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Study on the Application of Wind Resistant Grass
Species in Estuary Sand Drift Area

Abstract

In southern Taiwan, it is dry in winter and the riverbeds are often
exposed. Strong northeast monsoon frequently cause serious sand drift,
which not only reduces air quality but also threats the health of surrounding
residents. Thus, this study is aimed at investigating the growth performance
of wild sugracane (Saccharum spontaneum), Taiwan giantreed (Arundo
formosana) and common reed (Phragmite australis) through field planting
and nursery planting, analyzing the anti-wind erosion ability of these three
grass species utilizing wind tunnel test, and evaluating plant pull-out ability
and root-containing soil shear strength using root biomechanical test.

Results of this study show that Saccharum spontaneum has the best
height growth performance, followed by Phragmite australis, and Arundo
formosana is the last. Results of wind tunnel test demonstrate that the test
grass species have significant reduction in wind erosion as the plant
coverage reaches 20%. It can reduce the amount of sand drift by 50%.
Furthermore, at low wind speed (6.3 m/s) and high plant coverage (60%),
Arundo formosana has the better anti-wind erosion ability than the other
species. However, at high wind speed (10.8 m/s) and low plant coverage
(20-40%), Saccharum spontaneum and Phragmite australis have better
anti-wind erosion ability than Arundo formosana. Saccharum spontaneum
has more profuse root system, which can provide stronger soil

reinforcement strength. The soil shear strength increment of Saccharum



spontaneum is 1.85 times that of Phragmite australis and 8.24 times that
of Arundo formosana.

Taken together, the results of this research reveal that the three grass
species have excellent anti-wind erosion ability, which varies with wind
speeds and plant coverages. Since Saccharum spontaneum and Phragmite
australis have better shear strength and plant pull-out ability than that of
Arundo formosana, they can be selected for stabilizing fragile river bank
slope. On the other hand, it is easy to propagate Arundo formosana with
cutting technique and the seedling survival rate is high. Thus, planting of
Arundo formosana can reduce the cost of vegetation management.
Furthermore, in coastal areas, Phragmite australis with better salt tolerance
can be used as planting species in order to improve the effectiveness of
sand drift control.

Keyword: Saccharum spontaneum, Arundo formosana, Phragmite

australis, anti-wind erosion ability, root mechanics, sand drift.
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Displacement transducer

Shear box
Load cell
Screw

Constant shear speed
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Constant speed pullout unit

Steel tripod

Load cell

(connected to loading
recorder, control unit
and laptop)

Steel cable

Steel clamp
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- 150 cm 150 cm 150 cm
/
160 ¢cm 160 cm 160 cm
= 3 N .
1+ AR 3

W 4-15 = $482 19 % & % 2 3
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B P B R BB Y

2 46 EBES - ARIEZ EFVREFERZARIERVR

AR TR Y EF p
#% H(cm) 83.75+4.81°¢ 375.83+£16.91* 177.92+13.14° 0.000%**
2 /% Spa(mm) 6.234+0.26° 11.914+0.322 6.84+0.55" 0.000%**
a3 Liy(ecm) 93.3348.07° 125.17+4.63% 113.884+7.392 0.008%**
akiEi Ry(cm®) 343.75+46.82° 1085.42483.52° 400.83+72.38° 0.000%**
BB L e
0.0740.01° 0.4340.04* 0.06+0.01° 0.000%**
Sw(kg)
124 F & Ro(kg) 0.08+0.016° 0.2240.022 0.04+0.01° 0.000%**
%13 E£ Ru(em) 3190.974+453.93¢2 3931.614+365.19* 2233.744283.61° 0.011*
RES
2973.474466.77° 5276.63+442.112 1995.134241.06° 0.000%***
RsA(Cl‘IlZ)
19 = % Tips 1421.424240.01* 1813.75+156.682 1226.33+212.612 0.137
REETAR
1.53+0.29° 4.0240.43* 0.6740.12° 0.000%***
RD(kg/m?)
f1E %A
0.59+0.08* 0.734+0.072 0.4140.05° 0.011*
RLD(km/m?)
= 3#« 2R
0.234+0.02* 0.240.01° 0.09+0.01° 0.000%**
RTD(g/cm?)
1t £ SRL(m/g) 0.54£0.122 0.2140.03° 0.85+0.16* 0.002**
WG AR
0.0047£0.001° 0.002740.00° 0.0049+0.001% 0.002**
SRA(m%/g)

