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 E: 20142016 4, LU BE AUNMEL SR PN ORESARTEF T LIRS 4 R AR
X 252 it FH B 3 WSR3 B SR AE O . IR SRR, 4 (2014—2015 #F) BpAK
DLl TR SRR TS Mo e, AERKEAAERN: #EANSRYE (2016 ) JEEAE KRN
NRHRE TEMEN T, S ERBEERERERIE, AREREN. ARG, &
PRI AS B AORR 0 R SRR, A Sl O IS R R, 45 AT RHAR RS K. 0 ~ 100 cm
2 JEFRIC R R B R ) R FE ANt P A BRI R, Horh, RRRIC AR S 1 (2014 ), &
WAL B R M B, FREAEIL 63.61%, B4R PRI ERFIH RN 3.25%. b5 H4FE (2015—2016
) IR ERAR, AR R R RN 0.51%H1 0.80%. RIGSE AT, LW 245 A0 AL
ML N B IFFI RN 4.57%, LIEFRCARREERN 20.34%, BURFIX 75.07%.
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Soil and Loss from the No-bearing Stage to the Young Bearing Stage

LIANG Zhenxu, SUN Mingde, WU Yang, TIAN Haiqing, DU Ruirui, ZHAO Yanyan, and LIU
Songzhong*

(Beijing Academy of Forestry and Pomology Sciences, Beijing Engineering Research Center for Deciduous Fruit Tree,
Key Laboratory of Biology and Genetic Improvement of Horticultural Crops (North China) , Ministry of Agriculture, Beijing
100093, China)

Abstract: To investigate the uptake and utilization of nitrogen and its residual and loss in the soil of
‘Huangguan’ pear trees during the no-bearing stage to the young bearing stage, the growth of various
organs and the uptake, residual and loss of labeled nitrogen at 0 - 100 cm soil layers were studied during
the years of 2014 - 2016 with PN tracer technique. The results showed that the growth of pear trees in the
no-bearing stage (2014 - 2015) mainly displayed in the growth of the central trunk and coarse root with a

lower growth rate. However, it showed that the establishment of tree structure, the growth of vegetative
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organs such as branches and shoots, and the formation of yield and quality coexisted in the young bearing
stage. During the whole experiment period, the amount of labeled nitrogen absorbed by the storage organs
of the tree was larger, among which absorption of the central trunk’s uptake was the largest in the
no-bearing stage, while the amount of labeled nitrogen absorbed by the coarse roots was the largest among
all tested organs in the young bearing stage. After the application of labeled nitrogen in the first year

(2014), the utilization rate of labeled nitrogen was 3.25% for the pear trees, while the residual rate of
labeled nitrogen in 0 - 100 cm soil layer was higher accounting for 63.61%. In the following two years

(2015 -2016), the residual amount of soil was lower, and the utilization rate of labeled nitrogen for pear
trees was only 0.51% and 0.80%. By the end of the experiment, the utilization rate and residual rate of
labeled nitrogen was 4.57% and 20.34% respectively, however, the three-year loss rate was as high as
75.07%.

Keywords: pear; no bearing stage; young bearing stage; '“N-urea; uptake; residual effect

ERE, HATEES MR 2 DA g (Lt el U IX, A el 3 3k A7
LA &2 RIERKEEIZE . T4 LR B8 7738 3k AN 2 1 i) o [ B Bl T A i 7= & 4 AT
R RFEERRE, FAORMARM, mHS7EWERERD, FELAREENRZETFR S A 6
WRMEERKKES-®m PRI E (1% 55, 2007). % ERRAEK S 557 K%
THEBEEH GZHHE %, 2002; Raeseetal., 2007; Roccuzzo etal., 2017; =T %5, 2019; Setea et
al., 2019; Mengetal., 20200, X FHH BRI A A7 B R JCH R AL B A it H Bt FH &
s LR AR R i CERE 55, 2012; WL 55, 2013), MM RECKIHE R A& 4,
2008; AL A, 2014).

