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Abstract; In order to find out the effect of lower limit of soil moisture control on microporous infiltration
irrigation of Lingwuchangzao ( Ziziphus jujuba Mill. ev. ‘ Lingwuchangzao’ ) and the optimal irrigation
amount in each growth period, the six-year-old Lingwuchangzao was used as the research object.
Adopting the GC —003 Internet of Things control system and soil moisture sensor monitoring, six different
treatments for different lower limits of soil moisture were set for the four growth periods of jujube trees.
The relationship between the change of photosynthetic characteristics, and morphological indicators,
water use efficiency, yield, water consumption law and irrigation water amount of jujube trees was
studied. The results showed that the increase of lower soil water limit during flowering and fruiting bearing

periods and during fruit expansion was beneficial to the photosynthesis of jujube trees; the decrease of
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lower water limit during sprouting and leaf spreading period and the increase of lower water limit during
flowering and fruit bearing period were favorable for the growth of morphological indicators of jujube trees.
T6 treatment, that was, the lower limits of soil moisture during sprouting and leaf spreading period was
65%6,( 6, was field water holding capacity ), and during flowering and fruiting bearing period was 75% 6, ,
during fruit expansion was 75% @,, and during fruit maturation was 65% 6,, the lower limit was higher in
each growth period, which had significantly different photosynthetic characteristics and morphological
indicators from other treatments (P < 0.05). With the increase of the lower water limit, the water
consumption and yield of jujube trees were increased. The water consumption and yield of T6 treatment
were the highest, but the water use efficiency of T3 treatment ( the lower limits of soil moisture during
sprouting and leaf spreading period was 55% 6,, during flowering and fruiting period was 75% 6,, during
fruit expansion was 65% 6,, and during fruit maturation was 65% 6,) was the best, and there was no
significant difference with the yield of T6 treatment (P > 0.05). The yield of T6 treatment was only
5.68% (2018) and 0.90% (2019) higher than that of T3 treatment. Compared with T6 treatment, T3
treatment decreased the irrigation water volume by 22.57% (2018) and 13.59% (2019). The most
suitable lower limit of irrigation water during the four growth periods of jujube were: during sprouting and
leaf spreading period was 55% 6,, during flowering and fruiting bearing period was 75% 6,, during fruit
expansion was 65% 6,, and during fruit maturation was 65% 6,, and all the upper limit were 90% 6,. The
study results can provide scientific basis for planting Ningxia Lingwuchangzao with microporous infiltration
irrigation and water management.

Key words: Lingwu jujube; lower limit of soil moisture; microporous infiltration irrigation; irrigation
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Fig. 1 Climate changes during whole growing periods of jujube trees in experimental site
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Tab.1 Soil particle composition of each layer in test site
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ohi A E
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10 ~20 89.29 8.48 2.23
20 ~30 87.71 8. 64 3.65
30 ~40 89.13 7.59 3.28
40 ~ 50 87.78 9.22 3.00
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Tab.2 Experimental design
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Fig.3 Flow chart of intelligent irrigation control system
for microporous infiltration irrigation
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Tab.3 Photosynthetic characteristics of jujube trees under different soil moisture limits
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Fig.4 Morphological indicators of jujube trees under different treatments in 2018 and 2019
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2.3 AELTEAGTRUEERFEKE TERKS

AR R0

AN TR 3K 43 7T R 2 ) A K G AR AR K
L EFK 43 R S0 5% a0k 4 TR, 2 4R
AR I T Y R B T6 R T3 Ab B AR K, 43
J19.61,19.30 g (2018 4F) F1 19.33.19.12 g
(2019 ), 5 HM AP H A AR F 25 (P <
0.05) ; PR 45 SR AL T4 /b8 2, 4 0 o 393 4>
(2018 4F) F1 392 4~ (2019 4£) ,2018 4F 5 H fth 4b

PUAEAE % 2 5 (P <0.05),2019 455 T6 . T3 =~
T E2ZS, 5 T5 T2 Tl Z [ fF 7 8% 2% 57
(P <0.05) /K4 T B & B AR & Y T6 T4 T3 4b
B E K B RIFE K B X T OK A T BRI E AR TS .
T2 T1 A3, H A7 —E e EMHE(P<0.05),
2018 4FF1 2019 4, T6 Kb 3 1) B 7 ot i w5, 4303l
47 5874.90.6022.37 kg/hm” | [t T1 &b 3 &A% /= &
AR 0 T 130.67% F1 108.41% , 3 H. T6 Aib
5 T3 A EIC R E 2, 5 HAAL A A B 2 R
(P<0.05), 2 4FE/K5r R AR B 2N T3 4b 3
B, 4y Bk 3.86.3.83 kg/m’, B A% A B9 7K 43 F
FHRCE T AL B4y 5 82 &/ T 93.97% . 80.66% ,
2 AF T340 B 7K 43 R T R0% S A b B34 A7 A
%2 (P<0.05),

x4 FARALBEASTRTHEMREKE FTERKSFARE

Tab.4 ET, Y and WUE of jujube trees under different soil moisture lower limits

HOR B/ AR IRE,  SABEWANE 24FH FeK R/ P/ ViR &
Efy abE N [ - o 3
g i K & /mm [ [ 5/ mm mm (kg-hm ") (kg'm™7)

Tl (12.01 20.131)¢ (257 £11.14)°¢ 286 246.2  (128.26 £82.08)° (2546.91£105.76)" (1.99 £0.054)°

T2 (17.54+0.415)" (314 +8.39)¢ 341 246.2  (153.30 £29.98)" (4548.00 +173.82)° (2.97 +0.092)"

