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The photosynthetic characteristic and soil moisture thresholds of four
kinds of turf-grass under the condition of roof greening

SONG Yufer LI Haimei ™" SUN Xiaodan GUO Xiao ZHOU You
( College of Landscape Architecture and Forestry, Qingdao Agriculture University, Qingdao, 266109, China)

Abstract ; Four types of turf-grass Festuca elata . Lolium perenne ,Cynodon dactylon .Zoysia sinica
were selected as the test materials to measure the light response process of photosynthetic
physiological parameters under different soil water content conditions using the small
evapotranspiration . instrument and portable photosynthetic measurement system in the roof
environment. The result showed that the photosynthesis rate and water use efficiency of warm-season
turf-grass were both higher than the cool-season turf-grass. The optimal soil moisture thresholds of the
four turf-grass under the condition of roof were as follows:; Festuca elata was 71.50%—87.50% ,
Lolium perenne was 59.70%—70.30% , Cynodon dactylon was 56.00%—82.60% , and Zoysia sinica
71.50%—89.00%. Suitable irrigation scheme was made as follow: in the growing season, Lolium
perenne and Festuca elata which were cool-season turf-grass need supplementary irrigation 33 times
and 37 times respectively and 19.29 mm and 16.64 mm each time; two warm-season turf-grass—
Cynodon dactylon and Zoysia sinica need supplementary irrigation 25 times and 27 times respectively

and 20.75 mm and 18.20 mm each time. The study is expected to provide reference basis for the

2017 4F 1 A 17 H IS (Received ; January 17, 2017).
* IR HAEH: 4 (BS2012NY005) , WFFTAE BIHT AL T0 ( 760-1425 ) Rl & iR R T H (13-1-4-165-jch) BBl
Supported by Youth Fund of Shandong Province ( BS2012NY005) , Postgraduate Technology Innovation Project ( 760-1425) and Qingdao
Technology Bureau Project( 13-1-4-165-jch).
w x INBR R A, Tel : 13553079024 , E-mail ; lihaimei75@ 163.com
Corresponding author, Tel:13553079024 , E-mail ; lihaimei75@ 163.com



2070 B2 5% 1k 2 36 &

water saving irrigation of turf-grass and quantitative management of water resources in the future.

Keywords: roof greening, turf-grass, water stress, photosynthetic characteristic, soil moisture

thresholds.
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WK AN G RE AR PSR o R T PR S R R I e A AR R I R K 43 7 B SO+ 43 SRk 1
IR 53 T3 R B A ATRERT , A A 1 D 5 TR AR AR BE /0N 5 M e ) BE R S hn ey, ok 20 20 40 i ] K 34
LT R, G E HR AT UG R FERRAIR. RIS A 2735 58 R K o S AE ) 2805 3 R Z (A C R A, X +
BT K B I R B 25 I AR A X N Y ZE I R R B M W AR B LE W SRR E IR T R R
TP B & = 20 A N O 1 7 B N 1 15 8 22 1 DO B A e 57 o (A i i NP B
FEZ A K E R

FE 7K 53 ) FH AR A 1) 2 A e RS Sy K ot Js 7 A i TRl AR B )t & S b S B 1 A 400 T A
KGR Z R SC AR, S I WA ) A 4 0 e P 0 o A B A B3R AR R R T R
) 07K 53 I RCR I AR AE K 53 30 R B i i, T 2 7 36 P A 7K 43 i3 S 1Bl P, 24 S AL 5 B B /N, T
(ZEWBHAR) 5 Pn(OGA B3 ) R, 0 i T 28 48 MK 23 i i SOy o4 R S BUS% T 19 R R
R T P BN M EE , BT LAGE BE 7K 43 78R S TR R T A A /K 0 R AR A IR A i 5
Kt ETE R A SR T, HOG A 3R 28 R AL BE KoK o3 R RCRAE K 43 a1 3 A4k 23
HR IR K 3 3 (75%—85% FC) > H FE /K 43 W38 (65%—T75% FC.) > i 7K 53 W3 ( 50%—60%
FC) (FC. HIa1FEK &) AT DIE AP ZE I FEK DL A A B AR 5 oK A B VI C R,
TEIE 21 K N ARG A A BRI s dm A, 1 AS [R) RS 90 b 2 ) fii 36K 43 BUE AN TR, anak
LR A5 VR e B B RO B AR BB R £ K IR 33.8%—T1.7% , BX B AE O BRI AN
2 KR 4K 43 BIE N 557 % —86.2%.
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1 #BS 7 ( Materials and methods)
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BRI EHEK , 50 18 . R R g, E R, BB el & IR, A i T4, R
g 24 80 T R TR Y 25 XS A AR 24 H IR I8 2550.7 b ARSI 12.4 °C, EFEW N 203 d.AEFE/K 2 700 mm
AT AEZE R A 1612.0 mm Z2 A7 AHXRNRE R 73% , KGH R 3.4 m-s™".
1.2 s

