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Characteristics of the bud bank in and around plateau pika mounds in the alpine

meadow on the northern slopes of the Qilian Mountains

TENG Yu-feng"?, MA Jian'*, CHEN Bin"*, LU Yan-fang"’, LI Jing"*, LI Xing"*, LI Ning"*, LT Hong-ru"”’
1. Zhangye Academy of Forestry, Zhangye 734000, China; 2. Collaborative Innovation Base of Zhangye Academy of Forestry,
Zhangye 734000, China

Abstract: The aim of this work was to explore the pattern of changes in aboveground vegetation and the
characteristics of the underground bud bank in plateau pika (Ochotona curzoniae) mounds and their peripheries after
different restoration periods in the alpine meadow at the northern slope of the Qilian Mountains. Analyses of
aboveground vegetation and the underground bud bank were conducted for plateau pika mounds at four stages of
restoration; new mounds, old mounds, abandoned mounds, and native vegetation (as the control). The results
show that: 1) The underground bud bank of the mounds included three types of buds, namely tiller buds, rhizome
buds, and root sprout buds, with rhizome buds and tiller buds being the dominant types. 2) The number of plant

species colonizing the bare patches of the mounds gradually increased as the restoration period for the mounds became
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longer. The species richness, vegetation cover, and plant density of the aboveground vegetation, as well as the
number of species and total density of the underground bud bank in the mounds showed the same trends across
different restoration stages; that is, new mounds<Cold mounds<Zabandoned mounds<Cnative vegetation (control).
Moreover, there were extremely significant differences in the values of those parameters among the mounds at
different restoration stages; 3) For the peripheral areas of the mounds, there were no significant differences in the
species richness, vegetation cover, or plant density of the aboveground vegetation, nor were there significant
differences in the number of species and total density of the underground bud bank among mounds at different stages
of restoration, and the vegetation characteristics of the mound edge areas were consistent with those of the native
vegetation; 4) The number of species in the underground bud bank of the mounds was extremely significantly and
positively correlated with that in the underground bud bank of the mound edge areas. The species richness,
vegetation coverage, and plant density of the aboveground vegetation in the mounds were extremely significantly and
positively correlated with the number of species, total bud density, number of tiller buds, and number of rhizome
buds in the underground bud bank in the mounds; positively correlated with the total bud density and number of tiller
buds of the underground bud bank in the mound edge areas; and extremely significantly and negatively correlated
with the number of rhizome buds of the underground bud bank in the mound peripheries. The alpine meadow at the
northern slope of the Qilian Mountains has relatively low temperatures and abundant precipitation. The presence of
pika mounds alters the original relative competition intensity of the grassland, allowing for natural restoration of
vegetation and renewal of grassland vegetation by regulating the composition (proportion) of the underground bud
bank in the mounds and their peripheries. This has a profound impact on the structure and dynamics of grassland
plant communities and on ecosystem functions.

Key words: alpine meadow; plateau pika; mound degraded area; bud bank characteristics
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i 4 99°01' —100°03" E,38°03" —38°50" N, MK 3690~3740 m J& = 1% i (L) Hby 75 JFL A% X, 4F 7 2 < 0~
3°C, LA 90~120 d,4F H HEAT£L 2680 h, 4 B /K 150~300 mm . Bk 25 Ay v 2E R0 f) A8 W) 0 35 O o5 1L
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(Polygonum sibiricum) K& (Artemisia dalai-lamae) % K G55 (Leontopodium nanum) VAR 252 Jy £, HA Jofd
W22 5 G UG B0k % (Potentilla simulatric) S5 (Lancea tibetica) WEAT 57 BE 25 XA R 25 25, Ud BH A48 3 111 J0 78
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Table 1 Composition of aboveground vegetation and types of underground bud banks in the mound

¥ 5 T B & CRLE BBT
No. Plant species Family Genus Life form
1 TN C. fvanoviae P EERL Cyperaceae ZHE Carex PH RB.TB
2 & C. parvula VHEERL Cyperaceae ZHE Carex PH —
3 W F P, simulatriz MR Rosaceae Z:Be %@ Potentilla PH RB.TB
4 N ETHEZE B 32 P. saundersiana var. caespitosa %4 Ft Rosaceae Z W 38 Potentilla PH RSB
5 BEKP. annua RAF} Poaceae HBRIE Poa PH TB
6 VKEL AL cristatum RAF} Poaceae UKL Agropyron PH TB
7 PEARIE 2L P, sibiricum Z B} Polygonaceae 2 & Polygonum PH RB
8 INKEER. pumilum FF} Polygonaceae K& Rheum PH RSB
9 KA. dalai-lamae 45Ft Asteraceae & Artemisia PH RB
10 &K L. nanum % F} Asteraceae KRG & Leontopodium PH RB
11 WIRE L. tibetica % 2 F} Scrophulariaceae W5 R Lancea PH RB.TB
12 L FERA B T, alpinum B E Al Ranunculaceae FERA SR Thalictrum PH RSB
13 BT O, imbricata Tt Fabaceae BB Oxytropis PH TB
14 e B G, aristata JeEL Gentianaceae e J& Gentiana AH TB

