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Abstract: [Objective] The effects of prescribed burning on the root system and the ecological stoichiometric
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characteristics of carbon, nitrogen, and phosphorus in Pinus yunnanensis were investigated in order to provide a
scientific basis for determining prescribed burning cycles and root nutrient management in forests. [ Methods] The
study was conducted in a burned area one year after prescribed burning at Zhaobi Mountain, Xinping County, Yuxi
City, Yunnan Province. The root systems of P. yunnanensis were collected from an unburned control plot (UB)
and a prescribed burning plot (PB). Changes in live root biomass (B) , morphological distribution, root organic
carbon (ROC) , root total nitrogen (RTN) , root total phosphorus (RTP), and their ecological stoichiometric
characteristics were analyzed. [ Results] @ One year after burning, root biomass (B) of P. yunnanensis across
different diameter classes ranged from 7.553 to 288.368 g/m” and was 6.9%—21.5% lower than that in UB within
the 0—20 cm soil layer. Fine root biomass density (RBD) , root length density (RLD) , and root surface area
density (SAD) decreased by 0.5%—21.5% in the 0—20 cm soil layer one year after burning. In contrast, specific
root length (SRL) and specific surface area (SSA) of fine and medium roots increased by 4.1%—21.5% in the
same soil layer. @ One year after burning, the ROC, RTN, and RTP contents of fine and medium roots ranged
from 335.87 to 492.8 g/kg, 1.934 to 5.724 g/kg, and 0.793 to 1.154 g/kg, respectively. These values increased
by 2.19%—38.35% in the 0—10 cm soil layer. The root C: N (RC: N) ratios of absorbing and transporting roots
ranged from 58.646 to 140.45 g/kg, while root C: P (RC: P) ratios ranged from 299.336 to 422.846 g/kg. Both
ratios decreased significantly by 29.57%—39.35% in 10—20 cm soil layer (»<C0.05). The root N: P (RN: P)
ratios across all diameter classes were below 14, suggesting potential N limitation. & Correlation analysis
revealed that under PB conditions, SRL, SSA, RLD, RTN, RTP, and RN: P exhibited extremely significant
positive correlations (p<<0.001) , while B, RBD, ROC, RC: P, and RC: N also showed extremely significant
positive correlations (p<<0.001). [ Conclusion] Following prescribed burning, P. yunnanensis responds to fire
disturbance by synergistically enhancing the morphological plasticity of fine roots for efficient nutrient acquisition
and increasing the structural support provided by coarse roots, thereby adapting to the post-fire recovery
environment through adjustments in both morphological and stoichiometric characteristics.
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Fig.1 Basic information of sampling plots
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Table 1 Stand characteristics of Pinus yunnanensis
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Fig.2 Effects of prescribed burning on live root biomass and root biomass density of
tree roots across different diameter classes in different soil layers
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phosphorus of trees across different diameter classes in different soil layers
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systems across different diameter classes in different soil layers

A5 = B A T AR W USCAR |3 B AR RD AR Y
B, RBD, RLD fil SAD, SRL fI SSA 7E 1 B #6 #F I
PIBE £ 2 s | X 5 4 e AR SR 5T A R A

L, TRES REFR 0 EEA X HR B, SRL, SSA
Bifi = J2 I e 0 s b B Fa A HL 35 B4y A AE 10—
20 cm A1 20—40 ecm + 2. iR AR AT fE 5 4 4R



84 pi s U E SR

46 %

FEIRIE M I GE , 1 JOBORL AR Z8 32 B HAT 454 5
P AR DA O AR DF YR BT 0—10 em 12 K
AR R AR AR A T ORI IR 43, 10—20 em
11 20—40 cm 4 J2 K ERURA F T MK AE £ 58 [
SE R SCHE  AE R AR IR R 2 AR R TR 3 RS B Y
i T T ST R e PG 45 A R T KR R A

