = 3.32; 2, 12 df, P = 0.071, respectively). Individual ttiber 

weights were higher on disced fields than on sustained flood fields, whereas weights on 

mowed fields were not different from either of these treatments (Table 2.7). Weights 

were higher in 1996 than m 1997 (F = 91.89; 1, 12 df; P < 0.001). Disced fields had 

greater chufa tuber mass than sustained flood fields but mass did not differ from mowed 

fields. Chufa tuber mass increased between 1996 and 1997 with aU treatments combined 

(F = 6.14; 1, 12 df; P = 0.029). Johnson grass, field bindweed, and total mass did not 

differ among treatments (F = 0.90; 2, 12 df; P = 0.430, F = 0.51, 2, 12 df, P = 0.613, and 

F = 0.09; 2, 12 df; P = 0.917, respectively) or between years (F = 0.52; 1, 12 df, P = 

0.483, F = 2.93; 1, 12 df; P = 0.113, F = 2.67; 1, 12 df; P = 0.128, respectively) (Table 

2.6). 

Eight species composed at least 5% of the vegetation community and were 

selected for analysis (Table 2.2). There was no treatment by year interaction for chufa (F 

= 0.39; 2, 12 df; P = 0.687) bearded sprangletop (F = 1.48; 2, 12 df; P = 0.266), Eriochloa 

spp.(F = 2.39; 2, 12 df; P = 0.133), Johnson grass (F = 0.88; 2, 12 df; P = 0.440), faU 

panicum (F = 1.65; 2, 12 df; P = 0.232), or cocklebur (F = 0.47; 2, 12 df, P = 0.638) 

frequency. Treatment by year interaction did occur, however, for bamyard grass (F = 

8.51; 2, 12 df, P = 0.005) and yeUow bristlegrass (F = 3.73; 2, 12 df, P = 0.055). 

Chufe, Eriochloa spp., feU panicum, and cocklebur frequencies differed among 

tt-eattnents (F = 3.83; 2, 12 df, P = 0.052, F = 3.37; 2, 12 df; P = 0.069, F = 3.99; 2, 12 df; 

P = 0.047, and F = 4.88; 2, 12 df; P = 0.028, respectively), but bearded sprangletop and 
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Johnson grass did not (F = 0.16; 2, 12 df; P = 0.858 and F = 0.61; 2, 12 df; P = 0.562 

respectively) (Table 2.8). Mowed and disced fields had simUar chufa frequencies, whereas 

sustained flood frequency was lower. Eriochloa spp. frequencies differed on mowed and 

sustained flood fields, but disced field frequency was simUar to other treatments. Median 

faU panicum plant frequencies did not differ between mowed and sustained flood fields but 

differed from disced fields. Cocklebur frequencies differed on disced and sustained flood 

fields, but mowed field frequency was simUar to other treatments. Frequencies did not 

differ between years for chufa (F = 1.63; 1, 12 df; P = 0.226), bearded sprangletop (F = 

0.58; 2, 12 df; P = 0.459), Eriochloa spp. (F = 1.94; 1, 12 df; P = 0.188), or cocklebur (F 

= 0.34; 1, 12 df; P = 0.571), but did for Johnson grass (F = 13.27; 1, 12 df; P = 0.003) and 

faU panicum (F = 5.37; 1, 12 df, P = 0.039) (Table 2.8). In 1996, faU panicum frequency 

was 39% on mowed fields, 4% on disced fields, and 36% on sustained flood fields. In 

1997, median plant frequency was 39% on mowed fields, 14% on disced fields, and 42% 

on sustained flood fields. 

Bamyard grass frequencies did not differ among treatments in 1996 (F = 2.24; 2, 

12 df; P = 0.149), but differences occurred in 1997 (F = 7.78; 2, 12 df, P = 0.007) where 

discing resuhed in higher amounts of bamyard grass than in other tteatments. There were 

no differences between years in the mowed (F = 0.45; 1, 4 df, P = 0.538) or disced 

treatments (F = 0.22; 1, 4 df; P = 0.667), but frequency was reduced in sustained flood 

fields m 1997 (F = 25.41; 1, 4 df, P = 0.007). YeUow bristlegrass frequencies did not 

differ among tt-eattnents in 1996 (F = 2.31; 2, 12 df, P = 0.142) or 1997 (F = 1.99; 2, 12 

df; P = 0.179). Frequencies were higher in 1997 than m 1996 in mowed (F = 6.51; 1, 4 df, 
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P = 0.063) and disced (F = 5.11; 1, 4 df; P = 0.087) treatments, but were simUar between 

years in the sustained flood treatment (F = 0.76; 1, 4 df; P = 0.431) (Table 2.8). 

There was a treatment by year interaction for standing crop (F = 6.24; 2, 12 df; P 

= 0.014), but not for total seed mass (F = 0.40; 2, 12 df; P = 0.682). In 1996, median 

standing crop was simUar on mowed (260.01 g/m )̂ and sustained flood (217.47 g/m )̂ 

fields, but lower on disced fields (161.23 g/m )̂ (F = 7.69; 2, 12 df, P = 0.0071). In 1997, 

greater standing crop was present on sustained flood fields (378.77 g/m )̂ than on disced 

fields (286.90 g/m )̂, but production on mowed fields was simUar to other treatments 

(343.83 g/m') (F = 4.38; 2, 12 df; P = 0.037). Standing crop was higher in 1997 than in 

1996 on mowed (F = 47.66; 1, 4 df, P = 0.002), disced (F = 50.83; 1, 4 df; P = 0.002), 

and sustamed flood (F = 61.81; 1, 4 df; P = 0.001) treatments. There were treatment 

differences for seed mass (F = 4.08; 2, 12 df; P = 0.044), but mass did not differ between 

years (F = 0.68; 2, 12 df; P = 0.425). Mowed fields had higher seed production in 1996 

(48.93 g/m^ SE = 3.03) and 1997 (40.58 g/m^ SE = 7.89) than disced fields (1996 

=33.78 g/m^ SE = 2.30; 1997 = 25.39 g/m^ SE = 3.48), but sustained flood field 

production was simUar to other tteatments (1996 = 31.28 g/m^ SE = 7.79; 1997 = 33.76 

g/m^ SE = 9.72). 

SoU Moisture and Water Use 

On each irrigation occasion, soU moisture and water use were calculated and 

averaged by tteatment. There was a treatment by year interaction for soU moisture (F = 

4.21, 2, 12 df, P = 0.041) but not for water use (F = 1.57, 2, 12 df, P = 0.248). SoU 
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moisture did not differ among treatments in 1996 (F = 1.69, 2, 12 df, P = 0.225) or in 1997 

(F = 1.98, 2, 12 df, P = 0.181), but moisture levels were greater in 1997 than 1996 in the 

mowed (F = 24.50, 1, 4 df, P = 0.008), disced (F = 26.23, 1, 4 df, P = 0.007), and 

sustained flood (F = 49.02, 1, 4 df, P = 0.002) treatments (Table 2.9). Water use did not 

differ among treatments (F = 0.60, 2, 12 df, P = 0.565) or between years (F = 1.06, 1,12 

df,P = 0.323) (Table 2.10). 

Discussion 

Chufa Production on Control and Mowed Treatments 

Mowing, intended as a treatment to reduce shading by cocklebur, did not increase 

chufa tuber production when compared to unmowed areas despite significant reductions in 

cocklebur cover as a resuh of mowing in both years. Although aboveground standing 

crops on mowed and unmowed areas were simUar, the amount of cocklebur was greater in 

the control treatment whUe graminoids comprised a larger proportion of the standing crop 

on mowed fields. A 17% decline in chufa vegetative composition from 1996 to 1997 on 

unmowed areas occurred as cocklebur composition increased. This suggests some limiting 

effect over time by cocklebur, at least on aboveground chufa plant frequency. Tubers were 

also smaUer on unmowed areas, which indicated some competitive limitations. 

Chufa Production on Mowed, Disced, and Sustained Flood Treatments 

Chufa production was not enhanced by sustained flooding despite intensive flood 

management to drown con[q)etitors. Nine of the 12 irrigation periods each year consisted 

34 



of sustained flooding avereiging about 70 hours (3 days) per irrigation and included one 

effort lasting 156 hours within 25 days of initial drawdown each year. The 3 remaining 

irrigations consisted of flooding and complete drainage within 30 hours. Sustained 

flooding management did not begin untU 20 days after imtial drawdown. Chufa sprouting 

was observed within 1 week of initial drawdown, and herbaceous vegetation was noted 

about 10 days after initial drawdown. The delay in initiating sustained flood management 

was required for emerging chufa shoots to obtain sufficient height over other plant 

competitors. Chufa competitors were generaUy less than 5 cm in height at this time whUe 

chufa sprouts were about 10-15 cm. Determining a flood depth that would overtop 

competitors yet aUow chufa shoot tips to remain above water was difficult due to field 

elevation differences even though fields had been laser leveled. GeneraUy, flood depths 

were at about 10-15 cm but some smaU areas were inundated with up to 20 cm due to 

these elevation differences. Sustamed flooding proved detrimental to chufa production. 

