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Effects of lime and nitrogen addition on root functional traits of
Cunninghamia lanceolata in acidified red soil
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Abstract: To investigate the effects of lime and nitrogen addition on root functional traits of Cunninghamia lanceolata, a pot
experiment was conducted for the seedlings with four treatments: control( CK) , nitrogen(N) addition(26.5 mg+kg™" N) , lime(Ca)
addition(1.33 g-kg™' CaCO,), and Ca+N addition(26.5 mg-kg™' N+1.33 g-kg™' CaCO,). Morphological and chemical traits of
different functional roots ( absorptive roots and transport roots) were analyzed. The results showed that Ca and Ca+N treatments
increased soil pH from 4.5 to 5.5 and 5.7, exchangeable Ca content by 540% and 660% , and exchangeable Mg content by 521%
and 927% , respectively( P<0.05). The N treatment alone only increased soil nitrate content by 56% ( P<0.05). In terms of root
traits, Ca and Ca+N treatments increased absorptive root biomass by 47% and 41% and the root length by 71% and 42%,
respectively( P<0.05). In addition, the Ca treatment increased the transport root biomass by 40% ( P<0.05) , but had no effect on
other morphological traits of transport roots. The N treatment had no significant effect on root morphology. Regarding chemical traits,
Ca and Ca+N treatments increased the Ca content in absorptive roots by 29% and 34% and the Mg content by 44% and 39%,
respectively, while also enhancing Mg content in transport roots( P<0.05). The N treatment only increased N content in absorptive
roots by 23% ( P<0.05) . Principal component analysis revealed greater morphological plasticity in absorptive roots than in transport
roots, though both exhibited synergistic responses in chemical indicators.

Key words: acidified red soil; lime addition; nitrogen addition; Cunninghamia lanceolata; root functional traits
FEY D REVEARZAE D) Jy 3 N A FEAEE MR B — RV E B, SR . Bl A fAAst

Wi EHE: 2025-06-12 fEE HH: 2025-07-14

EETH: BXEAHFELTE “BRNEETHAREALEDF SO RARN EHBREFENNX ZHE” (42007102); #EY B RR¥
EATE “LERMEBAY KB ED LB Em AL %7 (2021J011123); BRATFEHWHFAHTE “+
BERMEETEERIAY AR R ZFEEEEE” (JAT200644) ; = W #2535 2k A4 TLE (19YG13, 20YG06) ,

FE—IEEE: 2£(1992-), B, 8#HK, NEAMKESFHNRK, Email: yuxin769@ outlook.com,

BEES. AXHE(1987-), B, Bl##, M4 50, NEHZKESFH R, Email; zhengwenhui87@ 163.com,




- 562 - PN NS T S 545 %

TR UIARSG . X SE MR BE Sl BRIk 5 Sz W A 25 R GE XS A SR AR A g Wi 10, [) BN R X 22 Ao A4 2853 7
(HnyR V&Y o3 AN L MR [ A7 45 ) 7 A AR R T R ERE R AT AR AR AR | 2 kAR
Ao 364, ERxHEYM BT REER B C O, RO AR R IR R s AR
WA E AT, ARG B3 WBOK 53 R4 D RE o AR 2R 0 PRI 28 A A R
S R RS | R GV S SRR AR A AR A R R, ok Se bRy B — D T S e 1A A
WA AR SRS, 5 — S B A A KRR E N Wk, AT R IR MR X
Yy A SR AR . PONAE S R GIRE R L,

AN DURESE R W ) 2R S IBE R — AF5ER, 3T 10 a SRR 25 R G0 R T R
TR, BOWE 21 thae st RUIREE R 2 BT 2~3 4%, 1t BBl R v R AR S R G

