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Abstract

According to the Millennium Ecosystem Assessmentfy 2005) the percent of drylands
affected by degradation lies between 10% to 20% NEDAR5). This process, if based on the total number
of people threatened by it, ranks among one ofjthatest contemporary environmental problems (MEA,
2005). In the semi-arid climate of Saratov, Ruskiad degradation, especially in the form of alkali
salinity, plays an active role in the region whapggiculture is very important to the regions potoka It
is therefore of essence to be able to understaneftects of salinized land on crop performances Th
research project is a joint effort, which focusestbe performance of alfalfa, when the effects @f s
salinity and the crop water stress are taken iotmant. This thesis focuses on the former, while the latter
is discussed in Beets (2009). The experimentalgdesomprised of measuring: the EC, pH and soil
moisture at different depths in the soil. The meadicharacteristics of crop performance consisted o
above ground biomass, root biomass to 40 cm dep@Dicm partitions, maximum plant height, plant
density, leaf area index (LAI) and plant water esmit(plant HO). The statistical techniques performed
on these variables were kept simple due to a ssaatiple pool and included pair wise correlations and
partial correlations to discover the strongestti@ighips between the variables. The results of the
different analyses indicated that the root biomasgeneral, was significantly correlated with ECveell
as pH. Plant water content was in turn negativelyetated with EC. Plant 4@, fresh biomass and LAl
were all positively correlated with soil moistures expected. The other plant characteristics did no
produce any significant correlations. These resolicated that both EC and pH had a positive eféec
the alfalfa root biomass, which is normally unlikeh salinized soils. For EC, this was due to salin
levels not being high enough. The positive coriefatetween pH and root biomass at such high pH
(basic) levels, however, is a relationship that maisbeen observed before and more research igedqu
to be able to explain this occurrence. The negatveeslation between plant,@ and EC is explained by
anincrease in soil water potential and osmotiesstr



Land degradation, as defined by the UNEP (2007%ai®ng-term loss of ecosystem functions
and services, caused by disturbances from whicksysieem cannot recover unaided”. When this process
occurs on arable land, it can result in low crogilds and can pose a serious threat to livelihooddare,
and ultimately on global food supplies and futugei@ltural practices in various arid to semi-asigtas
around the world. This degradation can take shapédifferent forms, including soil erosion, water
scarcity, salinity and disruption of biological ¢gs (GEO4, UNEP 2007). According to the Millennium
Ecosystem Assessment (2003) around 10-20% of edrthdands are affected by land degrading
processes. Less rainfall due to climate changeratdiquate land management (Metternicht .2@08),
as well as increasing demands for food producti@worjee, 2008) form the major contributors to this
degradation.

The Russian Federation has also had to cope withiére of degradation, as an estimated 14,4%
of the Russian territory is being threatened byraddation (Stolbovoi et al. 1999). This degradaii®n
predominantly found in cultivated lands, which nhpdie in Central and Southern European Russia
(Ladonina et al. 2001). In the South of EuropeassiRuthe type of degradation is mainly in the fafm
salinity, more specifically alkaline salinity (Pana, 1998). This type of salinization receives acid
place among saline lands because it sets limitéedifity not only by the amount of salts in theilso
solution, but also by physico-chemical and physpralperties of the soil water (Pankova, 1998). The
main cause of alkaline soils lies is their high temb of sodium carbonates and bicarbonates, edlyecia
when found in clayey soils (Vorobeva et al. 2008B)ese types of alkaline soils are associated wiihda
soil structure and alow infiltration capacity, nvakthem difficult to use for agriculture purposes.

One factor that has contributed for a large parsdtinization in this region of the Russian
Federation is the agricultural practice during 8bt¥imes (Zonn, 1995). In Southern European Russia,
this was achieved by applying intense irrigatiohesnes on land once covered by the Caspian Sea&t(Plit
al. 1995). This resulted in the phenomenon knoweez®ndary salinization. This process is defined as
salt accumulation in the upper part of the soiffifgaesulting from evaporation of irrigation grotater
in the capillary fringe (Stolbovoi et al., 1990urthermore, following the collapse of the USSR, gnan
old systems of land management had been left ewageographical context (Ladonina et al. 2001)sThi
resulted in impractical situations with bordersidiing lands that were previously connected, rivaos
longer feeding arable land beyond new borders astl territories of cultivated lands being abandoned
This has resulted in the remnant infrastructureoiyeéng either too expensive to upkeep or too exeessi
compared to the demand required. Since the fah@lUSSR intensive irrigation has ceased, but Isas a
still left the area susceptible to land degradaf®ankova, 1998).

