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The response of the root morphology under different diameter classes to grazing

exclosure duration in alpine grassland

CUI Jiabao' , WEI Chen®, WANG Ning',CAO Jianjun' "

1 College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China
2 College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730000, China

Abstract: The diameter class characterizes the morphological structure of the root system and reflects the state of resource
use and biomass allocation. The study on root morphology at different diameter classes in alpine grasslands is important for
understanding subsurface carbon allocation, water and nutrient uptake and productivity. Grazing exclosure ( GE) was
considered one of the most effective measures to combat grassland degradation. But there are few studies on the effects of GE
duration on root morphology at different diameter classes, making it impossible to determine a suitable GE duration that can
maximise the ecological benefits of roots such as the capacity of resource use. The root morphology patterns, including root
length, root surface area, and the number of root tip of the 5, 13, 22, and 39 a exclosure were investigated in alpine
grassland at the Haibei alpine meadow ecosystem research station in Qinghai Province, with nearby seasonal grazing
grassland as a control. The results showed that at the 0—15 cm soil layer, the number of root tip under the 13 a GE was

significantly higher than under the 5 a GE at a diameter class of less than 0.5 mm, and its corresponding biomass was the
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greatest. Root length and root surface area under the 13 a GE were significantly higher than under the 5 a GE and grazing
grassland at a diameter class of less than 0.6 mm, and its corresponding biomass was also the greatest. However, at a
diameter class of greater than 0.5 mm, there was no difference in the number of root tips among different grasslands. At a
diameter class of greater than 0.6 mm, values of root length and root surface area under the 39 a GE were significantly
higher than under seasonal grazing grassland, and its corresponding biomass also reached the greatest value. At the 15—30
cm soil layer, root length, root surface area and the number of root tip under the 5 a GE were significantly greater than
under the 39 a GE and seasonal grazing grassland, but their corresponding diameter biomass reached maximum in the 13 as
of GE. The soil nitrate nitrogen and the below —ground biomass were the main factors affecting root morphology at each
diameter level. The results from the study suggest that the root ecological benefit is related to the duration of GE and its

value is relatively higher under the 13 a GE, with longer duration of GE no longer significantly increasing this benefit.

Key Words: root length; root surface area; root tips; grazing exclosure duration; diameter classes; alpine grassland
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2018 4E 9 H ,BUT G uli N BIEHERR 510 5,13 .22 .39 a A7 FERTHE ([ EHRK ) MBFse 4, IF LU
B E U 50 m ZEAT B ZE T M ECHCR HLVE S IR ORI R BEMLEEER 3 AL (10 mx10 m) (AR i Z15%
N, B —FEHBIE B R 220 3 m) | AR XTI ZR AR 3 MR (0.5 mx0.5 m) , FHE AR 70 mm [ARAEY
53)2(0—15 em 15—30 cm) EHHUR R 47 PISC R A, R [A] 2 38 0 o 5
i AR HESE IS 73, 43 R PIAS 2 S I BRAL PR B T 1 A (3R 1) o FRl3 5,13 22,39 a RO HhL 1Y 1
AR 404.91 382,74 ,280.50 ,278.54 226.61 g/m*M'Y | &% AR K R RTINS 2 TR

