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Effects of Caragana microphylla encroachment on mineral element concentrations
in leaves and aboveground biomass accumulation of herbaceous plants along an

aridity gradient

GUAN Jiaxin, LI Xiaogin, ZHANG Mingwei, XIE Lina, HE Peng” , MA Chengcang
College of Life Science, Tianjin Normal University, Tianjin 300387, China

Abstract; Shrub encroachment in grasslands profoundly affects the structure and function of communities by altering species
interactions. However, current research about the influences of shrubs on the uptake and accumulation of the mineral
elements in herbaceous vegetation is still obviously insufficient. We selected four study sites along an aridity gradient in the
Inner Mongolia grassland, and compared and analyzed the differences in leaf mineral element concentrations and
aboveground biomass production of grasses and forbs outside and inside canopies of Caragana microphylla shrub patches.
We aimed to clarify the effects of drought and shrubs on leaf element accumulation of herbaceous plants in communities, and
revealed the interactions between shrubs and herbs with respect to utilization characteristics and corresponding variations
along the aridity gradient. The results showed that: 1) with the increasing aridity, the aboveground hiomass of the forbs

inside canopies of shrub patches remained constant, but the K, Ca, Mg, Fe, Mn and Cu concentrations in their leaves
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increased significantly ( P<0.05). The results indicated that forbs in communities resisted and adapted to drought stress by
increasing the levels of mineral elements in their leaves. 2) With the increasing aridity, the effects of shrubs on biomass,
leaf Ca, Fe, Cu and Zn accumulation of forbs as well as on leaf P accumulation of herbs shifted from negative ( R1I<0) and
neutral (RII=0) to positive (RII>0). The results were consistent with the stress-gradient hypothesis, suggesting that the
facilitation effect of shrubs on herbaceous plants increased with drought stress. 3) The “fertile islands” effect was the main
mechanism driving the positive impact of shrubs on the accumulation of elements in herbaceous plants. Our results reveal the
importance of the facilitation effect of Caragana shrubs in maintaining vegetation species coexistence and ecosystem

functioning stability in arid and semiarid grasslands of the Inner Mongolia.

Key Words: drought stress; shrub encroachment; Stress Gradient Hypothesis; interspecific interaction; leaf functional

traits
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Table 1 Geographical and climatic conditions of the research site
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Altitude  precipitation/  temperature/  height/cm
balance;
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Table 2 ANOVA analysis of the effects of drought degree and shrubland on leaf nutrient content and aboveground biomass in different

herbaceous functional groups

A KAEITLE Macroelement A TGE Microelement i [
Control P K Ca Mg Fe Mn Cu 7n Aboveground biomass
REYIRERE Grasses

CWB; 2.80" 8.10**  10.34**  14.66**  52.24** 13293  30.24*" 2.82" 15.24*

#EM Shrubland 8.45**  27.91* 8.78**  17.30** 0.21" 1528 412" 4.54" 0.16"
CWB,_oxHEMA 3.58* 9.24** 5.46** 6.34"* 0.78" 10.04**  4.01* 3.76* 0.56"
JERETIBERE Forbs

CWB;_ 4.96%* 848"  38.80*"  12.44"*  46.57*"  30.03**  6.51*" 1.72% 3.71*

A\ Shrubland 0.34" 4.83" 6.24* 5.45" 0.13" 2.20" 1.72" 0.81" 0.17"
CWB,;_oxEMA 0.53" 1.28" 16.33 2.58" 1.15" 0.32" 0.98" 2.45" 2.94*

CWB;_, RS RRERE Drought degree in growing season;%:z"l"%ﬂ(ﬁﬂﬂ F {E; #% . P<0.01; * . P<0.05;ns:P>0.05

2.2 TR AR MO MBS BOCE SR A
BT 22 (R CWB, o fHIE8) FEBEH N MR FEINREREN Mg & 2 FMIFEABER AR F T P K Ca 55
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Fig.1 Regression analysis between leaf abundance and drought degree in grasses and forbs speciess
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Fig.2 Regression analysis between leaf trace element concentration and drought degree in grasses and forbs species
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Fig.3 Regression analysis between aboveground biomass and drought degree of grasses and forbs species
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Fig.4 Effects of Caragana microphylla shrublands on mineral element concentrations in the leaves of grasses and forbs species along a

drought gradient
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