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ABSTRACT

ANALYSIS OF ROOT GROWTH IN TWO TURFGRASS SPECIES

WITH MINIRHIZOTRON AND THE SOIL CORING METHOD

In this study root growth of turf-type variety of inland saltgrasBigtichlis spicata L.
Greene) (a native graswith varietiesin developnentby Colorado State University) and
Kentucky buegrasgPoa pratensis L.) (acommon turfgrass planted in the aaidd senyarid
west) was examined undsgiline conditions in a pot experiment and non-saline conditichg in
field. Snce turfyrassis a high user of water, the turf industry is interested in using native species
that use less water and alsogalerant species, which may allow the industry to use marginal
water (grey water) for irrigation. However, plants with different rootithstions will need to
have irrigation managed differentl{these experimentxamined root growth differences
saltgrass and Kentucky bluegrassegin exploring how these species might need to be
managed differently in saline and non-saline conditidngo separate experiments were
conducted to anger thetwo objectives of this research) {d evaluateoot growth of inland
saltgrass under saline conditions in a growth chamberBrmb&erve unrestricted root growth
in the field both over timaith a minirhizotroncamera systeprand in sands of differing age

with asoil coring method.

In the first experimentoot growth incontainer growrsaltgrass under salt stress showed
increased flushes of fimeotgrowthin response tmoderate levels cfalinity (8dS/m)
compared to the control. Rogitowthincreasedbout 3 weeks after salt treatments began

suggestinghatthistime frame was long enough flanic stress taccur in the shoots root



responsewereseen.In-growthroot tubes placed in the soill the salt stressed saltgrass showed
trends of increasing root and rhizome growth with increasing salt stiessgjas opposite the

trends seen iKentuckybluegrass.

In experimentl, field-grown saltgrass plots of varying stand age (1, 4, 58arehrs)
had less root biomass in soil layers less than 30 cm compared to bluégassky Buegrass
rootbiomass was nearierobelow 30 cmwhereassaltgrass had roots down to 275 cm in stands
that had beegrowinglonger than 4 years. In soil layers up to 1.8aftgsass root massas
greatemwith increasing stand age. Minirhizotron observations showed thatw&®hesoll
temperature at whictoot growth began isaltgrass andramatically slowed in Kentucky
bluegrassvhich had a growth range of 0 to 15°C. Wheit temperatures were aboi/g °C

saltgrass roots continued to grow at a slow but steady rate during the sumties.m

Findings thasaltgrasproduced rootgeepeiin the soilprofile andwasresponsive to
saline soilmayimpact where and wheahis used If stored moisture is present deep within the
soil, saltgrass has a unique abilitymdnethis water that would be out of reach of shallower
rooted turfgrasses. Deep rooting can also have implications for slope stianilizhich can be
important in the arid west where bare slopes can be stripped of soil during heavfyemeent
rainstorms. The responsiveness of rooting in saline saisbe the underlying mechanism
explaining the enhanced growth of saltgrass undker saline conditionsincreased surface area
from newfine root production can enhance root water uptake providing more water to growing
shoots. More studies are needed to explore root responsiveness in many types of plants,

including saltgrass, to diseer the true benefit of fluctuations in root system architecture.



ACKNOWLEDGEMENTS

First and foremost | would like to acknowledge Dr. Yaling Qian, my advisor,Ifof al
her support, guidance, and advice. Thank you for taking me on as a graduatevgteddnvas
far from the “traditional student”. You took a gamble on me | hope | have not disappanted y
| would also like to deeply thank Dr. Louise Comas, my co-advisor, for opening doors to
graduate school for me thatvbuld not have had without her. She allowed me the use of USDA
equipment and gave constant guidanceliefied me to complete the workwould also like to
thank my committee member Dr. Troy Ocheltree for his time and guidance wighstinelges

and others.

This project would have not been possible without the use of facilities and equipment of
the USDA. | was allowed to use growth chambers at the CRegsearch Laboratoifyacility,
minirhizotron equipment of my co-advisor, and numerous hours tracing roots during our down

time from LIRF.

A large recognition goes to Sarah Wilhelm for mamahce and upkeep of the turfgrass
research plots out at CSU Horticulture Farm and also to the Mountain Regiorgpb$sirf

Association for financial support.

Finally, 1 would like to express my deepest appreciation for my wonderful wife
Meredith; she is a constant companion, helper, and my best friend. The hard work with
minirhizotron installation and soil coring was made easier with her [8fxe | began my
studies at CSU our son Samuel was born. His smiling face at the end of the day makes

everything better.



TABLE OF CONTENTS

AB ST R A C T et e e e | R
ACKNOWLEDGEMENTS.....coi Voo
LIST OF TABLES ...ttt e e e e e e e e e e e e e e e e s vi
LIST OF FIGURES ... ... e Vi
CHAPTER 1 THE EFFECTS OF SALINITY ON ROOT GROWTH IN SALTGRASS AND
KENTUCKY BLUEGRASS
SUMMARY e 1
INTRODUGCTION ...t e e e e et e e e e e e e e e e eees 2
MATERIALS AND METHODS...... .o 3
RESULTS AND DISCUSSIONS. ... 9
CONCLUSION. ...ttt s r e e e e e e e e e s e e e e e e saaararaees 15
A B LES ..o e e e 16
HGURES. ... e e e e e e e s a e e eeaaaaan 17
CHAPTER 2 ROOTING DEPTH AND ROOT GROWTH OF FIELD GROWN SALTRASS
AND KENTUCKY BLUEGRASS
SUMM A R ettt a e 32
INTRODUGCTION ....cuiiiii e 32
MATERIALS AND METHODS...... . 34
RESULTS AND DISCUSSIONS.... .o 36
CONGCLUSION. ..ttt et e e e e e et et e et e e e e b e e e et e e e e e e e e e aeeeeessnnrnrnees 41
TABLES ..o e 42
HGURES. ... et e e e e e ettt et e e e bbb e e e e e e e e e et e eennrrne 45
REFERENCES. ... e 49



LIST OF TABLES

Table 1.1: Average Dry Weights of Roots and Rhizomes from In-growth root tubesrsLett

indicate differences in mean Separation LESL..........uuuiiiiiiii e 16

Table 2.1- Years planted and years sampled of field grown saltgrass. All gtanisat the

Colorado State University Horticulture Research Center..........ccooooovviiiiiiiiiciiiiiiieeeeee, 42

Table 2.2- Average Root Weights by depth for the 4 stand ages ... 43

Table 2.3- Contrast of each stand age at every depth to find where significaatiseeetween

Ytz 1 1[0 KPR RST 44

Vi



LIST OF FIGURES

Figure 1.1 and 1.2 Electrical conductivity of irrigation water leachate collection for Salgras
(SG) and Kentucky bluegrass (KBG). Collections of leachate was made week$yite proper

salinity levels were MaintaiNe...........ooviiiiiiiiiiie e e e e e e e e e e e e e e 17