15k B 45 HX R A AR B A

®1 EH5.13.22.39 a MEHMEMEA LR ER [
Table 1 The soil physicological properties of the grazing exclosure 5, 13, 22, 39 a and seasonal grazing
0—15 ecm +J2
0—15 cm soil layer
35 a
S 4 GE 44.93+1.91a 60.67+4.19a 6.16+0.32a 0.36+0.07a 7.71+0.05ab 0.32+0.02a 16.97+2.48ac
a
FlEf 13 a
13 a GE 51.35£1.43b 64.10+2.22ab  6.26+0.21a 0.57+0.07b 7.73+£0.04ab 0.32+0.02b 11.50£1.09ab
a
FlE 22 a
2 a GE 58.66+4.61c 62.51+3.37a 5.61+0.55a 0.50+£0.07ab ~ 7.70+0.12ab 0.33+0.02a 15.27£1.53ac
a
FilEf 39 a
39 a GE 49.19£5.04ab  58.16+9.54a 5.92+0.89a 0.41+£0.07ab ~ 7.81+0.03a 0.33+0.02a 7.15+0.77b
a
O
bfu&é b 60.90£12.20c  74.54+6.84b 7.74£2.01b 0.49+£0.07ab  7.66+0.07b 0.50+0.04¢ 23.10+4.46¢
Grazing grassland
15—30 em +J2
15—30 cm soil layer
HlE 5 a
S GE 42.73£0.71a 53.03+1.86a 5.48+0.14a 0.22+0.08a 7.76+0.06a 0.26+0.01a 9.24+1.56ac
a
Bl 13 a
13 a GE 37.85+0.54a 36.43+1.99b 3.73+0.09b 0.48+0.07b 7.84+0.05ab 0.17£0.01b 3.96+0.60b
au
FlEf 22 a
2 a GE 41.22+1.74a 41.00£1.65b 4.12+0.11b 0.53+0.05b 7.85+0.08b 0.23+0.01¢ 6.14+0.96ab
a
il 39 a
39 a GE 37.83+0.67a 36.11+1.22b 4.08+0.12b 0.47+0.05b 7.97+0.06¢ 0.22+0.01¢ 4.03+0.67b
au
O
m&.ﬂ‘ﬂ_‘ 49.08+4.14b 36.11+1.22a 5.34+0.51a 0.49+0.08b 7.84+0.12ab 0.31+0.02a 10.21+1.18¢
Grazing grassland
0—30 cm +2
0—30 cm soil layer
FlE S a
S 4 GE 43.83+0.48a  56.85x1.13ac 5.82+0.09a 0.29+0.06a 7.74+0.02a 0.29+0.02a 13.11£1.8%a
a GE
313 a
13 a GE 44.60+£0.85ab  50.27+1.25ab 4.99+0.08b 0.52+0.06b 7.78+0.04a 0.22+0.02b 7.73+0.63bc
a
FilEf 22 a
22 a GE 49.94+1.34bc  51.76+2.33ab 4.87+0.10b 0.52+0.05b 7.78+0.03a 0.28+0.03a 10.70+1.06ab
a
% 39 a
39 a GF 43.51£0.87a  47.13+1.69b 5.00+0.15b 0.44+0.05b 7.90+0.02b 0.28+0.05a 5.59+0.55¢
a
WO
Bt 54.99£4.05¢  63.70+5.42¢ 6.54+0.57a 0.49+0.05b 7.75+0.05a 0.40+0.08¢ 16.66+2.66a

Grazing grassland

GE . &} Grazing exclosure; SWC ; 1355 7K 1 Soil water content ; SOC ;: T-3EFH HLBK Soil organic carbon; STN ; 134> Soil total nitrogen; STP ; +

HEL T Soil total phosphorus; SAN ; 1-3EfH f# % Soil available nitrogen ; SNN ; 3B A% Soil nitrate nitrogen ; [R]FI AR [F/NE

B (P<0.05)

1.3 RAEIE

FHACR B B AR ] 9 22

MRZRAE B RIK T 12 o Pk, 22 Bkt B 76 25038 1 9 38 0k A W pk A i , B T B B SRR & N, 7
300 dpiZr#ER N HH (Epson 1L, #-5 10000XLPro, IEE ) PBUR & KM%, 7£ 0.1 mm R EIFHKFE T,
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AT WinRhizoPro £ XHHR 22 FUGHEFTA3HT , AARAHAR AC AR 11 AR AR BCRAR AR B AR b MRS
(AR R RF 0 A 80°C HEAR rhHb T 2 i i, AR I F i sk T3 (FEOLSCHR'™ ) . 7ERTIIAR R AW in Ab 3, i T
B IEAR T SRR, R AN A S BN TRIAR G0 531 X 107 A AR 28 A= W 4k
FRITHLERTE(g)

