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Effects of exogenous additives on the rapid cultivation of moss crusts in alpine
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Abstract: Establishment of moss crusts plays an important role in the conservation and restoration of alpine meadows
in the Three-River-Source region. This research investigated methods for more rapid moss crust establishment. An
orthogonal, full factorial experimentally design was used to investigate the effects of nutrient factors, a companion
fungus and the plant growth regulator thidiazuron (TDZ) on the growth of moss crusts. It was found that: 1) The
addition of the nutrient factor carbon (C) significantly inhibited the height of the moss crust, and the addition of
nitrogen (N) and phosphorus (P) had significant effects on the coverage and height of the moss crust. 2) Fungus

addition and TDZ supplementation resulted in significant increase in plant height of the moss crust (P<C0.05), and
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TDZ had an inhibitory effect on crust cover; 3) The interaction of TDZ with actinomyces had some positive effects
on the cultivation of moss crust; 4) In the complete combination experiment, the optimal factor combination for rapid
cultivation of alpine meadow in the Three-River-Source region was Bacillus megaterium (1 g+-kg ' substrate)
+distilled water. After 70 days growth in an artificial climate chamber under this treatment the moss crust cover was
90.35% , plant density was 31. 39 plants-cm ?, plant height was 1. 86 mm and chlorophyll a content was 7. 39 pg*
cm ?, respectively. In conclusion, the moss crust cultivation process in the Three-River-Source region was greatly
affected by exogenous factors, and the growth was better with the addition of B. megaterium, which accelerated the
establishment moss crust in this experiment.

Key words: the Three-River-Source region; moss crust; nutrient factors; fungus; plant growth regulator
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Table 2 Complete combination test table
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Treatments  Nutrient factors Bacteria Plant growth regulator
1 A C E
2 A D E
3 A C F
4 A D F
5 B C E
6 B D E
7 B C F
8 B D F
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Note: A represents treatment 3 (carbon: 10 g=m™*; nitrogen: 0 g-m ™ ’;
phosphorus: 10 g-m °; potassium: 20 g+m °) in orthogonal test, B
represents treatment 1 (no exogenous additives) in orthogonal test, C

1

represents Streptomyces (1 g+kg ' substrate) , D represents Bacillus

megaterium (1 g+kg ' substrate) , E represents plant growth regulator

thidiazuron (TDZ) 1 mg-L. ", F represents distilled water.
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Fig. 1 Dynamic changes of moss crust coverage in different cultivation days of orthogonal experiment (A) and moss crust
coverage at the end of cultivation (B)
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treatment groups (P<20.05). The same below.
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Table 3 Multi-factor analysis of variance for the effect of nutrient factors on the coverage of moss crusts in orthogonal

experiment

F243 I F Nutrient factors  *F-J5 1 Sum of squares  H HJ& Degrees of freedom Y75 Mean square F 483t & F-statistic P {4 P-value

fik Carbon (C) 0.001 2 0. 000 0.449 0. 645
A Nitrogen (N) 0.073 2 0. 036 45. 352 0. 000
f#% Phosphorus (P) 0.010 2 0.005 6.449 0.008
#fl Potassium (K) 0. 002 2 0.001 1. 255 0. 309

351 ---¢---T,---@--T, A _35¢ B

" = = i T, —e—T, T r‘é a b ab

f_.E’ 30 —— T; —A—Tb __,—»:5: S 30 ‘—} _i_ = . be C d e

2 e £ 25¢ B d

E20r E 20t

o =5

z 151 'z 15¢

5 5

e 10y a 10}

g O g

0 L= , . . . . 0 P P P P N P I 9
15 25 35 58 78 92 T T, T, T, T, T, T, T, T,
15 7% KA Cultivation days (d) 4b P Treatments

B2 EXHBAREERYEHERTEENSTU(A)NEERPEHLERTE(B)
Fig. 2 Dynamic changes of moss crust density in different cultivation days (A) and moss crust density at the end of cultivation