Chufa tuber density was 60% lower, mass was 64% lower, and individual tuber size was 

38% lower than in other treatments. In addition, chufa plant frequency was 23% lower 

than mowed and disced fields. 

Sustained flooding was also ineffective in reducing frequencies of the 8 plant 

species studied except bamyard grass. Fredrickson and Taylor (1982) suggested that 

sustained flooding may reduce germination once desirable vegetation was estabHshed. This 

technique was nieffective in conttoUing the species at Bosque del Apache NWR. Cocklebur 

frequency was as high or higher than on other tteatments. Initiation of sustained flooding 

could have been more effective in discouraging plant competitors if it had been enacted 
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earHer but, chufa plants were too smaU to withstand submersion earHer. MerreU (1975) 

observed that the best chufa production occurred in mature plants flooded periodicaUy, but 

remaining about 10 cm above water. It was not possible to provide these conditions whUe 

attempting to drown competing vegetation in this study. Observations by WUls (1970) and 

MerreU (1975) at Catahoula Lake, Louisiana, as weU as KeUy and Fredrickson (1991) 

indicating prolonged flooding as detrimental to growth and survival of chufa were affirmed 

in this study. 

Mowing and discing treatments had simUar effects on chufa production, but were 

superior to sustained flooding. Mowing was selective targeting cocklebur, a problem plant 

in moist-soU areas and a potential conpetitor to chufe for Hght. Mower height was set so 

as to cHp the upper 1/3 of cocklebur plants whUe not damaging lower growing chufa 

shoots. The resuhing plant community, dominated by graminoid species, resembled one 

described by ThuUen and Keeley (1980) in CaHfomia. Standing crop was much higher in 

California than in this study, however. High graminoid standing crop (3,550 g/m )̂ in the 

CaHfomia study suppressed chufa and resulted in production of only 180 tubers/m^. The 

standing crop on mowed fields was lower (340 g/nf) and produced over 1,550 chufa 

tubers/m^. This suggests that the level of graminoid mass in moist-soU fields at Bosque del 

Apache NWR did not adversely affect chufe production. 

Discing fields containing chufe resuhs in tuber separation from plants. This may 

encourage sprouting from the damaged detached tubers, and additional tuber production 

from parent plants (Tumbleson and Kommedahl 1962, Sanchez Tames and Vieitez 1970, 

Bendbcen 1973). KeUy (1986 and 1990) used tiiis insight to experiment with discing as a 
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chufe production enhancement treatment in Missouri. Using shaUow discing 30 days after 

shoot emergence, foUowed by irrigations, chufa tuber mass increased 2-fold to 26.4 g/ml 

In this study, chufa tuber mass on disced fields was much higher at 77.3 g/ml This level of 

chufa production on disced fields did not differ from chufa production on mowed fields. At 

Catahoula Lake, Louisiana tuber production was 159.8 g/m^ (WUls 1965). This area may 

have the most extensive chufa flats of anywhere in North America, covering 14,800 ha 

(WUls 1970). 

SoU Moisture and Water Use 

Clay and clay loams, the predominant soils in this study, are characterized by slow 

to moderately slow permeabUity (Johnson 1988). Homogeneous clay soUs with low water 

infiltration and extraction rates explain simUar moisture in aU treatments. Despite the 

reduced time period between irrigations incurred through longer inundation periods in the 

sustained flood treatment, and longer periods required at times to enact mowing and 

discing treatments, the upper 10 cm soU profile dried quickly to moisture rates described 

during irrigation intervals regardless of treatment. Little of this moisture loss can be 

attributed to transpiration, particularly early in the growing season. Predominately clay 

soils and high evaporation rates likely contributed to rapid surfece soU moisture loss. 

Moisture levels across treatments averaged 58% in 19% and 70% m 1997. Lower soU 

moisture readings in 1996 than in 1997 are due to higher ambient temperatures and a lack 

ofprecipitation early in the growing season (Table 2.12). Temperatures were cooler and 

precipitation was more evenly distributed throughout the 1997 growing season. 
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SimUar surface water use in aU treatments can also be attributed to clay soUs, which 

sweU rapidly upon irrigation and slow water infiltration rates to lower soU horizons. Once 

saturated soU conditions were achieved, lower soU horizons probably retained moisture 

during irrigation intervals quickly returning to saturated conditions when irrigations were 

reappHed. Although sustained flood fields were exposed to longer evaporation periods due 

to ponded conditions, this effect was apparently not substantial enough to resuh in higher 

water use compared with other treatments. Also data variabUity may have been too high to 

detect treatment differences. 

Chufa Management 

The single most important factor contributing to enhanced chufa production in this 

study was time. SimUar to increases recorded in other studies (Tumbleson and Kommedahl 

1961, BeU et al. 1962, Lapham 1985), chufa tuber density mcreased 44% and chufa mass 

increased 33% regardless of the treatment employed over the 2-year study period. Before 

1996, fields were routinely deep disced (30 cm) and re-leveled in the spring under dry soU 

conditions to control woody plant species, to enhance annual plant production, and to 

improve irrigation flooding efficiency (Taylor 1996). Such cuhivation practices may have 

Hmited chufa production. Day and RusseU (1955), Taylorson (1967), and KeUy (1986) 

described suppressed chufe production or induced dormancy due to discing in the absence 

of good soU moisture. Peters and Afton (1993a) also described reduced chufa production 

when fields were deep disced (22.4-41.5 cm). 
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Lapham and Drennan (1987) found suppressed chufa tuber formation when 

aboveground chufa shoots averaged 360 shoots/m^ in the absence of intraspecific 

compethors. Chufa shoot densities m this study averaged about 52 shoots/m^ across 

treatments in the presence of interspecific competitors dominated by graminoids. Lower 

chufa shoot density and lower herbaceous standmg crop recorded in this study compared 

with other sites where simUar monitoring has occurred (ThuUen and KeUey 1980) suggest 

the potential for increased chufa production before competitive interactions suppress its 

growth. Evidence of interspecific competition appeared by the second year of this study, 

however, through a decHne in tuber size across treatments as standing crop increased. In 

the presence of interspecific competition, chufa production was also suppressed in the 

control treatment where chufa plant frequency was lowest and tubers were smaUest. 

Patterson (1982) noted that tuber weights were adversely affected by varying degrees of 

shade. In this study, tubers were the largest on the disced treatment where standing crop 

mass was lowest. This is supported by studies conducted in the absence of interspecific 

competitors, where larger tubers were also recorded (Tumbleson and Kommedahl 1961, 

Matthiesen and StoUer 1978). Increased chufa production might be reaHzed through 

continued mowing or discing management at Bosque del Apache NWR. These tteatments 

did not differ in any aspect of chufe production. 

Sustained flooding clearly suppressed chufa production, however simUar effects 

were not found for Johnson grass or field bindweed. There was no difference among 

treatments for the belowground mass of these species. McWhorter (1972) indicated 
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sustained flooding was an effective control method for Johnson grass. This treatment was 

not effective in suppressing Johnson grass in this study. 

OveraU management goals focused solely on the production of underground mass, 

particularly chufa, may faU to consider other important aspects of moist-soU management 

such as moist-soU seed production, treatment costs, water use efficiency, and problem plant 

control. The whole plant and avian community should be considered relative to providing a 

diversity of food to a diversity of birds in wetlands. Seed mass can provide an important 

source of dietary energy, protein, and minerals for migratory birds (Fredrickson and Reid 

1988, Reinecke et al. 1989, Haukos and Smith 1995). Baldassarre et al. (1983) reported 

that com was deficient in essential amino acids including lysine, trytophan, and methionene 

required by aU higher animals, and that moist-soU seeds are a source of this nutritional 

need. In this study, the greatest seed production was 489 kg/ha produced on mowed fields, 

but seed production was 34% lower on disced fields. 