Figure 1.3 -Total Saltgrass Root Length (coarse and fDaja was normalized to zero root

length at start of salinit{Salinity Treatments began on 6/1/2014)........ccccccoeeiiiiiiiiiiiiiiiiiiieenn 18

Figure 14: Average Net Length cfaltgrassoot growth(coarse and fing)roduced at each
measurement dasdter salinity treatments begamcludes all 4 pots of each treatment averaged

together by treatments (n=12) ovem@asurement dat€s/30/2014 to 9/5/2014) ..........ccccceunnn.. 19

Figure 15 — Saltgrass Net Root CounBints are theumber of roots (both fine and coarse)

producedetween each measurermdate aupper depth (4CM) ...ooeeevevvieiiiiiiiiiee e, 20

Figure 1.6- Saltgrass Net Root Coureints are theumber of roots (both fine and coarse)

producedetween each measurement ddatewer depth (18m).........eeeiiiiiiniiniiiiiiiiiiiiiiiiiiieees 21

Figure 17 - Minirhizotron image showing different size orders of Saltgrass rdwoisge from

Pot #4 (8 dS/m) Depth 15cm taken 0N 8/22/2014..........uuieieeie e e e e e e e 22

Figure 18- All traced saltgraseoots graphed in ascending order of increasing diameter. Root

number is an arbitrary number assigned to each root when placing in ascending order..23

Figure 19- SaltgrasdNet Fine Root (<0.25mm) growth at 15 ci@pth after salinity treatmert4

Figure 1.10-Saltgrass Fine ROOt SUIACE @I€a.............uvuuuuiiiiiiiiiii e eeeeeeeeeeee e e e e e e e 25

Vii



Figurel.11- In growth tube with 9 2-inch diameter holes around the outside. Internal volume of
295 cni. Covered ircoarsemesh and refilled with fritted clagnce placed into the cored out

=T o 1[0 ] 1 ) 1 L= o0 26

Figure 112 and 1.13Averagetotal weightfor Saltgrass(SG) and Kentucky Bluegrass(K8iG)
all roots and rhizomes produced in-growth root cores(28bémots of each treatment averaged

together DY tre@atMeENtS (NTL2). . ... i e e e e e e et e e a s e e e e e e e e e aaeeeeeeenenes 27

Figure 1.14 and 1.15- Saltgrass (SG) and Kentucky Bluegrass(KBG) cligyimgeight(g) from

DIWEEKIY MOWING ...ttt e e e e e e e e e e e e e e e e et eeetbbann e e eeeas 28
Figure 1.16 - Saltgrass Root length (RL) and shoot dry weight (SDW)........cccoovvvivviiiivveiiiiinneennn. 29

Figurel.17 -Turf Quality images taken from similar angles over the experiment just after
mowing and on the dates of minirhizotron image collectiBluegrass at the top with TQ ratings

of 9,8,6,4 (left to right) and saltgrass below with TQ ratings of 6,5,3,2 (left to.right)......... 30

Figure 1.18 and 1.19 — Turf Quality values over time for Saltgrass (SG) and Kentuegyyealsks

(KBG). Turf Quality is a unitless subjective measure of visual charsiits of turfgrass....... 31

Figure 21- Root Weight by Depth in soil cores of field grown saltg(&3) includingKentucky
Bluegrass for compariso(f) next to depth notes significant difference between stand ages at

that SAMPING AePtlP= 0.05) .. .uuueiiiiii e e e e e e e e e e s s e e e e e e e eaaeeeeeeeennnes 45
Figure 22 - Average root length visible at end of November 20d¢h minirhizotron.............. 46

Figure 23- Minirhizotron net root lengtbf saltgrass (SG) and Kentucky bluegrass (KB/@h

Soil temperatur@t a depth OL5CM ......oooiiie e ————— a7

viii



Figure 2.4-Average root diameter of Saltgrass (SG) and Kentucky Bluegrass (K&®G) f

minirhizotron observations



CHAPTER 1: THE EFFECTS OF SALINITY ON ROOT GROWTH IN CONTAINER

GROWN SALTGRASS AND KENTUCKY BLUEGRASS

SUMMARY

Soil salinity can affect soils in all climates bupwrticularly common in arid
environments and has numerous causes. Saline soils greatly reduce the grovsthptdums we
aim to grow. In this study the effects of salinity on root growth were @eahin inland
SaltgrassDistichlis spicata L. Greene)Kentucky Bluegrass (Poa pratensis L.) veaamined
for comparison. Quality and quantity of root growth has effects on the rest oétte When
the roots are greatly reducedither through die-back or reduced growth, then the shoot material
will often also be suppressed or killed. The objective of this experiment was to to quantify the
effects of salinity on inland saltgras&.minirhizotron systemwvas used to view root growth over
time. In-growth root tubes were used to support minirhizotron data. Grasses were grown in pots
within growth chambers and salinity was applied through irrigation wateveislof 8 and 16
dS/m. Shoot production and turf qualdgtawas also collected. Salinity resulted in periodically
increased fine root growtilflushes) and rhizome productianthin the 8 dS/m treatment in
saltgrass. Increased fine root production greatly increases the r@atesaréa fowater and
nutrient absorption. This has unknown implications for growth within a saline environment but
may help with osmotic regulation. More research is needed to to understand the loémedits
flushing and increased surface area under saline conditions but changes in rdoagpmar to

bean adaptive response to salinity stress.



INTRODUCTION

The aridWestis a unique environment for plant growth. Water is often a limiting factor
andwith the arid environment comes other confounding factors like salinity. Rock weathering
high water tablegpoor quality irrigation water, and deing salts all contribute thighersalinity
levels in soils.There are few turf grasses tlgaow well in arid andsalineenvironments.

SaltgrasgDistichlis spicata L. Greene)s unique in its ability to grow in such environments.

Inland sétgrass is native to the Americas, Middle East, and Africa, where it is colymon
found in salt flats or sea-shores (Gould, 1968; Pessarakli 2001). Saltgrass (SG) shovwgsd prom
for development into good quality turfgrass with the followahgracteristicstoleranceto
regular mowing and wear, compaction, and drought, which were the foci of the breeding
program at Colorado State University (Hugkeal., 2002). Studies texamine physiological
responses stugllthe effects of sality onSGin hydroponics (Qiamet al., 2007;Pessaraklet al.

2008; Pessarakli 20L1Root dry weights were also recorded either at the end of the experiment
(Pessaraklet al. 2008, Pessarakli 2011) or at the end of a length of time at one salinity level
(Qianet al., 2007) and at the end. In Pessaretidil. 2008, total root system length was

guantified as a measurement of the base of the shoots to the tips of the roots whersthe plant
were removed from the solution. From those measurements it was found that rootsdry mas
decreased in all treatments, 10, 20, and 40 dS/m. IneQ&n2007 and Pessarakli 2011 root

dry mass increased up to 36 and 34 dS/m respectively but dry mass was redwess la¢yend
these levels. When salinity effects on the root system that will in turn haveeahaefithe

whole plant. Yet these were hydroponic studies that lacked soil media thhbweagn effect

on plant response to salinity. Root growth can be strongly affected by a groedhig when
compared to hydroponic studies (Snapp & Shennan, 1992). Snapp and Shennan found up to a
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50% reduction in root growth of soil grown tomatoes under salinity stress compared to
hydroponic salinity studies at similar levels of salinity. Quantifying roovgr in soil is a

difficult task due to the opaque nature of the growing media. Minirhizotron tubes have been
used to observe root growth in a variety of plant species; wheat (Asseng et al., 11898);awmy

et al., 1983), grapes (Comas et al., 2000), and hardwood forest (Hendrick & Pregitzer, 1992)
Minirhizotron allows for repeated observation of root growth, within the soil, over theatura

of the experiment.

