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Abstract

Aims A heterogeneous spatially distribution of nutrientsin natural soil may affect plant growth. The objective of
this study was to determine the effects of localized nitrogen (N) supply treatments on growth traits and root
parameters among different families in Pinus massoniana.

Methods Five families of P. massoniana seedlings from full-sib progenies were used as test materials (1, 25, 49,
52, and 57). This study included two conditions, (i.e. homogeneous phosphorus (P) deficiency vs. heterogeneous P
efficiency) among soil layers in combination with four N supply treatments in a one-year pot experiment. These N
supply treatments were: (1) Homogeneously high N aong the soil profile (HHH); (2) high N-high N-low N
(HHL); (3) low N-low N-high N (LLH); (4) low N-low N-on side with N addition and the other side without N
supply (LLH/L).

Important findings This study indicated that localized N supply treatment did enhance the growth of P. mas-
soniana, and this enhancement mainly happened in the pattern of N applied to deep soil. The results showed: 1)
Compared to the homogeneous low P condition, there were increase in the growth traits and root parameters of P.
massoniana under heterogeneous low P condition. Particularly, the root length and root surface area under the
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heterogeneous P deficiency condition were 1.95 times and 2.11 times higher than that subjected to the homogene-
ous P deficiency. 2) Localized N supply treatment affected seedling growth, and there was a significant interaction
among N supply pattern and P condition. In compared with homogeneous N supply treatment, the height, basal
diameter and dry weight of seedlings increased significantly by localized N supply treatments (LLH and/or
LLH/L) under both two P deficiency conditions. But when the seedlings parameters were enhanced under homo-
geneous P deficiency, they were inhibited under heterogeneous P deficiency subjected to HHL. 3) Within the two
P conditions, LLH and LLH/L stimulated root proliferation significantly, and root parameters were significantly
enhanced under the heterogeneous P deficiency condition. Specifically, the root length and root surface area sub-
jected to LLH/L rather than HHH were significantly enhanced by 29.2% and 32.3%, respectively. However, the
length and surface area of the roots were suppressed by HHL treatment. 4). There were significant differencesin
response to different N supply treatments among P. massoniana families Seedlings in the families of 49, 52, and
57 responded to the localized N supply treatments with increased root proliferation, which enhanced seedling dry
mass. On the other hand, the seedling growth in the family of 25 were stimulated by N and (or) P concentration,
while the response of seedlings in the family of 1 to local nitrogen supply was relatively slow and exhibited
growth retardation.

Key words family; localized nitrogen supply; phosphorus deficiency; Pinus massoniana; root parameter
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RS, 2012; XIXUHEE, 2015). TN T ARG EE
Z M35, KR RS INTE L1377 & 4R X I8 1) 47
A Ee ], 3R T B AR R 6 FE 43 1 SR BRI H R
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.01 (Hodge, 2004; Vance et al., 2003). #f 7T #75,
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MR B 3 I DA R s AR [ 32 51 (Drew, 1975; Offi-
cer et al., 2009). Zhang#!Forde (2000):¥f il = 7+
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Wi, IR AR A K (Jing et al., 2010), X
RN A SR FB AL R B He b ()36 4= 52 308 75 00
RS IR 2 8 EAE SN 3L F R m . fEAA
TR FE AR R IR ABL I AR AR, (R ) 22 5
K (Hodge, 2004). Einsmann(1999) & i, 10fh A
AAEY A AFPRE 0 1 A P B TR 77 S R TR
SF T B, B FRE YA FRE T,
Bliss%:(2002) JF %A K IMIX —#aH . HINA BTN
RFE PRSI AELE BRI S AR I B30 o0 i AR K AR
TR A4 3k 2% N (Jackson & Caldwell, 1996), {HZ% 4
A RSB EE (Holcus |anatus) X 7 46 17 P H K&
R AR AER A B KIS, KIIREIX
P AR PRS2k, H#ASF (Nardus stricta) ) % 77
Iy BEH I N ANBUR (Fransen & de Kroon, 2001). 24%,
F o> PEHLECE SR 8 77 43 B RO AR ) AR K 1 s e 32 AR
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TR R AR 6 R A A KB T R K o 4 SR 4 7
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FhF NG Z e, B ME3-BRF T,
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Bk L3R 15 % B 2 [l Zhang 5 (2013) 194 FE
Wit EREEEERFEE, A —EERK
Ca(HoPOW) i 5] . SRR A AR TR E . (a2
ME B KIENZ MO, 0.10/11.00 g-kg
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Table1l Soil physica and chemical properties of the substrate in the pot experiment