Moist-soU seeds added sizeable food resources to an average 360 kg/ha of 

underground mass in upper Mississippi VaUey wetlands (Reid et al. 1989). Seed mass 

averaging 480 kg/ha (Davis et al. 1961, Jemison and Chabreck 1962, Fredrickson and 

Taylor 1982, Haukos and Smith 1993, Gray et al. 1999) added to underground mass 

should provide 840 kg/ha of total available food resources in average moist-soU 

environments. Although mowed and disced tteatments produced simUar amounts of 

belowground mass, aboveground production in the mowed tteatment was superior and 

combined food resources were 1200 kg/ha. Also, ahhough belowground mass was 
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reduced on sustained flood fields, aboveground seed production was substantial and not 

different from yields obtained in mowed fields. 

Mowing and discing treatments required single passes over fields each season. 

Costs associated with moving were about $39/ha whereas discing was estimated at about 

$49/ha. Although labor costs involved with irrigation activity were not recorded, mowing 

and discing tteatments essentiaUy used simUar amounts of time, whUe sustained flooding 

treatments required about twice the total labor than other treatments to regularly monitor 

flood elevations and adjust irrigation flows. 

Water use was essentiaUy the same for aU treatments averaging 3.85 mUHon L/ha 

during April, May, June, July, and August. The New Mexico State Engineer has 

established consumptive irrigation requirements for calculating water use on various types 

of irrigated lands during simUar time periods (Tashjian 2000). For ponded areas, use was 

described at 5.15 mUHon L/ha and for smaU grains or moist-soU managed areas, use was 

described at 0.83 milHon L/ha. Actual water use for chufa production in this study was 

realistically a combination of these water use requirements. At times fields were irrigated 

to maintain higher soU moisture levels for developing seedlings simUar to smaU grains 

irrigations. At other times, ponded conditions were maintained to saturate soils beyond soU 

field capacity. Average water use during this study was 0.86 milHon L/ha higher than the 

2.99 milHon L/ha obtained by averaging ponded and smaU grains water use. 

Irrigation efficiency is a critical element of moist-soU management, particularly in 

the arid southwest. Several water-saving measures may be possible but their effects on 

chufa mass and seed mass production are unknown. Considerable water savings might be 
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seen by delaying irrigation management untU early May. However, chufa shoot emergence 

and rapid growth usuaUy occur in April prior to that of most graminoids. KeUy (1990) 

suggested that the species may have developed this growth pattem in response to 

competition with other species for Hght. Therefore, delayed irrigation management could 

affect overaU chufa production. Other water-saving measures might be to minimize ponded 

conditions that occur occasionaUy under current management regimes, and/or reduce 

irrigation frequency from 12 urigations, under current management regimes, to 8 or 9 over 

the course of a growing season. Again, the effects of fewer irrigations and overaU dryer 

soU conditions on the production of underground mass and seed mass are unknown. 

Of particular concem would be effects in seed mass production. Haukos and Smith 

(1993) achieved higher production of seed with fewer irrigations than at Bosque del 

Apache NWR. but this could be related to different soU conditions. Tender seedlings are 

susceptible to dry conditions on clay soils particularly when germinating. Irrigation 

frequencies could be increased early in the season for this reason and extended as plants 

mature. The effects of dryer conditions later in the season may affect seed set timing and 

overaU yields however. One potential outcome might be reduced herbaceous mass 

production with unchanged or increased seed production. Reduced herbaceous mass could 

fevor chufe production through reduced competition (Keeley and ThuUen 1978). 

Currently, irrigation efficiency and the resulting effects on aboveground and belowground 

moist-soU plant production are the most important research needs in arid wetland regions. 

Another important aspect of moist-soU management involves the conttol of 

undesirable plant species, which can be costly and can at tunes require the loss of a 
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production season to enact control. Control may require cuhivation, herbicide appHcation 

or combinations of these techniques. Dense cocklebur, previously discussed in this study 

as a potential compethor to chufa, may also mhibit utUization of wetland foods by 

waterbirds simUar to dense vegetation encountered in other wetland systems (Fredrickson 

and Taylor 1982, Prather et al. 1994). The control of serious cocklebur infestations can be 

integrated into management programs through timely mov^g or discing without the loss 

of a production year as demonstrated in this study. Both mowing and discing reduced 

cockebur plant frequencies compared with other treatments. KeUy (1986) reported good 

cocklebur control using a discing treatment, however seed mass production was negatively 

impacted in his study. Fredrickson and Taylor (1982) described the potential use of 

sustained flooding to control undesirable herbaceous vegetation. This technique may have 

been employed to late on the sustained flood treatment to have effectively controUed 

cocklebur. Regardless, water is a more valuable commodity than the equipment and labor 

used in mowing treatments. 

Other species such as Johnson grass and field bindweed, with their extensive 

vegetative propagation characteristics are much more difficuh to control. Despite the 

contribution of seed to overaU moist-soU food resources by Johnson grass, hs heavy 

herbaceous mass may inhibit seed production by other moist-soU species through 

competitive interactions, and simUar to cocklebur, may inhibit the use of food resources by 

waterbirds. Field bindweed runners spread rapidly in earfy spring (J. Taylor, pers. observ.). 

As a result, dense mats of vegetation may also inhibit the germination and growth of moist 

soU species ahhough early field bindweed senescence does not provide the residual 
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herbaceous cover that might impede waterbird utUization of moist-soU plant communities. 

The patchiness of these species in treatment fields resuhed in high variation of underground 

mass between and among treatments. As a resuh, neither species showed treatment 

differences in mass. 

Johnson grass mass, ahhough undetected statisticaUy, was greater than that of chufa 

in the sustained flood treatment where it appeared to thrive compared with other 

treatments. Johnson grass frequency ahhough simUar among treatments, nearly doubled 

between years on aU treatments. Mowed fields had the lowest recorded Johnson grass 

frequency and this treatment would appear to exert the greatest control. Discing and 

sustained flooding treatments appear to enhance Johnson grass plant frequency. Bindweed 

production was comparatively lower than that of chufa and Johnson grass. Due to the 

wide variation in mass production for the species, it is difficult to speculate on which 

treatment, if any, might suppress its spread. FinaUy, although Johnson grass and field 

bindweed are regarded as undesirable, their potential for contributing to overaU 

underground food resources for migratory birds should be weighed against the amount of 

effort expended in their control. 

Although large moist soU-impoundment complexes exist in the Middle Rio Grande 

VaUey (Taylor and Kirby 1990), agricultural fields converted to moist-soU management 

represent a growing investment in wetland plant production for migratory birds m New 

Mexico and Arizona by pubHc and private land managers aHke (M. ConnoUy and C. 

MuUins, pers. comm.). Although production of invertebrate food resources continues to be 

an important management objective in other water bodies (Reid et al. 1989, Anderson and 
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Smith 1998), smaU converted agricultural fields with Hmited water avaUabUity focus on 

vegetative production where invertebrate production is unknown. Converted agricuhural 

fields often have an intense land use history that can change soU conditions and modify seed 

banks (KeUy 1986, van der VaUc and Pederson 1989). Many are inherited condhions such 

as field leveHng, which has removed smaU field undulations conducive to increased species 

diversity (Reid et al. 1989). Yet the smaU nature of these fields aUows for precise water 

level control providing simUar conditions for the emergence and growth of targeted plant 

production such as chufa. Past land use has affected the present plant community through 

elimination of some species and the introduction of others. Species common in adjacent 

moist-soU impoundments such as Polygonum pensylvanicum or Paspalum distichum are 

uncommon or absent in converted agricuhural fields at Bosque del Apache NWR. 

Conversely, Johnson grass and field bindweed, potential problem plants in converted 

agricuhural fields are virtuaUy absent in adjacent moist-soU impoundments. Despite some 

of the advantages in irrigation efficiency and precise water level control, converted 

agricultural fields present new chaUenges to southwestem wetland managers. 
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Table 2.2. Herbaceous and woody species encountered during vegetation composition 
surveys on experimental moist soU fields in 1996 and 1997 at the Bosque del Apache 
National WUdlife Refiige, N.M. 

Species Common Name 

Cyperus esculentus^ 
Echinochloa cmsgaUi' 
Eriochloa contracta^ 
Eriochloa gracilis^ 
Leptochloa facicularus^ 
Panicum dichotomiflorum' 
Setaria glauca' 
Sorghum halepense' 
Xanthium strumarium' 
Ammania coccinea 
Aster subulatus 
Bassia hypssifoUa 
Cenchrus paucifloms 
Chenopodium album 
Convolvulus arvensis 
Distichlis spicata 
Eleocharis palustrus 
Eleocharis parvula 
Eragrostis barreUeri 
Heleanthus armuus 
Hordeum iubatum 
Kochia sieversiana 
Malvela leprosa 
Plantago lanceolata 
Polygonum pensylvanicum 
Polypogon monspeUensis 
Populus fi^montU 
Rumex crispus 
Salixexigua 
Schpus acutus 
Scirpus pungens 

chufa 
bamyard grass 
prairie cupgrass 
cupgrass 
bearded sprangletop 
faU panicum 
yeUow bristlegrass 
Johnson Grass 
cocklebur 
ammania 
saltmarsh aster 
smotherweed 
sandbur 
lamb's quarter 
field bindweed 
sahgrass 
spikerush 
dwarf spUcerush 
Mediterranean lovegrass 
annual sunflower 

foxtaU barley 
fireweed 
aUcaUmaUow 
English plantain 
smartweed 
rabbitsfoot grass 
Fremont cottonwood 
curly dock 
coyote wiUow 
hardstem bulrush 
three-quare bulrush 

'Studied species with > 5% total ccHnposition 
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Table 2.5. Mean chufa tubers/m^ on mowed, disced, and sustained flood treatments in 
1996 and 1997 at the Bosque del Apache National WUdhfe Refuge, New Mexico. 