T (g/em’) = (D
AR AR 7 4 2 EARR R (em?)
3 3
RHAR Z w(g/m’)= v (2)
AR A (m?)
x2 BEHEMMRKE AR SRR R
Table 2 Dominant species and the number of species at the sampling sites with grazing and grazing exclosure duration' '’
PEHFh PR
Dominant species Number of species
% 5 a TEFEPY 0K 5 ( Elymus nutans Griseb) 28 238 ( Festuca rubra L.) . 5% %1 35 (Stipa aliena 1
5aGE Keng) %% (Elsholizia ciliata ( Thunb.) Hyl.)
FIE 13 TP 5L ( Elymus nutans Griseb) 48 -3 ( Festuca rubra L.) .5t %F3F (Stipa aliena
a Keng) K (Poa annua L.) . % B ( Deschampsia caespitosa ( L.) P. Beauv) . % 4% 17
13 a GE . .
( Potentilla ansrina)
Fild} 22 a TEAE P 5 ( Elymus nutans Griseb) %8 2£ 5 ( Festuca rubra L.) | 54513 ( Stipa aliena 1
22 a GE Keng) J#% ( Oplopanax elatus ( Nakai) Nakai)
% 39 a T 08 5T ( Elymus nutans Griseb) | %8 238 ( Festuca rubra L.) 5t %1 3F (Stipa aliena 9
39 a GE Keng) Jii%: ( Oplopanax elatus ( Nakai) Nakai) F-3K (Poa annua L.)
S A I 5 ( Elymus nutans Griseb) | 1A ¥ ( Koeleria pyramidata ( Lam.) P.Beauv) | E=SH 18
Grazing grassland ( Gentiana macrophylla Pall.) J&4 ( Potentilla ansrina)

AT, A BIARPEAR K AR R T RURIAR S B AR RAE R TR0 Mr . FE LA b AR S Reinhardt £
Miller ™' F) 40 2805 1E  F A R AR G053 R 2 . AR (#£44<0.6 mm) FIHIAR (>0.6 mm) ,
1.4 ik

K HH SPSS 22.0 B XS AT AT 30T . BRLIK 2y 25 A Ak R/ N 3 25 0k (LSD) AT LU AN )
EAFRR B LRy 22 5% 18 Pearson AHICMT T AW SE LIS 0 S AR UL BN LR, WHEH
ZA T L2 B EHERR IR IE S A, 78 0.1 mm fRGRIBEKE T, R 2GR 0Hr
SRR MR A ARSI AT 02, IR PRI AL S B L R e hr e 2 T X2 B, B K P
i P<0.05, % Origin 9.0 #X/1ER

2 HRESH

2.1 R[FARGO I AR AR SR T FURIAR 225

BRI R BN 2% 0.1—0.3 mm,0.3—0.5 mm,0—0.1 mm 1 0.5—0.6 mm,>0.6 mm )i [FIAR K45
M 587.1555—2965.0086 cm,631.8411—3601.4681 cm, 127.8769—1043.0785 c¢m H19.7707—62.1817 cm; 1%
2 0.2—0.5 mm,0.1—0.2 mm 1 0.5—0.6 mm,0—0.1 mm F1>0.6 mm X I (K 22 1 F2 5 514 70.0602—
397.8392 em?,23.6722—173.1528 em’#i1 2.5234—16.6900 cm?®;1224% 0.1—0.4 mm,0—0.1 mm,0.4—0.5 mm FlI
>0.5 mm S HEZRER 7 4901—25585 ~/m’,1642—12671 >/m’ il 74—516 >/m?,
2.2 N[FIAR AR R I A A ek Bl ] 38 4 PR A9 22 b

7 0—15 em L2 ZH/NT 0.6 mm B FlE 13 a (FARK BE KT EE S a MR IR K ; 290k
F 0.6 mm B, B EFEROR KR FRAEHORE(E 1), 2229 BE13408 E2HERNT
0.6 mm AR AL, HFE 13 a iAW & W& & TR R — 2 gAY & R YR T 0.6 mm B, [l
39 a MR R AW B = T RO E — R e g (A S e BRI 2E T (£ 3) .,
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Fig.1 The root length of different diameter classes and soil layers under various durations of grazing exclosure
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TR o AR N AR R AR R AE i (RS A AR R T 22 5 (R 3)