TR
Total N (g-kg™) Total P(g-kg™) Hydrolysable N (mg-kg™) Available P(mg-kg™) AvailableK (mg-kg™) Organic matter (g-kg™) pH value

L PR pH{A

TR AR s S A

Soil type

BerkarsE 041 0.34 46.35 0.99
Acid red soil

37.78 6.68 5.06

[ B {i6##% Homogeneous low phosphorus
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Low phosphorus
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Low phosphorus
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|<—12 cm—>|

H H L L
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Bk Heterogeneous low phosphorus
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|<— 12 cm —>|
H H L L
H H L L
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Bl ARSI N RREARAE. HHH, HSME; HHL, REMhEEHEE; LLH, JREME; LLHL, KZELMHEE.
Fig. 1 The patterns of N added under two P deficiency conditions. HHH, homogeneously high N aong the soil profile; HHL, high
N-high N-low N; LLH, low N-low N-high N; LLH/L, low N-low N-on side with N addition and the other side without N supply.
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B S SR 97 43 IR B3 m AR ST 26 R i i, RIZE R
B IR [ Vi 2 MR B Ak - 334 5E (Hodge, 2004;
Vermaet al., 2005). [FRARBEZEARIL IR )Z . e
JE R Z B 48 ST N 2 & B fR(0.99 mg-kg™)
SRR M 2T AR R R R R, % A3 T AT R A
oL AR PR - 38 v B 2 A% A B A4 A I R O b IR
(Richaedson et al., 2004).
123 BFEtE

Ty 1) FR AR R R E R, R
A P S B BB (5 A 44%, 1L R & IE R AFAE
FE)RARIE o P AP R A 15 A R] J3 3 2L
AbFR, FERNEN TS R PE NS5 (2014) 0 78 5 1% - Ab B
1(HHH): RZ. FEZEFERZHEMHE, HA R
SEYIN100 g-kg AbFR2 (HHL): 262 R0 ch i) 2
(016 c)E, H ARSI 100 gkg?, EEEAR
WA, W33 (LLH): JK)Z(16-24 cm) it A 3%
A EEN100 gkg™, HAtZ R EN; 4
4 (LLHL): JKE—MmHEamA SaA S ®N
100 g-kg*.
124 FFIiZETE
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BIRARS LA TF, HEEF ARG TS, 8
T J5 F AR & #9441 (Expression 11000XL, EPSON,
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S HTEAFWINRHIZO Pro STD1600+ (Regent Instru-
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AR B (RSA) S5 4080 -

133 &, BEENE
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TR Rt RE. RREALLLE. B

& & ff F SASIHIANOVAFE 7 #E 47 W R & 7 22 4%

Fr(NALEEX K R). TEF—BE R A B AN RN, H
SASIHTANOVATE 7 1#E 47 AN [A] oy 35 £ 20 Ak B 1) FL [R]
R ENN, FHAER/NEEERIELD)H#ITZE
P, 3 JE 45 Origin 9.042 .

2 H#R

21 BBHENAEBMTETSERIARRAE
RE K HIFZ T

T ZEA TS RE W, FERMKBERR T, R
PR D R TR IR R . R TP AR R 3
A 52 0 (p < 0.001)(%2). 5 R FMKBMH L, 7R
B Nk E . MR T AR R Al T
5.1%. 11.6%#122.0%, HA TPt RE (A1) 2
SR BB Z KT (p < 0.05), (HAEHHLANHE R 4K
RIGIINE2) . HSH2HER(HHRA) AL, HHLALEE
RESEINT R AR T 5 R BRI R H A
TR B, MR, HHLALFR A AR T 5 F AR
THEMEARNAEK, HTYRR R & R F R
B T 3G 1 41.7%, S fiRss T B 1 36.9% (5£2).
LLHAILLH/LAC B S, B A AR PR & A A
T A BB SHHHALFE 5 A4 KR BLIE B35 2
S, TR )RR BURZ BB D B R BB T,
LR B ARG5S MEARMEMERKRERI. 57
Ah, A FRAGEE T AR et N T 7 B KT, HAE
JR R HE AL B G 3 — P PR AR, 3R R S BE AU R
B~ 5 R T AL 35 A K N I (3R2)