All these different problems have caused the redionbecome a hotspot of degradation and
desertification. In the EU-co-funded DESIRE projggbmising alternative strategies for sustainsduhel
management are developed and tested to reducedgneddation. In the context of the DESIRE projict,
was decided to study the effects of soil salinitg &egetation water stress on the performance faifal
crops in the province of Saratov, located in Southguropean Russia. This oblast is part of the ®olg
Ural River Interstream region, of which 41% of tlaed is used for agriculture and 44% is used for
pasture (Blagoveshchenskii et al. 2002). Saratéasbljprovince) is the largest supplier of grairtle
Volga region (Visible Earth, NASA, 2002). Besidesaigs, forage crops like Alfalfa are also very
important. This is because collective farms in tbgion are subsidized if they produce forage crops,
which is part of a plan to introduce the regioreamain supplier of meat in Russia. Alfalfa, however



sensitive to soil salinity (Lixandru et al. 2008yt in contrast relatively well adapted to soilgiwhigh
pH (Norton, 2009). A study aggregating and accutmgea large amount of data on salt tolerance for
vegetable crops carried out by Shannon et al. (188gealed that many species had not been studied
sufficiently and useful information was lacking even absent. This emphasizes the need for further
research into the effect of soil salinity on aléatirops.

Thus, the aim of this study is to monitor the ef$saf soil salinity on the performance of Alfalfa.
The soil variables measured to do this, includeéldrsoisture content, pH and EC. Their interactioithw
several characteristics of the performance of Adfatops were studied. These included the plarsiten
above- and below-ground biomass, maximum planthbeamd leaf area. Beets (2009) carried out a
separate analysis of the vegetation water stredvthe same study period, where the Crop-Wat@sSt
Index (CWSI) was calculated for the same Alfalfaps. The results of the two analyses were combined
to determine the effects of the soil on Alfalfafpemance in the region.



The study area was located at the “Novy” study isitMarksovsky district located about 75 km
East of Saratov, Russia. The measurements werealdne separate fields located along the East bank
of the Volga River. The A field (51°50'4.98"N, 4320.19"E) was located more to the North and the B
field (51°38'33.51"N, 46°45'19.78"E) was more t@ tBouth-West along the river (Figure 1). At both
these fields there existed sparse patches of Alfathere measurements were taken (Figure 5). These
were considered to be “unhealthy” spots, with lowrfprmance of alfalfa crops. In contrast,
measurements were also taken from the “healthomkihg spots to be able to compare the two ends of
the spectrum. At each field, four destructive meaaguroutines consisting of two healthy and two
unhealthy spots were completed, for a total of &timns where samples and measurements were taken
from (Figure 2). The crop being grown at both fieldas first year Alfalfa and at both of these feld
crop rotation was practiced. Other crops being gramvthe area were sunflower, maize and a mixed
legume crop, with which this rotation might haviedia place. Both fields were also irrigated usingtee
pivot irrigation with water pumped from the Voldaigure 3). Fertilizers were not used at the A fidddt
no information could be obtained regarding thistfar B field. Date of sowing at the A field was first
week of May. For the B field, again this informativas not available.

eld A

Figure 1: Study location in the center of Saratoblast (province)

The water that is used for irrigation comes from tKomsomolsky” irrigation system, which is
the biggest sprinkler irrigation system in Russia ¢he biggest irrigation scheme in the Volga ragio
The irrigation systems canals extend throughoutatiea to be readily available for different colieet
farms spread throughout the area. The Komsomolgdtem started out as a project that was supposed to
extend all the way to Kazakhstan, but was haltednithe USSR collapsed. It has also felt the effefcts
this collapse, as it has been slowly deterioratwith leakage from pipes visible throughout theaaaed
working at less than 50% of maximum capacity. & station that is over 35 years old, which needst
renovated, but because of the recent economis,cfisiding from the government is difficult to oilota



Figure 2: Photos of all plots measured in fieldsald B. The photos from plots A2 and B2 represent
“healthy” crops, while photos from plots A3 and Bliepresent “unhealthy” crops.



