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Effects of nitrogen fertilization on potato tuber yield, N uptake and soil
NO, -N accumulation under plastic mulching with drip irrigation
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Abstract: A field experiment was carried out to investigate the effects of different nitrogen levels( N 0,90,180,270
and 360 kg/ha) on potato tuber yield, soil nitrate accumulation, nitrogen balance and nitrogen use efficiency in
potato under plastic mulching with drip irrigation. The results show that the tuber yield of the N180 treatment is the
highest, and the highest soil NO; -N contents are observed at 0-20 cm soil layers of each treatment at the harvest
stage of potato, and the soil NO; -N contents are reduced with the increase of depth in soil profiles (0—-120 c¢m).
Soil NO, -N accumulation of each treatment(0-40 c¢m ) accounts for 47. 75%—-53. 17% of total accumulation (0-
120 cm ). Soil NO; -N accumulation and nitrogen apparent loss are positively correlated with the nitrogen
application rates. Potato nitrogen uptakes, soill NO, -N accumulation and nitrogen apparent loss accounts for
37.93% , 45.99% and 16.08% of the total nitrogen input. Nitrogen absorption of potato tubers and nitrogen
harvest index are increased with the increase of the nitrogen application rate. The highest N recover efficiency, N
agronomic efficiency and N physioloyical efficiency are observed in the treatment of N90, about 67.97% , 68. 06
kg/kg and 154. 92 kg/kg, respectively. The nitrogen application rates should be controlled by 90—180 kg/ha under
plastic cover with drip irrigation in potato production areas of northern Yinshan mountains in Inner Mongolia.
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Table 1 Basal physical and chemical characteristics of the soil

TRERE AE AHUR 28 A TR HER
Soil depth Bulk density OM Total N Available K Olsen-P NO; -N pH

(em) (g/cm’) (g/ks) (mg/kg)

0—20 1.48 13.06 1.48 118.01 9.42 19.03 8. 16
20—40 1.41 8. 00 1.18 73.45 4.84 12.53 8.35
40—60 1.34 8.65 0.72 67.25 3.97 6.48 8.35
60—80 1.46 8.21 0. 86 50. 36 1.77 4.36 8.27
80—100 1.36 6.70 0. 60 59.12 1. 60 5.00 8.57
100—120 1.45 6.85 0. 66 68.71 2.78 4.57 8. 64

L2 A&t IR A= 2B R E R, AR 2 40

¥ B 5 MR, 25 % 0 (N0)., 90
(N90 ) ., 180 ( N180) . 270 ( N270) ., 360 ( N360)
ke/hm®, ZACFREVLHES), EH 5 Ko DRERY
6 m x5 m SH{HERVMNX AR RS, MR A 1 m
N7, DREETHAMEEKEN 234 mm, K
B4 1350 m*/hm’, B AR 16 mm, 1k AR
30 om, LW E 2.0 L/h, REEREHKIEA , B4R
K HEAE S ] A 2 2,

cm, 2258 30 cm, FZ % 70 cm, BjZEH.LAHEE 90
cm Y “BE” BRI B OREMHIREER,H 1.2 m
RHEBEET (K1), 201045 J 17 HEMND
B CRBUSIET R, FEEE R 5 x10° #/hm’,
RIAEENRE (5 N 46% ) ; B I W B8
BRE5 (& P,0543% ) JIRBRHH (& K,0 50% ) , #EHiEE
Wi
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R2 BHEERAEDRIEKEIEENRE
Table 2 Time and amount of irrigation and N fertilizer for topdressing in potato