W (C) . RAEAARRE = AT i BRI Ok B2 PRI L 38 pH (f, 1 AUES(Ca) . 85 (Mg)
SEIHE TR, I R R iE YRR AR S R G AR . AR (CaCo,) IRINEA
R G2 A T SRR AT I, ZEAM AR R SRR T2 o A UGS AT DU 54 /e 038 pH fH, FHES
T, WEBRMA NS LT RIIER AR R AR A R L2 i, FiE i Me-
ta SR, AU R 22 R TR & i, RS THRARA S, BIRTRARmEA L, Fka R
FRC AR SR BARAE ) L SR, e T A KA X A AR R T e IR RO S AT R B, HEAT —
FORR, AR RY, ARAEIEE R TRARK, WA T R, #5 TRAR., Sae . M
I, 53— R A RIS TR R AR, Wb THARIA, BETRAASE Y, X
SN — 25 T B RN IR RN R T AR RN 22 5, A WMFREEH HA/NT 2 mm 1Y
MRFRE SR, X — 7k LB, v RE S BOME S SR R DI R MR A b e 55 . Sl A A
GEI5 W B AR R e BEAR T ) 7 0 43 R TRl B D) REAR CGBFRE 1 ~2 GURAE RIS, 8 3 ~5 JURAE
R HIR) Y, IR BURIR T ARNT H R R RN AE 22 5 AN, AT R BRI o B I
IR AR SR 4 AR Lo 26 1 AR S R, T oA 08 5 2 I 1 3 AR B AR R 8 AR 5 S AR A TR
T T A/ NMEFAR MR BE R R, WA KR BB AR MBS W, EALTH
JRASI PRS0 E 200 T SRR BAER . 76 HARA S RGP iR A B 5 & Fl TR ot R [R) 28 A7
f, HRMGEZ A RO ZERINZE BAE R T AR RIREHR S SN R EWFSE, FEALE SR 52 AR 7E
T 25 T SR RN 2 b i) Ry R R 75 o B

}2K ( Cunninghamia lanceolata) J&: 38 FE R 47 1 U R AL MR, SR SFHIAU 2, 2005 N TR AL
25%, FEFREAM AP MBS BUE P GG B RMAZA FZ0A0 T 18 52 A DT ™ 55 3
HHLIX Y SR T BN R IR T BE ST E R R, BRI i, AR AL)
OIS, SRR ik, IR KA A AN B g BAE R 2 R AR DI REAR RIE 4R
TEFNFE A REAEASE IR, R S A N TRRRAT AT Rl 2075 SRS BR R RO L S04
1 MB5RE®
1.1 RoEigit

IR B AR A — W = I B R KM (26° 11N, 117°33'E) . =B @ T W 22 K
S, AEERIRA N 19.6 C, AR A 1 600 mm, K 169 m, FEWNEZEEPEI—S H,

FARIRITF G T 2021 453 H, Pkt K &80 1 F ARG CFAH R 26 cm) AR T AN (5
AR 25 em, #5530 em) , RRAAREE 1Ak, HIEEC A BB R B R A ARG I AZ R N T Ak R )=
20 em 3, hERtELIEE, IRECOR A 2x2 WIH R &ML, KL AKX (CK) ; &
TR BA N4 26.5 mg-kg™ (FH24T 80 kg-hm )"y A7 KA AL BE A7 TR Nt 1.33 g-kg™!
(H4F4 000 kg-hm ™) ™" s A R+EAS AR AR RN IR 73504 1.33 g-kg ™ F126.5 mg-kg ™', AFALFH
6 N ES, 24 @, G 1 )G, 2021 48 5—7 AMrhag, ) U AL SRR R + U AL 35 Y AR 1
HEWT NH,NO, VI, B S i 2 A 26.5 mg-kg™",  [RHSF [) X FE A0 FRLA7 B S Jn Ak B I8 i 25 1
7K 2021 4F 4 7, KEBRIRES (43 HT 2l ) IRy AR CE A1 BV A BRI A7 ¢ + 8008 i Ak 38 1) 76k + 18 3R
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TR (8] 1E 5 K R 2 AR AR A
1.2 EYURE S HilE

