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Abstract

In sandsoil mixtures, the sand fractionsixture with peat is strongly influence the ¢
physical propertiesand the yielddry matter of turf grass in the sports field. T
investigation involved tstudy effects of three sand fractions ((-1, 0.05-2 and 0.5-2)
mm, depth of irrigation water (14, 18 and 22 mmgjl @empaction orsome physical
characteristics of sa-based media suchblilk density, infiltration rat and dry matter
yield of turf grass Three different sand fractions in siaesanc-soil mixtures and three
depths of irrigation water were prepared in which percenta¢ of added sand to silty
clay soil was 60% bthe weight. A (30cm) layer of mixture underlined byeayé of
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(20cm) medium gravel and 5cm coarse sand is placéte bottom of the containe
of (40 cm) diameter and 50 cm heic, then cultivatedwith Mediterranean grass
(Cynodon dactylonusing sowing rate of (35 g TheA factorial experiment wa
conducted usir complete randomized design with three replicaMixtures were
compacted daily for 60 days to simulate -traffic. The results showed thiafter

compaction, sand fractis (0.05 —1) mm in comparingith othertwo replaced with
(sand)fractions (0.0—2 and 0.52) mm, had adequate infiltration rate (6.20 cr') to
retain any intensive rainfall anthe yield dry matter of grass turfsignificantly
increased in the same treatn. The nfiltration rate decreased significantly w
increasing water depletion in both uncompactedamdpacted treatmes. Infiltration
rate was arate (2.3 cm hf) with compaction and at the depletion(22 mm) water
depth. The results also revealed that the valubuti density was (1.59 Mg ),
which is higher, compared to their values in thedséD.0-2 mm) and (0.05-1 mm)
which were (1.47 Mg ® and (1.42 Mg i) at both uncompacted and compac
respectively

I ntroduction

Thesports field should provide a safe and consistiaytipg surface that will maintain adequate tract
surface hardness and turf grass cover, regarto the weather condition¥he quality of playing surface
determined by a healthy, green grasvel of athletic performance and a reliable soil medSurface. Man'
amendments have been used ifaproving soil physical properties. Sand based materialscaneamonly
used for construction of sports turf root zonesabige it is cheap and more available in most locatiBan-
soil mixes have been investigated to improve thiéasa stability of sports fielroot zones [1]. Adding si
and clay to sand will increases the sand stabitityt, small additions of silt and clay to sand caduce
hydraulic conductivity very quickly [2
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Good drainage allows remove a large amountvater in a short period and avoids cancellation or
postponement of games due to accumulation of exeeaster. For the sake of drainage, many spoetddi
are built with sand-based root zones. Sand comtedtits fractions size also has been found tmahgly
influences Soil aeration. Sand-dominated root zamegsegularly used for winter games pitches, palarly
those athletic fields used by players at a prodesdilevel [3]. The relatively stable macro porésicture
offers advantages of good infiltration rates aremsomable levels of air-filled pore space [4]. Har{i®78)

[5] mentioned that heavy Soils like clayey soil ailtl may require as much as 50-60% sand by volione
improving their resistance to compaction while irgtay the firmness necessary for good playing cioi.
Whereas, Taylor and Blake (1984) [6] showed thattumés having 87%sand or more is acceptable, lgit th
value could vary with different soil textures witlifferent percentages of sand and clay contentreTtsea
common agree on70% of added sand to a soil asgtadite for making sport field soil mixture [7Jutthe
particle distribution of this added sand is notcler at least is not studied in Iraq. Because Istad region

is located in a semi-arid region that is specifigdhot and dry summer, therefore irrigation is necessary.
The study of optimum irrigation water quantity bégm irrigation depth is required to give a gooealthy
and green grass cover also to give a comfortabie naoist cover for the player3herefore this study
conducted to determine a suitable sand fractionuaof water added during irrigation on infiltratioate
and bulk density then its consequence effect ossgyeeld in the athletic field.

Materialsand Methods

The soil samples were collected randomly fitben football Yard from (30) cm depth of the Facudty
Agricultural Sciences/ University of Sulaimani aakajow. The soil was air dried gently crushednthe
sieved at 2 mm sieve and stored for subsequenc&asee chemical and physical properties of thevgeie
tested, (Table 1).

Table-1: Some physical and chemical propertieb@ftudied soil at depth of (0-20 cm).