under plastic cover with drip irrigation

i N AR (m'/hm®) /18 JE & (kg/hm® )
N rate Trrigation amount/Top-dressing N
(kg/hm® ) 6-21 6-30 7-10 7-18 7-27 8-7 8-15 8-23
0 90/0 150/0 225/0 225/0 225/0 210/0 150/0 75/0
90 90/6.75 150/29.25 225/22.5  225/15.75 225/15.75 210/0 150/0 75/0
180 90/13.5 150/58.5  225/45 225/31.5  225/31.5 210/0 150/0 75/0
270 90/20.25  150/87.75 225/61.5  225/47.25  225/47.25 210/0 150/0 75/0
360 90/27 150/117 225/90 225/63 225/63 210/0 150/0 75/0
30 cm 30 cm

oY

90 cm

TR

40 cm

70 cm

«—>
<« > Drip irrigation tube
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>
>
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H1 BREEIEREE
Fig. 1 Profile of drip irrigation under plastic cover

L3 WEMBRFZE

BEAEI(2010 425 B 17 H) W 3KE (9 H 26
H)ZEB/Nh%, 2 A&/ ML IET F AL
BERER 0—120 em FEW L4, HHI(7T H4 H)
ZBHI(7T B 17 B) SZEERH@ AS H) .
WMRER(8 A 23 H) AEFFERE 0—80 cm
BELE, B/NX345, 820 cm 43R 1R, FZE 1T
FEHRSIEEE, T -4 CHKMRT . I IREHE
5 g, A 2 mol/L ¥ KCI ¥ % 25 mL 842, ¥ % 30
min, ;38 /5 F Skalar San ++ ﬁﬁiﬁi@ﬁéﬂ‘}fﬁ(( o 22
) WE L EHSESE.

DA ERABER B /D R FEHLHE 2 m* i
TR, AR 2R AR B2 35 F 80 C T 2 iE
HITETYRE, #£amBdadfE, A H,S0,-
H,0, %, Yl Rk Sk eg ™,

TEA VRSN L IELRAEHMEI
IR s BB 0. 5 mol/L NaHCO, 22 —4HIE Lk
s A A NH,OAc B2 KA 1 AR
P TI%k s 138 pH RIEREEHEIIE T,

1.4 Zit5it#E
HEMAEARER (kg/hm’) = +ZEE (em)
x HIEAE (g/em’ ) x HIEHESRTE (meg/kg)/10;

REWH L& (kg/hm’ ) = F MR X H_E ¥4
WMRE + WG TR B AR - B LR R
VHRRE;

REF MR & (kg/hm”) = (MR R + BRI+
PRETRAE + AREWYHLE) - AR L
WARRE + WG L EREY RAR);

RETHEHE R % & (ke/hm”) = 3BT+ 88
Y RRE - WG L EREY RAE;

RCHRAE S (NHI, % ) = (BR2E0% 4 8/ H bk B
R &) x100;

RERF AR (NRE, % ) = (MR X # -3
MRE - TAXM ERERE) /MR x 100;

RE A J (NPFP, kg/kg) = MR, X Pty
B/RE;

RERFEMAR(NAE, kg/kg) = (MK Pzt
PR - SERBREPR) /R

REEHMAR(NPE, kg/kg) = (MR K P2k
PR - FHARXHEE )/ (MR X #H B RR
B RERK M FHARAR) .

RIS SR P Excel 2003 F1 SPSS 15. 0 #4317
AL S0 , LSD i 22 5 B,
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2 HRGnr

2.1 FREREXNDHREREFER AERKF
PRI

H3 3 WA, AR BRI In T 4 2k
BRI R ER B, MR hE> 8
BEBTAMGRA, MR &y 180 kg/hm® FiHhE
PR, MAh, WK M R AL B i T A0 B B 2 i

HREBEBT AR, HEEE G2 K%
Ehnas, B Y68 2T 180 kg/hm® B, 4b3H
EhERRELBELST,

Rk R 3 (NHI) R R R 1 2 R R
& MFEI3EH, BEAGTHDR%E NH B
FEI7E 48. 47% ~ 52. 98% , HL Bt & it & B 1Y 3 b i 1%
13 N270 \N360 5 NO b 7E BE 25, YA &
it 180 kg/hm’ Bt , MifALHE NHI 2R A B3,

