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Water-holding capacity of an evergreen broadleaf forest in Ailao Mountain and

its functions in mitigating the effects of Southwest China drought
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Abstract ; Southwest China experienced the most severe drought in 100 years in the late 2009 and early 2010. The effects of
this severe drought event on forest ecosystems in this region were un-assessed. The aims of this study were (1) to assess if
the evergreen broadleaf forest in Ailao Mountain, Southwest China, experienced water deficits in the 2010 rainfall anomaly
event; (2) to understand the contribution of forest water storages in mitigating the effects of rainfall anomaly events; and

(3) to assess the effects of logging on the water-holding capacity of an ecosystem. Water status of soils and major tree
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species from a primary evergreen broadleaf forest in Ailao Mountain were monitored in the 2010 dry season. Soil and litter
water-holding capacities of a primary forest and a secondary Yushania-Pteridium shrub-land formed after logging and burn
were compared. Inter-annual and seasonal variations in soil groundwater table and relative water content of the forest and the
Yushania-Pteridium shrub-land were also analyzed. Trees in the evergreen broadleaf forest did not experience water deficits
even in the driest month ( predawn leaf water potential was higher than —0.5 MPa) , and the photosynthetic performance of
the trees did not show symptom of long-term depression ( predawn maximum quantum efficiency of Photosystem II was higher
than 0. 80). Soil water content and groundwater table depth of the forest reached an historical minimum during the 2010
Southwest China rainfall anomaly event, however enough soil water was still available for plants during the driest month of
2010 (water potential of the soil layer where the roots were growing was still higher than —0.5 MPa). The soil water
potential of the evergreen broadleaf forest was higher than the Yushania-Pteridium shrub-land, suggesting better water
availability for plants in the primary forest compared to the secondary Yushania-Pteridium shrub-land. The relatively high
soil water availability of the primary evergreen broadleaf forest during the rainfall anomaly event is because of its good water-
holding capacity, which allows sufficient rainfall in the wet season to be stored in the soil, and to be available to plants in
the dry season. The soil water-holding capacity, especially noncapillary water-holding capacity of the evergreen broadleaf
forest soils in Ailao Mountain was higher than that of the Yushania-Pteridium shrub-land soils, and higher than those of
some other secondary forests in this region. In addition, the abundant litters in the forest floor also contribute to the water
storage function of the forest through holding water, preventing evaporation, and decreasing surface runoff. The seasonal
dynamics in ground water table and soil relative water content also suggest a larger soil water-storage-pool size of the forest
than that of the Yushania-Pteridium shrub-land. In conclusion, the evergreen broadleaf forests in Ailao Mountain possess a
strong water storage function, and the sufficient ground water and soil water storages mitigated the shortage of rainfall in dry
seasons and in severe rainfall anomaly events. Therefore, our study suggests the irreplaceable role of primary forests in
mitigating the effects of rainfall anomaly events, and the importance of protecting primary forests in enhancing the capacity

of this region in coping with rainfall anomaly events.

Key Words: Southwest China severe drought; porosity; water potential ; evaporation; soil water storage; litter
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Table 1 Predawn leaf water potential (¥, ) and predawn PSII quantum efficiency (¥ /F ) of 5 major evergreen tree species from evergreen

broadleaf forest of Mount. Ailao in dry season of 2010

i <} FMPEA LIAEARE KAE/N FHEZAE
L. jingdongensis S. noronhae M. insignis 1. macranthum H. sinensis
7 JR7K 4 Predawn ¥, /MPa -0.33 = 0.06 -0.21 = 0.03 -0.24 £ 0.05 -0.37 = 0.04 -0.37 £ 0.05
BJR F,/F, Predawn F /F, 0.83 +£0.01 0.80 = 0.02 0.83 £ 0.01 0.84 = 0.01 0.80 + 0.01
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Table 2 Bulk density and water-holding capacity among different vegetations in Ailao Mountains and Jinshajiang watershed in Yunan
e HRRFK BERKE EBERKE
THAEE FHEE K HH . Maximum water Capillary water Noncapillary water
; . Bulk density . . . . . .

Vegetation type Soil layer/cm J(g/em®) holding capacity holding capacity holding capacity
/(v/hm?) /(t/hm*) /(Vhm?)

ALK AR AR 0—20 0.48+0.01a 1636x11a 885=1a 75113a

Evergreen broadleaf forest 20—50 0.60+0.01A 2318+10A 1268+8A 1050+17A

AR T AT 0—20 0.85+0.01b 1357+4b 988=4h 369:4b

Yushania-Pteridium association 20—50 0.88+0.01B 2004+3B 1589+2B 415+2B

mHRRA R 0—20 1.17 1124 927 197

Pinus mixed forest 20—50 1.35 1309 1114 195

IR 0—20 1.35 1177 980 197

Pinus-Alnus mixed forest 20—50 1.28 1302 1101 201

EAYECL VLY N 0—20 1.21 922 781 140

Pinus yunnanensis forest 20—50 1.13 1221 1113 108

LRIIE/N PN 0—20 1.33 834 730 104

Pinus armand forest 20—50 1.39 1018 932 85

A R4l 0—20 1.31 676 558 118

Alnus nepalens forest 20—50 1.17 945 811 134

AR A SCERTO) | [ 31 AR [R5 BN G R R PR FIME S B 22 53 B3 (P < 0.05)
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Table 3 Comparisons of characteristics of litter between two vegetations in Ailao Mountain

P PPN R FKE

- e HRu KA SR
li-EiES] Denth Mass Maximum water Maximum water
Vegetation type /e? (4 holding ratio holding capacity

o (/hm™) /% /(/hm?)
He s
TR A 4.26+0.06a 11.87+0.52a 358.66£6.55a 42.57+2.01a
Evergreen broadleaf forest
= RS N

BER-EIATERA 2.18=0. 16b 5.25+0.25b 250.49+9.93b 13.15+0.87b

Yushania-Pteridium shrub-land

(6] — 3 AN ) /NG PR B PR S B ) 22 57 B35 (P < 0..05)
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