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Abstract

Aims In forest ecosystems with phosphorus (P) deficiency, the impact of atmospheric nitrogen (N) deposition on
nutritional traits related to N and P uptake potentially affect plant growth and vegetation productivity. The
objective of this study was to explore the effects of simulated N deposition on fine root morphological
characteristics and effiency of N and P absorption in Pinus massoniana under under low P stress.

Methods Two clones of P. massoniana seedling with different P efficiency (high P efficiency 19-5 vs. low P
efficiency 21-3) were used. A two-year pot experiment was applyed with treatments of two P conditions, (i.e.
homogeneous low P availability vs. heterogeneous low P availability) and three N deposition levels (0, 30 and 120
kg N-hm=2-a™%; i.e., NO, N30, or N120, respectively) .

Important findings 1) The growth of P. massoniana seedling was interactively affected the three factors: simu-
lated N deposition, P condition and genotypes. Simulated N deposition increased the seedling height and dry mass
under heterogeneous P deficiency, but did not significantly affect those traits under homogeneous P deficiency.
Under heterogeneous P deficiency and N120 treatment, the seedling height and dry mass of clone 19-5 were 1.1
times and 1.6 times higher than that of clone 21-3, respectively. 2) Fine root length and surface area decreased as
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root diameter increased. N deposition significantly stimulated proliferation of fine root with diameter <<1.5 mm,
while roots with diameters ranged from 1.5 to 2.0 mm and over 2.0 mm were not influenced. The length of fine
root <1.5 mm in diameter accounted for 90.4%-92.8% of the total root length and was not affected by N deposi-
tion. 3) Under the heterogeneous low P condition, clone 19-5 was found to respond to the simulated N deposition
with increased root length and surface area in fine-root diameter class of <<1.5 mm. Additionally, in compared
with control, its N and P absorption efficiency were significantly enhanced 93.3% and 148.4%, respectively under
N120 treatment. However, the N and P absorption efficiency of clone 21-3 was less affected by the simulated N
deposition. The N and P use efficiency had no notable variation. Finally, we found that the proliferation of
fine-root <1.5 mm in diameter and high N (P) absorption efficiency maybe the adaptive mechanisms of P. mas-
soniana responding to atmospheric N deposition under P deficiency.

Key words clone; fine root; nitrogen deposition; phosphorus deficiency; Pinus massoniana
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>1.5 mmEIARFR T ELBIARXT AU, 3 RIS A S
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A4S 3 S 3R 0 R I /A E N 44 (Holland et
al., 2004), SHAH T R EFRTTR MR H
AT, 76T B AR IE A [F] S8 AR P 38 B i . N T &
(1) 2R P WL g T O 7S B B T, R TR
P L BEER A A () S AR PIA S T, 5y A i i AR A4 Y
P38 I 1 A8 A 3 N S PG . 3R EPE 77 3R
T AL J gt 4% 22 7 (A B F 5, 2003; 75 5,
2011; Zhang et al., 2013a, 2013b), iESZ T EHINYT
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(RL). HREEMHA(RSA) X SRR R KL KA
SRAE, BRHARTNEHL (d1). K2 (d2)-4%
25 (d5) (d1: 0-0.5, d2: 0.5-1.0, d3: 1.0-1.5, d4:
1.5-2.0, d5: >2.0, ¥fii: mm) (X% %%, 2010). HHE.
25\ M =4 TAEL05 C R R 30 min, 2R A
79 CTHFEERE, SRS E AR . FRE0.1g
FE AR, FIH2SO4-H,O0 % & J, BUTH 2 H 4H 6
Pt e E MR R P& f (Anderson & Ingram,
1993), F FOSS %2 & 1% (Foss Sossanalytizal a-s.,
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vaney, 1982),
14 HIESH

TG B R R R =B R i & (mg-plant™); TG E
I =400 R 8 6 3l & (g mg ™) (FF
SEAGKARSN, 2000). FARLNEHE KR, A
NN PRI R A1 F 2503 4548 F SAS Y ANOVATE
AT Z IR 7 Z 0 B (P/K B xNKSEx To i R ) Al
% LI (LSD) LA Kt 56

2 LERMSH
2.1 FEIN-PRIEXS oMt RAEE K FNIR R B4R

SRS

I AR, EWMERPHEE T, BAENK
FERIRE I, 24N T6 1 5 00 ¥ e R RS bR T4 o B 38 R I
IS H AEHetero-LP T, WGP R IA) 2 57 &
F(p < 0.05), Ttk R 19-500 1 = AN EE AR T4 o 5
EEHUNC R 1 T e 97 L o P 32 21-3 50 U (K1)
7EHetero-LP-N120~, TG R 19-538 B H e ok (1) A&
B4 T = AN B AR T4 5 &= 43 i) i Hetero-  LP-NO
5 133.9%H1146.1% (E1A, 1B), XA K3k 2%
T EZKE R e %221-3, e Hetero-LP- N1207K
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Fig. 1 Seedling height and dry mass of Pinus massoniana clones under different N and P conditions (mean + SE). A, Seedling
height. B, Seedling dry mass. Different lowercase letters indicate significant differences among different nutrient treatments under the
same clone (p < 0.05).

