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Nitrogen addition affects root growth, phosphorus and nitrogen efficiency of

three provenances of Schima superba in barren soil

ZHANG Rui', WANG Yi', JIN Guoqing', ZHOU Zhichun'* ,FENG Zhongping’
1 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, China
2 Laoshan Forest Farm of Chun'an, Chun'an, 311700, China

Abstract: Nitrogen deposition is serious in southern China and it has massively altered plant growth and root formation.
Thus, we choose Schima superba, which is a wide spread and most resistant plant in southern China, to evaluate its
responses to elevated nitrogen ( N) deposition and disclose the root growth and nitrogen and phosphorus use efficiency is, or
is not, affected by N addition. The experiment was set up in the glass house from March to November in 2011. Dissolved
NH,NO, was sprayed on one-year-old seedlings of three geographically diverse provenances of S. superba, which grow in the
container with the forest barren soil. The three provenances were Hangzhou of Zhejiang, Jian'ou of Fujian and Xinfeng of
Jiangxi. Four treatments of 0, 50, 100 and 200 kg N hm™-a™" were arranged. After five month treatment, the plant
materials were harvest. The mineral composition was determined after analyzing the root morphological and architectural
parameters. The data were analyzed using SAS statistical program. The results indicated that S. superba responded
significantly to N addition and exhibited positive affection. The root biomass, total root length, average root diameter, root
surface area and volume were increased by 33% —73% . At the same time, the length of root >0. 5mm was increased most,

and the root morphological changed into thicker and diastolic type. The correlation between nutrient absorption efficiency
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(NAE, PAE) and root total length, root volume, average root diameter and root surface area were increased with N
concentration. In N100, the NAE was significant correlated with length of root >0.5 mm, whereas PAE was significant
correlation with the length of root <0.5mm, 0.5—1.0mm and =1.0mm, respectively. NAE was significantly affected the
PAE (r=0.8729, P<0.01), at the same time, the NAE and PAE was significantly correlated with the biomass of S.
Superba (ry,;=0.4572, P<0.05; r,,;=0.4750, P<0.01). And they were finally affected by the growth of S. Superba.
There were significant differences among provenances. Jian'ou of Fujian provenance had stronger developed root system and
highest nitrogen and phosphors use efficiency. The root length, average root diameter, root surface area and volume were
increased by 54% under low-level N addition. Low-level N addition increased root growth of Jian’ou, whereas it had more
effect on the height and stem base diameter of Hangzhou of Zhejiang provenance, which increased 34% and 26% ,
respectively. And low-level N addition greatly promoted above-ground and root growth of Xinfeng of Jiangxi provenances,
the seedling height, SBD and root biomass were increased by 44% , 33% and 49% . However, high level N addition
inhibited the root growth of Xinfeng provenance. PAE and PUE of Hangzhou provenances were higher under N100 and
N200 treatment, but they were increased under N50 and N10O in Jianou and Xinfeng provenance. NUE was decreased when
N addition increased to middle-level. S. superba responded positively to N addition. The difference of root growth and
morphological responsed to N suggest that N plays an important role on nutrient uptake. The seedling growth of S. superba is

close related with soil nutrient availability and genotypes which is the adaptation of climate in provenance site.

Key Words: Schima superba ; provenance; nitrogen deposition; root system; growth
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hm2 2™t M B, DLRVIACN R AR R R AL PSS E 3 AN R4 B (A AR e A6 S R 36 Ak, L bk %%
5+ 5 I, T IR AN R RUK O 10 2k G S50 358 HH 04 8 i o I 1 V148 Ve EL B L PR3 I R 2 20
I AW N 6.68 o/ke, AT T 08 0.41 g/kg F10.35 g/kg, KA AL HACH FIA 25005 &
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1.2 AR
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E %50 H1 248 (WINRHIZO ProSTD1600" %! &k REGENT 24 ) ) Il 5E M £ B MR AR E AR AR B2 i AR
FR R SRR R 28, RIRFREME MR 25 I 25 105°C %75 1h J7 80°C LT Z1H | I 52 4% 3B 310 T it
&, Yk H,80,-H,0, {4 -4HB6HT b 3k AEIL G 2 4 B e 4530 il R S >
1.4 FdlEkbag

DL (B0 50T, R SAS B4 ANOVA B2 Ip AT Mtk 7 22 700, 3 DUNCAN 75 17 2 Lt
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FHRCR = 2548 B SR T TR Rt/ 45 20 B SR iR A il 22 Wi 5 R0 R R B R AR ) L
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Table 1 Effects of N addition on seedling growth and root characters of S. superba (mean (SD), n=9)