N SR A= S

24 EELBE (P<0.05)
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. -3 PN k21 2,
X 5% 2t

% 4—73..“!?7}@1%.;‘ ﬁi??ﬁﬁ!#ﬂﬁﬁ“‘i&ﬁ
o i
i3 LR B ANOVA(F)
(%)
Ocm 0.00793+0.0062*  0.00143+0.00045*  0.00154+0.00021? 1.077
10cm 0.01268+0.008542  0.00033x0.00011¢  0.00168+0.00038" 1.883
20cm 0.00134+0.00015*  0.00014+0.00004°  0.002040.00049° 10.507%**
30cm 0.00092+0.00011*  0.00007+0.00002°  0.00193£0.00048? 10.588%**
40cm 0.00079+0.00011*  0.00005+0.00002°  0.00153+0.00029* 16.613%**
50cm 0.00070+0.00016*  0.0000420.00002°  0.00130:£0.00030? 10.706%**
60cm 0.00034+0.00010°  0.00002:£0.00001¢  0.00050+0.00020°b¢ 3.583%
70cm 0.00015+0.00006*  0.00001+0.00001°>  0.00010+0.00005 2517
80cm 0.00008+0.00003*  0.00001+0.00000°  0.00009+0.00005 2.042
90cm 0.00003+0.00001*  0.00000+0.00000>  0.00002+0.000012 3.040
100cm 0.00001+0.00001*  0.00000£0.00000°  0.00001+0.00000° 0.846
110cm 0.00000+0.00000°  0.000000.00000®  0.000010.00001? 1.052
120cm 0.00000+£0.00000*  0.00000£0.00000°  0.00000+0.00000° 2378
130cm 0.00000+0.00000°  0.00000:0.00000®  0.00000::0.00000? 2.282
140cm 0.00000+0.00000°  0.000000.00000*  0.00000::0.00000? 1.488
Mt RscEsF* 3k EFBEFLE (P<.05)
0.014
0.012
< 0.01
S
S
i 0.008
o
< 0.006
S
@)
@ 0.004
0.002
0 — ey
120 140
Depth (cm)
%
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B WP BRI BEEL Y

N

% 482X LI ERREELZHM G
R i+ THELY B¥ ANOVA(F)
Ocm 358.667+£66.099 101.000+13.305° 56.000+£7.088¢ 17.408%**
10cm 435.250+62.2192 61.500+10.172°0 41.167+8.328° 36.523%**
20cm 366.583+43.174* 46.833+4.701° 51.500+11.204° 50.092%**
30cm 238.167+32.0562 40.583+5.765 45.417+8.264° 33.751%**
40cm 250.833+42.9722 31.750+4.760° 48.667+9.121° 22.832%**
50cm 188.083+38.467° 34.333+18.056° 37.58346.966° 12.485%%*
60cm 112.250+21.400* 21.500+10.863° 35.000+6.615° 11.607***
70cm 57.417+£15.4962 14.583+7.533b 16.417+3.787° 5.654%*%
80cm 29.250+8.5332 9.833+6.218" 9.583+£2.971° 3.175
90cm 15.583+5.7112 6.583+4.052* 6.833+1.817* 1.506
100cm 6.167+£3.2092 1.667£1.0182 3.500+1.1182 1.221
110cm 2.917£2.0022 1.583+1.583? 2.833+0.928% 0.227
120cm 1.417+1.4172 0.250+0.250 1.333+0.482* 0.552
130cm 0.000£0.0002 0.583+0.583? 0.833+0.458? 0.998
140cm 0.0000.000° 0.000+0.000° 0.250+0.131* 3.667*
Mt RscESF* 3R B BEFLE (P<.05)
500
450 | A
—o— L H
400 e HF
350
% 300
2 250
é 200
150
100 ¢
A [CY
50 A"".A..a.é“.ué.:..'3..:"“"38'_--.
0 - - [ .
0 20 40 60 80 100 120
Depth (cm)
%

W 4172542 £ EFRENEEZLNY
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rE BEENH