R AFIN-PALELT D RFATCME RYTE IR R SR I CP B ELhRHE R 7E)

Table 1 Root parameters of Pinus massoniana clones under different N and P conditions (mean + SE)

TR MR Trait [ i kP Homogeneous low P S AP Heterogeneous low P
Clone

Xt Control N Medium N &N High N YHEE Control "N Medium N &N High N
Okg-hm?2a®  30kg-hm?a®  120kg-hm2a' Okg-hm2a' 30kg-hm?Za’ 120kg-hm?a™

19-5 MY Root biomass (g) 1.27+0.24° 1.86 + 0.50° 3.15+1.33" 253+027°  257+0.70° 6.22 +2.16"
MK Root length (cm) 2179+776°  507.1+184.9" 517.3+164.8° 362.1+64.7% 722.0+133.2"® 1300.9 +426.0"
A Root surface area (cm?) 55.4+16.3°  108.9+38.0° 1182 +47.8°  89.1+235°  160.1+256"®  301.9z+143.9"

21-3 Y5 Root biomass (g) 2.08 £0.92° 2.74£0.79° 3.30£0.87° 217+045%  3.09 +0.66" 3.89 £ 0.61°
& Root length (cm) 4918+163.0° 607.8+1745"°  709.1+218.7° 601.0+202.0" 712.1+975" 716.3 + 148.6"
HRZTEF! Root surface area (cm?) 122.1+49.1° 153.1 +46.1* 175.4 £53.2° 1455+ 405 182.0+33.3" 186.0 + 28.5"

ANEINR)'E F-BF R [ 5 (57 ) P R AN FRINAL HIL (1] 72 57 5% (p < 0.05).
Different lowercase (uppercase) letters indicate significant differences of every trait among different levels of N application treatments under the homogeneous
(heterogeneous) low P (p < 0.05).

REBRB R ES . HREWEERRAERKZE & 7 el R19-5H4280-05. 0.5-1.0/11.0-1.5 mm
BNV KRR EAEN R 2R, Hp R MR, AR R NAC B R SO0 IR Ak B 1 75 73
19-5MR T-W )it BATAR K fE Hetero-LP-N120 R 733l iA%0159.8%. 214.7%#01170.0%, AHXTMA2Z4HAR )
BOMIEHE K T 145.8%A41259.3% (p < 0.05); EtER  REABRIH LM KEY, HiE165.9%-
21-3(X 53 AN 7 79.3%H119.2%. MTCHERRKM  215.4%; ELAEN1.5-2.0/40RH>2.0 mmiFHEAIR,

R R AR A 3G A FAC AR AR A 7] Ab K- 2 18] G 5 2 72 57
22 AEIN-PAIEX EMRMEAEREMAMS  LMER21-B34IR(<2.0 mm) IR (>2.0 mm)fH
HISZE ARAR AN T AU N i 2 B R B I K 3, (B%

HE2FT A, A FEARRAR RN TIRPIAEE NI RGN 1 B RN 3R TR AR ZE AN [RSNGB 7K S~ 1]
FEXG I S ARRE 72 S B . Homo-LP T, #4824k ZERIALRZE. XU HINESG N8558 00 20tk 1
AR MK ERRMAZNREACE R e, w1 [, Wil 7T EMRIAR RN AERE . s
fEHetero-LP N, ANFETCHERMMAIAEKSZNAKTH REKWH, Hetero-LP-N1207KFF, E £ 40-0.5.
M RBAE . fEHetero-LP T, NiRE R INE 4L 0.5-1.0M111.0-1.5 mmA4iAR K 5 g A ik &
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1244 Root diameter classes (mm)

[ ] AEIEP AN Homogeneous low P without N addition

[ ] 5% P AN N Hetergeneous low P without N addition

Z FECP N Homogeneous low P with medium N addition Z-H-Ffiﬁ PN Hetergeneous low P with medium N addition

[FEJA{EP & N Homogeneous low P with high N addition

FRAICP 7N Hetergeneous low P with high N addition

B2 AFIN-PAET RTINS SRR AR IR CP B EIR ) ARG FREROR AR A 2 18] 22 53 5.7 (p

<0.05).

