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B O#% FEE HBH X XNRE K F K457 Zak EBIRE
CiRAO K2R LR 22 S TR/ AED Y E R E SRS, IWREL 271018; INKERWHIFRAI, IWREZ
271000)

WOE RS/ \BEE VRM, BN BN ERERA, R T HE(T,) HE A
(T FBEHE(T,) TERFEREXTRUAA AR EL TN H, UHH*—F T
EFREAE—FMBER  EREGAEMAAETHRE, EFFN. T,AEER T
R HAGEMELELERG T T MT,AE, EHBLETHEA(N,) & EE20~40 cm + &
FIHA T,>T,>T A £ 0~20 em +EFR I T,>T,>T A, Bl — & E H Nf 1 (#HE 4
BENERFRKE N B EAREWLA) A4 YU T, B RS, T, L%, T, &
R, RER A RN A F FE RN T,>T,>T A, L T,AEHRECN Al A E
K 24.2% , B R T, T ALFEE 119 1 1.65 5 , RERAM T LEN N HEEEE KB
EaE LABECERERS AR ELABEERG, AL BENERE 8 THENRE
o L A MEERAERL U T, A &S, T, LA, T AEKK, SEEALELER
HTBHFERMEAF EKERAA,FRFTREFEME A,

KEE SRR MEER; #0E; "NAAE; NomE; FE; &R

Effects of different integration of water and fertilizer modes on the absorption and utilization
of nitrogen fertilizer and fruit yield and quality of apple trees. TIAN Ge', LI Hui-feng”, TIAN
Meng', LIU Xiao-xia', CHEN Qian', ZHU Zhan-ling', JIANG Yuan-mao', GE Shun-feng'
('College of Horticulture Science and Engineering , Shandong Agricultural University/State Key Labo-
ratory of Crop Biology, Tai’ an 271018, Shandong, China; >Shandong Fruit Research Institute
Tai’ an 271000, Shandong, China).

Abstract; We examined nitrogen use efficiency of "N-urea of 15-year-old ‘ Gala’ apple trees by
broadcast fertilization (T, ), nitrogen fertilization with drip irrigation (T,) and nitrogen fertilization
with subsurface irrigation (T, ), to further improve the water and fertilizer integration technology for
apple orchard and to improve nitrogen utilization efficiency. The results showed that leaf area, chlo-
rophyll, and leaf nitrogen content of leaves were significantly higher in T, treatment than those in T,
and T, treatments. Soil mineral nitrogen content (20—40 c¢cm) in each period followed the order of
T,>T,>T,, while that in 0-20 c¢m followed an order of T,>T,>T,. The Ndff value at organ level
(the contribution rate of the "N amount absorbed by various organs of the tree to the total nitrogen
content of the organ) was the highest in T, treatment in each period, followed by T, and T, treat-
ments. The utilization rate of N in the fruit ripening period followed an order of T;>T,>T,. The "N
utilization rate of T, reached 24.2% , being 1.19 and 1.65 times of T, and T, , respectively. The N
distribution rate in the fruits during the fruit maturity stage was the highest in T, treatment, while
that in the storage organs was the highest in T, treatment and that in the reproduction organs was the
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highest in T, treatment. The single fruit weight, yield, soluble solids, hardness, soluble sugar and

sugar-acid ratio were the highest in T, treatment, followed by T, and T, treatments. In summary,

nitrogen application by percolation irrigation ( subsurface application) significantly promoted leaf

growth and nitrogen utilization of apple tree, and improved fruit yield and quality.

Key words: nitrogen fertilization with subsurface irrigation; nitrogen fertilization with drip irriga-

tion; broadcast fertilization; utilization rate of N partition rate of "N yield; quality.