(B) in orthogonal experiment
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Table 4 Multi-factor variance analysis of the effects of nutrient factors on the density of moss crust in orthogonal experiment

3% 43 [ -F Nutrient factors V75 Fil Sum of squares [ M1 & Degrees of freedom  ¥J75 Mean square F 4t &t F-statistic P{H P-value

&% Carbon (C) 7.431 2 3.716 1.944 0.172
% Nitrogen (N) 320.118 2 160. 059 83.738 0. 000
§ Phosphorus (P) 43.190 2 21.595 11.298 0.001
4l Potassium (K) 13.780 2 6. 890 3. 605 0.048
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Fig. 3 Dynamic changes of plant height of moss crusts in different cultivation days (A) and plant height of moss crusts at the end

of cultivation (B) in orthogonal experiment
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Table 5 Multi-factor variance analysis of the effects of nutrient factors on the plant height of moss crust

243 I F Nutrient factors  *F 4 1 Sum of squares  H 1 J& Degrees of freedom )7 Mean square F % it 4 F-statistic P {4 P-value

fik Carbon (C) 0.214 2 0.107 9.237 0.002
A Nitrogen (N) 1.725 2 0.863 74.610 0.000
f# Phosphorus (P) 0.044 2 0.022 1.891 0.180
Al Potassium (K) 0.017 2 0.008 0.729 0.496
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Fig. 4 Dynamic changes of moss crust coverage in different cultivation days (A) and moss crust coverage at the end of cultivation
(B) in complete combination experiment
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Fo CHURW 1g-kg ' HIWERIATNH: E 1 mg-L "WEXRRE); T,(374r: BAATEIRTEIN: W3 DERFMFH 1 g-kg ' MIPERENH: E
Img L 'WENRKE); T,(3%4r: BELATIRPRIN: W2 CHUERI 1 g-kg s HMA RPN : F2&MAK) s T3R5 BHARFSEHM; WX DE
KA1 g kg s MW AKIHWH . F2&MK). FF. Different treatments represent: T, (nutrients: A combination has nutrients added; fungi:
C actinomyces 1 g+kg '; plant growth regulator: E 1 mg-L ™" thidiazuron) ; T, (nutrients: A combination has nutrients added; bacteria: D B. gigantium
1 g-kg '; plant growth regulator: E 1 mg-L ' thidiazuron) ; T, (nutrients: A combination has nutrients added; fungi: C actinomyces 1 g-kg '; plant
growth regulator: F distilled water) ; T, (nutrients: A combination has nutrients added; bacteria: D B. gigantium 1 g-kg '; plant growth regulator: F
distilled water) ; T, (nutrient: B combination without nutrient addition; fungi: C actinomyces 1 g-kg '; plant growth regulator: E 1 mg-L '
thidiazuron) ; T, (nutrients: B combination without nutrients added; bacteria: D B. gigantium 1 g-kg '; plant growth regulator: E 1 mg-L™"'
thidiazuron) ; T, (nutrient: B combination without nutrient addition; fungi: C actinomyces 1 g+kg '; plant growth regulator: F distilled water) ; T

(nutrient: B combination without nutrient addition; bacteria: D B. gigantium 1 g-kg '; plant growth regulator: F distilled water). The same below.

x6 TEAFGHRBMERMNNEEERZENSERAESN

Table 6 Multi-factor analysis of variance of exogenous additives on moss crust coverage in complete combination experiment

