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Threshold gradient of water content of spraying substrate based on
photosynthetic characteristics of Lolium perenne in summer and autumn

LIU Xiaoyong'?, SHI Changging'?, ZHAO Tingning'?, XING Fugiang’, WANG Pu'?,
HAO Peiwen'?, ZHANG Jingjing'?, WANG Jing'?, SUN Huijie'?

(1. College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. Forestry Ecological
Engineering Research Center, Ministry of Education, Beijing Forestry University, Beijing 100083, China; 3. Zhuolu
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Abstract: [Objective] This study, with an analysis of how the over-irrigation of soil spraying substrate has
caused soil erosion and affected plant growth, is aimed to put forward an optimal threshold of suitable water
content of spraying substrate for vegetation growth. [Method] First, planting pots were used to simulate the
experiment of soil spraying on bare slopes, and 5 kinds of water gradients of spraying substrates were designed.
Then, efforts were made to measure the net photosynthetic rate (P,), transpiration rate (7,), stomatal

conductance (G,) and intercellular CO, concentration (C;) of Lolium perenne by Li-6400XT portable
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photosynthetic analyzer in summer and autumn before an analysis was conducted of the relationship between
photosynthetic parameter of L. perenne and water content of spraying substrates. [Result] (1) The relative
water content (Cry) of the spraying substrate at the net photosynthetic rate hydration compensation point of L.
perenne in summer and autumn were 35.02% and 30.83% respectively (with the actual substrate mass water
content being 10.63% and 9.36% respectively). (2) In summer and autumn, Cgy of sprayed substrate, where the
P, of L. perenne decreased from stomatal limitation to non-stomatal limitation, was 55.00% (with the actual
substrate mass water content being 16.70%). (3) The spraying substrate water content threshold of L. perenne
comes in five types, namely non-productivity and non-efficiency water, low productivity and low efficiency
water, middle productivity and middle efficiency water, middle productivity and high efficiency water and high
productivity and high efficiency water. [Conclusion] When the goal of soil spraying and greening is to quickly
restore vegetation, the water content of the spraying substrate can be kept in the range of high productivity and
high efficiency water, based on which irrigation is carried out: in summer, it is 76.25% < Cryw < 78.17%, with its
actual mass water content being 23.15%—23.73% whereas in autumn, it is 73.61% < Cryw=<76.02%, with its
actual mass water content being 22.35%—23.08%. On the other hand, when the goal of soil spraying greening is
to improve the water use efficiency and restore the basic vegetation (that is, to restore the local natural
vegetation coverage), the water content of the spraying substrate can be kept in the range of “ middle

&

productivity and high efficiency water ” , based on which irrigation is carried out: in summer, it is 55.00% <
Crw=76.25%, with its actual mass water content being 16.70%—23.15% whereas in autumn, it is 55.00% <
Crw=73.61%, with its actual mass water content being 16.70%—22.35%. [Ch, 10 fig. 4 tab. 25 ref.]

Key words: suitable spray seeding substrate water content; net photosynthetic rate; water use efficiency;

threshold gradient; Lolium perenne
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Figure 1 Diurnal variation of photosynthetically active radiation (Pag) Figure 2 Diurnal variation of temperature (7,) and relative humidity
and atmospheric CO, concentration (C,) in summer and (Ry) in summer and autumn
autumn
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Figure 3 Diurnal variation of net photosynthetic rate (P,) of L. perenne under different spraying substrate water content in summer and autumn
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Table 2 Change of daily mean of photosynthetic physiological parameters of L. perenne under different spraying substrate water content in summer and

autumn
P,/(umol-m2s™") T/(mmol-ms™") Ewy/(mol-mol™)
Cawl%
RS T RS k2= ES e
100 6.79+2.01 Abc 4.30+0.95 Bb 5.59+1.17 Aab 2.75+0.16 Bab 1.32+0.20 Bbc 1.56+0.26 Acd
85 11.17£3.08 Aa 6.07+1.24 Ba 6.83£1.12 Aa 3.13+0.40 Ba 1.61+0.22 Ba 1.92+0.22 Ab
70 9.26+2.79 Aab 7.02+£1.97 Ba 6.76+0.63 Aa 2.92+0.59 Ba 1.43+0.15 Bab 2.37+0.25 Aa
55 5.77£2.09 Ac 3.77+1.03 Bb 4.914£0.93 Ab 2.35+0.30 Bbc 1.20+0.12 Bbc 1.63+0.20 Ac
40 2.80+1.66 Ae 2.74+0.78 Ab 3.03+£0.87 Ac 2.16+0.28 Ac 1.01+0.28 Ac 1.28+0.16 Ad
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Figure 4 Diurnal variation of transpiration rate () of L. perenne under different spraying substrate water content in summer and autumn

223 AREMBERASKRETEZEIE T A RSAAKE (Ewy) 98 T Ewy HEARI RS KEHH
A BEM R (B 5)e Crw N 70%~85% I, Ewy ANXUERZ ((HFKZE Crw=85% I A HAIgHh£k), K4
B Ewy Y8 T HAK BT . 24 Crw HEINZE 100% B, Ewy 280 g th 28, 06l H 3 7E 12:00,
Crw N 40%~55% I} , Eywy W& AE 8 PLTE 8:00 5% 10:00, ZJ5 AWFEMK ., 2548 208 Y Cru=
55% i, B Ewy HHMHEE R TR (P<0.05), Crw N 40% BT Eywy HBIMHE TEE, HAES
W&, Crw M 40% F1 100% B, Ewy HEY B ZLT ALK S E (P<0.05), R Cry i m sl %
HREPEAR Ewyo 25 LPTIR, B KEAERFREZ R BA RS P, Ml Ewy I Crw N 70%~85%, FEXA~7K
SEEN, T WA AT, AR THEYCEER.