R AR T B RSy, AR R T SR
AT — R SR oe E e AR A Bl
FHAMEUAT L3R i S0 I 1 0 A 2 B 3o
BTEPIRE ERENE AR 2504k, 4R i A R R 3
SER RS My, TR SR A L AR R
A, RGEH, 3 S SR b SR Y B4 T B
SR 2.5 5%, W= AU EE I — L 24,
i il A AR BCR R AR, ok T AT
BN IR RO R SRR A A AR
B AR, PRI, Gl 3 g A 2 it R AR ot R R Ak
)P R T 3 5 A 2 o N ) X B P 2 —

SR KT — PR AL AR SR A A KR S
P 3 i A 2 R T A s 7K 2 R A i 6 28
AR R BHE B — R AR . MM R T& RAZSE
TEAE T i , B NERHE T - S 62 3% it A 7 i
GYHE R ME LBl SRR AR ZR e 7 ot S A
KRB — A X 2 — AT LS BRK 43 F1 35 0 76 B
25 b BT ARVC L, 3l JE AR P T 2K 5 R0 5% 43 Y S
K, BHERAEK B RS RENT K K E
PRk R E L B K> RS AR
/N Z8 % BRI/ N A I HE R AR AT LA R
o0 3 B0 R AL Y B SO R AR R Ok R
e I S SR LA IR R R R, A
TG T 0 R B AR s S R
FALL , B HE BRI RCR AT RN I K 4R
FRAE Y HEER B A A T P sl AR T LR
% H R 25 N 25 SOMT 0 I B, JE 2 7 b A A R
gEl O] R SRS R L DM R R S A
SRR SR 2 8 FP L Hb 2 T TR A R D T, 6 T
Ho R B AE £ AR (B ST AR X AR B A
S 55 el A A P 9 2 T A A b S 3 I T e
FUTE R T KA NGRS RIS RS | R IR T R RRAR
AWERK LT, Wik, AR BN [ 2R i
FiAR RO 6 e R A WA 3 AR 3
SRR MR R A B SR 52 7 T SR ) S, LA
WAt — 2 5F 3 3 5 el AR BB — A fb B R 42 I R
X,

1 #RERZE

1.1 kit

R T 2018 43 A 10 H—8 A 30 HIEILARA
HA & TS LB A A AT, (kR 15 4R 2R
L S\ BIESE ARATHE R 4.5 mxS m, RE0H +
AR 7.74 ¢ - kg™ SR 24.14 mg - kg™ B
A% 15.65 mg - kg™ A RHE 27.94 mg - kg™ GEAL
B 188.24 mg - kg™', 13 pH o 6.35, HEHTCH K
A RRIEAR BRI 27 B, BARUE (T, , LI
TIEHEB 20 em K2A2 B MR 2 FRAR I ST )
HEMEA (T, , FEA T EHE 20 em NP AR % IR
BB 15 om B —HE ) BERA(T,,
PIBFCHS 20 em A48 7R IR 20 cm AL IZEIRAR T4
BRI )3 ML B 3 BN 1 AN EE  FAL TR 3
MEE,

ST 3 A 10 H 4 A 10 H .5 A 31 HERA
BRIt AZKIEAR(N = PO, = K,0=10:5: 10) 1.5 kg
RPZl% 150 g, R, BEARTEA 3.33 ¢ "N-JR &K (LI
TR B, £ 10.16% ) , Btk A 460
g 2, HE 10 ¢ PNJRZE, T, A1 T, Ab BRE %45 18
TS — 3 FEERHE N 8 L - h™' | & A B K 5
—3, ulT 4 H9 HEEM) 5 H 30 HCH
RER 1) .6 A 30 H (RS KM 17 R # B
CHAg R RS8) o ARSI (8 H 30 H ) Xt
3 AR BRAEA TR B R P BURE , HEBRAE o i BT
HE IR (MR A — A A k) VR T (AR
B s TRIAR) AR A B (R0 .