b ek A e 38 7R A R0 R B i AR R AR B BB, SR IR B () 80 R T B SRR sl D B R AR, SE
AL PR PG AN T B @B MR R R DLRC R AL b 35 NLO HEl (ERk 55,
2018), F# Kk B IE I EAF T HARNIL (Quartieri et al., 2002), %2 & HE A it FH IR FE 5 it FH i
AR TR R, BIREERDIL GRFE 4%, 2017: Wu et al., 2019). XEEHFFE BRI T
Jit 0T 2 IR R AR B S AR R, (F Bk B A g b 1 SR R R S AR BRI R
R, ERFRE G (Krupnik et al., 2004) . [k, #R7T LR RMRE G, EHERAEHA
AR A 2 LIS ST I B At 5ESMME, /03, TKRERBEY LR AR
KREHMOHE THZLHI (Jiaetal, 2011; Alonso-Ayuso etal., 2016; Quemada et al., 2019),
TE SR 7 TR E R D

B IS 3] 25 FATTHH A2 HH R A B T8 kR e AR S5 A B, R e SR AR KO 3 B LR TR AR
KN F R . AR, DAEIRHIX B R R AUNARL, SR PN R R R EERR,
WA VISR T, ALY e fE it FH B R 5 1 2 3 SRR U2 IR USRI B b 3R A T4
R B SRR DL, USRS B3 25 ST EA BRI T 22 4 2R 7 1) R B R I ROR S ¥E .
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RIT 2014 4 3 H—2016 4 10 AEIL T MOl R RFZEBF 5T (39°56'N, 116°56'E) #E47
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R I IREE L, 0~100ecm LEFRDSEWE | Pron. —EAR (FEE/AEL, AREAHE
B) T201443 A 25 HERM, ¥REE 1.0m, 4786 3.5 m, mdbiTm. WATEZE, WML -7,
oA E T .

®1 AR RIRE R

Tablel Physical and chemical characteristics of the experimental soil

R . BAREY (mg - kg HREE (mg - kg BRA (mg - kg
= = borl
j:)f/cm i mﬁj.l/ (e ke Alkali-hydrolysable Available Available pH
Soil layer Organic matter R .
nitrogen phosphorus potassium

0~20 183 75.8 128.4 102.2 7.80
20 ~40 18.7 58.4 237.3 90.4 7.90
40 ~ 60 11.2 48.1 82.3 74.7 8.07
60 ~ 80 9.4 38.7 70.6 55.1 8.09
80 ~ 100 8.1 32.5 53.8 49.9 8.13

SERE G, RS R TR AR — U 9 BRI, N3, B3 bR, BHRES.
B 2014 EJFUG, EEE 3 FE BT HIRAC . (CRIENRE), HAE | ERINFEEN 10.19%1 PN 4R
LR E (R THIARARS, 552 4F. 5 3 EAREIN N, SF4EHH B 535 v 4 200 i & &
W G BEERES, P,Os & & 12.0%). 1 (MR, K,0 & & 52.0%) MAEMR 2 fin. KiHTE:
FEFEZLA 0 20 om ARFZER 10 emy 58 10 om FIFRRIE, KRR KBRS SIRN, Kk, #
JESTE N R G — RN, REE . BASRIE (EE ) A Ak A
A IE 5 A= AT, EEIKTP R .

®2 EERANASERR

Table 2 Fertilizer application data and rate in the experiment g - B!
L Jiti % N application rate it Tl 12 it
e L RS AR & N it R MR E P,0s application K5O application
Date of N application L 15 Lo
Urea application rate N-urea application rate Total rate rate

2014 - 04 -26 16.16 1.38 17.54 8.77 17.54

2015-03-18 26.30 0 26.30 13.15 26.30

2016 - 03 - 20 35.08 0 35.08 17.54 35.08

1.2 #HRRESME

FEPRFE SR AR T2 e HEATRENLIEHL 3 BRAUH FEARIT b0 AR, e B A E S5 28
. 20T 2014 4 11 3 15 H. 2015 4 11 A 13 H. 2016 4 8 A 16 H¥ 3 4RI R IEAT AR M
KRE, IR A, PR, AR (2015, 2016 ). AR (2016 ). FT.
MR (HE =02 cm). 4R (HA& < 0.2 cm) FIESE (2016 ), KIKAEK. TREHFL HK.
1%E5R . EET/K G Wk/E, 105 C A 30 min, FE/E7E 70 C T, B#EfEiE 0.25 mm
i, JREIEFF05E Sk B IER P RI% (Nitrogen derived from fertilizer, Ndff) (=41, 1990) Fl4:

