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Table 1  Soil physicochemical parameters and basic inorganic nitrogen content in the cultivated layer (0~40 cm) of the experimental land

T2 Elem FIETARBUT /(g em™) M E KL Cm® em®)  HARKE/(cm®em®) S E/(mg kgt RS EE/(Mmg ko)
0~20 1.47 0.40 0.28 1.24 30.51
20~40 1.55 0.40 0.27 0.44 11.56
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Fig.1 Schematic diagram of the experimental layout
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k2 TRIEBGT N TaEKB R EKRS
Table 2 Trrigation date and amount under

different irrigation methods

b TEWELIN 1] B YRR B /mm
JE 0614, 0630, 0716, 0731, 0818 352
To R vE 0614, 0630, 0716, 0731, 0818 35.2
T 0613, 0716, 0817 87.0(97.8)
TR 0614, 0716, 0818 87.0(97.8)

T AES HLRHEK R AR AT R RS (R X 52 P K

1.3 MEMB 575
1.3.1 H - FH R4
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AT A I o ASCES 00 - T I 45 A BT FH 21
IR S AT B WK 3, 4 GAER 2Rk
RS B e A — 5

& 3 LMALE AL

Table 3 Layout of observation instruments

M AR i3 snzithes ] liFRsns s A= PREFZES N
AR HMP155 Vaisala, Vantaa, Finland 7 05m Al lm

iR 109L Campbell Scientific, Inc., USA M BAF 204 40, 60, 80. 100 cm 4k

LIRS CS616 Campbell Scientific, Inc., USA HuTH LA R 20, 40. 60 80. 100 cm 4t 10
A HFPOL Hukseflux, Netherlands %Hg&‘;ﬁi@ﬁg&%ﬁf Eiﬁ?] ;Ef Sem
RS 5 CNR4 Kipp&Zonen, Netherlands ®ZELEJ15m
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FUBGRIR A 2 B (m?/s): 0q/ozM100/0z53 R
I E A S EGEEEEE (1/m) FIATEBEEE CC/m). 15
T T B ARG AS $e AT AR A, AR B i
FRARMEIR I, K=Ky, M SCH AR R A
pe=re 3
XA AT WAEEEREEZ (C); Ae AR
FERAKIREZ (kPa); y MIREETHEEL (kPa/'C).
FER S SN VI

_R,-G

LE=22, (4)
_PR,-6)

H=2, (5)

KA PSS e P R MM 2 A A A [H]
LB PIRE . KR, FoA 4 S & IRl R
AR, N ERA XA EAS By LE A H, FEK

16

& (ET) WhEE LE #1784, #Hi AR08
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Fig.2 Consistency and reliability verification of Bowen ratio system
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Fig.3 Comparison of the sum of ten-day evapotranspiration estimated by

Bowen ratio-energy balance method and water balance method for four treatments
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Cb=1.005(1-e<-061A1>)120 (1D
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2 HBRE7H

2.1 KEHMWKENSE

4 FRALFER &4 5 AN P85S (Rn)
R, FYLEETREE (Taup). FYTE
TR E (Ta-down) . 3 L E WA KK E ZE
(VPD-up)~ “F¥FEWAKAEZE (VPD-down)-
0~40 cm “F¥J - 3IEE (T3 LLJk 0~40 cm “F35 135
BIKFE (SWC) QIR 4 . FIALE T Rn LETE
JRAL PR 115 6.58 W/m?, T HE AL TR R ) R LEREEVE &b
P4 4.00 W/m?, G IS R ERT R BEAK T 78 5
WEEVEH 5 T OB A I e, BN EE WA Rn
B RERVNES, FHERIEIIARIR K. 41
AL BRI R SO R G B 2 R, R AT RE S TR
B HAREAR L/, HhBE7E 55 DA S 358 oK 3R B 20 [ S
RpEEAggm, MERKGRAEKEE, SRS 7 HuE
A2, MTIAEAS AN [R) A B 2 1] (1) S S 5635 A B 22
o BETMEMNELEE M Ta-up A1 Ta-down [ FHA1{E
5339 18.83 “CHI1 19.13 CIMET 7 4h 3 Fiib 3, X
5 5T i R A T KRR S I ORI AE AR Ak
/NSRRI BB S A K. WA TR VPD-up
M VPD-down 315 THEREAL B, 1X 53 HEALFE R K
HERUDA R, T ICHLREALEE R VPD-up 1 VPD-down
Br T 52 3 K 2 1) 5200 A0 8 TR DR ¥ A iU ) ORI AR
H, PrUCEUE B35 T AR TR . ER T3 fE R
ANF A W TR AL, X 5B 2K
HIEAK T A O, R RE LR IAE R A B RN (i
AR, BN T Ea T IO, A
FERB G LA R D, AR DRl R
Hahn, RIJgHBE7E 5510 “HGUR AR Ol SR, AL
R, MR &S R G KH BB T A E A,
HH AR IR N 15%~20%, FHAERSAEFT )G
), MRS RKGARFKELZ, BEE0MRTHE
o, A BRI RS D, R, fEREAFYE
178 WA P - R P AN IR AL PR K o R T TR RE
IKEE AR T ERE, DRI, 5T VR R AN I B VR e A B 1)
SWC PR TEBERE . A .. FREAEA
() VR R 77 2T B A AN A v ) 25 AR I R S an
K5 FR. SRR 4 Fpab B A F MK 255 7 2
JEREEE . ORI E . PRV . TONREERE; WREAD
78 M AR E KA 1 s e 3 BUAIILE K AR 1,
X R R HE T R NSRRI T ORE AR
RE, £—ERRE EInE 7 RERAEK, 4% 7 KE
HIAE .
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Table 4 Mean values of agricultural microclimate indicators at different growth stages and the whole growth period of soybean

