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Effects of regulated deficit irrigation on growth, yield and water use of
potato under mulched drip irrigation in desert oasis region

XUE Dao-xin' ,ZHANG Heng-jia' ,BA Yu-chun®, WANG Yu-cai' , WANG Shi-jie'
(1. School of Water Conservancy and Hydropower Engineering , Gansu Agricultural University , Lanzhou ,Gansu 730070, China ;
2. Administration of Hongshui River ,Minle ,Gansu 734503, China)

Abstract; In this field experiment, Qingshu 168 was used as material, and eight water deficit treatments
(RD1-RD8) and one full irrigation control group (CK) were performed in desert oasis region northwest China. The
effects of soil water deficit on potato growth, yield and water use were studied under different drip conditions. The
results showed that the yield, harvest index, water use efficiency and irrigation water use efficiency of potato under
mulched drip irrigation were significantly affected by water deficit. The slight water deficit during tuber formation
showed the best effect, of which the yield was slightly decreased, but the water use efficiency, irrigation water use
efficiency and harvest index were significantly higher than those of other water deficit treatments and CK control
group. The degree of water deficit seriously affect the amount of water consumed at different growth stages, and the
degree of water deficit positively correlated with the water consumption. Leaf area duration and leaf area index
changed in the similar trend, with the leaf area index showing a single peak curve. In conclusion, muchled drip ir-
rigation can improve the yield, water use efficiency of the potato in desert oasis region.

Key words: potato; yield; mulched drip irrigation; regulated deficit irrigation; WUE
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1.1 R XHEER

Lh R ST I 5 i E O G F 2016 4F 4-10
AT H R BRAR B K] & BEAR AT, 1556 0 H PR
ABBRZR 22 100°43", b 45 38°39" @ T ik K Il X,
IR DX S MR (1) 2 T 5 R DX, R i P i
SRR RS ZAE R K B0 183 ~285 mm, i%
X REAKFRD Hr ft ANBI5), 28 kiR R, T R4
2T IS H 255 H B S E R RO TR
BRI 25 R AR L, NS BAEM AT OB E A
ML A R AT T R AP IR 451, 56 X7
PR 2 1 970 m, B3N 6.0°C, =0°C AL
U 3 500°C , = 10°C A 2R 2 985°C, M it fe 1 it
J& 37.8°C , Wi e AR IR - 33.3°C , B 109 ~ 174

d,FEH RSB 3 000 h 247, 5 o i+ |
T HP R 2R ERIE SERIR, B2 R d KRR K
Th 24% , FIEASTE 1.48%10° kg - m™, pH {H 7.22,
R AR BAR BTG SR w Ak 2 ma 5 Xy DL b
hEARE INEE RKREE N A —BERIRE X
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TS EE 0.2 m, HA i K RORGF YUk FERE 1 5m %%
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1.2 m,
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Table 1

Experimental design

0~60 cm 1 )2 T HEAHXT S 7K Relative water content of 0~60 em soil/%

pieL = Bk - " g
Treatments  Regulated deficit level Zj]fﬁﬁ,ﬁ ﬁ%éﬁ;ﬁﬁ%ﬁ ﬁ&éﬁﬁﬁjﬁf’[’q R BURI )
Seedling Tuber formation Tuber bulking Starch accumulation

RD1 LJE Slight 65~75 55~65 65~75 65~75
RD2 B Slight 65~75 65~75 55~65 65~75
RD3 #FE Slight 65~75 65~75 65~75 55~65
RD4 HEE Medium 65~75 45~55 65~75 65~75
RD5 HEE Medium 65~75 65~75 45~55 65~75
RD6 1 Medium 45~55 65~75 65~75 65~75
RD7 R Slight 55~65 65~75 65~75 65~75
RD8 H1EE Medium 65~75 65~75 65~75 45~55

CK ## Conventional 65~75 65~75 65~75 65~75

1.3.2 k34K E RHEMBREMTRELE, &
ANXBEPLE IR — 2 2 04T N TH E, fE D4
FE AT SRS B B TR 100 em, 23518 0
~10,10~20,20~40 .40 ~ 60 .60 ~ 80 Fl 80 ~ 100 cm,
BN EERE 7~10 d Bt 1%, BCEBRE R 60
em, B 10 em 4302, 50 6 DEE 3R I L JF H
TEVE K R IG 5 P K 5 T8 A5 i — ik

m., — m.
B, =" x 100%

m;
X B ) 2 BT SR (%) smy, O j )2 ]
HARIE L (g) sm, K jBEHT T HRE (g) .

