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Water saving potential and mechanisms of subsurface drip
irrigation: A review
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(1. Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences /
Key Laboratory of Agricultural Water Resources, Chinese Academy of Sciences / Hebei Laboratory of Water-Saving Agriculture,
Shijiazhuang 050022, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Water
Conservancy and Hydropower Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Subsurface drip irrigation is a water-saving irrigation technology with high water efficiency due to small irrigation
volume and increased crop yield. Subsurface drip irrigation can effectively reduce evaporation and drainage and improve irri-
gation water productivity, whereas its’ high degree of automation can reduce labor, operation, and management costs. This
technique is an important irrigation technology in water-deficient areas in China. Here, we reviewed the development of sub-
surface drip irrigation technology, systematically compared the effects of various irrigation methods on crop yield, irrigation
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volume, and evapotranspiration, discussed the soil water movement process influenced by multiple factors under subsurface
drip irrigation (from indoor control experiments and established mathematical models), revealed the water-saving and
yield-increasing mechanisms of subsurface drip irrigation, and highlighted the key technical parameters of subsurface drip
irrigation systems and their effects on crop yield and water use efficiency. Finally, we presented the difficulties of this system
and called attention to the problems that required further research. This study examined the water conservation potential of

subsurface drip irrigation and its underlying mechanisms, providing a scientific basis for promoting the widespread application
of subsurface drip irrigation technology.

Keywords: Subsurface drip irrigation; Water movement characteristics; Water use efficiency; Water saving potential

, 4 311979
(Gossypium hirsutum)
() , , , 1985 8000 hm’
« 95[13]
b [2]7 b
[3] [4] , ,
[5]
, , , 20 80 ,
[6]
(60%~80%) (1411982  Mitchell !
(50%~60%), 90%, i ,
1989
[16] 113 2
[8] ,
, , 13.3 hm? ,
[9]
[17]
21 ,
, (Medicago truncatula) (Zea mays)

> B

[18]

| TR AN SRS » 2006, Bhattarai T

1913 House
> 11 1920 [20-21]
Charles
’ [ 2 HTEETKB N EEIEEM
20 70 s 2.1
121 1978

http://www.ecoagri.ac.cn



1078 ( ) 2021 29
, , 39%, 40 mm,
40%~50%, 80%%2, 25% Umair 3%
(Triticum aestivum)
80 mm 40 mm,
, 2 mm-d’
, 10% , ,
[23]
3 9
3 2.2
20~55 cm s ,
, 39.8%4
Bordovsky  [** ,
, 2.54 mm-d’! 1331
14% ,
[26]
10~35 cm , (341
10~40 cm , 60 cm ,
50.8% 37.5% 21% ,
11%, 148%  41% 3]
[36]
, [37-38]
s [37]
, (Citrus reticulata) D=kxI"x{® D
23% (271, , : D / (cm),
9%~12% (Vitis vinifera L.) I (mL'min™"), ¢ (min), k a b
9%~11% (28], , ,
7% , ; ,
10 cm (301 Valentin (37401 )

[31]

http://www.ecoagri.ac.cn



6 : 1079

[39]
[41]
w=Ax*+Bx+C (2) ,
T / (%), x
/ (cm),A B C -
2 : (491
[41] ’
[42] 20 cm , [50]
5cm , 25 cm s s
15 cm ) HYDRUS-2DP'53 SWMS-2DPY WMTracel”
, HYDRUS-2D
, , VG
, (551 HYDRUS-2D (5¢]
[43]
) Evett D7 ENWATBAL
[44]
’ , 15cm 30cm
) , , 15cm 30 cm
s 51 mm
) ) 81 mm; 30 cm
10%
[45]
3 HMTHEXRERASH
2.3 3.1

Philip  Mo*!

http://www.ecoagri.ac.cn



1080 ( ) 2021 29
[58] 8 [64] 60%
) , 80%
16.7% 25.0%  63.8%,
[59]
, 20%
) 5 1 1 7 1
631, (Cucumis melo var. Sac-
80%, charinus) R (Allium cepa)
, teel, (Raphanus sativus)
, [60] 3 1 [67] ,
[61]
, Warrick  [6% ,
[17]
33
3.2 )
) , 1
1
, s 20~70 cm, 20~40 cm
[68]
[69]
[63] , 80 cm
(Solanum melongena) 225 mm 30 cm
, 275 mm Sidhu "
8%, S 15 cm
Ma B 65% 20 cm,
, 80% 6%, ) ;
12% Grabow [V 9lcm
) 182 cm R

http://www.ecoagri.ac.cn



1081

6
; Camp 721
, Enciso 17 15cm 20 cm 30 cm
[74]
[75]’
(1]
N . 2]
4 WTHEARAFBRENAMES
’ (3]
’ [4]
1) ,
, (5]
6]
2)
20 cm
; , (7]
8]
3)
’ , [9]
[10]
[59]