B0 - 8068806 8N
UBRBDo.ngg)@.@@@@@@@@’%ﬁm
UBRLD |-0.50 -0.44 05 S-S - K-S 08
UB SAD [0.0660.08 070 g0 © @ ® ® 0 0 0.6
UBSRL [0.57-053 081 031 g (0 @ © & © © & 0.4
UB SSA |-0.64 -0.59 0.83 033 099 (&8 - HSHSH IS 0.2
UBROC |0.64 0.60 -0.507.1E-5-084 -085 ;" & @ & & @ 0.
UBRTN [-064 -0.60 0.87 0.51 079 082 -0.57 o 0 @ @ & o0
UBRTP |-0.63 -048 0.67 0.59 0.53 0.60 -0.48 0.65 pr» @ @ @ _0'4
UBRC:N |0.73 0.70 -0.74 -0.37 -0.77 -0.82 0.69 -0.93 -0.65 R‘é‘?N @ @ 0.6
UBRC:P [0.74 0.62 -0.66 -0.35 0.7 -0.81 0.83 0.70 -0.88 0.7 0 {
UB RN:P |-0.57 -0.57 0.78 0.39 0.75 0.78 -0.51 0.97 | 0.47 -0.90 -0.55 RLI{I]?P -(1)2

NN RO SRRV R SIRN o N GRS SN S NP0 0.4
&@g§%ﬁ§§§%§%§3§ﬁ§é§@

E: QUB BRRXRFEH AR R A 974 UB RBD 78 X AT i
F A% UB RLD 2R 0 JEAE AR K 252 s UB SAD 75 X It
HB AR R AU L UB SRL 75 X Rl LEAR G ; UB SSA 7R X Btk
Hb HE R AL UB ROC 2275 % HRAE HUAR AT HLAK &% 5 ; UB RTN 3R X4 IR
FE AR 42 %05 3 s UB RTP 278 X BURE AR 4 % % i s UB RC: N KR
Xof BERE AR C: N A ; UB RC: P /R X% FUAE M AR C: P& {f ; UB RN: P
FRN IEFE AR N: PRl . @*FRAE p<<0. 057K F R FHE, *+£R
TE p<<0. 01 /K V- i 3 AH G, 3R IR AE p<<0. 001 7K P i Wit 35 AH G
E7 WREMRAFEMBREBEEFHXR
Fig.7 Relationships between root characteristics and
carbon, nitrogen and phosphorus factors in
control plots

G EEICIE IR X ENE X ASHSK Jgr
PBRBD s 2 @ o 8 8 O @ @ O ® 0|2,
PBRLD |[-0.53 -047 FB SIS K-S 038
PBSAD toos2010 061 /0 @0 © © @ ® ® o ® 0.6
PBSRL |08 -0.54 084 024 &2 () @ & © © @ @ 0.4
PB SSA [-065-0.60 0.85 027 099 P2 @ ) D @ @ & 0'2
PBROC (057 0.63 -032 028 -0.59 061 .7 @ @ @ & @ 0.
PBRTN |-0.73 -061 0.86 050 082 057 -058 20 () @ @ o
PBRTP |-0.86 -0.73 0.70 0.40 | 0.65 072 -0.46 033 o @ @ 0‘4
PBRC:N [0.81 0.65 -0.67 -0.38/-0.69 -0.76 0.62 -0.93 -0.86 R‘(’fN @ @ ’
PBRC:P |0.91 0383 -0.60-0.14 -0.67 -0.74 0.72 -0.84 -0.93 0.87 RPCI?P @ b
PB RN:P |-0.60 -0.48 0.82| 0.51 | 0.81 0.85 -0.58 0.9 0.74 -0.90-0.73 F0. 0l

