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Optimization of irrigation scheduling based on yield-quality multi-index
coupling at juvenile stage of Lycium barbarum L. in gravel-mulched field
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(1. College of Civil and Hydraulic Engineering, Ningxia University, Yinchuan, Ningxia 750021, China;
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Abstract ; In order to improve irrigation efficiency and guarantee the yield and quality of juvenile stage Lycium
barbarum L. planted in gravel-mulched field in the central arid region of Ningxia, Northwestern China, this study
carried out an open field experiment with designed 3 levels of irrigating water quota including 300 m’ - hm™ as
HIW, 225 m’ « hm™ as MIW, and 150 m® - hm™ as LIW in 2017, and optimized irrigation scheduling based on
‘ optimal aggregative indicator increment’ method. The results showed that the main water consumption was soil e-
vaporation in the first-ten days of May at the germination stage and daily water consumption was by 0.6~ 1.2 mm.
The daily water consumption increased significantly in the middle ten days of June in the blossom stage due to tem-
perature and leaf area index increases, the daily water consumption by 2.5~3.7 mm. The daily water consumption
increased continuously in the second ten days of July for summer fruit stage, the range was 2.4 ~4.3 mm. The maxi-

mum daily water consumption occurred in the last ten days of July in the summer fruit middle stage by 3.2~4.7 mm.
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Daily water consumption reduced in middle ten days of August in the fall fruit blossom stage by 3.0~4.2 mm. The
irrigating water quota had significant effection to yield ( P<0.05).The maximum yield was 1 402.65 kg + hm™ of ir-
rigating water quota with 300 m® - hm™. The percent of polysaccharide, B—carotene, and flavone of irrigating water
quota with 225 m® - hm™ were higher than other treatments, and by 4.56% , 0.15%, and 0.41% ,respectively. The
glycine betaine of irrigating water quota with 150 m® + hm™ was the highest, and the percentage was 0.77%. The
aggregative indicator increment was optimal with percent of —5.4% under B—carotene content maximum with 450mm
water consumption in whole growth season. According to this result, we got optimal irrigation scheduling, from
begin of full-bloom stage, the lowest irrigation amount was 70 mm of whole stage, or lowest irrigation amount was
29 mm from middle ten days of June beginning.It was also showed that the key periods of water require of juvenile
stage Lycium barbarum L planted in gravel-mulched field were summer fruit blossom period and summer fruit stage.
Therefore, it is difficult to obtain the optimal water consumption of both yield and quality indexes of juvenile stage
Lycium barbarum L planted in gravel-mulched field. However, the optimal water consumption of multiple indexes
coupled with yield and quality can be obtained when the content of B—carotene is the highest, so optimization of ir-
rigation system can achieve high quality and high yield of juvenile stage Lycium barbarum L.

Keywords: Lycium barbarum L.; juvenile stage ; gravel-mulched field ; water consumption; optimization of ir-

rigation scheduling; yield; quality
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Fig.1 Precipitation, irrigation quota, and soil volumetric water content during the growth period of Lycium barbarum L.
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Fig.2 The total and daily water consumption of ten-day of a month of Lycium barbarum L.
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Fig.3 Total and daily water consumption of Lycium barbarum L.
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Table 2 Regression equation of optimal water consumption of

yield and quality index of Lycium barbarum L.

. I
st I (RS
*1 AELEBTHIREERREERR Index Regression equation number
Table 1  Yield and qualities index under different treatment
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MIW  1353.45bB  4.56aA 0.15aA  0.41aA  0.66bB BB EE  yy=—4x10-522+0.0036x,~0.6087,
LW 917.76cC  3.66cC 0.10cC  024cC 0.77aA B—carotene/% Rt (3)
W AN FREFR R AR B BAT 3 25 5 (P<0.05) , AFR e ¥y =—1x107°x2+0.0105x, - 1.8532, (6)
G R AR BRI FLAT I % 2 5% (P<0.01) Flavone/ % R*=1
Note: Different lowercase letters indicate significant difference T y5 =3%107°22-0.0033x, +1.5047 , .
among different treatments at P<0.05 level; different capital letters indi- Glycine betaine/% R*=1 (N
cate significant difference at P<0.01 level.
x3 MIRREBWERERFEMRL
Table 3  Optimization of irrigation scheduling for growing season of Lycium barbarum L.
N HEWE /K 32 Trrigation amount/mm
AR SCAE — z
, o HAE HLRA I ~
Hydrologic year i 23 BRI s !

