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Sl J2 1 L K A IR e IR S AU R
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B BKE RAERIBAEE R LU Ry
TRA “BHEZE” R, HIAGHE NI,
FERE. FAMERS. BT, HEHEM N REEAR L
BRI o 5 A 0 A AR AT P R R R i AN B
FE N TR T s T e S o 35 10 3 L T {7 RE
TR ) EE (R AT LD

(€PN SIES AP B o P N YN = K
AT R, TR EHRIRRIE T 10 em REEALH)
TR TN, WU N 3 A (R R o
BT LHOK Y AG ERE R BRI H]
B, HEE G E N LIRS N IR, NE AR K
AL T 35 R VRE R 1 P2 ) 1 P R AR

1 K5 A%

1.1 X IE XL

I T 2020—2022 71 E R B DR
BOL TRESEIG = (RE 119974, b4 49°07") JF
Je o Wi X8 TR T B KRR A g, 7
YRR N-1.1 °C, PR Ry 349.20 mm, FE/K
BB R X LR ANRIE L, 0~40
cm 2 P35 AR R & AR AT S KR 1.56
g/em® 1 0.39 cm’/em®. 0~40 cm + /2 1AV
WHREUR )T pHAE Y 7.25, TSR SR AE
AR 1R ~F 2 BT B 23 O 16.334 0.89 mg/L Al
0.15 mg/L. AJFE L2 LB AP B WK 1.

k1 2R

Table 1 Physical and chemical properties of soil

+EHEEm IR R (g em®) MR 7K 2 (em?-em™) pH & HERRE/(mg L)  HEEE/(mgL")  HMBEE/(mg L")
0~10 1.64 0.35 7.30 9.92 0.89 0.13
10~20 1.47 0.40 7.32 19.14 0.87 0.14
20~30 1.58 0.41 722 18.79 0.89 0.12
30~40 1.53 0.40 7.17 17.48 0.90 0.20
40~50 1.57 0.42 7.30 14.93 0.88 0.13
50~60 1.51 0.41 7.36 11.26 0.84 0.10
60~70 1.68 0.32 7.34 7.04 0.84 0.13
70~80 1.68 0.34 745 6.56 0.82 0.10
80~90 1.70 0.32 747 4.90 0.85 0.11

90~100 1.69 0.33 748 422 0.99 0.12

1.2 MRS R ZHEHE

BERE TS RO AR 806, EFE T 2020 4E 6 A
5 H¥EFRH, 8 H 19 HlF=, 2021 FAATH 3R
5, 7 H 28 H#EBRE /K, 9 H 28 HI. 2022 4F
5 H 25 HHAT S8 —HIRH/KEERE, 7 H 3 HllF=; 8
H 12 H#HA75 Z 7R E/KER, 9 H 27 H™.
R /NX AN 5.0 mx5.4 m. KN TATHE, 4750
930 em, ANNXEIEMER 412 g, THEETH
WIEFERN 60 cm, i THHELIT 10 cm REAL
() -3,
1.3 I

RIGBE 5 MR LRI TR AL, 558

HIRRIE T 5 10 em PREEAR A L3 BT 35 TR ON-104

20, -30. -40. -50 kPa. FNGEHEE 3ANEER.
PRGN A EE N BT 32 mm RV, T
AR 4 Vi AR 2R 2 A7 3 Rl P9 11 - S 1 AT R B
FRRHEK RN 3~4 mm. FHAJE, $&MG e n) gt
JR R PREEAT AR R, GRS 8 mm, 7E
RIEIRT 7 d 45 BB . B R 7 IR R A FR 75
B A ERR T K REME R E K A 32 mm. IKHE Y
L 75 R TS R 90% (2020 4 70%) HEAT i
JE o AERE BRI R R AR R
2020 4F (W3R — D) it FH B R — A8 149.10
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kg/hm?, JRZE 66.15 kg/hm®; 2021 4EF1 2022 E4E#
i P B R — A8 191.70 kg/hm?®, JREE 85.05 kg/hm?.
1.4 MERB R

