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Effect of lower irrigation limit and emitter flow on winter wheat
growth under subsurface drip irrigation

SUN Zhanghao', HUANG Lingmiao'?, YANG Peiling'* , QIU Liuchao', ZHANG Yanxia'
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;

2. Management Committee of Xiamen Longyan Shanhai Cooperative Economic Zone, Longyan 364000, China)

Abstract To explore the influence of lower irrigation limit and emitter flow on winter wheat growth under subsurface
drip irrigation,a full factor experiment was conducted with 3 emitter flow types (0.1,0.9 and 1.5 L/h) and 2 lower
irrigation limits (80% and 60 % of field capacity in the test site). The effects of different experimental treatments on soil
moisture distribution and winter wheat growth were analyzed. The results showed that: The higher flow subsurface drip
irrigation had a large amount of water infiltration, which resulted in an increase in soil moisture content in 40-80 cm soil
layer. The smaller flow subsurface drip irrigation water was mainly stored in the upper soil. The lower limit irrigation of
80% field capacity,compared with 60% field capacity,promoted the increase of plant height, leaf area index, dry matter
accumulation and yield of winter wheat. and reduced the decrease of flag leaf Chlorophyll content during grain filling
period. The leaf area index of winter wheat treated with 0.9 L/h under different flow treatments was the highest.
Increasing the emitter flow rate could reduce the lowering of the Chlorophyll content under the lower irrigation limit of the
60% field capacity. Considering crop growth, yield and water use efficiency comprehensively, the optimal irrigation
system under the conditions of this experiment is the lower limit irrigation of 80% field capacity and irrigation water flow
rate of 0.9 L/h.
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Table 1 Basic soil parameters of the test site

AT /(g/cm®)

HAFIKZE/(ecm/s)

TR BB/ em . ) M 5] 35 K =/ % LI
Volumetric Saturated hydraulic
Soil depth o Field capacity Porosity
weight conductivity

0~20 1.42 2.99X107° 19. 45 0.405 1
20~40 1.42 6.83X10°° 17.35 0.405 1
40~70 1. 38 6.50X10°° 20.73 0.426 0
70~100 1.38 1.82X107* 20. 86 0.260 0

L2 REHE
IR BT K T RS HE K SR i 2 AR i

KRR E 2 4B, DL W, B W, 3R, 5% i 7K
B G303 Sy 0 e - )R K Y 80 26 60 %6
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215 kg/hm* . HAh 48 B it [7) X B A= 7
1.3 Sitah
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Table 2 Design scheme for winter wheat

subsurface drip irrigation test

b 21 HERKTIRY /% Widk/(L/h)
Treatment Lower irrigation limit Flow

W, F, 0.1

W, F, 80 0.9

W, F; 1.5

W, F, 0.1

W, F, 60 0.9

W, F, 1.5

FE DMK R B LU 56 b 1 IR) 45 K 8 9 | 4 3. 4
Wi W 4351 32 7R T K T B T R) 57K st Ay 80 %46 Al
6026 sF1 Fz Al Fs SRR MK Bt R 0.1,0. 9 A
1.5 L/h, TRER.

Note: (D The design of the lower limit of irrigation is
based on the percentage of water holding capacity
in the field. W; and W, respectively indicate that
the lower irrigation limit is 80% and 60% of the
field water holding capacity, and F;, F; and Fj
indicate that the emitter flow rate is 0. 1,0. 9 and

1.5 L/h,the same as follows.

x3 KBHETRLEERE

Table 3 Different treatment irrigation volumes during the test mm
b WEWE H ] Irrigation date I
Treatment  10-03 12-01 04-13 04-18 05-04 05-11 05-24 06-01  Total irrigation
W, F, 30 30 30 13 20 38 33 36 230
W, F, 30 30 30 13 16 41 26 35 221
W, F,; 30 30 30 13 23 30 30 37 223
W, F, 30 30 0 34 0 51 0 39 184
W, F, 30 30 0 34 0 50 0 35 179
W, F; 30 30 0 34 0 48 0 38 180