Q‘z’;q%z@?b%:%%%%:;$%%@§,§$%§$iz@g
11 OPB B3R/R KRR R A it s PB RBD £IR KBt b AR
FAW) B PB RLD £IR KORFE AR % B s PB SAD R KBe ke
Mo AR B B 5 PBOSRL 3R KBEAEH LLAR G s PB SSA 3 K Be e
Mo L F A PB ROC 375 AR R AR AT HLBK 75 5 PB RTN 2R kobé
FEHAR 4 2 B i s PB RTP FR BRI R 220 55 6 5 PB RC: N FRIR K
BEFEHIAR C: NEUH s PB RC: P KR KR HE AR C: PEUE ; PB RN: P&
TRKBEFEHAR NP EUE . Q*FIRAE p<<0. 05K BEAM I, #£IR
TE p<<0. 01K -5 i A 5E , o+ FIRTE p<C0. 001 /K- itk 2 AR 5
E8 NBEHMRAFEMBABEFHXER
Fig.8 Relationships between root characteristics and
carbon, nitrogen and phosphorus factors in
prescribed burning plots

32 HXIAEEREBEESHKETEHTENTH

KBEJE KT b b 3R 5 43 B, A ) ek 2R
MR IE A 3G I T X % 4 BE IR W R L 5 80—
10 em 2 4R A AR ROC, RTN, RTP &&=,
KBEXT 0—10 em H1 10—20 cm + /2 M R w4k, i
FR W TR o3 B AR AL, B R ROC, RTN,
RTP 43 54 0—10 cm, 0—10 cm #1 10—20 cm + 2
Hm . TERRBH L, ANAR X B8 0 R 5 A
JERU R W AR K MR S ) 3 AR K B B N R R R
e DT T A0 AR B T S RRAE B B R TN A I
WO 5 KOS A 38 pH AR T 8 2028 1 4 3 i A 2k
TERRPE -3, pH AR 09 T T LAAER BB A Ak F R
S ALY b e Pk P AR MR R S
HRXT N, P 38 i WOCR) FH ok 2

C JG K &M W 45 Fh Ak B0 AR b 2 B2 A9 IS 0 A0 R i
HRUE LN, PR Bl AR 115 R 355 ) 0 Y A R T
F R CoNRIC: P ka4 N, P ot & B9 F
R NP AR 35 2 BRAIR O . PB T Wi
WAZH R RC:N, RC:P B # MK F UB, Hig K2 fk
FEEPT10—20cm + 2. ATRER M k)G C#
TERCRAL A R OB MO Z N, P3RS, LA R A
KGR EIAGER N, P A0l IR RSN RAE R
W E 10—20 em 122, S BUR 0w £ WA R T
Y i, R 4 AR RC: N, RC: P 3K T UB, 0—
10 em + 2 R A ROC & & B %/ T UB, 33
0—10 cm £ 2 PR AR R C: N, C:P & T UB,
N AP 3l 3 2 AR AR AR S R G P R A K Y 32 2 B
PEFR A N P<<14 7] LIIA S & 22 NFR ], N: P>16
JEZ PRRSY . AW RN P AN T 14, %
HIRE AR 2R T REAS SZ AR R P R, 17 32 4R 3 N R
XA RE S N DL KK R R S AR 6 N R
ZH KR KRR ESRI EERIEN, PR
43, IRV R ) AT BB 32 NRR ], kS R 52 ) 06 N5 SR
PR AR N B B A PR L2, S BUK SR
P T YIMRAE 0—20 em 2 RN:P, ## C, N,P
fb2f it it i 22k, £33E R & X C, N, P IR 4 9 IR
F18) W52 WAC 1) FH ok 5 T A 4 A K
33 HXIAKEEREABESHRABEFHXER

R ZR SRL I SSA A B T AW W W 5% 43, G I 85
AF AR B, R ) 3 I 22 Bl g 4R 0 AR AR B AS 45 H HE AT R
B (AR FR O W A T 0 DA GE N A B B AR L A AR R
FH M ARBESE KBk BEJE 1 a, SRL,
SSA, RLD 5 RTN, RTP, RN: P & # & i % 1F #f
K (p<<0.001);SAD FI RTN, RN: P 5 i 25 1F A 56
(p<<0.01),5 RTP 2 & F IEAH K (p<<0.05) . H ¥