T 2021 4 11 JWoiktERk, OB ARG N s, E e R AR A T, SRR
RAEG LIS, IFHERE TACKHHR R b3 T, F AR R4 MCCORMACK et al'™ BIBIFE 7 5439,
MR 1~2 FE AW IR (absorptive roots, AR), HRZRM) 3~5 FiE X Az # (transport roots, TR)
W ISR Iz A AR 43 0l R F AR R 8 ASORTAR &R IR o3 i ) F WinRHIZO, 43 AT HAR K (oot length, RL) |
MR (oot area, RA) FUARIKFN #4534 i A AS [R] D REAR R 43 SIFEHEAG 65 CHET 72 h, FRECHLA:
Yy (root biomass, RB), LI i3 W USCHS Fliz B AR 1) FL AR 4K (specific root length, SRL) . FuAR R
(specific root area, SRA) FIHZZH L% i (root tissue density, RTD) . MR R LM EE PRI, W& HAL
2EdRhR, IR pH AR A pH HIE, WA (NOS-N) | BAR (NH;-N) & 2Rk i sh i S0 &
A 285 25 F (exchangeable Ca, Caex) , AJ3CHPEEE 2 ¥ (exchangeable Mg, Mgex) % & LR ¥k IR 42
Ja RO T E s AR, A& RHTTR NI E, #(K) , 75, & s HEmRM
FARIEAES, R R T E .
1.3 HELESHH

SR BRI 207 28 0 ks i 40 s A s i B HAag BAE IS 2 R 4 i AN [R) D REAR RIE S5l Ffe e
FEVRIFENR R BRI 3R 7 25 0 AT RS DU AS [RI A 3T + B R B PR T, DA SRS AR &3 i W SCHR i i R 1
FICEEE | AP . Y7 2255k, HE 2 E BRI/ NS & 2250 U 2SN, $
J5 2 W WRCR N i - 52 JL /R, /K128 P<0.05, F 15373t (principal component analysis,
PCA)RH R A “FacatoMineR” KA [F DI REAR [F]—F8 A5 B AH N . Pearson AH S ME 43 B kG I + S 48 F
IR HREMR D REPEAR A CE . GEiT 0 7E R 4.2.1 84 BT,
2 HBREHR
21 AELEXS EEEBN MR R

W 1R, BRI+ R AL B304 5 T 000 pH (8, AMBHRE T 1.0 F11.2,
AR B T At 6 B T 540% M1 660% , 1 3Btk Bt B T & KEAM 9 5 5 4R 5 T 5219 A
927%(P<0.05) , A MNALFLR 1 3 B X Se 48 b, FEAR MBS, TSRS ERER S T

56% (P<0.05) ,
F1 AEAETRTEERLER

Table 1  Physicochemical properties of soil under different treatments

1A Rl B SR
L pH {H LR Bl ot NH;-N content NO3-N content
Treatment pH value Caex content Mgex content

/(mg-kg™") /(mg-kg™") /(mg-ke™) /Cmg-ke ™)

Xif B CK 4.5+0.0b 55.8+3.3b 17.3+0.2b 3.6+0.2a 8.1+0.7b
ARG Lime addition 5.5+0.1a 357.3+38.5a 107.5+5.0a 3.5+0.4a 6.1+0.5b
FEIN N addition 4.4+0.1b 52.7+4.3b 15.4+1.1b 3.9+0.4a 12.6+1.4a
£ IKA+ZE BN Lime+N addition 5.7+0.1a 424.2+39.5a 177.6+2.9a 3.7£0.2a 7.2+1.5b

. RS S ANE/NG T8 26 78 A 6] 4b 3 6] 777 i 35 22 (P<0.05), Note: different lowercase letters in the same column indicate

significant differences among different treatments( P<0.05).

22 AEAEREZAGEREAFSEHHZM

KRR T 2250 MR W, A RIS AL B0 5 2520 T A2 ARG i WO AR AE it . LUAREG | LRARTET R
A FIARTEFR (P<0.05) , MRS ARGV B s A JAS AL 38 5 35 52 ) 1 3 i AR P A A 40 o AR TR
(P<0.05), iAW ARK | AR AL, RAZUE AR (£ 2), E 1 s, #E A KE Ak 2
AR+ F MR WOSCR A AR AE W 430 0 B 82 8 T 47% M 41% , RS0 B E KT 71% Fl
42% , MR EIE R T 66%H1 51% (P<0.05)  TEATKESIALZS , WBCRAY AR K B3 i 1
17%(P<0.05) , izfiR AR A BB T 40% (P<0.05) o ZU IS finAd BR 52 25 52 i W SORR Az i AR
HIIE TR .
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®2 ARLAERRDEEKONERFTEST

Table 2 Two-way ANOVA of the effects of different treatments on root functional traits