1.3 MEmMBEF*
1.3.1 tigakk

RE WG R 7 d BT R E 0~80 cm +
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J R R K 9 B 8 I 2R D o i AL A A 2 (i
R = it X5 0. 82) 15, 3 Jf B bk o 1 ARUR A
A B 1A H T AR B CLAD o I I S 2 A X
& (SPAD) % [l SPAD-502 i 43 25 4L & , I 5
B A - BEbR 7 ROE 1Rk, D 4t i 4 A Ak
PRAE K B R AT 6 & /N Tt AT 4 N7
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Fig. 2 Plant height (a) and leaf area index (b) changes in different treatments
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Fig. 3 Changes in SPAD values for different flow treatments under the 2 lower irrigation limits (a) and (b)
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Fig.4 Dry matter accumulation of winter wheat under different treatments
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Table 4 Logistic simulation and eigenvalues of dry matter accumulationin of winter wheat under different treatments

Treﬁiims Ezjfon Va/(g/d)  t./d n/d t,/d At/d R*
W, F, y=39.110 5/[1+exp(2.309 8—0. 118 01) ] 1. 154 19. 58 9.66 30. 74 21.08 0.980 2
W, F, y=141.007 6/[1+exp(2.563 5—0.119 78)] 1.227 21.42 11. 64 32.42 20.78 0.983 3
W, F; y=41.740 6/[1+exp(2.372 5—0.106 92) ] 1. 115 22.20 11.25 34.52 23.27 0.979 0
W, F, y=232.139 9/[1+exp(2.347 5—0.130 92) ] 1.052 17.94 9.00 28.00 19.00 0.957 7
W, F, y=33.042 1/[1+exp(2.396 4—0. 125 91) ] 1. 040 19. 03 9.74 29.49 19.75 0.986 8
W, F, y=34.740 8/[1+exp(2.289 4—0.111 31 ] 0. 967 20. 56 10. 05 32.39 22.34  0.969 1

Tt R ZNER R KRB y R Z/NE TP FAR B AL Vi Fom T W T R KO A 378 T 9 W0 3 AR H BLE I (8] 54 A0 22

539 R Logistic A4 pR ALY 2 403 85 Ar FRom T i P ik

S PN 8

Note:¢ indicates the number of days after winter wheat jointing; vy indicates the dry matter accumulation of winter wheat;V,, indicates the

maximum growth rate of dry matter, ¢, indicates the time when the maximum rate of dry matter appears;t; and ¢, are the two

inflection points of Logistic growth function respectively; Az indicates the rapid accumulation of dry matter for the number of days.

(V)W F, {63 V., &z KK 1.227 g/d, 3 fR
[F] 3t 0t ) b 3 B o T K A A R ) AR T 0 B e K
FURE R BRI () AT F AR BE ¢ SF R
9.33 d, 5 F, . F; AbHAH L4 $2 H 1. 36,1, 33 d;
117 7o T K A U e A A P — R SR T BT
Zpe B Z )l E (A, W, F, AbFEER W F, W, F,
OB Ac 4y 9 EE K 2.0 19, 2. 49 d, W, F, kb B 4%
W.F, W, F, kb# 5354 3. 34.2. 59 d.
2.3 AEVEBEXNEZENEZFERKSFAREN
A1)

UNGIEGE: Vish-aWies = 305 E i 1P & D

W5, W, ibF4s W, AbFSE4 = 13.17% .,

kS BT 2 W KT BROG 7 A ) E E K
SE(P<C0. 05) , i i 0 Ab B X6 7= 8 A9 52 i R i 3
AT R AR A . W, AbFREE W, AbBRR S T BALL
T FRURE I, I 2 1k 0 A 2% BAIE KT BR X 4% /N 22 Rl AR
SR 53 (P<70. 01) o 43 B A [R) Ak B 8] 7K 43 1) FH 2%
RALHL, W, Ah AR W Ab PR T 0 I KR A Ak
B, 0 3 T A4 2 B KT B X VR R K R &R B
Wi 2 3 (P<<0. 01) . /K43 AR WL F, 40 3 5 i
H2.00 kg/m*, AL ER ] 22 R B E . LR
W.F, 5 W, F, b3 ™ & 5, K R FHRCR RN
3.77 kg/m*, K 4y Ml H ®CK 4r Bl A 2.00 AN
1.97 kg/m?,