IR CREE i 2T 2014 4E 11 A 14 H. 2015 4E 11 A 11 HA 2016 £ 8 H 15 H, £
TR AR PG 4 AN 7 R EEAR T 20 AT 40 em Ab3Ei8 8 AN H3ERAE i, A B TE RN SRAF 55 18 B 7 1) 4y
KA 0~ 20, 20 ~40. 40 ~ 60, 60 ~ 80 A1 80 ~ 100 cm + 2 H3EFE N . KA — 2 LIRS,
SEISE N WA, RV R T NAff A2 &= E .
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FIT A R 0 5 S o B AV R 2 B AR P o TR e Bdt AT, N 32 MAT251 R4 [ 47 % Ho Al
JRWAY (Thermo Finnigan, USA) W&, 4%UH QSY-1I HENHL K E R (bRt oR R /> i 28 i it
doey) JI5E .

AR

Ndff (%) = CREAIFESF PN R - PN BRFEED / IRk PN EE - PN B35 < 100.

LR REFHE (%) = [#E Ndffx SEFEEE (9] ARidERHHE (9 x100.

FRICENEFR B HR (%) = (Hi% Ndff x +ELREARMCE &R (g) x 100.

FRICRERAE (%) =1-bRCBREMAE - FICAERE L,

1.3 HIELE

F Microsoft Excel 2013 3R 4F 31T 04 A EEAIVE B, F SPSS23.0 43 Mk A 34T s K 25 5 Z 404
ZR B EMWRIH LSD %, BEMKT a=0.05, RHEINTFHE £ rlEzE.

2 RS0

2.1 I RN EREEYE

H 2014 4 3 HEE 2] 2016 4 8 HIGE5 o, LT 7 4 HEME M RENE (K3, 4.
EMEE 1 (R 2014411 ), BMAKER/N, 081084 g, HHh BpoFAKERK,
HRMIRZ, XA EREKEIL G SEEKRN 65.6%; RAAKEMXTEN, AL SFEHK
MAEKEM 25.8%. EHEGEEH 2 4F (2015 ), WAL REQEE M, TSRO FEKERK,
HME R AR EIEIE 52.0%, TS FAKERSE —@8n; HRNAEKEMRT FOT,
HEAEKER 25.7%, (HAMRMEKER N EANERVIIE (2016 ), FRA )& K0 1N,
HAEKEN 2015 FAKER 2.87 ff. HHMHRMAEKS HYFEKRSEKERN 33.4%, 2E&T
HARLS T o IO — AR K ES G S AEKER 10.7%. 14.9%M 15.1%; 74,
RS R S EAERKER 19.1%. XKW, LRI (2014—2015 ) FRAKEZED 0T
L, JCHRMRAK N, BDRARE TE M Tt 38N R 5 2 A A 45
FEST . BORSEEE R B A KR & W T AT

®3 FRREHASNPHERERELEYR

Table3 Biomass of organs of pear trees at sampling data in 2014 - 2016 g
o s A —HEA TAEAE , “ ‘ b
Gmping "0 gn Medwmo B e g0 U0 ke R
Leaf and long  I-Year 2-Year Trunk Fruit .
data shoot root root Biomass
shoot branch branch

2014 - 03 — — — — — 358a 342a — — 70.0+7.4
2014 - 11 73e 21fF 258 ¢ — — 8l.1a 458b 16.4d — 1784 +12.1
2015 - 11 57.3d 52¢g 91.0¢ 29.1e — 4285a 217.6b 18.5f — 847.0+19.7
2016 - 08 348.5¢ 39.1f 146.7 ¢ 317.6d 349 f 634.8b 863.3a 240¢g 368.7 ¢ 2777.4 +96.1

Ee FAT ARG PR A RN R R S 8 B AR AR P<0.05 KTPEREE, — AREARNE. FH.