Figure 3: Komsomolsky irrigation system canals @leAnd center-pivaot irrigation (right)

The climate in the area is a moderately continegitalate with an annual mean temperature of
5.8° and an annual precipitation of around 470 niime difference in mean winter and summer
temperatures is about 35while the maximum difference between summer amtew can reach up to
8(C°. The soil type throughout the area is an automorfdgroundwater deeper than 5 m.) chestnut soil,
which is known to have a slightly alkaline charadte this region (Pankova, 1998). This soil type is
classified as a Kastanozem according to the FAORBR006 classification. The alkaline character can
be seen at the field locations, especially at thigealthy spots, as it manifests in large crackhénsoil
surface structure due to swelling of sodium carbeifBigure 4). Certain soil physical properties aver
measured near to the Afield for another study dareenjunction with the DESIRE Project regardihg t
use of wastewater for irrigation purposes (watexeanur.nl.). These measurements were considersal to
representative of the healthy spots at both filddshe current research. The results indicate ttetsoil
consists of about 23% sand, 43% silt and 34% clalyich according to the USDA soil texture
classification is a clay loam. The soil organic teafis about 3%, which for a Kastanozem is rather
limited and indicates a mineral soil. The saturabgdraulic conductivity is 45.2 cm/d and the bulk
density is on average 1.3 gftrithe relief of the entire area is relatively f#atd gently slopes towards the
river. The ground water table, as mentioned befite at least 5 to 7 meters below the surfacehasdo
influence on the vegetation. This is in contrasthi® situation 40 years ago when these agricultarals
were intensely irrigated during the 1960’s and gneundwater table rose, bringing with it all salts
deposited during the previously mentioned regressfahe Caspian Sea (Baartman et al. 2007).

Figure 4: Large cracks found in the soil surface hioth field sites by unhealthy plots, which are
indications of alkaline soils.
8



All variables measured were taken from 1-m2 pldts.each field, two types of plots were
destructively measured twice, representing “heéltnyd “unhealthy” crops. These measurements were
separated by several days. All measurements wieee ta a span of 11 days. The sampling design was a
stratified random type, since it was tried to clogdots that represented both “healthy’ as well as
“unhealthy” crops. Once such crops were found (bgglthy and unhealthy), they were selected at
random. No GPS coordinates were taken of the medguiots. A visual example of the field situatien i
given in Figure 5. In this figure, the unhealthgtplk denoted by A3-1, while the healthy plot isaied
by A2-1. As can be seen in the photo, most of itld Bippeared to be healthy, so these plots wexgtea
find and measure. The unhealthy Alfalfa plots resglisome more searching in the field. The plant
characteristics measured consisted of the plarsitgermaximum plant height (MPH), leaf area index
(LA, above ground biomass and below ground (rbat)nass. The soil variables measured consisted of
soil moisture content (SM), pH and EC.

Plant density was measured by counting the amouptaats per i Shoots growing from the
same root system were counted as belonging toahmee plant. The method of calculating MPH was
similar to Li et al. (2008), where the mean of file tallest plants was measured with a measuidpg tn
a square meter plot. To measure the above growmdasis, a pair of scissors was used to clip theeenti
plot. Only plants rooted in the plot were samplad any weeds found were separated and discarded. Th
obtained fresh biomass was weighed and the fremhdss weight (fresh BM) determined. Subsequently
this fresh biomass was dried in an oven 4tf80 two days and weighed again to determine tlyealove
ground biomass (dry BM) (Shiyomi et al. 1998, Clpatnet al. 2004, Bhattarai et al. 2005). It must be
noted that during the drying process, two sampds]l and B2-1, were most likely overheated, due to
different users using the oven at different temijpees, implying that these measurements have aicert
amount of error. Once the fresh BM and dry BM webtained, the plant moisture content (planOH
could subsequently be calculated by the formuld/ fBesh — BM dry)/BM fresh (Chilcutt et al. 2005).
The below ground biomass (root BM) was measuredrdotg to methods described by Cornelissen et al.
(2003). This involved precisely cutting out bloobdd20 x 20 x 20 cm to a depth of 40 cm under a
randomly chosen plant in the plot. This resultedvio layers of root depths being measured. These
blocks of soil were first weighed and subsequenthghed in a sieve in order to separate the roats. N
distinction was made between the types of rooteeGeparated, the roots were subsequently driad in
oven at 65 for 3 days and then weighed. Values were recondlgdams per soil volume for each 20 cm
core section. To calculate the LAI, the leaves freeveral representative samples, ranging from the
smallest to the tallest plants from the plot, weeanned. The scanned images were processed inbMatla
to calculate the total leaf area of these samassequently, the fresh weight of the represemtativ
samples was measured and compared to the tothlvireigiht of the above ground biomass of the plot. |
this manner the LAI from the representative samplmdd be extrapolated to the whole square meter
plot. The weight of the representative samples ehowas always kept at an arbitrarily determined
minimum of 5% of the total fresh weight. This wamd to keep the LAl measurements for the different
study plots consistent.