PH: Z4F /& KA Perennial herb; AH: — 4/ B Annual herb; BBT: Z£ % 285 Bud bank type; RB: R 2% 2f Rhizome bud; TB: 43 BE 2f Tiller bud;
RSB: M EEZF Root sucker bud.
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Table 2 Characteristics of aboveground vegetation in mound of different ages

S ) il SR Y@ PD
Mound Plant species (%) (No. m %)
NM  EHAEE C. jvanoviae S5 15 ZE B 3K P, simulatriz 2.0040. 58aA 3.10£0.38aA  104.0040. 57aA

OM  THANEE C. jvanoviae E G ZWR S P. simulatric 55 W& E C. parvula /NKEE  5.0040.58bB  65.30+0.35bB  1501. 00+ 3. 06bB
R. pumilum VEAAFIWEE P. sibiricum

AM  THEWRZER C. ivanoviae S5V B3R P. simulatriz G855 W5 C. parvula JNRHE 7.00£0.57¢BC - 97.4040.63cC  4308. 00+ 1. 15¢C
R. pumilum FGAAFIWZEL P, sibiricum =\ FEASEE T, alpinum 3R P. annua

CK TR EE R C. ivanoviae ST HEZ B E P. saundersiana var. caespitosa 5 111 8.0040.57cC 99.8040.11dC  4672.00+34. 06dD
B C. parvula NKE R, pumilum VGAFEE P, sibiricwn & 1S T, al-
pinum SRR P annua JTEIEIR G, aristata

NM: # i New mound; OM: IHf = Old mound; AM: & 3 il it Abandoned mound; CK: Ji/E 4 #% Native vegetation; SR: ) F & & & Species
richness; VC: Hi#% 5% & Vegetation coverage; PD: Hitk% ¥ Plant density; [ 3 AR [Rl/NE 588 22 5 B3 (P<<0. 05) , R KRG F 8 F£ R 22 F i 5
# (P<C0.01) Different lowercase letters in the same column indicate significantly different (P<Z0.05), and different uppercase letters indicate extremely

significantly different (P<C0.01); F [A] The same below.

R3 FARFERBEM EEERMTFERLERTESN

Table 3 Analysis of variance for characteristics of aboveground vegetation and underground bud bank on mound of different

ages
7 e R IR i A 8% The aboveground vegetation MR 2§ 2 The underground bud bank F,o Foo
SOV dr SR Ve PD df SN Total RBD TBD RSBD
BG 3 28.00%*%  11907.19%x* 16664. 43%x* 3 99.00%*  34336.99%x  4912.07*x 216232.75*%% 117.87** 4.07 7.59
WG 8 8
S5 Sum 11 11

SOV : Source of variation; SN: #Fi%{ Species number; Total: & 2£ % & Total bud density; RBD: 252 % ¥ Rhizome bud density; TBD: 40 BE 2%
B Tiller bud density; RSBD: HBE 2 % & Root sucker bud density; BG: 41 [d] Between groups; WG #14 Within groups; *: P<C0.05; **. P<C0.01;
T [A] The same below.

2.3 RARAHFMRALWTF E T

A T4 B B 3t T 25 5 0 R R A0 A Al f 3 5 R 2 — 80, B O U <IH R <R 3F U <R A
Bl HR) , HoH R 2F A e B 35 22 R (P<0. 01,38 4) o B U R 28 9% B o0 1901, 334~ +m °, IH L i
T OBV O 3653, 33 em 7 K S O LR S 2F B O 6127. 00 1 -me Y, Ja AR AR B CXF BRD) MR RZE B EE
6612. 00 -m *; 58 B A LG, IH B 2 57 BLFe M 28 P B % B2 4 il 4 i 1 92, 106 1222, 2%, [] B b T 2
) T 50k I K A2 A B8, S22 8 B I 5, MR 2R R AR R B Hh R BRI 2 A A K B0 TR BT 7 R A A
1K B0 7 B Y 8 IR , T AL A A O BED) M R 2 R R RS IR 5 R — 3K