SNBSS Iy REil F i Y77 F&iitit P1A

Exogenous additives Sum of squares Degrees of freedom Mean square F -statistic P-value
%43 M+ Nutrient factors 0.498 1 0.498 476. 550 0.000
2% Fungus 0. 000 1 0.000 0.372 0. 550
i 4 K 8 15 79 Plant-growth regulator 0.031 1 0.031 30. 087 0. 000
7243 BT X T 28 Nutrient factors X fungus 0. 000 1 0. 000 0.093 0.764
B 2O ) A K855 7 Fungus X plant-growth regulator 0.008 1 0.008 6.202 0.023
IR 43 IR T <A A K P8 5 7 Nutrient factors X plant- 0.014 1 0.014 10.914 0. 004

growth regulator

B ) PR g B (R3S P S (] 6A) 5 30 R, RIS NI 40 A #14H 5.6 .7 8 ¥ T U N 37 43
PEPEA 1.2.3. 4. BIGFHH 70 K (K 6B), kb 8 & #EAH W) bk = 5 i (1. 86 mm) , H 5 HAh 7 A4 4b # 20 22 5 W) 3
(P<C0.05) AR [FALHRLH BE L3, 456 2 IR 7 22 50 A 45 R (3R 8) RIS N IR 43 (W 2K A TDZ X & &EAH ¥
i e BT S A L R R B BB R R AT T S TDZ (938 BAE FI X 8 8 AR 9 bk = BLAT 35 42 k4 )
(P<<0.05).

Sh WL AR [ 05 VR 0 ) A £ %o 5 A ) A )k 1 S, o8 A 2 A T R X B R A R R a S BT
M5 AR AEY) & (B 7), AP 8N4 3 a & 5 o 3 e T HARAL AL, 353 7. 39 pg-om M T 324008 I Y
AhFR A 49. 7500 ARYEAS AL AL A AL G5 Z R T E a0 (R 9) B R BRI ISR 50 m TDZ 4
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Fig. 5 Dynamic changes of moss crust density in different cultivation days in complete combination experiment (A) and moss

crust density at the end of cultivation (B)
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Table 7 Multi-factor analysis of variance of the factors affecting the density of moss crusts in complete combination experiment

HMIRES Iy -5 Al 1 th ¥7 F4iit it Pl
Exogenous additives Sum of squares  Degrees of freedlom  Mean square F-statistic P-value
343 1 F Nutrient factors 314.216 1 314.216 116. 817 0. 000
2% Fungus 0.138 1 0.138 0.051 0.823
4 4 1< 45 1) Plant-growth regulator 10. 454 1 10. 454 3.887 0.065
74y I F X 2% Nutrient factors X fungus 4.318 1 4.318 1. 605 0.222
T 28 M 4 138 35 ) Fungus X plant-growth regulator 3.511 1 3.511 1.305 0.269
3543 R F X A ) A= K 75 71 Nutrient factors X plant- 0.721 1 0.721 0.268 0.611

growth regulator

a
2571 2.0 B
= = b b b
g = = e
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= = d d d
on on
g 1.5 g
= = 1.0r
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6 TRAARBAREERYEHEYRBITSEL(A)TEERPEHEYHS (B)
Fig. 6 Dynamic changes of plant height of moss crusts in different cultivation days in complete combination experiment (A) and

plant height of moss crusts at the end of cultivation (B)
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TE 16 520 (P<<0. 05) .
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Table 8 Multi-factor analysis of variance for the factors affecting moss crusts height

SIS Iy -5 Fil A ¥75 F 4t it P

Exogenous additives Sum of squares  Degrees of freedom Mean square F-statistic P-value
743 1 F Nutrient factors 1.175 1 1.175 398. 250 0. 000
M2 Fungus 0.022 1 0.022 7.527 0.014
0 A 4 8 15 59 Plant-growth regulator 0.083 1 0.083 28. 081 0. 000
F5% 43 R F- X # 2 Nutrient factors X fungus 0.001 1 0.001 0.420 0.525
T 2O ) A K 9875 751 Fungus X plant-growth regulator 0.021 1 0.021 7.331 0.015
3553 R X A8 ) A= <15 7 Nutrient factors X plant- 0.002 1 0.002 0.525 0.479
growth regulator
RO AT (A BT R T G U B 20 T
T 1 6 B B I RIE B S 2 K bR 6l e b P b
RIW TAHRBMRBAL X SNES R T FE |« cd
ZWEINEFIF A SN ERREA LR, & 25 d
BT Dl A R Y 22 5, 5 E g A RHE ) 1—3 2t ﬂ
5 e T AR g AN L BE AL o AR 2) HIENEAERES
A 47 7 M C NP 00 A U 85 2o o i T s . T T T T T T T,