The soil moisture at each plot was measured withetaProbe ML2x. Measurements were taken
at 10 different spots right below the surface & fifot, by vertical insertion of the probe at theface.
Measurements in depth were also taken at 10 cnmvatteextending to a depth of 60 cm at one arlyitrar
spot in the 1fplot. Al measurements in depth were taken hotiatynin the soil, except the deepest



measurement, which was always taken verticalljhendoil. Soil samples were collected for both te E
and pH, which were measured from the same soil leemphe samples were prepared as fixed soil water
extracts of a 1:1 ratio based on weight. This mgtisdess time consuming than soil paste extraots a
according to Zhang et al. (2005) analogously ateuighe EC’s were measured with a Hanna HI 8734 in
total dissolved solids (TDS) and converted to dSfiM.was measured with a Hanna HI 96106. Three
samples for pH and EC were taken at the surfacet@mdiean calculated. Samples were also taken in
depth at 20 cm intervals upto a depth of 60 cm.

Meteorological measurements were also made sahtbaEWSI could be calculated. The results
of this are covered in Beets (2009). Variables mmess included precipitation, evaporation, air
temperature, windspeed, relative humidity and ttauha These measurements, especially precipitation,
are also important when considering soil moistueasnrements. However during the measuring period,
no precipitation was observed, hence this dataissimown, but the reader is referred instead taBee
(2009).

Figure 5: Example of conditions at both the A andfild. The top photo shows an example of
the A field with the healthy A2-1 plot as well st unhealthy A3-1 plot. The bottom photo
shows an example of the B field with the healthy-B2nd the unhealthy B1-1.
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Since the amount of sampled plots were small @tat), it was chosen to analyze the data with
simple and straightforward measures. These codsistdPearson’s pair-wise correlations and partial
correlations. A Kolmogorov-Smirnov test was perfechon the measured data to test normality. The pair
wise correlations were performed between plantasttaristics, as dependent variables, and the diiter
soil parameters as the independent variables ierdodgauge the separate effect of each soil Variab
each plant characteristic. However, it must be ddtiat both types of variables have an effect om on
another, so the decision to use the soil variaktethe independent variable is an arbitrary demisibe
plant characteristics were either measurementaefntire 1rhplot (e.g. above ground biomass, plant
density) or samples from different spots within ghet (e.g. root biomass, maximum plant height)iolh
were subsequently aggregated to represent theegbit. The soil parameters, in contrast, consisfed
individual measurements performed at the surfackiamepth, but were still assumed to represent the
entire plot. So it must be kept in mind that alblgtical procedures are based on these relatiosshipe
partial correlations were performed in order to wEd any influence from other soil variables in the
results of the pair-wise correlations. The meanstlie three types of soil variables (EC, pH and soi
moisture) were calculated from all measurementshensurface and in depth to reduce the amount of
variables used in this analysis. In this mannevas easier to assess the effect of one soil variabithe
other without having to do too many (fruitless) lgeas. The correlations were constantly done with a
total of four variables, consisting of one depengant characteristic, two independent soil vdeatand
one control soil variable. Significant correlatiomere assumed at< 0.1. All statistical procedures were
performed using SPSS17.
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Table 1 shows the results of the different variabieasured. At first glance it can readily be
observed that the soil variables have quite som@ati@n between the different plots. The difference
between the plots that looked healthy and the pletslooked unhealthy at time of measurement issoo
pronounced. What does become evident from lookintglae 1 is that both the EC and pH differ more
between the A-field and the B-field compared to uhdealthy and healthy plots within both fieldseTh
pH range at the A-field was 6.2 to 8.3 with a mefn.2, implying a spectrum of slightly acid togsitly
alkaline soils. The EC range was from 0.15 to @&m with a mean of 0.3. The B-field’s pH range was
from 7.8 to 8.5 with an average of 8.2, implyinglightly more alkaline soil. The EC’s here rangexh
0.47 to 1.52 dS/m with a mean of 0.9, which indisamnore salts than at the A-field. The soil moistatr
the A-field ranged from 8.3 to 35%, while the ramgehe B-field was from 9.65 to 37.9. There existe
correlation amongst the measured EC and pH vall&3Y), which indicated that these two variables
increased and decreased together. If these twablesi were plotted separately against soil moisture
content, however, the correlation was much lessquraced (r (EC) = 0.382 and r (pH) = 0.072). This
indicated that the soil moisture content was apphreot influenced by limits on infiltration due thigh
values of soil EC or pH. The values of the CWSiraffthe first impression of the plots in the fielfla
value is higher than 0.5 it represents a plant egpeing crop water stress. All plots that wereltinga
were below this value. Plot A2-2 was however vdoge to the threshold. Similarly, all unhealthytplo
except plot A3-1, was above this value.