513

IR A <R R T v 2 AR R R R A S A S T R R AT Y 5 85

b A0 AR Y A AT 98 S T 1 A AR R X AR B AR Ak 1Y 3
PEPYASHIE ST Kok JE A PR BT AR AR ) 3 2o 1
SRL, RLD, SSA, SAD KWL N, P 3245, 84 1 41
RN, P&, S 1 R % e 2800 YA 37 40 5 s 114 458
e KOBEE AT W AR A A A7) fi Ak R
MR FR B 25 FU S5 W A 5 K 43 97 4y R IR AR 4, R B
HH A I K B A B — ol R 8 TR AR IR N R W o )
itk BeJ5 1 a, B, RBD il ROC, RC: N, RC: P &1k
B IR M 56 (p<<0.001) , kB2 Ji M 26 K 43 By A 3
TR A KRN, P K %3500 %R 2 3R Y
A KA G VR R A K ok A5 W — 3 4 A
FURFEBY, A AT e R OR TR R A S MM T, B A
Py 8T 0 R AR R AR T B, RBD K & 38,
MARZEHPEW R E 2L C 3 F, W, ROC, RC:N,
RC:PRE RN . THRIKBEJE 1 a b 5 FFAE Ak 8%
P16 22, (KB T R 40 38 I 3 B AR AR 1) — Fp < — ot
PEGERME . — 7 T AHAR 38 5 3 SRL, SSA SF AR
KR BOW MR 3, 3 — 5 T o A AR &R
R R R A5, TSR 3R 4 BRI ek
BE )5 AR A A K

4 5w

(D PRIk BEE 1 a, KBEXT = m #4 0—20 cm +
J2 Brr A R AR R R S8 e R A (H R )
JINSRL, SSA L JE L i W LR AR A W 7 1Y 3 7
PRSI, LU A 4 9 451 2% O 3 RIOIR RO R

(2) KBeJE 1 a, AT = MR R 3% 00 Ak 2%
I 85 T N, PFRAA IR R I H o
PAMR R A K n] B a2 N, miE PR .

(3) KBEJG 1 a, 2 g Fivil o« — o048 9% w7 3
R, — 7 M i H A 5 SRL I SSA Y 40 AR DL i &k
WSR3 5 o — 7 1D () 25 b R AR 3R DRSS 28 it
EAT G548 S 5 B A o 3 T ol 5 s Bl ) A L S )
TRBE T = BN K G TR h ik i 54K

5 % Uik (References)

(1] PhJE B4R, B R K . 314 Jobext £ 08 A T AR AR AR )
R [T]. A A Ak, 2024,43(2) 1 362-371.
Sun Long, Hu Chunyu, Hutong Xin. Effect of prescribed
burning on fine root biomass of Pinus koraiensis planta-
tion [J]. Chinese Journal of Ecology, 2024, 43 (2) .
362-371.

(2] "W A I, 5 AR KT S ES RS
BRAEERLT]. TR X, 2013,36(1) : 57-75.
Hu Haiqing, Wei Shujing, Sun Long, et al. Interaction
among climate change, fire disturbance and ecosystem

carbon cycle [J]. Arid Land Geography, 2013, 36 (1) :

[3]

[5]

[7]

[10]