V Ab P Treatments
[24] N % é’%\‘ —.ér:a/x\% Nasy ,
P AR Ik S R BRI, e

RGBT SN I 5y R R R A ; 3)# B Fig. 7 The content of chlorophyll a in each treatment at the
H B HA B i il 5 i RE U7, 2D i 3% 0 sk nl i IE R end of the experiment

K9 BHERHZZ 0EXMAZRNSEAZAESN

Table 9 Multi-factor analysis of variance on factors affecting the content of chlorophyll a of moss crusts

SNV I -5 1 #h B ¥ FSiilh PfE

Exogenous additives Sum of squares  Degrees of freedom Mean square F-statistic P-value
3% 43 [ F Nutrient factors 27.094 1 27.094 56. 057 0. 000
2 Fungus 0.010 1 0.010 0.022 0.885
HLW A K94 75 7 Plant-growth regulator 3.197 1 3.197 6.615 0.020
F:43 I T X 125 Nutrient factors X fungus 0.001 1 0.001 0.420 0.525
T 2 <RI 15 K95 7 Fungus X plant-growth regulator 0.021 1 0.021 7.331 0.015
3753 R X A ) A= <5 ) Nutrient factors X plant- 0.002 1 0.002 0.525 0.479

growth regulator

PR AR T BT B 5T BT — i A 0, AR R N T B A R B g vl 5 R R A i
T T ) RS R E R R H .

e A G IR, 7RSI N B 37 20 X B SG rh AS [8] Ak BE W) AT JC IR 20 BRI AR LR AR I 22 S . A B A
R AR T 5 L A W 2 R AR 1 OIS X S A W 2 R RV AR S T AR G 2 R
71N B R IR 5 B 45 Bz % P8 0 ot R G B MY N R RO, R B A e A R 0 TR A N X A 4 B o R R LAY —
SE I AR L33 n] e i T e b Bl o S A RN S M OC R BB, TR A IS o BRI B B
JEHA A A, T RE R T AR AC A RIS AR & S AR A A P AT — i B EAME T, T F AN A A
T 2o BELAG 2 B AT MR 04 AR K, TG 5 00 3 BE LN R L LA A G 4 SR S VR X bk e R B 3 S



534 B T Bl 2R 3] 2025 4 141

Yang 55 BRI 5845 A H I kb 8 Bk 0T 3R 00 A A A RCE VR B AR IR BB A A KRR E X
W] E RS B e PO B 1 i P SRS B OR A B — i I B R Ok 1 B S X A SN ROt R A
BROTER BB INA R T AW A K L E ", R UL B E 7] AR IE 52 2 A 5] A= 5 19 52 0, ELEL 04 B0 52 i 2 18 5 7
it — 5.
3.2 HEBZHMAKRKAT AT EHLERARLTH YW