An overview of the soil moisture, EC, pH measuretmiemd the root biomass is given in Figure
6. It can be observed that the soil moisture canes less at every plot the second time it wassureal.
This might have been due to an absence of irrigatidhis period coupled with accumulated evaporati
For both the EC and pH graphs, a division betwéenA and B field becomes evident. The A field
clearly has overall lower EC values as well as phlies, while the B field displays higher valuestoth
these variables. The root biomass distribution stsmws the segregation between the A and B fiettas
plots from the B field generally show higher roidrhass weights compared to the A field, regardidss
healthy or unhealthy plots. This is in contrastie CWSI values for the plots. However, the CW Sk is
temporary measure, while root biomass is a mordesteariable. This will be discussed later in more
detail.

Figure 7 displays pair-wise correlations of plahtracteristics and soil properties. It can be
observed that two plant characteristics, plant iterand maximum plant height (MPH), are not
significantly correlated with any of the soil varies. Notwithstanding, grapdindicates that the plant
density is positively correlated with soil moist@ie30 and 60 cm depths, having correlations of &¢d
0.642, respectively. MPH does not show any appaetevant correlations with any variable, except EC
at the surface, with a negative correlation of 70.4

The LAl as well as the fresh hiomass are signifigacorrelated with soil moisture at a depth of
20 cm. It can furthermore be noted that both theseables are highly correlated with the rest af th
upper 30 cm of soil moisture, including the meaih moisture over 0-60 cm depth. This relation betwe
LAI and soil moisture has been observed by Itole{2807) where the LAl of different types of trees
were coupled to wet and dry seasons. The freshasens in turn also highly correlated with the LAI
(Kersebaum et al. 2007). The significant correlsibetween these two variables and soil moistu2@ at
cm depth might indicate that at this depth is whbeeroots are taking up most water.
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A2-1 A2-2 A3-1  A3-2 B1-1 B1-2 B2-1 B2-2
Date 11/7 20/7 13/7 2007 09/7 16/7 09/7 16/7
Health Status + I - - - - o +
CcwslI 0,05 043 0,32 0,59 0,66 0,77 -0,06 0,16
Stand Density M 26 26 19 14 30 25 20 22
MPH (cm) 66.2 76.4 40.6 55.2 41.6 35.2 57.0 64.4
BM Fresh (g) 1516 1327 199 384 1102 494 1633 1445
BM Dry (g) 264.4 3855 46.0 1411 2916 219.8 260.8 404.6
Plant H20 % 82.6 71.0  76.9 63.3 73.5 55.5  84.0 72.0
LAI (cm?) 46455 39532 6085 9125 35454 12139 55209 29784
RBMO-20 (g/cm) 31.5 29.3 15.5 22.8 37.1 50.5  40.3 67.0
RBM20-40 (g/cr) 4.3 6.73 3.43 7.86 13.7 10.1 - 11.8
RBMO0-40 (g/cm) 35.7 36 18.9 30.7 50.9 60.6 - 78.7
mean EC (dS/m) 0.25 0.30 0.32 0.29 0.74 1.00 0.84 1.28
ECO (dS/m) 0.28 035 044 0.28 0.89 - 0.87 -
EC20 (dS/m) 0.29 0.27 0.18 0.23 0.47 1.01 0.75 0.93
EC40 (dS/m) 0.23 023 021 0.34 0.53 0.96 - 1.38
EC60 (dS/m) 0.15 0.28 0.22 0.29 0.81 1.03 - 1.52
mean pH 7.02 756  6.63 7.77 8.28 8.27 8.0 8.27
pHO 7.00 7.35 6.90 7.55 8.23 - 8.07 -
pH20 6.80 730  6.20 7.00 8.00 810 7.80 8.20
pH40 7.00 7.60 6.60 7.70 8.50 8.20 - 8.30
pH60 7.30 820  6.30 8.30 8.50 8.50 - 8.30
mean SM % 3206 1630 21.79 16.32 2440 2236 3481 27.96
SMO 29.85 828 16.23 13.02 17.88 9.65 33.92 17.94
SM10 3320 1390 23.90 16.70 26.60 17.00 3260 27.50
SM20 32.40 19.10 2290 1430  25.60 23.40 37.90 30.90
SM30 35.00 2210 2460 1580 2750 25.20 - 30.90
SM40 33.00 14.70 2350  20.60 - 26.80 - 30.60
SM50 3230 16.60 23.10 17.20 - 28.50 - 29.60
SM60 28.70 19.40 18.30 16.60 - 26.00 - 28.30

