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The Influence of Different Grazing Intensities on the Characteristics of Algal
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Abstract: Algal crusts represent a crucial type of biological soil crust in desert grasslands and serve as an impor-
tant significant “ecological engineer”. They play a vital role in soil stabilization, water retention, wind erosion
resistance, and carbon and nitrogen sequestration. However, researches on the effects of different grazing inten-
sities on the characteristics of algal crusts in desert grasslands remains relatively limited. Based on a long-term
grazing experiment platform (2004-present) in the desert grassland of Siziwang Banner, Inner Mongolia, in
this study we investigated the impacts of varying grazing intensities on the algal crusts characteristics and identi-
fied the key driving factors. We measured the coverage, thickness, chlorophyll-a content of algal crusts, as
well as related soil physicochemical properties under different grazing intensities. The results showed that as
grazing intensity increased, the coverage, thickness, and chlorophyll-a content of algal crusts significantly
decreased (P<C0.05). Structural equation modeling further revealed the key soil factors driving changes in algal
crusts, among which soil available nitrogen was the most critical factor influencing characteristics of algal
crusts. This study demonstrated that moderate and heavy grazing significantly inhibited the growth of algal
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crusts in desert grasslands, with soil bulk density, capillary water holding capacity, and soil available nitrogen

were the most closely related factors to the changes in algal crusts characteristics. To maintain the ecological

functions of algal crusts in desert grassland ecosystems, it is essential to strictly control grazing intensity, as

long-term high-intensity grazing will lead to their severe degradation.

Key words: Desert steppe ; Algal crusts; Grazing intensity ; Soil physical and chemical properties
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Fig. 1 Photos of algal crusts in the sample plots

1.3 HERWERFZE

1L.3.1 L A mm e SRRy vk 5t s gh i o
BESEAT T B G . B 45 M R R Ui s R RU)
TE o PR R AR SR ER a B ok e, I T

SE R (815 v L o N R0 RN R A L R N
B, WERRFREL(220.01) g BERERE S TR, A
10 mL — B R AR, & T 65°C1H 1R /K 1 B v ik ol 2
1 h, B2 i 4 8 n I8 WS . 7E 665
nm Fl 750 nm ¥ AR E IR R OGE SRS 1)
WP AN 53 1 mol- L' HCT, B2 4k 10 min J& F-¥K
T K 665 nm F1 750 nm b 5E WG . R a
AR

Chla=26.73><[(Ess;)—Eyso)—(Ass.;—Am)}X%

A Chla Bl E 4R a & (mg-g D
Egos Al Eqs0 53 51 SR 8 BUW 2 46 57 F 9% K 665 nm
750 nm Ak 19 W G AE 5 Ages FIT A s 53 31 0 25 O R 1k
J& T I K 665 nm F1 750 nm &b (19 WG AE 5 V ol A H
WA (mL) ;M b A () .

1.3.2 t3micp a3 pH{E  FRELA %
KA EHE10 g B FHEAR A 50 mL 2848 7K , 1t £
P43 e i e /N SR AR pHE T E .

+ 4 5 % (Soil bulk density, BD) . B 4 #5 K &
(Capillary capacity, CC) s F & /K Sk 350 % o HUF
W] a5 K 28 T) CR L8 48— i [a] D A 4L
W AR BRI B HCE 12 /N BRI
I E AR MD)W KA I EEA 5 em
JEFRD 0 F B 12/ BRI 2R 0] 5 A e
SV E N W Ak S A T A AT T RD 9 PO 3~
5K, PRI 5 T 5 500 S T2 R WK B T
AHERA 6 105 CHE T 2 H I, FREIC N W R 3R]
P RIS R0 B W R Ak

W4_W
BD =
v
co= e W
W47W

A VR ITRIR

b O T R TR AR B e, &
YA BLAR T AR BRI - B I e
S8R P A A

1.4 HELIE

B G140 BT 48 SPSS 23 #2224 il
F Origin 2024 34 o >R B 5B R 5 22 43 B oF A6 il
AU JEE X 8 45 i R AE R S ER AR R R A B . 4
R OGP B 43 A 9 4 R AR S R AR T
W] (R AR Sk o R, 18 Amos B AR B4 # 5 7
R (SEMD .



2272 B

S

o534 5

2 ER5H5H

2.1 AEMBERE T REERENWBLETL

AN TR A B b BT 9 4 R B R AIE R I Y
ZHE2) . 5 CKANEAH L, B 45 K 55 B 76 A [F] i
Weowr BE Ab R 4w > T 32.10%, 52.64%,
71.86 % , H B 25 A BE B BN 3 AR (P<<
0.05) (¥l 2a) . BEZE H JE 5 76 AN 7] g 4o 3 Ak 3R

16+~ a (a) 6

~

n
-

BRI E COV/%
=)

=~
T

WR4h 7 R THK/mm
[9%)

~
ks

I35 4.29,4.15,3. 49 F1 3. 34 mm, Hih CK I LG
b PR T RS B R R T W AL, MG T HG AR 3R
P 4h R R W /N T CK LG &b B (P<20. 05) (&
2b) o FE N [R]CSE BE AD FE R RS AR R a i
4% 9k 23.01,18.80,10. 16 F110. 19 mg-g ', B &
JCHAC T R BN EE LS B R R a R W R (P<<
0.05), Hirh MG Fl HG b HLUR de 4 fr 4 R a 5 2
AR LE CK Ak 3 i 2 I (P<<0. 05) (& 2¢) .