Treatment 

1996 

Tubers/m^ 

1997 

Tubers/m^ 

SE X SE 

Mowed 

Disced 

Sustained Flood 

828.1 a* Â  

528.8abA 

329.9bA 

205.66 

60.25 

43.53 

1551.3aB 

1224. labB 

811.6bB 

312.28 

176.84 

134.57 

'Treatment means followed by the same lower case letter are not different (P > 0.10). 
^ea r means followed by the same upper case letter are not different (P > 0.10). 
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Table 2.6. Mean mass (g/m )̂ in mowed, disced, and sustained flood treatments for chufa 
tubers, Johnson grass rhizomes, field bindweed rhizomes, and total tubers and rhizomes 
(including curly dock and sahgrass) in 1996 and 1997 at the Bosque del Apache National 
WUdhfe Refiige, New Mexico. 

Year Chufa Johnson Field bindweed Total 
grass 

E SE X SE X SE X SE 

Mowed 

1996 45.2ab'A' 10.44 14.3aA 9.10 7.7aA 5.66 67.2aA 7.47 

1997 54.2abB 13.19 23.1aA 12.98 8.1aA 4.93 85.7aA 10.36 

Disced 

1996 44.0aA 9.11 7.8aA 4.99 4.2aA 2.87 57.9aA 9.07 

1997 77.3aB 24.02 32.9aA 30.04 l.OaA 0.75 113.0a-A 25.54 

Sustained Flood 

1996 16.2bA 2.10 53.3aA 23.00 5.6aA 4.63 84.8aA 26.53 
1997 26.4bB 4.95 43.9aA 26.37 2.7aA 2.49 73.0aA 24.52 

'Treatment means for a species followed by the same lower case letter are not different (P > 0.10). 
^ea r means for a species within a treatment followed by the same upper case letter are not different 
(P>0.10). 
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Table 2.7. Median chufa tuber weight (g/tuber) on mowed, disced, and sustained flood 
treatments in 1996 and 1997 at the Bosque del Apache National WUdUfe Refiige, New 
Mexico. 

1996 1997 

Treatment g/tuber CI g/tuber CI 

Mowed 

Disced 

1 A 2 0.06ab'A 

0.08aA 

± 0.004 

+ 0.014 

0.03abB 

0.06aB 

+ 0.004 

+ 0.015 

Sustauned Flood 0.05bA + 0.002 0.03bB + 0.004 

'Treatment medians followed by the same lower case letter are not different (P > 0.10). 
^ea r medians followed by the same upper case letter are not different (P > 0.10). 
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Table 2.9. Mean percent soU moisture on mowed, disced, and sustained flood treatments 
in 1996 and 1997 at the Bosque del Apache National WUdUfe Refuge, New Mexico. 

1996 1997 

Treatment SoU Moisture SoU Moisture 

SE SE 

Mowed 

Disced 

Sustained Flood 

54.9a'A2 

57.9aA 

62.0aA 

2.25 

3.81 

1.70 

67.7aB 

74.1aB 

68.4aB 

2.62 

2.74 

2.00 

'Treatment means followed by the same lower case letter are not different (P > 0.10). 
^ea r means followed by the same upper case letter are not different (P > 0.10). 
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Table 2.10. Mean water use (L/ha) on mowed, disced, and sustained flood treatments for 
the 1996 and 1997 growing seasons at the Bosque del Apache National WUdUfe Refuge, 
New Mexico. 

1996 1997 

Treatment Water use Water use 

X SE X SE 

Mowed 4,182,647. la'A' 732,689.16 3,237,528.1aB 528,728.40 

Disced 3,302,929.2aA 343,784.88 3,407,797.2aB 283,392.72 

Sustained Flood 4,078,427.5aA 503,429.64 4,090,552.7aB 621,238.80 

'Treatment means followed by the same lower case letter are not different (P > 0.10). 
^ea r means followed by the same upper case letter are not different (P > 0.10). 
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Table 2.11. Mean temperature and precipitation from April to August, 1996 and 1997, 
from the NOAA weather station at Bosque del Apache National WUdUfe Refuge, New 
Mexico. 

Temperature (°C) Precipitation (cm) 

Month High x Low x 

1996 

April 37 26 -4 3 00.00 

May 39 35 3 9 00.00 

June 40 37 2 14 13.46 

July 39 35 17 15 5.39 

August 39 35 12 15 7.44 

1997 

April 31 23 -3 4 2.79 

May 36 32 3 9 2.16 

June 40 34 7 12 5.94 

July 40 37 10 15 3.82 

August 39 36 12 15 3.78 
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CHAPTER III 

FACTORS AFFECTING CHUFA PRODUCTION 

Introduction 

Although much is known regarding the requirements for estabUshing and 

maintaining plants that produce an abundant seed crop in moist-soU environments 

(Fredrickson and Taylor 1982, Haukos and Smith 1993, Smith et al. 1995), comparatively 

httle is known regarding the production and maintenance of plants that produce 

underground tubers and rhizomes (KeUy 1990). Edaphic conditions such as soU texture, 

soU salinity, soU pH, and soU compaction can be important factors influencing 

aboveground moist-soU plant production (Fredrickson and Reid 1988). SimUar edaphic 

factors may also influence the underground mass of plants known for their production of 

underground food resources (KeUey and Fredrickson 1991). Further, competition may 

Umit chufa production (Jordan-Meloro and StoUer 1978, Keeley and ThuUen 1978, 

Patterson 1982). Edaphic factors and potential abovegroimd competition monitored at 

specific locations with known chufa tuber production, may explain factors influencing 

chufa production (Chapter II). The objective of this experiment wass to investigate 

edaphic and synecological fectors such as soU texture, soU saUnity, soU pH, soU 

corq)action and aboveground plant community composition and mass, which may affect 

chufe production. 
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Studv Area 

The study was conducted at the Bosque del Apache NWR in the Middle Rio 

Grande VaUey of central New Mexico, USA., which includes Chihuahuan desert scrub and 

semidesert grassland communities described by Browne and Lowe (1980). The Middle 

Rio Grande basin with vaUey floor elevations of 1,470 m, is bounded by mountain ranges 

rising 2,000 m to the west and 1,600 m to the east. Regional climatic conditions are 

characterized by high hght intensity, low relative humidity, and an average Class A pan 

evaporation of 250 cm per year (Johnson 1988). Local rainfaU is variable. From 1988 to 

1997 annual precipitation averaged 24.9 cm, with about 50% of the rainfaU occurring 

between July 1 and September 30. Also from 1988 to 1997, the average maximum air 

temperatiu^e was 36°C and the average minimum temperature was -8°C (Bosque del 

Apache NWR NOAA weather station data). Irrigation water is diverted from the Rio 

Grande at San Acacia, N.M. about 40 km north of the refuge through a complex system of 

irrigation canals and drains. These water sources converge to serve the study area from 

the Riverside Canal, located adjacent to and east of two units, unit 6 and unit 17A (Figure 

1.1). 

The study area comprised 20 moist-soU fields, ranging from 1.9 to 5.8 ha (Table 

1.1). These fields were converted from agricultural management to moist soU 

management by 1993. The estabUshment of 3 chufa enhancement treatments and a control 

treatment on the study area (Chqjter H) provided an opportunity to sample soU and 

aboveground mass associated with varying treatment conditions. SoUs in unit 6 were 

dominated by GUa clay loams with lesser areas of Popotosa clay loams and Glendale clay 
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loams. SoUs in unit 17A were fairly evenly composed of Armijo clays, Glendale clay 

loams, and GUa clay loams. AU fields were laser leveled to a 0.0025% grade and had 

shaUow water impoundment potentials of up to 45 cm depth. 

