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Evaporation and transpiration in re-vegetated desert area
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Abstract; The experiment was conducted on Water Balance Experimental Field (WBEF) in Shapotou Desert Research and
Experiment station, through June to August 2003. The Shapotou of Ningxia Hui Autonomous Region, southeast edge of the
Tengger Desert (37.32° N and 105. 02°E) with an elevation of 1250m a. m. s. l., is a steppe desert zone with an ecotone
between desert and oasis . The annual mean precipitation is 186. 2mm and most of this falls between July and September.
WBEF which was built in April of 1990 is consisted of Artemisia ordosica and Caragana korshinskii. Both of A. ordosica and C.
korshinskii vegetation quadrats with 10m X 10m were plotted to investigate soil water content, evaporation and transpiration.
Soil water contents were investigated by neutron probe, evaporation were determined by home-made micro-lysimeters, and
transpirations were measured 4 times by LI-1600 stomas meter in experimental period. A weighting lysimeter with 2m?* surface
area in west of WBEF is used to measure evaporation and infiltration. To the north of lysimeter, 3 non-weighting lysimeters
with size of 2m X 2m X 2m were covered by bitumen felt to determine transpiration and infiltration, two of which planted 4 A.
ordosica and C. korshinskii , another is bare. The evaporation results determined by micro-lysimeters and lysimeter show that
soil evaporation don’t suffer to overshadow due to thin vegetation, but evaporation amount between A. ordosica and C.

korshinskii vegetation is different, and the evaporations succedent rare precipitations in desert area are great. The transpiration
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rates determined by stomas meter were integrated to unit and simulated by polynomial, the results of diurnal variation curves of

transpirations are all significant (p<C0.05). Through scale conversion, the transpirations of determined by non-weighting

lysimeters and stomas meter are analyzed by ANOVA, the results show that the transpiration of A. ordosica is higher than

that of C. korshinskii (p<<0.05), but the difference between methods is not significant. It indicates that the scale conversion

between leaves level and population level based on canopy and leaves area index is feasible. From June to August in 2003, the

precipitation, evaporation and infiltration of bare sand are 159. Imm, 48. 5mm and 63. Omm ; The evaporation, transpiration and

evapotranspiration in A. ordosica vegetation are 54.1mm, 59.0mm and 119.4mm; The evaporation, transpiration and

evapotranspiration in C. korshinskii vegetation are 59. 5mm, 56. 4mm and 127. 6mm.

Key words :artificially re-vegetated desert area; evaporation; transpiration; scaling
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Fig. 1 The dynamics of leaves area index (a) and canopy(b) of A.ordosica and C. korshinskii
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Table 1 The results of ANOVA of evaporations determined by micro-lysimeters and comparing with the results determined by lysimeter

Lysimeter
Sta.rting Cu.mulativc Precipitation Amor.lg Amo.ng Interaction C. A.
time time (h) (mm) vegetations location korshinskii vegetation  ordosica vegetation

05-01 May 1, 15:00 72 N N N N N
05-17 May 17,9:00 72 N N N %% %
06-01 Jun. 1,10:00 72 N N N X % %
06-09 Jun. 9,8:00 53 10. 3 * % * % N * N
06-16 Jun. 1610:00 72 N N N N *
06-26 Jun. 26,8:00 10 4 N N N N N
06-30 Jun. 30,9:00 107 57.5 * * N N * * %
07-11 Jul 11,8:00 32 3.3 N N N N N
07-31Jul. 31,11:00 72 14.7 N N N % % % %
08-15 Aug. 1510:00 72 7 * % N N N * %
08-22 Aug. 22,8:00 36 12.3 * % N N N * %
08-31 Aug. 3111:00 96 % % N N % % % %

N Means difference is not significant; Means difference is significant (p<C0.05); * x

Means difference is very significant(p<Z0. 01)
2 (mm/d)
Table 2 Daily evaporations determined by micro-lysimeters and lysimeter
C. A.
Starting time Cumulative time(h) Precipitation (mm)  korshinskii vegetation  ordosica vegetation Lysimeter