AR 5 50 JR S A B 22 5 J2 3 (p < 0.05)
(£2). WE2FTR, ERMEBEIAE T, RRUES
ZAL IS IR = A T AR 2R 8 B I T A it
RE R FRBERFLHE. HHLAAH G, HAkER
T AR R B HHH AL I 2% 5 i 23.3%157.0%;,
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F2 RWMHEX D ER AR RRSEORN RS 8 R0 T 2 50 T CP AR R 22)
Table2 Effects of localized N supply treatments on growth traits, root parameters and N and P concentration of Pinus massoniana (mean + SE)

328 PR Trait ZAEHL N supply treatment A5 52K Source of variation (F{H F value)
Plevel HHH HHL LLH LLHL KF Family  AUCEE N KEAEALLIE
Family x N
FF ks  SH (cm) 14.42+052°  16.92+0.54° 1490+ 0.65°  14.66 + 0.65 47.73" 634" 213
mvm;’ SBD (mm) 2.39+0.10° 2.99 + 0.07% 2.61+0.09° 2.61+0.09° 23.96" 1250 2.24°
DW(g) 1.32+0.12° 1.87 +0.10° 1.44+0.13° 1.63+0.12% 19.21™" 6.11" 2.74°
RDW (g) 0.26 + 0.02° 0.37 +0.03% 0.27 +0.02° 0.35+0.02% 12.02"" 7.49™ 1.54
RIS 0.36+ 0.03* 0.17+0.03° 0.23+0.03* 0.18+0.03° 12.23™ 2.75 2,55
RL (cm) 192.36+9.72* 186.38+11.93° 21054+ 1445 199.73+ 11.92° 12.28™ 2.92" 1.20
RSA (cm?) 47.37+3.00° 4650+ 256 61.96+4.38% 5990+ 3.65 1314 7.02™" 1.47
PC (mg-g™) 0.75+0.03° 1.14+0.04° 0.87 + 0.08% 0.95+0.11% 1.02 0.96 1.02
NC (mg-g?) 17.02+039°  21.68+2.64° 18.89+0.34®  16.18+ 0.59° 3.44” 337 147
SFERE  SH (cm) 1751+ 0.74%  13.62+0.52° 16.72 0.67% 16.13+ 0.67% 4310 1258 254"
E?veéo SBD (mm) 3.18+0.11° 2.61+0.11° 3.11+0.10° 2.82+0.12% 17.46"™" 8.22"™" 2.06"
DW(g) 2.25+0.19% 1.42+0.13° 2.01+0.14% 1.96 + 0.16 1553 6.34™"" 232
RDW (g) 0.47 +0.04% 0.36 + 0.03* 0.42 + 0.04% 0.47 + 0.06* 1333 1.97 1.04
R/S 0.26 + 0.03% 0.34+0.05 0.26 + 0.02* 0.31+0.04% 7307 0.65 0.49
RL (cm) 368.77 +27.72% 296.81+21.57°  399.17 + 31.82% 476.60 + 61.51° 6.707" 413" 1.09
RSA (cm?) 105.77+7.81° 9415+ 7.77° 11578 +9.16°  139.34 + 18.01% 8.22"™" 323 1.04
PC (mg-g™) 0.90+ 0.03* 1.18+0.04° 1.02 + 0.03° 1.11 + 0.08° 1.05 1.06 1.04
NC (mg-g™?) 17.33+0.39°  18.46+0.34° 15.23+ 0.41° 15.17 + 0.39° 1577 23.80"" 1.36

SH, #i&; SBD, MifE; SDW, T, ROW, IR T &; RIS Hjdtl; RL, RK; RSA, IREMA; PC, £®f& &, NC, &% & ®. *, 005>p>001
** 0.01>p>0.0001; ***, p<0.0001.