4) ,

S %@k References

. [J1. , 2014,
22(8): 880885
KANG S Z. Towards water and food security in China[J].
Chinese Journal of Eco-Agriculture, 2014, 22(8): 880-885

s s . 21

[J1. , 2001, 20(3): 1-5
HUANG X Q, GAO F, WANG X J. Water saving irrigation
and sustainable utilization of water resources in the 21st cen-
tury[J]. Irrigation and Drainage, 2001, 20(3): 1-5
CAO G L, ZHENG C M, SCANLON B R, et al. Use of flow
modeling to assess sustainability of groundwater resources in
the North China Plain[J]. Water Resources Research, 2013,
49(1): 159-175
RODELL M, VELICOGNA I, FAMIGLIETTI J S. Satel-
lite-based estimates of groundwater depletion in India[J].
Nature, 2009, 460(7258): 999-1002
SCANLON B R, FAUNT C C, LONGUEVERGNE L, et al.
Groundwater depletion and sustainability of irrigation in the
US High Plains and Central Valley[J]. Proceedings of the Na-
tional Academy of Sciences of the United States of America,
2012, 109(24): 9320-9325
: [J1.
, 2014, 22(8): 875-879

LIU C M. Agricultural water issues in China—Discussions on
research highlights[J]. Chinese Journal of Eco-Agriculture,
2014, 22(8): 875-879
DASBERG S, OR D. Drip Irrigation[M]. Berlin, Heidelberg:
Springer Berlin Heidelberg, 1999

> > . [J].

, 1999(4): 13-15, 42

CHENG X J, XU D, ZHANG H. A summary of development
and application situations for subsurface drip irrigation tech-
nique[J]. Water Saving Irrigation, 1999(4): 13—15, 42
AYARS J E, FULTON A, TAYLOR B. Subsurface drip irri-
gation in California—Here to stay?[J]. Agricultural Water
Management, 2015, 157: 39-47
HADAS A. Trickle irrigation for crop production-design op-

