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18 pH 3 B L SR KRB S O
B, FEe ', A MR, Hge !, Fak Y

G RN K2R E R S TR B, VR e R E A=, (WRE%Y 271018; 2 Mg m Bk kg™,
R<HiEE 265300)

B E. U244E+ (Malus x domestica Borkh. ‘Red Fuji’) /F &7l (Malus hupehensis) ks
M, RHEBREIFSICEA, W50 T 6 MAF 15 pH 43 (pH 6.83. 6.40. 5.87. 5.29. 4.58 F13.82) X
REAR AL i R TR PE R S WF NS IR SRR R L b B3, MR T ME .
Pt R A N R a8 b 48 pH (K BRI BRI, FL 18 pH MU IRIE B K. S48 5 11 PN A1
BC /YA A L4 pH AbFE A 2 IUAH A AR AU e, LR 1 AR, SRIERAR, bk 2
EEZE, [ SR AN 4 pH ARFEE) N ORI PC SRR S, DRI O B B pH
i, e PN ORI BC ARSI R, TR N CRT B 2 e R I AT

KB WA, HHEpH; K PCs PNy oEURIA A

hESEE: S661.1 XEIRRRD: A XEHS: 0513-353X (2013) 10-1969-07

Effects of Soil pH on Growth, Distribution and Utilization of Carbon and
Nitrogen of Malus x domestica ‘Red Fuji’

GE Shun-feng', JI Meng-meng', XU Hai-gang', HAO Wen-giang®, WEI Shao-chong', and JIANG
Yuan-mao"”

('College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop
Biology, Tai’an, Shandong 271018, China; *Bureau of Fruit Industry Development of Qixia City, Qixia, Shandong 265300,
China)

Abstract: Two-year-old apple trees (Malus x domestica Borkh. ‘Red Fuji’ ) /Malus hupehensis were
used to study the effects of six different soil pH treatments (soil pH 6.83, 6.40, 5.87, 5.29, 4.58 and 3.82,
respectively) on growth and the characteristics of distribution and utilization of carbon and nitrogen using
the track technology of "*C and "N double mark. The results showed that the biomass of root, above
ground, total dry weight, root-cap ratio, net photosynthesis and N utilization efficiency decreased with
the decrease of soil pH value. The "°N and *C distribution pattern were consistent in various organs among
the different soil pH treatments: Mainly in the leaves, followed by the annual stems, then the roots, and
the biennial stems were the least. Differences in the same organ (especially in roots and leaves) in "°N and
C distribution ratio were found among the different soil pH treatments. With the decrease of soil pH

value, the N and "*C distribution ratio in leaves increased, while those values in the roots decreased.
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P 1R B 3 B R RO e P 25 D D, o A 3 Lt B K R IR AL BLS: (Guuo et al., 2010)
PEbiE, HoAr P E B S AR O R 20% 00 E, BEE TARNEAEF ORI R R, IR ALY
AL W (B 55, 200600 o WAk R TR I G AR H ™, JUIL LR )i 7= X
B O5HE, 2009) o JETFRRMINTH A AT O B2 R0, WmR i el 2s - 4 rp s v
(51 2, 2008) 5 INRIRCYIH B AR AL, SRR RS e BRI M, 2004; Z2=E[H
8, 2011 5 PiFE AR JRHR PSTI RN ALy, SRSV SE, PGS REIE SRR
HeEHF N (BEMEE 25, 2002; i %5, 2006; Nevesetal., 2009; +F] %, 2011) . £
WL RN, E IR B IR 25 m Tk AN RE I AE Y= P e IR R (SR 45,
1998; wIVLHE 55, 2007) o H AT ICT 138 4h 6] 3 A R i (RO 57 32 AR e L3550 1A Ak
RVAEFEPER R b, dnsE e IR A TS . BRIV S R I B NI O LA SRR B A T 4
I, BE S BUR S D KO FRL R 5 ik A2 (Tom, 19995 MR 5%, 2002);
T3 pH TRt & IR A R, BN A R G BRI B G R 4R,
1997; FEWZE %5, 2005; VFAR %5, 2008) o MAZFCHEIAEFREKKE . LML
WP R YGE EER GRS, 1999; AR BAIKREZ:, 2008) , 1 & T T IEIR AL 9 FLAl
MR R 23 B LA R BB KA A 0 38 e 07 T IR ILAR T o« AT b DAL | 1 P BTN
TRAF S I 3 pH, R SR A ) 3 SRR R A K R BRI PR s, A RE— DR R A
PR A f 3 3 IR A KR B AL B8 JAit