Si C S Pb EC ca* Mg Na' cr HCO;  CO# pH
a kg* Mg m® ds mt Meg L™
S8 4 g1 1.23 0.43 6.42  0.46 1.1 0.14 4.4 0 7.9

22

From commercial building sand, three different sinésand particles were separated, which wer85{0D,
0.05-2 and 0.5-2) mm. From these three sand fratisand-soil peat mixture was prepared in whieh th
percentage of added sand by weight were 60%, fon ezixture 10% by volume peat moss was added.
Three levels of irrigation were also establishediragation treatment, the irrigation treatmentsreve
calculated on the base of added water as depthatdrwl4, 18, and 22) mm, these depths of watee wer
calculated on the base of the rate of evapotraatsmir (ET,=7mm day}), which was obtained from the
Metrological Station at Bakrajow, Particle sizetdmition was determined by pipette and sievinghuods
according to the methods described by [8].
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Figure -1: The particle size distributions of theamd fractions.
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The bulk density of the compacted soil wasulated from the oven-dried equivalent mass oftiieand
the measured volume of the soil by core method rdaog to [8]. Porosity was measured according to
method described by [9]. The sand soil- peat mixtuas placed in metal containers of 40 cm dianatdr
50 cm height which were provided with drainage paittthe bottom. A layer of 10 cm gravel medium was
placed in the bottom of the containers as a drarlager. Then a layer of 5cm coarse sand was used a
blending layer to prevent the passage of fine glagtiinto the gravel layer. The mixtures were nawietl to
give 10-15% moisture and packed into the containpro 30 cm height. A commercial fertilizer with R:

K (18:18:18) was used at the rate of 162.6 mg kfjraxture and mixed with the upper 10 cm of the
mixtures [7].The mixtures in the container weredseewith Mediterranean grasSy(nodon dactylonat the
rate of (35 g M); the containers were designated as a factoriaipbete randomized design with three
replicates. The total number of experimental uwids: 3 sand fractions x 3 irrigation depths x Jospes =
27 containers.

The obtained data were analyzed statisticasiing factorial *complete randomized design, and th
differences between treatments means were calduletieg least significant differences R¢0.05. After
establishment, the plants were irrigated every iwigation treatments were established based orerwat
depths (14, 18, and 22) mm. Compaction was accehedi daily and for 60 days by adding a static weigh
of 68 kg to a wood wedge that cover one-twelfthtef container surface giving a pressure of 650 g cm
[10]. The process of the compaction was done eaehliefore irrigation.

The rate of infiltration was measured befand after soil compaction using double ring infitireter, the
inner cylinder was 30 cm in diameter driven inte 8oil and the container wall act as an outer rifter
establishment, the grass was cut gently wheneveedsssary at 5 cm height above the soil surfage th
collected and was placed in paper bags, air and dvied at’C for 48-72 hours till reaching the stable
weight, then the weight of dry matter of the grasse recorded.

Results and Discussion
Effect of sand fraction and irrigation depth on eminfiltration rate under uncompact and compadt:so

It observe from (Figure 2) the water infiltcat rate before compaction ranged from (7.20to 6080 hi*
sand fractions soil of (0.05-1) mm, and from (68t6) cm ht* in sand fraction soil of (0.05-2) mm and
from (6.50 to 4.30) cm Hrin sand fraction soil of (0.5-2) mn@n the other hand, it was noticed that the
water infiltration rate in compacted soil rangesnir (6.20 to 4.6)cm Hr in sand fraction soil of (0.05-1)
mm, from (4.80 to 3.20)cm Hin sand fraction soil of (0.05-2) mm and from (3t402.30)cm ht in sand
fraction soil of (0.5-2) mm. there is a changeniitration rate due to decrease in total porositycourse
sand fraction and increase in bulk density, thesalts are in agreement with those found by [1Hi§émthey
observed that the compaction caused by seed bpdrpt®n traffic increased the bulk density to ptHeof
at least 30 cm. Also agreed with those found by [A2vhich they reported that soil compaction desed
total porosity and water infiltration rate. It cae also inferred from (Figure 2) that there is aticmous
decrease in the water infiltration rate with insieg sand fraction from (0.05-1 to 0.5-2) mm uncauoipd
and compacted, this may be due to the continuowgease in pore spaces and uniformity increasé tota
porosity in fines and fraction size. The best eatd infiltration rate as minimum level was (5.6 tw) at
the sand fraction (0.05-1) mm of uncompacted soil.