Minirhizotron has been used to study a variety of turfgrass species rootsysterphy
et al., 1994; Liu & Huang 2001; Huang & Liu, 2001; Bual., 2007). Minirhizotron allows the
observation of root growth over time for quantification of root length and measuremen$ of
system architecture. Minirhizotron has been used to observe root growth afssa#igd other
grasses, growing together, for population ecology purposes (Snook & Day, 1995hait in t
study roots of numerous species were observed together with no way to distinguesmiiaty
different speciesThe objective of this study is to observe the effects of salinity on root growth
and architecturen soil grown plants. Minirhizotron was used to observe root growth of inland
saltgrasand Kentucky bluegrasander salinity stress, in order to more accurately measure root
length changes from saity and investigate changes in root system architecture that wasn’t

possible in previous studies.

MATERIALS AND METHODS

In this experiment, saltgrass(SG) and Kentucky bluegrass(KBG) wesa gn

containers within separate growth chambers, each masotait their optimal growing



temperatures. Salinity was imposed on the plants by irrigating with saline @atiésalinity
treatments (~0, 8, 16 dS/m for saltgrass and ~0, 4, 8 dS/m for Kentucky bluegrass) were
arranged in a randomized complete block design within the growth chambers andiieatme
began once grasses were full established in the pots. Root growth was continumitslsech
using minirhizotron technique, and in-growth soil cores were used to show differenaes in r

growth over the length of the experiment.
Plant materials and growth conditions

Saltgrass seedswerellected from experimental lines developed at Colorado State
University. Seed werewinnowed, cleaned, and cold stratified fiaenty-eightdays a#4°C to
help increase germinatioiKBG variety used in this experiment widsGlade which is a
common variety of KBG used on golf cours&®ts were 15 liter@olytainer, #5 squat) and
were filled withgreens grade Turfac€rpfile Products lic, Buffalo Graw, Ill.), which is
comprised of 100%ritted clay. Turface was used becauds good for water retention amas a
moderatecation exchangeapacity 0f33.6 mEqg/100g Seeding rates wefg0gper for
bluegrass and 98Qmer 100 nf for saltgrass.Although seeding rate was higher in 8©,KBG
hasa smaller seed which, at the same rate, would result in a greater seeding nl¢nsity i
bluegrass compared to saltgragsl pots were coverewith permeablagriculutural nonwoven
fabric cloth or horticultural row cover cloth to hold in moisture and were milstedtimes a
day until seedlings were rooterasses were grown for 4 months watered with DI water and
fertilized with 17 kg/ha N every watering (4 times a wekk the length of the experimef@ro-
More 20-2020). The 4 month growing period allowed full establishment of grasses in the pots

until a uniform turf covered the at least 80% of the surface in both grasses.



Seeded5GandKBG were grown in separate growth chambers each under their optimal
growing conditions.Growth chambers were used for this experiment because they provide a
stablegrowing environment over the many months of observation. The growth chambers
(ConvironPGR1§ were0.5m by 1.5m by 1.5m in dimension and PAR was |@ibles/m?/s.
Temperatures were 256 and 36.5°C in the day time and 14°C and 21.5°C in the nigKiEGr
andSGrespectively.Relative humidity was set at 75% during the day and 50% at night for both
chamberandday length wa 13 hours.Grasses were mowed every other week to a height of 3
inches. Plants were rotated every week to help reduce tempem@atdrmoisture gradients

present in the growth chambers.
Minirhizotron

Minirhizotron tubesvere made oécrylic. One layerof black pipe wrap and one of white
electrical tape were added to the exposed top of the tube that extended up from thedsil in or
to exclude light, which could affect root growth. The top of the tubes were plugged with a
stopper and covered with an aluminum cdjpe tubes were secured into place at the top edge of
the pot and passed diagonally from the top edge to the opposite bottom corner at an angle of 30°
from vertical. The viewing area of the minirhizotron tuineeach pot wasriented paralleto the
soil surface and to view the same side of the pabes had seventeen centimeterg) viewing
area resulting in fifteen centimeterssuil depth viewable once the angle of the tube was

accounted farThe viewing area of each window analysed &:&snf.

Minirhizotron images were collected biweekly from the first signs of gertioima
Images were analyzed for root length using Rootfly software (ver. 9.2.1sQte2001).Due

to the images being very densely packed with rdatsimages petubewere analyzedat soil



depths of four and fifteen centimeters below soil surf&eots were eventually analyzed in two
separate size types. A diameter of 0.25 mm was used for separation of roots ol ftoarse

root orders.

Soil Salinity

Salinity was introduced after the stand establishment pdaadrionths) and was added
to the pots through irrigation wate®alts used were ocean sa(tastant OceatSupplemental
Data 1.1)and irrigation water salinity levels were set at lodifhe oljective soil salinity with a
0.5 leaching fraction. To achieve a soil salinity of 4 dS/mekamplethe irrigation water was
set at 2 dS/nand half of the irrigation water applieslas allowedo pass through the pot and

drain out.Leaching fraction wasalculated by FAO equatiqi\yers & Westcot, 1985).

Depth of water leached below the root zone

Leaching Fraction (LF) =

depth of water applied at the surface

Allowing half of thewater applied to pass through the padsisted irachiewng uniform salinity
distribution through the pots and ensuadidoots were fully wateredith eachirrigation. Pots
were watere@very Sunday, Monday, Wednesday and Friday on a unif@ekly schedule.
Salinity treatments wereightandsixteendSm in SG and four andightdS/min KBG, both
contained a control of only DI water application. All treatments, includimdral, continued to
befertilized with 17 kg/ha N every week (GrowMore 20-20) during salinity treatments. Soil
salinity was measured by collecting irrigation leachate and measuring ledtncal
conductivity (E.C.) with an Accumet AP75 conductivity meter. Soil salinigmslar to the
leachate passing from the root zori_eachate was collected weekly during the Sunday watering
to confirm salinity levelsthroughtheduration of the experiment (Figure 1.1 Balinity levels
used were chosen because they are comparable to salinity levels that maybe fielohd i
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growing conditions. Different salinity levels were used for thveo grasses because Kentucky
bluegrass doesn’t toleragalt as well as saltgrass and therefore had lower treatment levels to

