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Effect of Once and Split Fertilization on Characteristics of Absorption,
Distribution and Utilization of >N-urea for Gala/Malus hupehensis

LI Hong-bo, JIANG Yuan-mao , WEI Shao-chong, GE Shun-feng, and FANG Xiang-ji

(State Key Laboratory of Crop Biology, College of Horticulture Science and Engineering, Shandong Agricultural
University, Tai’an, Shandong 271018, China)

Abstract: The characteristics of absorption, distribution and utilization of eight-year-old ‘Gala’ apple
(Malus domestica/Malus hupehensis) under the treatment of once and split fertilization were studied. The
results were as follows: At the fruit maturity stage, Ndff values in different organs were obviously
different, and Ndff values of the organs were generally higher in split fertilization than once fertilization.
However, the Ndff value of fruits and roots in split fertilization was lower than that of once fertilization at
the new shoot growing stage and the fruit rapid-swelling stage. At the fruit maturity stage, the distribution
ratio °N in reproductive organs was the highest, while vegetative and storage organs were in lower level,
but there were no significantly difference between the two treatments. The ratio of °N utilization in split
fertilization was 32.2%, which was obviously higher than that of once fertilization (23.34%) .
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BN S B N T e B S X (Warner et al., 2004), & B ] U8 AN RE
RS (Dejong etal., 1999; AJ#% 45, 20000, BheA MR (ZEXK %, 2002),
BBEMEHELE 25001k, B AL R (Syarnal & Mishra, 1989; Khemira, 1991), /& (Vanangamudi
etal., 1990; Saenzetal., 1997). #&Zril, 5 pE2li%Uit FH & ik 400 ~ 600 kg - hm?, H. 2 &4 1
s Gaite 25, 2002; @4R RIS, 2006). IR &t AR AER R (NUE) &
WONEE (AR SE, 2008), T H AT B S AR B T 0SNG AR AN S B (Weaver, 1993;
JWA[IE, 2001, Bk, BFFUEE s EAERH R H AR AT R F 5 R i 2, i B R TR
5.

FEKFE . H KRS LR, 43 YOt IR — M AN AN AT 32 = IR R 2R, g LT
B0 s AN ST (RS A, 20085 ARFGER A%, 2009; Syifh 4F, 2010). WRAEAFEFRS
AN T B — I 2 BT TR LA b A KON KR T AT, B I MG I 3 21 5 SRR
R FEREMNVI, B S NCRIRIFE A MU B R E IR & B2 4, 1981). HHTHE ¥
RBHED R, Ak, R PN REERARBTSY T A R — R 23 s i T e g
W SR NI, R, DAY SR 2 e SEUIEAR A A

1 MESTHA

11 e 5t

KT 2009 ELE LA MH G 73 E R AT WM 8 4E4E I’ SERSTBETAS,
TTEE N 3mx Am. LHETH R VP TR L, AT HURE 8.01g - kg, YA 2352 mg - kg, HEAVA 57.43
mg - kg™, A 31.76 mg - kg?, M 247.35 mg - kg

KHAAE B E K AR5, Jom R FHRRE 6 ¥k, T 2009 4 3 A 14 Hi%k 3 f—wk i+
iti N - JR 15 g A SR 2% 277.5 g5 SAN3 RT3 H 14 H. 5 A 24 HAI 6 H 28 H ik Lt
BN - JRZE, RRRAFRRIE PN - JR 25 g R IR % 92.5 9. [N 3 H 14 Hxt 6 HRatse itk
RERRTNBRIREH 266.46 9. BEIREL % 150 g, ML rEPe/K. fEBMIERKE (5 H 24 H)Y Al

SR (6 28 HD) RARSEARAR, USRI A SN2 MA BRI PYAT5 17 %A, 3k 8 4
HRAR KA HBAL N el 7K e 3 ST REHN 4 Aol TARSEAY] (8 A 9 HD BEATHEMORA:, Hboh 1

RE, T 3K,
1.2 MEHZERITELARX

HRRARNTRES 20 WA (d < 0.2cm). FHR (d>0.2cm). Fhv T AR, AR, +
KA (K = 20 cm). KA. A (K <20 cm). fmgH. 8, ZEERSHO T AR
TR R o B S K — YRR — T K — 1% 4RI — 3 WK 253 /Kbt f5 » 105 ‘C R A& # 30 min,
b5 7E 80 'C NAHLT, HEEK TG 60 H i, TRA GRS,

FEMAEH YL E BN E . PN R ZHT-03 CERTAFTHEE D Bkt Gifdbs RkE 2
e A A BRI S BT ) 5 o« NOFF FRIPR S B MIEARL IR o L2 A N % 3 1 A R R I STk,
R T RAR B TR IEARL N BRI, 1990). Ndff = CREIFES: N F 5 - PN
HARFERE) [ QIR BN R - PN BRERE) x 100; BT/ % = %255 A EUIE i i 4
(@) IR AR (g) x 100; ZUEAIHZH/% = [Ndff x #8E 4% E (¢) 1/EE (g) x 100.
$ed K DPS 7.05 ARG8T 4507 o
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21 SRFEREXMREMFAAEZRE NAf BT

R LA AL AL PR SRS A SUIAE R 25 28 B 1) NOFF B BRIESEAL, YIS Ak B4 W) 2R S i 3
WIRPR RS T NOFf 2252 82, 0 OB AE A BE i vy T — PRI AE AR B, 2 WY 73 X A A ARLRR 5 %
BRI SCHE B ) S, fEHE T RO N Wl For Ot AR 2 S ds ok (B2, A MR LG
IR PE ML AL BE Ry 23.21%, X555 3 UMLK 18 SRR R AR e e A %