2018 T3 (19.30£0.307)" (365+12.90)" 326 246.2  (150.32 £49.54)" (5806.72 £273.19)* (3.86 +0.085)*

T4  (17.01 £0.066)" (393 +7.81)* 377 246. 2 (150.88 £21.47)" (5515.12 £256.59)" (3.66 £0.025)"

TS5  (14.41 £0.195)¢ (357 £10.15)°¢ 303 246.2  (134.93 £40.93)° (4244.51 £150.69)° (3.15£0.019)°

T6  (19.61 +0.309)* (371 £3.21)" 392 246.2  (162.71 £22.89)" (5874.90 +44.11)* (3.61 +0.078)"

TL  (11.4420.274)% (306 £11.14)° 351 174.0  (136.56 £22.39)° (2889.68 +172.78)" (2.12+0.093)°

T2 (18.13 £0.191)" (341 £7.23)°" 394 174.0  (159.06 £24.68)¢ (5106.16 +161.01)" (3.21 £0.056) ¢

2010 T3 (19.12+0.213)* (378 £12.50)" 387 174.0  (155.99 +34.38)° (5968.24 +225.51)* (3.83 +0.077)"

T4 (18.33 £0.150)" (392 +14.05)° 426 174.0  (166.42 £28.95)" (5932.62 +245.55)* (3.56 £0.136)"

TS (14.08 £0.135)¢ (340 =7.21)°" 365 174.0  (143.38 £30.02)¢ (3950.89 +120.58)¢ (2.76 =0.064)°

T6  (19.33 +0.174)° (378 £10.60)" 458 174.0  (176.19 £28.08)" (6022.37 +207.79)* (3.42£0.078)"

2.4 ARFKEMEKE+BEREXNEMAS

P AR E B R

I 2 A B AR K R K i+ B RN AN T R
TR AT R ZCR B FZ A, 43 3 LA™ 5 Y FK 43 1) K
FWUE JyH AR 5, ¥EK & ET FIRE K& + B &
(W+R) N HA R, LA 1 =k 250 8] H #h 4k
Jift. WIS ATLUAE B A FE K & B 3G A0 1t A
AN ES R DN VNS N Y N TN
& AHAE K 35 B — 2 fE A, 77 i FK 0 ) s 8
Bk AR 24T WAEKEN 173,33 mm B, F
7= 1 3k B K (6 026. 56 kg/hm”, i 7K 43 F1l
R Ky 3.48 kg/m’; M AR LA F WK K B R
161. 33 mm B, AR 19 K 20 R F 25036 35 8 i K (E
3.61 kg/m’, JL B 2R 7= 5t 2h 5 770. 16 kg/hm*, Fifi
7K R ALK o3 R AR e R R b,
8 R BE R T80/ R B (B K i3k B — s (),
SRR G R R IE R FF L3 . AR 24 F W
HEK &+ BT & 616. 16 mm I, ™ & i KK

6 026. 97 kg/hm* , i 7K 43 Fll FH &2 N 3. 64 kg/m’;
MOER e H K E + By 601. 01 mm B,
K5y R R Ky 3.70 keg/m’ 5 ik B AR R
5977. 68 kg/hm”,
3 it

X R £ A A A LK 4 R BR AT
A FRE JE SR bR 7 8 Bk 4 R R R H 43
B, RBER /iy P, T, G, C, . SPAD Jifi 1- 3% /K
73 BB 5 v WA, AS [6] Ak B 2 JA) ' 5 4 1 A A
BEPEE R AR ST K ) L O A8 R R
WOt G RS REW RN EEAE T H 8 TRH
B A R S K HE B 0, AT O SRR A
UINNES 2 S (7B RS X (RS- F-RiINGWCE:
TERERRIE A5 36 A5 L T 9 BRI SR 52 i A8 4k b e
AR S AR ARE & A2 I 9] 320K O3 B9 52 W, ] 25
W S AR b b 0 A S B BT B R A KR
18, FEJEH TR R A K . AT R, W
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Fig.5 Relationships between jujube tree ET, irrigation water volume amount + rainfall, yield and WUE
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Tab.5 Lingwu jujube irrigation scheme based on GC — 003 controlling upper and lower water limits
A= 4 1k H RS TR K EL /K 4t /mm
B 2R R it 4 428 H—5 21 H 55% 9, 3~4 50 ~ 60
A8 A S SH22H—7H8H 75% 0, 10 ~12 160 ~ 180
LN TH9OH—9 F22 H 65% 6, 8 ~11 145 ~ 165
S A 9H23H—10 H10 H 65% 6, 2-~3 20 ~40
A (43 10411 H—11 420 H 1 30

A6 S - K op TR BB A AT R T 78 K
0 JRE SR, Ao B SR T IR A AR 5 2R SR R
HETR 3 T BREE A A T BRI T 7 A R

(2) AR 2% A 7 I 0] - K o3 T BR 9 $ g, 3
T AR BRI KR B T EK A TR
B A Pt . 8 i 2 Ty B350 B, B E
FEK B FIHE K B + [ R A 8 3 8, A 7 R A K
oy MR SRR R FE AR

(3)T3 LY T6 LB (45 K) /5 0 B 3% 22 =
(P>0.05), 5 HAth4b 38 (Fr 2019 4¢ T4 4b3H) H4F
e E 2R (P <0.05) {H T3 b3 7K 43 F &%
Bedk, 4y 3 3.86.3.83 kg/m’, i K i 4 B K
326 mm F1387 mm,%¢ T6 AbFEAIK .

(M) RREKE4NMEFHYE RN EHKST
BR300 - 0 2 S i 55% 6, JT AL 1B R 5% 6,
RS KI 65% 60, 352 A 65% 6,
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