VRW RN UEE R IISE: AR+ E A AL #
55 Lime addition N addition Lime +N addition
Index AR ZHIAR W AR ZHAR AR IR
AR TR AR TR AR TR
WA Y E RB <0.05 <0.05 0.616 0.475 0.285 0.406
AR K SRL <0.05 0.099 <0.05 0.824 0.396 0.792
HEAR TETFY SRA <0.05 0.087 0.293 0.909 0.964 0.542
ALV RTD 0.206 0.378 0.784 0.751 0.792 0.190
K RL <0.05 0.098 0.374 0.537 0.203 0.368
M RA <0.001 <0.05 0.854 0.475 0.332 0.646
W& 8 C content 0.164 0.959 0.879 0.790 0.104 0.747
A& N content <0.05 0.103 <0.05 0.273 0.446 0.870
AL C/N ratio 0.061 0.083 <0.05 0.327 0.820 0.918
58 5 Ca content <0.001 <0.05 0.999 0.484 0.458 0.993
i Mg content <0.001 <0.05 0.381 0.552 0.837 0.660
% K content <0.05 0.058 0.272 0.426 0.500 0.234

B % ok [ A& Lime addition B %70 N addition Bl 77 7%+ Lime + N addition

(a) KLY 5 RB (b) LA K SRL (c) AR AL SRA

(d) IREAGVEE RTD (e) HH RL () R AR RA

e ARRVING AR FIR A — DI REARE AN [R) A B ) 777 i 3 25 5% (P<0.05) , Note: different lowercase letters denote significant differences of the same functional
root among different treatments( P<0.05) .

B 1 FEGETHAL & REAR IS E R SR

Figure 1 Morphological traits of absorptive roots and transport roots of C. lanceolata seedlings under different treatments

2.3 ARELEIZARLNERRLFIRIRIOZNE

MR R T 2250 B R W, A RIS INAL 31 58 252 ) T A2 R i WO L. B0 3 1 (P<0.05) , i i 35
SO TG BET L (P<0.001) , iR TIE R AOES . BE SR (P<0.05) , AN AL B i R T
WA A 28 & i R L L (P<0.05) (6 2) , Wi 2 firos, fERBIEHTR, WA S E B FHIEE T
23%(P<0.05) , TEAT KIS ANAL B ALA K+ ZR AL BER , WROBOHR A 85 7 it 0 301 S 35 32 0 T 29% 1 34%
BES B R T 44% M1 39% (P<0.05) , AT K+EGIMACHE T | W ISCRR Al B0 25 B i 5 FRAIR T 22%
(P<0.05), TEAKBIMAEIET , BSHERRE&E D ERS T 17%(P<0.05) , 76A KA FFHA K+
RISINALHER | s W B S 0 340 T 33% 1 43% (P<0.05) o G A3 R 5 2552 1 s S A
FIAL2EFE bR
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B s ck [ F%E M Lime addition [ 47 N addition Bl A %+ M Lime + N addition

(a) B & C content

(d)#5% & Ca content

(b) & & & N content (¢)BRA L C/N ratio

(e) BEFr i Mg content (£) %17 K content

. ANE/NG FHER R Rl — D REARYE N [F] Ab B A A7 78 1. 35 25 5 (P<0.05) , Note: different lowercase letters denote significant differences of

the same functional root among different treatments( P<0.05).

2

FEAE T2 A Y & R R FS W R B L SF 4847

Figure 2 Chemical properties of absorptive roots and transport roots of C. lanceolata seedlings under different treatments

24 AELEEZAGERFZDEEROERS S

TR HT I EE N 3 Bk, 55 1
AT LA R )T 2210 38.4% , 5 2 ol LAS#RE 7
ZEW 17.3% , RFHE RGN AL 3 A 1 A [
SAREIN A K+ A 3 A A
FEER 1 B AR RCA LAY T, B S AR Ak
PRAAEL, A A IR A R I A B i Gk 25 e 2l
AR IIE S LS R 2A TR bR . SRR 1 HE AR
Ko AR T ARURIRR 41 2235 B 43 1) I 38 S R 110
AR | R A AR U R A, 1
W 3 ARG A R, LA IR AR
iR e bR RN B, UL
H 2 IR A BRI IE A LR
2.5 TEEAMRSRAGEMERIAEXE

mE 3 PR, HIER pH H 5 AR
PIFPDIREAR AR AL it . ARG, AR, 45
T, BEE A, DUORIBR B LEARES | AR
AR & IEASG, SRR A, # i
WETAE(P<0.05) , 3 n] 22 k45 5
FHESWMIREARNRA Y= MR,
B, DIRIBRIAREK | 8558 B &I
G, M, #E R R (P<0.05),
T SR B T i S R D REAR I 2E
Pros, B, BEOTHED, DARCSMRBR AR