TR AE T R B, T S AR ONS B A R A AR R AR A B BN T 0 45 B A A A R T R
MAEABEFE BRI B R R 53 ) 5 97 53 19 58 AR TN 8 BE 45 K it AR R A8 b bk v B I 35 i s o, 5
A X — 72 S Y IR A B IS M A [, EL U 5 A T 22 S, AN G R AR R T R R ZF AT R Y
25 WG I BENE 0 W W I, A Gl 1 AR R A MLBR AL S W B AL JCHLBR AL S 1, X B BEA AR B AR R
KB BARIKGW T AR T IR BRI, AT RE TR S A B A, S E B W e T TR, T ) A
oY IR AR R ] T 2R TDZ 9 58 TAF F # B ALY A K48 b 15 5 R 2 B AT 38 (e VR T, 3
A RER TR T A R A KOMOR  OREIR G AT AR Y TDZ B — s W R AR, 35 S [E AR 4R i
R MR L, X BE A ) () 8 B R R B fE HEVE AT o AR B TDZ BE W% 15 5 8 3 4 RN 28 (197 /=, Sanago 55
FRIBIE 7T 45 SR R W] T DZ XA ) 04952 i KL ) 2 375 S A 0 A A R0 30 e A0 35 Tl 3 R 28, DA S A ) A 30 385 v Uk 5 i
A R AR R I BUR AR AT S R S 2 i TS TDZ W% e B AN B — | i T IR AR5
PUB E 16 5 & SEAE Y AR KR MOV G L, O = VU8 DCOWR 52 0B A v € 5 ) BF A1 B 7 8 46 1 TR SR Ik —E 1Yy
2%
3.3 ZEREFL MR F TR

AR 5% 45 7 1E AT 06 A B L X R ) rh s T A 58 K i 4 i Y 15 B 12T 90 %6, B AN bR R 4 R B AR
Ko RWIME BARZRAF T, = VLI M DX 3957 0 (1 25 RE 8 DR % 77 1 0 v O 9 9 R A B, SRR A O SR
Fre AU , BE N TF & B B A BRI T WSOF AR A 3R 43 S0 B M 5 ik i S 2 0 R AR A PR
AN WAL 77 1 B BN ISR > o SRR U AR ) A2 A R Y R TDZ /9 58 4 21 & 19 Ak 21 8 [ B R 28 AT 18
(1 g-kg "B+ 28K IR &5 SR I fef , B2 TDZ & T 3% 5 & S A 9 00 He sl 1 | 76 2+ o 5L 46 il o
TR A A B A Rz AR AR BT AR A B EF AR R TDZ R R B
FEL) 019 5 PR AT — R A P 5 = VU5 DX T g S R A, v R, A Y S v A A
ST b DX A T M AR AF AR T X B R T e B SRR, BT LA TDZ X 35 S A bk A K R R A ik
ERARZE HERBA—EMIHEN . B, dilE = b DR S35 7 8 625 % I 38 5 35 I B R ZF J 4T 1 A
fie BE 5 BE AR A0 PR A .

4 iR

AIE 5 T a A AU = VR M DX IRF A IR B PR T AR LS B, W IR O R R AR AR KR YR TDZ X 3
AN IR NP X EELS AR KRB R o W IE A BN USRS % b DX B A R A K B IR L 3R il i
AR T HA A o B BELS B 45 T A KA B AE S I A TDZ B9 4k 3120 3 BUKSF B T RIS Ak B2, R4S
TR TR AN R ZF A I 5 TDZ BRI/ F X 3 S A8 ) A= K BT — % BUGR I, B AR R A A B i s i B R
ZFFEAT B, 2 W3 o TS0 B R ZF AT B AT B T = VU X SR B G A AR S S B R B ] T =R
b DA IRV N 0 3 5 4 e DR R A T L O O S VIR b DI A B 4 e PR B B R A T e AR
AEE AR o

5 % ik References:
[1] Weber B, Budel B, Belnap J. Biological soil crusts: an organizing principle in drylands. Berlin: Springer, 2016. https://doi.
org/10.1007/978-3-319-30214-0.