R3 REENDREREFEBRERNARENRE
Table 3 Effects of nitrogen supply levels on tuber yield and nitrogen use efficiencies of potato

P RERRE ERLEIN RERI BERMm BERKRY REER
Ak Tuber yiold Tuber N i34 AR EY ] RS AR
Treatment (/') absorption NHI NRE NPFP NAE NPE
(kg/hm*) (%) (%) (ke/kg) (kg/kg) (kg/kg)

NO 36410 c 126.66 ¢ 48.47 b
N9O 42535 ab 166.76 b 49.16 b 67.97 a 472.61 a 68.06 a 154.92 a
N180 44416 a 202.00 a 50.54 ab 51.06 ab 246.76 b 44.48 b 96.59 b
N270 41678 b 209.28 a 52.98 a 49.77 ab 154.36 ¢ 23.51 ¢ 43.19 ¢
N360 41132 b 218.97 a 52.65 a 40.30 b 114.26 d 15.12 d 36.00 ¢

13 ( Note ) ; NHI—Nitrogen harvest index; NRE—Nitrogen recovery efficiency; NPFP—Nitrogen partial factor productivity; NAE—Nitrogen
agronomic efficiency; NPE—Nitrogen physiological efficiency. [l —F$EGHAR/NE ZRFRAHEBZE P <0. 05 K EEF EFE Values followed
by different small letters within each column are significant between different treatments at P <0. 05 level.

REN AR RBCH FAZEE (NRE) FE & A
BEREME TR EE . N0 4 H A NRE H 5
K, H67.97% , 35 N360 4b3i2 5% B &, RHEM
MRERMT, ERRRBE IR ELSREAA,
ARBRENAGT, NN AEEH IR EEK
B A RERTE A RSCRI T L Sh 44 2 NRE &I,

H#E3 BT LA, DR ENRIERLE =2
(NPEP) AR ZE R AR (NAE) M i E A&
B3 i T B2 R, L3S LA NOO AbERE K, 4 I R
472. 61 kg/kg F168. 06 kg/kg,

DA ZENRE R A FAER (NPE) 38 H i /3%
M BRREHUNT=BOME., £3 B8R, 8%
NPE L) N9O 4hHEE T , K 154. 92 kg/kg, A FEE MR
ENENEREERMBMYBYE, BEYEREET
270 kg/hm® i}, % NPE 2R F B %,

2.2 DREBLEEHHEENTARALEHSRSE
MAEREBRIRIT

HE 2 TTLLEH, £ 408 0—20,20—40,40—

60.,60—80 cm + ZH NO; -N S EHALHEE

TR B3 T g i g e, BLREE & T AR
BRI ERREETRENEE . £F 6T
B, FHEAFRTZ NO; -N FBZRRI N 0—
20 cm >20—40 cm >40—60 cm >60—80 cm, FEH
T HBRNER, AR EPALENO; -N SEE
BB/ ,0—20 ¢cm.20—40 cm + E7EEE 100
KA ,40—60 ¢cm .60—80 cm + EERE/G 80 d /&£
FRETRE, 1o, YR BB 270 kg/bm” B,
MEF B, )G 60 d £4,40—60 cm L EFH)
NO; -N & hF, Z el TR #/5 60—80 d A&
£,0—20 cm 13 NO,-N FERE, T FH&E
B AR

1 3 W0, 7R AR B ORI , AR R R
SERREH N NO LB, £ 040 cm 2
B A TR SARRBFREEE 2R, A0
N90 .N180,N270,N360 Lt NO #bHEIEIN T 42.37% .
87.74% ,121.93% #1 175.72% , 7E 40—80 cm FI
80—120 cm 2+, NOO KIS AR RES NO
Y TL R EE R, A ¥ N180,N270 ,N360 [+ 1%
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FEFF 5 REL(d) Days after sowing