Fig. 2 Fine root length and surface area of each diameter classification of Pinus massoniana clones under different N-P conditions
(mean + SE). Different lowercase letters indicate significant differences among treatments (p < 0.05).
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PANRR(<2.0 mm) - 5 RN R AR 38 BE AR 21 1) 385 K
RN, (B2 AR A B AN 3 1 AR AE & A2 1 4y
fiits o & B AE . Homo-LP R, MM REA<LS5
mmFR R E AR KA EEBITEXT RE . HPNATEIN
KPR B 348 23 0 0 92.8% « 91.6% F190.4%,
Hetero-LP F U435 °491.5%. 92.4%7191.4%. i} 1]
TEPFMIRPIRSE T, A BANGT R K- 3G m, B
B<1.5 mmAIR R K & AR ) B A1 2 F7 75 90%
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12 90-0.5 mm ()4 AR K BE AN T AR 7 AR &R 1
EE 451 43 51 970.0% F131.9%, 6 1 % 21-3 1) 43 51 Sy
65.29%71126.0%, 1XFKILEE A <0.5 mm¥ 4 1
ERE T, oM R19-58 T M 5221-3H B
2.3 AEIN-PAIET LM RYERFAEN PRI
H B3R %, FEPIFTPIREE T, BN R A
U T A ToME R YR R R ASFRE, 1 H
e AR RN PE IR ORIR R, HAEM G
R0 253 3% . XM Hr kB, Joie /& 7t Hetero- LP
i AEHomo-LP T, Bl NV B A8 1k, Jotk &21-3
AR RN PIRISRCRTC B B 22 57, ot ::19-501%
P IR BINGERELE FH, ERINAKSE T, PTG R (A]
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Fig. 3 N and P efficiency in root of Pinus massoniana clones under different N and P conditions (mean + SE). Different lowercase
letters indicate significant differences among treatments in clone 19-5. *, p < 0.05; **, p < 0.01.

93.3%, PR IS 3k 350 0) i i 1t 148.4% (p < 0.05) . #H
EL T Hetero-LP, = NXfHomo-LP T~ J& P %19-5H %
N m&%ﬁﬁ%ﬁﬁﬁ%wﬂﬁ¢@%A\Em»

Tt R IR RN PRI R 2N FE 2 5L/,
fXIﬂN-PMM@Flmﬁfﬁﬁﬁuﬂ%m?(@lm\
3D). [FIl}, PTG RIAEIC R % 2R .

EANFIN-PALFEL T, W 5 R ToME R AR RN,
PAICR AN ASRFAE X NYL R 1 i SRR AT BT 22 57 . G
P 2219-57E Hetero-LP-N120 | fIHE &N PR 3%
215 oM R 21-3 1315 M11.66%, FAF<1.5 mmff
IR 1A 5 0 2 TH R BTG M R 21-343 931 v i 38.8%
34.4% (K2, K3). #EHomo-LP-N120F, Ttk %
19-5 (1) PHR S 5 3 5 v, NIROSC B8 2R T B 1 &
21-3, HAR R SR, WER A ATRHE T T R
21-3, H<1.5 mmAR I E R, =Tk
PE&R21-3 (1, F2, K3).

3 g

T AT E AR RIS BEPE A AR BV 1 38 B
PEAR AR AR 1 FLXT A 8 TR on R RUSCR H, ndk
MR AERKER, K, MRS BHE RN AL
PRI HOAE 7 0 & B s I PR P A o 2 AR, L
JER A AR KR AR 17 AR 25 (E 855, 2012). BF L
RN, By RN TCTE R4 AR R0 A [FIN-PAb 21
KPR RN Z R EE . S5THMER21-3HL, T
PER19-5MHR RAEK K B X L HEPIAES K A FENTH
AT U, LR BRI . A SR
H AP £ %5 80-05. 05-1.0. 1.0-1.5,
1.5-2.0f1>2.0 mm 545, 43-Hrf3 i, 7EHetero-
LPHIE&ME S, Pt R19-5E 1% N0-0.5. 0.5-1.0.
1.0-1.5 mm4HMR R I H B2 KNG IR, HK
55 0 THT At 25 NP 384 o T 5 186 KRR AR Ak A
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R R, 1IN B3G5 A F) T o Pk R 19-5 5 /e
RWARMERKE. HHh, SRR RYEER
<15 mmiIHR R K 5 R K 1190.4%-92.8%. X
55 (2010)fERE FEAN A 43 2K R G T AL Y AR &
TR 2 e SR R I A I, THAS 8 P BT 3R P B E
<15 mmifiR &2 K5 F 3% 7 A B RE AT
, HERKR93.8%. I, AN ANEE<LS5
mm AR RAE L A Y E TR O, [
I, FEAHIEFT PRI % 2 25 3B T Hetero-LP
T RMTCE R TE<1.5 mmg4iR K A £ i
UK, St E A N1.5-2.0 mmAiggiiRA1>2.0 mm
KRR S e AN B 2, 3 1 B AR HELINTC B3 60 A R 42
PIRARKEMRIMAM AR, X—4R58HF
45 (2013) T 7T Jiti IE XF 4 V5 48 A (Alnus  formosana) 4H
RAEKKBRZmMPER—8. Hhk, XtHT
AR/ B A AR H R i A A2 FE LI (Elissenstat &
Yanai, 2002; F-37 R84, 2007), o H3EGIEAE Rk
TR, 5 BB R, KSR
TIE (K AN THI R B8 45 W b 535 43 SR AR = A
A ¥ I S (Mou et al., 2013); H:ik, B3R & (<
15 mm)FZ AN KX EMR B WA, &
TR AL, T4 SR RFIH AR KIME
T3 WROSORH I FR) e 51 45 46 (72N Je 5%, 2007; Guo et
al., 2008; Band & Bennett, 2013); A4k, AW 5%
B, R RWUSTR 53 (1) 3 B R AL S5 AR A X 2 AR
(Kanno et al., 2016).