obtain similar stress.
In-growth cores

In-growth cores were used to determine the root length produced per soil volume of each
species and treatmedhiiring the salinity treatment$hecoreswere made frontwo inch PVC
that was fifteercm long. This resulted in a volume of 295°crThe tube hdnine 2-inch
diameter holes drilled around the outside and was covered with coarsélr2estm openings)
(Figurel.9). The ingrowth cores were packed witteshfritted clay and inserted where a core
of the same volume of soil was removed, oppositentinghizotron viewing area. One coveas
installedin eachpotjust prior to the beginning of salinity treatmentsgrowth tubes remained
in the pots until the experiment was terming@sl days). Rots and rhizomes were washed free

of soil, separated, oven dried at 65° C amighed
Shoot Biomass

All pots were mowed t@ height of 7.50 centimeters every other week on the same day
that minirhizotron images were captured. Grass clippings were colteca wet/dry vacuum
that had a mesh bag on the collection end of the suction hose. This allowed even srsaiif blade
grass to be collected quickly and easily. Each pot’s clippings were colledtediually. The

clippings were then oven dried at 65°C for 48 hoursveeidhed



Turf Quality

Turf Quality (TQ) was quantified for all the pots over the duratidhe salinity
treatments.Turf qualty is a subjectivessessmeiitased mainly on visuakriables related to
guality and health . National Turfgrass Evaluation Program has guideliegaluate the
texture, ground cover, density, viability/health and color (Morris & Shearman, 20%0). T
texture,ground cover, and density did not vary between the treatments jamahasily usefulfor
comparing amonturfgrassspeciesor hybrids. Trf qualityin response to salinity was assessed
in this experimenby turf color and health of the shoots. For cotbe scale wagom one to
ninewith one being straw colored and nine being a deep rich gidemeasure of health was
grouped into color for this experiment as a decrease plant health was assumée te&soin
behind the yellowing or ligeningfrom the plants normal genetic colofurf quality baselines
were different for the two species of grasses with saltgrass startirsgatiee to its lighter color
and bluegrass starting at @ightdue to its deep green color (see figure # for example photos).
In an attempt to remowariationamong assessmeniisilages were taken from a similar angle
and orientation of the pots every other week just after the grasses were mawieel erd of the
experimentall the images were analyzed at anéeTQ image analysis scale was formed for
each grass comparing side by side images of different TQ ratings. Tleisvesalised for

comparison during quantification of TQ from remaining photos.

Satistical Design and Analysis

Treatments were assigned by dividing twelve pots into four groups depending on percent
coverage of shoots and then randomly assigned treatments within those 4 groups. Pots were

arranged in a randomized complete block design. Root growth in minirhizotron witubw



guality, shoot biomass frofmiweekly clippings, and root biomass fromotin-growth cores
wereanalyzed using PROC MIXED (SAS 93AS InstituteCary,NC). The response variable
for minirhizotron was root length, net root couatsoot suface areaFixed effects included
treatment (control, 8dS/m, 16dS/m), depth of observation (4cm and 15cm). Pot nested within

treatment was included as a random effect to account for repeated measures.

RESULTS AND DISCUSSION

Soil Salinity

Soil salinity, as measured by electrical conductivity of leachate, incresiggatly and
insignificantlyover timein both saltgrass and Kentucky bluegr@sgurel.1 and 1.2).
Despite theslight temporal differences, soil EC differed between salinity treatments
throughout the duration of this experimeiihe average leachaC for the salinity
treatmentsn saltgrass was.0, 10.3, and 17.4 dS/or salinity treatments with targed$ O,
8, and 16 dS/mgspectively.In Kentucky bluegrass, EC for the salinity treatments was 0.5,

5.2, and 8.5 dS/ror targetedsalinity of 0, 4,and 8 dS/mespectively.

Root Growth in Minirhizotron Viewing Areas

Root growth was examined over a 8 month period, including a 4 month périod
stand establishment and 4 mop#riod after treatments were initiateBluegrass roots were
very fine and grew densely, root growth in bluegrass images after one monthpeasible to
track. Thus, Kentuckybluegrassmageswerenot analyzed for root growth. After the 4 month

establishmenperiod the rate foroot growth slowed and root growth in all pots was consistant



before treatments begéiRigure 13). Totalnewroot productionthetotal length produced
betweernviewing dats, occurredin periodic incresesin root growthrates followed by
decreased growth rateghich all pots experienced regardless of treatment. Root growth in
minirhizotron viewing areas fluctuated between 40-120 mm of root length per viewgeng a
(Figure 1.4. New rootlength production in minirhizotron viewing areas had no significant
separation between the treatmgits0.6948). It is not clear why root production occurea in
non-constant rate Gallagheet al. (1984) foundhatfluctuations in sugar and carbohydrate
concentrationsverecorrelated witlroot and rhizome production in another salt marsh species,
Spartina alterniflora, but this was tied to seasonal variation in plant growth, which didaootr
in the controlled environment of growth chambeXew oot lengthproductionwas also
analyzed at eactlepth, 4 and 15 cm, gachpot (P= 0.707 at 4cm anB= 0.6175 at 15 cm)
(Figure 15 and 1.%. Next pots were analyzed for the count of new roots produced. Net root
countshad corresponding increases and decreases at the same dates as length, éhtedsasxp
this is just another measurement of growth. Within the viewing areas a peragdfrowth
would add 25 roots produced aaidother timesio viewable roots would be produdeetween
image collection sessions. There was a period of root flush about a month and a half after
salinity beganon 7/13/2014, that occurred in both upper and lower viewing areas. In the lower
viewing areas only the 8 dS/m treatment hadaased growth with the control and 16 dS/m
treatments not having increased growth. This showed close to significant {@susl567).
When analyzing minirhizotron images two distinct sizes of roots can be seen on the
recorded imaged-igure 17). The two classes of roots would serve different purposes to the
plant. Smaller diameter roots have a greater surface area to volume ratio andhaneomau

effiecnt at water uptake. Larger diameter roots conduct water to the $tooothe smaller
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diameer absorbing roots. With salinity effecting the osmotic gradientadér uptake there was

a possibility that root production was shifting towards increased numbers abditsgporoduced

to increase water uptake. At this poilitraot diameters wererdered by increasing diameter

and graphed to visualize what cut off point should be for separation of root orders (Figure 1.8
The value that was selected to separate the orders was 0.25nmmoots that were 0.25 mm

was considered fine roots and #ngg greatewere considered coarse roots. The 0.25mm
separation point was chosen due to the fact that most roots seen in minirhizotronwerages
fine roots then there was a distinct and large difference in diameter up te wm@ss In figure

1.8, 0.25mm corresponds to the point at which most roots are smaller than but also roots above
0.25mm drastically begin to increase in diameter. From this it seemed like & thgidiag line
between fine and coarse root classes.

There wasa spike in fine root growth at the 15 cm observation depth in the 8
dS/m treatment that wasn't present in either the control or the 16 8S#10.0264. A fine root
flush resulédin a greater surface area for absorption (Figut6)1.Previous studies found
decreasingength with increasing salinity levels, 0, 10, 20, and 40 dS/m (Pessaralk]i2008).

