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Effects of soil C:N on growth and distribution of nitrogen and carbon of Malus hupehensis
seedlings
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Abstract

Aims Soil C:N is a sensitive indicator of soil quality and an indicator for assessing carbon and nitrogen nutrition
balance of soils. Our objective was to explore the effects of soil C:N on growth and distribution of nitrogen and
carbon of Malus hupehensis seedlings.

Methods Using the track technology of C and N double mark, we investigated growth parameters (height, stem
diameter and dry matter of different organs), *°N parameters (absorption, N derived from fertilizer, distribution
and utilization) and **C parameters (distribution in different organs) of two-year old M. hupehensis seedlings un-
der six different soil C:N treatments (T1-T6 were 4.70, 9.78, 14.70, 19.96, 25.60 and 28.83, respectively).
Important findings With increase of soil C:N, dry matter of roots increased significantly, while the height, stem
diameter and dry matter of above ground parts and total plant increased at first and then decreased. The highest
value appeared in the T4 treatment. There were significant differences in >N utilization efficiency among the six
different treatments.'®N utilization efficiency increased from T1 to T4, and the rate of T4 (18.46%) was 1.73 times
than that of T1. But, the >N utilization efficiency decreased with a further increase of soil C:N, as the rate of T5
and T6 reduced that of T4 by 1.59% and 2.58%, respectively. In the two lower soil C:N treatments (T1 and T2),
the order of Ndff value (*°N derived from fertilizer) in the organs was roots > leaves > stems. With increase of soil
C:N, Ndff value in leaves was the highest, followed by roots and stems. >N distribution ratio in leaves increased,
while *3C distribution decreased with increase of soil C:N, but the changes were the opposite in roots. Considering
plant growth and utilization of nitrogen, the suitable soil C:N was 21-23 under these experimental conditions.

Key words **C, N, distribution, growth, Malus hupehensis, soil C:N, utilization
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RS T A s sk m e, RERTEHL
A AP I FH 3803 S A v i R I ek it FH A9
AR, WAk T T E N ARSI
WALEA R T R ORYEREAE, 1995; F B 4%, 1998;
Motavalli & Miles, 2002; Galantini & Rosell, 2006;
Vogeler et al., 2009). =38 (1 HLAR R A E Hh R
R A ) T BB IR, WA O 33 T DR A
AR AR I B RS e, Rt
TR RNV I F A BG4y, AN s e 3%
NEJI K, BRI AR S R AR, E1Z
(] 1F) ¢ R T LU -3 CNoR R, R 3 pLm &
ARG R, B R I BUR R bR,
B AR I BRI AE KK H
HERRAG HEE R (B BR 52 4E, 2005; % 5545, 2007;
Liu et al., 2011; RifFxt%s, 2011; kAL, 2011).
WEFER ], K C:NT] UM PR Ak A= 40 4 filt PR
i, m R CN I AR TR S RE I
(BRI, A A AR LU 2 AT A ik
2, - 458 ] A HLBK 1) BE 142 =i (Springob & Kirch-
mann, 2003).

M, PR T 4 s 58 0.8-1.3
gkg™, MA PGS EALLY (L /E5%, 2001; ¥
FRARSE, 2008), FFIN_FBR = A7 25000 BERS I, 38
T HIECNKRIN, X2 RECR M g iR T
A ZRENE R DA™ B 5 i
T B ) R DR (MR, 2003) 0 BRI A MAE
WRAERKKE . Wm0 B A e
PEAE ] RO F, 1999; ARG AR %, 2008), 1
H i % T L HEC NI 73 3= 248 v A8 e a3
ALY TR S CINAE Y R I 9L (]

45 2007; 223 F4, 2011; Schipper & Sparling,
2011), ST HHECINAS P AR AL G S B ARy
PERIWTIT AR WARIE . Ak, ABFFELA ™ L
(R 3F BRL il R——F B 1 2% (Malus hupehensis) 4 it
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FiA1.

