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Effects of different water and nitrogen levels on tuber yield,
water and nitrogen use efficiency of potato

LI Wen-ting""?, WANG Shi-wen'®, DENG Xi-ping'*, LI Hong-bing'-?
(1. Stata Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateaw , Institute of
Soil and Water Conservation , Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China;
2. University of Chinese Academy of Sciences , Betjing 100049, China; 3. Institute of Soil and Water Conservation ,
Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: Using virus-free plantlets of potato (cultivar Atlantic), a pot experiment with three soil water levels
(90% , 70% and 50% of field capacity) and three nitrogen fertilizer levels (0, 0.2, 0.4 g-kg™") was conducted to
study the effect of different water and nitrogen levels on tuber yield, water and nitrogen use efficiency of potato in order
to provide information for better management of water and nitrogen in potato production. The results showed that, under
the same water level, potato tuber yield, biomass, water and nitrogen use efficiency under moderate nitrogen were higher
than those of low and high nitrogen. Under the same nitrogen level, potato tuber yield, biomass and nitrogen use efficien-
cy all increased with the increase of soil water content. Among the nine treatments, tuber yield, biomass, nitrogen agro-
nomic efficiency and partial factor productivity under well-watered and moderate nitrogen condition were the highest, and
their values were 273 g+ plant ™' 359 g+ plant ™' .52.5 g- g~ " and 143.9 g-g~', respectively. It suggests that 90% of
field capacity and 0.2 g*kg™" soil was helpful to higher yield and use efficiency of water and nitrogen. In addition, high-
er biomass and lower harvest index under moderate nitrogen suggest that moderate nitrogen increase yield mainly through
increasing the accumulation of assimilates in plant, but not increasing the allocation of assimilates to tuber.

Keywords: potato; soil water content; nitrogen fertilizer rate; yield; water use efficiency; nitrogen use efficiency

75 B #3:2016-01-06

EETE : GBSO 8 4 R X AR 0% ) 5 T R BF 5 (2015BAD22B01) 7
BB : 2500 (1983—) , 22, INPEB IR, 058 4 R 5 1n) A AL AR S . E-mail : 34338910 @ qq. coms
BIS1ESE B (1959—), W, BRPEPE 22 N, WF 9T 02, 6 5 N FAE ) A A S ST o E-mail: dengxp @ ms. iswe. ac. cno



192 T2 X AR AT

o34 %

Th % R A SR DU R TR 5 R AR,
JEE G R DL FURHRIBE AR Y, HT R
EH R SRR T RIS R A
R i B O R A R A IR K IR AR
SMEREE R ZR S VR IR Z 2R, o R AR I 5
BONFTTE I RP AT 2L, L ) o 4% 3
FEEF 23 DR SRR A R, &
TEHALATLE R G Be 7K 7375 R 2 5 | R 0™ i i ot
WAL, JUHORAE B % 58 T ) O B S B B 25
T IS BT 10 3 Bt ], R X 7K 3 o B 4 =5
LA f T 2Rk AL AL, T 5 A A L
TR AARAE AR K, K BER H 45 Ak, B R A 1
HEYE A A RR RIEHESS ] P S a0t
FIRZEM A, 4ERF G A B AR A7 A B A8 B HE
B, AT F7 00 B R A= 3R s BUIEA 22
FERRAE IR/ &, i F /NI R, 7 BRI 5
ek et P RO 2 S R AR MRATIIGE I, SR 9T, 2
KD AR REE I 56 RS, TR = 510, Se Tk
RN EHERTE YR, BTN IS 2 46 HP e K 73 B8R
JIEL B A %o A% 7 K SRR SR 9 R ) L
KT KA HAE DA T Hg, A5t
FE T AE B R U G AN R K R 5
B MR B HRCR B A AL, DU N 3% 25
FR e 7 K BT YR ZEOHE P e ) FH B AR

1 BRIk

1.1 R HR

ARG AE B P A e v B R B KRR K AR
W B 5 4T, WL B 2 34°127 ~ 34°20'N,
108° ~ 108°7" E, #3K 431 ~ 563 m, £ 4 <
13°C, 44 H B4 2 163.8 he iR FH 1 4 1 ERE
2 2 FE K AR TSR A B0 0 (36°51'N, 109°19'E)
HEELE -, pHE N 8.27, AHLUE SR N 2.4 g-kg !,

EREEN0.32 g kg™, 2WE(P) F il 0.68 ¢
kg LB (K) SN 19.6 g kg LIS AT H N
16.91 mg-kg ™' AR F A 38.72 mg- kg™, AR
WE(P) & il 24.82 mg- kg™ !, HALH (K) & & N
276.3 mg-kg™'o DAERESEE NP R VYVE JCHE A B
HOMRAE, AR ZE (N 46% ) , T3 B IR 55 (P,05 46 % )
B ERE (Ko0 51% )43 5IVE R & B B AE
1.2 REit

