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Effect of Irrigation Depth on Root Distribution and Water Use
Efficiency of Jujube under Indirect Subsurface Drip Irrigation
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(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
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Abstract; To investigate the effects of installation depths of water-conduct device on root distribution and
root growth in dwarf close planting jujube under indirect subsurface drip irrigation ( ISDI), three
installation depths of water-conduct device were considered in the experiment. The installation depths of
water-conduct device were 20 cm (T1), 27 em (T2) and 35 em (T3), respectively, with surface drip
irrigation (DI) as comparison. Different depths, horizontal distances of jujube roots system distribution
were obtained by annular ditch layered methods, the results showed that there were significant differences
in jujube roots system distribution under DI and ISDI. On root morphology, root distributions were
shallow and horizontal extension under DI. The distribution of root in different soil layers was uniform,
and growth direction of root was basically downward under ISDI. ISDI significantly increased the root
length density of fine roots (d <5 mm), which increased by 1 ~2 times than that of DI. Root length
density of d >5 mm and root system distribution distance in horizontal direction were reduced, and the
proportion of fine root length in 20 ~40 c¢m soil layer was increased. With the increase of depth of water-

conduct device, the root length density of fine roots (d <2 mm) was decreased in 0 ~20 cm soil layer
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and increased gradually in 20 ~60 cm in vertical direction under ISDI. In horizontal direction, the fine

root length density of each treatment was comparatively concentrated distribution in 0 ~20 c¢m soil layer,

70% of root was distributed in horizontal range of 0 ~ 20 cm, the fine root distribution distance of each

treatment was increased. With the increase of depth of water-conduct device, the horizontal distribution

distances of roots of different diameter in 0 ~ 20 cm soil layer tended to be reduced, but that in 20 ~

40 cm soil layer tended to be increased. Generally, with the increase of depth of water-conduct device,

fine root distribution showed developing trend from shallow and wide to narrow and deep.

Key words: jujube tree; indirect subsurface drip irrigation; irrigation depth; root; water use efficiency
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Tab.1 Physical and chemical properties of

experimental soil

TR B LHORA MR LA/ &k
BE/em LR GKE/ % KE/% (grem 1) ol /%
0~10 ¥+ 28.37 19.43 1.38 8.18 0.19
10 ~20 i+ 28.39 19.18 1.39 8.19 0.17
20 ~30 VLt 27.68 19.22 1. 40 8.25 0.14
30 ~40 FitkE 30.46 26.43 1.43 8.43 0.15
40 ~50 Yt 27.87 24.15 1.42 8.24 0.13
50~60 W+ 27.87 24.15 1.42 8.24 0.12
60 ~80 W+ 27.87 24. 07 1.42 8.46 0.12
0.

80 ~100 ¥+ 27.87 24.07 1.42 8.46
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Fig.2 Diagram of indirect subsurface drip irrigation irrigator
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Tab.2 Irrigation schedule L/#f
R B 7K o 0
, W 2 5% -39 1E39 GBS ] PN N IR IR .
I (8] T E B
(04 — 10— (05 -22— (06 —27— (07 19— (08 — 26— (09 — 06—
05-21) 06 —26) 07-18) 08 - 25) 09 —05) 10-15)
2011—2012 4F 13 26 26 52 13 13 143
2013—2014 4 14 28 28 56 14 14 154
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Fig.4 Spatial distributions of soil water in jujube root zone under different treatments after a single irrigation
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R d < 3.5 mm 40 MR & AR K W d >
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Tab.3 Vertical distribution of root system under two kinds of drip irrigation

d <2 mm d=2~5mm d>5 mm
Tl CK Tl CK Tl CcK
W/
TR TR SFEIR TR AR TR
om . U . n/ - n/ e n/ . n/ . n/
K&/ K&/ K&/ K&/ K&/ K&/ ”
‘0
(m-m™?) (m-m™?) (m-m™?) (m-m™?) (mem™?) (m-m~*)
0 ~20 364.3" 39.2 125. 9% 42.2 53.54 33.7 37.6" 49.6 24. 6" 36.5 27.9 34.1
20 ~40 292.9% 31.4 59. 2" 19.8 50. 7% 32.0 10. 48 13.7 20. 7% 33.7 19. 8" 19.3
40 ~ 60 96. 8" 10. 4 37.9% 12.7 19. 4" 12.2 10.0"® 13.2 8.0" 11.8 16. 4" 20.0
60 ~ 80 162. 1°* 17.5 30. 6"° 10.3 35. 1% 22.1 17. 1% 22.5 12. 1% 18.0 21.5% 23.8
80 ~ 100 14<% 1.5 44. 8" 15.0 0.8° 1.0 2.3¢ 2.8
S/ AT 186 100 59.7 100 39.7 100 15.2 100 16.9 100 16.4 100