Table 1: Different variables and their values at@aplot. The plus and minus signs by health status,
and the columns in green and red text, denote hegland unhealthy crops, respectively. Values that
were not measured are denoted with a minus sign.values are instant measurements, except CWSI,
which is a mean from several instant measurementslahe means for EC, pH and SM, which were
calculated from each variable’s respective depthasgrements displayed in the table. The values of
EC, pH and SM at the surface are also means caltathfrom several measurements as explained in
the measurements section.
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Figure 6: Soil moisture, pH and EC depth measurentignalong with root biomass distribution.
Legend forthe SM, pHand EC profiles is at the ban.

The dry biomass, on the other hand, is not siganifily correlated with any variable and, unlike
the fresh biomass, seems to have a higher affiitty both EC and pH rather than soil moisturehthss
relatively high correlations for both pH and ECalitdepths except at the surface measurementstbf bo
variables. The difference in correlations betwegnahd fresh biomass emphasizes the different estur
of both parameters, as the dry biomass is a sontewhe stable parameter, and represents the woody
fraction of the plant. The fresh biomass, on theptand, fluctuates somewhat more as it is degénda
on more factors as temperature, evaporation anthblasoil moisture.

Plant HO, similar to the fresh biomass, is as expectesitigely correlated with soil moisture,
and more specifically, the upper 30 cm. It coregatignificantly with soil moisture at the surfaned at
10 cm depth. Furthermore, it displays several megstcorrelated values for both EC and pH variable
The positive correlation between planf@Hand soil moisture is expected, as it is generatgwn that
roots are in continuous contact with soil moistdfrem which subsequently the rest of the plant can
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obtain its water. So, even though no soil wateembal measurements were done, it can still beupnes

that the plants could have used the soil moistuaé was measured and that the amount of uptake was
dependant on this measured amount. A separatdat@nebetween plant 40 and the CWSI & -0.72)

also suggest that this water was used for trargpixaassuming that the plant was in balance wgh i
surrounding atmosphere. The negative correlatiatwden plant HD and EC could be due to a greater
amount of salts (higher EC) leading to increasddmsater potential and thus less capacity for wabelne
taken up by the plant. The negative correlatiomvben plant HO and pH could be due to higher pH's
resulting in soils with a lower infiltration capciand consequently decreased water uptake byottis.r

The root BM from 0-20 cm is significantly correldteiith several variables, including the mean
pH, pH at 20 cm and all EC variables except EQ @urthermore also shows several high correlations
with the other pH and EC variables as well as swisture between a depth of 20 and 60 cm. This
indicates that the upper 20 cm of root biomassostively coupled with both EC and pH and that an
increase in both of these variables will resulaimincrease in the root biomass. This might betdube
available salts that might be present in the fofrmurients for the roots, which result in a higheot
biomass. Furthermore, even though no significamtetation exists between root BM 0-20 and soail
moisture, several relatively high correlations barobserved, which indicate that this part of ta is to
some extent coupled to the soil moisture content.

The root BM at 20-40 cm has more affinity with ptdngpared to root BM 0-20 and is
significantly correlated with all pH variables aslivas the mean EC and EC at 60 cm depth. It dogs n
however, show any substantial correlations withsthiemoisture variables, unlike root BM 0-20 cm.

The correlations of the root BM 0-40 cm exposeriatire of the variable as being a combination
of the two variables: root BM 0-20 and 20-40. Timanifests itself by being significantly correlateith
the same EC variables as root BM 0-20 and mosthef gH variables similar to root BM 20-40.
Furthermore, it shows positive correlations with saisture variables that lie in between of thetrBM
0-20 cm and root BM 20-40 cm.

