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B AU B 3R 2 7K 73 T R R R R Rt T AR B
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WHGHZE XS, BB ARATRE, FE15E 194 C,
XK E 12042 mm, FH7ZEKE 102.4 mm, HAXE
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arundinacea) « F-#HK (Poa annua L.) . “HBEH+5
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Fig.1 Schematic diagram of evapotranspiration test device
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0.2 cm ARG SIEMN, BALSEERASNE; A
B IR R IR] b PR AY b % 7 A I A A VR e
+TH 100 g REFFM, HLJEE 10cm, WK 2. HE), 2
S IA AR A HE K B B A4S DC40H-1265 BUEH/KZE (. 4h
%9, 11 mm, HifE 360 LM « FF (N. 4MEN 9.
12mm) « X% (N, 4MERN 4. 7mm) .« 10 mm Ji =1
Wi, ESAMERR Sk (ZEFE 20 em ZHEETHHE) 5 1
SN AR R R K B ONAE R B sk Ah, HAR A
SO /AT A B CATRI 5 Sk N R T B 2 PRSI
JRN, 7E 1. 3 50 XA KPR B TIRE 2 em (34
W R E AR SEEE 24 h JE PR K SRS, 2978 50 d.
FR YR AL AT 15 78 B i 5 VR /K R R BB HTE KR B, 1
SR REKEN 25 L, BRWHER A 30 s, MR
M lE R 3.5 hs 2 SR RBEKE N 25 L, BRI
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20 PROCEAEY), M—HES, iCRAEY BRI 54
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Note: (1-1) refers to No. 1 partition of No. 1 sprinkler-irrigation slope, (2-1)
refers to No. 1 partition of No. 2 buried-drip-irrigation-in-soil slope, and so on.

Among them, the No. 1 and No. 3 partitions of each slope are equipped with
irrigation branch pipes.
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Fig.2 Partial test devices and partitioning of slope model
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4.8f T =E48
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0 5 10 15 20 25 30 35 40 45 50
F£4 K Maintenance days/d
a. BAEH (LP)

a. Lolium perenne L.

F#4 K #Maintenance days/d
b. ®¥FF (FA)
b. Festuca arundinacea

s Y Yer yoo i PHIARBERL A RAK. REEMME R,

0 5 10 15 20 25 30 35 40 45 50

0 5 10 15 20 25 30 35 40 45 50
F£4K HMaintenance days/d
c. HEK (PA)

c. Poa annua L.

0 5 10 1520 25 30 35 40 45 50
F¥1 R HMaintenance days/d

d. BEHM (MG)
d. Mixed grass

Note: Y, Vg, v- and yj, are fitted evapotranspiration of Lolium perenne L., Festuca arundinacea, Poa annua L. and mixed grass, respectively.
B3 4 kFEAG A XFARE S PRI KR
Fig.3 Linear regression for daily actual evapotranspiration and maintenance days of four types of grass species
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Table 1 ~ The mean 10-days actual crop evapotranspiration of Lolium perenne L., Festuca arundinacea, Poa annua L. and mixed grass
FEH R YEW)SEPRFE B Actual crop evapotranspiration/(mm-10 d™)
Maintenance period /d W Lolium perenne L. 2 Festuca arundinacea HH#AR Poa annua L. TRA FEA Mixed grass

1~10 4.52+0.53¢ 4.56+0.52¢ 4.37+0.56d 4.62+0.48¢

11~20 4.56+0.36¢ 4.66+0.31bc 4.45+0.42¢ 4.71+0.35¢
21~30 5.04+0.48b 5.10+0.57ab 4.88+0.51b 5.13+0.50b
31~40 5.40+0.35a 5.61+0.41a 5.29+0.39a 5.66+£0.41a
41~50 5.58+0.42a 5.74+0.31a 5.34+0.34a 5.86+0.33a