Rn/(W m2) 3R AR Ta-up/'C Ta-down/C
AH
FD ND FB NB FD ND FB NB FD ND FB NB FD ND FB NB
H 11838 114.80 12514 11375 021 021 022 022 1652 1690 1698 1717 1701 1693 17.68 17.19
MG 14667 13492 13697 13434 020 020 019 019 1862 1923 1921 1931 19.08 1930 2058 19.42
1634 16449 15755 16750 15183 023 022 022 022 2237 2290 2259 2255 2251 2270 2360 2242
SRl 12691 12336 13275 12413 022 022 023 022 1855 1906 1882 1849 1867 1890 1859 1823
EL 95.89 8384 11301 11156 025 024 023 023 1693 1694 1679 1740 1718 1693 1680 17.18
4AEHN 13331 127.87 13844 13073 022 022 022 022 1883 1938 1924 1943 1913 1931 1986 19.34
VPD-up/kPa VPD-down/kPa Ts/'C SWC/(cm?® €m3)
ER=p ]
FD ND FB NB FD ND FB NB FD ND FB NB FD ND FB NB
H 1.31 1.34 1.34 138 134 133 138 136 1853 1821 1635 1620 019 019 024 024
Vgl 1.02 1.07 1.03 106 102 105 1.08 103 2204 2154 1989 1964 018 018 024 024
eI 1.36 1.42 1.32 134 127 132 128 123 2234 2301 2187 2179 016 015 017 0.0
ok A 0.86 0.88 0.81 081 08 08 075 073 1872 1938 1792 1813 015 014 015 020
FEAHA 0.75 0.68 0.63 074 073 065 061 067 1668 1734 1583 1619 017 017 019 024
SAEHEH O 1.09 1.14 1.08 112 106 109 107 106 1996 2024 1864 1897 017 016 020 0.22
A5 TREBT KT K84 F 24248 B A A8t
Table 5 Start date and growth duration days of soybean under different irrigation methods
e JET R v TG LR VEE T MR i Jo
RIGHE  ZbHE WHEd O RGHE ZaREM MR REHH ZEEE mhEd o REHE LH# wEd
HiY 0501 0531 30 0501 0531 30 0501 0531 30 0501 0531 30
SO 0601 0627 26 0601 0627 26 0601 0627 26 0601 0627 26
I 0628 0801 34 0628 0802 35 0628 0802 35 0628 0806 39
G Y 0802 0831 29 0803 0902 30 0803 0902 30 0807 0906 30
B 0901 0913 12 0903 0916 13 0903 0916 13 0907 0920 13
2EEH 0501 0913 135 0501 0916 138 0501 0916 138 0501 0920 142

22 REMEKIEREEKTE

4 MAEBKENEZESE (Ho)w BIEEL
PR (LAD AUE/R A (Co) Bl E2240 73 51
B 4 s 4 FAEER A A KSR bRAE 42 I
SEIE IR 6. JEILWEE He B EARLE (K 4
(a)), 4 FAbET He fE2E 8 BT AR/ I
JN R TCNRRE . BBREE . JCREERE, GG KIX
ol 22 5 (14 i DR AT A2 i 3 EE AR K S A R II 4R
Bt 7 EE B AR RIS, I TRE AR, XA
TN LA TR AR AL LAI BLE Ce fEE
BRI T AR B He fEREAK
R 300 e T A Ak B T A R EE K ELAE I
AN BUIEAT TR ERIE KA K R LR N T
27 MREH (B 4 (b)), BN 1A T
FRIARRE B/l 1 EVE 2 1 N OARIR KL, A5 R
V5 T MR R (O B R AT B 22, X RERE
HEETS R EEVEE /K FT A LR RIS KGR R, A it — 0
KGR AR EE B RK Y, EERTREE