57-75.
AR R AE, VF AT AF PR AR R A B3 TR
HLEIBF 522 e [T ] i Bl F 5, 2022, 35(2) : 15-20.
Li Linxin, Zheng Shanshan, Xu Jianwei, et al. Research
advance in influence mechanism of tree root biomass allo-
cation [ J]. World Forestry Research, 2022,35(2):15-20.
B X PR, BT, AR AN ) 3 IR AR 0 v e I
ARz A2 35 0 e H AR 2 T i AR AR R R e [T ] 6 5 ER
B £ 44, 2024,30(1) :83-89.
Hu Xing, Liu Qing, Zhao Chunzhang, et al. Effects of
different warming patterns on nutrients and stoichiometric
characteristics of spruce trees in alpine coniferous [J].
Chinese Journal of Applied and Environmental Biology,
2024,30(1):83-89.
TR AR AR, AR A TR BB X AR A 1 5
Wi 23 A+ L 4 4 X S B [T ] AR Aol B 45, 2019, 49
(1):35-39.
Luo Shaohua, Zong Chunmiao, Wang Lanxin, et al.
Analysis of effects of plan burning on undergrowth
plants: Take Mangao nature reserve for example [J].
Journal of Shandong Forestry Science and Technology,
2019,49(1):35-39.
SR, E R8GO AR FR A A 4 R E
ER b A KRR BB iE R RS [T ], b K R AR AR
Fha,2023,21(3) :42-51.
Yan Xiangjun, Wang Yunqi, Qi Zihan, et al. Influences
of root distribution on the soil water characteristics and
permeability characteristics of shallow root-bearing soil in
the burned areas [J]. Science of Soil and Water Conser-
vation, 2023,21(3):42-51.
HEN R &2 3 X 3 SEA T AAR A= 1 1 b 52 KT
WA RIS (D . BT W AR - AR MOk R4, 2017,
Chu Xu. Fine root biomass of main species and effects of
fire disturbance on great Xing’ an Mountain region [D].
Harbin, Heilongjiang: Northeast Forestry University,
2017.
Parts K, Tedersoo L., Schindlbacher A, et al. Acclima-
tion of fine root systems to soil warming: Comparison of
an experimental setup and a natural soil temperature gra-
dient [J]. Ecosystems, 2019,22(3):457-472.
BN S, GRS, B, A PRI Hl e SEAR R R A B H
X ALY 5% B A 52 R [T ). 7K SCH B TR Ml 5, 2019, 46
(5):106-112.
Hu Xiewen, Hou Yiteng, Wang Yan, et al. Root charac-
teristics and its influences on shear strength in burned
areas [J]. Hydrogeology &. Engineering Geology, 2019,
46(5):106-112.
AT 3R OB R AL M X =Rl L T AR A0 AR A )
Fe 2 e AR B SZ M [ D] BRI i R 3 AR AL ARl K
2£,2023.



86 IR PR 4R 46 &
Hu Chunyu. Effects of prescribed burning on fine root tin of Soil and Water Conservation, 2021,41(2):99-104.
biomass and soil organic carbon of three artificial forests (18] WM , B Hid , BHEE 5 WA THIT AR A2 A
in northeast China [D]. Harbin, Heilongjiang: North- AT BB B A A3 s e [T ] b R ARl K A AR A
east Forestry University, 2023. 2019,41(12):108-118.

[11]  ArEE 2. RSOt 0 AT I 8 P MR - R 95 40 - 354k Hu Haiqing, Luo Sisheng, Luo Bizhen, et al. Effects of
RS [D]. b B AR Pl R forest fire disturbance on soil organic carbon and its com-
22,2024, ponents of Cunninghamia lanceolata forest in Guang-
Yu Junci. Effects of forest fire on vegetation-litter-soil dong Province, southern China [J]. Journal of Beijing
stoichiometric dynamics insubtropical Pinus massoniana Forestry University, 2019,41(12):108-118.
forest [D]. Wuhan, Hubei: Huazhong Agricultural Uni- [19] W 5%, B AN, , M E AL, 55 . -8 KRR X 2 AR 4h
versity, 2024. AR Ay A AR e [T] A S e A

[12] [ PR, B, A5 TH I PR BR A 2 p F bk 37 2021,40(7):1916-1923.

Al 5T K nl R Y 2 [T ], PG b k2 B 2 4, 2021, 36 Shi Yinggui, Xiong Decheng, Ye Wangmin, et al.
(2):11-16. Effects of soil and air warming on fine root biomass and
Tian Rong, Chen Qibo, Li Jianqiang, et al. Effects of leaf traits of Chinese fir saplings [J]. Chinese Journal of
prescribed burning on soil physicochemical properties Ecology, 2021,40(7):1916-1923.

and erodibility in Pinus yunnanensis forests [J]. Journal [20]  Z=Rfal R[] ARt 1 2 07 20X 10 4 4= R fof A= W & ) 5%
of Northwest Forestry University, 2021,36(2):11-16. [ J]. BBk 2FE i, 2021,27(4) 1 58-59.