KR b 4, MR 112 kg F
201243 F26 H, I HAIEA— S, Jopi I —
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¥y, BEEIRR. AT L 2RRAE R 2> 24, FE416
Fro SE12H: T4 15 HBATONARICALBE, AERRIEA
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brid s . LA9:00JFdhbsic, He RS 48 m) e
A Ba*COsfl AR i A —E fE1 mol- L [ HCI¥
W, TFEh XU, ARC TG . S AERE0.5 h, [ kest
HEALRHCL, DA4ERFCO ML . FRic i ] F748E4 h,
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Table 1 Basic physiochemical properties of the test soil

AbE TR AL AL R A A U VEL pH
Treatment Soil C:N Organic carbon Total N Alkali-hydrolysable N Auvailable P Available K
(gkg™) (gkg™) (mg-kg™) (mg-kg™) (mg-kg™)
T1 4.70 4.89 1.01 86.60 58.55 166.30 5.65
T2 9.78 10.46 1.05 99.95 56.92 158.54 5.69
T3 14.70 15.43 1.04 95.73 58.27 169.42 5.59
T4 19.96 20.36 1.07 98.52 64.26 182.05 5.60
T5 25.60 25.09 1.03 92.89 62.76 171.42 5.64
T6 28.83 29.98 1.04 100.34 71.51 184.67 5.63

QENZ A CH: ¥C (mg) = Ci x (Fi -
Fai) /100 x 1000, X+ Cidy #2153 B B i (g); nl
FoRARRIL;

@)PCHE % BB AT E: ¥ (%) = i/
BChmu x 100;

(A)RIPR2% B A IERE FF R i 2 1 3] 10 PN X %
BB AR TTHR R (Nff%) = AERE T N5 T
43 B9/ R N5 T 1 43 % x 100;

G)ENEAI T (%) = (NAff x 2% 4% 5 (0))/iti
EAE(g) x 100, :rPINGff(%) = ARG NI T
173 EB 9/ B KL N T 77 43 # %% 100; 57 11 4
9% =K i PN %— A AR 2 15 %;

(B)ENE AT L Z (%) =#5a% T M AU Fh I i 4
() U A (g) x 100,

FHExcel 2003F1SAS 9.0HE4 T # i b P A 48 v 4>
#1, Flone-way ANOVAREAT 2 5 8 & PE 43T o

2 R

21 AELTECNWNFEEBHENBEEKEMRTE
A

h2n] WL, A IHEC:NALH RV &40
(P AT AT 3 2 % B NI K, IR AR
T W N JF B R EECIN & TR K CF B
(T1-T3), MWARTEIG IR EOR, T2EET1 N 1
5.89 g, T3LLT2H 0N 76.19 g; >4 +-3C:NIH I3 —
EHECTA) G, RATENMESG I 2 5 A L%
T5LET4REhN 72.08 g, T6EL TS 41 170.37 g MT1E
TAACHE, BRf. Z5H. Mo BT AR T EZR
WiThs, SR BE R LA CINR IE 25 188 iy 32 7
%o A AbF R RAR 6 L Bt 1 38 CoN R 88 o S B0
AL, T1. TSAITEAL P MR & L K1, =%
()G W 35 22 5, T3RTAMAN AL B IR b LU RIS, 4
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BN NS B R 200

HRIH, FIECNEE W TP Bl 54
(RN FH 2 o B T 3ECINIRI b, AR (0 >N
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10.65%:4 i £ T4 4L H (1) 18.46%, TAALHESET1ALHE
(117365, HASAbBER 22 5 3% . B T IECNTE
BB, S EEEELh T A ONFI T B HT AR, TS
FITE &b BE 53 1) L TA AL BEFFAS 1 1.59412.584 1 77
M, TASTSHZERARE, HEE S TTeAM, v
WL, HIECIN AR BN =y 33 AT ARG A1 it U
LT

B (PN AR 2 B AT P e 23 1 21 1)
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Xt HELRHON W AT A £ 7 (85 2 1, 1990). AN[A] +
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Table 2  Effects of different soil C:N on growth of Malus hupehensis seedlings