1 RETEBHAZHIER N
Table 1 The Ndff of different organs in fruit maturity stage

277 Organs A 720 Fertilization modes

—PEHEAE Once fertilization YUt Split fertilization
L Fruit 281+0.15a 322+0.12a
JH4 Short shoots 1.41+0.06 b 1.82+0.10a
KA Leaves of short shoots 0.88+0.02b 1.09 £0.05a
A4 Mid and long shoots 1.36+0.02b 1.69+0.07a
KA Leaves of mid and long shoots 1.61+0.03b 1.87+0.05a
TAEA4EAY Biennial branches 0.72+0.05b 0.98+0.02a
ZAEAERAR RS Xylem of perennial branches 0.66+0.01b 0.86+0.01a
AR R % Cortex of perennial branches 0.55+0.01b 0.76 £0.02a
HRL T ABEES Xylem of trunk 0.65+0.02b 0.81+0.01a
s B Cortex of trunk 0.65+0.01b 0.78+0.01a
HLIAR Thick roots 0.73+£0.01b 0.87+0.01a
414 Fine roots 1.09+0.04b 1.43+0.08a

e RPEIN 3 RER M T + bRfER2E; FATARK NG TR ZZ 7S 5% B E KT, R,
Note: Each value is the mean of three replication + S.E. Different lowercase letters indicate significant at 5% levels, the same below.

2.2 RFEREM A KETARE AT EAR R F0R S Ndff 29520

BEAH T, — IR BAR R (IR + AR 1 Ndff {5 2880 FPea, EHgiE
KM, M 1.88, FFSZm AN R T 61.17% (& 1) T4 AR AN F RS 2 1f) Ndff (2% 7 T+
T ISR R B — R e IR AL B ) 26.23%

25 ¢ O —dsE
: Once fertilization
20 T a I Y @i
s 7 Split fertilization
o
g9 157
5 b :
2 g0t b 2
o b
=
F
0.5 r
0 ‘
HRIE R REBRH S
New shoot growing  Fruit rapid Fruit maturity

stage swelling stage stage

B 1 XEWIREELRR R Ndff
Fig. 1 The Ndff of root during key phonological phase
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M 2 ATLAE Y, BEYIG IR, , P it AL 21 S NdIFF (i 1) 52 20 LT a 3. — ettt
JEAE R, R AN SR S K AR SR S N R T 0 DAL B s MR SIS0 1) R s i
SrUCREAE AR PR S NOFf (SN2 2%, B — AR AL B, 35 3.22, EE—URPEIEAE AL BE
12.56%.

IR < 31}
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Fig. 2 The Ndff of fruit during key phonological phase
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Fig. 3 Proportion of °N to total N uptake in fruit maturity stage

24 SRMEREX RIETAEE N AR AN

W 2 WfLLEH, AT AR BT N AR R SR 1.49%, i 43 U AR
() R R BRI 1.84%, M UKHEAEAREE PN R R B m T UOEAR A B, 75 5 S R
37.96%, KW UL RE W2 S AR ) SUIE A T 2
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Table 2 N utilization rate in fruit maturity stage

ey = R kR B A /g W N g N FIHI 2 1%
Fertilization modes Total N content of plant 5N absorbed from **N-urea '5N-urea utilization rate
K MEEAE Once fertilization 234.63+18.17a 350+0.24b 23.34+1.59b
SR UCHEAT Split fertilization 262.89+15.28 a 483+0.41a 3220+2.72a
A ‘/\
3 e

AR, 2t EUE nT DU B AR 28 B I AE KR E  (Mochizuki & Kamakura, 1971;
o2 dn A%, 1981 skib 4F, 2005), ARG S FAH AR AR I — M it A Ak 2 T AR R RS ALK Ndff
B T2 OO NS AR B, A7) 0 I 5805 5 SR A i RS AR AR R 2 I s, Han SRt s 22 )
it R, AR IR RIAR L . RIS, it A Ak 34 R R S 1) NOIFF I8 5 v — Ikl I Ak
P, SR ENL IR TR S K D R SE S, AR TR R R R Bk LR, Hk
B Wt A 2 5 SO S s PR S AR T B, ARG 5 i R s (AR AE 1
RYRTE [ ) R B, 6B AR R B2 (Sanchez et al., 1992; Warner et al., 2004; {5 ffufli 2%,
2008), [AIh, A UIE IR A B 2 DR R () K 3 DX A O HL BT . R SR AE T 28 1 IR
BRI B 0 2 P2 KA, — Pt 0 20 ROt I 7P A A 3 R0 3= 0 2 B IR 23 L s AN K

AARIGAEA AR R, 20 0 AR A BE 1A I A H 26 3 R A Ak 3, JRRE T
T RVENE, AE K T 7750 PN 5 3 AR R R T R AN RS, 1 HL R =B R R 4 ™ 2
SFEM A I AN A . GBOAR 5E, 2009), Bt R, BERRH RS T
JORENEAL R, it A I 30055 3 R AR A KR B R 43 (R 75 SR IS S AR 5 it N L 358 () JIE ) e PR vy
AR R BSCRI o DRI, 76 R AR TR I AR bl v, 2B N G B N O, RERE S A
BRI AE KR BB BTk, 10 HLIG B ) 2 ok /> DRI AR 926 9 4502 ol 110 b 2 A58 A FH b Wb i
&, PR AIER R
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