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Effects of irrigation frequency and fertilizer rate on growth, tuber yield
and nutrient uptake of drip-irrigated potato
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Abstract: [ Objectives ] In view of inappropriate irrigation and fertilization as well as low water and fertilizer
use efficiency in potato planted in sand soil in Yulin area of northern Shaanxi province, field experiment was
conducted to examine the effects of irrigation frequency and fertilizer rate on growth, yield and nutrient use
efficiency of potato (Solanum tuberosum L.) under fertigation in order to scientifically regulate water and fertilizer
use and provide scientific reference for potato production. [ Methods ] Field experiment was carried out in
Agricultural Science and Technology Demonstration Areas of Yulin city, Shaanxi province from May to October
in 2016. There were total of 9 treatments combining three irrigation frequency levels, i.e. D1 (4 d), D2 (8 d) and
D3 (10 d), and three fertilization levels based on different ratios of N, P,O;, K,O, i.e. F1 (100, 40, 150 kg/hm®), F2
(150, 60, 225 kg/hm?*) and F3 (200, 80, 300 kg/hm?). Growth indices were measured during the growing season,
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tuber yield and its components were measured at harvest. [ Results ] At the same irrigation frequency, there was
a positive correlation between growing indices and the fertilizer rates, and the tuber yield increased with increase
of fertilizer rates, but the partial fertilizer productivity (PFP) and the nutrient use efficiency decreased. There was
no significant correlation between water use efficiency (WUE) and fertilizer rate, and the average tuber yield of F3
was 41518 kg/hm?®, 11.75% and 8.52% higher than F1 and F2. The PFP of F1 was 128.12 kg/kg, 45.67% and
78.99% higher than F2 and F3. At the same fertilizer rate, there was a quadratic correlation between yield, PFP
and irrigation frequency. D2 had the greatest tuber yield of 42932 kg/hm* and highest PFP of 105.88 kg/kg, and
D1 resulted in the highest WUE and nutrient use efficiency, but had no difference with D2. As for interaction
between irrigation frequency and fertilizer rate, the highest tuber yield and WUE were attributed to D2F3 with
44870 kg/hm® tuber yield and 107.39 kg/(mm-hm?), respectively. D2F1 had the highest PFP of 142.02 kg/kg.

[ Conclusions ] Reasonable irrigation frequency and fertilizer rate not only sustained good growth characteristics
of potato, but also resulted in the maximum economic benefit. In comprehensive consideration of yield, water and
fertilizer saving, the treatment of D2F3(8 d, N 200 kg/hm?, P,O; 80 kg/hm’, K,O 300 kg/hm*)was appropriate

water and fertilizer combination under the experimental conditions.

Key words: irrigation frequency; fertilizer rate; potato; growth; yield; nutrient uptake
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Fig.1 Accumulated irrigation amount and rainfall in the whole growing period of potato
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Table 1 Effects of irrigation frequency and fertilizer rate on plant height and stem diameter

A A B R 2L Growth period and the days after emergence

ARARRR KR e

o o Hill] £y A e HeE g i) TEM TR A
Growth  Irrigation Fertilizer ) ] ) i
. Seedling stage  Tuber formation stage Tuber growth stage Starch accumulation stage ~ Maturity stage
indicator  frequency rate
20d 35d 55d 75d 93d
R (cm) D1 Fl1 35.1 be 47.90 cde 56.67 ¢ 61.73 ¢ 61.83 ¢
Plant
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height
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IL x FL NS NS * ok ok
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diameter
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F2 8.74 bed 10.72 ¢ 12.71 de 13.54d 13.67 ¢
F3 8.80 be 11.19b 13.61 b 14.39b 1448 ¢
D3 F1 8.51d 9.83¢ 12.04 f 13.02¢ 1312 f
F2 8.64 cd 10.25d 12.55¢ 13.64d 13.95d
F3 8.72 bed 11.11b 13.07 ¢ 14.01 ¢ 1421¢
I E MRS 5 Significance test
HEZK AR Trrigation frequency (IL) ok Hok *k sk ok
Jifi A i Fertilizer rate (FL) NS *k ok . .
IL x FL *E * NS NS wx