1 MELS I
1.1 Rt

RIT 2011—2012 FAE 1 A Al R 22 el ZAk I i BT o EHKAIEAR —S. Toi dUFH 7k 2
AT A BRIASHIRE 36 FR. R0 20 10 kg, IS, HHUR 1053 g - kg, Bl A
80.65 mg - kg, AW 26.18 mg - kg™, A 125.46 mg - kg, pH 6.82. ¥ 6 NMbFE: X (TO),
ke 87K T1, 0.03 mol- L' #if&: T2, 0.06 mol- L' #if%; T3, 0.09 mol- L' Hif&: T4, 0.12
mol - L 6% T5, 0.15 mol - L HiliR. 4 H 5 HIEATALEE, AWM 2 L ALFEW, 7 d 5wk 1
W, 5dJadE S A3 pH, TO ~T5 43514 6.83 £0.06. 6.40 +0.09. 5.87+0.07. 529 +0.11,
4.58 +£0.14, 3.82+0.17. FAKEE 6 7, BEAN 1 IREH.

ERLFEAR (R 6 RRRIRR, 7000 2 4, FR4L3 Bk. 5 1 41 T4 H 25 HikT PN ARicab B, fpkit
ANPN-JRZE 25g (PN EEN 1025%, FHEA IO, RIS i %58 R 2 10.00 g.
SRIGT 9 H 18 HAHX 3 ZrkbEHEAT PC fkorbriic. 45 2 4. SRS IR % 12,50 g. FTA i
FRAF PRI E NGRIR SN 4.20 g, ILBHFRES 11.40 g, REFE HAE AR 2L

12 WMEmMBHAE
121 HHEZT NA BC FEagmz

BC K RRICE 3d (9 H 21 HD ¥ A BA MR AR 1 4FE2E2E. 2 4FAEZERIH-25 4 34y,
MRS 7K S PRI 1K 1%308 . 3 IR LB TRk, 105 C R AT 30 min, 7E 80 C FUET,
WG 0.25 mm 57, AT ERAS &I BC F2 5T DELTAPXP & 5ttt il &, "N £ ] ZHT-03
RGN E, 4 N HEUCERENE, S8T TREREH T2 TR PRRE,
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(1) BCHEE: F (%) = (8”C+1000) x Rpgp/[ (8"°C+1000) x Rpgp+ 1 000] x 100, Rppp
(ﬁi;“zlﬂﬁ%%ﬁ%m/ﬁtbﬁ) =0.0112372.

(2) BEANFL BCH#: PG (mg) = Cyx (Fi —Fy) /100 x 1 000. 2 Cj A& 450 Fr & 1)
i (g) , nl RoAREIRC,

(3) BCE#BEMAIZE: BC (%) ="C/"C smr x 100 (Luetal., 2003) .

(4) FHIEFIHZE (%) = [Ndff x #EaEE () 1R (g) x 100, X4 Ndff (%) =
PIRERL B PN T 1T 2 %IRRT PN T8 (%) x 1005 J T (%) = FEsp PN
[E - ARFEE.

(5) FIEHTE (%) = 4T NEIEH IR EE (o) ZaiiiE & (g) x 100 CEFET*, 2012) .
122 #He®E (P) 6N

THAEKIA2012 45 9 H 12 EDIEFIFARICARRPAY LSe35 2 ~4 /), FIH CIRAS-1
O AT REE (PPSystems, JElE) HEME LR, SR K ESRETS (2010) .
FERIIE 3 A, BOFIME . I05E I 5% E DG 450 pmol - m™ - 5™, CO, /% 360 uL - L', i
B 25°Co MEREIZY 9: 00—11: 00.

2 HIR 50

21 AELIE pH NBEREHKEKESFIRT L

AR 1 W, ASIA) 338 pH AL EE R 392 JAE AR 1) AL W) RO e LU AP e 22 . B 138 pH E‘JWE&
R AW B W REAR, JF H pH BMRED RO, BR T TO. T1 AT T2 M 2= A B4,
PR 72 5 35 o b AR AR AR B TR P BRI SR R A = AR R AR A . TOL T
T2 MbBRFRRR & B A T35 s /K, T4 A1 TS AL PR e b2 5] 2 A TO A FE ) 72.53%F11 59.34%.