In Pessaraklet al. 2008,a decrease in root growth begénveeks aftethe initiation of salinity
treatments In this study there was a nesignificant increasa root length after salinity began

in the 8 dS/m but no increase at all in the 16 dS/m (Figuje .13 difficult to compare our
resultsto Pessarakkt al. 2008 as they measured the whole root system length when removed
from hydroponic solution, whereas minirhizotron only allows a small window of obgsTvat

Yet interestingly the significant results came in about the same timeframegeks after

salinity began This may accurately represent the timeframe for seeing ionic effects of sodium

buildup in saltgrass (Munns, 1986). In this study the significant effects oitygalere in fine
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root flushes at the 15 cm level in 8 dS/his difficult to say why a significant fine root flush

only occurred at 8 dS/m and at 15cm depth. One possible explaination is that being aéhalophyt
saltgrass grows more optimally at moderate salinity levels and the fine sioeflables

increased water uptake to supply the increased water demand from the roots.piidbably

not the case as there wasn3ignificant increase in shoot clipping dry weights following the fine
root flush. Another possible reason is that an increase in fine roots is a respongijectchan
external conditions. Increases in fine root production have been found in many ptéeg spe
response to various environmental changes (Lynch, 1995; Lopez-Bucio et al., 2003y Malam
2005; Ostonen et al.,2007).

In-growth root tubes

Salinity had opposite effects on trermitween saltgrass (SG) and Kentucky bluegrass
(KBG) in respect tahizome growth(Figure 112). Root growthincreased slightlyvith
increasing salinity isaltgrassThere was a 0.08g increagethe 8 dS/nmreatment when
compared to the contrahd little to no increadeetween th& and16 dS/mtreatmentsThe
opposte was true fothe root growth of Kentucky blgeass There was a 0.04g increase in the
averageof the 4 dS/m treatment when compared to the control. Then there was a large 0.68g
decrease from thedS/m to the8 dS/m treatmenid his was thenost sizable change in romty
weightandwas marginally significantR= 0.0898). The trends in rodty weightamong the
two grasses were expected. Saltgrass has shown increased rweigihtg in response to
salinityup to ~34 dS/m in previous stedi(Qiaret al., 2007; Pessarakli 2011KBG showed a
50%decreasén root dry weights at salinity levels of 2.2 and 9.2 dS/m and 5.8, 19.6, 24.9 and

41.0dS/m resepectivelfQianet al.,2001; Alshammargt al., 2004.
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Rhizomes dry weights aldollowed a similar trend between the two grassesltgrass
trended towards greater dry weight with increasing salinity. Sadtghémome dry weiglstare as
follows with 0.085g in the control, 0.147 at 8 dS/m, and 0.2072 at 16 dS/m (Figure 1.12).
Bluegrass had a very slight decrease from a hight89g in the control, 0.097 in 4 dS/m, and a
low of 0.064g in 16 dS/m (Figure 1.13n-growth root cores were used to bataw parallels to
previous research that measured root system response to salinity and alslat® val
minirhizotron quantification of root growth. The findings of this paper are in agreemént wit

previous studies.

Shoot Biomass

Leaf biomass collected from clippinfactuated during the experiment with periods of
higher and lower wth (Figure 1.14 and 1.]5 Statistical analysis yielded no significant
effects of treatment for either saltgraBs(.2352) or Kentucky bluegras® € 0.8816). As the
root length production decreasafler aboutwo months of salinity treatmentthe shoot dry
weights increask(Figure 1.16). Salinity stress has been shown to suppress shoot growth and
increase root growth (Munns and Termaat, 1986). This occurred early in they $admtitnents
but reversed as treatments continubteasurements of leaf areaaddition toleaf dry weight
would have been helpful in this experiment. Leaf area to leaf dry weight ratob ltaveg shown
that increases or decreases in weights were from shoot elongation and not tilestat as

solute accumulation or leaf thicking.

Turf Quality

Turf Quality (TQ) was sssed at the end of the experiment from pictures that were

taken atwo week intervals after grasses were mow8dltgrass was given a baseline turf
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guality value of 6 and bluegrass a baseline of 8. This was representative of dye av@rof

the grasses before the salinity treatments began. The TQ ratings of Isstegeies rose and

fell during the salinity treatments, including the control,dhesater the salinity the steeper the
drops and the less of a recovery when rising again. A TQ rating of 4 was the @hside
unacceptable ithe TQ assessment, this value was also used in other studies of grass evaluation
(Pessarakli et al., 2008; Qian et al.,2007). Saltgrass had a lower baseline vatuigsdighter

green genetic leaf color which is less desirable characteristic according tatitweaNTurfgrass
Evaluation Program (Morris & Sherman, 2010) (Figure 1.TThe base of saltgrass tautito

loose green color and become straw colored after the shoots were mowed. Shodik were s
viable and continued to produce new green leaves but were straw colored below the norma
mowing height of 3 inches. Yellowing of the shoots was the samkddrdated and untreated
grasses, this lead to a steady decline in TQ for all saltgrass, regafdlesdament, over time

(Figure 1.19). Hughest al. mentioned “browning” of some of the saltgrass lines after mowing
(Hugheset al., 2002). Other salinity studies didn’t report browning after mowing but were using
different saltgrass lines (Pessarakli et al., 2008; Qian et al.,2007). Sahegassat a baseline

of 6 and dropped from the beginning of the experiment. Only one of the 8 dS/m treatment pots
fell below the unacceptable rating of 4 and 3 of the 4 pots in the 16 dS/m treatmenbvelh bel

TQ rating of 4. Saltgrass overall had an average of 5 for the TQ rating, thieauay due to

the yellowing of the lower shoots after mowing. With edbtments having reduced TQ over

time the effects of salinity did not impact TQ in saltgrdss @.8591).

Salinity stress caused Kentuckiyégrass to lighten and began to die from the middle of
the pot to the edge in the higher treatments. Within a ntbatbffects of salinity on TQ were

evident in bluegrass. In the 4 dS/m TQ ratings fell from a high of 8 to a low of 6.4. The 8 dS/m
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treatmenguickly declined in the first montbf salinitytreatments to a rating 6f Then slowly
declined to the end of the experiment to an average of 5.8 (See Figyrdluégrass is very
susceptible to salinity stress resulting in significant differences in treaten@0059.
Alshammaryet al. found similar results in both bluegrass and saltgrass, in their hydroponics
study, KBG reduced from TQ rating of 9 in control to 6 at 4.81 dS/m and 4 at 9.4 dS/m. Saltgras

began with TQ of 5 and only dropped to 4 at salinity above 18 dS/m (Alsharenadry2004).

