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Water production function and optimization in irrigation schedule of potato
with mulched drip irrigation under water deficit in oasis region

DU Jia', ZHANG Heng-jia', ZHANG Ming®, BA Yu-chun?, YANG Xiao-ting', HE Peng-jie', LI Xuan-zhen'
(1. College of Engineering , Gansu Agricultural University , Lanzhou, Gansu 730070, China;
2. Flood River Management Office of Minle County, Minle, Gansu 734500, China)

Abstract: A field experiment was conducted to test the potato periodic evapotranspiration and its influencing factors
with mulched drip irrigation under water deficit regulation (WDR) in oasis irrigation region. Crop water production func-
tion based on Jensen model was established, and the optimal irrigation schedule for potato was determined. The results
showed that the sensitive index was found the largest at the tuber bulking stage, followed by the tuber initiation stage and
relatively small at the establishment and potato starch accumulation stages. Potato yield was not decreased by low WDR
plots during tuber initiation ( P >0.05), but was significantly decreased in the medium WDR plots during tuber initia-
tion and low and medium WDR plots during tuber bulking ( P < 0.05) . The water use efficiency (WUE) was maintained
in low WDR potato during tuber initiation, significantly improved by 6.2%, 8.3% and 6.7% from that in medium
WDR plots during tuber initiation, low WDR plots during tuber bulking and full irrigation plots (CK), respectively.
With the increase of crop evapotranspiration, the potato bulb yield became increased, while the water use efficiency was
decreased. Crop evapotranspiration was increased by 22.4% , the potato bulb yield was increased by 20.4% and the
WUE went decreased by 15.7% . The optimal irrigation system established by genetic algorithm with crop water produc-
tion function showed that the highest potato bulb yield (43.86 t*hm~?2) could be achieved when the irrigation depth was
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up to 225 mm in the Hexi oasis, and irrigation WUE was 19.5 kg*m~2. The recommended amount of irrigation is 30 ~

40, 130 ~ 140, 170 ~ 190 mm and 25 mm at the stages of establishment, tuber initiation, tuber bulking and potato

starch accumulation, respectively, and the irrigation intervals are 7 days. Therefore, when WDR under mulched drip ir-

rigation reduces potato water consumption, the water use efficiency can be enhanced. Low WDR does not affect the potato

yield during tuber initiation, reaching water-saving purposes.

Keywords: oasis potato; mulched drip irrigation; water deficit; optimal irrigation schedule; yield; water use effi-

ciency
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Table 1  Experimental design

T+ HEFIXT 7K i Relative soil water content/ %

JGEL s PEEER AR TER R
Treatment See d/linu Tuber Tuber Starch
N 5 6d °© initiation bulking accumulation
32d 36d 37d
WDI1 65~75 55~65 65~75 65~75
WD2 65~75 65 ~75 55~ 65 65~75
WD3 65~75 65 ~75 65~75 55~65
WD4 65~75 45~55 65~75 65~75
WD5 65~75 65 ~75 45~ 55 65~75
CK 65~75 65 ~75 65~75 65 ~75
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Changes of precipitation during potato growth period
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Fig.2  Soil moisture variations in potato field under

different water deficit regulations
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Table 2 Potato water consumption, yield and water use efficiency under treatments of drip irrigation and plastic film mulching

#E/KH Water consumption/mm o KA R
QbR AT TN > - Water use
- YEERAM TER R SR EHEHEH Yield S
Treatment i S EN PN 3 _ efficiency
Seedli Tuber Tuber bulki Starch Total water /(t*hm~2) -
ceding initiation uber bulking accumulation consumption /(kg'm™)
WDI1 91.5a 81.2b 163.4a 68.2ab 404 .3ab 37.94ab 10.39ab
WD2 95.6a 91.5a 123.3b 71.2a 381.6ab 35.98b 9.59h
WD3 91.1a 87.8ab 173.5a 58.3b 410.7a 36.33b 10.45ab
WD4 89.7a 71.3¢ 152.5ab 70.9a 384.3ab 34.45b 9.78b
WD5 84.0a 82.0ab 104.7¢ 68.2ab 338.8b 33.55b 11.10a
CK 85.8a 85.9ab 171.7a 71.4a 414.8a 40.38a 9.74h