F 5% X P A i i B e B e I 2 P AR 25 2F R A S b 107 (3R 4) , Lk Ol o0 B 2 MR BE 2R B e (. B U
MR ZF PR DIAR ZE 2R BE 2R B Y O REAR AT B SRR R 2 AH WA A, FLAR ZE R L i T A BE AR
IH B Fedth R 28 A 7 R R, 23 )2 AR 22 28 e oy BE 28 9 SO R0 RN 22 7 SR B SR  Ur BE R %ok
TR VKE, DI BEZEYT O F2 00w L B A B N B DL DU ZE 2R O PR A R S A A, AR =R
25 AR A M AT 2 R R A BE Y 2. 38 4% R AR EELF 49. 7545 K I UMb R 2RI 8 A 430 2
DIAR ZE2F e 4y BE 20 9 B0 - 0 OB 20 0 R B DU BEZF Y SO E A RAUR UK B AR IR BE SR Y%
M ERNKE, DL IR ZEZE Y SO Tk A R B 4L, R ZE 2 G IR S, R O A BE 2R MR 2K
SRS BELE N 1. 184  MRBE 2R AKX 34N - m 7 SR A M M T 2R AT S AMAE AR, 4 B AR 25 2R 4
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Table 4 Characteristics of underground bud bank in mound of different ages

WS Ty SN Total RBD TBD RSBD
Mound Plant species (No.*m™*) (No. m*) (No.-m*) (No.-m *)
NM TCREANZEHE C. tvanoviae G E B S P. simulatric 2.00+£ 1901.33+  1838.00+ 63. 33+ 0.00+
0. 00aA 0. 88aA 2.08aA 1.45aA 0. 00aA
OM TR ZEE C. dvanoviae ZE W B R ZE P. simulatriz K P. annua (75 7.00+£  3653.33+E  2537.004 1065. 33+ 51.00+
I FERAE T, alpinum VA ﬁﬂﬂg P. sibiricum JNKEER. pumilum PKF 0.57bB  7.22bB 3.21bB 1.76bB 4.51cC
A. cristatum
AM T EER C. ivanoviae W RH L. tibetica K A. dalai-lamae % 4E  8.00+  6127.00+  3321.00&  2803.00+ 3.00+

W O. imbricata FEAARIWZEL P. sibiricum JKF A. cristatum 52K 0.57¢B  21.70cC 17.04dD 4.93¢C 0.58aA
P. annua JNKFER. pumilum

CK FIEME T, alpinum JNKE R, pumilum TR EE R C. jvanoviae,  8.00+  6612.00+  2965.00+  3629.00+ 18. 00+
N ETRER B3 P. saundersiana var. caespitosa WG IR 2 P, sibiri- 0.58cB  6.43dD 5.13cC 4. 36dD 1. 00bB

cum JNT=I M G, aristata JF3OR P, annua ISR E L. tibetica

BEZEY BN E A O R AR DI BESE YT O g RBOR RIS I, DA BE ZE YT Ok 0 L AR
IR A ETAE Ze B 3%, DL R DAAR ZE 289 B 1 09 PO R0 2020 B, EL A3 BE 28 5 300 5 o, Tk 2 AR 2528 AR
BE R0 I AR, A BE 2R R MR ZE 2R 1. 2248 R AR BE 2R 1Y 201. 6 4% .
2.4 RRFMALALR M LA T F ESHIE

AN TA) B P 300 % X M b A B B W Bl R R RE R W R RE R RR % EE 43 0 S 7.00~8. 00, 99. 00%~99. 67 %
4673.00~4674. 004 -m *(F£5) , ZF WA B E(P>0.05),

N

K5 AEERREBLEGXH EEHFAE

Table 5 Aboveground vegetation characteristics of mound edge area of different ages

B - HL Bl SR vC  PD(No. -
Mound Plant species (%) m?)