CONCLUSION

Saltgrass grows well in a saline environmentthis experiment we used lower salinity
levels than previous experiments with saltgr&ssgler, N. & Pessarakli, M. 2009, Pessarakli,
M. et al. 2008.) Salinity at 8 d@n increased in fine root production, which cobh&le
implications for water uptake by increasing the total absorbing surfameBaoenass of roots
and rhizomes from in-growth soil cores had a slight increase between the controlratyd sal
treatments bt there was little difference between the 8 and 16 dS/m treatment. The imomase
biomass weight may also have been due to increased fine root production but the rodts weren
separated before drying and weighing. Turf quality had almost no differeetesen the

highest level of treatment and the control.
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TABLES

Table 1.1: Average Dry Weights of Roots and Rhizomes from In-growth root tubesrsLett
indicate differences in mean separation test. *KBG 8dS/m was maginadiratspP= 0.0898).

Treatment Average Root Dry Weight (g) | Average Rhizome Dry Weight (g
SG Contol 0.36 a 0.09 a
SG 8 dS/m 0.44 a 0.15a
SG 16 dS/m 0.44 a 0.21a
KBG Control 2.06 a 0.14 a
KBG 4 dS/m 210 a 0.10 a
KBG 8 dS/m 1.42 a* 0.06 a
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Figure 1.1 and 1.2 Electrical conductivity of irrigation water leachate collection for Salgyras
(SG) and Kentucky bluegrass (KBG). Collections of leachate was made week$yite proper
salinity levels were maintainederror bars represent standard error.
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Figurel.11- In growth tube with 9 2-inch diameter holes around the outside. Internal volume of
295 cni. Covered ircoarsemesh and refilled with fritted clagnce placed into the cored out
section of the pot.
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Figurel.17 -Turf Quality images taken from similar angles over the experiment just after
mowing and on the dates of minirhizotron image collectiBluegrass at the top with TQ ratings
of 9,8,6,4 (left to right) and saltgrass below with TQ ratings of 6,5,3,2¢lefht).
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CHAPTER 2: ROOTING DEPTH AND ROOT GROWTH OF FIELD GROWN SALTGRASS

AND BLUEGRASS

SUMMARY

Field observations of root growth are difficult due to the opaque nature of soil but intporta
because spatial distribution and timing of root growth has a profound effect on theyedowe
growth. In this study, root growth of field grown saltgrass was studiédmartirhizotron and

soil coring techniques to better understand root system development with stand age.
Minirhiozotron techniques allow root growth to be studied over time. Soil coring wddas
examine root distributions deeper than possible with minirhizotrons. Saltgrd$®o flushes

of root growth. The first occurred earlier in the season than expected, months before shoot
growth. The second and larger flush of root growth coincided with the onset of shoot growth
above ground. Maximum root depth in saltgrass was found in four year old stand with roots
reaching 270 cm down the soil profile. The deep rooting of saltgrass maybe resgdonsible
increase drought tolerance exhibited in earlier studies. Saltgrass is gertamdjue species of
grass that warrants more research and may hold valatibeitesthat could be used where

other turfgrasses fall short.

INTRODUCTION

The use of municipakater to irrigate turfgrass is under increased scrutug/to competeing

interest in this precious resourddative grasses have the potentiabtcupya niche in the
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turfgrass markebecausehtey have lower mowing, fertilization, and waterneguirements
(Mintenko, 1999). Lower irrigation water requirements of native grasses fcomd
combination of reduced evapotranspiration( ET) and deeper roots within the soil, whabteare
to acquire deep water reserves that are out of reach of other plants. In this skooly ateoot
growth and rooting depth of a native grass commonly called saltgrass and hopttheodkd
effect water uptake. Saltgragdigtichlis spicata L. Greene) is a specigsative to North
Americathat has been bred asdlected for turf characteristics at Colorado State University.
Evapotranspiration (ET) data on saltgrass show it using an average of 4 mmraf deaye
during the warm summer months when ET rates are hight@sts roughly half the ET of other
warm sason turfgrass species, such as Seashore paspalum and Zoysiagrassatpafe0 to
8.5 mm/day (Kopec, 2004), and less than half of cool season turfgrasses, such as Kentuky
Bluegrass and Fescue that use >10mm/day (Beard & Kim, 1989). During droughibosndit
saltgrass remained green and flowering when other native grasses, butfalagrass and blue
grama, which also have low ET, ~6-7 mm/day, were brown and dormant, suggesting that

saltgrass is more drought tolerant compared to other turfgrassgisedétial., 2002). .

Root traits could explain how saltgrass is remaining green and flovwehiig other low
water use grasses are dormant due to drought conditions. Drought tolerance woedd that
saltgrass can withstand periodic drought whereas drought avoidance meansplaait ilsa’'t
experiencing the dught other plants around it. Drought avoidance can be achieathby
completing life cycles when water is available, which is not applicablesfenpial saltgrass, or
by tapping into dep water reserves that may be out of reach of other plarasses native to
the American weslike inland saltgrassre very often more deeply rooted than the conventional

turfgrass, like KentuckylbegrasgWeaver & Darland, 1949)if soil water aailable deep in the
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profile was sufficient to meet their water requiremerhssé deep rooted grasses could reduce
overallirrigation neecandpotentially allow for lawn managementthoutirrigation in thearid

Wesern US. These deeper rooting species may hold soil in place better than shalluyv root
species (Browmt al. 2010). An issue with the use of native grasses is that they are often slow to
establish, have a high rate of seed shatter, and canncboytete weeds as well as more

densely growing turfgrass (Brovehal. 2010). All of these factors make native grasses difficult

to use commercially for both seed production and residential use. When the demay& is lar
enough for the desirable traits only then wiltima grasses become more common pldoethis

study minirhizotron and soil coringereused to investigate root growth and rooting depth of

field grown saltgrass, Kentucky bluegrass was used as a comparison species.

MATERIALS AND METHODS

Plant material and site information

Plots were located at the Colorado State Horticultural Field Research Gerear,miles
northeast of Fort Collins, Colorado. All saltgrass plots were sprigged or seded w
experimental line of turfype saltgrass developed &@. Kentucky bluegrass was seeded in
2002 with NuGlade variety from Jacklin seed (SimdBuiise, ID. Plots were established in
different years betwee@000 and 2012. Each age stand had at least 3 replicated plots. The saill
type was Nunn clay loaiffridic Argiustolls). There is no slope to the plots. Grasses were
maintained under well water irrigation and mowed twice a week during the greadsgn to a
height of two and half incheslheplotsreceival an averagd0.8cm of rain per year angh

averagethe frostfree growing seasaiasts from May 20 to September 2Blots receive
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supplemental irrigation of 4 cm weekly from June 1 to the middle of September. Thereid no ha

pan or restrictive feature in the soil, although soil texture variesdejth.
Soil Coring