eration and management[J]. Soil and Tillage Research, 1987,

http://www.ecoagri.ac.cn



1082 ( ) 2021 29
10(2): 191-192 : , 2003, 11(4): 49-52
[11] CAMP C R. Subsurface drip irrigation: a review[J]. Transac- ZHANG H Y, WANG Y Z. Main ways of developing wa-
tions of the ASAE, 1998, 41(5): 1353-1367 ter-saving agriculture in Huaibei District of Anhui Pro-
[12] BOSCH D J, POWELL N L, WRIGHT F S. An economic vince[J]. Journal of Anhui Institute of Architecture, 2003,
comparison of subsurface microirrigation with center pivot 11(4): 49-52
sprinkler irrigation[J]. Journal of Production Agriculture, [23] EVETT S R, COLAIZZI P D, HOWELL T A. Drip and
1992, 5(4): 431-437 evaporation[C]//Proceedings of the Central Plains Irrigation
[13] R , . 1. Conference, Sterling: Colorado, 2005: 33-39
, 2004, (1): 25-28 [24] MESHKAT M, WARNER R C, WORKMAN S R. Evapora-
WU F, ZAI S M, CONG P J. Research and application situa- tion reduction potential in an undisturbed soil irrigated with
tions of subsurface drip irrigation at home and abroad[J]. surface drip and sand tube irrigation[J]. Transactions of the
Water Saving Irrigation, 2004, (1): 25-28 ASAE, 2000, 43(1): 79-86
[14] ( ) [J1. [25] BORDOVSKY J, LYLE W M, SEGARRA E. Economic
, 1995, (4): 51-54 evaluation of Texas High Plains cotton irrigated by LEPA and
ZHANG G X. Technical condition and suggestions of sub- subsurface drip[J]. Texas Journal of Agricultural and Natural
surface drip irrigation (infiltration irrigation) [J]. Shanxi Hy- Resources, 2000, 13: 67-73
drotechnics, 1995, (4): 51-54 [26] R
[15] MITCHELL W H, TILMON H D, MAGAZINE S. Under- [J1. ,2014,22(5): 1086-1090
ground trickle irrigation: The best system for small farms?[J]. GUO X L, LI W J. Effects of different irrigation methods on
Crops & Soils Magazine, 1982, (34): 9-13 alfalfa yield and irrigation water use efficiency[J]. Acta
[16] e Agrestia Sinica, 2014, 22(5): 1086—-1090
[J1. , 2001, (2): 24-27 [27] MARTINEZ-GIMENO M A, BONET L, PROVENZANO G,
LI G Y. The development trend of micro irrigation in the et al. Assessment of yield and water productivity of clementine
world—summary and experience of the sixth international trees under surface and subsurface drip irrigation[J]. Agricul-
micro irrigation conference[J]. Water Saving Irrigation, 2001, tural Water Management, 2018, 206: 209-216
(2): 24-27 [28] MA X C, SANGUINET K A, JACOBY P W. Direct root-zone
[17] s s , . ( ) irrigation outperforms surface drip irrigation for grape yield
7. , 1999, 18(4): 10-14 and crop water use efficiency while restricting root growth[J].
ZHANG H, XU D, CHENG X J, et al. Experimental study on Agricultural Water Management, 2020, 231: 105993
performances of several watering devices for subsurface irri- [29] s s ,
gation[J]. Irrigation and Drainage, 1999, 18(4): 10-14 [J]. s
[18] s , , . 2019, 45(3): 443459
[J1]. ,2017(1): 87-89, 93 YANG M D, GUAN X K, LIU Y, et al. Effects of drip irriga-
YI X, LIU J, WEI Q S, et al. The research overview of the tion pattern and water regulation on the accumulation and al-
application of numerical simulation in water-saving irrigation location of dry matter and nitrogen, and water use efficiency
technology[J]. Water Saving Irrigation, 2017, (1): 87-89, 93 in summer maize[J]. Acta Agronomica Sinica, 2019, 45(3):
[19] BHATTARAI S P, PENDERGAST L, MIDMORE D J. Root 443-459
aeration improves yield and water use efficiency of tomato in [30] s s , .
heavy clay and saline soils[J]. Scientia Horticulturae, 2006, [J1. , 2016,
108(3): 278-288 50(1): 1-7
[20] s s s YANG M D, GUAN X K, BAI T T, et al. Effect of different
[J1. drip irrigation modes on spatial distribution variance of soil
, 2020, 38(4): 67-73 water and summer maize growth[J]. Journal of Henan Agri-
CAO X S, ZHENG H X, TONG C F, et al. Effects of subsur- cultural University, 2016, 50(1): 1-7
face drip irrigation with micro-nano bubbled wateron soil [31] VALENTIN F, NORTES P A, DOMINGUEZ A, et al. Com-
enzyme activity and root prolineof alfalfa[J]. Agricultural paring evapotranspiration and yield performance of maize
Research in the Arid Areas, 2020, 38(4): 67-73 under sprinkler, superficial and subsurface drip irrigation in a
[21] s R s semi-arid environment[J]. Irrigation Science, 2020, 38(1):
[J1. , 2020, 105-115
39(7): 24-30 [32] UMAIR M, HUSSAIN T, JIANG H B, et al. Water-saving
CAO X S, ZHENG H X, WANG J, et al. Effects of subsurface potential of subsurface drip irrigation for winter wheat[J].
drip irrigation with micro-nano bubble water on rhizosphere Sustainability, 2019, 11(10): 2978
soil nutrients and yield of alfalfa[J]. Journal of Irrigation and [33] R s ,
Drainage, 2020, 39(7): 24-30 [J1. , 1996, 15(1): 4244
[22] s . [J]. LYUM C, WU F, PENG G F, et al. Underground and surface

http://www.ecoagri.ac.cn



1083

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

drip irrigation soil water movement laboratory test research[J].

Irrigation and Drainage, 1996, 15(1): 4244
AMALI S, ROLSTON D E, FULTON A E, et al. Soil water
variability under subsurface drip and furrow irrigation[J]. Ir-
rigation Science, 1997, 17(4): 151-155
[J]. , 2008, 36(8): 3277-3279

ZHANG H X, YUAN Y B, SHU X K, et al. Experimental
study on soil-water movement under subsurface drip irriga-
tion[J]. Journal of Anhui Agricultural Sciences, 2008, 36(8):
3277-3279
[J]. , 2002, 18(1): 27-30, 12
XU D, CHENG X J. Model application of water flow and so-
lute transport during non-steady diffusion from subsurface
emitter source[J]. Transactions of the Chinese Society of Ag-
ricultural Engineering, 2002, 18(1): 27-30, 12

[J11. , 2019,
38(4): 1-10
WANG B Y, WEI W, LIU L C, et al. Water movement and its
potential for uptake by roots under plug-in subsurface drip ir-
rigation[J]. Journal of Irrigation and Drainage, 2019, 38(4):
1-10

[J1. ,2017, (10): 31-34
WANG R L, ZHANG Z C, JIA X H, et al. A preliminary re-
search on water movement rule under subsurface drip irriga-
tion and applicability of drip irrigation belt[J]. Water Saving
Irrigation, 2017, (10): 31-34

[DI. : , 2008

REN J. Research on regulation of soil-water movement in ir-

rigation design parameters under subsurface drip irrigation[D].