TR 2 (1) A2 BRIAVE R AR AE A R A B8 26140 T
T A BT AR (K B2 BIUBT B X 7% 40 8 - W ST 2R 1)
Al . I AT, IR R AR PR R
Iy il e N (FE WS4, 2012) . Jackson A Caldwell
(1996) A Mt PR Sl i 7E R 77 29 DX 4 ) AR KRR 97
a3 WS BB P R RE, R NCFR PR I B v T
28%~70%, 5t AR5 53 SR BB VX M) ) A AE
BEXERK. Ao, SEMMICIEREFIN. P
WRLHR Z R K. fEHetero-LPZ&F T, EINALE
EHEE T oM R19-54 R PN WAL, 8% 1Y
hn 7 PR kER, HNS PRS2 A7 HARE RN, St
FRHE T mNF SRR E R TR ERR R,
Homo-LP T, JXFHN. PRI 35 e IR & 2508 ) AN B
o VLA TCTE 2R19-5XFN (P)FHR A i 2% 52 31| +- e vp
P (N B B8 1] 4 A7 (1) 5% 1 (1 3) (Saito et al., 2008;
Agren et al., 2012; EI%E, 2014).

www.plant-ecology.com

EYTETR i i vh, BRI IEAZ TR
URBRRAE IR, mTRE S LA S SL R /R F 45 R (Hodge
2004). — M IR RIS X TR PO,>
SEAE - RS B M RS TR U RT BB LY, T
PR AR AR BRI X T35t L3 m R M B
EL inNO® 1 1 i B 6 % (Robinson, 1994; Tinker &
Nye, 2000). *fLt7r#rfs i, Joft & 19-57E Hetero-
LP-N120 F AV A B N PIRISRCR, RIS 7E
FRFERWAMMGERE T SELSE,; 1E
Homo-LP- N120F, TGt 2 19-54R R [HPHR IS A% ¢
m, NIRISCECR B, HAT3iR R (<15 mm)ffK
FE MR A S, (HA, S AIF LM . X —HF
FEERRY, IENHXS L. PEZHIHBLT, B2
FATEME 2 T Rt 2 LI AR R 1S SR mAR R 0
TP SREE S, TEPE N TR R MR (A
Hetero-LP), AR & 14 B 5 T 4 W M (R i 52
MW A AR K 75 20 RO WSO FH

4 ZEip

W4 LW, BHNVIRSHR R A B 1R
FE S BN RNIREE . - HEPFRIE AN A 76 3 A% (K 2K 15
. NIEASNFUE S, (R3]S TG RARRR, )
ZACHE A R B, AT AR RIE A AL, (2t
MR ZX LN PR, Hh BAE<1.5 mmif4HiR
JEAR RIRICE R A . PIRERE—E R b
M T NXTAR R & B B, Hetero- LPHIPIAEG
AFF MR H ALK AEIEHERTSMTEN-P
AL B LA BT AR, JE M R19-5 A4 K AR R &
B SN RE W . B Fe s RN
TEA A AT a2 T 5 AR TG R A
WRAMAERRG, E£—EBE LR T SRERIRA
PRSI, (HAE R KPR [ 2 TR AR
PENKT B BAA R R A K R B RN fE i —
LI .
E£WmB “+t-—za"BRAHLLHFEHRAR
(2012BAD01B02). E % g #A#H5 2 £(31370671) 4=
i R # s A ik H E KA £ 7 (2012C129-
08-12).
SE 3k
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