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Nurse effects of artificial forest of Caragana intermedia on herbaceous plant

communities under its canopies in desert steppe
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Abstract: The nurse effects are critical for maintaining biodiversity and ecosystem functions in arid and semiarid areas.
However, whether promoting or competing interactions dominate in regions with high biotic and abiotic stress remains
unclear. In order to investigate the effects of artificial Caragana intermedia forest on the community structure, species
diversity and functional group distribution of herbaceous plant communities under its canopy in desert steppe in Yanchi
County, Ningxia, the estern side under the canopies (SE), western side under the canopies (SW) and the gaps (Gap)
were selected as the research plots. The vegetation characteristics, microclimate and soil factors were studied. The results
showed that: (1) 12 plant species were identified in each of the 3 microhabitats. The dominant species in SW, SE and Gap
were Agropyron mongolicum, A. mongolicum and Pennisetum centrasiaticum, A. mongolicum and Lespedeza potaninii,
respectively, and the important values varied from 19.35 to 43.07. (2) Compared with Gap, the average height of plant
communities for SW and SE increased by 41.06% and 81.75% , and the aboveground biomass increased by 40.88% and

38.73%, respectively. There were no significant differences in vegetation coverage among SW, SE and Gap (P>0.05). The
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aboveground biomass of the gramineous plants occupied 67.10% and 58.40% of the total aboveground biomass and the
important values of the gramineous plants were 62.17 and 66.79 in SW and SE respectively, which were significantly higher
than that in Gap(P<0.05). (3) The canopy effects of C. intermedia increased the richness index of herbaceous plants, the
species richness index of SW was 8.8, which was significantly higher than that of Gap ( P<0.05). There were no significant
effects of C. intermedia on Shannon-Winner index, Simpson index and Pielou index of herbaceous plant communities, which
ranged from 1.620 t01.756, 0.701 to 0.730 and 0.775 to 0.878 (P>0.05). (4) Redundancy analysis showed that soil
temperature , relative air humidity and soil organic carbon were the main factors affecting herbaceous plant species diversities
and biomass, and their explaining rates were 42.70% , 11.70% and 8.80% respectively. Based on the results of this study,
the C. intermedia had a certain conservation effect on herbaceous plant communities under its canopies, especially
Gramineae. This effect was mainly caused by the improvement of the microclimates such as relative air humidity, soil
temperature and soil organic carbon under the canopies of C. intermedia, which provides favorable conditions for the growth
and development of herbaceous plant. The nurse effect of C. intermedia on herbaceous plant is of great significance to the

protection and restoration of the desert steppe ecological environment.

Key Words: artificial forests of Caragana intermedia; herbaceous plant community structure; species diversity;

environmental factors; nurse effects
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Table 1 Changes of Soil physical and chemical properties under the canopies and gaps of artificial forest of C. infermedia in Desert Steppe

(Mean=SD)

AT THOKFENE T BLIR TR TS b eE R

WA BT . . PNZIE VN Soil organic Soil total Soil total Soil available
T Soil bulk density/ . . .
Microsite (&/em’) Soil wet carbon/ nitrogen/ phosphorus/ potassium/
cm
aggregates/ % (g/kg) (g/kg) (g/'kg) (mg/kg)

8 T PE Shrub west 16.98+2.95a 1.45+0.21a 7.36+0.76ab 0.36+0.03ab 0.30+0.02a 105.79+7.65a
5 T 40 Shrub east 19.80+2.34a 1.46+0.02a 8.32+0.58a 0.43+0.02a 0.31+0.01a 90.72+4.66b
W [E] Gap 11.75+1.64b 1.45+0.02a 6.02+0.33b 0.31+0.03b 0.28+0.01a 87.25+2.83b

ARRVNG FREFIR AR A B 25 5 5.3 (P<0.05)

F2 REERAIFEKRETSHEMSIENENLCFEEARER)

Table 2 Changes of microclimate under the canopies and gaps of artificial forest of C. intermedia in Desert Steppe( Mean+SD)

S 25 SAHXE 2 E TN TR
Microsite Relative humidity/ % Air temperature/°C Soil moisture/ % Soil temperature/°C
56 T UM Shrub west 40.73+1.06a 33.18+0.26a 7.76+0.58a 18.57+0.24b
55T AN Shrub east 34.51+0.74ab 33.32+0.25a 7.94+0.33a 18.51+0.24b
HFH] Gap 32.5020.62b 33.5420.17a 9.11x1.27a 19.76=0.22a
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F(P>0.05) , SW I SE BJLURAFHEY) BB A S i , SRMEY EAR, Gap T LA 24 B o 2 LU A 5
SW Al SE H AR AR Y i B ZAE FLH 7590 N 62.17% 1 66.79% , B2 T Gap 19 35.77% (P>0.05) ;Gap H &
B A A2 55 BAH LB A0 0N 26.57% 1 44.43% , .75 T SW 1 SE(P>0.05) ,

F3 REEREAISFERETSHEOEREYNFEYMARREEER
Table 3  Species composition and important values of herbaceous plant community under the canopies and gaps of artificial forests of