1.2 E A AR

L2 1 £ ERASEMN EEWNME B bk
BT IR RRAE 4 B 2 B /K — VR > R B ok —
1% fR—3 WK 258 FOK B b e 5, FBLAR T
105 C T A&7 30 min, A5 7E 80 CHIE T M1 246
i, JFSO-100 HE M EHLE R J5 3 60 H i, 12
TANAEAEE A, FH KN680 4 A shFl e 24X (Hl
G AR M AR S R & i, ] ZHT-03 Bt
(AL TR ) ME SN FRE, B A 3 AR
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PRI B SRR S S B R AL B R B R
KRS F T T HE KBTI RRITAE
T I A—A 2 G, it Wi B s , AN
T T LU B8 A7 38 B8 10 43 B8 5 e AL R L AR 5, DA
1717 5 e 1 45 TR 26 22 1) B9 B AL, 3l i — &R 81 A 2K
AN F R, TR AR MEY) B TAEA
600 cafeine
1.2.2 b R EAs SRt s R S e e TR
S (8 A 30 H)  FERERRAN 1R 56 S Bl 2R B P4
3t 4 AT B FEHLIEBORAY T E - 10 Fr, A Taxin-
1241 Wy TR 2 T AR, I35 o i RS R,
SPAD-502P LUS M 22 I {300 7 2 32 & 4k
1.2.3 HIEF AN, BIE 05174 H9H
5H30H.6H30H.8H30HRELKE, HHX
S5 A0 B it AT () LR 78 NSRBI AN 5 em , SRAE 0~20
20~40 em M HEREM . AP Z—KFFRECS.0
g T RET =M, 2 mol - L7 Y KCI A
(100 mL) 3242 58, ¥23%% 1 h Jeid ik, (F AA3 3
SIS E N, NS RS R Z A,
1.2 4 Be= g M ki TR (8 A
30 H) R 4 A AR 7 47 B AL R B 30 A~ 2R
ST R E R EEDEY) & R T E IR
S SRR AR R, R EH A S BT
KPR, FRAOCAON E AT s P EE Y & &,
SR FFT R B R 52 10 5 T A R I I 0 B
FH GY-1 Y TF=-4p bl B 310 o SR S 0 1 4 FH P 7 FF
R Vi
1.3 tHEARK

FERERS B M AEAL RIS A SN & I E 2R
LN, %) = (FEG N FEE-PN AR+
FE)/ (ERLHEN FERE-PN R FE) x100%

PN R = [ &30 F Ndff (%) x& #4522
(g) ]/°N it (g) x100%

PN ELE =24 E N WO () /8N Ik
H(g)x100%

SN FR AR = [ NAff (%) x 1 JZ R TR x + 18 75 1 x
+EeEE] /"N AL (g)x100%

PN i H =100%- "N FIHR-"N 5k f K
1.4 BEabm

JH Microsoft Excel 2016 B4t 78048 40 ¥, F
SPSS #RAFHEA T LR 28 J7 22 53 H7 (one-way ANOVA) ,
FH LSD Lk A7 25 ¢ MR R, B MoK ke R
a=0.05,

2 ERE5SH

2.1 ARl 7 2O SR i AR 2
FAI R RS R

F e 1 AJ AT, AN [ Ak Iy S SR g P 2 3R
it ME AR RN A SR B E R HEER
IR I RS BE Tt A>T HE i A > Bt . Hod Uit b
PRI TER W2 R FVA SRR, 43 3R 45.16
25.13 em®Fl 1.8% ; iV it 20 ALk B0 1) b T R 2 3R
VR B i T Ut AL 3L, 43 51k 48.34 .28.04
em® f1 2.2% ; B HE il R AL FR A T AR AR R A
TR, TR SRR AL S o R R
T AL THAY 1.24 A1 112 4% 1,19 R0 1.11 %5 .1.28
1,07 5, FEAZKNE — R AbH AR A SR i T3 2R
PRI R AR K R B A & R T s i
RBCR AT
2.2 AN[EZKAE— AR Ak 30t 3 S R 5 = o i 5
b

