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Abstract: To reveal the variation characteristics of absorptive root morphology , biomass and root length density of plants
with different life forms in two typical Larix gmelinii forest types, this study selected Carex-L. gmelinii forest and grass-
L. gmelinii forest in Hongwei Forest Farm, Huzhong District of the Greater Khingan Mountains. The soil core method
was adopted to determine the absorptive root morphology, biomass and root length density of L. gmelinii, understory
shrubs and herbs in the organic layer and mineral soil layer, and the relationships between root characteristics of L.
gmelinii and soil factors were further analyzed. The results showed that soil layer, forest type and life form all signifi-
cantly affected absorptive root characteristics (P<0.05). In the two forest types, the absorptive root diameter of plants
with three life forms in the organic layer was significantly lower than that in the mineral soil layer, while the specific root
length showed an opposite trend. Between different forest types, the absorptive root morphology of three life forms dif-
fered significantly in the organic layer. In Carex-L. gmelinii forest, the specific root length of L. gmelinii was remarkably

higher than that in grass-L. gmelinii forest, whereas the root tissue density was significantly lower than those in the grass-
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L. gmelinii forest. For understory vegetation, the absorptive root diameter of shrubs in grass-L. gmelinii forest was nota-
bly greater than that in Carex-L. gmelinii forest. In terms of root biomass and root length density, for all life forms in both
forest types, the organic layer was significantly higher than the mineral soil layer, and the grass-L. gmelinii forest was sig-
nificantly higher than the Carex-L. gmelinii forest. For biomass and root length density proportions, shrubs had the high-
est absorptive root biomass in both forest types. Correlation analysis indicated that the effects of soil factors on L. gmelinii
absorptive roots differed between soil layers. Soil water content and total phosphorus were the main influencing factors in
the organic layer, whereas total carbon, total nitrogen, carbon-to-nitrogen ratio, and total phosphorus were the key factors
in the mineral soil layer. In conclusion, the characteristics of absorptive roots of L. gmelinii, understory herbs, and shrubs
varies among forest types and soil layers, and soil factors exert differential effects on the absorptive root traits of L. gmeli-
nii, which sheds light on the mechanistic understanding in species coexistence and diversity maintenance in this region.

Keywords: Forest type; Larix gmelinii; understory vegetation; absorptive root; root morphology; root biomass; root
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Tab. 1 Soil physicochemical properties of two types of forest plots
. . " THELH/ TE2R/ TEEH/
i B FHNE i REIKE/% . ) : ,
E BR/m HEN) ﬁM:/a TR /em AR AR t2/em ihﬁj w +i#pH (g-kg" (g-kg") (g-kg?
. orest Tmean tree canopy . soil water . . . ;
forest type elevation  slope mean DBH . soil layer soil pH value total soil total soil total soil
height coverage content .
carbon nitrogen phosphorus
ﬁmﬁg 3083+312Aa 337+010Aa 28183+242Aa 1211+036Aa 085+0.03Aa
BT E AR organic layer
Carex-Larix gmelinii 589 0-5 60  1123:066B 10.03+038B 0.56+0.03B
forest =
. ﬁmﬁi; 292¢117Aa 361£003Aa 26828+1047Ab 1356:031Ab 0.89+0.05Aa
mineral soil layer
ﬁm’% 1576+151Ba 375+022Aa 250.77+1931Ba 10.81+156Ba 0.68+0.05Ba
ER-MTE M organic layer
Grass-Larix gmelinii 575 0~5 68  1526+0.07A 14.85:025A 0.73+0.03A
forest =
TRiR 1338+125Ba 347:021Aa 10696+1969Bb 554+109Bb 0.45+0.05Ba

mineral soil layer

T RPEEN P EANER AR/NEFHERRIA-MEAFALERNEZREE (P<0.05); ARAREFEETARMKE KR —LZF

TEMEEZEREE(P<0.05),

Note: Data in the table are mean * standard error, different lowercase letters indicate significant differences among soil layers within the same for-

est type (P<0.05) ; different uppercase letters indicate significant differences among forest types or between forest types in the same soil layer

(P<0.05).
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Tab. 2 Three-way factorial ANOVA of soil layer, forest type, and life form on the morphological traits, biomass and

root length density of absorptive roots of L. gmelinii and understory vegetation

A5 B RIR HHE RER LR RBAREE RKZEE REME
source of variation df RD SRL RTD RLD RB
=2 1 <0.001 <0.001 0.343 <0.001 <0.001
soil layer (S)
1

e 1 <0.001 0.003 0.042 <0.001 <0.001
forest type (F)

b 1)
EEE 2 <0.001 <0.001 <0.001 <0.001 <0.001
life form (L)