Ab 3 e M MR+ E M bt M E R e Lt
Treatment Plant height Stem diameter Roots dry weight Aboveground Total dry weight (g) Root-shoot
(cm) (mm) (9) dry weight (g) ratio
T1 43.82° 5.52° 17.78¢ 15.32¢ 33.10° 1.16°
T2 62.51° 6.46" 23.67° 24.41° 48.08° 0.97*
T3 74.56° 7.528 29.86" 34,99% 64.85" 0.85"
T4 79.43° 7.83 3264 37.57° 70.21° 0.87°
T5 77.92° 7.66° 34.72° 34.45% 69.17% 1.01°
T6 74.94° 757 35.09% 32.62° 67.71% 1.08°

T1-T6, +HEmA L5 44.70. 9.78. 14.70. 19.96. 25.60F128.83. [f¥ A [d] 7Rk 25 ¥ (p < 0.05).
T1-T6, soil C:N are 4.70, 9.78, 14.70, 19.96, 25.60 and 28.83, respectively. Different letters in the same column indicate significant difference (p <

0.05).

R3 AIA) L HECINALFI NI L 4545 B MNERE R 503 T 80 1A PO X 12 24 4 U () TR S (NI RN 3 C 6 1 5% 1
Table 3 Effects of different soil C:N treatment on *N utilization efficiency, **N derived from fertilizer (Ndff) and **N distribution

ratio of different organs

IS BN Ndff (%) BN
Treatment 1N utilization 5N distribution ratio (%)
efficiency (%) " Leaf 2% Stem 2 Root i Leaf 2% Stem ¥ Root
T1 10.65° 6.69° 439 712 41.93¢ 10.53° 47 54°
T2 13.64° 5.73° 3.68° 6.47° 47.71° 11.87° 40.42°
T3 15.78" 5.21° 3.48° 5.02° 53.85° 10.39% 35.76°
T4 18.46° 5.09° 3.82° 4.31° 63.36° 9.89° 26.75°
T5 16.87* 5.15° 4,01° 4,72 62.90° 10.67° 26.43"
T6 15.88™ 5.94° 3.68° 4.74° 63.81° 10.21° 25.98"

RiklA#R2.

Notes see Table 2.

Ty n] Bl R AR SOR H o

B PR ON A RTINS T R Rk TR
AR A N IR 73 AT AT 2 BT AR (R 2=
W4, 1993). HHER3NT I, BEAE TIECNMHYR, n
FrONGS LSBT N, AR B WAL, 25rh
Bk BT TLARFAR P NS 5 g Ty R,
FAb Ab BRI A > HR> 28 R B L IECINFRAK N,
RS R 2 B AL AR R, (R R AEK
RE; M THECNE SR, W) 3 Bl A F A,
FT-H BB 2% B B
23 TRELECNMTEHENESH/E CHE
Eg:UEA

BCH L S T - F 3 R 6 £ W AE W
FATRMITE . hR4aT W, AN LECNA
BV B B S 40 1 4% 2 5 A PC o e — B0
55 171 (32.29%-44.72%), FL ik /2 25(35.53%-37.58%),
R %A% (19.75%-31.67%)

[ — 5% 7 AN [1] - 398 C:N Aab 2 1) 13C 14 43 i 2 A7
fE2 5, LIRS ) B3 . Hrp, BCrEm 4y
Pic 2 2 I A Bt HECoN ) T w50 1T 2 T B AT, TLAR B
(44.72%) 42 T6 i 711 (32.29%) [¥11.384%; T H th fr1*3C
O HC 5 0 I A s ) AR A A, Bl L
C:NHIFF T i W T v, TeAb L 7 (31.67%), T14kb
A% (19.75%), T6AbHMETLANH [1)1.6015; £+
(K13C A3 it 5 AE AN [ I CNAR B ) 22 S AN K
24 BEETIECNBIHE

R R A ) N R A FH R 2 PR AR AR K
R A R S br . e ARE 5 AT T
(F3E B - 3ECN, B K X P A~ Fa b 5 L HEC:NIE
1T TE T LT, R R =R
ROR L T HECINI DG R Y R 2ok, RIRE A + 35
C:NIFITHE, X PIAN bR S50 TH e 5 RG22 1k
G WX R EOH AT, RERR AR A R )
FA 2028 H B e KA I ) R HEC N4 531 21, 29 A1
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R4 A L HECNAL PR % 38 B BC o it 2 ) 5%
Table 4 Effects of different soil C:N treatment on *3C distri-
bution ratio of different organs (%)

Ab g s E3 Jics
Treatment Leaf Stem Root
T1 44.72% 35.53° 19.75¢
T2 38.79° 37.58* 23.63°
T3 35.78° 36.33° 27.89°
T4 33.18% 35.78° 31.04%
T5 32.67¢ 37.06% 30.87%
T6 32.29¢ 36.04% 31.67°
T2,

Notes see Table 2.

