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The comparison studies of ecological and water regulation characteristics of

Caragana microphylla and Caragana stenophylla

MA Cheng-Cang' ?, GAO Yu-Bao', JIANG Fu-Quan®*, WANG Jin-Long', GUO Hong-Yu', WU Jian-Bo',
SU Dan' (1. College of Life Science, Nankai Universitys Tianjin 300071,China; 2. Department of Biologys Huaibei Coal Normal College,
Huaibei 235000, China). Acta Ecologica Sinica.2004,24(7):1442~1451.

Abstract: The studies of specific evolution of genus Caragana demonstrate that pinnately compound leaf group is preliminary,
and pseudo-palmately compound leaf group belongs to the relative evolved. Pinnately compound leaf group gradually evolved
into pseudo-palmately compound leaf group with the increase in the degree of drought. This point of view is based on studies of
the geographical distribution and the morphological characteristics of plants. but lacks physiological and biochemical proof.

The characteristics of geographical distribution, growth and development., morphological structure, osmotic adjustment, and
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water metabolism of Caragana microphylla (a typical species of pinnately compound leaf group). and Caragana stenophylla
(a typical species of pseudo-palmately compound leaf group), were compared and studied in this paper. First. by comparing
the geographical distribution, growth and development of C. microphylia and C. stenophylla, we found that C. microphylla
was distributed in the sub-humid and semi-arid regions from the east in Hulunbeier (124.00°E) to the west in Damao Banner
(110.43°E). The most adaptive region for growth and development was Xilinhaote. which had climate conditions as
following: 281mm annual precipitation, 2. 35 C annual average temperature, 2932h sun time, and 3. 70%; soil water content.
C. stenophylla was distributed in the semi-arid and intensive drought regions from the east in Xilinhaote (116.07°E) to the
west in Alashan (98°E). The most adaptive region for growth and development was Alashan, which had climate conditions as
following: 110mm annual precipitation, 7. 80 C annual average temperature, 3200h sun time, and 1.73% soil water content.
These characters of geographical distribution, growth and development demonstrated that C. stenophylla adapted better to arid
environment than C. microphylla. Second. by comparing the morphological structure of these two species of Caragana, we
found that the leaf of C. microphylla was flat with green villi, while the leaf of C. stenophylia was tile-shaped with offwhite
villi. the ratios of thickness to area and length to width of C. stenophylla were greater than those of C. microphylla, and the
leaf biomass of C. stenophylla was less than that of C. microphylla. These observations suggested that C. stenophylla was
more capable of water retention than C. microphylla. Third, we compared the osmotic adjustment ability of these two species
of plants. The osmotic adjustment substances content of C. stenophylla was higher than that of C. microphylla, and thus cell
osmotic potential was lower than that of C. microphylla. In terms of osmotic adjustment substances, the soluble proteins, free
amino acids and organic acids content of C. microphylla were higher than those of C. stenophylla. To the contrary, the soluble
sugars and inorganic ions content of C. stenophylla were higher than those of C. microphylla. Water content and free water
content of C. stenophylla were lower than those of C. microphylla. while the bound water content and the ratio of bound water
to free water of the former was higher than those of the latter. The leal water potential of C. stenophylla was lower than that
of C. microphylla. All these characteristics indicated that C. stenophyll had higher osmotic adjustment ability than
C. microphylla. Fourth, the comparison of water metabolism of these two plants showed that the transpiration rate and daily
cumulative value of transpiration of C. stenophylla were lower than those of C. microphylla, while the water use efficiency of
C. stenophylla was higher than that of C. microphylla. As a result, owing to the morphological variation of leaves, more
effective osmotic adjustment ability and lower transpiration rate, C. stenophylla, which grew in semi-arid and intensive drought
regions, retained water better than C. microphylla, which grew in sub-humid and semi-arid regions. From this study, arrived
at two main conclusions: (1) Morphological structures and water regulation characteristics of C. microphylla and
C. stenophylla were adaptable to environmental conditions of their own habitat, and plants of genus Caragana adapt to arid
environments by means of morphological variation, effective osmotic adjustment, low transpiration and high water use
efficiency. (2) The typical species of pinnately compound leaf group, C. microphylla, adapts to sub-humid and semi-arid

-

regions, while typical species of pseudo-palmately compound leaf group. C. stenophylla, adapts to semi-arid and intensive
drought regions. C. stenophylla adapts better to an arid environment than C. microphylla. These results provide proof to the
view that pinnately compound leaf group is basic species and pseudo-palmately compound leaf group is a relatively evolved
species.