# (Note) : *—P<0.05; *—P<0.01; NS—&F AL No significant difference (P > 0.05). [f]—4: KFgbn F[FFIE TG A FhE 5
INE IR 5% [F 7K Values followed with different letters in the same column indicate significant difference in Duncan test at P < 0.05 under the

same growth indicator.
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Fig. 2 Effects of irrigation frequency and fertilizer rate on leaf area index (LAI) of potato
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Fig. 3 Effects of irrigation frequency and fertilizer rate on dry biomass of potato
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Table 2 Effects of irrigation frequency and fertilizer rate on yield, water use efficiency of potato

T AL i B 757 [HlCE i K& FEIK &L IR VE S
Irrigation Fertilizer ~ Tuber/of perplant ~ Commodity potato Yield Irrigation ET WUE
frequency rate (g/plant) (g/plant) (kg/hm?) (mm) (mm) [ kg/(mm-hm?) |
Dl Fl 864.5d 818.7d 40241d 218 392.0 102.66 be
F2 895.8d 846.0 cd 41222 cd 218 404.9 101.81 be
F3 948.4 be 891.1 be 42370 be 218 407.8 103.90 be
D2 F1 907.7 cd 855.5 c¢d 41185 cd 218 426.0 69.69 be
F2 986.1b 940.0 be 42741 b 218 4259 100.36 be
F3 1068.7 a 1016.8 a 44870 a 218 417.8 107.39 a
D3 F1 666.4 f 584.5f 30037 f 218 445.0 67.51d
F2 7219 ¢ 684.7 ¢ 30815 f 218 438.5 70.27d
F3 891.5d 814.4d 37315 218 4279 87.21 cd
BEVEREL Significance test
HEZK AR Trrigation frequency (IL) ok ok ok .
Jifi i & Fertilizer rate (FL) ok o sk NS
IL x FL HE ok HE NS

I (Note) : **—P<0.01; NS —225 A3 No significant difference (P> 0.05); [Fl—4: 3845 T FIFIET G B R TR 8RR 25 535

5% & IKF Values followed by different letters in the same column indicate significant difference in Duncan test at P < 0.05 under the same

growth indicator.
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D3 il 33.97%H1 37.11%; 7EH 4 5IE & T (F2),
D1, D2 il D3 ZbEE ) =i Fl B R B ZE = i 2 (0] 22 57
B3 (P<0.05), {H D1 Fl D2 kb2 ] 5 b 2 2% 5
AEE (P>0.05), D2 ALFF=HH D1 1 D3 5057
3.68% f138.70%; fEmEft& T (F3), D1, D2,
D3 Kb hE | PR R S S ) 25 e
F (P<0.05), D2 AbFHfH =5tk D1 Al D3 4351
5.90% #120.25%. 3 MiEALE T, D2 AP35 &
4 42932 kg/hm?, FILUE Y, YR, S8

B ST R R R B

2 R/W, K 53R KR 32 HE K
B 8 2 R, T it A X6 7K 43 ) 2 R A S e S
F o TEAHERTE AT, KRR 3 it 25 i I
SRR, IC R X K o R R ) 5 T 5
VAT IR B AR, U0 B it A 7 AN e 25 4
KA FIHRCE . Y& —E R, D3 BRIk
FI IR W] AR T D1 M D2 kb BT A9 7K 43 1) 2%
#, MHENSRESEFHNEKEMERE, &
A S8 1) FE K B i A VR KR s /IN TG I, X 2 H
T A2 DUl /M AS S AR AR 2 2 B — PR
S S 7/ STEN T R e % R N ez e el S LA
KA AT R AR TR, AT F:3L D3 A B Y FE/K & fie
L SFHMEIAF) 437.1 mm, B D1 FI D2 KR
F S-S HRE K 23 501 s Y 8.85% I 3.28%, fH 244N
KT 22 ) 77 hE 22 AR, PRI 75 AR 2 %o 7K
G FARCR 7 A B 25 5
2.4  A[EPEKINZFEFMEEE 3T D HE T2 RWEN
SECRIF N

DR BN AI S E A . B R
Wi 5 it IS e %) 348 o T 398 i, it R KA R (1 14 T e
BRI/ (] 4), D2F3 AbEE T s SR i
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Fig. 4 Effects of irrigation frequency and fertilizer rate on N, P, K accumulation and distribution in mature potato organs

[ (Note) : J5ik EARRIFREIR AR AL BREITE 5% K28 5 023
Different letters above the bars indicate siginificatly different at the 5% level.]

