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Nitrogen inputs and nitrate accumulation and movement in soil of kiwifruit orchards

GAO Jing-bo'?, LU Yong-l1i"?, CHEN Zhu—jun'?, ZHOU Jian-bin'*"

(1.College of Natural Resource and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Plant Nutrition

and the Agri—environment in Northwest China, Ministry of Agriculture, Yangling 712100, China )

Abstract: The northern slope region of the Qinling Mountains is the main growing area of kiwifruit in Shaanxi Province. However, inade—
quate application of nitrogen(N) in kiwifruit orchard is very common. Therefore, studying N plant utilization and movement in soil is of great

significance for achieving balanced fertilization and evaluating the effect of N fertilization on the environment in this region. A survey was

conducted in Yujiahe catchment in 2014 to assess the status of N inputs. Soil profile samples in 0~200 ¢m depth from mature kiwifruit or—

chards were collected to examine the accumulation and movement of NO3—N in the soil profiles of sloping kiwifruit orchard. Excessive appli—
cations of N were very severe in the catchment. The surplus of N applied was high up to 1195 kg +hm™ with residual NO;-N being 827 kg-

hm™ in the 0~200 c¢m soil profile, of which 52% of N was accumulated in 100~200 c¢m soil profile. The accumulation of NO;—N in the 0~200
cm soil profile was dependent on the locations within an orchard : more NO;—N was accumulated in the lower part than in the upper one of a
slope. After a rainy season, NOs—N was leached to deeper part of the soil profile. It is concluded that excessive additions of N to kiwifruit or—
chard in Yujiahe catchment results in high accumulation of NO;—N in the soil. The NO;=N leaching in soil profiles during the rainy season

is also severe. Nitrate leaching not only wastes N fertilizer resource, but also increases potential risk to the quality of both surface and

groundwater.

Keywords: northern slope region of Qinling Mountains; kiwifruit orchard; NO;—=N accumulation; rainy season; NO;—N movement

Wi B #9:2015-08-28

BESWE . FEE T R S5 H RS (2012BAD15B04 ) ; i 42 2 AL 8 1481 (B12007 ) % B35 H

PEZ T : midhib (1989—), 55, ILARMHE N ZEBERI , FHE SR BRI — (B AR Rl w5 Bz mingifsE . E-mail : jingbogao0927@163.com
*BEEE . S E-mail : jbzhou@nwsuaf.edu.cn



O, 4 < R SR B AR A S A BRI B A5 323

A btttz 80 4FAR LI , 3 1=l A Pl & SR VAt
PRI AL 178.3 77 hm? B3] 1237.1 J5 hm?, #4i0
TiFE 6 5 (EZRG R 2014), B2 SR AR
B, S b R A AR R BT T 2o it S ] A
H 250 55 o R B S50 nT b 2 SR el i A 2 B, R el KL
RBATCE SR s, PR ARl 619 kg-hm™;
Fi RS 11 AR 48 B R B R R AR B R A
KB, H P R R 3 AR 842 kg -hm 5 A4k
LRI R I, BV A R FE R KA R AR
ik 1066 kg-hm™2,

1o AR A 1 AR e 138 NOs-N Kt 3R
B X2k 552004 AEXFAE BT 254 )2 35T
NO;-N 2R LM, Hi V55 1148 kg
hm 25 X1 /)N 55 SO H 7T B AR i DX A [R]AR i 32 2 el £
B A A A AR SRR TR R I, 22 AE A R
0~120 em +J2 NO;-N B8 ik 2602 kg+hm?;
B A2 SR e P A 4 i EL AR B 3 NOs-N R 5T
B, 14 0~200 cm 1 NO;-N BRI =k 1940
kg-hm?, ZERKDFAALHEOT , 13 NOs-N &f
T B ) )T IR DR TS Ye i K, gD
ST I ZR 4 R B 1 K HEBORE A 4 B, NOs =N
TR R R IR 99% ; 4 AR T 2006—2012 4
S AL 11 AT R 7K % Sk BURE W 0, )
It H T 7K NOs=N 2 i 5024 HH S g k% ,
NO;-N S #EFREN 22% . 7] ULFT AR NOs-N fiitk
BIVRC IR TP, (HREE h e/ N R
B, HZ DOF-b ok = BEWF G0 52, % /N gt 3R
S it A 30 SR el R 0 R R R 0 B A R S LR
ZH G NOs-N RFEUAE R R T AR D

