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Relationship between root forks and link number, branch angle of Pedicularis

kansuensis under different density conditions in Gahai Wetland
LI Xueping, ZHAO Chengzhang”™ , REN Yue, ZHANG Jing, LEI Lei

College of Geography and Environmental Science, Northwest Normal University , Research Center of Wetland Resources Protection and Industrial Development

Engineering of Gansu Province , Lanzhou 730070, China

Abstract: The root architecture determines the root distribution and the search efficiency of water and nutrients, which is
the result of the adaptability of plant roots and stress habitats. The object of this study was to examine the relationship
between root forks and link number, branch angle of Pedicularis kansuensis in response to density conditions. The study site
was located in Gahai Wetland, Gansu Province, China (102.08°—102.47° E, 33.97°—34.32° N). The altitude of the
study site is 3430—3435 m, whereas the average annual temperature is 2.3°C. Sixty samples (1 mX1 m) were set up along
the river bank to investigate the density of P. kansuensis in August 2016. Population density was categorized as low (I, 10—
31 plant/m”) , medium (II, 32—53 plant/m*) , and high (III, 54—75 plant/m’). The density, height, coverage, and
above—ground biomass of the plant communities were recorded from Im X 1 m plots in the three densities with six
replications. Thirty plants of P. kansensis were selected; the above-ground parts of those plants were cut while roots were
collected by excavating the whole root system, and both were taken back to lah. Afterwards, the soil cores (30 cm X 30 cm

x 50 cm) were dug from six grids (30 em X 30 ¢cm) in three densities. The sieve (mesh size = 0.25 mm) was used to
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clean the soil core in the nearby river, and the roots were taken to the lab. Afterwards, we adopted a method to stratify
sampling(0—50 cm ). In the laboratory, the roots were scanned with Win-RHIZO to measure the root forks and link
number. The biomasses of different plots were put in an oven(at 105°C for 30 min) for green removal, and dring(at 80°C
for 12 h), and then measured. Similarly, the soil moisture content was also measured by oven-drying (at 105°C for 24 h).
The results showed that as the population density changed from high-medium to low-medium, the coverage, height and
above-ground biomass, root forks and external link number of the P. kansuensis decreased, whereas the below-ground
biomass, root internal link number, and branch angle of P. kansuensis increased. The was an allometric relation between the
root forks and link number, and branch angle of P. kansuensis. Additionally, the growth speed of the root internal link
number and branch angle was greater than the decrease speed of root forks and external link number. The allometric slope of
the root forks and external link number decreased, but that of the root forks and internal link number and branch angle
increased. With a change in density, the root forks and external link number of P. kansuensis decreased, and the root
internal link number and branch angle increased. These results revise the ecological adaptation mechanism of plant

populations to multiple resource competitions in alpine wetlands under the restriction of density.
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Table 1 Community characteristics and soil moisture property under different densities ( mean+SE)

W i HE Ho b I E K
Density Plant height/em Coverage/ % Aboveground biomass/ (g/m?) Soil moisture content/%

I 17.84+0.53¢ 64.60+3.55b 58.62x1.51c 18.94+0.54¢

il 22.64+0.97b 88.26+5.84a 68.69+3.92b 22.90+0.70b

I 24.28+0.15a 97.20+7.91a 92.31+8.41a 26.21+0.61a

[RIF AN ] -1 e s 4 5 1) 25 57 {35 (P <0.05) 1. fiR% ¥ (10—31 #¥k/m?), low density (10—31 plant/m?) ; 11, "% & (32—53 #k/m?) ,
medium density (32—53 plant/m?) ;1I1, 7598 (54—75 #%/m?) , high density (54—75 plant/m?)