Shihezi: Shihezi University, 2008
SHIRI J, KARIMI B, KARIMI N, et al. Simulating wetting
front dimensions of drip irrigation systems: Multi criteria as-
sessment of soft computing models[J]. Journal of Hydrology,
2020, 585: 124792
[D].
,2011
WANG C. The experiment research on the soil moisture dy-
namic change of soil water movement under subsurface drip
irrigation[D]. Yangling: Northwest A & F University, 2011
[J1. ,2017, (1): 25-27, 32
ZHANG S, LI H P, ZHENG H X, et al. A study on soil water
movement law of point source infiltration under buried drip
irrigation[J]. Water Saving Irrigation, 2017, (1): 25-27, 32

[D]. : ,2010
ZAI S M. Soil water and nutrient transport under the integra-
tion of irrigation and fertilization[D]. Yangling: Northwest A

& F University, 2010

5

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[J1]. , 2019, 54(5): 169-175
ZHOU S L, SUN S M. Distribution and transport of water and
nitrate nitrogen under indirect subsurface drip irrigation[J].
Journal of Gansu Agricultural University, 2019, 54(5):
169-175
[J71. , 2004, 23(4): 26-28

LID X, LUOJ Y, PENG S Z. Laboratory experimental study
on soil-water movement of subsurface drip irrigation[J].
Journal of Irrigation and Drainage, 2004, 23(4): 26-28
PHILIP J R. Steady infiltration from buried, surface, and
perched point and line sources in heterogeneous soils:
analysis[J]. Soil Science Society of America Journal, 1972,
36(2): 268-273
PHILIP J R, FORRESTER R I. Steady infiltration from buried,
surface, and perched point and line sources in Heterogeneous
soils: . Flow details and discussion[J]. Soil Science Society
of America Journal, 1975, 39(3): 408-414
PHILIP J R. Steady infiltration from buried point sources and
spherical cavities[J]. Water Resources Research, 1968, 4(5):
1039-1047
[J1. ,2001, 17(6): 1-4
CHENG X J, XU D. Mathematical model for simulating water
flow and solute transport during non-steady diffusion from
subsurface trickle source[J]. Transactions of the Chinese So-
ciety of Agricultural Engineering, 2001, 17(6): 1-4
[J1. ,2012, 43(8): 898-905
LIUY C, L1J S. Modeling of water and nitrogen transport in
layered-textural soils under subsurface drip fertigation[J].
Journal of Hydraulic Engineering, 2012, 43(8): 898-905

[D].

, 2005
LI H. Experiments and numerical simulations of soil-water
movement in subsurface drip irrigation[D]. Wuhan: Wuhan
University, 2005
ELNESR M N, ALAZBA A A. Computational evaluations of
HYDRUS simulations of drip irrigation in 2D and 3D do-
mains (ii-subsurface emitters)[J]. Computers and Electronics
in Agriculture, 2019, 163: 104879
ELMALOGLOU S, DIAMANTOPOULOS E. Simulation of
soil water dynamics under subsurface drip irrigation from line
sources[J]. Agricultural Water Management, 2009, 96(11):
1587-1595
. [D].
,2017

LIU Y B. Numerical study on surface drip irrigation and
subsurface drip irrigation[D]. Hangzhou: Zhejiang University,
2017

[D].

, 2005

ZHOU Y C. Numerical analysis and simulation of soil water
movement under subsurface irrigation[D]. Shenyang: Shen-