Note: The small letters after the data mean biomass of organs sampled at the same time had significantly difference at P < 0.05. “—"” means not

detected. The same below.



PPRAE, FhALE, B PH, BT, AREREG, B, kA ib.
B4 B 25 AR N - SR ZE MR R e IR R B S HR k.
[ie) 25541, 2021, 48 (1): 137 - 145. 141
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Table 4 The ratio of the annual growth of each organ to the total growth of the plant in 2014 - 2016 %
. o A —HEE TARE \ y &
FEy R bk . i e FAR AR AR
Medium and % 1-Year ki 2-Year . ,
Year Leaf Short shoot Trunk Coarse root Fine root Fruit
long shoot branch branch
2014 6.7 1.9 23.8 — — 41.8 10.7 15.1 —
2015 7.5 0.5 9.8 4.4 — 52.0 25.7 0.3 —
2016 15.1 1.8 2.9 14.9 1.8 10.7 33.4 0.3 19.1

22 RMEREX N-REHNRBSFIA

B R N PR 2R 3 AE R0 1 1) 45 AN SRR I ST A2 F) N 18 5 7w o 4548 B ) NdfF
E BEAR WS DB A PR, 3 H. 2015 4R A1 2016 45 2014 FE R K. EHEIGHE (2014 ), 0N
A NdAff 73 78 2.566 A12.603, PiEHEZRAEE, HHEETHAMSE: B TIBok
I R 53 Ndff B E T HERE. 29 (2015 %) Mg RN, 40 Ndff s, A
0.632; 0T AR ES B (1) Ndff 73504 0.593 A1 0.589, {WIKTFUUME; FrAsAnH A& A
FEARE I NAff AR . 26 3 4F (2016) J28F Ndff Z{b#a#h 5 2015 FHEL, (HIESS H 48
AR NAfF XA S, R (ARFHASE D A NAff 51K,

®5 TREREMARKEIRE Naff

Table 5 Ndff of organs of pear trees at sampling data in 2014 - 2016 %

- . ik KA —ApL AR \ GG .
PSSR L . " LAV YR Rk

. Short Medium and k¢ 1-Year K 2-Year Coarse . .
Sampling data Leaf Trunk Fine root Fruit

shoot long shoot branch branch root

2014 - 11 1.919d 2.566 a 2.603 a — — 2.127¢  2.038cd 2.369b —
2015 -11 0.485d 0.558 ¢ 0413 e 0.444 de — 0.593b  0.589b 0.632a —
2016 - 08 0.168 g 0.187 f 0.165 g 0.186 f 0.294 b 0.262¢c  0.226d 0.302 a 0.201 e

ZiHE, CTPHRRS SR E AR ICEERICEIZE 6 B, WRIGHANE, 40 3 2097 5 B AL 17
BB RRARIC BRI E 2 1 44.79. 50.28 F155.85 mg, EBWIINAIEE, (HE 2 4 (2015 4)
S 3 4E (2016 48) WINAIIEER . EREEE 14E (2014 45), MRS B bR i 2 R WIS
B, Horp R O IR R B (17.26 mg), 53 i T HAR SR B s E IR B R R KR IR A = (8.30
mg), (HRZFETAOTRAM, A ARG R SCE A STRK. 25 2 G000l e (E A AL
ik . BEANSERYIMIE (2016 46D, HRMFHCE R MR N 23.73 mg, SFmTHMEE, M
FiRZ, HAE 72T 5 R SRR A B

® 6 FREREMAARMTHEHERERCAR R R

Table 6 Labelled-N uptake of organs of pear trees at sampling data in 2014 - 2016 mg
. - A —4REE TARE - 3 ; LRV S s
EEOM 4 BT MR MR .
. Medium and 4 1-Year 4% 2-Year . . Total
Sampling data  Leaf Short shoot Trunk Coarse root Fineroot  Fruit .
long shoot  branch branch Biomass