Methods 

Samphng was conducted along four permanent transect Unes randomly estabUshed 

on each field perpendicular to feeder canals and irrigation flow direction. Along these 

Unes, 10 15 cm X 15 cm X 15 cm soU samples (Gutman and Watson 1980), were coUected 

from 10 randomly estabUshed permanent sampUng quadrats in each field for a total of 200 

samples coUected each year in October, 1996 and 1997 (Chapter II). Chufa tubers were 

washed free of soU, oven dried to a constant mass, and weighed to the nearest 0.1 g 

(Chapter II). Concurrent with sampUng in 1996, additional soU was coUected to describe 

edaphic characteristics including soU texture, soU pH, and soU saUnity (Table 3.1). 

Samples were analyzed by the Revegetation and WUdUfe Management Center soils 

laboratory in Blythe, Ca. SoU textures were determined by touch and assigned final soU 

texture classifications using a soU triangle (Brady 1974). To compare soU textures, 

numeric values were assigned to each soU class grouping as foUows: 0 = sandy, 1 = loamy 

sand and sandy loam, 2 = loam and sUt loam, 3 = sih and clay loam, 4 = sandy clay loam 

and sihy clay loam, 5 = sandy clay and sihy clay, 6 = clay. SoU pH was determined using 

the electrometric method and saUnity was measured as electroconductivity of the soU 

extract (Brady 1974). SoU conq^action (MPa) was measured at these same locations in 

October, 1996 with a proving-ring penetrometer (Baver et al. 1972). SoUs coUected and 
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analyzed in 1996 were used for comparisons with both 1996 and 1997 vegetation 

production data because I assumed Uttle change between years. Also, fields had been 

managed simUarly for several years prior to the study and changes in edaphic factors were 

unUkely over the course of this experiment. Standing crop was determined from 1 m^ 

quadrats at the 10 permanent sampUng locations described above in September, 1996 and 

1997 (Chapter II) as an index to competition. AU herbaceous material, including seeds, 

was cUpped at ground level, oven dried to a constant mass and weighed to the nearest 0.1 

g (Chapter II). 

Data Analysis 

Multiple regression was used to explore the relationship between chufa tuber 

numbers (tubers/m^) and mass (g/m^) as dependent variables, and edaphic factors including 

soU texture, soU pH, soU salinity, and soU compaction as independent variables. Standing 

crop was also included as an independent variable as an index to competition. Chufa tuber 

numbers and chufe mass data were log transformed (log [x + 1]) to satisfy normaUty and 

significance was determined at the P < 0.10 level. 

Results 

SoU saUnity and soU pH explamed 3.8% ( R M ) . 0 3 8 , P=0.021) of the variation in 

chufa tuber numbers in 1996 using muhiple regression analysis (Table 3.2). SoU texture 

(partial rN) . l , P=0.607), soU compaction (partial r ^ l . 2 , P=0.113), and standing crop 

(partial r^=0.007, P=0.229) independent variables were unrelated to chufa tuber numbers. 
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SimUarly, only 6.1% (R2=0.061, P=0.002) of the variation in 1996 chufa mass was 

explained by soU saUnity and soU pH. Again, soU texture (partial r^O.003, P=0.394), soU 

compaction (partial r2=0.007, P=0.210), and standing crop (partial T^<Om, P=0.996) had 

no relationship to the dependent variable. 

SoU pH explained 1.7% (R2=0.017, P = 0 . 0 6 3 ) of the variation in chufa tuber 

numbers in 1997. Remaining variables including soU texture (partial r^<0.01, P=0.837), 

soU saUnity (partial r2<0.01, P=0.144), soU compaction (partial r2<0.01, P=0.658), and 

standing crop (partial r^<0.01, P=0.114) were unrelated to 1997 chufa tuber density. SoU 

saUnity, soU compaction, and the standmg crop recorded in 1997 explamed 15.1% 

(R^=0.151, P<0.001) of the variation in 1997 chufa tuber mass, whereas soU texture 

(partial i^<Om, P=0.287) and soU pH (partial T^<0.01, P=0 .742) had no relationship with 

chufa mass. 

Discussion 

The range in variation of explanatory variables in this study may not have been 

great enough to detect stronger influences on chufa production (Table 3.1). This was 

especiaUy true for soU texture. The soU was relatively homogeneous in experimental units 

used for this study. SoU saUnity and soU pH variables explained a limited amount of 

variation in chufe tuber numbers and mass in 1996. MitcheU and Martin (1986) suggested 

high salinities Umited chufe production in the southeastern U.S. Low salinities prevaUed 

on the study area averaging 0.7 + 0.12 mmhos/cm and can be attributed to irrigation, 

which flushes sahs to lower soU horizons. This level of salinity would not affect the 
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germination and growth of most plants (Rendig and Taylor 1989). Conversely, soU pH on 

the study area was somewhat aUcaUne at 8.29 + 0.61, but generaUy normal for westem 

argid aridisols (Brady 1974) (Table 3.2). MitcheU and Martm (1986) and KeUy and 

Fredrickson (1991) reported that pH values of 5.0 to 7.5 (sUghtly acid to neutral) resuhed 

in good chufa production. It is possible that higher pH levels for chufa have not been 

reported in the Uterature simply because these studies occurred in the eastern U. S. where 

more acidic soils predominate. It is possible the aUcaUne soils in this study Umited chufa 

production. GeneraUy, these salinity (< 4mmhos/cm) and pH (<8.5) levels indicate normal 

soU reaction properties (Brady 1974). Further soU testing to determme proportions of 

sodium, calcium, and magnesium salts would provide some basis for concem if sodium 

proportions were greater than 15%. In such a case a gypsum soU additive could lower 

sodium ratios through replacement Vvith calcium to effectively lower soU pH. 

In 1997, soU saUnity, soU compaction, and standing crop combined to explain the 

most variation in chufa mass (15%) of any model developed using regression analysis. 

BeU et al. (1962) suggested compacted soUs hampered chufa growth, however, 

con^arative soU compaction data related to moist soU management is Umited. Data on 

irrigated playas gathered by Haukos (1991) in the Texas High Plains using the same device 

prior to final irrigations in August appear the most con^arable. His data showed soU 

strength averaged 0.9 MPa on moist-soU managed areas compared with an average 

reading of 2.9 + 0.4 MPa in this study. Although overaU compaction was higher in the 

playas, Haukos (pers. comm.) suggested these levels were not necessarily problematic for 

the germination and growth of most moist soU plant species since production of seeds was 
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the highest reported in the U.S. (Haukos and Smith 1993). Nonetheless, a soU hardpan 

may exist in shaUow soU horizons due to past farming and land leveling practices as has 

occurred in other regions of the country (McKenzie 1987). SoU hardpans can be broken 

through soU chiseUng to aUeviate these condhions. Compacted soils could also be Umiting 

overaU moist-soU plant production. Standing crop on converted agricuhural fields in this 

study (254.9 + 123.37 g/m^) was much less than that recorded at other moist soU 

production areas (Haukos and Smith 1993, Gray et al. 1999). ThuUen and Keeley (1980) 

demonstrated significantly suppressed chufa tuber production with high (3,550 g/m )̂ 

aboveground standing crop in CaUfomia. Standuig crop m this study was responsible for 

nearly 8% of the variation in chufa mass and may be providing a suitable environment for 

chufa growth. If soU chiseUng were used to aUeviate soU compaction on converted 

agricultural fields at Bosque del Apache NWR, it should be used with caution and 

monitored to assess impacts to standing crop and underground mass production. 
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Table 3.2. Significant (P<0.10) muhiple regression model variables explaining chufa 
numbers and mass in 200, 15cm-' soU samples in 1996 and 1997 at Bosque del Apache 
National WUdUfe Refiige, New Mexico. 

Dependent 
Variable 

1996 tuber numbers 

1996 tuber mass 

1997 tuber numbers 

1997 tuber mass 

n 

200 
200 

200 
200 

200 

200 
200 
200 

Independent 
Variable 

soU saUnity 
soUpH 

soU salinity 
soUpH 

soUpH 

soU salinity 
soU compaction 
standing crop mass 

Partial r̂  
(x 100) 

2.2 
2.0 

5.0 
1.8 

1.7 

4.3 
1.4 
7.8 

P > F 

0.033 
0.040 

0.001 
0.054 

0.063 

0.002 
0.077 

<0.001 
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CHAPTER IV 

UTILIZATION OF CHUFA BY MIGRATORY BIRDS 

Introduction 

BehavioraUy and physiologicaUy important events for waterfowl and sandhiU 

cranes such as moh, pairing, and thermoregulation occur on wintering areas (Gordon et al. 