P ERR R, 3N 19179, 57.50, 179.48 kg/hm?,

ME4A) \TUE R, B0 aE PR R R ESk
E>m R > >R, BEEPHARBERE N,
BRAEILF] 152.65 kg/hm?, Bk AZ B E
LR 73.90%~81.47%, TMiARAL %] 3.19%~
4.33%, A E B pEE A BN, WA
TR KT R B 3G I e s vds, HOFL. F2 R F3 &b
HR I 4% S A Y e RO A R R L
1:1.5:2, X5 F1, F2 fl F3 T At 0 e il 3 A
FAIA], 150 B I 5t ) 385 AN e S 2 i v 0N A TR A
BeR, D2 AL 2P AR RAEHR 146.50 kg/hn?,
It D1 i D3 AbFR5350 55 i 19.47% Fil 42.37%.

ME4B) ATLAE H, &4 B T RBER 2R
SYBCHUA SR E LML, M > bR > 2K >, B
R 2R E EORME 1 BTE D2F3 43R, K
48.64 kg/hm?, (e REBER B RELR Y 84.40%~87.74%
FEAHF E KR, B RESNRE T R
B 25 i B2 S B g, F3 ARBEA R ORME, SF
KIE A 53.99 kg/hm?, o F1FF2 435 H 50.31%
F118.61%; TEAHFAMEAL & T, B2 REUR bl
IKATA BN AE G IS /N, 7E D2 bR B e KA,
SEHIE N 48.90 kg/hm?, HE D1 AT D3 23051 H 7.85%
F18.72%, FILAE Y, AHECTHEAKMAE, it it
AN T

ME4C) ATLVE Y, BIRAES D E Iy RN
NS REMBERAR, FHPZE > > >R,
P b i 2 R A, R (E A D2F3 &b
L, O 97.23 kg/hm?, [ AR R SRR R REE
(1) 54.19%~58.50%, Z5HHH 2 SBE 54

Z EHER 29.74%~39.65%., TEMFIRHE AR T,
PR A A B P SRR I A S % B
Jin, F3 AR BRI R EEUE A 143.01 kg/hm?,
F1 1 F2 AbFE43 51050 69.58% Hl 33.92%; 1EAHFAY
FEAE RN, B 2 BB Bl HE KO 3R 1 1 i S 38 o
JE /N, D2 kb B RR A BAURCSEHE N
138.62 kg/hn?, [t D1 1 D3 AbEEE; H 31.16% F1 54.33%.
2.5 GEKIMEFNREAL £ 3 D58 E 7F o UL FI A AY
A

VRE 7 23 TR it A e XoT S B28E 0 R FH 280 23 o I A
A7 A L R (P < 0.01), KRR
X A CRCR A R (P < 0.05), XTRE A
B ISR R A 2 i HL R 3 BRI (P < 0.01), JitihE
0] 3R IO R A L S R (P < 0.01),
X R FIBR 3R ARSI 5200 (P > 0.05),
T 7K 2 T it AT o 14 28 B A 6 4% 0 28 1 R R A8
KERH A 77 #0252 5 (P < 0.01), X
K TCR WSCRBA BE R (P> 0.05)(3% 3).