2.2 AR LIE pH X EREURM R EE SRR

hER 1 a0, 3 pH B352SR RRIRR I Ao AR . TO A T1 ARBEE A 5o A ik
i . MIFE 13 pH Ut DBHK, FbSER B K. 138 pH < 5.50 1) 3 MAbBE (T3, T4
FITS) & HR, 4 TO AFK) 75.81%. 64.45%F1 45.13%.

F1 FELEpH AEFRERNENE (FHERE). RE LM FFEEER

Table 1 Biomass (dry matter), root-cap ratio and net photosynthesis (P,) of leaves under different soil pH treatments

IEERAR S g Hh B3/ g M/ g ek b P/

Treatment pH Root Above ground Total weight Root-cap ratio (umol - m?-sh
TO 6.83 25.89a 28.32a 5421 a 091 a 6.78 a

T1 6.40 25.07 a 2841 a 5348 a 0.88a 6.69 a

T2 5.87 24.06 a 27.99 a 52.05 ab 0.86a 573b

T3 5.29 20.14 b 25.57 ab 4571b 0.78 ab 5.14¢

T4 4.58 1343 ¢ 20.45 be 33.88¢c 0.66 b 4.37d

T5 3.82 8.49d 15.62d 24.11d 0.54 ¢ 3.06¢

e A=A F/ANE FRERORTE 0.05 K P BEZER. T,

Note: Different letters in the same column stand for the significant difference at the 0.05 level. The same below.

2.3 FEIE pH A B E R N R B HE IS0
H¢ 2 W4, RS T35 pH IBRAG, AEARAT PN R ZEW G, To. T1. T2 =#F A ZEHA R
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F: pH<5.50, RIERA PN FHREARIEE T, T3, T4 Al TS5 LB EZATT TO A1 T1 4b#, H=
Fla e .

ANIE 435 pH ALFE, AT PN RS ) U R e R, R 1 R
25, ORI 2 A

[l — 28 B AN 3438 pH AL PEE] PN M HCRAAEZESE (1 AEAZERRAN), Hob DU RR b 25
) SN 4P % 0 338 pH 1 BT IE W 8, TS, T4 I T3 LB B3 T To Rl T1 4b3E, To. TI
T2 AbBE 2R B3, 1 4EAEZE, KB ZERARE, 2 442500 PN R MAEA R, U
T4 AF L, TS AEFREAR; A1 PN R 5SS S, B 398 pH (1 B 1 3 3 B ARG,
TO. T1 F1 T2 AbF A e A2, (HE 25T T3, T4 F TS Ab#.

%2 FELM pH FHEEKS N FAERESBEN N HEE

Table2 N utilization and distribution ratio of different organs under different soil pH

ST SN F 2/ % BN lc%/ % N distribution ratio

Treatment H 15N utilization efficiency M Leaves 1 4E42Z5 Annual stems 2 424525 Biennial stems #i¢ Roots
TO 6.83 14.96 a 45.60 d 2641 a 6.58 ¢ 2140 a
Tl 6.40 14.52 a 4693 d 25.60 a 6.92¢c 20.55a
T2 5.87 13.04 ab 47.65 cd 2543 a 7.85b 19.07 a
T3 5.29 12.48b 50.02 ¢ 26.63 a 7.72b 15.63b
T4 4.58 10.25¢ 53.57b 2639 a 8.77 a 1127 ¢
TS 3.82 7.86 d 58.16 a 27.61 a 5.62d 8.61d

2.4 AR LIE pH AR EREH °C HECRISIE

ANJE] 35 pH AL SRR PC 2RSS T A B MR (31.68% ~ 51.82%), HikiE
1 4225 (33.18% ~ 36.56%), FHXIEH (11.26% ~ 28.62%), 2 A ZEMAK (3.74% ~ 5.05%) (£ 3).