B PG 2 T R R 2 B R X 2 — B E 2014
ARG, A48 SR A R A DR O 62 000 hm?, 77
ik 120.59 3 v, A A™ 5 5 2 1) 60% L) L BV
BBk Az 7 AR thE RS L A b X 3 X B
TIEZ LT T IR, A 5K, iz Bk
RPEFES AT HIR R AT &, B,
JENO; =N IR B8 e RUSK: X, 17 56 3% X s At ik el
NO;-N SRS o o WAHGE . R, AR e B
FZIBAURE A 2 BAT IR Bk 2 42 A A IX I BT %
T/ NFIBCA I FERT G OF9E T BRIk s T 1A R
B B HE NOS-N SRUIRAE , DR [ W % Bk el
A R 52, B AR 2 ISRk el 1

SRR A AR R AR B AR , DA 0 il A Ll T 75
(14 % HE AR A A

| HREHE

1.1 AREXHER

AF 5 DX 3k A e VG 2 ) 28 L P g 3 XA i 5300 /)
W,(107°39'~108°37'E, 33°42' ~34°14'N) , Jii 385 17 FH
k1 412.37 hm?, ¥4k 482~680 m, BIIRZEI4 , JLWiTE K
Ja& i KBt 2 RS, AR R 13.2 °CL AR
7K 651 mm, EHHAERAE 7—9 A, TR 225 d, 48
BRREETEL 2 154.7 b, i b A0 o BL A V7 B 15 45 b
S, LI R T IR Ak LA Ry 3 HOR PR
YED) FEZONBRIERE R I 85% A fE 2~15° 131
M b, FE A A R B A 7 R L B B
Y IAR
1.2 RB&i&it
1.2.1 Btk AR 5485 HAR BT 58

2014 AETEZ B RE UL ER 78 Rk b | )5 4
R AR BAMRO SR 5, A T3
I 46 N —E AR BB SRR B, R -5
KA A EHTHAE 5 (0~200 em, B 20 em A—)2 ), [A]
— RGP 3 A, A R A AR A AR
E 13 NOs-N & i, RSBkl NOs-N SRR
o [RIE, BEALEER 46 A5 H 10 AR E I 78
ISR IAFNSCIR J5 43 R B AL S i S B BT R 2%
FEh , AN BRIERE e A R IS4 AR
1.2.2 BiEpk il NOs—N ka4 PR 5

WTET S W, AR 6 N HA — a3 i (30~
5OV BRIk el b A — SR b b SOR YR BT R
BB SO R YRR B 57 m, 2014
AE 5 FTHN10 4 BIAE A B i3k BRI R
+ BSR4 - HERE i (0~200 em, B 20 em i —J2 ), [A]
— Pl R — e BT A R AR AR 3 A 3 IREE B
SUOR 3 EARTE 2R AR, IE 58 NOS-N & &, iR
G TR ZE R e S ARk el 1 43 NOs—N =5[] 434 JeaE:
R
1.3 H@ERESNE

R SR A S E - A OREE R Y
200 cm, B 20 em H— 20 ERFE BIZ LS
FRA TG, 100 g ZE 4 e ASDRMSPRIC % &, &
T4 A A 1S 00 2 7 B, W 3 NOs-N
o1 mol- L'KCHIZ#E UK - HE 10:1), 4 A it sh 43
Hr{X(AA3,Bran and Luebbe , Germany ) & %E NO;-N

P,

FHPIRE bR AR S E ARSI, B A



324

B P SR AR SRR 5 20 DA IR A - RIS, 7221
SR S PR B BY A 4% i I SR AR A AR iy [l 52
B E Mg o TR & AT S R S R B2k 5
e T A TR S K, RS R 0.25 mm i
PLAg 22 , R HoS0,-H,0, 1 & , >R AA3 42
25 R a i VI B QI DA KOS M\ s 8
14 SEEERITE R

RE Al AR T A= A (LR R+ AL
NE & IR )~ I QROIR 5 E A+ PRI AR

T AR R A A A P it B AL R 4% R
TSRS w T A HUIEAR Ps 8 A 8 SEBRAEL, AR 3R
(R EA PR SR SR PR E TR DR R S
5 GRS R VT4 5 A W % 2 —AE I i 15
£

By B 0 R A DXL S A T AR B R P S PR
A HITA, RS SR A5 TR 43 O e e BRI o 45 1 T
S BRI AR R 275 £ A AR PP A ] 2= L 10 48
A BRI A 25 28 B A7 F 1 2R R BB B o A IX Sk
BRAERFE A P AR G T5 0 1 SR B TR K L R
A FE I F 5, Rt B A R SR w It
RiF ARz,

R RRIESCHE « B ARG B A 1 P RN e A Y <5
R THRAE  IZ X 1990—2014 AFAR T 4 oK
LV BE TR 4 651 mm, 5—10 J] SRR 2 4 544
mm; 2014 4EAEREFR Y 711 mm, 5—10 J] SR &
5 515 mm,
1.5 HiRabiE

% H1 Excel 2003 #F #4788 53, 11 SAS 8.0
GEit AT e e 1 T 25 S A MR R (LSD %),
K SigmaPlot 12.0 #{FER .