TEEEKABLMM B 23 HAEN 20 cm M7
KRILFI &R, BHiCSKEEREMEKE. 7
RSB A B e 3K R, T RUGEKE T &
KR . ANCHEEEGERE N X N E KA
i, EFEHEE 20 cm (FEEELIE T 10 cm)
B 7 T, T4RH 08:00 A1 14:00 135245 LATE
WL . TEETE B BOHRE LR, BURE AL E N
FEES LK 04 7.50 154 22.5. 30 cm &b, BUREIR
N 0~10. 10~20. 20~30. 30~40. 40~60 cm 0
60~80 cm. KR EHET VAN & L &S K.
WITEIATE ARG /N X BEALE L 13 $RKAB SR
i, MERREHEORE. 220 (EHELT 5 cm
by RS EEL FEXH O NHREL R, fE
) FIZESHT B, FREUEE B R NS E g, Kt
T8 RS R R ZE TR . VITEIATE
RAPNXOEIUE 15 KA 2 et (BN 1.0
mx1.2 m) FATI=, HESEN S cm, HREHEE
PR

FEBK R % UWUE) it s .
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N TE A [F] R 5T B R 0 B AR AR R R

XK. v A HEEEOEER R (kg/hm®); T4
—#HAFWHEFEKE (m/hm®).
1.5 #iELIE

Hi KA Excel 2016 #4755 70471, KA Surfer
20. Excel 2016 #174zKl, KA IBM SPSS 26 #AT
A

2 BERE D

2.1 RIGHAEIFEKE, KA EMFELIEREKE

2020 FalEe A ) BAABEKE N 205.90 mm,
ERKKEN 314.10 mm. 2021 F5 F R0 W
W ERBEKEAN 143.70 mm, R KEHN 219.70
mm. 2022 FE RN R EKESR 7810
mm, ZRFEKEN 258.90 mm. 2022 F5 i
WA BB KEN 3440 mm, BRERKEN
256.40 mm. %I T5RBIEIRIFRE, IR IX
2020 1 2021 - NFEKAE, 2022 FF T FAE,

ANFE AL E ) E S R 2—K 5 Fion. fE
2020 FEA1 2021 4F, B 2021 FE1-50 kPa AbH Ak, B
1 1) K B A b o 0 R o 3 (1) BRI T o b, -10

kPa ZCB K B %, A FACEE AR R Z BN

2020 FARWIGIHRIIEE —F, N T ORIEH A A
A, FEREN S A v AT 0 LM, REI S A
MR, SAHAEKEE . £ 2022 F (F5
), BEELHILRH MR, 2 HEENEKER
Jetgm G S, LIEFE BT 9-20 kPa I HEZK
BiR%E, AFEACE AR EZE B,
& 22020 AR 2R G AT B R B L
Table 2 Irrigation situation of different

soil matrix potential treatments in 2020

N HE/K &/mm
L T #/kPa FARHE/K F/mm
6 H 7H 8 H
-10 48.00 98.54 9.83 156.37
-20 48.00 80.25 11.23 139.48
-30 48.00 74.54 10.86 133.41
-40 48.00 72.74 9.14 129.88
-50 48.00 68.54 10.12 126.67

A3 2021 F AR LE AR YA BT 69 E B L
Table 3 Irrigation situation of different

soil matrix potential treatments in 2021

N #E/K H/mm :
L IEHE T 4 /kPa SFHE/K B/mm
7H 8 A 9H
-10 3243 64.90 11.67 109.00
20 28.84 59.57 13.20 101.60
-30 29.41 38.99 13.51 81.90
-40 26.86 39.20 13.93 79.99
-50 28.69 60.26 13.74 102.69

£ 4 2022 F 5 — R R FAR YA LT 69 B 0L
Table 4 Irrigation situation of different soil matrix

potential treatments in the first crop in 2022

MR 38/kPa A KR/ mm SR K /mm
5H 6 H 7 H
-10 47.10 103.33 - 150.44
-20 39.92 132.24 172.17
-30 35.39 105.26 140.65
-40 32.15 102.25 134.40
-50 8.14 75.92 84.06