T R PR S BE_ B B AR R 227 235 (P <0.05),

Note: The data with different letters within the same column are significantly different( P < 0.05) .
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Table 3 Optimal irrigation regimes for potato production

A=)
" BIBRK g e p
HEEBE FEk p e
. oA Effective
Growth The maximum .. .
. Sensitive rainfall
stage water consumption .
index /mm
/mm
T Seedling 95.6 0.1379 65.6
BT
R 91.5 0.2518 52.1
Tuber initiation
P E Y N
Tuber bulking 173.5 0.4214 28.8
SR 4
ERBEY 71.4 0.0595 50.6

Starch accumulation

2.4 EBRHEMRL

FIFADACSE (36 3) , AARXS =i (Y, /Y, ) B K
S B, B4R S KR 55% .65%
75% ,FFEHL 55,95, 135,225 mm A B EH, LLK
GyAE T BRI LA, RS B KR AE T R 4
FRE IR S 451 % MATLAB % 1 4 P 25 45 d8t A5 53 vk
SIBTIEAAL A5 B RO X 77 42 % 7 1) 45 B B e fIE
K, BIOMHEE R B AL 4 R (R 4) . mI L, T4k
(14 7= i Wit THE 7K 3 I RGN . e AN [R) AV Tk
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BT, K B RS 2 U IR ZE R R ,
SAFNFE R A SRR AR N o A [ 9 T S
&, TR B 4 e K A 8 o TR B A
o TR0 TS KR AE, B PR AT A
PR AR, R03A 35 K R MRy , nT A K
ROBAF TV ER AT . MAERE RS BUA BRI,
IO 16 51 PRALE B % T 36T 7K 3 e A SRR PR R =5 iR 114
it A, LUMIARATBEAE 1 1

THE L 1 BE D AL 25 SR T, 7 3 Rl - 4 55 K

AT, UM A B 225 mm B, TFH R
W v T X S e e 7 i, B KR 43.86 t-hm ™2, 4
T 8.6% , HEWEKFIHZLHE R 19.5 kg-m ™3, A5
M= 3.7 % o FLAH R (A 0 Ak T I 1 A v i K
1t 20 ~ 30 mm, HZETE BN K G 70 ~ 75 mm, 2K
NI IARE K& 100 ~ 115 mm, VEH L 2 HE K & 20
~ 25 mm, FEKIFIBE A 7 o BREEM K BURFRROR,
BEB BEHE /K i H ) 5 K, T B 25 SR A — e K
TUL Bl N 2 B8 TR B RS B R

R4 DREBETHERLLERSE

Table 4  Optimal irrigation regimes for potato with drip irrigation and plastic mulching

(80/6) BB E B B BEE K = Irrigation amount/mm
075f 1oati . T 32l
/% Irigation L Ye2ET U YeE I K VER LRI Yo/ Y
quota/mm Seedling Tuber initiation Tuber bulking Starch accumulation
55 5 15 35 0 0.6677
s 95 10 20 60 5 0.7757
135 15 35 75 10 0.8809
225 30 70 100 25 1.0274
55 5 10 40 0 0.6697
. 95 10 30 50 5 0.7953
135 15 40 65 15 0.9031
225 20 75 110 20 1.0432
55 5 20 30 0 0.6707
s 95 10 35 45 5 0.7997
7
135 20 40 60 15 0.9158
225 20 70 115 20 1.0862

TE 00 WU TR, 0, 0 I K2, Y, b ST A 35 5 72 B 40,38 t+hm ™2,

Note: The initial soil moisture is 0y, soil water content at field is 0, and the highest yield is Y,,(40.38 t*hm~2).

3 3 8
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FERE R T BE K 539875 %) B 44 K 43 1 FH SR 15 T
ST KA HLEEE A TR SR A RS ], A<
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S MR 5 R A 0 (H TR] K R Y 45% ~
55% ) K P B BB AR AR ) ) 25 I )25 ROR
AT e ZEAL I IR SR 2R ok
AR 20 T R A A DR, Bk
TE R AN BR 25 R AIUIR % 28 14 i 7 O BEEUI AN  K
R BRI U X T R R R A
PR IROR, TR R K 2R i A 4, #B K
LR MEIG I, P28 A AT, 7 iy

AWFTE A B, BRI S R B K 5 B A
B RIERT 6.4%, ZR AR,
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