= 7
L= x HE 1 <0.001 0.003 0.355 0.013 0.021
() x (F)

= ER
L= x ERE 2 <0.001 0.011 0.836 <0.001 0.447
(8)x (L)

Fidll JE 7
ME x £RE 2 0217 0.001 <0.001 <0.001 <0.001
(F) x (L)
2 X PRE x R
e 2 <0.001 <0.001 0.857 <0.001 0.174

T AR B ER R E R E I (P<0.05), T,

Note: Values in bold type indicate significant effects (P<0. 05) , the same below.
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TRARMEREZEF EE (P<0.05),

The non-diagonal shaded areas represent the organic layer, while the diagonal shaded areas represent the mineral soil layer. Different lowercase
letters indicate significant differences among soil layers within the same forest type (P<0.05) ; different uppercase letters indicate significant differ-
ences among forest types or between forest types in the same soil layer (P<0. 05).

1 2HMHBEXZEHRRATERTELERERE ST
Fig. 1 Root morphological traits of absorptive fine roots of L. gmelinii and understory vegetation in different
soil layers under two forest types

T2 EARTAREEHIRE L ERnmsg i, BaE2Fbk 2.3 XLEMREATEEEREENER

b e e, WIE 2(b) o [Rl—  E AN E FRAL R 0 R ESERRE, LR MR RS
AR B hWFEREE R, R -SRI E%‘:%ﬂl—%E‘Jxﬁfﬁﬁﬁi@ﬁfwﬂﬁwjﬁﬁﬁﬁf
PLBE TR A SRR TR CEEAR B W SRR A D B ) (. FHRM o [F— AR AR R A AR & 7

ro TR Sk L VE AR o AN [E) AT B W R A ) B Eﬂ%iﬁ,25FEIJ?F7@2|7\]/$<7+%“H+MJ%?IREZIKEGN&H&
e B MAER A A &R, RN ARARA B BE I 1 2 VR EE 5 N 2 & B, W 3 (a) 6
HHER LG R FAR (7] I 2 iR R )24 2 % I RA DR HORRAR 2 2 PR 1 R B



5583 BENS WP EXZEHRRAR T ERREARE SHNENERED T 913

120 100

g z 80}
a8 g
55 2

- =z 60}
=2 =2
H e i ©

=g K5 401
=£ g
=g )

a 20r

APBYR O APLBYZE OB AR 0 BL)R AIBYR O BR
organic mineral organic mineral organic mineral organic mineral
layer soil layer layer soil layer layer soil layer layer soil layer
T e XL LTE AR FAE LRI T e DLLTE AR BEIEDLATE AR
Carex-Larix gmelinii forest Grass-Larix gmelinii forest Carex-Larix gmelinii forest Grass-Larix gmelinii forest
A A
Forest type Forest type
(a) WU ES) (b) A=A
(a) absorptive root biomass (b) proportion of root biomass
I TS [ A O wAg
Larix gmelinii shrub herb

AR/NEFHFRA—MELRLRREREE (P<0.05); AAAEFERRARMER—LERAZEREE(P<0.05). TH.
Different lowercase letters indicate significant differences among soil layers within the same forest type (P<0. 05) ; different uppercase letters indi-
cate significant differences among forest types or between forest types in the same soil layer (P<0. 05). The same below.
2 2MMEEH R TERIRERENERELLE

Fig. 2 Biomass and proportion of absorptive roots of L. gmelinii and understory vegetation in two forest types
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Fig. 3 Length density and proportion of absorptive roots of L. gmelinii and understory vegetation in two forest types
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=
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Tab. 3 Correlation between the morphology, biomass and root length density of absorptive fine roots for

two types of L. gmelinii forests and soil conditions

EENHR,

T2 TR ERFFAE TESKE ] EX7 BRALL +#EpH EX
soil layer Toot traits soil water content total nitrogen total carbon C/N soil pH total phosphorus
RERZRD -0.864* 0.018 -0.182 -0.205 0.731 -0.272
PEARAC SRL 0.974** 0.200 0.409 0.023 -0.735 0.530
ﬁ#ﬂ)ﬁ% HRZAZA % E RTD -0.632 -0.875* -0.981** 0.701 0.045 -0.810
organic layer
R E RLD -0.873* -0.436 -0.646 0.182 0.556 -0.866*
REYERB -0.904* -0.362 -0.593 0.098 0.607 -0.832*
REZERD 0.401 0.410 0.378 -0.574 0.832 0.365
FEARAC SRL -0.024 -0.178 -0.107 0.859* -0.465 -—0.202
Eﬁﬁi% . RZAZ% E RTD -0.202 -0.070 -0.137 -0.923** 0.357 -0.054
mineral soil layer
REKZERLD -0.803 -0.880* -0.856* 0.039 -0.376 -0.864*
R4EY 2 RB -0.829* -0.901* -0.879* 0.017 -0.418 -0.886*