&5 2022 F 5 R AR H AL T 69 BRI L
Table 5 Irrigation situation of different soil matrix

potential treatments in the second crop in 2022

HE/K #/mm

T HA/kPa FARHEK E/mm
7H 8 H 9 H
-10 - 55.46 73.29 128.75
20 - 63.10 9427 157.37
-30 - 43.46 70.63 114.09
-40 - 36.90 53.94 90.84
-50 - 35.29 43.89 79.18
22 BEEKEAN 20 cm RELTIEERFBHT
PIEE S

AN [R] B 7K A7 BY 1 A AR K B B 13 R o 35 1 AR 4k
FHEREER (B 1. 2020 KL B2,
AN [) Ak 2 - 35 KR o 35 ) i B i FE AR/, BUAN R A B
B LR RAERAEE, 10 -20. -30. -40. -50
kPa AbFH ) 3P 3 B i 53 i h-7.57 -6.79+ -8.80.
-13.16+ -7.79 kPa, H:H1-30 kPa f1-50 kPa AbPH 1
R R AR PR EBERIfE . 2021 FA A 4b
PR A5 I T S AR B IROR, (RS T s e U,
-10. -20. -30. -40. -50 kPa AbFE i) 438 7 2 3L Ji 34
43 5 N-6.62. -10.04. -13.08. -13.94. -22.28 kPa.
2022 AN A B ) 38 Joig #4522 S oK HLE B I B
6 H 30 HF 9 A 25 HiG, AFEACHEER) IR
FRT R E R, -10. 204 -30. -40. -50 kPa AbFE
()8R — 3 L e T I 5 3440 il 9-8.85. -15.50. -18.80.
-26.43. -31.18 kPa, % % 705N-9.15. -18.88.
-21.44. -23.14. -36.03 kPa.

23 BESEATIES KRS ETHME

B o B A R IRGE, FEKGREE R, X —i
AR AR B S P R A Bt
AHRIE N XAE 40~60 cm IR K LR XM JZ,
IR BB 0 Ab P A BE RS 0~80 cm 4B+ )2 M0 385
IKER 23 [H) 50 AT

TR ATE 2021 4 (FE/KE) B2 2022 F (T
AR, R MR AR, B LR
Bom, RS KEYEE R, LEEIE A RE R
E R LA KM A A, WSkIETTT 10 em
IRBEAL I e ot A B (BB =, 0~30 om 12 15
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SRR (- 2). Hidr, 2021 4-10. -20. -30.  77%; 40~80 cm /2 M) I8 E/KR EE EMK. 2022
-40 kPa f1-50 kPa AL FE R[] 0~30 cm LZH°F3 188 45-10. -20. -30. -40 kPa #1-50 kPa Zb2E 0~30 cm -+
FIKEAHN 12.74% 11.65%- 12.20%- 11.81%F1  JZHFIITIEEKZES TN 9.35% 8.29% 7.10%-
10.84%, ZINHIEEKZE (BPIE L HEFACRIZI 9.09%M1 6.87%, ZINH AIEFKEM 67%. 59%-

SCHR[I2]MIARVE T 1 91%. 83%. 87%- 84%A1  51%. 65%AH1 49%.

H it H
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Fig.1 Changes of soil matrix potential in alfalfa growth stages under different treatments.
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Fig.2 Distribution of soil moisture content under different treatments during alfalfa branching period in 2021 and 2022 (the first crop)
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N TE A [F] R 5T B R 0 B AR AR R R

2.4 BTEVITEERE KigtR

T 2020 ££-30 kPa F11-50 kPa Ab3 )+ 358 3L Jif
R B ARG 210 R BE BRI, DRI R A 43 #7-100 <204 -40
kPa 4bFE., B 6 WA, 2020 fFETE KRR 22
3 A B Bt A 3 R o 35 1) BRI S 38 n 5 PRI, 3
FE-20 kPa AbFE N IA B Gy AN A ALIE [A] ) 220 b
BRZEER. 2021 FHHE NS A LI
BARSEH N J5 FEAIK, -10 kPa F1-20 kPa Ab3E T T 13
FRiE 2 =300 -40 kPa Fl1-50 kPa AbFH; ZEHH.
IO T LEAEAS [R) AL B R V2 A 2 35 22 5 o 2022
F B — AR [1PR v I A R A 1) B AR S 4
Ja Bk, 7E-20 kPa AbFE iR B A, A E
MZE LAEA R AR AR B 2 . B HE
(R = ZERE RN 23 A 38y B A e o 35 1 BRI o
BN JE PR, 7E-20 kPa AbHE FIAF| &, (HALHE A
BHRBEER.