[2] Fang S B, Zhang X S. Impact of moss soil crust on vegetation indexes interpretation. Spectroscopy and Spectral Analysis, 2011,



142 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 7

31(3): 780—783.
P, SR . HEELE B T R T R AR B BRUE M 6= 5ok 4, 2011, 31(3): 780—783.
[3] Yang X W, Zhao Y G, Xu M X. Variation of morphological structure of dominant species in moss crusts in hilly Loess Plateau
region. Chinese Journal of Ecology, 2016, 35(2): 370—377.
WS A, Bk, VPIIRE . B B X EELE LR S A 2 R AR, 2016, 35(2): 370—377.
[4] LiY, Bao W K, Bongers F, et al. Drivers of tree carbon storage in subtropical forests. Science of the Total Environment,
2019, 654(2019): 684—693.
[5] Zhang Y M, Wang X Q. Summary on formation and developmental characteristics of biological soil crusts in desert areas. Acta
Ecologica Sinica, 2010, 30(16): 4484 —4492.
SKRIOCH, EEF . SRR R AR Y A P RS O R IE L . AR, 2010, 30(16) : 4484 —4492.
[6] Mal H, Meng X C, Wang G Q, et al. Effects of short-term addition of moss crusts on vegetation and soil of artificial grassland
in the Tibetan Plateau. Acta Agrestia Sinica, 2024, 32(5): 1348—1358.
LAl e, B BER, AF . BRSPS T i 50 IS N T AR PR RS SE R . REh 2, 2024, 32(5): 1348—
1358.
[7] GuoL X, Yang Y S, Zhang X J, et al. Responses of soil stoichiometries and enzyme activities to alpine meadow degradation in
the headwaters of Three Rivers. Journal of Glaciology and Geocryology, 2023, 45(5): 1640—1651.
BRIETR, kR, SRFEAR, A V0 IR E FE R ) A A T R R b T M O TRl R AR B A R AL . vk R L, 2023, 45(5)
1640—1651.
[8] Fang S B, Feng L, Liu H J, es al. Responses of biological soil crusts (BSC) from arid-semiarid habitats and polar region to
global climate change. Acta Ecologica Sinica, 2008, 28(7): 3312—3321.
DA, W, XV, & AW A SO AR AR AR R IR AL . A= A4, 2008, 28(7) : 3312—3321.
[9] Wang C, Mo Q X, Wang H M, ez al. Key factors influencing the growth of Brachythecium plumosum in Qinling Mountains.
Acta Ecologica Sinica, 2024, 44(14): 6195—6207.
TR, FEKE, B, S RIEPIET SRR CHE NN T . A5, 2024, 44(14) : 6195—6207.
[10] Tian G Q, Bai X L, XuJ, et al. Morphological and structural properties as well as adaptation of mosses in microbiotic soil crusts
on fixed dunes. Journal of Desert Research, 2005, 25(2): 107—113.
HHES, AR, A, 5. BV kA S BRI S 45k K PR 5T . P E P, 2005, 25(2): 107—113.
[11] WuY H, Cheng G D, Gao Q. Bryophyte’s ecology functions and its significances in revegetation. Journal of Desert Research,
2003, 23(3): 9—14.
REW, BREM, mi. SEAYN SR MTEMEIRE SEETMEN . PRI, 2003, 23(3): 9—14.
[12] Yang S Y, Wang X R, Chen H M, et al. Effects of phosphorus and potassium on growth physiology and nutrient elements of
Hypnum plumaeforme. Journal of Tropical and Subtropical Botany, 2024, 32(2): 198—208.
MER N, EF5 5, BRUCHY, A5 . B R X ORI BE R R A R A BRRNE SR JT R MRS W L B G R A, 2024, 32(2)
198—208.
[13] LvAY, Wang Y Q, Shen A L, ez al. Application effects of 6 kinds of microbial fertilizers on different crops. Journal of Henan
Agricultural Sciences, 2004, 16(4): 49—51.
BB e, LRI, WA, & 6 R BUEM TR FAE Y LA RICR . TR RO BR S, 2004, 16(4): 49—51.
[14] Bai X Q, Tian C, Li Y H, ez al. Promoting effect of exogenous additives on propagation of moss biocrusts in sand-land. Journal
of Soil and Water Conservation, 2020, 34(6): 172—177.
A, W, EWL, 45 . SMITE v o s 45 5y SR J iR bR . K 2 F527 4, 2020, 34(6): 172—177.
[15] Zhang HJ, LiuJ Z, Wu Y H. Effects of combined application of algae and bacteria on paddy soil phosphorus availability and
microbial community. Acta Pedologica Sinica, 2022, 59(5): 1369—1377.
KRB, XVRIEK, ROKLL . W w A T KRR A R R A R YR RS . AR, 2022, 59(5) : 1369—1377.
[16] XuXF, Huang X I.. TDZ: an efficacious plant growth regulator. Chinese Bulletin of Botany, 2003, 20(2): 227—237.
TRiEIE, BAbK . TDZ. — M iR A KRR . A2 34, 2003, 20(2) : 227—237.
[17] Wang Q X, Ju M C, Bu C F. Effects of Bacillus and a plant growth regulator for provenance propagation of moss biocrusts.
Bulletin of Soil and Water Conservation, 2019, 39(5): 166—171.
EWX, WMER, M. FHAE S A KR T & S LS AIRY B h e . K R RFFE R, 2019, 39(5):
166—171.