Key words: C. microphylla; C. stenophylla; geographical distribution; growth and development; morphological structure;
osmotic adjustment; water metabolism; drought adaptation
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Table 1 Environmental data for the main investigation sites
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(mm) A 1 (0~100cm)
, . CE) “N) (m) o e (h) e Vegetation
Site Species . ) . Annual average o Soil water
Longitude  Latitude Altitude L Sun time types
precipitation temperature content
Xiwu  C. microphylla 117. 60 44.58 995.9 340 1.47 2870 1. 09 Typical steppe
Coomicrophytla )16 o1 4305 9895 281 2.35 2932 5.70 Typical st
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Damao C. stenophylla
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Fig.1 Density (a) and coverage (b) of C. microphylla and C. stenophylla with longitudinal degrees in Inner Mongolia Plateau
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Fig. 2 Shrub characters of C. microphylla and C. stenophylla in Inner Mongolia Plateau (a. shrub hight; b. shrub area)
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Fig. 3 Growth and development characters of C. microphylla and C. stenophylla in Inner Mongolia Plateau. (a. new shoot length; b. new

shoot biomass)

2
Table 2 Leaf blade characters of C. microphylla and C. stenophylla

(mm) (mm?) / / DW
Species Shape Hairy Thickness Area  Thickness/Area Length/Width (mg)
C. microphylla Flat Green villi 0.22 0. 366 0. 64 1.57 2.93
C. stenophylla Tile-shaped Offwhite villi 0.22 0.080" 3.01° 8.71" 0.94~
* Denote a significant difference with C. microphylla (a=0. 05 by Duncan’s method) ;

wl
o

Mean of 5 sites for C. microphylla and mean of 6 sites for C. stenophylla

2.3

o (
62.6 mS/cm, 70. 2 mS/cm) ( 51.8 mS/cm., 61.3 mS/cm).

3 (X107 3MPa)
Table 3 Osmotic potential (~10 °MPa) caused by main osmotic adjustment substances in C. microphylla and C. stenophylla plants

NO; ,
NO; Total

e Na®  Ca?t  Mg?t Cu*t  Zn*"  Mn2t  Cl™

®

Species ®

L ~ 1.56  104.51 258.04 326.56 321.88 10.18 188.87 105.48 0.33 0.72 1.35  121.16  4.41 1445
C. microphylla®

} 0.88*  60.83" 183.41* 523.22" 358.41* 14.24* 287.07* 132.54* 0.40* 1.16* 1.47a 134.19* 4.63" 1702*
C. stenophylla™

. L 1.74 95.99 221.95 358.46 329.37 10.65 196.59 164.81  0.37 0. 82 1.37  133.58  5.67 1521
Suniteyou C. microphylla

- . 1.31° 42.87* 189.78* 470.83* 341.54* 13.47% 272.46* 186.43* 0.39 1.10"  1.50" 146.96* 6.12* 1675~
Suniteyou C. stenophylla

(D Soluble protein; @) Free amino acids; (3) Organic acids; @) Soluble sugar; (@)

w
o

Mean of 5 sites for C. microphylla and mean of 6 sites for C. stenophylla;

* Denote a significant difference with C. microphylla (a=0.05 by Duncan’s method)

2.4
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4

Table 4 Water states of C. microphylla and C. stenophylla plants

(73] %) %) / (MPa)
Species Water content Free water Bound water Bound water/ free water Water potential
C. microphylla” 63.18 36. 38 26.76 0.735 —1.170
C. stenophylla™ 57. 44" 29.19" 28. 24" 0.967" —1.468"
Sunit c crophyll 62. 30 33.66 28. 64 0.851 —1.337
Suniteyou C. microphylla
56. 25" 27.34" 28.91 1.057* —1.525"
Suniteyou C. stenophylla R ’ e
@ 5 s 6 Mean of 5 sites for C. microphylla and mean of 6 sites for C. stenophylla;
* Denote a significant difference with C. microphylla (a=0. 05 by Duncan’s method)
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Fig. 4 Diurnal changes of transpiration rate of C. microphylla and C. stenophylla plants
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’ Table 5  Daily cumulative value of transpiration and water use
° ’ ° efficiency of C. microphylla and C. stenophylla plants
C 5

(molH,O/m %)
Daily cumulative (mmolCO;,/molH,0)

Species
2.5 pecies value of Water use efficiency
5 , transpiration
00 00 C. microphylla™ 356. 22 1.17
11 A1 C. stenophylla™ 264. 54" 1.51°*
’ A
285. 60 1. 40
Suniteyou C. microphylla 856
N o . 252.61% 1.57*
’ 6 Suniteyou C. stenophylla ’ ’
17:00 .
® ) , 6
’ ’ Mean of 5 sites for C. microphylla and mean of 6 sites for C.
’ 114. 95°E 107. 50°E, stenophylla; * Denote a significant
.’ b b

difference with C. microphylla (a=0. 05 by Duncan’s method)
105. 66°E o
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