SH, seedling height; SBD, seedling basal diameter; SDW, seedling dry mass, RDW, root dry mass; R/S, root/shoot ratio; RL, root length; RSA, root surface areg;
PC, phosphorus concentration; NC, nitrogen concentration. *, 0.05 > p > 0.01; **, 0.01 > p > 0.000 1; ***, p < 0.000 1.
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LLH, JREHE; LLH/L, EREFMER . DNRNGFRRIRA R A 2 72 57 2.2 (p < 0.05).

Fig. 2 The seedling growth traits of Pinus massoniana families in different local N supply treatments (mean + SE). HHH, hom-
ogeneously high N along the soil profile; HHL, high N-high N-low N; LLH, low N-low N-high N; LLH/L, low N-low N-on side with
N addition and the other side without N supply. Different lower letters indicate significant differences among treatments (p < 0.05).
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R K RAOFNB21) T4 i 1 2R B A [R) i i 1k
LLHAL BT B HHH AR 2153 75 P IS 1 33.9%4115.6%,
{BLE 5 FURAE . LLHANEE N 5SHHHANEE 2 8] JC 5 2%
Z5. EESTMREMTYRAR RENEHE KR
A9L) S B2 A SR BL, HL H A 2K R B B
A, JCHAE R TR T AR
22 BEREFAMNAEBMIFETIENAIRREASE
KIRASHBIF N

I A T A AR 28 2 B0t ) 350 A 26 1 e . A
PRAMICEE A S T 280, IRE A B AR T AR &
A K . SHHHAE L, LLHATLLH/L AL B3 T 52
P AR FIAR R T AR B 39, JCHAE S AR
LLH/LARRR 5, HARKANHE R i fH 5 2 38 0 1 29.2%
F132.3%; #H%, HHLAGHEEFRAR T 5 A TR IR K
AR A (FR2). 7 TR T R KRR AR L)
& [F)FARHE N B91.95% A12.114%, 1B S AR ¢ )
JRARES & 2 et TR RIAEK KL E (p < 0.01) (32).

AR K Z B 22 2 5068 Ja 350 A4 60 1 v o7 2 5
AR ZS. HE3H, ERMIKBEAE T, X525
FRIAR A IR 22 T AR AE AN [F] (R S0 A B 5 38 o W S AR AL,

500 A [f]Ff{&#% Homogeneous low P

400 [

300

HZE K Root length (cm)

KRl  FR2S KR KR2 FRST

Family 1 Family 25 Family 49 Family 52 Family 57

HRAFEF Root surface area (cm?)

{BAE AR . HHLA B S, 2K R KRR E
THIAR 3 591 FEA T 13.4%71125.8% (p = 0.07). X 549,
S2RIS74E [A] A N, ZLLHALLH/LAH )5, $
RAEFAR R A HHHAN I A BT R %, EAEEE
FKV; MR, fER IR T, LLHAILLH/LA S
(AR A AR 22 1 AR A i iy T HHHAE B K, HHL AR
FENMAF TR AW AERKKE KRR AR L
FAR AL 5 A KARIR B AR AR AR L, 35 53 /N T
HALZK Z
23 BEMEIANARBMITETIENARREASE
AE. BEENEI

I A T R M AR 9 42 2 52 J) 0 L R Ak
MR, ESRELEEER, BEFRIKEE T
(1) A g 2 B 2 T A SR B /KT (3R 2) . 148
N, FERBUREE N, SR EARN S 25
T R KB K F13.5%, SRS EHTFHTFRET
10.3%. SHHHACHEEAHLE, 7ERFMKBEAEE N, RSk
BE(HHL . LLHAILLH/L) AN 5, I R i ACHE AR
()4 o B A RIRE R B3 hn, &S BN EA
A L NE R BOR, Hd, HHL AR B 4w

150 rC [5]F{%#E Homogeneous low P

120 -

HRL  RKRS HKFRM9 RKRS2 KRS
Family 1 Family25 Family 49 Family 52 Family 57

C—JHHH CJHHL 0 LLH B LLH/L
B3 JEERHEEOHRBE A T SRR A F R R AR RS E 0 P BEEAR R 22) . HHH, 258U HHL, REME R

ARG LLH, MRS LLHIL, JRZ 35

RN 7 B AR AL B2 72 57 52,2 (p < 0.05).