534 B T Fll2F 3 2025 4 143

[18]

[19]

[20]

[21]

[22]

[23]

[28]

[32]

Yang Y S, Feng W, Yuan F, ez al. Key influential factors of rapid cultivation of moss crusts on Loess Plateau. Journal of Soil
and Water Conservation, 2015, 29(4): 289—294.

Wk M, AR, =07, . PRI N R R A R O [ . K IR R, 2015, 29(4) : 289—294.

Zhang Q H, Lv J, Ma Y, ez a/. Microbial community structure and potential function of algal crusts in different regions of
Gurbantunggut Desert, Xinjiang, China. Acta Ecologica Sinica, 2024, 44(14): 6317—6330.

KRBT, B, SR, A T R BEE R DA [R) OB S R W AR RS FE S R R Y . AR A, 2024, 44(14)
6317—6330.

Nie X Q, Wang D, Zhou G Y, e al. Characteristics of soil microbial community structure in Three Rivers Source Regions
alpine wetlands. Chinese Journal of Soil Science, 2023, 54(6): 1401—1408.

BFHEF, LA, FEE, & =00 X 5 JE 10+ R WIS AR . R R R, 2023, 54(6): 1401—1408.

Chen W W, Chen H X, BiJ, et al. Reliability of different methods for rapid measurement of soil moisture content. Journal of
Central South University (Science and Technology), 2020, 51(8): 2152—2161.

WO, BRI, BRSO IR vk R E A KRR T REPE DR Y . g RE AR (A SRR , 2020, 51(8) -
2152—2161.

Yin F H, Li X L, Dong Y S, et al. Effect of elevated CO, on ecosystem and C-N coupling in arid and semiarid region.
Advances in Earth Science, 2011, 26(2): 235— 244.

TRIE, BB, Eadh, L TR TR COME T & X LB RGN M ik BAL G AR HE R . b ERBL i , 2011,
26(2): 235—244.

LiuJ, Zhang Y Q, Feng W, ez al. Influences of exogenous additives on culture of biological soil crusts. Journal of Beijing
Forestry University, 2016, 38(5): 100—107.

XUZE, BRFUE , Sak, A JURN MRS I X A= ) - S BB R s L b sUARE R4 e, 2016, 38(5): 100—107.

Yu C Y, Zhang H B, Zhao X, ez al. Effects of moss crusts on soil enzyme activities and contents of soil carbon, nitrogen and
phosphorus in a karst rocky desertification area of Guizhou. Chinese Journal of Soil Science, 2023, 54(5): 1137—1147.

AW, RAEM, EE, B TN TR A B b X B AT R - S T R OB AU A R . AR, 2023, 54(5):
1137—1147.