AL EE N application level A SR UR Source of variation F
LERN , TRx A AL T
Trait NO N50 N100 N200 Prj/tjfnce l\/)fkt f:l\g;fl T}f}iejﬂif
Nitrogen
SH 9.88(4.62)b 12.51(5.51)a 13.24(5.28)a 11.95(4.76)a 2.72+ 8.18"" 2.73*
SBD 2.50(0.91)b 2.98(0.88)a 2.87(1.02)a 2.77(1.08)a 6.36"" 4.74*" 2.32*
DB 2.12(0.90)b 3.18(1.66)a 3.88(2.26)a 3.95(2.59)a 6.11"" 5.43" 0.56
RDB 0.84(0.39)b 1.28(0.79)ab 1.45(0.86)a 1.55(1.16)a 3.57*° 4.46" 0.57
TRL 9.52(4.23)b 11.41(3.65)ab 13.18(4.53)a 9.70(2.31)b 1.98 4.32*" 2.60"
ARD 0.98(0.33) 1.09(0.50) 1.31(0.55) 1.02(0.37) 1.48 2.24+ 2.78*
RSA 239.67(104.84)b  288.67(120.25)ab 358.81(161.63)a  259.23(86.48)b 2.77+ 3.85 = 2.21+
RV 4.93(2.41)b 5.95(3.45)ab 8.34(4.80)a 5.71(3.07)ab 2.31+ 2.75* 1.54

SH: 1% Seedling height (e¢m) ; SBD: 4% Stem base diameter (mm) ; DB: T#Jii T Dry biomass (g); RDB: #2H Root dry biomass (g) ;
TRL: MR Total root length (m) ; ARD: SEYJEH 4 Average root diagram (mm) ; RSA : S X Root surface area (em?) ; RV: ARIKRFN Root volume
(em®) ; Pl EACFRARNEx Z AT A A4 2, 3 Ml 6; + P<0.10; * P<0.05; * * P<0.01. ANREI/NGFEERTE0.05 KT FEF T
*)
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Fig.1 Effects of nitrogen addition on seedling height( //) , stem base diameter ( D) and dry biomass ( DB) of three provenances of S.

superba (mean (SD), n=9)
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Fig.2 Effects of nitrogen addition on root dry biomass of three
provenances of S. superba
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ZESEE (R 3) o R ARGAL BN T AT Ly 8 0 SR AR IR (B RO T, B OseR IT
U R, R SR MR T 06 IR, 8B i S Dt 1 A A 4 v X 2 05 (e 33 Pl s A R SOMI AT, [R)e el F
HERE R R, O SR B TR A OOR P TR b 58, b 0 8] A2 S LA IR 28 A 1A AR, i TAT N o U
TEr B FUKT T BRSO PR , P35 K 239% L) F AR A R 1 o oH b Pl 2% Wi e (H it
FOM ISR A BT B g 5 rp AR SRk B0 e S R P £ = o Pl 2R W R A PSR e A 2, (ELEM ]
RCRAE A RUKF I IR AR

®2 HBRAAEI 3 DMARETHEHERREEERKAOEN CFE(BRERZE) ,n=9)

Table 2 Root length (m/plant) per diameter class of three provenances of S. superba in Nitrogen addition experiment (mean (SD), n=9)

GINL=" L
- 7 it Source of variat
AU N application level A5+ KR, Source of variation

Provenance | </mm NO N50 N100 N200 Pmi:fm f{fﬁ Provenancex
Nitrogen
WITTHM  <0.5 7.28(1.18)a  6.14(0.95)b  6.92(1.06)a  6.82(0.98)ab 1.02 3.13 % 2.26°
0.5—1.0  2.95(0.20)b  2.73(0.16)b  3.42(0.18)a  3.45(0.17)a 1.70 4.2 2.39°
=1.0 1.34(0.18)b  1.25(0.11)b  1.62(0.15)ab  2.22 (0.13)a 2.98" 3.08" 1.46
WEHE  <0.5 5.28(1.19)b  7.01(1.03)b  7.90(1.16)a  6.62(0.87)b
0.5—1.0  2.43(0.29)b  3.68(0.19)ab  3.84(0.26)a  2.55(0.11)b
=1.0 1.47(0.21)b  2.37(0.16)ab  2.41(0.17)a  1.78(0.12)b
TRfEE  <0.5 7.53(1.01)a  6.84(1.14)b  6.81(1.05)b  6.78(1.07)b
0.5—1.0  2.97(0.16)b  3.18(0.21)a  3.09(0.17)b  3.01(0.19)b
=1.0 1.29(0.11)b  1.46(0.15)a  1.39(0.11)b  1.24(0.12)b

