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Abstract; To investigate the impact of kinship on the growth of Chinese fir under conditions of low phosphorus (P)
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availability and determine if kin recognition behavior exists Chinese fir roots, an indoor controlled pot experiment was
conducted. Two half-sib families (No.32 and No.28) of Chinese fir were selected as the experimental subjects. Using the "
C isotope labeling technique, plants from both the kin (No.32+No.32", " labeled with C isotope) and non-kin ( No.28+
No0.32" ) groups were established under different levels of P supply (1.0 mmol/L KH,PO,, P, and 0 mmol/L KH,PO,,
P,). A single planting of Chinese fir (No.32" ) served as the control ( CK). In the different treatments, the aboveground
parts of Chinese fir (No.32") seedlings were isotopically labeled with "C. Growth parameters, including root length,
surface area, volume, and average diameter, were measured for Chinese fir seedlings under different kinship neighboring
trees. Additionally, the differential patterns in "C abundance were determined for roots, stems, and leaves of neighboring
seedlings of No.32". The "C abundance in neighboring plants of different kin of No.32 " exhibited significant heterogeneity.
Under P-deficient conditions, the “C abundance in the non-kin group (No.28) was significantly higher than in the kin
group (No.32), indicating that low P stress facilitates carbon exchange between unrelated individuals of Chinese fir.
Conversely, under low P stress, the total biomass of the non-kin group (No.32" ) was 31.3% lower than that of the kin
group. Varying levels of P supply significantly altered the growth pattern of Chinese fir and its neighboring plants. The total
biomass of Chinese fir adjacent to non-kin neighboring plants decreased, accompanied by a reduction in root-to-shoot ratio
and weakened growth and development. Under low P stress, the non-kin group (No.32") exhibited a 46.0% increase in
root surface area compared to the CK group (No.32" ), while experiencing a 74.7% decrease in root volume. Under low P
stress, non-kin neighboring plants promoted an increase in Chinese fir root surface area, enhancing P acquisition capability
and strengthening its competitive ability in the underground environment. The total P content of No.32 " in the non-kin group
was not significantly different from that in the CK group (No.32" ), while that in the kin group was significantly lower. The
total P use efficiency (PUE) of No.32" in the non-kin group decreased by 35.6% compared to that of the kin group (No.
32" ). Therefore, under P-deficient conditions, kin neighboring plants promoted an increase in Chinese fir's PUE,
alleviated its P deficiency stress, and helped maintain its normal growth and development under adverse conditions. This
study provided evidence of kin recognition in Chinese fir and its neighboring plants based on “C exchange. Under low P
stress, Chinese fir exhibited increased mutual responsiveness and enhanced PUE when faced with kin plants while
demonstrating stronger competitiveness against non-kin plants. The study demonstrates that under nutrient deficiency,
Chinese fir adopts different response strategies depending on the kinship of neighboring plants, thus providing a theoretical

basis for improving the management of Chinese fir plantations, whether intraspecific or interspecific.

Key Words: Cunninghamia lanceolata; root kin recognition; “C isotope labeling; phosphorus deficiency stress;

neighbor competition

% (Phosphorus , P) Z2AEYE K AT WEEATTR , Z 5 2 P 2 A OCHEY B Ay & 5, ER i AR KOk
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55, 10024 IR i SR A BR S A SR SR AT o Y 5w G AR T R R I RS S BRI £, IR AAE R A T
NGBS 2 (04 B ERER MRS R o AR T FL AR [ SR 2R A1 Rk =22 18] Y 5 4 i B0 38 A DAIEAZ A
S &I Rk 2 (B AFAE SR SR T AR ZR AR R e R T ORI 2 HRURE L 258 PRI M, SRARA ) 5 42 AR B =22 18] 2 2= 1)
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YT, RS N ARSI, R C R R s Bk, 288 2 ML & (No.32 \No.28) ik
PR AR P Wh3E T 2B 2041 (No.32+No.32 ", " AT C [RM Z AR e AR ) FIEE £ 24 ( No.28+No.327 )
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1 #RERHE