C. intermedia in desert steppe

A Important value

i B4 -
Species Family & RPN (SW) 56 N AR M (SE) il
Shrub west Shrub east Gap
ST VKB Agropyron mongolicum RAF 43.07 35.62 27.14
i Leymus secalinus RAF} 2.65 — —
HhF 1 EL Pennisetum centrasiaticum RAF 13.44 29.25 —
B2 Setaria viridis RAF} 1.68 1.42 —
SAEEL S Stipa breviflora RAHE 4.57 3.58 8.63
H T Lespedeza potaninii oR 5.59 11.45 19.35
FRMBAR IS 1€ Astragalus melilotoides Rk — 1.58 —
Btk 1048 Gueldenstaedtia verna HRk 1.00 — —
[T IR Z& A HEAE Heteropappus altaicus g 4.53 8.83 13.43
BT Artemisia scoparia 3R 2.58 1.88 4.28
A Taraxacum mongolicum =g — — 1.44
SN ALHY 24, Scorzonera divaricata 355 — — 1.73
S EE Allium mongolicum ‘AR 4.56 — 6.12
& Polygala tenuifolia R 7.33 6.43 11.00
TG IR Potentilla bifurca R 13.61 9.78 11.92
HRIKGEHE Peganum harmala PR} — 1.57 1.82
FLI KB Euphorbia esula pNT — 1.00 3.08
60 20 ‘E 100
a a ) 2 8
N I a i =
45 ¢+ 15 s 75+
ED I I a \g a I I 8 ! b
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Fig. 2 Quantitative characteristics of plant communities under the canopies and gaps of artificial forests of C. intermedia in desert steppe

SW .56 T P4 Shrub west; SE: 58 N 7R Shrub east; Gap i [H] ; [F] RIVAR/NG F-ER R AR A5 22 5 35 (P<0.05)

2.4 SRR AT SO BEAKE Y)Y Z2 1 1

T N T AT 25 T 55 (] AR ) 0 i Z AR PR 1 AR (R WL 3% 4, SW . SE Ml Gap 3 Fhistd: 5% i siA
K0P EEFE R LA SW e, N 8.8, E T T Gap 19 6.8(P<0.05) . SW SE Hl Gap 3 FhiitEBE 2 M) 1Y
Shannon-Winner 8% . Simpson $§ZUF Pielou 48 %% 25 57 ¥ A8 .25 (P>0.05) , A8 4k i [ 43 91 o 1.620—1.756
0.701—0.730 #10.775—0.878.,
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Fig.3 Percentages of each functional group of aboveground biomass and important value under the canopies and gaps of artificial forests of

C. intermedia in desert steppe
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Table 4 Species diversities of plant communities under the canopies and gaps of artificial forests of C. infermedia in desert steppe

YR R R e T EE (SW) e T A (SE) i 1)
Species diversity index Shrub west Shrub east Gap
F 5 BEFEEL Richness index 8.800+0.66a 7.200£0.52ab 6.800+0.33b

Shannon-Winner %% Shannon-Winner index

Simpson E2 Simpson index
Pielou 5 %% Pielou index

1.756+0.076a
0.730+0.024a
0.878+0.043a

1.682+0.056a
0.718+0.036a
0.821+0.029a

1.620+0.098a
0.701+0.061a
0.775+0.023a

2.5 SRR TAT SR B S5 PR 1 O R

H I 4 K3 5 Al RDAT %l 35 5 iz e+ 354 HLRR A 3805 B 59284k, Bt 25 38 HLRR & 2 A9 59 i A+
IR E A A, A 0 3 B R HR % Shannon-Winner 158U _E A= 9 838 fin s RDA2 il 35 28 I e 23 A< 00 1Y)
AR B 25 AR BE RO IN , W AP 3 & 8 % Shannon-Winner 48 %8 . Simpson 8%, Pielou 8 ZUHIAE Y I A4
Yy YB3 | 28 SO R R A 3 AR Y W AR Y Y R R AR A I R
B3R 42.70% ,11.70% 1 8.80% , BTk #R53lik 51.60% ,14.20% Fl1 10.60% ( P<0.05) .

K5 RESTHFREFFEERKEBER

Table 5 Results by redundancy analysis ( RDA ) ordination with the first two axes and Monte Carlo permutation test

WEHAF il i i Gl P P
Environmental Factors Explains/ % Contribution/%

+- 335 Soil temperature 42.700 51.600 11.900 0.002 **
447K 43 Soil moisture 6.600 8.000 3.300 0.052
R JRIE Air temperature 3.400 4.200 1.400 0.254
FIXHEE Relative humidity 11.700 14.200 3.900 0.014*
T HOKFaPE K AR Soil wet aggregates 4.000 4.900 1.800 0.162
A B Soil organic carbon 8.800 10.600 3.600 0.022*
143 4> Soil total nitrogen 1.000 1.200 0.500 0.648
+3EH AT Soil available potassium 4.500 5.400 1.800 0.242
BEAES B Characteristic parameter RDA1 RDA2 RDA3 RDA4
FHHE{E Eigenvalues 0.632 0.173 0.016 0.004
F i BAE 5 Explained variation 63.210 78.440 82.140 82.540
ARV R T 5 R 8L Correlation 0.957 0.833 0.584 0.713

o FRAHICHR W35 (P<0.01) , * RIRAHIC i3 (P<0.05)

http ; //www.ecologica.cn



7378 A E = 2%

0.8 .
RH ‘-.,__.
SOC H
—_ !TN
: X AT
< ..
4
: > ™ ST
< B
D N
N I TN —
P
AGB
) STP
SAK ||
\ ]
~0.6 \
-10 10

RDAI (60.50%)

B4 REERAISEWERSRERFTRITHFE
Fig.4 Redundancy analysis biplot of vegetation and environmental factors of artificial forests of C. intermedia in desert steppe
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