Fig. 3 Theroot parameters of Pinus massoniana familiesin different local N supply treatments (mean + SE). HHH, homogeneously
high N along the soil profile; HHL, high N-high N-low N; LLH, low N-low N-high N; LLH/L, low N-low N-on side with N addition
and the other side without N supply. Different lower letters indicate significant differences among treatments (p < 0.05).
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Fig. 4 N concentration and P concentration of P. massoniana families in different local N supply treatments (mean + SE). HHH,
homogeneously high N along the sail profile; HHL, high N-high N-low N; LLH, low N-low N-high N; LLH/L, low N-low N-on side
with N addition and the other side without N supply. Different lower letters indicate significant differences among treatments (p <

0.05).

THEMEAEKRN SRS E (FPICHE T EHHH
T 27.4%; S BUISEE T B0 1 6.5%), LLHAI
LLH/L AL ASR] - 8 AR bR A S s o,
ZRFEFKT RIAUEH T EANSEA S E.

J AL E T A AR R AR MBS =N
Fom 22 SR K . HIEATT R, K R 2501 4 U A
T RN FRELEZ MR SRS 9
JRAR R B AR AR AL, FAE [F B . HHLALEE R
()4 A A 2 o0 A HHH AR B 8 2% v 1 11.1%
H164.8% (KE14A | 4C). 7K 5349, 52FI57LE 7 Ik o
LLHALLH/LAL S, HAR & BB HHHLL E A B
Bm, (HFE T RN EBS 2. XRIMEEME
S A R AL AU I 2 7] 22 AN 2 3 (4B . 4D).

3 TitAZEL

IAER, LIRS LR M A0 07 O AR AR
K B MR R 2 1) 9% E (Hodge, 2004; B FEHREAS,
2007; fRAEYIEE, 2012). AT H B R R 5T
BF AR A A T S B E AR AR, SHTAR

www.plant-ecology.com

WHoeas R(WME S, 2011, PEANSE, 2014)— 5. CA
TR, SANEEZAR (100 g-kg )2 384 2R
RGN, CCWARE R A M () 43 0 TR R AR I
A K (Bt iR S, 2009; DETNAE, 2014; Xl X4k A,
2015). fEASZEGH, R AL AL B EURE S
B R A B R A B AR, (R A 2 2D T3
SIEAR (2 T HHHA B R R 1 1/6-2/3) . FifF 58 45
RER, AR PHEETT XX D B AR A KI5
ZERBOR, B2 3| LR R . 72 [F) Bk
T, HHL B R 7 SR E AR A&, W%
IS, B A i 207 A R T B AR M AR
FLk, LLHAILLH/L PR 7 22 18], LLH/LG 5 A
BRI AE KA AR, X RPER PR T, R
AL EIE R 7 b IR e, (R T S R
HAREERR K. AL S5 B AE #% B (Eucalyptus
grandis). JHI#A(Pinus tabulaeformis). kK AEFA(Pinus
taeda) ZEAE ) HH A K Bl(Mou et al., 1997; Zhou &
Shangguan, 2007; Graciano et al., 2009). 2R, 113
TERMAE, Fransenfllde Kroon (2001)7EHF 5T % 44
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DB IAF T, RILGEEFAAE I N fg
T T AR ARG A SR SR ) K &2 774 R kb E 3
AR, WA KRB X R AN & k. R,
AL 2 W AR = s P R B B A —
PfeFE X, HRBEKA~ERMN THIEE
A 1R ST B IR .. 5 R RAREEAT
%, ER LT, SHHHM L, HHLAR T 52
Pabkm . HEFTYREMIRS, XTREH TR
PG L R EH S ERS, FECRE@E M
+4%) pH{E i =i (Shen et al., 2005), HETE S LA
Je S A T X NHY N R, i 2 W eNHY =N
20 A — 58 (1) 85 FAE H (Kronzucker et al.,
2001), i AR ALK . SRTEA RO B AR R
B, LLHAILLH/L RS, AR R R A P Tl 5
B, HEERTYR SRS R BK
o 1X R IR E (B E8) A TR D RS B AN
e 2 1A RO BORT FE, PRAIE PR A K 1
T Uk Kk A BRI AR