2 HRESH

2.1 BREREREFSEANIR

R 1 AT RAE HY 5T XA Bk el L AR 8 A
T2 SRR (R i = 5 TR AR 78 AN A Ak e
TEIEE F A B AR IR 189~2541 kg-hm?, P&k
1047 kg -hm=, 43 HLIE & 4% A &l 246 kg-hm™, &
ZAFE IR E A LR RN £ .

FRAE PR K T 2072012 ,2013 4E X2 X AR Ak e
TONE A A SBRAEA  B EA T R A T AR 45 2, 2
BRAE Rk el 1 B AR AR A% A 375~500 kg-hm™?; K4
TR B ST AR RN N B
50% & SRR, K A &R 50% K8 “dm”,

A INEF 23R RN
30007
n=78
‘?E 2500 :
% 2000 )
<4 —
il |
55 1500
@ 1000 }- .
£ of + e
B ol i
T HhUE

B 1 2014 FarZA/NREEREREREENE
Figure 1 Nitrogen inputs from mineral fertilizer and manure in

Yujiahe catchment in 2014

O R Z D 20
o SR LT XTI E 2014 45
PN BT BB 7 6.4% , BRI EL BT
11.5%. BEARELE EAKF WL 4 82.19% 3R A
SRS 5 67.9%(F 1). BB BALIL AR
SRS

1 ArSGA/NRBERIR B E L AR RN R
Table 1 Grades of N inputs from chemical fertilizer in

Yujiahe catchment

A i e SN A T %

T e i

T Low(<188) 0 0

i ff Slight low( 188~375) 9 11.5
4 3# Rational(375~500) 5 6.4
i Slight high(500~750) 11 14.1
3% High(>750) 53 68.0
3T Total 78 100

TE 455 O IE A A (kg hm ™).

Note: ()indicates actual inputs of chemical N fertilizer(kg-hm™).

22 BRI REF S RUFEE

M2 2 0] DL BRI I R A AR RA
iR 1322 kg-hm?, ML AEE R A E AR E 2R
3o X TR Bl i 5, 3AF SR SR BLARIE BT
PHRIE A7 B4 th B /R 4300 R 62,28 .37 kg-hm?, =
HEHE R R 127 kg-hm™, UHARF AR
9.6% , L FREFRSRA R, AR RWE A EHIE
1195 kg-hm™,
2.3 BRfRHRE LS E NO;-N S ER ERE

R 27 LIEH,7E 0~80 cm + 2, MiEH -2
TR, NO; =N F 30, 76 80 em + )2 H Bl K
(36.3 mg-kg™);80 cm LLF fifi 2 A9 INIR ,NO; -N 7%
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&2 BRAEHEE R TR (kg-hm?-a™)
Table 2 Average annual nitrogen balance in kiwifruit
orchards(kg+hm?-a™)

i A Inputs A% HY Outputs SEHE (bR 2 )
Jiti FALAE L Chemical N 1047(563)
Jits FAF HLAE 2L Manure N 246(148)
KK TR A Wet and Dry deposition N 290151
S A Total input 1322(526)
Wz H A N removed by fruits harvest 62(14)
e 44 A N Removed by wood pruning 28(7)
A 7% N stored in kiwifruit vine 37t
S H Total output 127(16)
HEFMEA N surplus 1195

TE BRI AE R 575 £l T4 2R, i ORI A7 S = (A 4
SISO R it - CREBIR R 35 R B BT ) Bt

Note: N stored in kiwifruit vine obtained from the data from literature
(Wang Jian et al') ;N stored in kiwifruit vine=annual N absorption of ki-
wifruit vine—N removed by fruits harvest plus N removed by leaves plus N

removed by wood pruning.
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Figure 2 Changes of NO;-N content in 0~200 c¢m soil profile of
kiwifruit orchards(n=46)
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Figure 3 Changes of NO;—N accumulation in 0~200 ¢m soil profile
of kiwifruit orchards(n=46)

NO;-N é\%/mg kg™

0020 40 60 80 100 120 140 160

e b

BT

- B
* RN AL BRI 22 53 i # (P<0.05)
*indates significant differences(P<0.05) between different treatments
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Figure 4 Changes of NO;—N content in 0~200 cm soil profile at

different slope positions before and after a rainy season( Mean+SE )
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Figure 5 Change of NO;—N accumulation in 0~200 cm soil profile at

different slope positions before and after rainy season( Mean=SE )
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