£ 6 B LAY E BAEI A K AR
Table 6 Growth index of alfalfa at early flowering

stage with different soil matrix potential

gk L Helem EUmm AR L R
-10 59.65a 29la 11.20b 1.14a 0.22a
2020 4 -20 63.48a 3.09a 12.98a 1.10a  0.21b
-40 56.30b 2.66b 11.00b 1.10a  0.22a
-10 60.70a 2.96a 8.00a 136a 0.27a
-20 60.95a 2.97a 8.05a 136a 0.27a
2021 4 -30 53.95b 2.94a 8.05a 0.98ab 0.27a
-40 53.89b 2.90a 7.96a 1.23b 0.27a
-50 55.75b 2.98a 7.95a 1.10b  0.28a
-10 86.55ab 3.70a 11.65a 1.58a 0.23b
-20 89.60a 3.80a 12.55a 1.60a  0.25b
%%?23; -30 84.15b 3.56a 11.25a 1.50a 0.27a
-40 82.30b 3.72a 12.50a 1.47a 0.26ab
-50 81.55b 3.68a 11.20a 1.58a 0.26ab
-10 55.50a 2.86a 6.00a
-20 60.75a 3.30a 7.38a
%%?22; -30 53.25a 2.79a 6.13a
-40 55.13a 2.86a 5.38a
-50 53.50a 2.64a 6.00a

1 FBIARNG FRER R R 2 7 53 (P<0.05).
25 BHiaHE~E

FHER 701, BT 2022 455 —#-50 kPa Ab )
A R W E AR T AR AL AN, AR AL EE R
EER PR BT RE R, (HEAR R e
R R A R PR B n 5 B & %S, 7E-20 kPa
WHE N IEEIR . HF, 2020—2022 4-20 kPa 4bHE
1 7 e B 24 P2 B 18 795.14 kg/hm®,  AHEE-10.
-30. -40 kPa f1-50 kPa AbHE {14 5l $2 5 9.40%.

11.19%- 14.73%F01 27.95%. #H L AR A 5 b b 0
T 2% T 1 [ — 6 X P ) e T, AR gt
H1-20 kPa AL EE T IR 7 o 5 A R 1R T T
A7 20202022 FRF LEERFRETHEBEHE*F
Table 7 Yield of fresh alfalfa treated with
different soil matrix potential from 2020 to 2022

e

i 07/ (kg-hm™®)

Einy 4 i
g 20024 202 4F
RSP 500 4 2021 4F Pl poospid

-10 14125002 14666.67a 2526389  14.666.67a

20 16666.67a 1641667 26930552 15 166.67a

30 . 13488.10a  24388.89a 1283333a

-40 16104.17a  13520.83a 2412500 11777.78a

-50 13291.67a  22500.00a  8277.78b

2.6 EBIKFIFMER
B 8 TIA, AN[AI AL B B BE KR A AR A T

9.03~26.77 kg/m’ Z [fi], -10. -20. -30. -40. -50 kPa

AL B (1 2 HE KA 2R 73 308 12,67 13.35,

15.02. 15.05. 16.72 kg/m’.

& 8 2020—2022 F 7~ B AR H AL 89 BEK A A RCE
Table 8 Irrigation water use efficiency for different

soil matrix potential treatments from 2020 to 2022

|45 TEBKR AR (kg m™)
EH/KkPa 20204F 2021 4F 2022 FE #2022 4R
-10 9.03 13.46 16.79 11.39
20 11.95 16.16 15.64 9.64
-30 - 16.47 17.34 11.25
-40 12.40 16.90 17.95 12.97
-50 - 12.94 26.77 10.45
31