IRIABHERE 4 PRI REPE R Hrp 2 FpR 2R B RBE R (5 3E 5P (Festuca elata ) FIAZZ HE ( Lolium
perenne) ,2 FE 2 ELBERE ) 4R ( Cynodon dactylon) FIHRAELE R L ( Zoysia sinica) R FZEARFIAELE &
J& TR 9 7 1A TR0, 43 4 SRR/ N BN /NX A S m, B8 3 m, PR IR T4 121 ERBR A Y e+
FE I A+ AEFHUA% R PIAE 30.0 em, 51 25.0 em (JRHBAT B/KFL) , AAP B S R 4E A 9 .8 BRI m I &
3 A e B AR R 4 F R Rl PR PR AR ] -4 TR 0.52 grem ™,
1.3 gk

(1) 5K R 3RS

8 KR R B T HINAS PR YRR IE - K AR B Ak [ SR FE LS N AR 0 5 vk 3R A
FERIII T 1 d YK, i 3K 3o Fn, 752 H [RIRE K & (FC) 24 51.19% , 1 A3 00 BET W) +- 4%
KRR AR (R P BRI E 1Rk RO (E, DU B[] R 8.00,14:00,18:00) ;1 d7/5 4R1555 — 14~
IKRREE LIS RERR 1 d 3RAF | A KRR R R A s RE ARG 4 DKo PREE B 2 AR B Rt
IR E G M k.
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XA B R G A VR FH S B0 e o A T R 5 s B) A B/ 9. 00—11: 00. 15 B ' R 4R 59 3 3 4y
5174 1400 ,1200 1000 ,800 ,500 ,300 150,100 ,50 .20 .0 wmol -m % s™" 3t 11 NEREE | 45546 5 1% & I 5 I
8] 24 60—120 s. H sl 5 EA 3R (P, wmolem s ) ZEREHCR (T, mmol-m™>s™") A A 8RS
(PAR,pmol-m™s™") SFLFE (G, ,mol-m*s™") HEE] COMKEE(C,, umol -mol ") A= BB HL I | /K43
R (WUE ,mmol -mol™ ) i P, 5 T B FL{H, Bl WUE= P /T..

(4) BEWEE AT

T S AUEE B 7 TR v AT — VR K R T K B R R A A A O

H =Rhx(W _-W)xSd

oA, H A HEBEE (o ) B 9 B Rh AR IR (mm) |, W, o4 RIS K ERR (%), W
g AT KB PR (%), Sd A HIERTE (g-om™).
1.4 BdEsrHr

RIGHHE K FH Microsoft Excel ,SPSS21.0( SPSS Inc. , Chicago, IL, USA ) S5 44 k4 7 b 3.