1.1 Bk

T HUAR 8 T L — A M PR R R A 2 R B &R No.28 Hll No.32 —4F4 | H KA — R AL A
EURUE S
1.2 Rt

VEBRAZ ARG T AR AR RE B (5 T 007 ) FFURTE AR AR 2 Mk B T & KM N R AT A 4 ilile 2 A~ A 2
JE AT B OIR AL B, SR 50 em 98 25 em FIES 25 em H F 3T SRR AT A B BT R AT
e E P B A, L S B e AR AR A R IR L, IR 30 em , AR FPAR RN
AR RRAR 28 22 (1A DL A B2 Ak ( PR 1— P& 2)

2 ERREZEHIRE
B1 FZHIAANTAHREES Fig.2 Indoor experiment with pot plantings

Fig.1 Experimental device for kin recognition behavior testing

FIFH 2 2R Z (No.28 Fll No.32) Fl 2 Mk P K- 3k 6 MAbI (1), Hr 2 4t P /K435
MIEFAE P(1.0 mmol/L KH,PO,, P,) MIAHE P(0 mmol/L KH,PO, ,P,) , At P 4bFH ) K i1 KCI -4, H
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REFEICE 5.0 mmol/L KNO,,2.0 mmol/L MgSO, - 7H,0,5.0 mmol/L Ca (NO,), - 4H,0,1.0 ml/L FeEDTA
46.3 pmol/L H;BO,,0.3 pmol/L CuSO, + 5H,0,0.8 pwmol/L ZuSO, - 7H,0,9.1 pmol/L MnCl, - 4H,0,0.4
wmol/L H,MO -+ 4H,0""" | 2 P EG KRB L (No.32+No.32 ", * NitkfT R C Al Zhric iRk ) ik
SEZEA (No.28+No.32 " ) BN [RISE 4R AB MR , L) No.32 " A2 K5 2 k4l i VE X IRLL (CK) . BB BEST 5
i,

ISR AR B No.32 AZ ARG A AT C AL R bRl , Bk Anic = AEAR SR 0.10 ¢ &
99% 1) Na, " CO,( L FE 30 A WRHHEA R A E) A TESH M BEAR A 2 mol/L HCI ¥, 18 3 1k~ F
Rt P CO, , AL P AL BRI R 5 HEAT P C MR, Z SRR 10 d BEAT—WR 2T 5 P C AR R SR , X5
W], B 7 d DE—UCE IR, B AL AR DE 400 mL, BE VRS KB UD ARG HE 0T, SE A AL P i 0.034 +
0.007 mg/kg" "™, FH AT XoF 35 04 7 i 1k v AT, 3k 356 o b ol A o B 6 1y S o, T8 RO 5 P R By
26—30 °C,{RJE 75% , IR 14 h/d,

F1 TR P KETHAREREFREZBHKBEENRE G
Table 1  Experimental design of Chinese fir seedlings mixed planting with different neighboring kinships under different P supply

level conditions

it P K AbEH priclfE "> KiridRALR"C
P supply level Treatment Labeled isotope >C Unlabeled isotope *C
IEH L P ab3 YRR (CK) No.32* —
Normal phosphorus supply treatment(P,)  32%:4H (K) No.32* No.32
AESEL A (NK) No.32* No.28
VNGRS X} R4 (CK) No.32* —
No phosphorus supply treatment(P,,) SR (K) No.32* No.32
e L (NK) No.32* No.28

P . 7% Phosphorus; P, ; IE % L840 Normal phosphorus supply treatment; Py : AN AL No phosphorus supply treatment ; CK: Xf B4 Control
check ; K: 352641 Kin group; NK: JIE 3544 Non-kin group

1.3 Bk
1.3.1 ARKAERIE

FEARAR I FE LR AR 43 S0 A5 2 0 v B v s A, 20 I ) R (R RN AR, 1530 v At A
132 REES LAY E

FEARAR TG T 14 AR I 43 53 ) AR 2R 49354 Epson ( Expression 11000XL) #E17H R IEAS45 bR 000 E | %
2013 B WinRHizo % EAHTR R AR R AREURAEY B2 SR AA KBRS E A ERR, BHEA
FERRAT B ZEFIAR 8 T 105 CHEAE AT 30 min J5 8 T 80 CHLAAHLT Z4E # , FRE I RIT%
1.3.3 P &8 SR A O Al