[l 2% B AR F 138 pH AbBEE) PC M FCRAEAE 2R (1 EAEZERAN), DUHRIR B B .
h, BC EM R R R R B B 5 pH R ITEW T, TS AMBEE TO AbEEM 1.64 1% TR
HrR) PC A3 S R B AR B (AR, Bt 35 pH (K AR B TR, TO AbBE B, TS b
ARG, TO AP T1 ABEM 2.54 f%, TO A T1 [MZERARE, HEZH T ML, 14520
BC IR, KB ZE AR, 2 A2 PC IR, TS5 AbE R Tl 5 AN B, T TO ~
T4 AbFE ) TG 2 5 % ¢

®3 FELHpH THHESSHEEN °C HEX

Table 3 **C distribution ratio of different organs under different soil pH

AEPRARS % 12 % 2R % R/ %
Treatment pH Leaves Annual stems Biennial stems Roots
TO 6.83 31.68¢ 3517 a 453 a 28.62 a
T1 6.40 32.82¢ 3451 a 492 a 27.75a
T2 5.87 35.78d 3537a 4.61 a 2424 b
T3 5.29 39.53 ¢ 36.56 a 4.38a 19.53 ¢
T4 4.58 43.86 b 3580 a 505a 15.29d
T5 3.82 51.82a 33.18a 3.74b 11.26 ¢
3 g

HT TR A AN PEA 5 AR PEAN ], BRI AR T3 pH (M ERIgA 2257, R fEiR
& pH AT FAERRIS IR BENLREA 2 b T e R IRES, WK EIAE pH 6.0 14 AT R Kae i (X1
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b G, 2003), GHUEAE pH 8.2 IR N REIRFFUF I A KARDL (RIEA 55, 2009). AL,
RRW, LIERRANE] T SRR R ALK, RAREY RN L3 pH LI TR, B
£ pH < 5.50 J5 &30 WA Wb o — 7T, A3 pH BREE AR R A K Z 2300, HARAR
T I FIRS R IA SR RS 1 R B, MR R I BRI, AR TR S FcE M, b
LE A BRI 45, 1999; #ETRI 2%, 2005); %—J71, 1% pH &M FARNHLEEZ 8, B3
WSO AE L T A R, B S EGh AR R BRIR RN 2 — (28 %, 2009).

R P EHAE T BRI 20 I 25 AR IS i 4804k (Yoshida et al., 2004; =& 4%, 2011),
SR R SRRSO S, BEIARYIDE S RS (EIHRE 2%, 2002; SiIE 4%, 2006). i ERL
W4 FERIYIH e AT HERRAC, e AR R GETTR 25, 2005; IFENHF 2%, 2007; Neves et al.,
2009). FARIEE (2011) KRILTHERAL FECV BEEZR A AR TR R Z R PSITEEM T
B ST AWFSCAHIA, AGRIG . 13 pH 5 m TSR AR A HR, B 3 pH 9
BEAR, MR A s B2 P, HAEAK pH &40 F O AU, 3% pH 3.82 W3 FREREN i
He A AN 3 pH 6.83 I 45.13%.

4% pH — 5 Rg M T HIREHE A E P AR 55, 2008) , F— s TR Dhae
FWE 55, 1999) , PRULAEANIR] L3 pH 32 SAT AR AR BCR 2 R AN TR AR S, B
i HHE pH B, SFERKIERE PN R R R HRAG, HBEE IR, R B
FEK, 358 pH 3.82 IS FURIFR 1 ON R Ak 4 pH 6.83 I A 47, lid PN AT PC Xkx
TCARK A WL, 2439 pH B R R A PNORT PO LRI B, 28 W I AR O U A R B e
s IR %, 1993), HIGA =W etabkih [ R a8 e ge Jyom, kR & s & =
WEMm Fia R AR, IRARNAEKKERA 7Y, AR THRR AR PRI, R
RIWMCR R G b Es IR A KR TR o S Hy, DR EE T RHA I AE K R E (B 55, 2001; &
o 5§, 20055 FTOAE, 2012) o MY RIERRATER WATR, dERDGE N Niaiatg,
BT B2, oo oA S SR Y IR B LeE], InoRma L, i B
TR K (BRIBFIR B, 2008); [AII AN GECRIEAT K05 28 F W0 00 MU AR R i, sta il
MR AE AR, S SRR 22 S e E B 97 AR K, IR I T pH 454 T3 AR ARAR
20 N 3R A AR R B R P A

PRtt, 3R T3 R R A K, JUIDRARMAE K, B T A EFASCER, Iy T A
WIAEH 1SRRI T 58 (R RS HRE ), ITIRD TAR R AE KR A BTl oK &9, JEfisgms 7 AR
RAOTREM. Rk, SERAEF= bV SR A B 3 B ok o R R vk L3, AR R4
K R UIRe i RS- R AR AR
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