2014 - 11 1.54e 0.70e 830 ¢ — - 17.26 a 12.32b 4.48d — 4479 £3.42
2015 - 11 457¢ 042d 452¢ 1.53d — 22.16a 15.72b 1.36d — 50.28 +4.87

2016 - 08 1240b  0.60¢ 1.90 de 4.40d 0.58 ¢ 9.42 ¢ 23.73 a 0.64 ¢ 2.16de 55.85+5.05
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23 FELELEN- REREE
NT IR R R, X 2014 W2015 02006

0~ 100 cm ¥R FE + 3857 5 2 Xt + 38 Ndff #47 T §:$,

WiE, T LR ARKERNE L E

Re M UNREFLE Q014 4E), HAEE e

PHCRRR R, BN, H2e B

FEE 3 ARAIR 2 AR IC R Ik B BB MK L :

WARLEE, ARk, mtEmr 0 B e oa
SR I SR I B B A [RIIN, BEH N 2040 40~60  60~80 80-~100
JREJG 24, 0~ 60 cm - Zbric K vk & Jfem Solllayers

SR, 60 ~ 100 em IEHEIGFEAG. 2015 4F 1 FRRHHBRRE S L EFIRRRER
)”\U%f)r&?y 0 ~ 40 cm i}:'iﬁj% %%*ﬁ Xﬁf&% , ﬁlﬁ Fig. 1 Labelled-N residual of soil layers for pear trees at

sampling data in the year of 2014 - 2016

2016 FEAY 0 ~ 20 cm + 25k B EAH G &

2.4 BUNEEUMEREST N IRURI A K HIB5k BB AR L

W7 Fon, B4R ERE R PN JRE, M44E (2014 ) MO R ERICER K, T
Rk 44.79 mg, 2 4E (2015 4) A 3 4 (2016 ) X HIEFREFRC R R KW UCE D 58 7.08
FT11.24 mgo BRI FE RO AR 10 U2 1 B8 0 Sc i A H it 04 2 1 44.79 mg, 3251 21 63.11
mg; AR BFI R E 3.25%FHH8 N3 4.57%. MEJG4%E (2014 ) bR RN HIEKREE
7 877.8 mg, 5k B ik 63.61%, 5 2 A FNES 3 1A% B 540 71 4 497.1 1 280.7 mg, 5% B3 % 1 HH 36.02%
BRAK 3 20.34%, R ARICRERGE 3 EHIEIRIREA . MIHE K PN BRI RE, 91 4E
IARIC R R R BN 457.4 mg, TR FN 33.12%, 26 2 SR ER 3 4R 14 2k & 70 Bl N ARk 373.6 F1205.2
mg, EBRESAN 27.10%H 14.86%, FIAFFICE R MR FBWFEC. (HR TR0 fE
PRICE R PR EZETIE I, WSS AR SR E N 1036.2 mg, RIMIRFREIX 75.12%.

R7 RERTHEHK NRESEHA. HERESREER
Table 7 Uptake, residual and loss of labelled-N for pear trees during the year of 2014 - 2016

N WU 5 F A PN Uptake and utilization N B N Residual
i Wlmg Ry R Eve o RILALR Wiimg  eRR/%
Year Annual utilization Total utilization . Residual

Annual uptake Total uptake Residual

percentage percentage percentage

2014 4479 £3.42 — 3.25+0.07 — 877.8+6.7 63.61 £0.48
2015 7.08+£1.13 51.87+6.22 0.51+0.05 3.77+0.26 497.1+12.4 36.02 +0.90
2016 11.24+2.05 63.11+£5.47 0.80 + 0.09 4.57+£0.48 280.7+15.5 20.34£1.13
_— PN $t2k "°N Loss
Year AR /mg FitH K /mg FARRE % RIHHRE/%

Annual loss Total loss Annual loss percentage Total loss percentage
2014 457.4+£8.4 — 33.12+0.61 —
2015 373.6+9.7 831.3+67.2 27.10+1.08 60.22 +£4.26
2016 2052+ 11.2 10 036.2 +94.4 14.86 + 0.85 75.07 £3.93