. aRB. WU Ak, (RB. iR E YL, aSRL. YO FEAR I ; (SRL. iz i
AR aSRA. WOSAR EUAR A (SRA. B A FUAR T A aRTD. WECAR AR 2H 21 % )3
RTD. IZH AR A 2B aRL. WUAR MR G ; (RL.GZHIARAR A s aRA. WSO AR T B
tRA. B R EAL; aC. WA & 1 CL B MR & &5 aN. IR A & i IN.i8

HRA SR aC/N WSURIRA L ; (C/N. IS HIRIR A L ; aCa. WOBURES & B 1Ca. i8
FAREG P i aMg WO BE & 55 Mg B SR BE S &L aK. WRISCHRAT 75 it 5 WKL AR

Fit, Note: aRB. absorptive root biomass; tRB. transport root biomass; aSRL. absorptive root
specific root length; tSRL. transport root specific root length; aSRA. absorptive root specific
root area; tSRA. transport root specific root area; aRTD. absorptive root tissue density; tRTD.

transport root tissue density; aRL. absorptive root length; tRL. transport root length; aRA.

absorptive root area; tRA. transport root area; aC. absorptive root C content; tC. transport root C
content; aN. absorptive root N content; tN. transport root N content; aC/N. absorptive root
C/N ratio; tC/N. transport root C/N ratio; aCa. absorptive root Ca content; tCa. transport root
Ca content; aMg. absorptive root Mg content; tMg. transport root Mg content; aK. absorptive
root K content; tK. transport root K content.

3 AELETEAGERAZDEMEKEER S 24T
Figure 3 PCA of root functional traits of C. lanceolata seedlings
under different treatments
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£ AREALE ZIEA D, TS W OR B i B U DG (P<0.05) , T IEAHAS A & 5 WOOR /Y AR
Ko, HAREA, R, Wi, BE&E, DIAPHRNIIRER MM AL . 855 & B nAse, miSmehshae
MR & & 4 3 IEAH G (P<0.05)

£3 TEBAMRERANEEKEEXE

Table 3  Correlation coefficients between soil properties and root functional traits of absorptive roots and transport roots

pH 1K BIE QT s Tl B S - ey B R G AR
fehr pH value Caex content Mgex content NH}-N content NO3-N content
Index MR s WA BRI WS B OBl AR TR s
AR TR AR TR AR TR AR TR AR TR
HRAEYE RB 0.601 * 0.600* 0.562* 0.528 0.549* 0.491* 0.127 0.158 -0.321 -0.363
AR SRL 0.428* -0.254 0.380 -0.284 0.259 -0.328 -0.305 -0.159 -0.543" 0.160
AR AL SRA 0.439* -0.312 0.395 -0.303 0.353 -0.321 -0.229 -0.160 -0.476* 0.221
RALUEE RTD -0.270 0.206 -0.229 0.159 -0.283 0.139 0.071 0.171 0.155 -0.149
K RL 0.673 " 0.451* 0.614 " 0.357 0.542* 0.283 -0.047 -0.007 -0.506*  -0.241
R RA 0.689 * 0.484 " 0.637* 0.412* 0.603 * 0.364 0.007 0.022 -0.469* -0.261
A N content -0.508* -0.352 -0.438*  -0.299 -0.370 -0.294 -0.019 -0.171 0.657* 0.466*
ik % 8 C content -0.308 -0.086 -0.244 -0.111 -0.337 -0.019 -0.041 -0.460* 0.203 0.206
BRA L C/N ratio 0.406 * 0.353 0.340 0.313 0.250 0.310 0.086 0.191 -0.552%  -0.442"
455 i Ca content 0.697 * 0.529°* 0.675* 0.395 0.731* 0.518* -0.218 -0.013 -0.513* -0.416*
B Mg content 0.723 " 0.583* 0.734* 0.633" 0.689 " 0.679" 0.005 -0.006 -0.438*  -0.309
B4 K content -0.475*  -0.382 -0.545* -0.415* -0.584* -0.393 -0.170 -0.180 0.252 0.265

L FR B EMIK(P<0.05), Note: * indicate significant correlation( P<0.05) .