VE AR IR IR E 0. 05 F1 0. 01 7K () FBEAHX,

Note: *. Signifinant correlation at 0. 05 level (bilateral). **. Signifinant correlation at 0. 01 level (bilateral ).
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HEER BRI, X PTREZEDN  EEVRES , 7757
BNFEE (R AEEAR RS TR E R
B/IMRER, DLSEIIN 1198 G5 A = 8GR B T 7265t
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B, AR K & T BRI IR B R B
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M (F83) o X0 LU + i J5U 2R 4 A3 3R AR
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RAM IR FREEF , ITIIESE 7 AR 8 o 1 728 - K
53 IR AR 534

FEANF) AR 7 YA, RS B2 B R BT 4
LA AR R, AR AR P B IR R EE
REMIRF DB MR, BN 2 R (Cunning-
hamia lanceolata) B FR T FEHAIFRFEZ AR SE , DAR K
FHEEPIENANIE S A 16 MR ATE IR
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SHYRRTT, BRI TP IR, 7R B A B AR
EREFMERA R, X 5ARMTTEEIE —8 . XA]HE
FAEAEFER T AR A F ARE AR T IRAEE
RSN S Z R G IERBORI . A TR
AE, LI B A EAT, Al FARE
B PR A9 77 S R HA o 3 TR AR SR o X
— %5 B 5 Bergmann 52 1 IR 4 55 25 7] (root eco-
nomics space)@ﬁﬁ\#ﬁz , %L T T RA O BT AR L T Y
“4M, (outsourcing) ™ 1% JE SR BUR I8 5 EAK B R AH )
et H B = EEAR KT H 2817 (do-it—yoursell) " ZR &
e E 2R, IR T AN A S R AR IR R 57 53 3k
BRI B9 AR, BEANE B a4 17
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AR BT, AR R S 3 AR, g iR EE R AR A
FAFMARSEENENRE . EEEHE TIR
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HEREE T KRB I M AR TR W AIAR AR R
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PEEE B X R 2 G A REAR R B, AR
ARG LB PR AR B
ARBFE, B -2L eV I An bR 3 A T AL A I
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BEGN AR5 % 2 ¥ AR IR SRR A T B ATAR 2
HER . EWEEE IR, RFAE T BN RIS
—PRTE AR R, 242 P8 A T RE A2 AR M BANAR
REE LR AL 2 BT sREGR 73 5
FE 2 R R AL AR A i B A T O AR ) B A
THE—EZE . ARIFFIRIL, MR IR R OR A )
BE T REMAR o Sun U AR MK B9 9
(Betula platyphylla) FREGRR 553807, MRoE 2 BN H IR
82 a FHHEM MR T A MR AR =) & s T 36 a HHERK,
2% B L A A AR A 0 B L9 32 B vk o3 R A FEE ) 52
Mo AR — PR T AR TRV EL, L& AR
PAVEAT B S AR 1 AT FE ARG, DAT IR T A AT ARE
GR/ AR N UGG R O ) W N Tz
7 2 PR AR AR AR AR AR P B 8 v T4 s
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M 22 S T AL R 2 o MR [ Y LA = o P R
B TR HARMR AR AP, A EARBEAR SR B A
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CHOH R R IE AR SR , 5D S S AR
(Juglans mandshurica) N TR A AN [a] A I 2R AE 9 B AR
A TE N SR B 7R — B A e i AR N AR g
i DT SR BRUAN ] Y B B SR o X A AU B 1A
(7] A T AR AR i S0t 5% A [ o 2 B T2 7 R
LREORAE TR L LV AR AR N AN ) A 7 B AR ) 18
KL VT AR AR 2 ) 3 WO SRS, SEBR T Hb R SRR AOIREN, B
T FRRE TG, — P e MR A A7,
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MR HSCAR A= ) B S AR RE A T R MR e A v A ] 17
FERFEER, BARAN R ZE A& T
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SR A= B SRR RS FE R . SR AR
FE, P& AR IR AR AR P B R AR 4 52 L3R I 1 5
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