T /NG PR RS B, RS R AT e AN R 3 3R Ak B ) 22 53K 5% KPR A
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Tab.4 Radial distribution of root system under two kinds of drip irrigation
d <2 mm d=2~5mm d>5 mm
— ISDI DI ISDI DI ISDI DI
iy -1 i -y F1 iy

cm Y n/ n/ n/ n/ n/
A% B/ A B/ % ML g/ . M %5 i/ % M A % g/ ML %5 g/ %

(m-m~%) (m-m~") (m-m~%) (m-m~") (m-m~?) (m-m~%)
0~20 671.2 58.6 187.7°® 52.2 128. 1% 64.6 81.7® 73. 1 41,38 48.9 73,2 65.5
20 ~40 123. 8" 10. 8 31.5" 8.7 28. 5" 14.4 7.5 6.7 15. 9" 18.8 20. 2M 18.0
40 ~ 60 177.0°* 15.5 56. 3" 15.7 17.3% 8.7 11.9% 10. 6 4, 4°r 5.2 8.2 7.3
60 ~ 80 112. 4" 9.8 78.6"" 21.9 16. 5% 8.3 8. 9" 7.9 12.8" 15.2 9.1 8.1
80 ~ 100 60. 7 5.3 5.5 1.5 8. 1" 4.0 1.9 1.7 10. 1% 11.9 1.3 1.1
SR AT 229 100 59.7 100 39.7 100 22.4 100 16.9 100 22.4 100
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Fig. 6 Vertical distribution changes of root system in different installation depths of water-conduct device
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Fig.7 Horizontal distributions of root system in different soil layers and installation depths of water-conduct devices

2.3 AEAHEARESKEEERVNREAZTES

2 R RKP 1 B R B A A e i A0 AR A

koA A 3SR R A K] I AR K- O ) a3 A B B ROR . BFSE
i1 8a FREH AF DI, R 40 40 A 43 A1 A8 % T ZE A TR VR AT DS b ol A AR R Y 2R EOALK R
FEZRKSF-J7 1] 43 A R B 35 K, I T & K el K ORAE R FEAR YIRS BE R S K R R )
-10 ) -10 -10
-20 é’)\g 8o 20 \\// C J -20 -20
%4@
730-/\ & —30 -30 -30
g —40 3 A g 740 g —40 g —4
% -50 N s \\/: % —50 % -50 % =5
W60y § ~—— I _gp I _gp I g0
A7 N ( 477N - -
gk o | —70 ( —70 -70
—80 40-\ -80 % -80 —80
-0 oo NN N L -90 gy =
10 20 30 40 50 60 70 10 20 30 40 50 60 70 80 90 1020 30 40 50 60 70 80 90 100 10 20 3040 50 60 7080 90
STk FREE/ cm 5T KPR/ cm ST K FREE/cm ST K FEEE /eom
(a) CK (b)T1 (c) T2 (d)T3
K8 DI K& ISDI T4 (d <2 mm) MR % B 23 [0 40 A5 (43 :m/m’)

Fig. 8

Fine root length density distributions of DI and ISDI (unit;m/m’)



88 & A Bl B ¥ i

2016 4

R AETE BT 0] b, AR AR B R 52 T B
F(FE 8b ~8d) i T1 Ab 3T 4 AR AR A 2% FE 04
BAE +JZ TR IE 20 ~40 em Kb, T3 4k BRI 0 (] H )
£ 40 ~50 cm Kb X U6 Bl 3 5 K 3 IR Y 1Y
T, AR AR A 8 AR 2 L 1] b A o3 A Y R R
IR o BEAE SRR BIR 0 OR AR AE K T
li L= B8 3 AR Bl B 2R A0 T AR HRORER 4y
AR 73 A AE 50 T KFBEE 70 ~ 80 em LA, T T3
A PROCTR S AR S AT TE 40 ~50 em DLN . BA |,
Wt 5 98 B B2 ARty DT 31 ISDT K 98 188 9% J3€ 9 389 o, &40
R I3 A R A 52 3 o v LT 1) ¢ R AR Y R Y
(SR

XA AR (d <2 mm) B 3 5 iR T K7
I R 2 TR BE R AT RS 23 B, A5 A AR (d <
2 mm ) AR B RE AR 4R A5 (] A 1 5 0 R RORE L

D,(z,r) =ae’* '/ (2)
X D, —— AR, m/m’
TIEZHE  em
5 KPS, em
a.b.c.d f—WHEBH

FAE B R L SRR 5 B o HokE
ARAE 0. 82 LA b, Ul B 245 %00 ek 5 Y RE #5 J Bk
20 MR AR K B A 4 A 8] A B R

RS ARRREENZTALHEBSHUSER

Tab.5 Results of fitting on spatial distribution model
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