]
(3]

HOHGRE

CK LG MG HG CK LG
TR

(b) B a ©
= 28 b
L, i
£5o
:ﬁé ¢ c
b R
&é 14+
F#O
®"ooT7r
L L 0 L L 1 1
MG  HG CK LG MG HG
AR S

2 AEIMHSEE TRERFMEEN
Fig.2 Characterization of algal crust variations under different grazing intensities
T CK UG LG R BTG MG, TP CHG HG , B . R[] 5 R RoR 28 57 .35 (P<<0. 05)
Note: CK, control; LG, light grazing; MG, moderate grazing; HG, heavy grazing. Different letters indicate significant differences (P<0.05)

2.2 AEMBEETTEEBEAERMTH

FE A [v) il 40 58 3 A BT 1% 18 pH(E 43 0 A
6.99,7.20,7. 13 f17.21. # LG,MG,HG 4 B F
B 3 pHAE TC 8 3 A8 4k, HLAR B 3 KT CKARBL(P<<
0.05 (Kl 3a). # L CKALHE, LG, MG 1 HG 4k 2§
TR RN T 1.48%,7.41%, 4. 44% ,
MG ZEHETF H R E R R T CKMLG 23 (P<
0.05), MG Fl HG 4b ¥~ 4 38 75 & 76 g % A8 1k (&
3b) o B RE K A B A R B Y 8 i e b,
MG AR R B REK R LT CKRM LG Ab 3
(P<C0.05) (|l 3¢) o 38 AWl 2% 1 43 53] oy 13. 62,
11.78,11. 30 F18. 25 mg-kg ', HG &b F F + 4 5 5%
B B i A/ B3 /N T At i B A 3 (P<<
0.05) & 3d) o Bl & il o i B 19 28 4k, + 58 ML
TR ICE E AL (E 3e) . BE 2 AR BE Y 3 n +
B ORI E R (P<C0. 05), 43 B R 12. 92,
11.93,11. 07 #110. 16 mg-kg ', M % T CK Ab 3, 7
FC At B A BT A AR S i B REAR T
7.66% ,14.32%,21.36% (/& 3D

2.3 BERBMEMTEEAERZENXER
FY I 4 AT, 4G B o S B A R K R L

Ao B AAE S A B E R XX R (P
0.05,5 HEpHE . HIEAEA B EAMLLR
(P<C0.05), ¥4 25 BE R KE L HEH
Ao EADEEMEERP<0.05), Has gt
Fag B EERKE R am sl A
HARFEMEXRP<0.05, 5 HIHAEA L
A KL R (P<<0.05),

2.4 MBAETHMREEEBFTENXERT

4y AR (SEMD 8 7, 52 MR 358 45 i R i A8
PRI SR P - R E B A R K R - K
Ro HCHCTR S B A E KB Rk
A 8 A SR i A B T P R R R TR
S AR T] 2 B8 43 51 R 0..02,0. 07 F110. 70C(P<<0. 05)
CEI5) . TR Hs, i B 3 aek s /0 R0k 0. 21 1
- R AR B A R R R A W 3 Y [ 42 AT S
M) (P<<0. 05) (&l 5) o Jif Ao 5t o ok 34+ S 45 o
RE AR B 45 F K o RN 3 R N s e P R K a
e oA N TS A IS Nl [ [ S A | )
0.09,0.13 F10.20(P<<0.05) (& 5) . it e X ¥ 45
B R AE AT B E2 0N, B B L 4 AN 43 3k 0. 86 il
0. 60(P<<0.05) (K 5).



%5 6 44 A < A [R] AR T PR S5 R TS T 9 4 R 1 2 ) 2273
s @ 16 ® 0.24
o b a a a % 12 Tﬁ 0.18
: :
% % 0.8 48 0.12
& | 1 )
ﬁ_ﬁ 1 §O.4 gio.%
+H i
=k 16 MG HG 00=Ck 16 MG nG 00—k G MG HG
TR R K K
16 16 a © a a 15
B B o
W12 L2k Eﬂ 12
£ S s
o 4
Eﬂ; 8 8 8 §;
& S % 6
) = &
= g} )
* . @ 3
+ H +
0 0
CK LG MG HG CK LG MG HG Tk 16 MG 16
s B R s B

3 AEMHSRET LEEHEREL
Fig.3 Changes in soil physical and chemical properties under different grazing intensities
T CK UG LG B BTG MG, P CRG HG B . AR R R R0R 28 57 .35 (P<<0. 05)
Note: CK, control; LG, light grazing; MG, moderate grazing; HG, heavy grazing. Different letters indicate significant differences (P<0. 05)

0.8

9 0@ @ o
THK . ' ‘ 0
C X K NEEC )
0.8

-1

CHLA

pH BD CcC AP SOC SAN

4 REERFETN L EEIE L B A B4R K A

Fig.4 Heatmap of the correlation between algal crusts

characteristics and soil physical and chemical properties
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COV, algal crust coverage; THK, algal crust thickness; CHLA,
chlorophyll a content of algal crust; pH, soil pH; BD, soil bulk den-
sity; CC, capillary capacity; AP, soil available phosphorus; SOC,
soil organic carbon; SAN, soil available nitrogen. * indicates P<<
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Fig.5 Structural equation modeling of grazing effects on

algal crusts characteristics
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Note: Grazing, grazing treatment; COV, algal crust coverage;
THK, algal crust thickness; CHLA, chlorophyll a content of algal
crust; pH, soil pH; BD, soil bulk density; CC, capillary capacity;
AP, soil available phosphorus; SOC, soil organic carbon; SAN, soil
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