S Summer fruit
of last year Germination stage
blossom stage

Summer fruit
fruit peri Fall fruit peri
flushing period Summer fruit period all fruit period

FIKAF

High flow year 292 4.3
R 29.7 75.6
Median water year
=}
A 30.2 76.8

Drought year

85.5 99.2 105.3
87.0 100.9 107.0
88.4 102.5 108.8
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Table 4  Optimization of irrigation scheduling for a period of ten days of Lycium barbarum 1.

AR A HEWE/K & Trrigation amount/mm
Hydrologic year 5 J May 6 H June 7 H July 8 1 August 9 J1 September
of last year FTD MTD LTD FTD MTD LTD FTD MTD LTD FTD MTD LTD FTD
. FAAE 11.4 169 226 274 309 304 30.7 285 329 46.6 37.0 37.1 41.8
High flow year
:]:7KEF— 1.6 172 23.0 27.8 314 309 3.2 29.0 334 474 376 317 42.5
Median water year
=
P 11.8 17.5 234 283 319 314 317 295 340 48.2 382 383 43.2

Drought year

L FTD,MTD A1 LTD 4334 H 0 LA a4,

Note: FTD, MTD, and LTD are the first-ten-day, middle-ten-day and last ten-day period of a month, respectively.

8 AR h K EA BT TR, 9 A LAl TRCRIT
BERA  MAC TR 7K A BT R, BT DAE Tk A 2
W, EA HE RO T — i 7 H AR A
HHRE , TR SC 2 X 7™ | it BT 46 b 4l 5 IR B0 T BT ARG
PEEREBE I E | 7645 A4 1 Bir Be sl HUI AR K i — 2
THOLT 7K E WU RE ZK SO T Bh S TR T B o

3 g s

- 3K A3 ot b AT 7 A A AT — R R
S AEGS 58 A 1) 52 ) e O R — 380, AR
REURG = i FIA 0l T, 0 S O T R o
ARATHL 150 1 77 et B 5 WA AR A T, AR AR R
{14 it B0, IR 2 M AT 7= s AN BEAS B PR B , T DA < &5
BrAE bRy R R E I R X T R R
RS MM AC O I = 7= B — S %

L4 I FERD A AT 5 H b A) Ak TR AT B 2R
MR SE 4 BT, RE/K DL H 358 % o £ FEK
K EBINA T 225 ,5 H ¥ f), s < E 7t
R ATRAC I R B T K B I, =S AR
A AL R FE K HE IR B — > m W, SR 5 R T
Fgg, 6 A BAIE 7 A B, Ml A #E K A
E—ARGERS, 7 A st i ik AR R,
FEKE I WA, B 7 AR A s A AR K Ik )
51.5 mm, %A 3 HAEK SR8 A B 1 HAEK &
BRI, IA%) 3.2~4.7 mm, X FCRG— B HR2E3) 8
A ERgE, 8 Aial tis, #K eI in R, 8
THE 9 A LA, A HEKEBETRE, i 2.4~
3.9 mm Z[A], & )RR i F AT RE K = B KA I
S B IRACTA R S A RKER 5 e Rb Hh AR A FE
pi g RTA (i

THE KT BTG AE 7= S 5 ) (35, W A 3 o
A3 %E MIW AbBRAT LIW 403 &5 3.51% F1 34.57%,
AR Z0E B4 N RS HLAT B 15
WA, K AR 225 m® + hm 2B ] $RA5AL B B M AT
ZHE Bt NEMAEE, & 205 4.56% .

0.15% 1 0.41% , 24V 7K X2 & s /D 5 38 i Bsf 48 23 e
fRAIFCZHE B8 N AL, L nT Ul BH B vk
IKE KA ) T A A B B A ) AR i M A
SRR B TR A A ) R e, AR AT SR T HE K
FER R 150 m® - hm ™ B A AT B R B A i L 225
m’ - hm™ Fl 300 m’ - hm™ 43 %l & 20. 78%
14.28% , Al L | 35t 22 (UE K R I F M AL B 5208 A A,
X5 HA SRS B 5T 25 SRAH— L

THE R IAE A [ 48 b e UL i B 25 5 F8 An 3
E-112.2%~-5.4%Z 0, 4 B-HHE MR FitkE
IO ZE A FR bR e B K, BRE /K i i AR5 TR
T RFEK IR Y 88.4% , ¥4z FEZFE /K 11 Al L 4F 7K SCAF
VEATTHEIE ) BE AL, P db 4 3 o 2 R AE W T 4
B A K & A A BB K &R 70 mm
DL, 6 H iR R IR 5 S MRS v K 1, BB )
JKELE 29 mm LI E,

& % X k.
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