1989). In waterfowl, energy needed for these activities can approach that required for 

breeduig (Prince 1979). Wintering areas must not only provide for the immediate survival 

of these species, but for subsequent reproductive effort (Heitmeyer and Fredrickson 1981, 

Krapu 1981, Tacha et al. 1987, RaveUng and Heitmeyer 1989, Smith and Sheeley 1993). 

Chufa, composed mostly of carbohydrates and Upids, provides 4.26 kcal/g of gross 

energy (Knauer 1977, KeUy 1986, Fredrickson and Reid 1988) and can potentiaUy meet 

energetic requirements. Tubers are 45 to 77% carbohydrates (mostly starch) and 10 to 

14% Upids (Matthiesen and StoUer 1978, Addy and Eteshola 1984, KeUy and Fredrickson 

1991). Foods with good Upid con[qx)sition, such as chufa, can aUow cranes to rapidly 

accumulate fat, which can be stored at the rate of 13-18 g/day (Krapu et al. 1985, Krapu 

and Johnson 1990). In gadwaUs (Anas strepera), Ankney and Alisauskas (1991) asserted 

that Upids may also be crucial in assuring reproductive success. Considering that 

estimated energy requirements for post-breeding mallards (Anas platvriivnchos) at 0-20°C 

is 280-290 kcal/bird/day (Prince 1979), chufa represents a potentiaUy important natural 

food item able to meet these needs (Reinecke et al. 1989). Gross energy values for chufe 

compare weU with other avaUable natural plant food items including three-square buhush 
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(Scirpus pungens). pmk smartweed (Polygonum lapathifoUum). bamyard grass 

(Echinochloa crusgalU), and faU panicum (Panicum dichotomiflorum) foimd in wetlands, 

2md is also comparable to com (Fredrickson and Reid 1988). 

Chufa tubers, where abundant, can represent a major portion of waterfowl diet on 

wintering areas. Tubers made up 67% of foods eaten by 5 duck species at Catahoula 

Lake, Louisiana where chufa growth was proUfic (WUls 1970). Food habit studies in the 

Mississippi VaUey region show that chufa tubers are consumed by many waterfowl species 

including mallards, northem pmtaU (Anas acuta), American wigeon (Anas americana), 

blue-winged teal (Anas discors), green-winged teal (Anas crecca), canvasback (Avthva 

valisineria), ring-necked duck (Avthva coUaris), lesser scaup (Avthva aflSnis), mddy duck 

(Oxvura iamaicensis), wood duck (Aix sponsa), and Canada goose (Branta canadensis) 

(McAtee 1939, Low and Belrose 1944, Anderson, 1959, WUls 1971, Hohman et al. 1990, 

Peters and Alton 1993b). 

Chufa tubers are also an unportant part of sandhiU crane and whooping crane 

(Grus americana) diets on wintering areas. In south Texas, chufa tubers comprised over 

50% of food volume for sandhiU cranes and comprised the buUc of foods eaten (Guthery 

1976). In hrigated agricultural vaUeys of New Mexico, tubers comprised up to 19% of 

the food volume eaten by sandhUl cranes (Waflcer and Schemnitz 1987). Himt and Slack 

(1987) reported that chufe tubers made up 43% of the food volume of a whooping crane 

shot near Aransas National WikiUfe Refiige in Texas. 

TactUe cues are the most probable means of locating foods in water by waterfowl 

(Reinecke et al. 1989, Baldassarre and Bolen 1994). SimUar means are probably used by 
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waterfowl and cranes to locate underground tubers. UtiUzation, however, is influenced by 

food avaUabiUty and foraging efficiency. Foraging efficiency is the energy derived per unit 

of energy expended in foraging (Fredrickson and Drobney 1979). Tubers must be 

avaUable at some threshold level for birds to reaUze a net gain for the effort expended m 

acqmring the food. McKenzie (1987), reported that chufa tubers were not an important 

food for maUards and Clanada geese at Mingo NWR in Missouri where known production 

was 71 kg/ha. Reuiecke et al. (1989) assumed a utUization threshold value of about 50 

kg/ha for moist-soU plant production below which birds do not feed. 

Food avaUabiUty and foraguig efficiency are also related to specific conditions 

encountered during feeding such as loose soU or inundation. Any action that loosens the 

soU such as discing, or rooting and grubbing by other animals can also faciUtate feeding by 

migratory birds (Wills 1970, KeUy and Fredrickson 1991). Flooding is the most important 

factor influencing use of moist soU areas at Bosque del Apache NWR, N.M. (Bosque del 

Apache NWR annual narrative reports) and is equaUy important in other regions of the 

world (Thomas 1976). 

The ultimate vaUdation of successfid chufa production is utUization by migratory 

birds. Although there is documented use of chufa tubers as a food resource, h is unknown 

whether the food is preferentiaUy selected by migratory birds, simply consumed when 

found, or whether h can be mtentionaUy produced at levels surpassing foraging efficiency 

thresholds. An assumption of managers and biologists for many years has been that 

migratory bkds feed selectively for chufa tubers due their high energetic value. No data 

exist to substantiate this assumption. Martin and Uhler (1951) aUuded to this when stating 
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chufa tubers were the single most important food hem for waterfowl throughout the 

Mississippi Delta based on examined gizzard contents. Preference estimates based on 

these methods may be biased due to retention of chufa tubers in the gizzard compared 

with other natural foods (McKenzie 1987) and not knowing the avaUabUity of other foods, 

if any, to these birds. In the Middle Rio Crrande VaUey of New Mexico, sandhiU cranes 

feed on chufa tubers in poorly drained alfalfa and pasture fields (WaUcer and Schemnitz 

1987). My experiment addresses these issues by measuring the use of aU tubers and 

rhizomes by migratory birds occurring during winter flooding of moist-soU fields. 

Studv Area 

The study was conducted at the Bosque del Apache NWR in the Middle Rio 

Grande VaUey of central New Mexico, USA, which spans both the Chfliuahuan desert 

scrub and semidesert grassland biotic communities (Brown 1982, Browne and Lowe 

1980). The Middle Rio Grande basui at the study she is bounded by mountain ranges 

rismg 2,000 m to the west and 1,600 m to the east. VaUey floor elevations average 1,470 

m. Regional cUmatic conditions are characterized by high Ught intensity, low relative 

humidity, and an average Class A pan evaporation of 250 cm per year (Johnson 1988). 

RainfeU is extremely variable. From 1988 to 1997, annual precipitation has averaged 24.9 

cm, with about 50% of the rainfeU occurring between July 1 and September 30. During 

these same years, the average maximum air temperature was 36°C and the mmimum 

temperature was -8°C (Bosque del Apache NWR NOAA weather station data). Irrigation 

water is diverted fi-om the Rio Grande at San Acacia, N.M. about 40 km north of the 
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refiige through a complex system of irrigation canals and drains. These water sources 

converge to serve the study area from the Riverside Canal, located adjacent to and east of 

2 units, unit 6 and unit 17A which are approximately 3.2 km apart (Figure 1.1). 

Fifteen moist-soU fields, 10 ui unit 6 and 5 in unit 17A, provided the experimental 

units for treatment comparisons. They ranged from 1.9 to 5.8 ha (Table 1.1). These 

fields were converted from agricultural management to moist soU management by 1993. 

Each experimental unit was served by an interior feeder canal and feeder drain which 

provided independent field irrigation capabUity. SoUs in unit 6 were dominated by GUa 

clay loams with lesser areas of Popotosa clay loams and Glendale clay loams. SoUs in unit 

17A were evenly composed of Armijo clays, Glendale clay loams, and GUa clay loams. AU 

fields were laser leveled to a 0.0025% grade and had shaUow water impoundment 

potentials of up to 45 cm depth. 

Methods 

Chufa Production Treatments and Irrigation Management 

Belowground production of chufa tubers was compared on mowed, disced, and 

sustained flood fields in 1996 and 1997 (Chapter 11). The expansion of chufe plant 

communities is normaUy slow and occurs primarily through vegetative cbning (Lapham 

and Drennan 1987). Therefore, aU treatment repUcations remained the same over the 2-

year period. The mowing and sustamed floodmg treatments were used to reduce potential 

plant compethors, thereby reducing shading, considered a primary Umiting fector for chufe 

production (Patterson 1982). The discing treatment was used to separate chufe tubers 
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from parent plants and cause physical damage to dormant tubers to stimulate addhional 

production (Tumbleson and Kommedahl 1962, Taylorson 1967). 