K H,80,-HCI0, %% ([ EZARHE  GB/T1.1—1993 ) X b 477 it , folf FH P JRA 45 45 B 1140 & S i AX
( Optima 8000) M+ P & ; FIHAITE P Z2FEA P A HICE (P use efficiency,, PUE) , P Zflm="+THEx
P&, PUE= T/ (FHExP &)
1.3.4 0 25 MREC FREIE

fift F R 2R L BTIER A ( EA-IRMS) XFAE S i P C =F BESEAT RGN, Al [) 457 22000 2 >R A it 55 b v 0 I
AL 70,87 C = (Rsa/R yy—1) x1000%0, HoH Rsa AL S FOBR [ 47 2 HUAE, Rsa =" C/ " Csa; Ry NHR
WERE S O BR R R LA, Ry, =2 C /2 C, 20 0.0112372, FRICHIYI — Bk Atom (%o) KR, Atom (%o) Fl
87 C(%o) BN UNTF : Atom%e* C=[ (8" C+1000) XR .., /[ (87 C+1000) XR,,,,,+1000 ] x 1000%0., HFHEERLI T [
B PO R AR, X R T P C AR No.32 AY4BER (No.32 il No.28) Fh > C E 4T TARI , Horpr
TEIEF AL P AL T | 354620 (No.32) it ZE R BC SFIFREEA 910 . (10.828+0.007 ) %o . ( 10.818+0.007 ) %o .
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(10.818+0.004) %o, IE L5 4 ( No.28) I 25 ARV C I FJE 4320+ (10.818+0.002) %o, (10.824+0.002 ) %o,
(10.828+0.010) %0, fEAHE P AR, 354 4H (No.32) I 25 AR C 244 B2 23514 . (10.818+0.007 ) %o .
(10.832+0.008) %o . (10.822+0.009) %o, JE FE 241 (No.28) I 25 A BC SEHERE4M 314 . (10.832£0.006) %o .
(10.840+0.003) %o ( 10.820+0.006) %o, ¥} I No.32 HI No.28 I 2% #irf BC £, LR E 2SI, HAE Pk
S I TG 2 R
1.4 FEgit 508

fdiFH SPSS 19.0 #:1) ANOVA HEFTRUR R J7 265301 (R R Ak P AP RIESOC R ) R R 2 5 225047,
I Tukey Z 8 W HT (P<0.05) |, SCH BT A B 1 FHAE P9 (E bR R 3R, HOR - Graphpad prism 9
2l

2 ZBREHS

2.1 ft P IKPRIRG R R X ARLE R C SZI A0 2 Hr

KRR T 228K (R 2) 1 PIKFRIREOC R X P P Z X No.32 7 4B #k (No.32,No.28) HYZE"C &
LM A AE 3 2E AR (P<0.05) , AE3RZk4 No.28 IV C F JF i 35 5 TR 404 No.32( 181 3) , AE At P
AP AR 2R Z2H No.28 ZERIAbR " C & i W35 3 T3R5 4 No.32 (HAESEZ2H No.28 RV C & b F R T K%
21 No.32( &1 3) , LW P bhid ol B2 BEAZ AR S ARRG AR R Z [E] i C AL & Wy EA 7l IHAZ AL

F2 HPKFEMELZXLRN No.32" BAHEPE/KAAERRE"C FENNERHFTESNT
Table 2 Two-way ANOVA of P supply level and kinship on *C abundance in different organs of the adjacent plants of No.32" Chinese

fir seedlings

F
I Factor it = 1 otk
H P KT-(A) P supply level 2.073™ 0.125™ 0.222™ 1.149™
EGKFR (B) Kinship 26.273 ¢ 15.125 " 2.000™ 8.170*
AXB 0.818™ 6.125*% 3.200™ 2.043"

“ %7K P < 0.05,“ns” FR P> 0.05

I K(No.32) [ NK(No.28)

1.5 — 1.5 — 115 — 115
nt E Vil 2k

a
OfFab 4 b 11.0 -
11.0 ’a:—‘ D-‘L‘ 11.0 10.5 105
) M ) M
, 0 0
P, Po P, Py P, Py P, P
BEBEIKSF P supply level