2 LR 59718 (Results and discussion)

2.1 AR[EZKRATBERE R BEE RS G A ORI G R

4 FEPERLAE R [R] K 4386 BE R ot A& R ag g Ny f 2 an & 1 Brow, ARG RR R T
400 pumol - m™s™" FF, PR % 25 R B0 B B (1075 A5 O BA L 1 TR RS A R R B RO ) - 4K
A3 25T BT A ) AR SRR X 5 7K B (RWC) N 59.70%—70.30% I B8 42 B P 32 30 M 85 i 7K F
ORI T |, P BEOG R GR B 103 IIEGE T, 76 PAR 53] 1000—1200 wmol - m > s~ I 128 JF- 4 T
L%, Pr ik BT, el A R S H A K A 22 5 3, 3 W] SRS w7 b - K 433 R s XSG BE R
BOR PR, O A R RWC 7 33.40% A, Pn — P AL T 51K A9 7K 3, 240 B8 5 1k 5
800 pmol +m s~ ZE AT IHAE A H RN BN, S BN , ULHA 7E - BEK A B AR, B RO A 1R fE
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X AN ] K AT 55 R S Po G R DU A R B, 45 7K 43 S AT 0 1 i £k AR Ak
REFAHRL, Po YIBEE PAR W5 1T 2 80 TH i, e 2k SRS 88 TR AN 30K 0 5514 T R 258 1)
Pn WALE AR ZE RWC N 71.50%—87.50% i Pn f5c i, 26 B 55w OO RE A FHIE 1, 78 RWC fIXF
T1.50%5F , Pn T R B MR BEACR IF B 133K 73 Y BREAR MR, R 85 3R] A R T 50Ot B 1
) - HEAR XS E 7K A 71.50%—87.50%.

1 A RAE RWC N 56.00%—82.60% I Pn fEA =, Horp 7 RWC 2 82.60% I, HOLA 4 HT™ H fi
T AR B T O6A 7 8 3K B R 56.00%—82.60% . Hik & RWC i 98.40% it , 5 ARG % +
HOK A TH R A VER TR B 0 AR X G RE A A R 55 , Ui B A & 04 86K 2 AN 40 AR X E RE 1)
FIFHAE RWC 2 28.90% M, 4 4 MR () 56V E FH A, 1 B =388 K 43 5 AR 43 AE 1) W WSO T AR 7K 4 88
A SR T AR N A L B

FR AR EE 2 B IO SRR IR S KO, 240 IR TR 1) 800—1000 wmol + m s i FE A A 5] 1
1, EOGA BN PR G IR 50 BE AR AN TG 0. 76 RWC “h 53.00%—89.00% i, Hovde o R 45w, H.
Z A 22 5 A K AE RWC 4 71.50% I Pn ik 3 i S E, TAE RWC 24 31.00% 0, Pn (A AR

——90.50% —— 70.30% —— 87.50% —a— 44.00%
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Fig.1 Light response curves of the Pn of the four types of turf-grass under different soil water content conditions
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i, WUE {Eik 25 i K, 3K 04k se THen , WUE 263009 F B b a3 G ) T B 32 5K 20 F S RWC
£ 59.70%—70.30% . [l P, 138K 535 F ol AR Fixu Ry, WUE B FE G, 76 RWC 24 33.40%H , WUE
b T R
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SEJLEN, FHEKTHE , WUE (71, 24 PAR N 71.50% 1), WUE {83k 8 f i /K (5 38K o 4k 22 7t
55, WUE BN T P A 3. 50K 40 a3 R EE, WUE B R AIK, 78 RWC A 35.50% Hif, WUE &b F 5 1i%
IR

T A RAE RWC H 56.00%—82.60% I, WUE £ 45 76 50 B-F R R 25, 25 RWC 2R Ze T i =2
98.40%H , WUE 230 T K iy ka3, WK 70 2614, M P AR 19 WUE eI, P, 4ERE3 % WUE 1
RWC 4 56.00%—82.60%.

HARSE 2L R WUE St i A28 46 500 AR B A AL, 76 RWC & 71.50% i), WUE {i iz =5, RWC
31.00%—53.00%5} , WUE 3%, 15 3] rh AL 2528 7538 ) 58K 015 71.50%—89.00%.

——90.50% —— 59.70% —— 87.50% —x— 44.00%
—o— 70.30% —¢— 33.40% —e— 71.50% —>—35.50%
6 Lolium perenne 6 Festuca elata
o5k ‘_; 5|
(=]
E 4} o4k
2 g
£ 3F E 3L
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g ot 5,1
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1+ 1k
0 1 I 1 I 1 I 1 0 I I I I 1 1 I
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
PAR/(umol-m2-s7") PAR/(umol-m™2-s71)
—e— 98.40% —a— 56.00% —— 89.00% —— 53.00%
—e— 82.60% —¢— 28.90% —a— 71.50% —— 31.00%
sk Cynodon dactylon 6 L Zoysia sinica
5 4t 55T
g E L
£3f g
E E 3|
o 2k @
=) o 2
2 1 z
1k
0 1 1 1 1 1 1 1 0 1 1 | 1 | 1 |
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Fig.2 Light response curves of WUE of the four types of turf-grass under different soil moisture conditions