H2 DHELFHEATALIERELEWNSASENTL
Fig. 2 Dynamics of NO; -N contents in different soil depths during the growing season of potato
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B3 FTREAKXFEFTAELENO; -NHRE
Fig. 3 NO; -N accumulation in different soil depths under different nitrogen fertilizer application rates
[E(Note) : & EARR/NEFRERF—TEERE T ARMAAHEL R BEME (P <0.05) Different letters above the bars of different soil depth

groups mean significant between different N application rates at the P <0. 05 level. ]

WARRERBEZE T NOAE, 4R INT  53.17%.52.01% \47. 74% F1 48. 67% ,
66.02% . 155.33% . 179.01% M 124.76% . 2.3 ARHEREINTERETLEHNZIE

179. 34% 276.98% , W4b, R ZIRIRE, # R HTFF*TEREARKELEPIHITNAEETEL
FAFET0—40 cm T EMESRARERL0—120cm NO;-NEXRAFEM, BER S A B HFER
LEMASRABERBW AR K, A3 N0 N0, B ARZEEH SRS, HERE LA
N180, N270, N360 B i b # 4 3| A 52.14% . NO, -N S 21N EKE. ZEINSRERAXN
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TIREMF R HEE, B HETIANERN L E
EH0—120 cm HE,

NG BRERNETEENERFELSR(FK4)
HUEH, ZERENWER AT S, A&, Bl
NO; -N REBMATHHNNART LEEEIR
HEREM, B A 2REGEE R m 82 8,
BAREH NO; -NREBANATHNNARY LE
o B A B L B BE R B B3 I T B, (BEEAR
RX, —EZMER T LRENRER.

ERFWBHID, DREREAR, LT
NO; -NZ B & R R AR SR M AR
B, K LR ERAE(y,) NO; -NRE
B(y) . REFMUMKE(y:) EERWAR(x) B

fTEEST, BB B F 5Ny, = 0.3793x
+ 94.557(R* = 0.9741** ) .y, = 0.4599x —92.238
(R* = 0.9862*" ).y, = 0.1608x —2.3226 (R* =
0.9964™" ) ,BIZEEHEIN 1 kg AR, HRBERA
81537.93% ,NO; -N REB & 5 45.99% , R EZ £
kg5 16.08% ,

FESNEREN , FLEHRN DA EREAE.
NO;, -NRBE AEXEMBAEZFEE, HYiE
REHET 270 kg/hm® B, FAHE R DR ERRER
BEE, AL EHEAARAENSRERAER,
B HBEANBRINEBER M, WAL, AR (NO) 4
HLEHEPHSANREERER, BEHAEN
¥, HIERE PSRN IR BB,

£4 FTELEDHE0—120 om 3E LT = F % (kg/hm’)
Table 4 Soil N balance of potato under different treatments in 0—120 cm layers

REAE N input R N output
b3 ik NO, -N NO; -N % & RIEBR
e EENOON L BEA e N, BUBE  po
Treat. Initial . Total Potato Residual Apparent
N rate Mineral N . loss
NO, -N input uptake NO, -N loss
NO 0 148. 50 37.76 186. 26 156.95 d 29.3d 119.20
N90O 90 148. 50 37.76 276.26 199.25 ¢ 40. 82 cd 36.18 d 107. 68
N180 180 148. 50 37.76 366. 26 239.65 b 55.15 be 71.45 ¢ 93.35
N270 270 148. 50 37.76 456. 26 280.26 a 71.02ab 104.98 b 77.48
N360 360 148. 50 37.76 546. 26 291.15 a 86.57 a 168.54 a 61.93

H(Note) : E—FEEBHARE/NEFRDHNFERATERZEFBE(P <0.05) Values followed by different small letters within each column

are significant between different treatments at P <0. 05.