Ee AR/ NG FEEOR AR RN [0 2 W7 57 82 (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference among different times (P < 0.05).
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HEMRBIEE 12, 3 MAEEMRBIEZE 15. 5
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Table 2 The crop coefficient and monthly increase of each species within 90 d

E PR ML Lolium perenne L. 123 Festuca arundinacea FLER Poa annua L. VR4 FF Mixed grass
Mainenance {281 I P— I TEmRE GELD TERH GELD
day/d Crop coefficient . Monthly Crop coefficient . Monthly Crop _ Monthly Crop _Monthly
increase /% increase /% coefficient increase /% coefficient increase/%
0 0.895 - 0.899 - 0.872 - 0.909 -
30 1.105 23.5 1.133 26.1 1.070 22.7 1.148 26.3
50 1.246 - 1.289 - 1.202 - 1.308 -
60 1.316 19.0 1.367 20.7 1.268 18.5 1.388 20.9
90 1.526 16.0 1.602 17.1 1.466 15.6 1.627 17.3
£33 PIREREY AR TR, B EOZEAR T BRI 1

Table3 . Monthly mean crop coeficent of herbaceous pants o6 sy filsh, OB AS 17 AEHOK R 000 G, T

e i S S A1

Species 1 2 3 FiAk, IR AT T AR RSB AR, HIAERS

S Lolium perenne L. 100 121 142 {E3EKAT2%, BEEFRY AT IRIRHERE, B T rAESE
Fi£3F Festuca arundinacea 1.02 1.25 1.48 AEAERI R, FPARM 2-2 S0 X RSP ERELE
I Poa annua L 097 LI 03T SRR 4.6, LORIBEL RGBS (P
TRA AR Mixed grass 1.03 127 151 [ FREZ) B 70.4%. 2B 3t 4 X AR

AN X R A A E I E TR G, I WAERSE, RIUE I REROR T AR A A A B At
ARIJRHEYEASEA E RS2, BB A R T YR R AR 40.7%~1 444.0%. M8 “EFEFH [ F K H
Ko M1 2 5 XAl EHE 30d i, HERREERAR T b E PO AE S B E TR« “RIL= TR A
A SR B E R E I I A A T 3 5K e R I AU A AR SIS T AR R IR e
H P IR 1B AR AESE LRI B 4 501X B, STFAKBAY 5. A& e 458 KT 304,
W VRE T f A AR R T 43 o i R T A S R A I R /K e ) ] AL T S i R R R AR S ek S TR R,
PR S WA R I, 45 80 0 WEE K SR Bl PR SOR T A A KA DU .

’ ooo] ——o- To---12—22 O a3 L
EER -l =21 235t o4 13 328
230 300 >20_ S24r
@8 sl mS,of & 5200
ZE T ¥t Lo et
£22r £229 £810 £8 5|
15 13 S i
Egl_O» Eg 1.0L Eg 0.8 Eg 0.8
] g S04+ S04L
8031 805t 5 g0
2 ot 2 ook, : . . ., 20 2 0 , , , ‘
10-22 11-04 11-16 1128 12-10 10-22 11-04 11-16 11-28 12-10 10-22 11-04 11-16 11-28 12-10 10-22 11-04 11-16 11-28 12-10
323" HMaintenance date %3 H Maintenance date 3737 HMaintenance date %3 HMaintenance date
a. 157X b.2 54X c.3 54X d. 455X
a. Partition 1 b. Partition 2 c. Partition 3 d. Partition 4

e 7 B XPHOR R A S IO B
Note: “*” referred to the maximum increase in plant ecological value of two techniques in the same partition.