TG FBH | 8 25 A RLRE R Y A R RIK 43R FH KR 5 TR R R R PP R PP B B R R B
ZHH B AR i8R ZE R B R 200 C4 R, C4 R AE CO, B RE 1o, HOb A HUR
4 P RCAE A+ IR S3E (RET Po ABLSVMAREAR, Ul BHAE K 43 77 i), RESE R ) 56 A VR 2252 K 4y
B BRI 24 398K o i v s, 4 o B R ) S A SR 43R ORI AS R RE JE 0 e, 10 B o B A L
A HA A SR A
2.3 PR K A3 [ KRR Y

XS 4 Fp R EROR R KB EE T Po WUE JGI R 2R 0255 2047, 75 11 4 Foft 5 1P 85 ] if 2L
A o G R R A R K A R Y - 3K 4y B E, SR 27 B ORWC ol 59.70%—70.30% , (5 -5 8
71.50%—87.50% , 1) F K h 56.00%—82.60% , hHE45 2 F 7 71.50%—89.00% . H I A LI Y, PR A2 FLHI
9 HRAE 600% e A+ 1) 3K 4 B BB Pl 22 i v 2 50 M R AR 25 25 RE T AE 71.50% LA L
1) K A B A B R R 4340, PR, FE el kg Ak v, RS B A 25 AR X = 47K 43 BESR AR X HAIG, X
IRBE AP T RS e A S AR A9 21 35 B DG A VR A B 6K 50 Ry 51.84% < AR
H(SRWC) <58.96%. 35t %2 W 52 £ W, 445 VD HL A % WUE M1 Pn 19 38K 4 B {H RWC 7F
58.60%—70.50% Z[0], 5 ZAH Lt , N FH A 2 TR Ak v %) LR B AR A 4 1) e A K e 80 R X A, 0 3k
5 R TR 0 AR AR PREE A G, 1d BH A1) FH e B 35 B ) = 398K 43 B (i mT AR B 2001 /K %) H Y.

PP ROAR R EEAMAAE 0—40 em WRIERZ LN TR ARL Y - JE3L sk, T LA R
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TR TR I R BB E N 20—35 em I Z5 R REEPRE AT RINRAE R BE B N 15—20 em AR HEHEBEE
WA ARG ANE R, B R BE W S R AR S 2 R AR B0 19.29.16.64
20.75.18.20 mm. i FAERE R i e b 275 IR MR AR AN IR R B I i A0k | B LRE B0 A7 350 X
MR AR FH A R 7 S S A R 0 AR 77 82 T 3R B X 20 4 249 B i o 0R 2R 5 - 2
A B GER T , ARAE A 3 18 D ) A A58 R R e o R ) i/ N2 IR G Y g o e PP R 16 7K 3
TR ANER 1 PR,

R AFPEIER K377 6 (mm)

Table 1 The water deficit of the four types of turf-grass

5H 6 7H 8 9A 10 H At
May June July August September October Summation
%) o
ﬁxﬂll‘%ﬂim . 46.12 30.20 118.00 64.22 43.20 10.20 311.94
Effective rainfall
B sk =
“‘i%ﬂ.]ki 4 139.88 125.80 30.80 96.98 121.80 95.20 610.46
Water deficit of Lolium perenne
ﬁﬂé%ﬁ};ﬂ?g 127.48 119.80 9.10 124.88 124.80 95:20 601.26
Water deficit of Festuca elata
i ZF AR BRK i
111.98 101.80 12.20 90.78 97.80 92.10 506.66
Water deficit of Cynodon dactylon
Aok ke =
ARG REUK R 99.58 98.80 9.10 93.88 94.80 89.00 485.16

Water deficit of Zoysia sinica
o R A OR R B SRR N <50 mm B o= 1.0; FEH & 50—150 mm B ja=0.8; [FH &> 150 mm B ,a=0.7.

Note; precipitation<50 mm, a=1.0; precipitation=50—150 mm, a=0.8; precipitation>150 mm, a=0.7.