AU fields were deep disced (30 cm) in March, 1996 before the study began. Initial 

urigations consisted of flooding to about 45 cm in early April of each year to saturate soUs 

after which water level drawdowns were initiated on each field lasting 4-5 days. AU fields 

received 12 urigations representing a flood mterval of about 10-12 days lasting through 

the end of August. The reason 12 irrigations were appUed was that this was the number of 

times a field could be hrigated during the growing season given water deUvery constraints 

of the krigation system. Unless otherwise stated, irrigations consisted of flooding to a 

depth of 15-20 cm foUowed by complete drainage within about 30 hours. 

The mowmg treatment occurred about 2 months after initial drawdown when 

cocklebur plants were about 15 cm in height to remove this potential compethor to chufa 

plant production. At this height cocklebur tops were cUpped yet damage to other 

vegetation was minimal. The interval between irrigations knmediately prior to mowing 

was longer than other intervals to aUow sufficient time for soU to dry and support mowing 

equipment. The discing treatment consisted of Ught discing to a depth of 5 cm about 30 

days after initial wetland drawdown to maximize chufa tuber production (KeUy 1986). 

Again, the interval between irrigations immediately prior to discing was longer than other 

intervals to aUow for equipment access. The sustained flooding treatment required 

prolonged periods of flooding to drown herbaceous vegetation competing with chufe 

plants. The duration of sustained flooding events depended on the condhion of chufa 

plants and theh con^thors as the flood period progressed. When chufe plants showed 
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signs of leaf tip necrosis, water was removed. Flood duration averaged 70 hours for this 

treatment. Monitoring on each field during irrigation intervals assured that soU moisture 

levels were consistent among treatments (Chapter II). 

Wmter Floodmg. Studv Design and SampUng Methods 

Wmter floodmg occurred on the 15 fields during the 1996-1997 and 1997-1998 

winter seasons. AU fields were not flooded at the same time in order to provide feedmg 

habhat for migratory birds over the enthe wmter period. Instead, floodup occurred at 5 

tune periods throughout winter. This variation due to floodup time period was removed 

by randomly assigning 3 fields representing each treatment type into 5 time periods in a 

randomized block design. During the 1996-1997 winter, 3 fields from each treatment type 

were randomly assigned to one of 5 floodup time periods, which occurred 23 December, 

1996, 6 and 20 January 1997, and 3 and 17 February 1997. During the 1997-1998 winter, 

floodup tune periods were simUarly arranged and occurred 22 December 1997, 5 and 19 

January 1998, and 2 and 16 February 1998. During both winters, fields were inundated 

within 24 hours to a depth of 15-20 cm for the 2 week period specified, and then 

knmediately drained. 

Belowground rhizome and tuber mass was sampled along 4 permanent transect 

Unes that were randomly estabUshed on each field perpendicular to feeder canals and 

nrigation flow dhection. Along these Unes, 10 permanent paired sampUng locations were 

randomly estabUshed consistmg of a 0.5m circular exclosure (not consumed mass) and an 

adjacent sampUng she without an exclosure (consumed mass). Pairs were sampled each 
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year after the flood sequence was completed for each block by taking a 15cm x 15cm x 

15cm soU sample (Gutman and Watson 1980) from within the exclosure and from a paked 

adjacent open sampUng location. Tubers and rhizomes were washed free of soil, 

categorized by species, oven dried to a constant mass, and weighed to the nearest 0.1 g. 

The difference between the amount of food resources in the exclosure and in the open 

sample was termed utUization. This utUization was attributed to migratory bkd use during 

flooded condhions when food hems were made avaUable outside exclosures. I assumed 

use by sandhiU cranes was negUgible untU fields were flooded. 

Data Analysis 

NormaUty of data was tested using the Shapko-WUk W-test (Shapko and WUk 

1965). A Student t-test was used to determine differences between the determined 

utilization mean within each treatment and a nuU hypothesized population mean of zero 

(Zar 1984). Student t-test outcomes were combined hi an overaU significance test for the 

nuU hypothesis (Sokal and Rohlf 1981). Treatment conqjarisons requked Tukey's test for 

nonaddhivity (Tukey 1949) which was used to test for block by treatment mteraction. 

Sphericity was assessed using Kkk's Three-step Testing Strategy (Kirk 1982). Fisher's 

Least Significance Difference was used as a mean separation test (MiUiken and Johnson 

1992). Significance was determined at the P < 0.10 level for aU tests. 
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Whhm Treatment Analyses 

Belowground utilization, determined each year for chufa tuber numbers 

(tubers/m^), chufa tuber mass (g/m^), Johnson grass rhizome mass (g/m^), field bindweed 

rhizome mass (g/m^), and total mass (g/m^), was compared with a hypothesized population 

mean of zero within each treatment to determine if utUization was statisticaUy significant. 

Treatments consisted of mowed, disced, and sustamed flood fields. Due to the low 

statistical power and potential for Type II error associated with individual treatment tests, 

the outcomes of the 6 Student t-tests (3 treatments, 2 years) were combined in an overaU 

significance test for the nuU hypothesis for each food resource (Sokal and Rohlf 1981). 

Mowing, Discing, and Sustained Flooding Treatment Comparison 

Differences in the amount of belowground utilization among treatments were 

determmed for chufa tuber numbers (tubers/m^), chufa tuber mass (g/m'), Johnson grass 

rhizome mass (g/m^), field bmdweed rhizome mass (g/m^), and total mass (g/m^), in a 

randomized block design. NormaUty was satisfied for chufe tuber numbers (W = 0.98; P = 

0.964), chufa tuber mass (W = 0.97; P = 0.677), Johnson grass mass (W = 0.97; P = 

0.590), and total mass (W = 0.96; P = 0.389). Field bmdweed mass data (W = 0.85; P = 

0.0005) requked log transformation prior to analysis. A repeated measures ANOVA with 

treatment as the main plot fector and year as the repeated measures fector, was used m 

these analyses. 
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Resuhs 

Whhin Treatment Analyses 

In 1996, no significant use occurred for chufa tuber numbers withki the mowed 

(t = 1.06, 4 df, P = 0.348), disced a = 0.93, 4 df, P = 0.405), or sustamed flood treatments 

(t = -0.03, 4 df, P = 0.977) (Table 4.1). In 1997, chufe tuber numbers were utUized m the 

mowed treatment (t = 2.14, 4 df, P = 0.099), but not m the disced ft = 1.32, 4 d^ P = 

0.257), or sustamed flood treatments ft = 1.49, 4 df, P = 0.210). No utUization of chufa 

tuber mass was found m the 1996 mowed ft = 1.11, 4 df, P = 0.328), disced ft = 1.86, 4 

df, P = 0.136), or sustamed flood ft = 1.42, 4 df, P = 0.894) treatments, LUcewise, 

UtUization of chufa tuber mass was not found m 1997 m the mowed ft = 1.33, 4 df, P = 

0.254), disced ft = 1.91, 4 df, P = 0.129), or sustamed flood ft = 0.55, 4 df, P = 0.610) 

treatments. 

Johnson grass mass was not utUized m the mowed (t = -1.65, 4 df, P = 0.174), 

disced ft = 0.381, 4 df, P = 0.722), or sustamed flood ft = 0.14, 4 df, P = 0.895) 

treatments in 1996. No Johnson grass utUization occurred m 1997 m the mowed ft = 

0.99, 4 df, P = 0.378) or disced ft = 0.484, 4 df, P = 0.654) treatments, but did occur m 

the sustamed flood ft = 2.43, 4 df, P = 0.072) treatment. In 1996, total mass was not 

UtUized m the mowed ft = -0.006. 4 d^ P = 0.995), disced ft = -.09, 4 df; P = 0.936), or 

sustained flood (t = -0.17, 4 df̂  P = 0.210) treatments. Utilization of total mass did not 

occur in the mowed ft = 1.35, 4 d^ P = 0.248) or disced ft = 0.04,4 df; P = 0.969) 

treatments m 1997, but did m the sustamed flood (t = 2.14, 4 df, P = 0.099) treatment. In 

1996, utilization of field bindweed mass (-0.53 + 0.60 g/m^) m the mowed treatment was 
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not different from "0" ft = -0.40, 4 df, P = 0.710). LUcewise, bmdweed rhizomes were not 

consumed m the disced (-1.11 + 1.05 g/m^) ft = 0.83, 4 df, P = 0.453) or sustained flood 

(t= -0.22 + 0.28 g/m^) ft = -0.17, 4 df, P = 0.876) treatments m 1996. In 1997, field 

bmdweed rhizomes (3.19 + 3.25 g/m^) were used m the mowed treatment ft = 2.39, 4 df, 

P = 0.075). UtUization did not occur however, in the disced (-1.95 + 1.90 g/m )̂ ft = -

1.46, 4 df, P = 0.218) or sustained flood (0.89 + 0.79 g/m^) ft = 0.66, 4 df, P = 0.543) 

treatments m 1997. Combmed Student t-tests were not significant for chufa tuber 

numbers (% = 14.42, 5 df, P > 0.10), chufa tuber mass (% = 14.26, 5 df, P > 0.10), Johnson 

grass mass (x = 12.42, 5 df, P > 0.10), field bindweed mass (% = 11.98, 5 df, P > 0.10), or 

total mass (x = 7.88, 5 df, P > 0.10). 