?JE’E?ﬁ&%ﬁﬁ¥&%’ibjL%ﬂl@b;?ﬁi’i
¥9% 081x0.13kN > £ % 2 £+ > T35 0424005 kN » 4% 2 %
|0 T35 0.2840.024 kKN > 5 ¢ ANOVA 4 47 # 5o@i {33 fojf F o
AT P agEFLR LEed PR LRI Lk RT 4 %y
WEFLE T AREe R AT R S ENF LR (R
4-9) o % i Excel %1 4 %2 B F WS RT 4 d sz v P gg
AR F b AT EREBETAF AR 2 EARI B
T (] 4-18) -

REFT LRI EDRTRR Ao hd Pl ot BRTHRZ

B aP PRIRL AL Aokt 2w iF F ERFE AN 5 4l

ﬂ%ﬁﬁﬂFﬁiﬁ}iﬁiﬂ@*%ﬁﬁﬁlkiéJj%&%
Hyd 9 22 3 (B 4-19) »

Brdox T 4 SR E @7 5 R H £ (B 4-20)0 55 ANOVA »
MZFT R HFLE > MAEARIPRTBAHE S B~ 0 5
13.85+1.39kPa> jf ¥ 7.47+1.73kPa 5 = 22| 5 & % 7 1.68+0.42
kPa > % i Mohr-Coulomb g3 # | ? cr = ¢ + At + gtang » # 1
AETHREN BRI AT PR W2 g R HkiE

MAFGRAIE AL UPRIETF S ARSI #8504
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B3P r BRI BT H2 Ay

0 2.5357kPa ~ #1133 15.164 kPa ~ j§ ¥6.5248kPa frik 1 2.2874
kPa ' H 2% M7 S BRI NTVRF I RepT RAE > H W
R fEe > U ¥ ko £ 55 o
2A9Z X MIR 2B ARY S RV RRLHER L KR
B 30cmieisF 2 kim

FHED A+ EF AR F
NN s
0.4240.05° 1.26+0.12 0.81+0.13? 0.28+0.024° 24.871%%*
(kN)
TR REHE
1.68+0.42¢ 13.85+£1.392 7.47+1.73b - 21.922%%*
(kPa)
30cm # & 2
0.00007+0.00002° 0.00092+0.0011*  0.00192+0.00048? - 10.593%**
o i (%)
30cm # & 2
40.583+5.76° 238.17+32.062 45.417+8.2641° - 40.878***
g
c(kPa) 2.5357 15.164 6.5248 2.2874 -
P(°) 29.8342 21.7223 37.2021 13.8852 -

i RsciEsF* k0 B3 BFALE (P<0.05)

2 r

% 4 & (KN)

Bl 418 ¥ T4 G B2 MG
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(kPa)

E

a5 R B

)

o

A4 A % y=05735x+ 2.5357 R2=0.9458 F=51.950"*

o5 | A9 ¥y =0.3984x + 15.164 R2= 0.19 F=0.703
O ¥  y=07591x + 6.5248 R2=0.6774 F=6.302
| 2. y = 0.2472x + 2.2874 R2=0.9736 F=112.986**
i A
20 X
A
§15
= . o
ﬂ Y S
5 O oeeeeeet™
’F;R .................
ig’ 10 | O ..................
........................ .
Geeetttt . B -
5 | - B
5&_—"”_’5.___— — _ﬁ ....... -—  —
0 , . | | |
0 2 4 154 (kPa) 6 8 0

Bl 410 = ¥ emd %4d pisd BRTER2LMG
16.000

14.000 r

12.000 r
10.000 F
8.000
6.000 r
4.000
2.000 r i
0.000
LHED
mE AR

4
m\ﬂ

W 420=5@RFnpangr 18
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B WP BRI BEEL Y

D R4 gfE R bRk 2 BT

%18 SPSS H ANOVA ~ 47 5 Bgom £ L # ~ AR+ foff ¥ =
B FYFREFLE AN LS P4 14425203511 kN>
EF b x b fid t2 5 0359240.0679 kN » £ # 5+ fed i 4
0.2783+0.0707 kN %] (% 4-10 2 B 4-21) -

B i Ja 4 TR RGN 4 0 Rk R
FoAd P AP kA IEE T o ik R E S A )
ol AR AAR MR Rk < P SR PR LT
AT ERET AL O RSP A Ew L kg A
B (F 4-11) #1313 b s 04 RN EfrRE B R TR 49 M
(% 4-12) L5 B EAPM (B 4-22 2 B 4-23) B~ Pt &
REFeE P2 F T ERIPM(Z 4-13) T FPME (B
4-24 2§ 4-25)0 Bl 4-22-F] 4-25 5 &2 X AEY AR B A F M TS
BRHGRA 2w T R L AR