Chen Y Q, Zhao Y G, Ran M Y. Influence of nutrients on the development of moss crust. Journal of Northwest A&.F
University (Natural Science Edition), 2011, 39(5): 44—50.

BREZ T, ARS8 05 . 40 IR 4 00X 8 25 [ T UK & MS2 R . 0 b R MR R B2 IR (A SRR 2000 L 2011, 39(5)
44—150.

BuCF, WuSF, Yang Y S, ez al. Identification of factors influencing the restoration of cyanobacteria-dominated biological soil
crusts. PLoS One, 2014, 9(3): €90049.

JiX H, WuN, Zhang B C, et al. Effect of moss density on soil microbes of biological soil crust. Journal of Shihezi University
(Natural Science), 2013, 31(4): 408—413.

TR, R, KNG, L HEE A RS R IERUE Y A ORI CHARELE AR ), 2013, 31(4)
408—413.

Qiu X K, Dong Y J, Wan Y S, e al. Effects of different fertilizing treatments on contents of soil nutrients and soil enzyme
activity. Soils, 2010, 42(2): 249— 255.

WRBZE, U, DT, A AR b B 3RO i K R SRR YRR R . H 2010, 42(2): 249255,

Wang W N, LuJ W, He Y Q, e al. Effects of N, P, K fertilizer application on grain yield, quality nutrient uptake and
utilization of rice. Chinese Journal of Rice Science, 2011, 25(6): 645—653.

FEAYE, B OV, TR, A R B CEIE X RRE R B SR o W WR) S L K R R 2# 2011, 25(6) -
645—653.

Yang Y S, Zhang L., Chen X F, ez al. Effects of chemical substances on the rapid cultivation of moss crusts in a phytotron from
the Loess Plateau, China. International Journal of Phytoremediation, 2019, 21(3): 268—278.

Li XY, Zhao B Q, Li X H, et al. Effects of different fertilization systems on soil microbe and its relation to soil fertility.
Scientia Agricultura Sinica, 2005, 38(8): 1591—1599.

Y, TR, AL, AF A R A R X R s KOS IR e &R . T E AR AL A, 2005, 38(8)
1591—1599.

Sanago M H, Murch S J, Slimmon T Y, er a/. Morphoregulatory role of thidiazuron: morphogenesis of root outgrowths in



144

ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 7

[33]

[34]

[35]

[36]

thidiazuron-treated geranium ( Pelargonium hortorum Bailey). Plant Cell Reports, 1995, 15(3/4): 205—211.

Wu Y H, Huang G H, Gao Q, et al. Research advance in response and adaptation of bryophytes to environmental change.
Chinese Journal of Applied Ecology, 2001, 12(6): 943—946.

SRR, WEE, i, 5. B S PR AR A e B E W ERIE SRR . TR S AE R, 2001, 12(6) : 943—946.

Zhou W J, Bu C F, Wei Y X. Microbial community composition and diversity characteristics of lithophytic moss biocrusts of
Qinling Mountains. Acta Botanica Boreali-Occidentalia Sinica, 2022, 42(9): 1600—1610.

JASEU, DS, 5 RIRK . R0 A A B BEAS BL G T MR VR 4O 2 RE PR AR AE . DY IEAE A SE R, 2022, 42(9): 1600—1610.
LuH, CongJ, Liu X, eral. Plant diversity patterns along altitudinal gradients in alpine meadows in the Three River Headwater
Region, China. Acta Prataculturae Sinica, 2015, 24(7): 197—204.

JAEL N, XU, A VLRI R SE R ALY 2 REE A O R RS R . ROl AR, 2015, 24(7) ;0 197—204.

LiJ M, Cai H, Cheng Q, ez al. Characterizing the evapotranspiration of a degraded grassland in the Sanjiangyuan Region of
Qinghai Province. Acta Prataculturae Sinica, 2012, 21(3): 223—233.

M, S, RV, L A VLB DGR AR AR HURRAE . Rk A, 2012, 21(3) : 223—233.