M AR R TR B AL BT B il R A
ST EPHEFTHEK 243k 3 7 St il b BR A S R4Sk
1.3.3 3% E A LRI BB
B2 AEE TR, Rk S A Z R (S,
10,15.20 em M 25 em) 705l e SR, fE 22k
HHINEKR 8 : 00,14 : 00,20 : 00 43 =K AT M
I FHEKIEE —H M 8+ 00 F] 20 : 00 &F2& S WM
KK
1.3.4 #AKZE RAT CEEERKSETRE
R HE T 2CHE K ME K B K R TR B, 10 A
UK RSt ) R K i, K R K A R
I E -

M = 10p,H (B, _Bj)
A, M A FEK & (mm) 50, R F RN E 2 4 A
LN 1.48 g - em s HONTHRINEIEZEREE , 2 60 cm;
B; 3 H bR 3Kk 1B 8, DK iy - S S Pr 7
JKEE, KB S K R AT R A
A RE K A S AN
IR = 15(667M/1000) = 10.0M
L IR R AT B K B (m® - hm ™) ;M K
JZJRSE (mm) ,
GiAh B A AR
P =15(667P,/1000) = 10.0P,

Ao, PO R & (m® - hm ™) 3P, AT
#(mm),

1.3.5 #k® ARKKRAKEVFEETE D
BT WINSEPRAR KGR AR 0
JEY R S K R RE AR I K B B K
LI ARIE

ET:IOZHH[(W” -Wy) +M+P+K-C

K ET VEYI B BOAB/K i (mm) 50 A T2 %5 50
KRR B, N BT REREE (¢ -
om™) s H, R4 i SR LR (em) s W, W, K50 2
ORI B R B S KR (%) s M RIS B
K (mm) ; P AT B A AR I i (mm ) 5 K AT
BONTRIZHL T KRS (mm) ;€ iZI BN B TR
2 (mm) . XHL FKHIE > 20 m, K= C= 0,
1.3.6 Ak#EkhsE 2 SREFFGNMEFHRE
RN/ X BE AL BE B 5 Bk A0 4 N0 5 Fe Bk v
JE 5 TR R i T AR R IO D, S S o i BUE
IERECHK 0.76 R ARG N 0.02 mm BYHERR R
DUE R MR 32 2525, RGBT I &
i, DR AR TR AN 0.01 g TR
S Wk RN IR G /N X BEHLE L 5 AR PETT A
TR, #/INX R R
1.3.7 k&% CEHEAEYOCEERE
FIFE bR , 35 BB v AR AR B R T R H B
MR AR S ARG A E R RS, A
LAD #K, oA 1R RO T, r= ks
LA, + LA,
TAT, - T)
A LA, LA, A T, T, BRI,
1.3.8 ek R AKRA  VEY KA F S
H(WUE) :

LAD

Y
WUE =
ET
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K, WUE Koy FIFHSICR (kg - m™) 5 Y R B ]

PG5 (kg - hm ™) 3 ET, 9425 WS PR H A

T FRFE /K 1t (A 8B K S HEAKZ A (m® « hm ™)
KA AL (IWUE) .

Kt IWUE S 0K R SR (kg - m ™) ;Y Jg 8L
A e P B (kg - hm ™) ;IR N4 W87 1 AL
HEKE(m® - hm™)

1.3.9 ARFH M A s mmid

I BEEK GBI % GEIE | F RS E S, T
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Table 2  Experimental annual potato growing season monthly mean temperature and other meteorological factors
Ao il Temperature/C H REET4L HR ARzH WERE MR AL
Month ] S A% Sunshine hours  Evaporation Wind speed Moisture Soil surface
Max Mean Min /(h-M1) /(mm - d7") /(m-s") /(%) temperature/ “C
4 14.00 7.60 2.30 261.20 6.87 2.10 41.00 12.90
5 17.10 10.60 4.90 239.60 6.85 2.20 46.00 17.00
6 22.50 16.70 10.60 292.60 8.53 2.20 44.00 23.90
7 25.10 18.90 13.50 285.10 7.30 2.20 55.00 25.60
8 22.70 17.20 13.10 153.60 5.45 2.00 82.00 21.40
9 20.00 13.10 8.20 250.30 5.01 2.00 52.00 15.80
S Average 20.59 14.54 9.29 247.07 6.73 2.15 50.06 20.53

I R RAR B R R R i R 0 KR S E

Note: The data from the meteorological field of Yimin Irrigation Experiment Station of Minle County Meteorological Bureau.

