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Nabkha morphology and sand-fixing capability of four dominant Caragana species

in the desert region of the Inner Mongolia Plateau
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Abstract: The drought-resistant shrubs Caragana korshinskii, Caragana stenophylla, Caragana roborovskyi, and Caragana
tibetica, are distributed mainly in the arid and semi-arid areas of the Inner Mongolia Plateau, China. They are important
plants for fodder resource, and are known as “lifesaving plants” to livestock. In addition, they play an important role in
fixing sand dunes and conserving water resources. So far, however, very little attention has been paid to the factors

determining the sand-fixing capability of Caragana shrubs. In this study, we explored the relationships between the
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morphology of shrubs and nabkhas and sand-fixing capability for the four dominant Caragana species in the desert region of
the Inner Mongolia Plateau. The results showed that C. korshinskii nabkhas were spherical and coronary, C. stenophylla
nabkhas were conical, and the nabkhas of C. roborovskyi and C. tibetica were platform and hemispherical, respectively.
Within each of the four Caragana species, shrub aboveground biomass significantly correlated with both nabkhas’ horizontal
scale and slope angle (P<0.05), but not significantly correlated with nabkhas’ vertical scale (P>0.05). Nabkhas’
vertical scale significantly correlated with plant height ( P<0.05). The correlation between nabkhas’ horizontal scale and
vertical scale was significant. The nabkhas’ horizontal scale, vertical scale, and volume all increased with Caragana shrub’
s extension. And the development of shrubs and nabkhas was faster in horizontal scale than in vertical scale. The sand-
fixing capability of nabkhas also increased as Caragana shrub extended. Among the four Caragana species, the
morphological characteristics of shrub and nabkha were significantly different. C. korshinskii had the highest shrub height,
the largest nabkhas vertical scale and the highest shrub aboveground biomass. C. roborovskyi had the largest nabkha
horizontal scale, the smallest vertical scale, and the smallest slope angle. C. stenophylla and C. tibetica had relatively
smaller nabkhas, but larger nabkha slope angles than the two Caragana species above. For C. Fkorshinskii and C.
stenophylla , the ratio between horizontal and vertical expansion remained relatively constant. But for C. roborovskyi and C.
tibetica, the shrub height remained similar regardless of the size of shrub bottom. As the shrub extended, the nabkhas’
bottom area of the four Caragana species all increased but with significantly different rates. The bottom area of C.
roborovskyt and C. tibetica nabkhas tended to expand faster than that of C. korshinskii and C. stenophylla. Within the four
Caragana species, the vertical expansion of C. roborovskyi was the slowest, resulting in the lowest plant height. While, C.
korshinkii, C. stenophylla, and C. tibetica shrub nabkhas remained in relative balance in horizontal and vertical
development. The order of nabkha volume and sand-fixing efficiency of four dominant Caragana species were all as
following: C. roborovskyi > C. korshinskii > C. stenophylla > C. tibetica. Based on the results of this study, we can draw
two main conclusions: (1) Within each of the four Caragana species, the nabkha volume, morphology and sand-fixing
capacity were probably determined by shrubs’ aboveground biomass. (2) Among the four Caragana species, the difference
of nabkha morphology, development characteristics, and shrubs’ sand-fixing capability were probably caused by the

interspecific differences in morphology and development strategies.
Key Words; Caragana; nabkha; morphology; biomass; nabkha development; sand-fixing capacity
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X Ja A S BT T X, Sy S ) SR R RS e, LXK 50T H BRSE R 28 By 2, AERERT
80—220 mm , 4EZE & H 2900—3300 mm, 4F H BT E] 3200 h, 4EFH<E 7.8 °C, TR 120—180 d, FE#E
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Fig.1 Nabkhas morphology diagram of four Caragana species
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BLA IR T A% 5 M A R i S R il S IE AR DG OG AR (P<0.01) |, i 25 BB R G i S5 AH G (P>0. 05)
(F 1), BT RIF R LA, € VALK 7 32 2 2 E A R/INB ) 3 1) 2 7 S5 HE AR/ S
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Table 1 The correlation analysis of nabkhas morphology and sand-fixing capacity with shrubs magnitude of four Caragana species

FHHIFF Plant species D5 W HS W HST AW Vs w ES5Ww
Fr448 39 L C. korshinskii 0.941 " 0.747 0.915" -0.867 " 0.941 " 0.844"
BEHHXS L C. stenophylla 0.947 ** 0.617 0.892* -0.828" 0.947 ** 0.956 **
FEEHRRY L C. roborovskyi 0.940 ** 0.794 0.835" -0.896 " 0.951 " 0.853"
HOREBXG L C. tibetica 0.971** 0.692 0.871" -0.890" 0.971*" 0.982**

W b DEREET (k) sD: VML B (m) s H: WELRE (m) s T: AR (m) A YWEBEMA )V, WEER () £ B (em®/g)
* TR ZH BEMG P<0.05, = = TR ZHWRFHK P<0.01

4 FhERXG JLJEE N0 5 SR IR R 2 5 B IEAH DG OE 2R (P<0. 05) , & BH X T [ Ff 8 X3 LK idd., 42 il
e Ry A= E SIS Sy LY/Ly S = N =¥y N Ok =