TR N, BHIESLIE T 10 cm
R (PR A EE RS 0 ecmy MR BLR 20 cm IR
FERL ) Ak By A 383 5T 44 R R T LR 3 5 e L4 K
RIS B oA, 1% IR R A R, 0~30 cm
TR RS KRN . Bk i R
FEBL KA FH R 5% B A EY LR,
i b5 eI R S Hh 2 W E A5 R IR T A i — B
MR, P Sk IE R 7 i R R A T
DA 24 sl VE MDAR 2R 20 A5 Y5 BB N 19 37K 2R
HIEW A K. 77E . FEKEHE 5% 5 3 i 3
KRBY], W LS W% ) e R Aok ) e
Hb 2 T R R e L) ARG (X 0 g o b i
+, fKEe 1 ERLZEER /N (FE 40~60 cm R
FUARRNWAHE), ZEEM N E R R0 A X ik
FHKEAR, EEEFKEER (BE2EKS
(R KERE N 3~7 mm/d, 5 IR dse e e 7K R P AT
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EF 14 mm/dUo), BRI AR, TEE R
AN AR R 1 B A0 XV FEM LKy, B S E
ZK e . £ R4, -50~-10 kPa 4bFE 0~30 cm
T2 B LS K RAE 6.87%~9.35% (8], Z1N
FH TR HE K R 49%~67%, T 5t PH T2 1) F ) 357K
HH 60%. FIL, FEEETE &SRS,
VB2 IR ARKRE e 22 A 2R, B iR
TR L IE RS 10 em Y7 A 3 R A R &
WN-20 kPa, VAR EfEEFR AKKHEERZ T5, &
JR KR B o X5 2 e U () L IR R A R
PRI I .

MHHE E IR K RE 1A B 2R ER, 1
FROKHLIX 2 B RK SR P m SR, BT R R
TRERSLIE N 10 om PR AL 1) - 498 5 i 45 T PR 4
PON-40 kPa, DLE S /KR H AR . 1X 5 Hanson
AU 1) - 3R R A B A — B

4 25 i

D) R NIRRT, BHRIESLIET TS 10
cm JRPEAEIR) A 3RE 5 35 T IR AT DU 2 2 m 4K
RAE AT, 1% E IR S B MR, 0~30 em £
JZ T2 3 B KR I
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N-20 kPa I, 7 (R e AR 57 B e 1
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Effects of Matric Potential Threhold Used for Control of Shallow

Drip Irrigaion on Growth and Yield of Alfalfa

LI Rongcheng'?, WAN Shugin'”, LI Xiaobin', KANG Yuehu'?
(1. Key Laboratory of Water Cycle and Related Land Surface Processes,

Institute of Geographical Sciences and Natural Resources Research, CAS, Beijing 100101, China;

2. College of Resources and Environment Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Objective] Matric potential measured at a position below the emitter is often used as a threshold to
control drip irrigation. In this paper we investigate the effect of the threshold on growth and yield of alfalfa irrigted
by shallow drip irrigation. [Method] The field experiment was conducted in Hulunbeier area in Inner Mongolia,
with the variety Longmu 806 used as the model plant. We compared five matrix potential thresholds measured at the
depth of 10 cm below the emitter: -10, -20, -30, -40 kPa and -50 kPa, to study their effects on soil moisture
distribution, growth and fresh grass yield, as well as water use efficiency of the alfalfa. [Result] The matrix
potential threhold significantly affected spatial distribution of soil moisture; the higher the soil matrix potential
threshold was, the higher the soil water content in the 0~30 cm soil layer was. With the decrease in the matrix
potential, the plant height and fresh grass yield of the alfalfa increased first and then declined; the highest plant
height and fresh grass yield were achieved when the soil matrix potential was -20 kPa. The average irrigation water
use efficiency of the alfalfa increased with the decrease in soil matrix potential, and the highest irrigation water use
efficiency was when the soil matrix potential was between -50 kPa and -40 kPa. [ Conclusion] In order to maintain
high and stable grass yield, for 1~3 year old alfalfa, the soil matrix potential threshold at the depth of 10 cm
underneath the emitter of the shallow subsurface drip irrigation should be -20 kPa, when water holding capacity of
the soil in the tillage layer is poor and the roots of the alfalfa are shallow.

Key words: artificial grassland; shallow subsurface drip irrigation; irrigation schedule; soil matrix potential;

irrigation water use efficiency
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