®2 FARFEETHRDEENEKECFEARERZE)

Table 2 Biological characteristics of P. kansuensis under different densities ( mean+SE)

R Fisi FE M L UESFS AR K
Density Plant height/cm Coverage/ % Root-shoot ratio Root depth/cm Specific root length/ (em/g)
1 18.25+0.65b 15+0.18¢ 0.45+0.07a 5.86+0.27¢ 11.09+0.29¢
| 20.83+0.93a 29+0.80b 0.32+0.02b 8.94+0.24b 12.30+0.38b
It 22.64+0.98a 57+2.04a 0.28+0.04¢ 12.53+0.32a 19.46+0.59a

[F) B AN ] B 20 6 BE 8] 22 7 .5 (P < 0.05)

2.3 ARV Hi S SeE AR R B S 4 SR AR Ak

AR 25 220 M 2R B, R TR B T HOR B e i R 40 SO TR S O S AR B AR 1B 35 25 5 (P<0.05,
#3), BEEFEE Rt s BUREE AL, HOR 5 e E AR 200 B AN B EGE W N, A 2 B (L) B2 i
(D) 283/ N T 33.37% 1 50.35% ; AR Z8 N R 128005 0 > A0 B S AH S i 728 Al ka3, DA % B2 (1IL) B 32
(D) 7 H3EINT 70.94%F1 65.93% , 2R WIRE A %5 B2 YRR, HON 5 S iR A4 1520 i iy« SRAE AU 5 1) “ 7K

R3 AREETHRIEENRRES XY ERHESXAHE(CFHMELMERE)

Table 3 Root forks, root link number and root branch angle of P.kansuensis under different densities ( mean+SE)

W HRZR 53 X HRZ AT AR HRZRIMIR AL L wii)s
Density Root forks Root internal link number Root external link number Root branch angle(°)
I 6.83+0.04¢ 14.41£0.19a 6.46+0.27¢ 69.36+3.73a
| 8.30+0.05b 11.96+0.17b 10.64+0.31b 55.14£1.57b

I 10.25+0.07a 8.43+0.11c 13.01+0.29a 41.80+1.35¢

[RIZ AN R B8R % (A 25 53 35 (P < 0.05)

2.4 AFIEET HM S EER RS S E R X R

R S AR R 43 SUE S DA AR SO e B () IR 3 B (1) S8 520 i 3 A G OC &R (P<0.01,) 7
B D) i B DGR (P<0.05) L ] 1) 5 HR By e A 3 43 SUOEC 5 AN % H2 58004 s %% B (I ) ARG
B (1) AN FIEA OGO R (P<0.01) , FE & B (1) 2 2 IEAH G K R (P<0.05, K1 1) ,3 ML H
TG e AR 2R A MBS AR A R H R A AR AL T A ARPR A AR 35 22 5 (P<0.05) , B 2 B (1) AR K
T, R B (ID) AR BE (1) ARSI /INT 1, 3R v 28 B2 (I HR 5 5l v A 3R 43 SRR N 1) 88 B2 K T4
FEFEEOG N R T e B (L) AR B2 (1) H ke 2 51 T8 AR 3R 40 SUBSOHE Jon ) 3k 188 /I 4/ o e 00 i 1 3ok
JE i B (TIT) S50 B (1) Hof S5 S AR 2R 0 SURIORI A 22 422 5 [ U1 R A s v A 32 il A 528 T 488 K (P<
0.05) , BEBHZEAH FIAR 22 20 SUECR G 0T 150 2 B2 (LI ) H A 5 20 T8 SN0 32 12 000 1 ookl R FAIR 2% 1 (1) , HF
R S T T ) TS RAR R A i AR
2.5 AR HM S EERR S S0 SRR

H I S AR FR A SRS 43 S A v R (T ) VIR 2 (1) B 2 3 U DG E R (P<0.01) 5 7 25
FECI) i 2B RAHE R (P<0.05) , 18 2) o 3 MR H 7 B 585 MR 2R 43 SUECS 43 32 AR B Il U3 5 78 A s o
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Fig.1 Relationship between root forks and link number of P. kansuensis under different densities
I R (10—31 #k/m?) , low density (10—31 plant/m?) ; 11, H% # (32—53 #k/m?) , medium density (32—53 plant/m?) ; II1, & % &
(54—75 #%/m?) , high density(54—75 plant/m?)
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Fig.2 Relationship between root forks and branch angle of P.
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