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Stomata-density changes of the plants in the Loess Plateau of China over last

century
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Abstract: With increased population and accelerated industrialization in the world, the global climates and environments have
changed greatly in past 100 years. It is well known that the stomata of plants are sensitive to climatic changes. The studies on
the responses of plants to climatic changes or the reconstruction of the paleo-climates from foliar stomata parameters (stomata
index and density) of plant specimens or fossils have become a highlight in the field of physio-ecology in recent years. But by
now, there have been few reports about the changes of plant stomata density with environmental changes in the Loess Plateau.

According to the regional characteristics of the climates and vegetations of the Loess Plateau, four typical plant species
were chosen as research materials, and they are three C3 plants, one arbor: Quercus liaotungensis and three kinds of frutices:
Ostryp sis davidiana, Zizyphus jujuba var. spinosa and Sop hara viciifolia. About 60 plant specimens from 1930's to 2002 were
taken from the Northwest Institute of Botany, Chinese Academy of Sciences. T hese specimens originated from the hilly and
gully regions of the Loess Plateau ranging from Tongchuan in north to Yan'an in south.

Foliar stomata densities, lengths, widths and areas of the above four plant species were measured with a Motic Digital
Imaging Microscope and the changes in stomata densities over last 100 years were evaluated. The stomata of foliar underside
epidermis, which were typical stomata for dicotyledon plants, were chosen. The guard cells of Quercus liaotungensis and
Sophora viciifolia were all bow-shaped; those of Ostryopsis davidiana and Zizyphus jujuba var. spinosa were all kidney-

shaped; except paracytic stomata of Quercus liaotungensis, the stomata of the other three plants were all anomocytic. Compari-

(30370230)
:2003-08-04; :2004-05-10
(1980 ), , s s E-mail: zsx@ms. iswc. ac. cn
* Author for correspondence. E-mail: shangguan@ms. iswc.ac.cn

Foundation item: National Natural Science Foundation of China (No. 30370230)
Received date: 2003-08-04; Accepted date: 2004-05-10

Biography: ZHENG Shu-Xia; Master canaidate, mainly ‘engaged 'ur plan't physio-ecology. “E “mail: 'zsX@ms . 1swc.ac. cn



2458 24

son of the stomata characteristics of the four plants sampled in 1933/1938, 1958 and 1972 indicated that the stomata lengths,
widths and areas all stood in the following order of Zizyp hus jujuba var. spinosa > Ostrygp sis davidiana > Quercus liaotungen-
sis > Sophora viciifolia. The results also showed that the evolutional adaptations of stomata densities in four plants to environ-
ment changes were different. From 1930's to 2002, the stomata densities of Quercus liaotungensis changed little, rising only by
1.31%. Those of Ostrygp sisdavidiana declined but not remarkably, by -9. 79% . But those of Zizyphus jyuba var. g inosa and
Sophora viccifolia declined significantly with the percentages of - 32.35% and - 46.85%, respectively. Comparatively, the
changes in stomata densities of the four plants stood in the following order of Sophora viccifolia > Zizyphus jujuba var.
spinosa > Ostryopsis davidiana > Quercus liaotungensis. It is summarized that the sensitivities of the four plants to climatic
changes were different and various species had different adaptabilities to environmental changes. The influences of climatic
changes on stomata densities could vary within plant species. T he study results in this paper can help with the protection, sur-
vival and reconstruction of vegetations in the Loess Plateau.
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of a Digital Imaging microscope with the magnifying power of oil lens at 100
1

Fig. 1 Foliar underside epidermises of different kinds of plants
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Table 1 Differences in foliar underside epider mises among different plants
Name Epidermal cell Stoma Guard cell
Approximately >
polygon-shaped with rectangular Anomocytic with a long- s Bow-shaped

Quercus liaotung ensis

Ostry @ sis davidiana

Zizyphusj yjuba var.
§p inosa

Sghora viciifolia

or slightly bent wall, and outer
surface with small lump protuber -
ances

Irregular in shape with the
wavy wall, and the surface with
protuberances

> > >

Polygon-shaped with an approxim-
ately identical diameter, rectangu-
lar wall, and epidermis covered by
stripe cuticle

polygon-shaped with a var-
ying diameter rectangular wall,
and smooth surface

round shape and a two-layer outer
arch cover of smooth or slightly
wavy internal surface

> Paracytic with an el-
liptical shape, and a single layer
outer arch cover of smooth inter-
nal surface

> >

>

Paracytic with an elliptical
shape, and a single-layer outer
arch cover, of obvious smooth or

wavy inside surface

Paracytic with strip shape
and an unclear outer arch cover

with smooth sur face

Kidney-shaped with smooth
surface, and vice cells with a pinstripe
surface perpendicular to the long axis of
guard cell