HH % 2 T FUE | T e R RS T AL B Y
SERL P RCFA TR E R, BV A B -2
SR E R B 7 A S v T e AN Ut Ak B 43
HIN 159.46 ¢ Fi1 66.13 kg, “F- 15 20 5 5 2 40t F1iE
FE AL FR Y 1.22 F0 112 £, BAkk 2= i He Aot FniE
THE it SR FRA BTN T 23.8% 1 8.4% , iUt . ifk T
Jit RIS T it 2R A 3L R S 1y i M R A B R R
PR A R EE S Y LB G A AL
IR TG A K 2 it A B AN AR TR A 3
(AT 2 R O T Gt 3 25 S T AT M S i R
BV > T HE B > OV . PR I, 78 T e R A B
R SR SO IR L s, A 30,73, T HE e R BV,
28.92  Huiti b B EAR (Nl 27.43,

1 AEKE—FUAFAARNERHFTHER HEE
(SPAD) R & EHIR M

Table 1 Effects of different integration of water and ferti-
lizer modes on leaf area, SPAD and nitrogen content of

apple

A3 N LIEZS S R

Treatment Leaf area SPAD Nitrogen content
(em?) (%)

T, 25.13¢ 45.16¢ 1.8¢

T, 28.04b 48.34b 2.2b

T, 31.24a 53.57a 2.4a

T, : HUiE Broadcast nitrogen fertilization ; T,: TV it L Nitrogen fertili-
zation with drip irrigation; Ty : BN %( Nitrogen fertilization with sub-
surface irrigation. RAE AT /NG FRFIRL LI ZEF BE (P
<0.05) Different lowercase letters meant significant difference among
treatments at 0.05 level. T [fi] The same below.
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Table 2 Effects of different integration of water and fertilizer modes on fruit yield and quality of apple
Sb 3 RECL SRR ANA R R & fifi iz AR SR SRR A BERR L
Treatment Average single Average yield Soluble solid Firmness Soluble sugar Titratable acids Sugar acid
fruit weight per plant content (kg - cm‘z) content content ratio
(g) (kg) (%) (%) (%)
T, 159.46¢ 66.13¢ 14.6¢ 7.22¢ 12.9¢ 0.5a 27.43¢
T, 174.43b 75.47b 15.7b 7.66b 13.6b 0.5a 28.92b
T 194.72a 81.84a 16.4a 8.12a 14.1a 0.5a 30.73a

2.3 AEIKHE — R A J5 00T 302 55 i 2 300 45 4%
Ndff, 2]

H13R 3 AT, RIARE 45 B 19 Ndff (5 65 4 1o 401
AHERS I 1 b Tl R 1E SR S I A B e
TEREAEI, A6 4% B AU 1 A9 Ndff {E 4 42 4F e AR K
ALK 0.1% ~0.3%, IR HTAE RS B A KR E £
TR b — AR IR0 B SR TR R A, A W)
AR PR A Nff, (BB B > I > RS2, B HTA
PR A KOOI T X 5% 53 1 5 4 70 2R S i R 1
LRSI RS T VB it R i U B NG (.
S PR RSSO > I YRR i SO Ak B ) SR S
Ndff, (EEARF5 FR 40 5, UL [ b B A & &
TR E A B R, R — & E R NI {7
JITA H 35 LA E it SR B e 25, SO AL BRI, T
MR B AL T —F 2],

x3 AREEKAEERE/RERER N, &
Table 3 Ndff, values in different organs of apple plant at
different growth stages ( %)

wWwE SbF BAEW i RS RS

Organ Treatment Full- MR BRI W3
bloom Shoot Fruit Fruit

stage growing rapid- maturity
stage swelling stage

stage
(1) T, 0.2b 0.5¢ I.1c 1.4c
Fruit T, 0.2b 0.8b 1.5a 1.8b
(flower) T, 0.3a 1.1a 1.9b 2.9a
ey T, 0.1b 0.7¢ 1.4b 1.9¢
Leaf T, 0.1b 0.8b 1.5a 1.1b
T, 0.2a 1.3a 1.0c 1.6a
—ARER T, - 0.9¢ 1.5a 1.6¢
One-year- T, - 1.0b 1.4a 1.3b
old branch T - 1.4a 1.1b 1.6a
ZAEERL T, - - - 0.4c
Perennial T, - - - 0.9a
branch T; - - - 0.6b
LT T, - - - 0.7b
Trunk T, - . - 1.0a
T, - - - 0.7b
liss T, - - - 0.5¢
Root T, - - - 0.7b
T, - - - 0.8a
- JHE No data.