M3 ATLIEL, TER—EKBRET, 585
JIE Ak B4 1 P 2550 % i 5 it A o P 38 ik /N, P14 R
R R R HRCR YA B R ME, P IE S50
449.6 kg/kg. 1031.42 kg/kg Fil 439.62 kg/kg. b
F2 F1 F3 205155 48.50% Fi1 74.36%, 23.34% Fil
34.25%, 19.63% il 48.25%; FEAHFIMMEAC R T, B
) FH A3 Bl A KBRS I mi g hn, i A R
AR 22 U] Bifi 5 8 7K 000 23 1 15 hn SE /N e 14 1A
W, ZEGE R, VEK AL B  oT R 1A
FHRHRA 2 BEH, DIF1 AR T & IcE A

BRI o
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Table 3 Effect of irrigation frequency and fertilizer rate on nutrient uptake and use of potato
UL A N P-0: K0 M2 71
Irigation Fordlizer — gipaes  wplodek  RUERGR wloik FUERCE WuloloR PEP
frequency rate NUE UPE NUE UPE NUE UPE (kg/kg)
D1 Fl1 481.58 a 0.84 abc 1143.20 a 0.88 ab 47398 a 0.57 ab 138.76 b
F2 323.54d 0.85 abc 893.42d 0.77 bed 424.10 ¢ 0.43 ab 94.76 ¢
F3 270.06 g 0.78 be 773.61¢g 0.68 cd 31392 ¢g 0.45 ab 73.05¢g
D2 F1 431.26 ¢ 0.96 ab 1048.50 b 0.98 a 432.16 b 0.64b 142.02 a
F2 280.78 f 1.01a 856.36 ¢ 0.83 abc 302.95h 0.63 ab 98.25d
F3 233.96 h 0.96 ab 780.35 f 0.72 bed 250.00 1 0.60 ab 7736 f
D3 F1 435.95d 0.69 ¢ 902.56 ¢ 0.83 abc 412.71d 036a 103.58 ¢
F2 30398 ¢ 0.68 ¢ 758.99 h 0.68 cd 37538¢ 036a 70.84 h
F3 269.54 ¢ 0.69 ¢ 750.95 1 0.62d 325.67fF 0.38 ab 64.34 i
B E ML Significance test
HEIK SR Trrigation frequency (IL) *k *k *k * *k *ok *k
Jiiit i Fertilizer rate (FL) ok NS ok ok ok NS ok
IL x FL *K NS *x NS *x NS *x

¥ (Note) : NUE —Nutrient use efficiency; UPE—Nutrient uptake efficiency; PFP—Partial factor productivity; *—P <0.05; **—P <
0.01; NS—2RA 3 No significant difference (P > 0.05); [F—35H5 T FFIE TG AR AR R 2ZERIE 5% W3E /K Values followed by
different letters in the same column indicate significant difference in Duncan test at P < 0.05 under the same indicator.

TE R — FE K AR, il IE o %o 20 38 R0 25 110 g
WO R AT B R, R B 2 A AR R AT
FLRE M RZ Bl 28 0 WSO8 % i 2 it IES 2 1) 34
/N s FEAA R BRI & T, 45 003 A WIS Rk % b
A TE AT R I B SIS 0N, AU 2 Wl
RORELE D2 WEKWUR T ik Bl KAE, FH(E S5
7 0.98 kg/kg. 0.84 kg/kg 1 0.62 kg/kg, . D1 Fl
D3 A BRI ISCCR A 19.51% 1 42.03%, 7.69%
F118.31%, 29.17% Fl 67.57%.

TEF—REAKIAR T, F1ANEET 19 4% 2 A0 ki
e, XA 128.12 kg/kg, L F2 1 F3 4b
PRSI 5 L 45.67% 1 78.99%, T Bl
il SR TR ) 1B (= Wi = 2 ) i B R 8 (3 B Y
SR IR DI B AL i A AE R A
T s AR AL & T, D2 Ab3EF A AL R A=
7RI S TR R D1 A D3 BALEE, SE(E
iK% 105.88 kg/kg, FLIEAKAR A D1 Ml D3 AL B
S 3.61% F133.03%, Higbnl i, 4 Th44
IV AKO3 SARA, 2fif SR B R B2 ™, AT
SRR A 1 SR R i ELS KR A
L, MOk A = o 2 it A 2 £14) 5 M) B 4 2%