13CpF 13C abundance/%o

o
o n
e
o n

B3 FREMHEPAFET No.32* BARBEHEKRAREFBZE"C FEMLLE
Fig.3 Comparison of *C abundance in different organs of the adjacent plants of No.32* Chinese fir seedlings under different P supply
level conditions
NN F AR RS HAE P<0.05 /K 12253 3% P« IE# LB A B Normal phosphorus supply treatment, Py ; AN A4b B No phosphorus
supply treatment ; K( No.32) : 5240 No.32 No.32 of kin group,NK(No.28) ; 3E3EZk 4 No.28 No.28 of non-kin group
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2.2 it P AKOEFISEL K RXTAZ AR RIE A M50 53 B

3 it P KRR R X No.32 " MR MAFTE B2 BEAEH (P < 0.05) , 7EIEH it P 03T
FEFRLH No.32 " A KIS CK HRY 1.8 f5(P < 0.05) BAEAMLE P AT —F R & 25 (K 4) ;ML T
CK 41, BB 4 No. 32" FEAL P AL PR R #2517 46.0% AR R K BURIFRAK T 74.7% AR ZAAFL(P < 0.05) ,
MRS No.32 " FEAL P AR 82 m TAR R B, RATBFARFIC A8k (& 4) R R HALE AR L
P K ARG RP T E 25 (E 4) A P ANBET A T oR5 400k, B R G A BRIE S AZ A AR R e 1f
TR, iR AR R FRRAR , M HE R A2 A P BSREEE 7, B0AE T A2 AR R AR 0 K A KT 5K, 3 A2 K M 354338
G771, MBS Wal LI 5E% U] No.32 ™ HH LE, JE SR G 4 A2 AR R AR B Jon % I R 1] 2 el ok A
K RGARZAMR RN AEA I A

x3 HPKFMELZLRIN No.32" BAREAESERHINERFES N
Table 3 Two-way ANOVA of P supply level and kinship on root morphology traits of No.32* Chinese fir seedlings

F% F
Factor R R 2R AR MR B WERE
fitp 7J(5|Z(A) P supply level 0.930™ 123.736 " 0.151™ 0.089™
SEGKZR(B) Kinship 19.214* 6.259 " 10.324 " 3.243™
AXB 0.686™ 5.402 " 2.296™ 0.295™
I CK = K BN NK
800 o, 200 -
g a
: a ° a
= 600 ab a ab S 150 =
2 i 2 be
I 2 be EE
@ Q L K @ L
QE 0 g0 g
E R’ E d
£ 200 | B osof <
5 g 50
3]
0 £ 0 L
Pl P(l P] P(l
40 8
5 a E
3 a 5
£ 30t g 6f
I8 S i
S ab S
&2 20r ab Eg o 4r
gy ab S
b2 £ B ;
g 10 |_;‘ b g 2 F
[ 5]
Q St
= Q
0 | l & 0 |
Py Py P, Py

fEREIKSE P supply level

B4 TEM4HPKEMEZERENGT No.32 " BARIRRESIERA LR
Fig.4 Comparison of root morphology traits of No.32* Chinese fir seedlings among different P supply level and kinship treatments
RRVNG PR KA TR P<0.05 /K B2 5 B¥ P, IF W AL B Normal phosphorus supply treatment ; Py ; AR 4L B No phosphorus
supply treatment; CK: % 84 Control check; K: 3%kl Kin group; NK:JE3%2 4 Non-kin group

2.3 b PRSP RISRSGSE R M AL A AR A Wt 7 BE )52 R

DAL PRSP MRS SE R IR No.32 " IS AR A RARARIEA TSR Z i 855 R R (3R 4) 2 AR 25 R
Rk A Wy it LA B R R HEAE XU 38 58 . EAFAE B35 3000 (P<0.05) AR B A2 KT i AN 52 AR MR 2 O 28 S it P
AR (18] 6) o AT AR SRS SRS B R T REAE HEAZ AR AR I (1 6)  SBRR A7 AE T BUP A2 AR
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Xf B4 (N0.32%)

5 RGHE FERGATMRAMKRR R ERB RN

Fig.5 Observation of root growth in different experiment treatments of kin group, non-kin group and CK group