3 Wi

H T EAE R R RERE R B 2GRS Wl (2013) XF A EhfeE X o E
BURIETARAT 3 LA AL T AL AR AR R BN BN AL REY], HEEREAREBIANED
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58 998,967 F1 540 kg - hm™, JL AL RS R BN 5108 777,781 F1 251 kg - hm™. # R FE4(2012)
o e ] 2 AL R A 4 R R B AL A PR R AR AR EOR . AR T 2015—2016 ExF b5 1l
Ry b g BRPG. PRI M X SR R SRR R A (R KR RV R R
AN K,

R ZR R R SR B 0 SR S M R A 0 5% 20 B CHROMR SR, 1995) « ARBFFEH, AR HkiE S
1 (20144, RAMAEKERDN, FAEREYIM (2016 ) RAEWEA BAEEIGMN, Mk
e e EIAEF AR X ST PERIESE — XA RN T REED, bRidZ & PIF %R
BK (3.25%) , 5 Menino %5 (2007) Xf A 25 RAR 2 F FH 210 7 45 RAREBL (6.00%) . Neto
2 (2008) MIRFFEAR R, B FEARAE G 58 | R A EZR A T R, kA TIERENE
BN, G, TERERFAHRMELT, YERKBHEEL THRANFTERE, ZROEE 7@
MR B AR, B R R e R R R R B R R e R R A KR A
520 (Othman & Leskovar, 2019).

AW, ARG RS 2 RIS 3 A TERLR AR A I R I B), RS 1 EE AR
TEAERR R G R (RS2, ZEARBEAKME . RN T 54 PR SEbrBA E BN L — B0 35t
REFERIRRB NN, FERRICERLE 0~ 100 cm T2 FIFR A RAC, & AL L0 30 245 4
(2015 4F, 2016 ) XPHRERARICZUE R 2 EUIK, 0N 0.51%H1 0.80%. 1125 5% Wik B A&
AR EAT THEE. Riley 5 (2016) AN TR BN A G, Zhao 55 (2015) I
IESEK T AT 26 1 R - 39858 B U 5 72 N A . ARE Tt RS _FIRBT 7 —%, b Ladha %5 (2005)
NN EERBERRNFIH R (<7.00%) 8% 7T, it KArc 2R AE 3 4 AR
BN 4.57%, HEMTEEARM N HERmEMFHZE R 5, 2017; ERTE %, 2018; Wu
etal., 2019), XM FE T H KM EMBRZIIFANE S Ho, itHEEE SFERid m R R T
RIS 63.61%, =T RHEE (2015) /NE MR ETRE BRI T 7T (£ 33.33%), XREERET
RICVEY) SRS A AR BT S, AR A (R SCHE 55, 2015; % 5%, 2019 K, TF. il
ST R AR R E Lk, s bR E AR . B, AW AR B
IOy . HL 27 o5 M AT S 15 it (Masvaya et al., 2017; Lietal., 2018), 7 —EFEE L3RE T 0~ 100
em IR R RIRE . ML S REE I E RS, BRI B EIC, ARTURRZEH IS . Bk
FIF, AR RO R R E BN 20.34%, 1 3 FEMIHE RIS 75.07%. Kb, E LR EE
B ER SN T REHEEAE, DRiEmERmiERY ChEg 55, 2013).

AR, HARME R R AL A R IR D R R, SECHE Tl R Rk &
Brm . EARGRRTE T AR IC B TE B S PR ARAE IR B 5 8, (AR AAK B B A 10 280 3R (0 ) FH 88
i, X FEURHE T G IR 25 RAARN S AR 10 R 0 BRI R AR, SR ER S .. AR
FERE T 3 25 R B4 5 21 45 T AR R R S E IR A R R B G U 7, SR iE R
sEA R R BHTESESSERE LS RMAE KR W B R IR St
— BRI AT B s SR AR 2R TR U R Boxt ek B A e S S, DA ST DL
PR RFR B AZ OB R R R A
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