In general, these correlations show that soil roogst which represents a more temporary
measurement, is also more correlated with the pespmeters that can fluctuate during a single dak s
as, LA, fresh biomass and plant®H In contrast variables like dry BM and the rodf,Bvhich are more
stable parameters have more affinity with pH andri€asurements, which in contrast, tend to fluctuate
in a more gradual tempo.
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Figure 7: Pearson pair-wise correlations of soil iables versus plant characteristics.
Values with * are significant ag < 0.05 and values denoted with ** are significaata < 0.01

Dependant X1 X2  Control r1(X1) al rly r2(X2) a2 2o
PlantH20 SM pH EC 0.841 0.018 0.678 - - -

SM EC pH 0.788 0.035 0.678 - - -

pH EC SM - - - -0.694  0.084 -0.212
LAI SM  pH EC 0.688 0.088 0.666 - - -

SM EC pH - - : : - -

pH EC SM - - - - - -
RBMO-20 SM pH EC - - - - - -

SM EC pH - - - 0.819 0.024  0.923

pH EC SM 0.784 0.037 0.746 0.909 0.005 0.923
RBM20-40 SM pH EC - - - 0.870 0.024 0.946

SM EC pH - - - - - -

pH EC SM 0.951 0.004 0946 0.788 0.063 0.76
RBMO0-40 SM pH EC - - - - - -

SM EC pH 0.741 0.092 0.383 0.862 0.027  0.94«

pH EC SM 0.910 0.012 0.820 0.939 0.005 0.944

Table 2: Partial Correlations between plant charadstics and three soil variables. Only
significant correlations are displayed, significamrrelations were assumed to beak 0.1. Also
shown are the zero-order correlations (denoted wily and r2)) of each significant partial correlation.

The stand density, MPH, fresh- and dry biomass ai@ shown, because of absence of significant
correlations. All correlations had 5 degrees of &@om, except RBM20-40 and RBM0-40, which had 4.
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Table 2 shows the results of significant partiarelations (assumed to beat< 0.1) between
crop performance parameters and the soil variabtsls: moisture, -pH and -EC. In general, thesdigar
correlations concur in almost every case with tae-wise correlations previously shown, both inithe
directions and degrees of the respective correlstidhis thus supports the previous found corahatin
Figure 7. One exception is the relationship betwetant HO and EC, which is strengthened
considerably, when the relationship is controll@ddy soil moisture.

The LAl is positively correlated with soil moisturenen EC is the control. This relationship was
observed previously in the pair-wise correlatiofisis correlation suggests that leaf growth is delpeh
on the amount of available soil moisture when E€oisstant. This relationship has been observeddefo
(Ismail et al. 1998, Garcia et al. 2002) and itss#tévity has been suggested in a study done byt&ian
et al. (2008), which demonstrated that the uniftyrof sprinkler irrigation had the most impact dwet
LAI comparedto other crop indicators such as yaaid crop height.

Plant HO is correlated with soil moisture when the EC be {pH is the control. This was
discussed before. Additionally, as mentioned abglant HO is also negatively correlated with EC
when soil moisture is the control. This is to b@eoted as the osmotic stress is increased whers EC i
increased but soil moisture kept constant (Paridh €004).

All root biomass measurements (root BM 0-20, 20a4@ 0-40) are positively correlated with
EC, when controlling for SM. Both root BM 0-20 arabt BM 0-40 also significantly correlate with EC
when pH is the control. Similarly all root biomaseasurements positively correlate with pH when SM i
the control. Root BM 20-40 is, furthermore, sigedintly correlated with pH when EC is the contradoR
BM 0-40 is also correlated with soil moisture wiggthis the control.

These observations indicate that the root bionmgemerally positively correlated with both EC
and pH. Different studies have been done on thecedf EC on root biomass and it is generally at=stp
that a higher EC value results in a decrease it imonass (Kaya et a002, Ghollarata et al. 2007,
Esechie et al. 2002, Peng et 2008). In this study, the opposite is true, howevs is due to the
relatively low levels of EC observed. According3anden et a{2007) alfalfa can tolerate an EC level of
up to 2 dS/m, after which vield starts to decrdagd 0% every 2 dS that the EC is increased. The EC
samples taken for this study fall far below thisitiand consequently reflect a positive relatiopshi
between root hiomass and EC.