1.4 HIELERSH

K H Microsoft Office Excel 2007 4b ¥ 56554 ;
JH SPSS 19.0 #4758 114347, Hl LSD #1 Duncan (D)
Ko b A7 22 55 W 3 v 22 T LR A T (i KR
0.05) , 71/ Person faj Bk REAH 5C 2R BGHA THH S 2
#7337 Origin Pro 8.5 BAAAER

2 PR

2.1 FATEBRNSREEKNZMN

2.1.1 rhaA R 3 RY BT EE 7 RS
PRI (LA) &R Sh A5 S B I L A | B2E TR
BB ZE N KT G A K FL R B e 04, 2 AT A
SWE R B B T A LA DB
AL IR HETE i) B IR AR K, A b B
TR AR AR A TRE A, B 2501 1 8 B 25 R i
RGBT, Fr L i A K, A R T S 48 S HE A
TR RS R, &4 & B35 o0 0K b B
(CK) M R AR A PR RE R B 1 KO o AS [R)E T8R4 2
[ THES 2 LA K LAL fEHEIE U o o 22 52 (P
>0.05) , MAEL T H | B 25 1 K A e 4 BRI LA
25 E(P<0.05) . 45 /KALEE RD6 . RD7 HL
PR TR0 IR CK 351K 45.72% . 17.19% ; e =25
JE K 01 B 5 Bt RDS 2Rk i 1hg AR 4 CK l 3 (IR
10.25% ; Ve BRI R T it oo Wivs 55 HOA CK
1 RD1 b T4 7K HoAth A 35 8] 2 5 AN 1
U, A A R K B A Y A R R - o A

LB K 43 75 40 B RD6 \RD7 -1 R
BEC(LAD) 5% B CK 3 B REAIK 46.64% 17.13% (P
<0.05) , HAth 75 Hlesb BE R X BE 1] 22 57 0K B 3 (P>
0.05,%4), 2L LA 23 R B% 0 L
K EE UK 4> 5 Bk RDS 40 FOLAL %8 CK [ AR
10.25% , 3k i 2 7K | Hofth b B0 a1 35 06 g Pk 22 57
TEFER AL E ], RD1, CK 1 RS B0 2% v T Hodth
VUL
2.1.2 kAa#H A H(LAD) &R BAEY L E1E
RGN EZER R, —RIEOT, 6EFaaK,
SeA RO e Rt e, R 4 Mk
5 AL BT T VE 7 G E T S ek T AR
BRSO E SRR AT A - R AEF
LYy O VAN 5 N e GRS T S ) e =l ]
AT, TEREF ~ 2 05 5 ab 3 RD6 ,RD7
FeAH IR IR CK (P<0.05) [ 45.76% 17.25%
2250 2 T At Ak B ORO6 FRTR) 22 SR B 3 (P>
0.05) ; 4l 1 1 ~ HZE T8 BB AL B RD6 . RD7 Y65 #4
ARG, At Ah R R K R R] 25 ORI 3 BRSO
B ~ B2 AL B RDS SGA 3R R I CK B 3%
1K 9.74%  SZE KM ~ JE M AR R, 75 B4k 3 RD1
F1CK 19 LAD $5HAth 7K b B b 25 2 57, JFL At 4 2L (1)
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Table 3 Changes of leaf area of per potato plant with regulated deficit irrigation/ ( cm® + plant™)
Ab3 ZURiep Gl HeEIE = VAN FERIFR R
Treatments Seedling Tuber formation Tuber bulking Starch accumulation
RD1 753.60a 1483.73a 3184.00ab 1147.20a
RD2 730.67a 1436.27a 2985.07ab 706.13b
RD3 749.87a 1378.13a 3005.87ab 881.60b
RD4 731.73a 1476.80a 3058.13ab 722.13b
RD5 727.47a 1404.80a 2886.93b 776.00b
RD6 405.87¢ 1436.27a 3181.33ab 701.87b
RD7 619.20b 1418.67a 3030.40ab 727.47b
RD8 758.40a 1446.40a 3021.33ab 919.47b
CK 747.73a 1538.67a 3216.53a 1209.60a

T R AP RUED R BE 3 Y 52 -3 RIS PR AR R R A BiAE P<0.05 K P 2R B3, TR,

Note; Values are means of three replicates for each treatment. Data within one column followed by different letters are significantly different at P<0.05.

The same below.