£S5 ZNEFBREASGARARE

Table 5 Winter wheat yield and water use efficiency

e FEH/ T L TR E/g i TEWE KR 2/ Ko RIS/

(10" /hm?*) No. of grains 1 000-grain (kg/hm?*) (kg/m*) (kg/m*)

Treatment . .
Spike number per spike weight Yield IWUE WUE

W, F, 579 a 28 b 50.05 a 8 123.43 ab 3.53 b 1.97 a
W, F, 521 b 32 a 50. 66 a 8 328.44 a 3.77 ab 2.00 a
W, F, 510 b 33 a 50.16 a 8 404.21 a 3.77 ab 1.97 a
W, F, 498 b 29 b 50.09 a 7 194.99 ¢ 3.91 ab 1.90 a
W, F, 439 ¢ 34 a 49.76 a 7 325.55 ¢ 4.09 a 1.92 a
W, F, 498 b 30 ab 49.33 a 7 443.10 be 4.14 a 1.93 a

TE B 0BT 5 AR R B 328 W PEAE 0. 05 KPR #F RS

Note:Same letters within same column indicate that there are no significant differences at the 0. 05 level.
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KA Fy Ab BRI B K T A, A KR —
AbF— PR RS . W R K o A A A
SRR R s Rk WL F AR BEAR X T WL F, WL E,
LbFE SPAD B # /N,

KONFET YR BRI R S £
MRS T RA R SRR,
WA WFIETE 25 5 AR — & 1K 53 I 38 6E 0% 4 i D'
B 1) G B A B Ak X — A E
B, AR R woR W, 5 W, dbBEREGS R & T
Yy o R B s A [R]  A Ak B R E T A R R

R/INFEACKH[R] o T /0N Hk 1) A R RE 95 £ 5L 1 4 o bR
R FAE] 52 A AT R /N I Ak PR X A
KFE - AMTLNLZETFRU YRR, &5
JE WL RE S IR S AR i AR T R W
AbEE R T W, AR B F MR & 946, 15 kg/hm’,
T HE KT BRBE A fie 2 A5 1 AR Bl 5 % 1 2
T4 e VR = o R 0 FE ™ o A R R
SRR AR R SR FHRCR . WL F, 2R
FUTFEMMEREN . W F, &R 2 2 Y
A RCTR R Y B o L U R AR W 1 R AR A B
L A I RE R I8 A K 2y R TR B A2 R 2 B TR
IR .

TR

AHIF 5T R AR R 7K T BR 55 () 3 o 14 44 /N A2
TS, A3 AT 1 b R U E R KR IR S
XF A HEIK 3 oy A AN AR K WS, AR
mr .

1) AE K 25 3 & T 45 40~80 em )2 FHK
R N T K EER B R
WRZE.

2) HE K TR 80 X6 HH ] 47 /K 1 %5 60 26 H [] F5 7K
it (i HE TR R R BE L T AR S R DL R T ) o Y 4
e s IF LR HE T SR i i 2 2K 4R L DG
W R 2 B R B T RSB S AR R i

3) Ui b B T 5 e it i AR A BB I Y
Pt vy Pt v AR AR ISR S v i 0.9 L/h
Ao B TR B R s ZEVE K R B 60 26 HH [R]HF K
SR PN PR K AR U A AR S P S e Y
LR R

DLEEVEY AR 7= i Bk o FURECR R 4%
1R e P T ) R L W K R BR 80 %6 HH A K
KR AE R 0.9 L/h,
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