4 FhERXG JLJE E N Ve f 5 DR AR B A R B U OE R (P<0.05) (£ 1), BB & MY
PR S VAL BTSN IR SRS LR W R 14,78 ke BTN, B £ Ol 18, 58°, AT 59. 40 ke HYTE
DN AR 15, 430 Bt S8 LA W 3. 20 kg AUTE DA, B A R 22, 560, AE Wi 11. 96 kg U, 3 FA R
14.72°; S BEAR A JLAE M) & 1.00 kg F17.50 kg BUHEIN I Af1 535118 6. 50°F1 1. 89° s BUREE XS JLAE Wit 0. 45 ke
F1.30 kg FIVEIN IE A 430000 25, 10°H112.53°, 3k R W HEXS L JE A8 P 181 VG AE Kk & ik A rpokSF O 1y 4
JRE R YR

B 5 VEE DA M A 0 A0, 4 R R R L AR AS AN 1 VG (AR BRUG C i EL BRLA7 £ B i b (R AR
F)WRIN B FLMIEM(P<0.01) (K1), WA LAY R 14,78 kg FIVEMN , BIVPREN 46.45 cm’/
g, "EWaE 59. 40 kg IUHEMN , EVPRCR A 192, 34 em’ /g BRMHRAS LA 91 3. 20 ke FTEM , B VIRCR A 121. 42
em’/g, AW 11.96 g HIHEIN VP REH 183,37 em®/g; FE IR AS JLA W) 1. 00 kg F17. 50 kg (3 | & VD
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SR 1089. 54 em®/g Fl1 2114.98 em®/g; HURER A JLAE Y& 0.45 g 11,30 kg BITEM | VSRR BN
37.28 em’/g M139.01 em’/g, XEEULEIVE AR, BVPROR IS
2.3 4 PP LR ALY HE ARV LR SRR HL R

4 FhERAY LR AE D HE D G AR PR A B 22 5 o HEDAH R AR B . A AN LB HXS JL> i
TR LS HORAR A L 5 MRS < A7 A HR A8 L > T SRR S L B2 - 38 L > HOIRER S L ; V040 T B4R . e xe L
>F7 R ER G LB S A L > SR RS L VAL 8 B AP AR ARG L > B i X8 ) L> HORER XS L> e A G L ; Vg
P HRER G LS BB XG ) LA 255008 LS T B A L (B 2) o A 243G LRk & V06 e B L b, | A A% ik
AR E R T HA 3 PG IL, FEB A LYK B AR IR, R AN, PR VDA B /N, B R L
FNHCRERAG LV R TR LA VG B R e Rl b A R i s 3505/ AR

R Fh M BE/m o B AR g WEHER/m PEREE/m PEYA/C)
Plant species Plant height Aboveground biomass Nabkha diameter Nabkha height ~ Nabkha slope angle
FrA xS L

C. korshinskii | |0'88 | |32745 |:|4'72 | |0'68 | | 16.76

Zgé'jfff]jy[;m |:|0434 |:|5117 Dzog I:Io.sg |:|20.59
o e e e Do B
R |:| 0.14 || 754 |:| 1.4 |:| 025 |:| 2081

ANOVEM 5 45 5 F =175.001 F=13.343 F=12917 F=17.494 F=24353

ANOVE results P <0.01 P <0.01 P <0.01 P <0.01 P <0.01

E2 4 FIRG)LEEYEMIDER SR

Fig.2 The comparison of shrubs and nabkhas morphology of four Caragana species

2.4 4 FPERXG LR APIHE N FIVD A0 A R AL LA

Fr AR HR A LHE A i B S HEAE AR R W IEAI G IE AR (r = 0.858,P = 0.029) ; Bt 45 ) Lo A g J3E -5
MAEAR A E IEAIIER (r = 0.947,P = 0.004 ) ; Sl Hte LA HIR 60 X5 JLHE M i1 B -5 9 AP AR A DG A
BFP >0.05) (K2), SRR RTINS LA 50X LA FE KPR i) B LG ™ | T S f s J LA
HORHRAG ILTCIETEN TR K, v BEREASANAE A7 2R 3G LA 50 X ) LIRE A e B FNE DA AR [0l ) 5 R A9 R
FHNT 1(F£2) o KLEBLH] 4 Tl xS JLHE AR J7 0] B4 e AR T3 o] A= (R E 5 HE A T AR 184
R 7 2R ARG JLE Ao AR A iR B B JLIR 2, Sre i X JLAIEROIR B A L FE R AAN S

R2 A MBBILEEMELNDEREHE

Table 2 The characters of shrubs and nabkhas development of four Caragana species

TN BRI VhELJEE T AR AL EE A
- MAEERIE IR W M ERA T RRE R R
Plant . Regression equation Regression equation of nabkha Regression equation of

ant speeies of shrub height versus shrub bottom area versus shrub nabkha height versus

semidiameter aboveground biomass nabkha semidiameter
Fr 245U C. korshinskii 0.2201 " 0. 6265 0.2460
Bert 5534 L C. stenophylla 0.1421 % 0. 1661 ** 0.2030*
SCIREXS L C. roborovskyi — 8.4296 ** 0.0184 "
BRI L C. tibetica - 3.7141"" 0.2908 **

# FOR TH W EMK P<0.05, # * Fom “EHMWEE ML P<0.01

4 Fofvin X8 Ll TR AR R DA i 0 B A A 3 TE AT DG SC R (P<0. 01) , SR Bt 6 PR P\ Ml L Ao 4% B o ) i
T4 iR X ) L DAY G T AR AR R O, rh S A X LG 1T B R e bR, #AR R ARG LI, by 2R B 1Y
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Fig.3 The comparison of sand-fixing capacity of four Caragana species
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