M2 1 AT LUE 0 S AR RN rh AR S5 25 0 2 g 2 AT R AR BUK B 7E 500 mm 2247, TSR ZZ &
F50 2 PR R AIRLIE R TE 600 mm LA b | AHGF B 22 RUGL P B K i 5K PRI AT LIAS 3] 12 2 A0 R 4
VR ERIFPERUE K, —F 22355 100 mm A4

MR 7 &5 T T BB e et RN R PP RE A ) AT /K il 1 DU BRI, IR 2 R R B S0P
TR K2 T /b 78 HE I 543 914 610.46 mm, 601.26 mm , #b 75 E K R EC o 9 K 33 .37 ¥R, 4 R HE %
19.29 mm 16.64 mm; Ji LRI AR L5 28 B e A K 2= N b R 1 43 791 o 506.66 mm (485.16 mm, A=
KZ N AN FEHEEE 25 YK .27 WK, 4K 20.75 mm , 18.20 mm. \KPFEHE 5K F | W8 75 0 A7 B R RE K 40
BRI RLRR R/ 2 B e R REERRLER 5 R T K R, 2 AR ZR R R AR R rh | TR AR ZE 2R TR K
K.

F2 A4 FORCPEAREME B BE
Table 2 The irrigation schedule of the four types of turf-grass

HEFERIPE T 5H 6H 7H 8 A 9H 104 it
Turf-grass species Irrigation schedule May June July August  September  October Summation
: il Sl =2 g
iz A 19.29 19.29 19.29 19.29 19.29 19.29 610.46
Lolium perenne Irrigation quota/mm
Sk Yo ¥
(éﬂ({}\;& 7 7 2 5 6 5 33
Irrigation frequency
B A
FiR (E-K/Q-i%) 16.64 16.64 16.64 16.64 16.64 16.64 601.26
Festuca elata Irrigation quota/mm
Sk Ve ¥
(ﬂyk{j\;& 8 7 1 8 7 6 37
Irrigation frequency
ot ) ,-\—»»-ﬁ
AR @.K@% 20.75 20.75 20.75 20.75 20.75 20.75 506.66
Cynodon dactylon Irrigation quota/mm
S ke Vo R
KU 6 5 ] 4 5 4 25
Irrigation frequency
ALk 3 el
I,:P—’—‘ ;.%é% (Eﬂ(E%J 18.20 18.20 18.20 18.20 18.20 18.20 485.16
Zoysia sinica Irrigation quota/mm
S8 ke Vi
AR 6 5 1 5 5 5 27

Trrigation frequency
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s BT Tl ST M T N T Y 3 R TRE R R A RE KR HOE K B TE 540—684 mm 2
] 5 5 REFE S R Fe W | BBERE MK B 5 d, A E K B 33mm 8 3E B VP E NI BFgE R
220 VMR R BT IR 0 R K GE AU 11 mm/ AT 11 mm/ UK 5 FE K RECH 70 YA 65 YK ;3
WEREA N 770 mm Al 715 mm. 52 A H, AR SLHGAS R THEREE T A9 4 Fh S EE B B AT K IR A &, i
MR T BT Y 3K A B AT A B ME I v] LA RGER 2135 K 7R .

3 %52 ( Conclusion)

(D) FERTUIREE T, AR 9 3P R A A 1) - 58K 43 B R [, 25 SR 3R I Wiz 2 780 B0 1 0 174 O 5 3
MK R R i T = AV R RE 4 P s B BOAE 2 T 4 Ak B 5 A = 58K 0 BE Dl & 358
71.50%—87.50% 277 & 59.709%—70.30% S A H 56.00%—82.60% L4525 5 71.50%—89.00% .

(2) ARG R PP Yy ZE Al e Ak T IR S B FNAE 2 B4 W £ i T B 4 B TR 1 A = T4
for B m R KRN BT AN FERE K 33 37 YR, IR 19.29 mm  16.64 mm, b FERE B 43 1)
4 610.46 mm F1 601.26 mm ; i) 2 #3 1 v Aig 45 28 B AE A= K 28 Y 75 #b S HEE 250,27 IR, IR 20.75 mm
18.20 mm, #M FEHETE 4371 M 506.66 mm 1 485.16 mm. 75 PR FH | AT DIAR H B SR £ 1Y + 387K 7y
A, ST 7K TR T
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