_ y(NUE)=-0.6218x2+ 5.4531x + 5.558

20 1 80

- e
16t —
S 4 162
= 14 F
212} ‘ﬂ, 50 &
%10 ¢ 1 40 ﬂg
X gl ;/ y(PB) =-2.74x2+ 26.085x +9.112 Y
i 4 30 <
4 6 - ﬁ‘
% 4 A NUE 420 =

0 0

47 978 147 1996 256 2883

13 C:N Soil C:N ratio

Bl HIECINE RE A A (NUE) M AR 2E 4 & (PB) I
Fig. 1 Relationships between soil C:N and N utilization effi-
ciency (NUE) and plant biomass (PB).

23.11. DL, 236525 XA i bt Hh AR 26 F
B A KA H G EC:IN Y 21-23.

3 Wig

T HECINGE 358 i UK AR AR, LA S
TR R AR A RIS, TR R AR K
R 7 BEFE (Springob & Kirchmann, 2003; Schipper &
Sparling, 2011). Z=25FI|%:(2011) 7R B L (A 5T &
B, 1 3ECINTE24-28.2 IR fe A7 A TR AR A Kl e o
T B AR A S RG22 o O R I, o
JEIE 0, H 2 - EC NI my IS A B o X 45
(2007) (I WFFE 2 B, 38 B 1) 1 3ECINAT A T4 =
it o 35 110 B o R R DA B R G i il v P
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R, B LIEC NI K, R R LR
ST o, A A e R A AR A U ST
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G BRI ARt 3y, LATALLFE (1 3EC:N = 19.96)
PR RS g R, HE MCINK T T4 B, FEPR
o EEBAYEAEAR R A EH RS, XS ik
WIS 28— 2

JE AL SR B ORI T R R e T R AR AR
(A A s, 24 +I3ECINH19.96 (T4)IN A Hk XN
(1) F e e, T BEAE C:INIIRE— 2B 3R, BERLA
R AR B PEAC X 0] e & Y CINE = I, 38
TR B S, T AR ) KR T i
Fe— AR, s M EY SR E S+
PR REER, RIS R 00 2 AR 2R 0] 77 23 1
WL (RIS A, 1995; XIJH74F, 2008); 1M1 >4 H3EC:N
BRI, AT B E A T I LD, R T
BEEAIG, AT S WA IR 20 IO AT R0, 49957 0 AR T4
FARAR RO, BETIHHIRE R K H (Springob &
Kirchmann, 2003; Schipper & Sparling, 2011); i& F.
(1) -3 C:N e B i +- S = W (103E 3h 2 ) (Goyal
et al., 1999), i AHLEBANAT HLEU 2™ LIRS,
AT EIEA YRR A, ]I AS 2 T R
PO TN B B iR R, AR T Rk
PENERFRU A R, (bR AL 2 B BOR T
(Eswaran et al., 1993; Schipper & Sparling, 2011). %
FRHE I ON RSB TR AT IR 11 AR SR A A
PR B T R IT RS AN R (TR 245, 1993), A
G Bl A 3R CINR 8 K, I TIN5
T, TR ZR I PR o & B NI IR AR R0 2
ML e ) do, AR TR AP A H, AT
W 2 IR ZR LN b 3R AR K, X2 A
RO IR AR 2R AR B 27 [ W 22 —(Worku et al.,
2007); 174 - HEC:NAL =y N, REARAR 2 0 A ROIR G
R, A AR R B AT AR N 5031 7R 2 I R
ATER R 2K, TR TR =
T i LRy, HI T LA B R 2