05-01 May 1, 15:00 72 0. 066 0.071 0.075

05-17 May 17,9:00 72 0. 054 0.093 0.124

06-01 Jun. 1,10:00 72 0. 089 0.070 0.171

06-09 Jun. 9,8:00 53 10.3 2.811 3.445 3.362

06-16 Jun. 1610:00 72 0.188 0.178 0.147

06-26 Jun. 26,8:00 10 4 3.213 2.948 3. 180

06-30 Jun. 30,9:00 107 57.5 4.633 6. 747 3.673

07-11 Jul 11,8:00 32 3.3 1.725 1. 819 1.725

07-31 Jul. 31,11:00 72 14.7 1.193 1. 050 1.525

08-15 Aug. 1510:00 72 7 1. 629 0. 951 1. 575

08-22 Aug. 22,8:00 36 12.3 3. 605 2.383 3.717

08-31 Aug. 3111:00 96 0.767 1. 065 1.312
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Table 3 The amount of transpiration and infiltration in non — weighting lysimeters during experiment

6 6 7 7 8 8

1~15 Jun. 16~30 Jun. 1~15 Jul. 16~31 Jul. 1~15 Aug. 16~31 Aug. Total
A. ordosica 16.5 15.5 35.0 24. 8 20. 8 23.1 135.5
C. korshinskii 17.3 16.0 33.2 24.2 22.9 16. 2 129.8
Sand 10.9 2.9 19.5 1.9 1.1 1.3 37.5
Infiltration 0.6 0.2 0.9

4 (Tl D

Table 4 The curves of diurnal variation of transpiration rate of A. ordosica and C. Korshinskii simulated by polynomial and daily transpiration

amount
Ti=A+3BXT; Q<i<6) (T<T<19) Daily
R? r transpiration
A By B, B; B, B Bs (Tl ,mm/(d » m?*))
Y626 0.0263 0.0611 —0.0106 4.57x10* 0.9272 0.0326 0.99
N626 0.0374 0.0121 —0.0022 8.34x10°° 0.9881 0.0022 0. 46
Y712 0.1370 —0.1175 0.0534 —0.00617 2.11X101 0.9847 0.0304 2.45
N712 0.0167 0.0411 —0.0030 0.8334 0.0278 1.47
Y804 0.0341 0.0790 —0.0082 1.86x10* 0.9706 0. 0085 2. 39
N804 0.0260 0.0385 —0.0050 1.67x10"* 0.9737 0.0072 1.06
Y811 0.3626 —0.5879 0. 3630 —0. 09679 0.0126 —7.92X107* 1.91X10°° 1. 0000 <C0. 0001 0. 87
N811 0.3470 —0.5847 0.3473 —0. 09083 0.0118 —7.39X107* 1.79X10°° 1. 0000 <C0. 0001 0. 81
Y »N 5626,712,804 811 6 26 .7 12 8 4 8 11

Y means the diurnal variations of transpiration rate o { A. ordosica, N means the diurnal variations of transpiration rate of C. korshinskii. 626,

712,804 and 811 mean them were determined on June 6, July 12, August 4 and August 11

5
Table 5 The ANOVA results of diurnal transpiration amount determined by lysimeter and stomas meter
Source of variance Sum of squares Df Mean square F Significance
Species 3.692 1 3.692 7.522 0.018
Methods 0. 967 1 0.967 1. 971 0.186
Interaction 0.221 1 0. 221 0. 450 0.515
Error 5. 890 12 0. 491
Total 10. 770 15
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Fig. 2 The cumulative precipitation,infiltration,evaporation,transpiration and evapotranspiration
r P means precipitation; ] I is sand infiltration; Es Es is sand evaporation; Ey Ey is
evaporation of A. ordosica;En En is evaporation of C. korshinskii ; Ty Ty is transpiration of A. ordosica;Tn
Tn is transpiration of C. korshinskii; ETy ETYy is evapotranspiration of A. ordosica; ETn ETn is
evapotranspiration of C. korshinskii
3
(1) 9’ 9’
b o 2
; . b=, (57. 5mm)
b o
b Y