TE 15—30 em 2, [BlE 5 a KK AR AR A, H 5 3E KT B 39 a Ao i) 4R 22 1 A
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O, ARG AR ER TR R (£ 3),

2.4 AN[EARBARIRECRNAH R A 4 e B PRl 41 R A AR 1
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mm I, £ [l BHAE R 22 [8] B2 2% R BHAF RS R b 2 [ AR AR B 22 57 (K1 3) , 2 A Y= £
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WO R — R R Y RS R AR T E R (% 3) .

£ 15—30 em 1J2H  [FlE 5 a B, SARYAUHAREUE 2 m Tl E 39 a AR i iR AR (18] 3) 5 il
13 a ARG B B A= Py 5 R (H 0—0.1 mm 1 0.4—0.5 mm 22% F 5 H0BCH H (9 FE7E i 35 25 540,
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Fig.2 The root surface area of different diameter classes and soil layers under various durations of grazing exclosure
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Fig.3 The root tips of different diameter classes and soil layers under various durations of grazing exclosure
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Table 4 The relationship of root morphology and soil nutrients( 0—30 c¢m)

S0C/ STN/ STP/ AGB/ BGB/ SAN/ SNN/ Gk
SWC/% pH ) R Number of
(g/kg) (g/kg) (¢/kg) (g/m”) (g/m”) (¢/kg) (mg/kg) )
species
L0.1—0.3/mm 0.081 -0.004 -0.015 -0.034 -0.041 0.105 0.761 " -0.071 -0.258 -0.155
L0.3—0.5/mm -0.112 0.105 -0.187 -0.198 -0.027 0.156 0.883 " -0.202 -0.312"" -0.174
L0—0.1 0 .\
0.07 0.098 -0.086 -0.112 0.035 0.041 0.866 ** -0.122 -0.385"" -0.258
0.5—0.6/mm
L>0.6/mm 0.014 0.091 -0.086 -0.1 -0.011 0.085 0.919 ** -0.106 -0.336" -0.258
SA0.2—0.5/mm -0.08 0.084 -0.158 -0.17 -0.034 0.153 0.868 ** -0.182 -0.304 " -0.171
SA0.1—0.2
Al 0.001 0.108 -0.135 -0.159 0.013 0.090 0.894 ** -0.166 -0.367 " -0.255
0.5—0.6/mm
A0—0.1
SAO—0.L 7 0.064 0.067 -0.043 -0.057 -0.005 0.057 0.902 " -0.066 -0.323" -0.247
>0.6/mm
T0.1—0.4/mm 0.13 0.032 0.023 -0.001 0.001 0.030 0.728** -0.011 -0.241 -0.038
T0—0.1 A 0.163 0.069 0.005 0.048 0.048 -0.018 0.797 " -0.021 -0.327" -0.145
0.4—0.5/mm
T>0.5/mm -0.03 0.157 -0.133 0.038 0.038 0.050 0.838 " -0.092 -0.290 -0.101

AGB b A ¥t Above ground biomass; BGB : i 4: 4 Below ground biomass; * # £ 0.01 K (XUM) - REAHFE, * 7 0.05 KPR L 5 E A5

3 it
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Table 5 Effects of soil depth and grazing exclosure durations and their interaction on root morphology

T x AR

[l 45 R +)2 . L
. . . Soil depth X Grazing
Grazing exclosure duration Soil depth .
exclosure duration

F P df F P df F P df
R4 Root length/cm 2.86 0.024 4 203.20 0.000 1 2.08 0.084 4
HRFZM L Root surface area/cm’ 1.46 0.214 4 89.52 0.000 1 1.16 0.329 4
HRZREL Root tips/ (4>/m*) 0.50 0.740 4 81.96 0.000 1 1.03 0.393 4
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