B4 SEPEERAFG @R T AN A SETA

Fig.4 Changes of plant ecological value under buried drip irrigation in soil and slope sprinkler irrigation
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] AR, IR AR SRR, KR IIE R, B D C Or TERSFHE A— R Py RS K B R S
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Abstract: A vegetation concrete protection has been one of the most widely used technologies for the bare steep slopes in the
ecology fields. Among them, the vegetation evapotranspiration can determine the regional distribution of available water
resources in the soil-vegetation-atmosphere system. It is also a high demand to evaluate the utilization of water resources for
the high-steep slope. In this study, a systematic evaluation was made of the ecological benefit of herbs planted in vegetation
concrete under the buried drip irrigation in soil. An improved Penman-Monteith formula was also adopted to calculate the
actual crop evapotranspiration (ET,) and the crop coefficient for the herbs, including Lolium perenne L., Festuca arundinacea,
Poa annua L. and the mixed-grass seeds of “Lolium perenne L.+Festuca arundinacea+Poa annua L.” Hence, the
experimental materials were prepared, and the slope planting soil was selected as the composite artificial soil. Subsequently,
the improved Penman-Monteith formula was established for the slope ecological restoration using the slope coefficient factor,
according to the project requirement of ecological slope protection. Specifically, the test grass was sown in the surface layer of
the proportioned vegetation concrete that was attached to the slope model, when installing the irrigation equipment. The
irrigation system was also designed to ensure the same amount of irrigation per day using the average evapotranspiration of
plants and irrigation water utilization coefficient. Moreover, the evapotranspiration test was conducted to balance the water
resource for the daily vegetation evapotranspiration to measure. In addition, the equipment for buried drip irrigation in soil and
slope sprinkler irrigation were installed on two slope models in fields. The results revealed that the actual evapotranspiration
and crop coefficient of Festuca arundinacea were the largest, followed by Lolium perenne L. and the lowest of Poa annua L.
All the determination coefficients R’ were not less than 0.847 for the linear fitting of the actual crop evapotranspiration and
crop coefficient. There was a small difference in evapotranspiration of each plant at the initial stage of the maintenance,
particularly at around 4.2 mm/d. After finishing maintenance, the largest and lowest evapotranspiration were obtained for the
mixed grass, and Lolium perenne L., which were about 6.2 and 5.7 mm/d, respectively. In the first 20 days of the maintenance
stage, there was no significant difference in the actual evapotranspiration of Lolium perenne L., Festuca arundinacea and
mixed grass, except Poa annua L. More importantly, the Lolium perenne L., Poa annua L. and mixed grass greatly varied after
20 days, but there was no significant difference in the evapotranspiration of each grass after 30 days. The differences in the
evapotranspiration of four herbs increased with time. Particularly, the evapotranspiration of mixed grass was lower than those
of Lolium perenne L. and Festuca arundinacea at the early stage, but rose significantly at the later stage. The crop coefficient
of mixed grass was also greater than those of the rest of single grass over 50 days. Taking the 30" day (one month) as a
threshold, there was only a little divergence of crop coefficient within 30 days. Moreover, there was the largest variation of
crop coefficient at the initial stage of growth, indicating a downward trend for the monthly increase. However, the values of
crop coefficient were similar for the Lolium perenne L. and Festuca arundinacea at any period. As such, the obtained crop
coefficients were utilized to calculate the vegetation ecological value for the evaluation of the ecological benefits of the
technology of buried drip irrigation in soil and slope sprinkler irrigation. The results showed that the vegetation ecological
value increased with the maintenance time, indicating a positive impact of two technologies on the value. Additionally, the
slope sprinkler irrigation presented a higher vegetation ecological value than the buried drip irrigation in soil for the vegetation
growth in the early stage of the slope model test. Nevertheless, the buried drip irrigation in soil was superior to the ecological
benefit during the middle stage. In a word, the vegetation ecological benefit of buried drip irrigation in soil was better than that
of slope sprinkler irrigation, where the ecological value was 40.7%-1 444.0% higher than that of slope sprinkler irrigation.
Keywords: irrigation; grass; evapotranspiration; vegetation concrete; Penman-Monteith formula; buried drip irrigation in soil;
crop coefficient; vegetation ecological value
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