2.4 R[EIZKAE— A5 =0 3 5 5 5 il 0 45 2
BN S ELH ) R

WA 1 o, 765 S A | H0it T i RN
B F A PR R S A8 B N BB AR 3 2
5o HUMALFEAY N 43 FC 5 AH X At 95 b BEAE A 2
BT M, Horh B FRAVE CErA AT 1) 1Y
PN R, N 36% VRS BRI AR B A BN
Sy B2 TR b 2 T AL BRI A (2 AR
AR PO TR R) PN A3l R ik, N 40% ; 1
BRI AAL B LUE F & B (RS2 PN 2 il R i
K, M 39% , 15 B0 | % E il 20 RN 75 WE il R Ak PR
TR RN SrBCEEE
2.5 RIFEIZKAE—R Ak 7 200 52 SRR RN R %
B% B R R 1) 5 )

2 4 AT, A ] K BB — A Ak T 20 32 SR Al Ak
N FIL I 8 AR R RN 2K 2R 52 i) b 3 it A 34
R AR N FH 81K, A 14.7 % 05 HE it R AL 22

45

R <

251

PNATHLE
Partition rate of “N (%)

T, ' T, ' T,

Ab 38 Treatment
1 AR — A 7 30T SR 92 i & R BN 43
fig
Fig.1 Partition rate of °N in different organs at fruit maturity
stage under different integration of water and fertilizer modes
(mean=SE) .
V. BIEEE Vegelative organ; S: IWH#SH Storage organ; R 5 %%
B Reproductive organ. T, : HuUitE Broadcast nitrogen fertilization; T, : b
HEifi % Nitrogen fertilization with drip irrigation; Ty : B HEEZ Nitrogen
fertilization with subsurface irrigation. 7~ [f] /NG PRk 7R 45 Ab B 22 57
{23 (P<0.05) Different lowercase letters meant significant difference at

0.05 level. F[d] The same below.
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Table 4 Effects of different integration of water and fertili-
zer modes on N absorption, utilization, residual and loss
rate of apple tree

MRER SN I SN R ON SRR ON AR B R PN R

Treat- 15N 15N 15N 15N 15N
ment absorption utilization  residual residual rate loss rate
(g) rate (%) (g) (%) (%)
T, 0.71c 14.7¢ I.1lc 23.1c 62.2a
T, 0.98b 20.3b 1.49b 31.1b 48.5b
T, 1.17a 24.2a 1.61a 33.6a 42.1¢
140 —— T, opem
130 2— Lo o som
2 = Tomen
80 120 =T\ spt0m
&8 —— T, 0 t0em
1 E 110 —— Ty s toem
g g 100
§ 8 90
9
g 8o
!
S eof
50 L— . . ]
FB SG FR M
AFEHI Growth stage

B2 REZKAE— A T 2R 6] A K i i 4% 1 )2 4
L AR
Fig.2 Different integration of water and fertilizer modes on soil
mineral nitrogen content in different depths at different growth
stages (mean+SE).
FB: 4L W] Full-bloom stage; SG: HiAHIE K I Shoot growing stage;
FR: B2 KW Fruit rapid-swelling stage; FM. SRS B Fruit
maturity stage.
(N T 23 A e, 4 i) it 760 i 8 it 2R A 3L 1)
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L 62.2% , 53 i) 2 T T it R0 R 2 T it 2 Ak FL i
1.28F01 1.48 ,f%o
2.6  RFEIZKHE— Ak T =00 32 B [R] B A ]
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0~20 em 2 JZ2 0 N, 7 52 7 30k i it 2 > 18 it
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N, B I MR R T i AU 3 N, 7 B A
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B E AL R AR IR R A T I B
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