Kidney-shaped with smooth
surface externally showing homocentric
pinstripes

Bow-shaped with smo-

>

oth surface

2.2
1933/ 1938 1958 1972 4 s > >
> , 3 3 , 3
; 1958 1972, ; 3
; , 2
2
Table 2 Comparison of the stomata for typical plantsin the Loess Plateau over different years
1933/ 1938 * 1958 ** 972 ***
Stomata size Stomata size Stomata size
Name
Length(Lm) Width( Im) Area(Lm?) Length( Lm) Width(Lm) Area( Lm?) Length(Im)  Width(Im)  Area( Lm2)
Queras
. . 17.58%2.58  14.3241.50 220.91=39.15 16.84=+1.75 13.84=0.98  208.75427.98 15.48=1.76  12.98=%1.16 178. 68+429.09
liaot ungensis
Ostry @ sis
19.85#2.89 16.03%1.71 275.81%60.97 18.51242.43  15.49=21. 58 248.68%+47.06 20. 41%2.45 16.96*1.47 299. 64=+46.33
davidiana
Zizyphus
— — 20. 714244 17.95#2.31 323.53=%73.37 23.8243.08 17.1022.06 356. 19=%75.27
jujuba var. spinosa
11.2742.10 6.20=%*1.20 61. 2416.49 15.76%1.98 8.87%1.58 125.58%25.17 15.20%2. 14  7.26=%1.32 97.93=%19. 48
Sophora viccif olia
* 1933 1938 ;

s 30

>

The samples of Ostryopsis davidiana and Sophora viciifolia were sampled from Yan'an in 1933, and

those of Quer cus liaotungensis from Huanglong Mountains in 1938. Because of the limited quantities of plant specimens stored in the Northwest

Institute of Botany, there exist no specimens of Zizyp hus jujuba var. gpinosa collected in 1930's and then no data concerned are available; * * 4

3

All the samples of four plants were collected from Tongchuan, Shaanxi Province; * * * s

The samples of Zizyphus jyjuba var. gpinosa were collected from Huangling, and those of the other threeplants from

Yaoxian county, Shaanxi Province
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Fig- 2 Foliar stomata densities of Quercus liaotungensis (a), Ostryopsis davidiana (b), Zizyphus jujuba var. sgpinosa (c)and Sghora vici-

ifolia(d) over different years
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14. 3% Penuelas 14 0. 24ka , 2% Fernandez
CO, ( CO,, 35000Lmol/ mol) 2 s CO, R
70%11 Beerling 1927 1995 70a (Mercurialis p erennis) (2l ,
CO, , Ryle and Stanley (Lolium perenne)
CO, 131 Ferris and Tayor (Plantago metia) CO, 1% He
5 , (Eucommia ulmoides) (Q. liactung ensis) (Q. glandulifera var. brevip etiola-
ta) 3 CO2 , (Gyclocarya paliurus) )
(Ficus heteromarpha) CO, [53] Ceulemans CO,
126 Co,
, CO, ) )
) 10%  20% ; CO: , Cs
s s s s (27 s
, Cs CO2 ,  Ca CO:2
(28]
3 .

Table 3 Changes in the stomata densities of typical plants in the Loess Plateau over different years

Stomata densities(no/ mm?2)

20 20th century 2002 2002 20 . *3*0
Name Family °
30 50 70 80 Year of Variety rate from 30's
30's 50's 70's 80's 2002 02002 (%)
Quer cus liactungensis Fagaceae 680 624 724 644 689 1.31
Ostryopsis davidiana Betulaceae 286 232 195 214 258 - 9.79
Zizyphus j ujuba var. gpinosa Rhamnaceae — 375 410 366 270 - 32.35
Sghora viciifolia Legumin osae 476 348 362 — 253 - 46.85
* s 20 30 20 80 s Because of the limited quanti-

ties of plant specimens stored in the Northwest Institute of Botany, there exist no specimens of Zizyphus j yjuba var. spinosa collected in 1930's
and Sophora viciifolia in 1980's, and then no data concerned are available

* o 2002 20 50 5 s The decreased percentages
were achieved by the comparison of Zizyphusj yjuba var. spinosa stomata densities in 2002 with those in 1950's; the positive values stand for the

increased percentages and the negative values the decr eased percentages
4 (% ; 100

s ) CO2 s >
Ryle and Stanley!®! Ferris and

Taylor®? = , CO2 >
2 He [25] cc COZ 3 ,

[29]

CO, , ’
, CO2 > 5
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