The same positive relationship was found betweehlimmass and pH. According to McCauley
et al. (2009), the optimal pH for alfalfa is aroud@ - 7.5, or in other words a slightly acid tautral
environment. In the current study, however, therphed from 6.2 to 8.5 (slightly acid to moderately
alkaline soils) with most of the samples lying been 7 and 8.5. A study done by Van Lierop et al.
(1980) on pH, liming and its effects on the yiefdatfalfa growing on organic soils showed a postiv
relationship between pH and total yield. The ramg@H, however, was between 2.6 and 6.5 with the
optimal pH being 4.5. Higher pH's did not decregistd, but the yield remained constant. So yielevgr
linearly in the range between pH 3 to pH 4.5 amhttemained constant up to the study’s maximum pH
of 6.5. Another study done by Peters et al. (20050 showed a similar positive correlation betwpln
and alfalfa yield with a range of pH from 4.5 t®,7Awith the optimum pH being around 6.8. Similathe
current study, the soils had relatively little OMcould be that in a pH range between 6.2 andn8th
these specific soil properties, the same posii@lation between growth and pH could exist. Howewet,
many studies exist which have focused on alfalfat fiomass and high pH values with which to
compare. Furthermore, in this study the samplels lggher pH's, were also accompanied by higher EC's
(taken at the B fields). It would then seem plalastb accept that the increase in root biomassdcbal
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due to this higher EC, which might be salts infttven of available soil nutrients for the plant. Hewer,
the partial correlation between root BM 20-40 ahtiddd produce a positive correlation when contrgli
for EC, which rejects the former theory. In anyecéise relatively high pH value, which is usuallyt no
considered optimal for plants, did not produce eslwesffects for Alfalfa at this particular site. A
chemical analysis would have been required to He #b determine what chemical elements were
determining the measured pH and if these elementisl subsequently act as nutrients for the plait or
they had a more negative influence at the diffephotts.

It must be added, however, that these correlateortsinterpretations must be interpreted with
some degree of caution, as even though all assoingptf statistical analyses were adhered to, the
amount of samples remained small and the correlstiould have very likely been due to coincidence.
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The aim of the study was to monitor the effectsaif salinity on the performance of Alfalfa. To
achieve this, soil properties such as the soil-stnog, -EC and -pH were measured. To monitor crop
performance, the stand density, LAl, MPH, aboveugmbbiomass as well as root biomass and the CWSI
were measured and calculated. Based on the redule study, it was not possible to state thatsibie
variables were correlated with the crop performapeeameters stand density, MPH and dry above
ground biomass. In the case of dry biomass thidiniigve been due to the two failed measurements.
Furthermore the results suggest that the EC did hapositive effect on root biomass of alfalfa witthe
range of 0.15 to 1.52 dS/m. This positive relatlopsvas a result of EC levels being below the thoés
to negatively affect Alfalfa, as would be the caséruly saline soils. The pH of the soil also skaia
positive correlation with root biomass within trenge of pH 6.2 and 8.5. From the literature thd$e p
values are generally believed to be too high toileixla positive relationship with root biomass. An
alternative explanation was that this positive tieteship was attributed to the coupled EC valuethat
different locations. However, the results of thetiphcorrelations suggest that when EC is kepistanmt,
the positive correlation between pH and root bicsredsa depth of 20 to 40 cm is maintained. In ase¢
the relatively high pH did not seem to adversefiecf any plant characteristic, which is in contriast
most studies done concerning the topic. This @hgtip would have to be studied in more detailind f
out what the cause is. Furthermore, it was obsetivatdsoil moisture content had a significant dffac
the more fluctuating parameters like the fresh lassn LAl and plant 0. It was also shown that plant
H,O was negatively correlated with EC when soil moistwas kept constant, as would be expected due
to osmotic stress. There was also no link obsebeteleen EC and ph, on one hand, and soil moisture o
the other. This indicated that the soil moistureswat dependent on these two variables, which ean b
expected in an agricultural area suffering fromaalked patches and bad soil structure.

Based on the measured pH and EC values duringethearch, it might be interesting for future
studies to do a chemical analysis of the soilsaahéocation so as to determine what elementsxaretlg
producing the variation in pH and EC and conseduéhthese elements can be used by the plants as
nutrients. If a constrained selection must be ntheée an analysis of Na, Ca, Mg, Cl and carbonates
would be useful in determining the alkalinity inpgort of pH measurements. This would be desired,
since the pH is more specifically a measure of asic a soil is and not necessarily how alkalifie. |
more research into the effect of the high pH’'s mests on nutrient uptake by the plants is desireeht
phosphorus and nitrogen would be neccessary tourgasince these are usually limiting factors @il
nutrients, where especially P can become immobib#kaline soils making them harder to be takebywp
plants. Similarly the elements Fe, Zn and Mn altdmee less mobile in more alkaline environments
(Wilkinson, 2000) and would also be desirable. Besides thegsarements of soil bulk density can also
shed some light as to why the different locatiorsdpced different plant morphological characteristi
since alkaline soils are also known to contribotdigh bulk densities, which in turn reduce plaeslth.
Lastly, it would be interesting to know how muclgier both the EC and pH could become, before the
Alfalfa crops start to show negative performandglaites.
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