2.687.2.763 mm/d  2.680 mm/d,

s [6,7,10]
(3) s
3 40cm
(p<<0.05), ;
(3)
63. Omm ; N
59. 5mm,56. 4mm 127. 6mm,

References:

:2003

0.214.0.260 mm/d  0.322 mm/d;

(p<<0.05);

6 8 159. Imm,

54. Imm,59. Omm 119. 4mm

(

(O

48. Smm,

[1] Chen] Y, Wu K. Preliminary analyses for crop water consumption by using lysimeter. The Journal of Chinese Geography, 1997, 7(3):

64~71.

[ 2] Wang X P, Kang E S, Zhang J G, et al. Soil moisture dynamics in an artificially re-vegetated desert area. Advance in Water Science.,



2490 25

[3]

[4]

L5]

(7]
(8]

[10]

[11]

[12]

[13]

[14]
[15]

[2]
[3]
[6]
[7]
(8]
[11]
[12]
[13]
[14]
[15]

2003, 15(2):75~81.

Kang S Z, Liu X M, Xiong Y Z, eds. Theory of water transport in soil- plant-atmosphere continuum and its application. Beijing: Chinese
Water Conservancy Publishing Company, 1994. 122~147.

Daamen C, Simmonds L. P, Wallace ] S, ez al. Use Micro-Lysimeters to measure evaporation from sandy soils. Agri. And For. Mete. ,
1993, 96:159~173.

Boast C W, Robertson T M. A micro-lysimeter method for determining evaporation from bare soil : description and laboratory evaluation.
Soil Sci. Soc. Am. J., 1982, 46:689~696.

Liu Y, Fernando R M,Pereira L. S. Measurement of evaporation from wheat field and bare soil byusing micro-lysimetes. .J. Hydrology of
China, 1999, (6):36~39.

Wang H X. Measurement and simulation of evaporation from a bare sand soil. Chinese Agricultural Meteorology,1997, 18(4):29~35.
Song B Y. Study on evapotranspiration from plant communities of the steppe. Climatic and Environmental Research. 1997, 2(3):222~
235.

Baird A J, Wilby R. Eco-hydrology: Plants and water in terrestrial and aquatic environment. London and New York: Routledge, Taylor
&. Francis Group,1999.

Berndtsson R, Nodomi K, Yasuda H, et al. Soil water and temperature patterns in an arid desert dune sand. J. Hydrology, 1996, 185:
221~240.

He K N, Tian Y, Zang G C. Modeling of the daily transpiration variation in locust forest by Penman-Monteith equation. Acta Ecologica
Sinica 2003, 23(2):251~258.

Su P X, Zhao A F, Zhang L. X,et al . Characteristic in photosynthesis, transpiration and water use efficiency of Haloxylon ammodendron
and Calligonumm ongolicum of desert species. Acta Bot. Boreal.-Occident. Sin. ,2003,23(1):11~17.

Yang W B, Ren ] M, Jia C P. Study on the relationship between physiological ecology of drought-resistance Caragana korshinskii and soil
water. Acta Ecologica Sinica, 1997, 17(3):239~244.

Lei ZD, Hu HP, Yang S X. A Review of soil water research. Advance in Water Science,1999, 10(3):311~318.

Ai X S, Li W H. Research frontiers in some aspects of water sciences . J. Hydrology of China, 2002, (7):125~128.

s s .. . , 2003, 15(2):75~81.

. . . - - . : » 1994, 122~147.

, Fernando R M ,Pereira L S. . ,1999,(6):36~39.
,1997, 18(4):29~35.

s 1997, 2(3):222~235.

. s . Penman-Monteith . 42003, 23(2):251~258.

s s s . N . +2003,23(1):11~17.
s s . . , 1997, 17(3):239~244.

s s . . ,1999, 10(3):311~318.

s . . , 2002, (7):125~128.