yang Agricultural University, 2005

http://www.ecoagri.ac.cn



1084 ( ) 2021 29
[56] s . HYDRUS-2D irrigation limit and emitter flow on winter wheat growth un-
7. der subsurface drip irrigation[J]. Journal of China Agricul-
,2019, 31(3): 458-468 tural University, 2019, 24(11): 41-50
YU M T, ZHANG K F. Identification of soil hydraulic pa- [65] CALDWELL D S, SPURGEON W E, MANGES H L. Fre-
rameters based on HYDRUS-2D software and simulation of quency of irrigation for subsurface drip-irrigated corn[J].
soil water movement under indirect subsurface drip irriga- Transactions of the ASAE, 1994, 37(4): 1099-1103
tion[J]. Acta Agriculturae Zhejiangensis, 2019, 31(3): [66] BROWN M J, BONDURANT J A, BROCKWAY C E. Sub-
458-468 surface trickle irrigation management with multiple crop-
[57] EVETT S R, HOWELL T A, SCHNEIDER A D. Energy and ping[J]. Transactions of the ASAE, 1981, 24(6): 1482-1489
water balances for surface and subsurface drip irrigated [67] WAN S Q, KANG Y H. Effect of drip irrigation frequency on
corn[C]//Proceeding of Fifth International Microirrigation radish (Raphanus sativus L.) growth and water use[J]. Irriga-
Congress. Lamm F R(ed.). St Joseph, MI: American Society tion Science, 2006, 24(3): 161-174
for Agricultural Engineering, 1995: 135-140 [68] s s . [1].
[58] , s , . [J1. , 2008, 39(6): 800—-804
, 2004, 20(1): 80-83 XU L, LTI Y R, HUANG H R. Advance in subsurface drip ir-
WU F, FAN Y S, LI H, et al. Clogging of emitter in subsur- rigation[J]. Guangxi Agricultural Sciences, 2008, 39(6):
face drip irrigation system[J]. Transactions of the Chinese 800-804
Society of Agricultural Engineering, 2004, 20(1): 80-83 [69]
[59] ; ; [D]. : ,2014
[J1]. ,2018,49(1): 103-114 LIAN X W. Study on water efficiency and the laying of drip
LIY K, ZHOU B, YANG P L. Research advances in drip ir- tape under the condition of underground drip irrigation of al-
rigation emitter clogging mechanism and controlling meth- falfa in the areas of Altay[D]. Hohhot: Inner Mongolia Agri-
ods[J]. Journal of Hydraulic Engineering, 2018, 49(1): cultural University, 2014
103-114 [70] SIDHU H S, JAT M L, SINGH Y, et al. Sub-surface drip fertiga-
[60] , s tion with conservation agriculture in a rice-wheat system: a
. , 2008, 24(4): 83-87 breakthrough for addressing water and nitrogen use efficiency[J].
LIJS, DU Z H, L1Y F. Field evaluation of fertigation uni- Agricultural Water Management, 2019, 216: 273-283
formity for subsurface drip irrigation systems[J]. Transactions [71] GRABOW G L, HUFFMAN R L, EVANS R O, et al. Water
of the Chinese Society of Agricultural Engineering, 2008, distribution from a subsurface drip irrigation system and
24(4): 83-87 dripline spacing effect on cotton yield and water use effi-
[61] s s , ciency in a coastal plain soil[J]. Transactions of the ASABE,
[J1. , 2008, 27(1): 18-20 2006, 49(6): 1823-1835
FAN X K, WU P T, NIU W Q, et al. The methods of impro- [72] CAMP C R, BAUER P J, HUNT P G. Subsurface drip irriga-
ving system’s irrigation uniformity under low-pressure drip tion lateral spacing and management for cotton in the south-
irrigation[J]. Journal of Irrigation and Drainage, 2008, 27(1): eastern coastal plain[J]. Transactions of the ASAE, 1997,
18-20 40(4): 993-999
[62] WARRICK A W, SHANI U. Soil-limiting flow from subsur- [73] ENCISO J, JIFON J, WIEDENFELD B. Subsurface drip irri-
face emitters.  : Effect on uniformity[J]. Journal of Irriga- gation of onions: Effects of drip tape emitter spacing on yield
tion & Drainage Engineering, 1996, 122(5): 296-300 and quality[J]. Agricultural Water Management, 2007, 92(3):
[63] ; . . 126-130
[3]. ,2020(5): 27-31 [74] MURLEY C B, SHARMA S, WARREN J G, et al. Yield re-
LI X Q, SUN Z J, ZENG Y X, et al. Effects of different bu- sponse of corn and grain Sorghum to row offsets on subsur-
ried depths on yield and water use efficiency of eggplant un- face drip laterals[J]. Agricultural Water Management, 2018,
der underground infiltration irrigation condition[J]. Water 208: 357-362
Saving Irrigation, 2020(5): 27-31 [75] SEIDEL S J, SCHUTZE N, FAHLE M, et al. Optimal irriga-
[64] s s , tion scheduling, irrigation control and drip line layout to in-

1. ,
2019, 24(11): 41-50
SUN Z H, HUANG L M, YANG P L, et al. Effect of lower

crease water productivity and profit in subsurface

drip-irrigated agriculture[J]. Irrigation and Drainage, 2015,
64(4): 501-518

http://www.ecoagri.ac.cn