Je 30 AL BN HE AR R 25 T 43 A 1 5 K
(Li etal., 2014). B s4 R, fENFCEEIAEE T,
HHHHAHEL, LLH/LX B EM AR RMAEK K E
AR MGERER, JUIAE R R A N )
PEREHE RN, HUGELLH, HHL AR T
WRERIEKKE . A, KEFUEEA R T
R R R E R AT RETE T AR & B0 —1)
AETHEZ, 55 THRIEEMYI AR &,
B ABEH 78 2 0 UL R U TR R K (He
et al., 2003; Li et al., 2014), #Eimfest 7MY
KARFTFIIE 0o Qn7E 7 PUEBE T, LLH/L A3
AR K R LLHAN A 1.306% . ARALA R 7 7K
TR I R J 0 8 3 1 F A TR A B R B (He et al.,
2003). 73— i, HHLXHRKFIAR R A — 2 1
IR, HEMIX TRER T Bk, BREMAS
JE FIRAR T RE W, R 1 i) 3t P A L py - 3R Ak TR
B 2 (9548, TTHHL AL BE b ()i 2 1% 76 2 10
REMEN, R TRAMEKRE. X—4R 500
NI ARARHED I A RA T E R, WhE. £
KANKFE(Oryza sativa) S5 i 47 vl i i 39 AR R 78+
R 2 B IR DX 40 A7 SR i B, H SR 3 R ) R
Iy (Weligama et al., 2008; Jing et al., 2010; Li
et al., 2014). LEMAEAARANEY), Hxt 155750
S5 T 3 AT P S T i DR A R 38R 4 2 R A

[F] 1] 25 5% %% K (Einsmann et al., 1999; Guo et al.,
2002; HEHISE, 2006, #4E, 2011); FLIR, 1ZSEERHY
PR A T LR 2, HAEKYIINAR RIGE Y
gk S IRTS T B RN TS, AR A E IR 5 S O,
WHEZ W EFRCRIER T HAMIRE . ), K
TRR AR FEBN, BRETIRAMIE AR E (B
PR, 2009; RELE, 2011). 454 TS kA fRE
P HLAR S b 3 0 () A KPR AR EAIE T X —

AN TR0 P SRS [ 35 R 28 A 0 1 4 2 R P R e
AN, KA [F) U B 7 2 3 B B T AP 2 57
WL g R, R T, SRS RMAFEKR
Hby b3 43 2B KK SR AL e B, 22 UK, TR
JRAGHE T, HuR A AR R 2 S5 U SE B . R
WH, MR FR AN A5 2% 7 o1 43 A ) T 2B 1,
TR T 30 20 B PR B e WU e Ay iR il (Tinker & Ny,
2000), 7 Jof I i 2R 555 o 1) 1 2% S S PR MG e T SR
BAE TR LR AR K E m, =47
B INREM(Jing et al., 2010). EPIFMEEEIAEE T,
RSN EBIMAFRZRF, BT 15 KR ERN
ANBURAL, oA S 0T R AL U e S (K] B3 21 A 455
MEGR T R ERPE . R R0 TR R E
HRERE. BES 2R A TR, HE5RAE
KRB BMM R, XRPE. BCRTEEZRRN
(1) P i 4 12 DL K R B AT ek JL R AR AR K Tk B ok
(Kanno et al., 2016). &5 Fif&H ¥, HHL PR 7%
F49. 2T R K E, BEMRAKZBNHIH]; 1
LLHFILLH/LfE#E TR R EK M TV i Erf A R .
X EIRE AR KB R T, K 5349, 52f157 1 %
T I SR AR AR K R R R R R AR
VFZWFFEUESR, FENT 135 o 38 77 I 45 e B
Wi S e S5 8 FRICER A . B IR IC R AL DA R R AR
H & 4 K i 3 55 5% W (Robinson, 1994; Hodge,
2004) . 1'5 5% Z 0] J 3 A AR i S A AR i L 2 A 4
HENE, TN, XA AR RN R R AR B (12 ]
RksE T HAEKGNG, 11550 TR A
RARKE WIS o ARSI Ry F5% 2 N XHE
WA AR 3 28R T 3R 1S BE 2 W R A AR R K R,
IEFBEARE R H 1, (53 IR F R AU
Pkl 1l s O 2 i R (X e i N AN = O
P, KRR FRMERE T, MR BIRAR S
TREFFRERS AR, 1075 B8 2 [ SR E0 it AU RKC HA L 52
DA — 2 2 AR 7 7 B 57 4 TR T, SR
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