3 Tie54ie
3.1 ARFMFAEAR M+ EEE LR

ARG, AR B E R T R pH (E & T A eS| S T AR, X 52R g
FIIFSE — 20, S R A KB (4 t-hm™) 3 a J5, DEMMREIER pH [EMN 3.6 75 5.6, [HT,
LI et al® 3B %BE, AKEIN 11 a J5 5 +HE pH A0 BEAL B 203 T 0.8, NI 38 Bk 45 2 7 & Ak}
WAL B T 180% , X BEZERRH A KES N T DAFE A A 84 i 8 ARk 3 1 e S IR AL A 5%, A A
FRMAT TR , AT, ARE AP E R T R e etk s B i i, X S5k
FIRIFIE—35, LR PR ] BRI AR R ES (4 FH 5 | A B R B 5 B8 5 3 (9 B 5 75 A IR W BRHAZ o, 3
B R R A AR B R R R . ARIFSE T, AR IR BN H IR S A A A R A
DX TR A AR —8, W A B K AN T R S A A, X — 2Rl g
FARBGE I AR IAT AR T, WA W A S e AR L SR TR T REfE U TR
XA R, R T RGNS, FRAR TR LR peAh, AR ERM, RASINAL R
BE T RS ARS R, (R E R0 1 pH H X 50 Huth s BEE T AR, XS5THEP LTA
JE 8 AR LIRS A S AR B3, SR, TR EIHRGE T RS N4 5 A L pH (Y,
AT I AR SR B 3X — 300, 1222 5% T BRVR T A 5T 1380 4f pH (E AR X B AR i 4 AR [ 4, A
i, AU 14 pH (B A AT 5SS PEss | B S L 50, X ] B2 R BUA K+ A/ s
Qb B B IS A RASON, — S B R, A B N T R B S I - SRR T g e BE R, Kok
PR AT 2% JE A I AR T &, s — DR KIS IS AR ) A6 R R A A FH B FEHLE
3.2 AXRKRMITEZAGERZEEMERR M

A A AT 3 2ok AR R DR R DA DS W R R A, INITABIRARR AR RORES . Assid, AR
I B EIRE TARAMIREK, X5 YU e of " WG R—2, HIEREEEHRAS T, —
1, EA IS RIERE e R R KA K 2 BIR A AW 2, A RIS I T LA R SRR AR D
B, AREINEER T L0 pH (E, Y pH (HART 5.5 F, 8 F 8L al gmy il i RAEAE, 1Y pH
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T 5.5 BF, #lH S OH 454 ZAETUE, MEIPHAEYII Y, ARBFgEd, A AL BERLA K+ R
WAL PR 4% pH (E R T LRI, WILA B TR REZMEE, BRIRRER, 55—
T, AREBIMGIAK G, 058740 BE 40 i B P 25 A VR, 5 8 R A7 e T AMAH, 4
FRANM R ZUNTE 1, S 5ABERAZEN MK AR AR A S FT 10 45 R 2 0 + 3809 pH (8
SRR ) EE AR TEARSG . AR ZR 1 AR A 3 3 S e 7 AR AR 2 0+ S R I T AE IR 2, R, AR
WFSE B A IR Ak B B T4 = AR R0 3R R AR

ARG, ARSI B R TARE Y, nTRRIRIAR A PR A S A B R R i T Y
pH B K A A e 4 | BEES T i, 3 pH (ER3R S A B TS RUED s, e + 5 PLR T 1k,
T R RE T AR BER A A K A ATOC R . A5 AR M N B AME 51 S N A
FRURSE | A ARBE (435 RN oEse vy A AR s SRR e A A B L S Ak DL R (A & A
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