SRR 3 A E N 10 F B K, DUEAR R ARG ; + J9HE T C R AR ik

AR e IE R AL P AT BEEMRT CK A (K 6) ,H7E AL P AAFE N AR B #2257 (P > 0.05) ; At P 4b#
TGRS No.32 " 25 MR kY AR TE e B KT CK 41 (K 6) , 3 HAREZ 4] No.32" 2K
SRA Y B E T 2RS4 No.32 " Ak P ARTE B 50 T A2 K 540 FR A A Ab 2B KA, 5 S5 AR T 41 ik ol
AR EY R, It TR AR L, RIS A2 AR AE K KT B RS AR A

x4 HPKFMELZXLRI No.32 " BARERKERHNEZRFEDH
Table 4 Two-way ANOVA of P supply level and Kinship on growth traits of No.32 " Chinese fir seedlings

H#E F
Factor H e Y Hh A A EGEL// A K7L/ F s R
ft P AKFE(A) P supply level — 0.248™ 6.018" 9.742* 45.368 * 6.979* 8.625 49.084*
FZ KA (B) Kinship 1.280™ 15.272* 7.371* 4.366 " 13.092* 11.084 * 13.603 *
AXB 0.141™ 0.190™ 13.728 28710 37.048 35.012* 25.826*

2.4 it P IKEREG R RZNFEAK P i R FRCR K50 8T
MR R I 2285 R (2 5) , AL P AKERIZEZ I R XA A P W A B o3 A $5 B A B0, 5 1)
EXARE SR E P BEE HA B (P<0.05)

RS5 HPKEFRZXRI No.32" A P FARENIERHRNEARS E5
Table 5 Two-way ANOVA of P supply level and Kinship on the traits of P use ability of No.32* Chinese fir seedlings

F
3 = =
o PR P B PUE
actor
m ES R E/S iy B i B iy S R E=S

PP KF(A) . . . . . . . . . . . .

1.560™  3.380™  43.466 68.418 24.128 6.665 59.988 17.335 1.995™  4.601 39.666 44.931
P supply level
RGKA(B
if}ig( ) 4.378" 8.679 " 5321% 126627 144357 12726 16.610°  15.655°  2.406™  9.184~" 5.516" 12.163 "
AxB 20.934 " 0.736"™ 3915 3.318™  50.334°  26.892° 46910  57.474* 13.913%  0.638™ 4.884" 8.613"

PUE . BEFIFIZ% Phosphorus use efficiency

JEFRLR No. 32" M P T iEZE IR 4 P OB T W BN T CK 41, BAEAHE P ARFE T W3 & T CK 41 (&
7) G4 No.32 " 25 P FimfE At P AREE T B KT CK 41, R AL P AL H S BOEZ AL CK 4 No.32 " 1R
P &g FR%, 00 TR 44.3%M149.7% (B 7) s Ntk P &k E , AL P AL FHEEZ 4 No.32" 5 CK 41
HELSR FEH No.32" BEMT CK A (K 7) , SFEAPMRFRIRAZ A bk P & i AL P b3 R ZFRAK CK
#H No.32" M P R XA RRIAZ AT B EH w0 (K 7) AL P BT LR bR A TE S BUZ AR ZE R A4
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= 2 04r 04 +
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24 3 L abc 8
gg = 03 gga 03 .
= § ! ?o el §
2 e Rg Ml e 207
£ Z 01 —ﬁ ¢ 204
5 5
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4r 20 6
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&0 3 j—_L 1.5 i[ %ﬂ
SF a g
o0 = b
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= o S
£5 2r Moo od RF10 . il be
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.2 d = £ b b &a 2f
@ o1r & 05 b g
]
W -
0 ! 0 L 0
P, Py P, Po P, Py
10 {7k SE P supply level
a
.2
g I CK
§§ = K
= 0.5 b = NK
P b
B = be
Q
M |_}‘ I o
0 LT,
Py Py

HEBEK P supply level

6 AEMH P KERFZXREMET No.32” ZARERBIRHILE

Fig.6 Comparison of growth traits of No.32 " Chinese fir seedlings among different P supply level and kinship treatments

kP R EEMRT CKA(K 7)), M2 ARSERER 3525 R 0T I T0 8 & 520 At P AN EE R AR R 40 S
HHIARM PUE BEFKT CK 4, LA S B AR ZE PUE BE 5 T CK 4, 364 No.32 A4tk PUE £
HE P ALPETR W E S TARELAL(E 7). M TIEEGARMR , SR G AR A2 K P & & $E =2 K PUE,
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Fig.7 Comparison of the traits of P use ability of No.32 " Chinese fir seedlings among different P supply level and kinship treatments
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