Root cores were taken different yeargrom plots with different age stands (Table 2.1).
A soil core wagollectedfrom each plot down to 270 cm or until cores contained no roots.
Sampling was completed using@mcoring bit ona Giddings soil sampling machine
(Giddings,15SC/ Model GSRPS). Samples were separated into 30 cm long sectiomsalntil f
depth was reachedsamples were placed in a cooler upon sampling and then frozen until the
roots were washed free of the soil. Subsamples were taken from random sard@eanned in
to images which were analyzed for root length usingSLIAN software.All samples were
dried at 65C for 48 hours or until dry and were weighed for tiifaloot mass per sample. All of
the root sdisampling wagarried out during September to October . (Table 2.1). Previous data
from bluegrass soil coring was also made available and was used in graphsrobtistgldepth

for visual comparison onl\o statistical analysis was performed on the bluegrass data.
Minirhizotron

Six saltgrass plots (consisted of 2 lines with three replications) weded in spring of
2012. Minirhiztron tubes were installed on October 31, 2013. Concurrentlynhmigkiztron
tubes were installeith three Kentucit bluegrass plots for comparisoRifty centimeter tubes
were installed on 80 degree angle from vertical to a depth otA8 Individual images, 2.5
cn?, were captured in succession down the length of the fut@ges were collected beginning
the weelafter installationand then every 2 weeks during active growth periods (March to

October) and month during winter dormancy (late October to early Mardmages were
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analyzed using Rootfly software (ver 9.2.1, Clemson Univ.). New root length produceayn e

other window wasneasured across all of the dates recof@8dlates total).

Meteorological Data

Soil temperature at 15 cm was collected 1 mile north of the grass plots at a COAGME
station (FTCO03) with a CSI Model 107 Soil Temp Probe andaadkaction on a Campbell
Scientific CR10 data logger. This station is located at the same elevaijo, @ahd soil type as

the research plots.

Satistical Design and Analysis

Data tables were arranged using Microsoft Excel and SAS 9.4 was uséatiiical
analysis. Minirhizotron and soil coring data was analyzed ustRPPC MIXED (SAS 9.4, SAS
Institute,Cary,NC). The response variable for minirhizotron was root length, count or surface
area Fixed effects included plot and depth of observation. Minirhizotron tube nested within plot

was included as a random effect to account for repeated measures.

RESULTS AND DISCUSSION

Soil Coring

Four year old altgrasslots produced roots down to a depth of 240 crne ot mass
was greatewith increasing agat each depth observed down to 15@€ingure2.1). Within the
four different stand ages the largest separation in root dry mass produceddicctirecupper
30 cm with the eight year old stand having 250 mg more roanhdsgthan the five year old

stand and 350 mg more root dry weight than the four and one year old stands. From 30 cm down
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to 90 cm the 8 year old stand had greater drymassthan the 1, 4, and 5 year aged stands from
about 100mg greater from 30-60cm. Past 90 cm there was very little separatieerbite8, 5,
and 4 year old stands. By the 90-120cm depth interval the 1 year old stand had dropped to
almost 0. At 120-150 cm the 1 year old stand had no roots pré&sgasarold stand had a slight

increase when compared to theI#D depth section (Figure 2.1 andble 2.2.

Significant separations in stand age wer¢gher examinedby a mean separation teéstfind

which stands had significantly larger root weights (Table 2.3). 4, 5, aedrdold saltgrass had
similar root dry masat depths deeper than 150 cm. However, this resulted in a statistically
significant interaction between age of the stand and the depth sampled, meanheydhat t

massof the roots depends on the depth sampled.

In neighboring plots, Kentucky bluegrdssdmost roots in théop 30 cm and a sharp
declinein root production with soil depth witio rootsfound deeper tha@0 cm These rooting
patterns matched previous data (unpublished data, Qian 2005), and were consistehiegith va

found in the literature (Wu, 1985, Weaver, 1926).

Saltgrass produces roots down to 270 cm after 4 years of growth. This is very deep
rooting compared to most other species of turfgr&eep rooting in saltgrass may allow it to
tap into groundwater within several meters from the soil surface. A rooting depib ocm
found for saltgrass in this study is the deepest observed to date. Deep-rootirgyassalt
appears obligatory with findings of roots down to 42.5 cm, even when the groundwateryvas onl
15 cm below the soil surface (Prodgetral., 1991; Cooket al., 1993). Inconsistent with
findings here, Sevostianoehal. 2011 found no saltgrass roots below 60 cm in 1-2 year old

stands of saltgrass grown in Arizona. More research is needed to identifypibhstdeeent of
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saltgrass root penetration into the soil. However, the rooting depth found for saltgitas

studyhas implications in itsise asan alternative for more commonly grownfgrass species

Deep rooting is a common strategy for drought avoidance amongst planéstoan
arid environment (Weaver &Albertson 1943; Canadell et al.,1996, Schenk & Jackson, 2002).
When the soil close to the surface begins to dry from lack of rainfall and extenmaéition
from other plants deep rooted plants can access water that is out of reach ofeshatiting
species. rrigationmanagersoulduse the dep rooted nature of saltgrass to water deep and
infrequenly. This deep watering would allow the mature stand of saltgrass to acquire water
needed to meet demand but when the water is used up from the upper soil profile weed

competition and surface evaporation would be reduced due to lack of water.

It maybe specialized physiological mechinisms that allow saltgrass to reach depth
270cm. In a non-saturated soil saltgrass can be very deep rooted and is comparable to othe
prairie species, including forbs and grasses, that have an average rootngf deptto 2.4m
(Weaver, 1968, Risset al, 1981). In saturated soil saltgrass extends 30-40 cm below water
table where low oxygen levels would be an issue (Cook et al.,1993; McNease, 1967). Saltgrass
has aerenchyma cells in the roots which allow the diffusion of oxygen from highethgosoil
profile (Hanseret al.,1976). This marsh adaptation may carry over into deep rooting in non-
saturated soil allowing roots to grow into areas were lower soil oxygen may lingitavvéh of

other plants roots.

Root growth in minirhizotron viewing areas

Root growthby depth in theminirhizotronis similar to results from soil coririg that

saltgrass had about half the root length as bluegrass in the top 20cm (Figure 2.23ssSadi)r
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an average of 200 mm per viewing window of total root growth from 0-10 cm in soil depth over

a single growing season and an average of 100 mm per viewing window from 10- 20 cm. Below
20 cm root growth dropped to about 50 mm per viewing window over the season this stayed
consistent to 37cm where root growth dropped to about 25mm per window and this amount of

growth continued the remainder of viewing windows down to 43cm.

Kentucky buegrasshad athree times théotal seasonoot growth near the surface
compared to saltgrass (Figure 2.2). Bluegrass had an average of 200 mm perfrand0u.0
cm, this increased to >300 mm per window from 10-20cm. Root growth returned to an average
of 200mm per window from 20-25 cm, then quickly dropped to 50mm at 31cm and then to 0 at
35cm (Figure 2.2 Therewas a significant difference moot lengthbetween saltgrass and
Kentucky bluegrass from 11cm to 29cikentucky bluegrass is known to have a dense mat of
small diameter roots within the top 45 cm (Febal., 1953; Leteyet al., 1966; Youngeet al.,
1981). Roots of bluegrass are 12-20% shallower in the soil in higher maintenance cultivars,

which includes our variety of turfgrass Nuglade (Burt & Christians, 1990).