ARG 3 KK 3 AN EE K58 4
Ak, 4t o Kb, BLA ILFR 1. 25 A BB AL Fné
JNE AT EARTR], 23 ) B8 e AT it P,0s 0.2 g Al
K0 0.1 go X5 FH#E 4 5 30 em, HAE 30 em 1Y [RIJE
SHRL , ZER AT 3 K35 9.5 kg i ~ FREUX T 151
LIETH L, I 5 AR U I BERL T2 /IR B 5 28 AT
Mo 2014 4F 4 J1 10 HZEHE R 29 20 em K H—3
P AR AN T, AT — bR, A A0 22 45 4, 2t
405 Hifl o T HEHF K BRI PR B AT 1A, B R
FICRIFRN B K AT 1 E e R IR
291.5 em SR AT, B 1 BB OK 7 A 1 AR 45
5H 6 HZHIH N — B AR 47 158 | R K & 1
90% o N B 1L R 2P K o0 B e re A i iR e e
BEULER N T, MR BE (5 A 6 H) iRtk
SEFEEA TR A3, BT AE (6 18 H).
1.3 MEREHEMITERE

TR L5 (6 18 H ) BURE, 58 & Wi Bkl
PR, Arit 25 R IR ZE PR e o, B K M AR A
Yy e R TR

HARAH AR TR F

WORRAE R = P2k i/ Bk W

TG RIS = P8 1 /4 & SR K &

RIERZFF AR = Ol A AL B ™ & - At A ™
) /A

x 1 AR
Table 1  Experimental design

7K1 7K Water level

AEK- Nitrogen fertilizer level

IEH 7K G5« RAF 90 % 11 + 458 FH [B] 457K 1
Well-watered: soil water content was maintained at 90% of field
capacity

RA : BIEANHERENE Low nitrogen: 0 g-kg™'
RGBT T i 0.2 ¢ 4% Moderate nitrogen: 0.2 g-kg™!
A BN T it 0.4 ¢ 2% High nitrogen: 0.4 g-kg™!

FPRE AR S WaE < PR 70 % 1) 398 HH ) 45K 2
Moderate water stress: soil water content was maintained at 70 %
of field capacity

fRA: TR ZEAL Low nitrogen: 0 g-kg™!
PREAT T L 0.2 g 4% Moderate nitrogen: 0.2 g-kg™!
ERECBA TN L0t 0.4 g?‘hﬁ High nitrogen: 0.4 g'kg'l
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Serious water stress: soil water content was maintained at 50% of
field capacity
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1 RRAKBRFHTORBHNRETE

Fig.1 Potato tuber yield under different water and nitrogen levels
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Table 1

Variance analysis on effects of different water and nitrogen levels on tuber yield,

total plant biomass, harvest index, water and nitrogen use efficiency of potato

F i F value
EES - b ORI KAFIRBER  AEREMAR JEmE™ T
Factor Tulir old JLB'omass e EI< Water use Nitrogen agronomic Nitrogen partial
ol ylr ) / ! lant-1) .azvest efficiency efficiency factor productivity
* plan * plan index
& Ep /(gkg™") /(g g™") /(g g™h)
TKAF 7K Water level 34.9377 30.08" " 0.34 0.37 6.927 " 21.69" "
RIEIKF- Nitrogen level 72.91" " 91.39" " 186.69" * 6.137 " 87.63" " 495.427
4 .« & 7
ARIPACE x RIAH 2.93" 4.27"" 5.08" " 0.68 0.22 1.20

Water x nitrogen

TE: = Bl S0 FIR 191 5% K- 125 05

Note: * and * * indicate significant difference at 1% and 5% level, respectively.
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Fig.3 Harvest index of potato under different water and nitrogen levels
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Fig.2 Biomass of potato plant under different water and nitrogen levels

x3 ARAKEKFTIRINKSFIAYER, RIEKEFNRRMEERESN
Table 3 Water use efficiency, nitrogen agronomic efficiency and nitrogen partial factor productivity of

potato under different water and nitrogen levels

KSR AN 25 F] %

FUL A

AbHRL . Nitrogen agronomic Nitrogen partial
Treatment Wate/r (useke{fﬂCIGHCy efficiency factor productivity
erke) (gg™") (g'g7")

IR Low nitrogen 19.0+ 1.1abc — —
Wfl»:lr\%gjzﬁed 1% Moderate nitrogen 20.3 + 1.5abe 52.5+7.9a 143.9+7.2a
R High nitrogen 17.3+0.6¢ 11.1+2.8¢c 56.8+2.2¢

I KA G fIRA Low nitrogen 18.320.3hc — —
Moderate H1% Moderate nitrogen 21.3+1.0ab 48.7+6.4a 135.3+5.2a
water stress 7% High nitrogen 19.3 + 1.4abe 9.5+3.4c 52.8+2.9¢

TR KA Low nitrogen 17.8£0.5hc — —
Serious water H1% Moderate nitrogen 2.4z%1.1a 31.8+4.3b 109.1+4.1b
stress % High nitrogen 18.5+2.2hc —3.1+3.4c 35.6+3.2d

T R AP RUE-FIME « dRifEiR 22, SR R/NG FRER 227 B3 (P <0.05) .

Note: Values were means + standard errors. Different lowercase letters in each column mean significant difference (P <0.05).
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