3 e

BT AR I 2R T T S X DA S A P K
R . AT, 7R T R R B M R
T, DRERAF-BHEEHRABNENELEARRE
KRR S, H DA N180 4b BB /&, YR & B
270 kg/hm® B}, T4 B H 2L BB KT NOO 4b3,
A RAEARRBAAET, HEEZE 9 ~ 180 kg/hm’
i}, B SE B B, Sk i RUE A R R DA
B g, DRERACHENIEREARBER
TAMGRALIE, HFEE AR IR ; 2
BT 270 ke/hm® B, 25 R BN B N,
TR AN N R AR, BEYENRENR
A GA —ERTEE. ARBERIES(NHL) £ &
ZHEYAT R TYRMAREBNE M. SR

i TSR NHI DL N270 ACBHE: R, 25 52.98% , i
HEZGER T, SR BRIV AEZEZNERED
Pk, GRENEZREFIHRE(NRE) BEK
2 FIFRE (NAE ) (R R A AR (NPE) #L2)
NOO 4b FREL 75, 43 B % 67.97% . 68.06 kg/kg
154.92 kg/kg, RIEFHBEAMUGHAR AL
AR, EZH L EEM RBEE G Y RFHEE
2, B AR SR ARRELYERHEZEE
TSN T SREM AR FHAFLE,

WL AR B DA 40 B A TR AR K
ER o AL E I EAL B A A, X R EW EER
WA ERRES B ESEAS ' S5IE
REEBENIEHX, HES TIRRBWHANERZ 8%
WEEH AR BB WL - RS Ak H" B
Johnson 1 Raun AN, H 75 254255 1 HE DL 8 A



660 HYE SR 2R 18 %

ISR, 74 % A R AR S PO ER 5 e Bp
R X HIEARHFE N T EESBNLZLEEY
BE , TSR S 2 B AEE A & 030
o, R A RS 2 B N R R
YRAKSEY  ESANREREZERERENE
EhR, HRRBEERRTHEABMEKE,
AHRF,ETLELEMIEREHHHERERN
R, DR BEBORIISAL I 0—40 cm 1 JEHH
[AHEE S EMIERERW BT 47. 74% ~
53.17% 2 a) , &40 3 80—120 cm + EMS AR E
B IR T 6.43 ~21. 44 kg/hm’ , PiHAZE AR
BAMT, BRI &4 3 138 NO, -N REMBA
0—40 cm + )2, H 80—120 cm 1 21 1 1% NO, -N
XS THEET [F 2 L IE A A FAR B R

WEMREN, YA EEH —EREN, RE
FMBR AR, AP, REFEITHE
HGREV, SREATH I EARE N 186.26
kg/hm’  HAREH LD R ERRATE, RESS
BRERAE.0—120 cm +Z NO; -N RB & . =M
BAREBEBEEMAE(R = 09741 R =
0.9862* . R* = 0.9964 ** ) , 6] I, , 3% i 75 IE ARAR ok
DABEMRERIL, B YR 2Bt 270 kg/hm’
g, GRERAREAEM, W B EHSAHRE
2. BAERMI K BNLREI N,

4 258

1) M8 180 kg/hm’ B} R E P2k f= B &
5,15 44416 kg/hm’ | Th A4 B 2000 ST B AIIKIRTEEK
WEE TR B A Bt AR RIBCRI 2R
RERFFAEMAR L BRI RS LU NOO kb3
BE, 03K 67.97% . 68.06 kg/kg F1 154.92
kg/kgo

2) RFEIHELZER NO; -N 2R AL HFEE
it 4L B2 ) 1 18 By A e, ORI - A B 0—40
em +EHSAREE S 0120 cm L EWHEER
BB 47.74% —~53.17% ,

DNEREBSLRERAR MIARBE. R
MMKREERE LR, HORERRAE. +15
NO,; -N B EMAR KWK E S F kIR
) 37.93% .45. 99% #11 16. 08%

Z LR, ERSEEHILILEDRE R =X, R
iR 2B ERE R AR ST RIE , A & HI7E 90 ~
180 kg/hm’ , A SLBRR AR R RAEAH R E 19,
BB TE Y KU

& % X W
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