R AR W CE I 1 5T I 5 ) b L 3
IRE s, PR R D 7 4 1) AR AR s i 1) 4 5
i, 2R EW AR R T R AR 3 2R (%
RABTNFREE:, 2008)0 SGE T PIAEM AR Iz 5
RS- AL TR YK 7/ I YR IR U PSR
CRRES, 1999). ABFFOR A SCRM EH A I T
CE TP 73 BOIRDL, 45 RAR WA — & B AEAN R £
HEC:INAL FE ] C A 43 L 2 AN, o G AR I J
R A TIECINARTR, il i KA
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Y H WD, N TOR AT AR R K AL, H
RIS SR A, AR RIS TR Z IR
H, AITHE S T AR R T FE 2 I W (s i e 25
2001; #5E5, 2005; TifF24%, 2012), XN IF /2
) IECINA AT AR ARAR 2R A4 i R 2 R
% e 1 SR PR BT ALE

b L HECINAD, I AR A PR DA 45 5
e R A ) A K R B A AR o A T ORAIE G 4 A
(22 57, AR 6 b K & RAE A A (L e T
95AMFEA), LI T 640 HAT AR -4 C:N. oAl TR
By AT I T REVE RIS R, (H T L RE R A,
PRGSO M AT 22 . FAR R,
R B R R AT 2200, (HBRATIAA
I8 AR P A5 A HR ) 4l R 2 S E R R
HECN, T IFARBRAR A TR R, R DN

T ECIN LG T T 2 W R N (5 2) B4l 22 e R A%
(2007) A1 7 B4 5 (2009) il 5 1) A el 77 73 73 4% b 1,
X600 T REPBRAR A TR RN S R AT
[F]— 7K P, SR A & AT IE B K, S
I T R, B S A TE H K 3)
PRI 45 B 5 25 A B 3 0 T 5 S 50T 2 o0 2k
YRS BT 5 3 Wi 4 SR 2 S 1 L PR 35 0 1 3CN
Lb, T AR A AR RN A S AN TR RR (1 AH G
PR/

ZEA T HECINGH 3 BN IR A A A A AR R
KA, 1 HECINIK i BRI I 3 AN T ik A KA
SREW, s T il KA A YAt
T AL R 50 2 (R A e, TS T AR R )
AE. IR AR A B AR A AR S - HECN
AT B 3 Hr, P35 W I KA I IR C:INVAY 31
21.29F123.11, A BR A1 kb 35 FUH 2 9 3
YR, B LIECINIOBE N, R A B AR R
AW EETR N, TSR R A ER G, RIAE
PRI, 25 gt b3 oy i) AR, AT 2 B ke
A PG (2R e 48 2, 2001); 10 249 AR R A4
RIS, A TR RN R R FE Ml Btk
R A= 40 s R G 25 R R0 H O e AL P 1) 1 38
CINF Tz R, Z565 75 B R IR AR W) F R0 A A
MR, 1944 NG E 1 L EECIN Dy 21-
23, fEUCVa N, BERefEdbpkm KR T, Xl
DAHE = 2% R RO & 7= (e 3R o R R

WA IACHBE ) o ARG R AE TR ARA AT N HEAT 1Y,
P 25 [R] 1 g B 2 s MR 2R () AR, BRI K HE 444
R R T L IECINR S AT T B ST . (R
i, ARG Fr R 0 R3S O 3 4, i AN R 2
(1) 38 1 30 B Bl A S RE K AR IR BE T A [F]
2 SR R 3ECINI SO, B 4 138 K
PEACUF, (HORKCRAIERE T 059, R AT BE 75 24 i
(1) HIECINR N AR RO SR AR AR = ) BT A, 3L
i ISR R IE TR R AE K R B RIECIN
(IR E AT TR G . DAL, 75 T3S S 138+ 1)
SR AR P NP AR RS R B A A IR SR B
A T IECINEY, EEARE IR A E AR,
FEHMIER AN N &, ] ECINAE T21-23, AT
B AR A E .

HEETE  IRKRL = b3 R4k % 2%+ 7R (CA-
RS-28). /i P47 Ak (R Lk )AHAF £ 37 (201103003) F=
b 8 R b F KON A 4] #7357 #2(201009).
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