Average diameter of root growth between Saltgrass and Kentucky Bluagnassot
different from one another in field conditions. Saltgrass did follow an interesting in that
during OctoberNovember time frame the roots were a slightly larger diameter than during May
to September. Bluegrass root diameter was consistent throughout the gronamyEease

2.4).

Root production in minirhizotron viewing areas over the season roughly tracked soill
temperature and shoot growth, with differences between the species adseitiatbeir optimal

growth patternsi(e. cool-seasonvs warmseason; Figure 2.3). Bluegrass roots grew when soill
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temperatures were higher than 0a@l growth slowed when temperatures were above 15° C
(Figure 2.3). Saltgrass roots, on the other hand, began to grow when soil temperatires we
above 10° C in early March (Figure 2.3). There was an early flush of growth inAgautly

before the shoots were active then growth slowed towards June. There was algslkaid f

root growth in June when the shoots began to green, this activity slowed and then continued to
grow during the summer months until the soil cooled in October (Figure 2.3). Thaemblle
minirhizotron data was in agreement with optimal soil temperature ranges fespleetive

grass typesBoth grasses had a “spring” flush which corresponded to the lower end of their
optimal temperature rang@®uring the spring flush there was a large rate of growth for about 4
weeks then growth slowed and became steady. In bluegrass the root grawsipithesl at a

high of 180 mm of roots produceer week withan average soil temperature of 15° C, the
growth during the flush ranged from 12A60mm per week with a temperature range 615°

C. Saltgrass had two flushes of root growth with the first producing about 60 mm ofawth g
per week ad the second at 80 mm per week at a soil temperature of 18° C. Previous studies
have shown that warrseason grasses grow optimally when soil temperatures are between 15
26° C, and cooseason grasses when between 18° C, with roots of coateason graes
continuing to grow as temperature fall to 0° C (Bruneau & Johnson, 2005; Casler, 2003).
spring increase or flush in root growth was also found in minirhizotron studiesepirtge
bentgrassAgrostis stolonifera L., which had comparable increasewb to three times the

growth ratein the beginning of the growing season compared to later grivaihamaki&

Pietola 2008). Root growth Bpartina alterniflora Loisel., a warm season sattarsh species,
was also increased in soil cores collected in the early seamopared to the warm summer

months, when temperatures were cool (Gallagher et al., 1984)m season grasses may grow
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early in the season before the shoots begin to green in order to produce new fine roots which ma
die back during the winter months. This short flush of root growth may inable greater wate
uptake which would then supply the water demanded by the newely sprouted roots. Further
years of analysis of minirhizotron data may yield more insight into theifumnat the early

season root flush.

CONCLUSION

Saltgrass was shown in our studies to have a root system that reacheda@0leasinto
the soil. This deep root system may benefit the grass for drought avoidance arkbieasdn
for continued quality growth during periods of drought when other native grassessbecam
dormant (Hughes, 2002). Saltgrass was able to reach a depth of 270 cm within sgears si
establishment, which was 200 cm deeper than the conventional Kentucky bluegrass.
Minirhizotron quantification of root growth showed warm-season saltgrass and esohse
bluegrass grew mostly during within their optimal temperature rangdsaahithe largest rate of
growth early in the season, during the spring flush, when temperatures weréoat end of the
optimal temperature range. Minirhizotron images also showed that bluegdased¢eathe rate
of root growth in the top 20 cm of soil when compared to saltgrass but saltgrass root gtbwth ha
more root growth with increasing depth in the soil profile. Fatesearch for saltgrass root
depth studies may also include information about soil water availabilityiatsadepths and
how this regulates rooting depth. The use of longer minirhizotron tubes allowingatitser
deeper in the soil would provide more information about the timing of root growth deeper in the

soil profile.
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TABLES

Table 2.1- Years planted and years sampled of field grown saltgrass. All gtantisat the
Colorado State University Horticulture Research Center.

Year Planted Year Sampled Stand Age at
Sampling(years)
2005 2013 8
2000 2005 5
2001 2005 4
2012 2013 1
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Table 2.2- Average Root Weights by depth for the 4 stand ages

Root Weights (g)

Depth 8 Years 5 Years 4 Years 1 Year
0-30 0.540 0.314 0.199 0.189
30-60 0.264 0.149 0.144 0.102
60-90 0.182 0.124 0.074 0.021
90-120 0.105 0.080 0.089 0.018
120-150 0.126 0.047 0.054 0.000
150-180 0.043 0.047 0.091

180-210 0.014 0.018 0.029

210-240 0.004 0.026 0.026

240-270 0.002 0.005 0.003
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Table 2.3- Contrast of means from each stand age at every depth to find whe@signifi
separation between stands.

Stand age vs. stand age

Depth 1v4 1v5 1v8 4v5 4v8 5v8

0-30 cm 0.9928 | 0.0019 | <0.0001 | 0.0046 | <0.0001 | <0.0001
30-60 cm 0.5965 | 0.5135 | <0.0001 | 0.9992 | 0.0033 0.005
60-90 cm 0.3999 | 0.0142 | <0.0001 | 0.4368 | 0.0093 | 0.3225
90-120 cm 0.1586 | 0.2523 | 0.0516 | 0.9947 | 0.9598 | 0.8797
120-150 cm 0.3788 | 0.5034 | 0.0018 | 0.9976 | 0.1522 | 0.0971
150-180 cm 0.0388 | 0.4987 | 0.5739 | 0.5603 | 0.4854 | 0.9994
180-210 cm 0.8254 | 0.9507 | 0.9759 | 0.9879 | 0.9703 | 0.9994
210-240 cm 0.8698 | 0.8652 | 0.9995 1| 0.9131| 0.9094
240-270 cm 0.9997 | 0.9991 1 1| 0.9997 | 0.9991
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FIGURES
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Figure 21- Average oot biomas®y depth in soil coresampled fronsaltgrasgSG)field plots

of different ages . Root biomass from Kentuckyuegrasg§KBG) plots is includedor
comparison. (*) next to depth mietes significant differenseamong root biomass from different
stand ages at that sampling def®k 0.05). Error bars are standaedror(no error bars for

KBG, which wassupplemented data froaprevious study).
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Figure 22 —Total arerage root length produced in minirhizotron viewing areas through the

season until the end of November 2014. Error bars represent standard deviation. (*) notes
significant difference in root length values.
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Figure 23- Timing of root lengthof saltgrass (SG) and Kentucky bluegrass (KBG) produced in
minirhizotron viewing areas down to 43 cm soil depth over the season. All roots (fine and
coarse) were includedsoil temperaturgvas collected at a depth 5 cm. Lines at top of root
length panel represent time frame of active shoot growth (Dashed line (@bkBveen 6/1 amd
8/1 represent slowed shoot growth period)
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	Soil salinity, as measured by electrical conductivity of leachate, increased slightly and insignificantly over time in both saltgrass and Kentucky bluegrass (Figure 1.1 and 1.2).  Despite the slight temporal differences, soil EC differed between salin...