2 410 = X482 &+ P4

ALY #fes i
F.4 Pi(kN) 0.278310.0707° 1.442540.3511° 0.3592+0.0679°

ik rl#ciEis 32 Ak 0 £ BEELE (P<0.05)
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PHIA (KN)

Fr g Bk

=4 (mm)

1\.
g

W 4-21 = A fa PRI EHEH
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Bt 3ter BE R BT fE2 7T

2 ALl ERFAEFIBREP RIS 2l Led

Pr H Shd Ly Ry Sh Ro Re Rsa Tips RD RLD RTD SRL SRA
Pr 1
H 0.539 1
Shad 0.165 0.466 1
Lir 0.53 0.148 0.03 1
Rv 0.407 0.49 0.278 0.404 1
Sh 0.542 0.727%* 0.039 0.266 0.824%* 1
Ro 0.518 0.605* 0.161 0.269 0.925%* 0.917** 1
RL 0.574 0.36 0.03 0.505 0.586%* 0.625% 0.754** 1
Rsa 0.52 0.369 0.056 0.174 0.749%%* 0.738%%* 0.879%* 0.82%* 1
Tips 0.523 0.473 -0.024  0.6* 0.498 0.604* 0.598* 0.81%* 0.504 1
RD 0.518 0.605* 0.161 0.369 0.925%%* 0.917** 1*%* 0.754%%* 0.879%* 0.598* 1
RLD 0.574 0.361 0.031 0.505 0.586* 0.625%* 0.754%%* [** 0.82%* 0.81** 0.754%%* 1
RTD 0.472 0.677* 0.002 0.151 0.397 0.696* 0.675* 0.499 0.553 0.363 0.676* 0.5 1
SRL -0.274 -0.408 0.062 -0.375 -0.631* -0.659* -0.617* -0.112 -0.289 -0.163 -0.617* -0.113 -0.585* 1
SRA -0.292  -0.456 0.031 -0.547 -0.573 -0.604* -0.557 -0.13 -0.159 -0.266 -0.557 -0.13 -0.56 0.948** 1
Pud 4  Hilt® 5 Sear2A /2 5 L 1 49E 5 ReiTAE 5 Soidt 13824 H 8 5 RefRiz & S RUBAHTE S Roaf?2 6 ff 5 Tips:i?2 #c s RDRFE % A - RLD:ATE B

B RTD:AR 3% A& 5 SRLW" 3 & 5 SRAN 134 ff -
'Pearson 48 B A 47 > 7 FEF THEEE M B8(@) > FESFEKER LS SEFAAMEEREF RE > 3 F &S5BS 47 F AR EFE(*p<0.05; **p<0.01) -
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APEPETES S E AR T RS RIE) e

3
=
Hels

N gy 2> 1 =A
FEEHH

Pr H Shd Lo Ry Sb Re Re Rsa Tips RD RLD RTD SRL SRA
Pr 1
H 0.087 1
Shd 0.105 -0.241 |
Lt -0.067 -0.673* 0.081 1
Rv 0.306 -0.203 -0.166 0.77%* 1
Sp 0.444 -0.019 0.027 0.345 0.618* 1
Ro 0.185 0.285 -0.11 0.419 0.692%* 0.524 1
Re 0.694* 0.008 0.25 -0.074 0.049 0.135 0.028 1
Rsa 0.402 -0.344 0.359 0.367 0.378 0.512 0.072 0.642%* 1
Tips 0.478 0.064 0.229 -0.135 -0.19 -0.244 -0.06 0.832%%* 0.273 1
RD 0.185 0.285 -0.11 0.419 0.692%* 0.524 [** 0.028 0.072 -0.06 1
RLD 0.694* 0.009 0.25 -0.074 0.049 0.135 0.028 1** 0.642* 0.832%** 0.028 1
RTD -0.094 0.581* 0.064 -0.127 0.014 0.072 0.715%* -0.012 -0.233 0.1 0.715%* -0.012 1
SRL 0.279 -0.217 0.183 -0.366 -0.531 -0.368 -0.713*%*  0.627* 0.228 0.635* -0.713**  0.627* -0.498 1
SRA 0.143 -0.463 0.25 -0.101 -0.314 -0.132 -0.744*%*  0.486 0.562 0.313 -0.744%*  0.487 -0.731%*  0.827** 1
Pud 4  Hil® 5 Seai2h /2 5 L 1 49E 5 Rei9AE 5 Soidt 13824 H 8 S Refiz & S RUBAHTE S Roaf¥2 6 ff 5 Tips:i92 8 RDRFE % A - RLD:ATE