It can be observed from (Figure 3) that théewanfiltration rate in uncompactesbil ranged from a (7.20
to 6.20) cm ht from (6.20 to 5.20) cm Hand from (5.60 to 4.60) cm hat depths of water irrigations 14,
18 and 22 mm, respectively. On the other handai noticed that the water infiltration rate in catied
soil ranged fron(6.50 to 3.40) cm.F, from (5.50 to 2.50) cm Hand from (4.30 to 2.30) cm hiat depths
of water irrigations 14, 18 and 22 mm, respectivélge depth of irrigation water 14 mm treatment bad
(22.2 and 25.8%) higher infiltration rate than thepth of irrigation water 22 mm treatment underdsan
fraction (0.05-1) mm in un compacted and compasteld, respectively.

Agrawalet al, (1987) [13] observed that a slight increasesdmpaction increased the soil moisture
retention and reduced the infiltration rate; thigynibe due to the filling of voids between the spadicles
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with soil particles. Therefore this sand proportienconsidered as a threshold value. However, duarth
increase in sand proportion beyond the threshdleevaaused an increase in the value of infiltrateme and
the total porosity as in treatment (0.05-1) mmtHis study, infiltration rate decreased signifidarwith
increasing irrigation depth in both uncompacted aochpacted as shown in (Figure 3).Infiltration rate
three sand fractions when water depletion (14 mag more than (18 mm and 22 mriihe mean value of
infiltration rate of the mixture presented in (Figu3) show that the general trend is the decreaising
infiltration with increasing in the volume of addedter. The results of the experiment were in agees
with the earlier findings by [14] which reportedattihe rate of entry of water was greatest whersdlilevas
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dry at start of watering, but it decreased asapsdil becomes saturated.
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Figure-3: Replotting of infiltration rate as inflneed by sand fraction and compaction in studidgation depths.

Relationship between the bulk density and the faation:

The results presented in (Figure 4) representedetlationship between the bulk density and irrigiati
depth at different sand fractions under two casespmpacted and compacted, the changes in bulktglens
were found from smaller to larger values. Incregsimbulk density were observed through the chamdes
sand fraction from fine to medium and coarse sawith different irrigation depths and at both statés
uncompacted and compacted. When the sand partittesased in size and depth of irrigation water
increased, the bulk density was increased at thditton of uncompacted and similarsults were recorded
for compacted soil due to the smaller particles of sand caused feweamro pores in the root zone. This was
consistent with the findings of [15] when they repd that values of bulk density of soil increasdth
increasing level of compaction by 8 and 10 tondapin machinery. In the study by [11] observed that
compaction caused by seedbed preparation traffieased the bulk density to a depth of at leastr80
Also, it appear from (Figure 4) that the maximunueaof bulk density was at the sand fraction (0Q.%r2n
under all irrigation depth treatments in uncompa@ed compacted. The results also revealed thatatlne
of bulk density was ranged from (1.55 to1.59) Mg, mompared to their values in sand fraction (0.p&&
and (0.05-1) mm which were (1.44 t01.47) Mg end (1.4 to1.42) Mg thin uncompacted, respectively.
These results also agreed with the findings of [Mieket al, 1992) they reported an increase in soil bulk
density from (1.67 to 1.92) Mg Pat moisture contents near field capacifjhe results also indicated that
the lowest value of bulk density was 1.4 Mg onder the irrigation depth (14 mm) where the Beited by
sand fraction (0.05-1) mm compared to bulk dengitlpes of soil treatments by sand fraction (0.0&nd
0.5-2) mm, giving (1.44 Mg ) and (1.55 Mg i) uncompacted soil, respectively. The sand fractb5-

2) mm treatment had a (7.64% and 10.71%) highd¢ @ehsity than the (0.05-2 and 0.05-1) mm under the
irrigation depth 14 mm respectively uncompacted emapacted the results of bulk density were (146 a
1.58) Mg n’, respectively, the reason for the significant gfeaim the values of bulk density may be due to
particle size of sand and water content, the belksity increased with increasing soil water contante
than that of increased in compacted soil. Thesalteewere in agreement those documented by [17hwhe
noticed that sand significantly affected bulk dgnsivith mixture composed of the finer sand packiag
higher bulk densities than those composed of tlaeseo sand. Similar results were reported by [1&kiwv
found an increases in soil bulk density for trackedr row areas of a controlled traffic area.
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(B) Sand fraction 0.05-2 mm
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Figure-4: Bulk density as influenced by irrigatidepth and compaction of studied sand fractions.