224 REMBERASKRKETEEET R AILFHE (G). M CO, B R (C) A= A IURRFIME (L) 9 B
T B BKERER G Crw EA W BE NN (K] 6), 4 Crw K 70%~85% B, G 52 BLALIE
2. Y Crw=100% I}, G, Mrigphsk, W(E HHAE 12:00. Y4 Crw N 40%~55% BF, 2K G WE(E H
7 8:00, ZJ5—TLMEMK, HEFFAERMRKT. C N L X Cryy 1R 0 157 26 B0 AS [] B4 28 FL B (181 7 Al
K 8), FAFMTFFEMRBWAR, Crw N 70%~100% i, P, FFE, G, C BB FIE, LW BTE, £9
P, TR RS ILBRG . Crw=55% W, L4 P, TR, GoM GRS T, LaFHE, BT P, FR,
G, M Ly TR, C RamiTter, nl W RSB 5 Py IR LA T AARR, B4R FLIRE £, KL
P33 CO, I AR, FAUAERFLIREIN F, KoWia By RtE ez, P, TR, 4



Crw=40% I}, C; M\ 8:00 i F I+ H— HAL FH &K,

5540 555 1 XWNEEE . FETF R ZE R FOGA FRIE WS 5L T & /K i B {E 50 203
28 - HFE 2.8
=~ 24 L = 24
3 3
g g
g 20} g 2.0
E E
g 1.6 £ 1.6
) s
12 512
0.8 3 0.8 ! ! ! !
8:00 10:00 12:00 14:00 16:00 8:00 10:00 12:00 14:00 16:00
i %I i %)
HXFS KR -o-100% 0 85%  ~4-T70% %~ 55% - 40%

K5

B, AERRGHEEAREKET ZELFEKSHA

HE (Ewy) ¥ B T4

Figure 5 Diurnal variation of water use efficiency (Ewy) of L. perenne under different spraying substrate water content in summer and autumn
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Figure 6 Diurnal variation of stomatal conductance (G;) of L. perenne under different water content of spraying substrate in summer and autumn
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Figure 7 Diurnal variation of intercellular CO, concentration (C;) of L. perenne under different water content of spraying substrate in summer and
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Figure 8 Diurnal variation of stomatal limit value (Ly) of L. perenne under different spraying substrate water content in summer and autumn
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Figure 9 Relationship between net photosynthetic rate (P,) and stomatal conductance (Gy) of L. perenne in summer and autumn
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Table 3 Regression model between photosynthetic parameters of L. perenne and relative water content of spraying substrate in summer and autumn
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P, -
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) = y=—0.319 7+0.012 2x—0.000 077x 0.83 53.94 3.30x10°°
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Table 4 Threshold gradient of suitable water content of L. perenne spraying substrate based on photosynthetic characteristics

=75 s S FE bR Il 5 SR R Y Crow/ % F A B K R B (RS IS T F A H R K R (R %
P=0 35.02 Tor=TesoK <35.02
Posiosnsiy 55.00 R F=RRIK 35.02~55.00, 97.36~100.00
g P ICEREIA(Pyave) 58.98~97.36 =K 78.17~97.36
PR KAE (P max) 78.17 ROk 55.00~76.25
EqyBUR KA (Ewy.max) 76.25 BRSO 76.25~78.17
EwuBCFH(Ewy-ave) 58.17~94.33
P=0 30.83 Ter=Tesok <30.83
Posioonsty 55.00 fRF=AIRAUK 30.83~55.00, 94.33~100.00
" PICERE (P, ave) 57.71~94.33 rhps ok 76.02~94.33
PR RKAE (P ) 76.02 = kK 55.00~73.61
Ewu BB (Ewy-ma) 73.61 EEE ROk 73.61~76.02
Egu B E(Ewyave) 55.81~91.42
UL P=0 /K MR, Posinsy WPy AL BR BT 1
Bz
R ROK = B RUK
X S E S N
o g > RN )
gk | SRR | | | MGG 2k
0 35.02 55.00 58.17 58.98 76.25 78.17 9433 9736 100.00 /%
Pn:0 Pn (sl—nsl) EWU-me Pn-zwe EWU-max P s E\VU-ave Pn-ave
FKZE o
o = B RUK
- PR ek
o G IRROK R AOK
Ter= e Rk | | |
0 30.83 55.00 55.81 5871 73.61 76.02 9142 9433 10000~ g,
RwW/ 70
P, n:0 P n (sl—nsl) EWU-ave P n-ave EWU-mnX P n-max EWU-a\'e P n-ave

s SR RR T & UL 4
A10 B, EZEFiE A i€ T 4RERASR LI A=

Figure 10 Coordinate graphic figures of spraying substrate suitable water content threshold gradient of L. perenne in summer and autumn
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