B 5 RTD:A% @ s % & 5 SRLY 13K 5 SRA 425 f -
'Pearson Ap B A 47 > 4 b FBE TH EBCE S APM Gl FATIRE A LS RET ML T LE S 2 F &SRS A7 AR F 12(¥p<0.05; **p<0.01)
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Bt 3ter BE R BT fE2 7T

2 A3 EFEFIERERAIRS 2 a1

Pr H Shd Lo Ry Sh Ro RL Rsa Tips RD RLD RTD SRL SRA
Pr 1
H 0.534 1
Shd 0.317 0.863** 1
Lir 0.537 -0.063 -0.256 1
Rv 0.63* 0.41 0.096 0.462 1
Sh 0.769** 0.695%* 0.505 0.314 0.698* 1
Ro 0.537 0.393 0.077 0.382 0.963** 0.643%* 1
RL 0.33 -0.138 -0.245 0.491 0.298 -0.095 0.319 1
Rsa 0.279 -0.012 -0.165 0.228 0.248 -0.078 0.304 0.849%* 1
Tips 0.278 -0.113 -0.275 0.461 0.484 0.05 0.483 0.881** 0.638* 1
RD 0.537 0.393 0.078 0.382 0.963** 0.643* 1** 0.319 0.303 0.483 1
RLD 0.33 -0.138 -0.244 0.491 0.298 -0.095 0.319 1*%* 0.849%* 0.881%%* 0.319 1
RTD -0.247 0.052 0.093 -0.289 -0.2 -0.299 0.042 0.187 0.31 0.002 0.042 0.187 1
SRL -0.358 -0.427 -0.297 -0.102 -0.703* -0.728**  -0.721**  0.109 -0.055 -0.033 -0.721**  0.108 0.165 1
SRA -0.431 -0.411 -0.263 -0.304 -0.838*%*  -0.768**  -0.844** (.01 0.057 -0.215 -0.844**  0.009 0.19 0.909** 1
Pud 4  Hilt® 5 Sear2A /2 5 L 1 49E 5 ReiTAE 5 Soidt 13824 H 8 5 RefRiz & S RUBAHTE S Roaf?2 6 ff 5 Tips:i?2 #c s RDRFE % A - RLD:ATE B

B RTD:AR 3% A& 5 SRLW" 3 & 5 SRAN 134 ff -

'Pearson 48 B A 47 > 7 FEF THEEE M B8(@) > FESFEKER LS SEFAAMEEREF RE > 3 F &S5BS 47 F AR EFE(*p<0.05; **p<0.01) -
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Fr g Bk
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[
0 1000 2000 3000 4000 5000 6000 7000
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25 r
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° o ..o
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o L °
........... )
1 r (]
[
05 r
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B PR RIRAL B2 T

09 r

08 Pr=0.0006Rv + 0.1224

03 | -

02 r '—” )

0 1 1 1 1 1 1 1 1 J
0 100 200 300 400 500 600 700 800 900

A A (cm?)

W 424 FF WA PARFS 22 FH 5

09 r
08 Pr=28.168x - 0.1438
0.7
06
05

04 | L

Pk (KN)

03 t
02 t g

01 r

0 L L L L L ]
0 0.02 0.04 0.06 0.08 0.1 0.12

B 1303 R (ko)

W 425 FFF 2P ERPRIS 2R MR
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ERA & RE L F S

AP W REE T 245 7 K
P AR P RS . 3

*\m:p,
I -
.
F_&
: >
Z.
2
>
&
—
N
[
=
Y

BMEE RAZFXARETHEFLAR &
AR MR I 0 I . S NS, S U )