NM KR ZE R C. fvanoviae G E B P. simulatric JE K5 L. nanum AT L. tibetica 7511175 C. 7.00%  99.00+ 4673.00+

parvula G5\ FEFS R T, alpinum HACPE O. imbricata 0.58a  0.58a 6. 35a
OM  PEIFIWEE P. sibiricum /NKEE R. pumilum JAFRH L. tibetica 5 103 5 C. parvula JG W FEASE T, al-  8.00+  99.00+  4674.00+

pinum FEW TR IR P. simulatriz A O. imbricata JCFEFAZE R C. ivanoviae 0.00a 0. 00a 42. 44a
AM  EIEREE T, alpinwn 5 1R C. parvula JNKEE R, pumilum TR EE R C. jvanoviae S5 TR 8.00  99.67+  4674.00+

P. simulatriz VOAFIWZE P, sibiricum J TR G, aristata EAEFE O. imbricata 0.57a 0.33a 37.51a

CK L ERA R T, alpinum G\ C. parvula /NKEER. pumilum JCFEFRHEZER C. ivanoviae FEAAFEZE  8.004+  99.67+ 4673.33+
P. sibiricum JNEETFEZE B S P. saundersiana var. caespitosa Jt5 e G. aristata FEALTRTE O. imbricata 0.57a 0. 33a 27.45a

N T A7 B B 300 % DX M T 28 R FhB o R 2R VR B MR SR AR Oy BE R M BE 2R 43 5k 7. 00~
8.00.,6619. 34~6716. 004~ +m *,2004. 67~2024. 67~ -m * 4675. 67~4693. 334 -m *.14.33~19. 00 +m *, A
[l AE R ) 25 52 R 3% (P=>0. 05,3 6) o Bl G X 2F R Fn b b RS i ) Rl Fp 26 — B (R 53K 6) .

2.5 FREFMALHRTHE B EHMEREALRKTF & b LG £ Z

ATV AFE BR B R 28 AR S B e I X R 2E P A AR AR A SE A R (R ) R
Hb T ZE R R A BRI 2 XM T 2 T ) R AR B S I A G (P<<0. onﬂﬁﬂﬁF;ﬂfpu SR E T
ZEPE AP BE SR MR 2K 2 P A S IE A O (P<C0. 01) , 5 B e i % X M R 2 P8 4 BE 2F 95 8 5L A I 3 I AR OG
(P<<0.01), 15 B e 2 XM R 2 2R A 25 28 95 3 B A W 35 4R OC (P<<0. 01) 5 ﬁﬁ:iﬂzi*ﬁ%&%ﬁﬁz AR
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Table 6 Characteristics of the underground bud bank in mound adge area of different ages

B - iER7Ee SN Total RBD TBD RSBD
Mound Plant species (No.*m *) (No.*m *) (No.-m *) (No.-m %)

NM THEME L C. ivanoviae SFF B P. simulatric J&E KB L. nanum, 7.00£  6699.331%  2004.67F=  4680. 33+ 14.33+
I L. tibetica &\ H C. parvala 55 W B T, alpinum AL 0.58a 9.94a 6.69a 3.38a 0.67a
5.0. imbricata

OM VEMARI 2L P, sibiricum /NKEE R, pumilum AR L. tibetica 75117 8.00+  6707.67+  2009. 67+ 4682. 33+ 15.67+
W C. parvula 5 FERSE T, alpinum W EE P, simulatriz AL 0. 00a 27.33a 28.71a 5.49a 4.33a
5.0, imbricata JCHERRZERE C. jvanoviae

AM F L FEAS B T, alpinum &5 IE S C. parvula JNKEE R, pumilum JoFE 8.00=  6716.00%  2006.004  4693. 33+ 16.67+
WA 8 C. jvanoviae ZF VGRS P. simulatriz VSAARWZE P. sibiricum ., 0. 00a 15.13a 10. 26a 11. 46a 4. 10a
WM G, aristata EACR G O. imbricata

CK F L FEAA S T, alpinum &5 IFE S C. parvula JNKEE R, pumilum JoFE 8.00+  6619.34+  2024.67+  4675.67+ 19. 00+
W48 C. dvanoviae VEIAFIWZE P, sibiricum NEETFEZE S P, saun- 0. 00a 5.46a 12.02a 6.74a 1.73a
dersiana var. caespitosa JIZ MR G. aristata FEACTEE O. imbricata

BE AR RS B M N ZF R AR R A R Ay BE A M ZE A R S W 3 IE A G (P<<0.01) , 5 R
G X 1 RSB R o R R R BRSO R R R R R IEASC HER AR E(P>0.05) 85
BT 0 % X 28 4 40 BE 25 8 A B 3 IE AR O (P<T0.01) , 5 B 7 25 X b R 2F R AR 25 28 5L 0 g 35 1Ml o6
(P<<0.01).
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