Relationship between infiltration rate and bulk density:

As shown in figure (5a), before compactiorerghwas a fair correlation {R 0.4) between bulk density
and infiltration rate for the three sand fracti@rd three irrigation depth of water, but there wastrong
correlation (R =0.8) after compaction (Figure 5b), this May bkated that there is no uniformity in pore
size distribution and pore spaces, these resuéisiraragreement with that found by [19] when they
demonstrated that sand characteristics had an tropauixture properties after compaction of fieldtp.

These slow infiltration rates resulting from thgthibulk densities will make irrigation difficult @ soil
bulk density of (1.59 Mg ). The long irrigation times will cause problemdhwiurf grass that are sensitive
to water logging and would require the applicabrsmall amounts of irrigation water at frequertemals.
Also, it was indicated by [17] that the bulk depsdind water infiltration rates of coarseness saatigbes
were more important than the differences in uniftyrof the particle fractions of sands. As measuogd
uniformity coefficient (do/dio), the finer sand was more uniform. Also [20] foutkdht plant roots are
important in regard to water flow through the sdlilen the plants were actually growing; they foumat the
infiltration rate was reduced because root growtithked the channels. Later, when the roots decayed,
channels were open for water flow. In this studyjrcrease in bulk density from (1.59 to 1.64 M{)rthe
infiltration rate measured in the field decreasgd86.96%). Similar results were found by [13] and soil.
Turf cover, compaction and thatch all decreasesdils' intake rate, compaction during constructorven
by the traffic during playing.
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Figure -5: Relationship between bulk density arfitiation rate ofstudied sand fractions anat all studied
irrigation depths in both uncompacted and compasodd (**) high significant

Relationship between compaction and dry mattedyiel

Dry matter yields of Bermuda gragsyinodon dactylgnfor the period of two weeks before compaction
and two weeks after compaction shown in table i2appear that the, dry matter yield decreased with
compaction in all sand fractions and at all studledths of water irrigation. Dry matter yield wasctkased
with compaction from (1.96 to 1.83) %, (1.56 to5).46 and (1.66 to 1.56) % in sand fraction (0.05-1)
(0.05-2) and (0.5-2) mm respectively. Also from thble (2) the effects of size sand texture onrdagter
yield was observed in which decreased from fineds@ncoarse sand texture that was ranged from the
maximum 1.96 at (0.05-1) to the minimum 1.56% &b5-® mm, except in the medium sand, with textdre o
(0.05-2) the minimum value of dry matter yield wia§1%. Statistical analyses have shown that tie d
matter yield was high significantly (F: p < 0.05feated by sand fraction (0.05-2) before compaction
compared with that after compaction, on contrary thatter yield was not significantly (F: p < 0.05)
affected by sand fraction (0.05-1) and (0.5-2)hi@ $ame conditions after compaction. these agrébadive
results obtained by [21] which they found no digant yield decrease due to compaction in fieltijlev
compaction caused decreased yields in fields with ¢uts on peat soils. Also Statistical analysageh
shown that the dry matter yield was high signifibaF: p < 0.05) among the sand fraction and atign
water depth. [Table (2)]

Table -2: Data of dry matter yield of turf grassthree sand fractions and three irrigation deptforieeand after
compaction.

Treatments dry matter (g Ppt

Sand fraction Irrigation water depth Before compaction After compaugtio
mm _mm __g ot g pot
(0.5-2) 14 1.5 1.28

18 1.591 1.23k

22 1.45 1.171
(0.05-2) 14 1.66 1.5

18 1.61 1.51h

22 1.5% 1.46i
(0.05-1) 14 1.98 1.4

18 1.99 1.85b

22 1.88 1.78c
Conclusions:

The infiltration rate and bulk density werdeated by each of sand fractions, irrigation deatid
interaction between them. The soil can be mixedh wind fraction (0.05-1) mm to increase the value o
infiltration rate and increase the resistance togaction, in the same time increase of dry matitr good
health.

Recommendations:

The best recommendations that can be difawwn the results of this research is that the shape of sand
that has been used was fragmented and sharp atlgedecessary to make more investigation on round
sand, as it is more available in the south of leag to seét will gives similar results. Also the soil in this
experiment was silty clay but it is negcessary to obtain the same results using the soil texture.
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