[13]  [EAEAE, 5 S0, FRKAE , 45 Ao BE 11 K RE S T b Li Shuzhao. Effects of different forest land clearing
X 2= T s 2l AR RT Kk P 1 s ) [T ] ROl ML AR S5 R T 1k methods on the biomass of 10-year-old Schima superba
% ,2024,52(6) :83-87. [J]. Anhui Agricultural Science Bulletin, 2021, 27(4) :
Yan Xiangxiang, Zhang Wenwen, Wang Qiuhua, et al. 58-59.

The influence of low-intensity prescribed burning on the [21] M AR B & SR AR G A Rl AR g 75 4 N TARAN R
combustible materials of Pinus yunnanensis pure forest At FOE S FEAELT]. P AL b2 B 5 4k L 2023, 38(2)
in central Yunnan [J]. Forestry Machinery & Wood- 8-16.

working Equipment, 2024,52(6) :83-87. Yang Xiangdong, Deng Lei. Fine root biomass and mor-

[14] RAF1E, EAAR , &, 55F E AR AU Ml X 2 5 A b 3% ] J% phological characteristics in Populus cathayana planta-
Wyag 5 N KSR ST [T VMOl Bl 22, 2019,48(4) . tions at different ages along the eastern margin of the
19-26. Gonghe Basin [J]. Journal of Northwest Forestry Uni-
Xu Weiheng, Huang Shaodong, Yang Lei, et al. Sur- versity, 2023,38(2):8-16.
face fuel load and fire intensity of Pinus yunnanensis in [22]  EMRGHRE NG, 55 R0 X 2 Fh AR R 0] 2R
northeast Yunnan Province [J]. Journal of West China KAMRFBAEK LT [T] A5, 2014, 34(4)
Forestry Science, 2019,48(4):19-26. 1021-1029.

[15] Hong Ruicheng, Zhu Xilong, Ma Cheng, et al. The Wang Shufeng, Hu Yunxue, Sun Haijing, et al. Effects
effect of prescribed burning on the growth and regenera- of salt stress on growth and root development of two
tion of Pinus yunnanensis [J]. Forest Ecology and Man- oak seedlings [J]. Acta Ecologica Sinica, 2014, 34(4) :
agement, 2025,578:122460. 1021-1029.

[16] sk3CsC, FIAA, ERCAE 55 TR BeBR Xt = m A AR 3 (23] Yin Chunying, Pu Xiaozhen, Xiao Qunying, et al.
TR K AT MR [T ], b 5t ARL R 2E 2R3, 2022, 44 Effects of night warming on spruce root around non-
(5):69-76. growing season vary with branch order and month [J].
Zhang Wenwen, Yan Xiangxiang, Wang Qiuhua, et al. Plant and Soil, 2014,380(1):249-263.
Effects of prescribed burning on fire behavior of surface [24] AR, T8k, X We i, 45 R r] 80 B A 15 B R I
fuel in Pinus yunnanensis forest land [J]. Journal of Bei- ZREWR BT R BT AW m B[], 52
jing Forestry University, 2022,44(5):69-76. 12, 2021,29(11) :2428-2434.

(17] &AW, PREA, BER, 5  HRIBEBR X 2w b Mo 3% Hao Feng, Yu Tiefeng, Liu Xiaojing, et al. Relation-

Wy #& BURRALE K RF oK P RE 09 52 ma [ 7], K = PR 438 it
2021,41(2):99-104.

Zhao Yutian, Chen Qibo, Li Jianqiang, et al. Effects of
prescribed burning on accumulation and water holding

capacity of litters in Pinus yunnanensis forest [J]. Bulle-

ship between nitrogen uptake and root morphology of
alfalfa with different nitrogen efficiency and its response
to nitrogen [J]. Acta Agrestia Sinica, 2021, 29 (11) :
2428-2434.

(T4 %129 )