L

TREFELR(E 414

AR CEBREAEF 2 E RS frREL R FA T
JTH 4o m b (] 4-26~ B 4-27 2§ 4-28)>

\

&d SPSS & 47 {8 ¥ 3% = ifw Eﬁ}‘k’ Fiesr 23 8% /T“k??
NELEYER &2 AN OCRENA070-076 F > HEF RGRE
WA o AT ERPA e REF IR B -

ARG AR EAPLF IR R RS REN RER {4
BeAp b o P R SEAVIE R Sem T OE (] 4-29 ~ ] 4-30 &2 [ 4-31)
G SPSS AT M TRz WS L FIEY 5 FE L3
L@y B &2 AN RIEN A 050057 fF - 2
A HAR A oS BRI dpdEAp -

PR AR F 2P N BN B 5 f 3 i
BN TRl g SOV W A B S 2Z ARSV (] 4-32~ ] 4-33 -
4-34)> '5d SPSS A1l B S HEWFNZ FEY L HFD
»‘jl-‘ﬁ,q\;é‘.ﬂ’_f EREZ AN ORENAE 044061 FF > HEVY B
AR o AT P REEPNRERF IR JpaAp B o

HRF AR ATEF 2PN B RPE R LR A
BE o dide BOCH N TR B0 4o @ SR (W] 4-35~ ] 4-36 2 B 4-37)
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B WP BRI BEEL Y

0 SPSSAHTis > BEEZHEWFNALFEY LTI 4 R
SEEPERFZZ BN ORENAE0S) 24 0 L¢P BfEEN 4

2T N BB VLR TIRAUL B AP L TR R P R AR
PARB AP RS 2R -
% 4-14=Xf82 R4 F35%

e LREY i F
12 /Z D (mm) 0.924+0.018° 0.813+0.020°¢ 2.080+0.105* 126.010%**

# =~ i #ic B, (MPa)  619.414+30.604°  438.335£41.653°  169.838+13.83%  64.487%***
H 144 (N) 17.087+0.389° 11.698+0.381¢ 32.329+2.897° 36.149%**
it s & Ts (MPa)  325.060+10.767*  260.171+9.983° 121.987+46.121¢  117.738***
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Maximum tensile resistance force (T;) (N)

T;=17.611D11%376 R2= 0.7061 F=1289.913***
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oo O O@OO@)@

20 + 0o
@O 000
a o o
10
0 1 1 1 1 ]
0 0.5 1 15 2 2.5
Root diameter (D) (mm)
W 4-26 I REREFERAP I M2 i iFd &R
30 T, = 14.043D12238 R2= 07181 F=593.552%**
z
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3 o0 @ o oo
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e
£
% 5 L
=
O 1 1 1 J
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B PR RIRAL B2 T

>0 T, = 8.8643D12563 R2= 0,7649 F=1200.217%**

50

S

00 r
350
300
250
200
150
100

Maximum tensile resistance force (T;) (N)

al
o

(@)

0 2 4 6 8 10 12 14
Root diameter (D) (mm)

W 428 EFREREFE R 2 M G2 fu e R
2500

o T, = 224.23D0862 R2= 0.5799 F=741.387***
2000 | o

[EEN

a1

o

o
T

1000
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B 429N NRELERAPRRIM G2 i jFd &
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Tensil strength (T,) (MPa)

Tensil strength (T,) (MPa)

Fr g Bk

1400

1200
T,=178.8D0776 R2= 0.5061 F=238.724***

[N

o

o

o
T

800

600 r

400 r

200

Root diameter (D) (mm)

W 4-30 4 AEAREXTRALGRZMHZ Hi v &
1200

1000 jo T, = 112.86D% 714 R2=0.5004 F=369.555***
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o

o
T

600

400

200
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WAL EFNREAZINAPRRZMGZ HujFd R
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B PR RIRAL B2 T

10000
9000 r o
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W A-32HRNFREFIRGUHHBLM G2 RBFS R
7000

E, = 177.75D14% R2=0.7056 F=558.464***

Young's modulus (E,) (MPa)

Root diameter (D) (mm)

W 4334 BFARESERPELMBE Lafrd
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[EEN
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Young's modulus (E,) (MPa)

500

Fr g Bk

E, = 138.58D0% R2= 0.6145 F=588.312***
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W 43 EFREFINGHELB R ARFy R
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PR L IR E ) W A Sl

7000

E, = 2.9911T, - 33987 R2= 0.5139 F=246.370***
6000 r .
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