A AR R AL A RS IR 2, 3 Ml 6; + P<0.10; * P<0.05; * * P<0.01; ANRE/INEFREFERLE0.05 KF F G RE

*3 HERAAEP I NAREHIEERHREBRE
Table 3 Nitrogen and phosphorus efficiency of three provenance of S. superba in Nitrogen addition experiment

AR SR Source of variation

RULFEALEE N application level

F
Proitfnce E:{: i s TR
NO N50 N100 N200 Provenance  Nitrogen Provenancex
Nitrogen
T AN PAE 2.32(0.68) 1.74(0.48) 3.04(0.91) 2.68(0.79) 7.47% 1.68 1.66
NAE 20.05(5.54)b  21.58(4.88)b  30.80(9.83)ab  37.28(9.06)a 8.34%* 8.80*" 1.56
PUE 1.11(0.17)b 1.58(0.14)a 1.29(0.23)b 1.59(0.20)a 3.58* 13.19** 4.18**
NUE 0.13(0.01)a 0.14(0.02)a 0.13(0.02)a 0.11(0.01)b 2.78+ 4.79** 1.47
i R PAE 2.35(0.94) 3.30(1.05) 4.24(1.29) 4.43(1.53)
NAE 21.31(5.76)b  38.13(8.24)ab 52.87(11.71)a 54.76(13.47)a
PUE 1.27(0.17) 1.65(0.32) 1.68(0.35) 1.51(0.36)
NUE 0.13(0.02) 0.14(0.03) 0.13(0.02) 0.11(0.02)
JANHEES PAE 2.13(0.82) 2.68(0.90) 2.42(1.02) 1.58(0.96)
NAE 21.28(6.23)b  23.28(6.68)b  30.15(7.36)ab  39.13(7.14)a
PUE 1.14(0.25)b 1.36(0.29)b 1.95(0.44)a 1.92(0.35)a
NUE 0.11(0.02) 0.12(0.02) 0.13(0.02) 0.11(0.01)

PAE . W Z IR Phosphorus absorption efficiency (mg/H%) s NAE: AZWIECR Nitrogen absorption efficiency (mg/H%) ; PUE . B ZH 5L
# Phosphorus utilization efficiency (g/mg) ; NUE; & ZEFIHZE Nitrogen utilization efficiency (g/mg) ; N RI/NG FEERRTE 0. 05 K 225
= PR REMBNEE R AHESS 2, 3 M 6;+P<0.10; * P<0.05; * * P<0.01
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F 4 ZERUIW] RS 4 AR R AR FHACRAEA R R TR T Z R REHSEGE A 2 . BEAUK
AR, PAE Fil NAE SRR G AR IAB AR RT3 B FLE 3R B DGR 38, 7 h BUKSE T ARG A
W B E K, EHEUKT R, RTFAEAR R NAE 52>0. 5 mm ARKAYVEH 5.3, 1 PAE W5 3 FhOR [ B AR
FORA I L ZE ARG U AR AR 2 X6 U WA A 1 B R S AN S AR ] X o AT B AN B0 RagErh g R B = A G
R WA 520 T B R ICOR [ I U 2R WSRO SRR A A ) Bt W 38 TE AR DG DG 3R, AT B
L FEORMHEREAK FN2ES,

3 iTig

AT LSRR FEMRI TS TSRS iR AR 8 i A 7 A TR R AR B B AR A T, 28T 3L
B ST 45 , WIS A TR R AT Al i A A4 2020 (A Bt 3 KP4t s, o B AR gt 2B
KR M E TR B, i TSR RO, 7E 50 kg N hm ™ a™" M EUKF-IF, R4 i sk 2 %
IR B S A K A T R R R A K R B RAEATS H BAE 100 kg N hm ™ a™" B H RUKSE , X UL S0 +
BERREE N BN R R AU 1 A RIS 7 ELE T b A R AT AR AT 4 P ORI H
R ez B HLAE — I TRV SO, B T RR SOC AR UG AR AR e i 1 M AR iR
Wiz Sef e TGN T A R R P 2 58 IR s BIREE, fE R R AR K 3 AR R AT AR
JR IS AE R I o