3 e

A SCWFSEAE SRR, /K A At AL 12 06 o 4%
FRVERARRR . . KAEH LR BARAT 3
FIREIA o EAT VK 1 A KR X B % A K 1
WA JT T, HABES R B, Y TR K RO,
JEISTBE I, PR, (HZHIAN S Bl HE K )
AR/ NI R, HREREE IR R, FEREEIIDY 8 d
14 A T % T ) A ROIR B i e i T i S ok
Vi, SRR AR AR 2 DAL B R H BN Y
L, AR, SREAETIRT, s, 228
I TR 2 Bt AU BB g, e H R
B, BEKRLL D2 AR BEAR K AR bR I A, XS AT AT
FEASRAL, FEREK AR BT, S5
A R AR B B it I 2 3 g X AT AES
WItHSR AN R LSRG AN A5G

TEKIRMBEAL B SR E TR ARAE L
FA A, HGE X SR Y B R BT )
oA AR SR R L B LG il 2 A, HLE{E i B AR B
R BER SRE AT, TR
(R H R R ) T BREER, SR R T I
FEREAE T R R “S” AR, AR AT
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1H T A Xk A% 1 e i BOK B R A 4
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AT DA A8 7 i MoK Ay R AR s oK
AP AHIRIR ,  Th A% S0 7 a2 I 2 e S Sk 1 18 i 4
BN S BN 2 AR A RIS B, B it AT = nT
PAAE — 58 B2 B b G2 K 4 ol 3 % 5 48 S8 A K 1 5
Me T Eh AR AR B AR K AR, DT 4R v 7 A
RO FI R0 TR A 7=, B R
B, Bl i AE R A RN, FE P A A A 7 T 2
AN AGRE T, ER S AR R K SR
T, 7 KoK AR AR s T A it A s 1 16 0 T 3
i RE Rk A 7 7 D0 i it S i ) 0 a0
X ST AP A R A YA R,
B 5 HE KA R ) B I S i JS i8N, D2 AR FE R Y
B BRI 8 K, X 5% %5
IR ES AR IR, HK 7RI LE D1 5 D2 #K
WR T ZRARE, D3 KSFHMEH KT D1
1 D2 AbFE

HEAX R VE 25 T 1) S8 B35 W S s
KRG AR, DR EX R 7K
K, MR TR, i ST 54
F14) W AL T 3 2 T e i 1) A ) e ) RS, Badr %6
KRRy 5 Bk P T, TR S R A A R
I, YRR RN, I35 W Bl it I i 3
hmsE AN, R K4 T B £ G B TS B i R
ik, MRS R RHRCET; YRt e, &
TE AR R AR ZR DA S WO 22 A R A R AR K
ok, DTG N B8 1) 3% 0 R FHARR e, AR5
W, FEHEKE TR, DR 355 R L
2Rt 255 1t S S 0 BT T S R0 L i T KR 11
RN, SR R AR 1Y WSO8 A2 i IE £ 7Y
SN SR 2, (F R I A S e e A S Y 14 i o 4
i, X S ET RS AR, H A A R At A

BT, BNEFRITER BB A [ HE K93 1
M) SO 86 A W S A R, B KO R 5 4 MRS A
WA TR — DI, SR A R KIEL BT B 4%
SRR AT R AR, b B HE AR i I
AMUREAE R R BB AR KR, $em BN
KRR, I HABIRUE S48 S0 - i .
4 4hie

AN 7] 4 VR 7K A3 5 00 il IS 5 X 37 VR Bt A 45 1R T 5
RN RIS RBCSCREE A B B
W, JCie N DN ARKIE S . FERA T, ©
JEMAKREFIHZCR R, 8 d ITE KSR AR A T HiA
PR R KO0 23 XoF 44 B8 ) A R R R R i B R
AR, RIS EZH X KA . B EMAER
AR 7= E R Bt A it A 5 A 3 HE I, A=K AR
B TR R TE B3 A0 AL Bk B f KA
RK 43 R AR AZ AT i se A B 2, H IR R
A7 0 B A A S 3G )N, AL F1 AR BRAT
B A= 77 1 ST 5 R IR B i KA . 167 &t
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