Mowing. Discing, and Sustamed Floodmg Treatment Comparison 

Block by treatment mteractions did not occur for chufa tuber numbers (F = 1.11, 

2, 8 df, P = 0.328), chufa tuber mass (F = 2.16, 2, 8 df, P = 0.111), Johnson grass mass (F 

= 1.44, 2, 8 dC P = 0.270), field bmdweed mass (F = 0.78, 2, 8 df, P = 0.407), or total 

mass (F = 1.91, 2, 8 df, P = 0.209). There was also no treatment by year mteraction for 

chufa tuber numbers (F = 0.40, 2, 8 df, P = 0.678), chufa tuber mass (F = 0.12, 2, 8 d^ P 

= 0.888), Johnson grass mass (F = 0.48, 2, 8 df; P = 0.627), field bmdweed mass (F = 

1.05, 2, 8 d^ P = 0.381), or total mass (F = 0.70, 2, 8 df; P = 0.516). Sphericrty was 

satisfied for aU species in this treatment comparison. 

There were no differences among treatments for utilization of chufe tuber numbers 

(F = 0.38, 2, 8 df, P = 0.697), chufa tuber mass (F = 1.43, 2, 8 df, P = 0.294), Johnson 
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grass mass (F = 2.52, 2, 8 df, P = 0.142), or total mass (F = 1.08, 2, 8 df, P = 0.386) 

(Table 4.1). SunUarly, treatments did not differ for median field bindweed mass utUization 

(F = 0.35, 2, 8 df, P = 0.713). More utUization occurred m 1997 than in 1996 for chufa 

tuber numbers (F = 3.80, 1, 8 df, P = 0.075), Johnson grass mass (F = 7.60, 1, 8 df, P = 

0.017), and total mass (F = 9.43, 1, 8 df, P = 0.010), but not for chufa mass (F = 0.33, 1, 

8 df, P = 0.574) (Table 4.1). Field bindweed utUization was also higher in 1997 (F = 3.94, 

1, 8 df, P = 0.070). Median field bindweed utUization was -1.55 g/m^ in 1996 and 0.57 

g/m^ml997. 

Discussion 

Underground food resources, such as chufa, have high Upid composhion 

(Fredrickson and Reid 1988) and can provide energy stores for physiological demands 

(Heitmeyer 1988, Krapu and Johnson 1990). Lipid reserves m waterfowl vary accordmg 

to thermoregulatory processes associated with colder weather and m preparation for 

spring migration (Iverson et al. 1985, MUler 1985, Paulus 1988, Smith and Sheeley 1993). 

Although mixed resiUts were obtained from analyses conducted within treatments 

and among treatments, some guarded conclusions may be possible regarding the utilization 

of belowground resources by waterfowl and sandhiU cranes. No consumption of chufa 

was recorded for any treatment m 1996 possibly due to low production levels. In 1997. 

however, chufe production increased, which coincided with an increase in consunqjtion 

only m the mowed treatment. Although discemable production differences were not 

found between the mowed and disced treatments for chufa tuber numbers or mass, the raw 
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data suggests there were fewer, but larger, tubers m the disced treatment. Migratory bkds 

may have keyed on abundance rather than size in the mowed treatment. In 1997, 

utilization of field bindweed mass was detected in the mowed treatment, and Johnson 

grass mass was utUized m the sustamed flood treatment. As with chufa tubers, 

consumption occurred where avaUabUity was greatest. It is not known whether rhizomes 

for these species were more abundant since they were not counted, however, higher plant 

frequency for Johnson grass m 1997 (Chapter II) mdicates there were potentiaUy more 

mdividual rhizomes produced than m 1996. Moreover, total mass utUization occurred m 

the sustained flood treatment and this treatment also had the highest belowground 

production. 

Aboveground seed mass also provides energy, protein, and essential nutrients for 

waterbkds (Fredrickson and Reid 1988, Haukos and Smith 1995). High seed mass yields 

attract large numbers of waterfowl and use is prolonged if feeding condhions are optimal 

(Fredrickson and Drobney 1979). Ahhough utilization of seed mass in this study was not 

measured, the production in each treatment was. Coupled with underground production, 

avaUable food resources totaled 1,262 kg/ha (32% above/68% below) on mowed fields, 

1,384 kg/ha (18% above/82% below) on disced fields, and 1,068 kg/ha (32% above/68% 

below) on sustained flood fields in 1997. In this study, waterfowl responded to newly 

flooded fields, frequently whhm a matter of hours. PossU)ly, this attraction was 

preciphated by visual cues of flooded fields and an abundance of floating seeds. Of the 3 

fields presented to waterfowl during each flood period, higher seed mass on mowed and 

sustamed flood fields may have concentrated feeding activity at these locations potentiaUy 
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leadmg to higher utiUzation of tubers and rhizomes compared with the disced treatment. 

Feedmg by waterfowl and sandhiU cranes generaUy concluded by the tune fields 

were drained (J. Taylor, unpubUshed data). By the time feedmg was completed m the 

mowed treatment m 1997, over 1,300 chufa tubers/m^ remamed representmg a mass of 

393 kg/ha after feedmg was completed. When total remaming belowground mass is 

considered for the mowed and sustamed flood treatments and where significant utUization 

of some type occurred, an average mass of about 440 kg/ha remamed after feeding was 

completed. This threshold value for utilization of belowground tubers and rhizomes 

represents a much larger value than the 50 kg/ha used by Remecke et al. (1989) for 

aboveground moist soU seeds. 

Knowledge of total above and belowground production and remaining food 

resources after feeding has concluded, provides greater accuracy m estunatmg carrying 

capacity for waterfowl on moist soU managed areas utUizmg the equation developed by 

Reinecke et aL (1989). On mowed fields in 1997, aboveground seed production averaged 

405.8 kg/ha and belowground tuber and rhizome production averaged 856.7 kg/ha. If 50 

kg/ha of aboveground seeds and 440 kg/ha of belowground tubers and rhizomes are not 

used as described above, then 355,800 g/ha (355.8 kg/ha) of aboveground resources and 

416,700 g/ha (416.7 kg/ha) of bek)wground resources were available to waterfowl at 

Bosque del Apache NWR. When the metaboUzable energy for moist soU seeds (2.5 

kcal/g) is muhipUed by available aboveground resources, that for chufa tubers (4.26 

kc2il/g) (Knauer 1977) is muhipUed by avaUable belowground tuber resources, and that for 

Johnson grass and field bindweed rhizomes (4.01 kcal/g, the value of river bukush 
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rhizomes m the absence of values for these species) (Fredrickson and Reid 1988) is 

muhipUed by avaUable belowground rhizome resources, then 889,500 kcal/g, 1,118,339 

kcal/g, and 618,258 kcal/g, respectively, totaUng 2,626,097 kcal/g were avaUable for 

waterfowl on each mowed ha m 1997. If these avaUable resources are divided by the 

average amount of energy requked by maUards which is 292 kcal/day (Prince 1979), then 

8,993 duck use days/ha were avaUable m 1997 on mowed fields. Potential carrymg 

capacity was therefore 66% higher when underground resources were considered in 

addition to seed resources produced aboveground. 

Waterfowl and sandhiU cranes routinely used a variety of habitats daUy, including 

adjacent grain com fields, river roosts, and moist soU fields (J. Taylor, unpubUshed data). 

The use of multiple habitats is consistent with changing energetic and nutritional 

requkements noted m other areas (Bolen et al. 1989, Kadlec and Smith 1989, Remecke et 

al. 1989). Moist-soU habhats are weU known for thek abiUty to provide protein and 

essential nutrients for waterbkds (Fredrickson and Reid 1988, Haukos and Smith 1995). 

Although energy values can be high for some natural foods as described m this study, they 

frequently cannot be consumed at rates which surpass foraging efficiency thresholds 

during cold weather periods. The high water content of natural foods with good energy 

values (KeUy and Fredrickson 1991) also potentiaUy decreases thek attractiveness when 

temperatures faU. In the Chihuahuan desert scrub and grasslands of the Southwest, 

envkonmental condhions can change rapidly. Managers should therefore mamtain a 

diverse moist soU plant community supplemented with easUy obtamed agricultural grams 

to meet the changing dietary needs of migratory bkds. 
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