F4 PTERNIREMHERIERZME

Table 4  Effects of regulated deficit irrigation on potato leaf area index

A ARFEBL Leaf area index

Ll P S e VBB
Seedling Tuber formation Tuber bulking Starch accumulation
RD1 0.471a 0.927a 1.990ab 0.717a
RD2 0.457a 0.898a 1.866ab 0.441b
RD3 0.467a 0.861a 1.879ab 0.551b
RD4 0.457a 0.923a 1.911ab 0.451b
RD5 0.455a 0.878a 1.804b 0.485b
RD6 0.254¢ 0.898a 1.988ab 0.439b
RD7 0.387b 0.887a 1.894ab 0.455b
RDS 0.474a 0.904a 1.888ab 0.575b
CK 0.467a 0.962a 2.010a 0.756a
x5 FATERTIRIASEEUIDT
Table 5 Dynamics of potato leaf area duration under regulated deficit irrigation
Ab B Y3 Leaf area duration/ (10*m? - d™' « hm™?)
Treatmonts R -AEN O -SRI PSR~ SR A YA ~ G B
Sowing to seedling  Seedling to tuber formation Tuber formation to tuber bulking  Tuber bulking to starch accumulation
RD1 10.92a 55.93a 145.87ab 139.72a
RD2 10.59a 54.17ab 138.17abe 119.07b
RD3 10.87a 53.20ab 137.00be 125.40b
RD4 10.60a 55.21a 141.72abe 121.94b
RD5 10.54a 53.31ab 134.12¢ 118.16b
RD6 5.88¢ 46.05¢ 144.30abc 125.26b
RD7 8.97b 50.95b 139.03abc 121.22b
RD8 10.99a 55.12a 139.62abc 127.12b
CK 10.84a 57.16a 148.60a 142.78a

22 FATEBRNDREFKNEZM

22.1 MrB#AHIE 6 WA, BREXIKSY
T AL ERAE A B W N A2 5 KA R i R K R Y
3 (P<0.05) I F X BRALBE  7E 207 1 /K 43 75 Gk
A3 RD6 \RD7 5 CK [HIFE/K 25 55 W 3%, 8¢ CK Ik
49.69% 44.99% , HoAth kb B K Xif BE [B] 22 5 Y AN i 3
(P>0.05), 7EPZEIE AL, ZKJ5 % RD6 . RD7 Ab 3
FEKEAURT CK 5 RD3 4bFH, HEF AR 55t
A3 RD1 RD4 5 CK [AIFE/K 2 22 5 3, 73 ) 3%

CK 87> 41.81% F1 52.89% ; 1 HL 25 K3, =5 Sk ik
P RD2 \RDS 5 X} CK [A]FE/K & 22 53 3435 18 3% K
S ARG RE R CK /D 20.95% F1 64.30% . TEVERS
T 4 KJ5 RD2 5 RD5 &b FEAE /K & B W4,
i B 2 A2 52 B 75 Bt RD3 RDS #E7K 1 4
& T CK X I8 48.98% .49.49% , 5 3 i BTN G20,
B OR JE B AR A B R A, PRt T R
PR RS A AR F B B K i, LB T SR R
B, WA B B BEAE /K Sl D B
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B A5 7 BkALFE ( RD1 ~ RD8 ) B4 4% 25 4 /= 75 146
JKEART CK 11.62% ~34.48% ; RD4 4=/E 5 Wi ¥
IKER D B CK A 34.48% , HAR T Hifth 5 Bl ik 23
5.70% ~ 21.34% ; /K 43 75§ Ab B RD1 RD4 5 RD5

1] \RD2 5 RD3 [0 44 & WIHFE/K & 25 A i 2%
(P>0.05) ; 7K 577 SR AL B vp | 4 A= 3 I FE K &
PLRD7 bR £, & THE 764 3.6% ~
21.34% , BfiF 7 BRERE AR FEK A BT A

Fo WTERNDREIMREFEKENN mm

Table 6 Effects of regulated deficit irrigation on water consumption at different potato growth stages

LBF Treatments LA He2E Y i) SN PN FERR R 2AFHW
Seedling Tuber formation Tuber bulking Starch accumulation Whole growth period
RD1 90.291a 130.572¢ 155.79%4a 73.510¢ 450.167d
RD2 82.237a 197.252b 120.989b 99.998a 500.428¢
RD3 92.606a 219.884a 148.119a 51.906d 512.515be
RD4 78.822a 105.709d 152.102a 87.872b 424.504d
RDS5 85.112a 214.692a 64.643¢ 86.499b 450.945d
RD6 66.134¢ 220.415a 149.249a 86.795b 522.594bc
RD7 72.320b 221.161a 155.461a 90.705b 539.647b
RDS8 84.509a 216.454a 161.844a 51.386d 514.192be
CK 131.465a 224.378a 153.046a 101.728a 610.616a