AR 1 PR, R IR I AR (R e T AR 2R S MR B S5 R A K FE Ry s e h B — 2 i A
WP ARSI A RUE S, BT I T ARSAR R TR R R GKE TR BRI BRI Iy
i, Ay 2y e AR AR SE T ok, HLBOHIAR IR TG 14 22 | 43 BN OR A0 5G9 Ak 512 336 M AR 28 35 4 A ey 40
1) AU ISR 5 3 TEAR G RIGX A AR R G50 S ) 0 R B IR s R Ay Wole . R, S0 I ol i 4
ERE TR T R R IR AR, AR, RRMENR AR BRI GES, 5
FE ORI S AR %) 2B RN AR G 3 ek 3 AR 2 D20 MO S , RSB AR i | ] Ik 280 3% A 388 o 2 38 U R 4 AR
A= Y AR IS B AU /0 0 TRIEE, R R R A NOS IR TR A Kk i AT A H IR AU A
Jei it i P U3 S XA RS 03 3 , Zhang SFIACH AP NOS e T 10mmol/L B A MIAR & & 5240, 1 |
TR R EFA Y OB FRROUORE 50 B T A AR P 1 200 1 AU 3R i, A
JEANRE T RERAE RS AT I NP HORTE . DR BN YA N NP R —E 3 L, BZ(E A+
BN (P OKFARSC  BA R 2 15 52 218 FR BRI VE T, — A iz B <14 B HE )52 BV A R IR, > 16 1)
SRR IRE T MRS , AR A E BRI NP 2954 16. 0, 1w A AL B R 294 17. 7, 4K,
Bt i BT e, AR far AR 2 i 32 BB R BRI . A T R AR R K P89 NP LG BRI S
AL, BEAR T Wi AWM, B I &R Wi, M R B FR 2 S BUE YD S BT KAk & W PRI 43 7 AR
AR, B3R T 2 1 1) R, BT MR A W R R Y R R TR KT TR AR A 4 i A K R
B IS, AR TAEARAE K TR S TR AR

RUTKET ARG AR B & HUAR T B AR R 2 B50R0 AU SR 203 i A A 3 A R 5 22
S, 20 3 ARk B WL R AR R SR AR [E] IX BAARORRY A 25 S, A SRR R
Far AL ER 7 DX A BTN Ah AR TR R AR b0t a0 S I B0, it 000 2R 5 b A R SRR L3 i T
RARARKGENE | BEE KT A4S, H B AE R R AR R LR g A 4 s 7 DX A A SRR AR, 71K
IKF-RICRE AR R AR KRB FERUKF IR B — e B 5, 3 e 9 o HE R 2 R 3 A K SR IAR G ¥
A DX A VL P AR P b 98 IR VAT N A s RE AL (E D T PR R A 240 T 2B Bl AR KORAS . K
Far ARG 28 IR A A L S AR Ay o™ DX 3 X S S L, KA, S R O R R 1Y
27t R B0 A e A XL AR i o 05 A K G R ﬁi%*ﬂ%ijﬁm’m o TZ[Z@&?E@E/‘JEE%VA\( Pinus massoniana ) [41] iz
A ( Cunninghamia lanceolata) " IR IR R MIGER . PR IS BCIAEE B F 16 T B B o A BE R AL, %o
K- BRI A K RN, AR TERUKF- A B — e S [ S AR NN (PR I3-PA40 4 A 8 | A iR 2 AR A1
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PUAT SRR B R E 57 |, e B0 sl i) AR KR 5 AR, Wi AT o A PG £ 3= Al o5 0 T
AR ARG = DXL = X, AR A PRIGE A AR A0 2 3 B AR TR A0 22 2 B 50 T ) AR 3 (R AR AR
REIAIET rpO)™ XAE, R, BB BOS A (97 B0 T AR 2258 0% JE B S UTRE A 520 | A RE B 4 Mo B
HEEUUE

FR AR IS E K s R TT R XA A A (R B 32 25, T R A AT e 4 i R Al 3%
A SR A G 5 SRR B 7 (4 H Y, {E 3 SR I e R Tt L2 T ™ R i PR 2 — - AR S AR DR U
TURE A A= R A A BERONE T AR A 5 22 PR A O BRI, I 30 A 17 1 H R (R I AT R T
MARTETARIR S PRAFIE A LR 1 BUR B 22 (9 Ty B 5 AT R DI BIE 5, DA — 25 B LA 46 78 K<
RUURET , R RN LA XA AP AR A K & R/ HIBLEE,
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