222 BAEKFIE DA HFEKRE M &R
IR Ny - PEETE B > B 25 1 K > vy B R 1 > 4))
HM(RT) , 5SEBREEY2EFTHEFTHRE AR
FEPE TR AR B UIMOC,, R 7 WA, 4
I RS A MR R/, BRI RAIK, H AEZK R
FERAR, 2 0 B HFE 7K 58 BE AR T 2 5 HoAth A= & B
W1, K 535 BAbBE RD6 1 RD7 H B /KGR i & 1%
F CK K HA AR T KA FE(P<0.05) . #EAHZEIE AL
W1, HFE/KSRBEIN B 5 K, K J5 19 RD6 ,RD7 Ab 2
HAEZK SR BE RS IEA B35 (P>0.05) ; % B AR A
KA, BH WY ik, B BE R (9 AN W

ETF, HOZE Ko W R, B K Ay T ik ik 2R
(RD1) FlH /K 43 5 BleAb BE ( RD4) H FE /K 558 B 5.
FART A AL 3, He 250 KW B FE KSR R,
1% th K5 B b B RD2 \RD5 86 R CK H #E7K
55 5 0 ) $ S PR 41.86% 11 57.77% , #E A TE R
SRS, THES R R B T R, A B Sl R ALK
HLIE B BER AR B FAIG, H AR /K 5 B e He 22 i K0
B FREEE BR K Sy 7 BAbEE RD3 R BEK 577
HRAbFE RD8 H #E7K i B 3 i I T 5 K CK I
AR 5377 BRAL 3L

R7T FREENMRILEBRAKEERFEKREY

Table 7 Potato daily water consumption intensity and modulus of water consumption at different growth stages

LTI (69d) P 1 (40d) B2 (32d) TERR R W (31d)
Seedling Tuber formation Tuber bulking Starch accumulation
WL HARKERRE FERBEEL H FE7K i B FERBEL H FE7K i B FERBEL H FEAK 3 BE FER B
Treatments  Daily water Modulus of Daily water Modulus of Daily water Modulus of Daily water Modulus of
consumption water consumption water consumption water consumption water
intensity consumption intensity consumption intensity consumption intensity consumption
/(mm - d7") /(%) /(mm - d7") /% /(mm - d7") /% /(mm - d7!) /%
RD1 1.309bc 20.05ab 3.264¢ 29.00c 4.869a 34.61a 2.371c 16.33¢
RD2 1.192bed 16.48de 4.931b 39.48b 3.781c 24.00d 3.226a 20.03ab
RD3 1.342b 18.07be 5.497a 42.90a 4.629a 28.90c 1.674d 10.13d
RD4 1.142bed 18.54abc 2.643d 24.90d 4.753a 35.80a 2.835b 20.71a
RD5 1.234bed 18.88abc 5.367a 47.61a 2.020d 14.33¢ 2.790b 19.18b
RD6 0.958d 12.66e 5.510a 42.17ab 4.664a 28.56¢ 2.800b 16.61c
RD7 1.048cd 13.40de 5.529a 40.99ab 4.858a 28.81c 2.926b 16.81c
RDS8 1.225bed 16.44de 5.411a 42.10ba 5.058a 31.48b 1.658d 9.99d
CK 1.905a 21.52a 5.609a 36.75b 4.783a 25.06d 3.282a 16.66¢

R PR B B 3 Y S I ; A8 PR AR R R A BiAE P<0.05 KF 225 B3,

Note: Values are means of three replicates for each treatment. Data within one column followed by different letters are significantly different at P<

0.05.
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Fig. 1 Water use status of potato under regulated deficit irrigation
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Table 8  Yield, biomass and harvest index of potato tubers under regulated deficit irrigation

b3 EHRTEE/ (kg + hm™?) YR/ (kg + hm™2) HZETH/ (kg - hm™?) LLETRF i
Treatments Tuber yield Biomass Dry tuber yield Harvest index
RD1 34276.71b 20188.96b 7744.47a 0.384a
RD2 25839.44d 18649.79¢ 5379.56d 0.289¢d
RD3 28784.62¢ 20056.67b 6504.66bc 0.324be
RD4 29701.00¢ 20264.17b 6578.28b 0.324bc
RD5 20066.11e 16733.13d 4217.14e 0.252d
RD6 35834.08a 21837.71a 7581.96a 0.348ab
RD7 35271.74ab 21770.63a 7538.02a 0.347ab
RDS8 25975.15d 19834.38b 5576.03cd 0.281cd
CK 36037.23a 22225.83a 7654.44a 0.345ab
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