R Z _EARR A K, 78 e JEE 1 YR /K 3 B 3 5 )
BN KA KGR REK, S8 K2R &5,
R RERARERKESE, AR FARB AR, ot
T AR PR BB MR AR KB K, R RS AR 2
Bk g R R T R, 7EAEIE L B i
KA (E 4 (c))o ToRRMERE A PR IR B I %, E
WIHEKIRLE, MIHAREOE B B AE I 18] e . 7
FEAR A B T AR R I e B e OO, R A
FAE T LAT XTECTEIERR =) T 18.29% .« BEVEXT LU TG HE
LAI 15 5.45%E ZERIUE R AR K. WS
HEE Co MZES R EAIEA T IIAETEH (E
4 (d)), ERERIG, RN L3RR R T H
TIERR S, BRI TFREEERK, HILEREAEFA
TR 1) e 2 7 R FE TR, RV E DR T AR A T RS
AE M, S KGR B AR T TR BV, LA
A H R R E SR N, X AR RO
— 5.
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Fig.4 Changes of soybean growth indexes with time under different irrigation methods
k6 TRERH XNT XEAKBIFFIHE
Table 6 Average values of each growth index for soybean under different irrigation methods

b2 5l fi/em IR A P ¥ 80 i [T AR om? W EuA LAI(m?2 m2) Cc

JET i 73.89421.15a 86440a 64.16421.67a 77427a 4.9042.98a 0.8140.25a

To L 70.48429.47a 70+40ab 56.25421.74a 78429 42742 443 0.7740.28a

T8 N 75.33436.47a 4147b 68.57421.21a 81+44a 5.3143.95a 0.7940.26a
TR 65.14433.11a 61439ab 61.66+23.06a 73437a 4.3623.30a 0.7420.30a

TEIEAL TR 74.61432.15a 63437a 66.37420.84a 79435a 5.1143.3%9 0.800.25a

TelE AR 67.81430.40a 6639 58.96420.84a 75432a 4.3242.80a 0.7640.28a

FEIME AL 72.19428.65a 78439 60.21421.83a 77827a 45942 65a 0.7940.26a
e A 2 70.24434.06a 51+431a 65.12421.36a 77439 4,843 553 0.7740.27a

4 Fsb 3 71.21430.97 65437 62.66421.70 77433 4714308 0.7840.26

o ETFEESE—FIAENS FRERIRTE 0.05 K EEREE.
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Fig.5 Diurnal variation of water consumption in different irrigation methods
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Table 7 Water consumption of different growth periods in different methods
) FE/KE/mm
yisiil i a)/d — — - — FEAKRE/ (mm dY)
i A Vg2l i3l GOk R EEEM
JEL i E 135 39.22b 81.57a 148.41b 89.37b 20.35b 378.92¢ 2.81
TC R 138 39.88b 82.21a 163.40b 105.52b 28.37b 419.38¢ 3.04
T N 138 52.95b 79.56a 192.25a 138.37a 44,353 507.48b 3.68
i 142 71.62a 83.44a 222.30a 148.27a 45.75a 571.38a 4.02
BlEabe 137 46.09bc 80.57a 170.33hbc 113.87hc 32.35hc 443.20bc 3.25
AR 140 55.75ab 82.83a 192.85ab 126.89ab 37.06ab 495.38ab 3.54
SEIME WEEALEE 137 39.55¢ 81.89a 155.91¢c 97.45¢ 24.36¢ 399.15¢ 2.92
BEREANEE 140 62.29a 81.50a 207.28a 143.32a 45.05a 539.43a 3.85
4 FP4bRE 13843 50.92415.18  81.70#1.62  181.59432.67  120.38427.59 347041240  469.29486.68 3.3940.56
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Fig.6 Correlation analysis of environmental factors, biological factors and water consumption under different irrigation methods
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Table 8 Yield, harvest index and water use parameters under different irrigation methods

e, HL o 7 ARG E R T SR iy TWUE,
L HE )W /KR IR AR R ROR R 2
HOR A8 R AR

puse Y/(kg hm?) A EI(kg hm?) K E/mm ET/mm HI WUE/(kg m3) IWUE/(kg m3)

JET i 3 016.844260.92a 5 788.434500.62a 176.09 378.92¢ 0.5240.05a 0.800.07a 1.7140.15a

TE Mg VEE 2 555.134243.80b 5 383.334513.66a 176.09 419.38¢ 0.4740.05a 0.6140.06b 1.4540.14b

T8 N 2 865.744252.73a 4991.764440.22a 271.74 507.48b 0.5740.05a 0.560.05b 1.050.09¢

To N 2713.664328.63ab 5 337.644646.40a 271.74 571.38a 0.5140.06a 0.4740.06¢ 1.0040.12c

TEIEALEL 2 941.294256.83a 5 390.104470.42a 443.20 44320bc  0.5540.05a 0.6840.06a 1.3840.12a

TMEALTE 2 634.404286.22b 5 360.494580.03a 495.38 495.38ab 0.49+40.05a 0.5440.06b 1.2240.13b

TME WHEALEE 2 785.994252.36ab 5 585.884507.14a 399.15 399.15¢ 0.5040.05a 0.70=0.06a 1.58+40.14a

WEHEALTE 2 789.704290.68ab 5164.704543.31a 539.43 539.43a 0.5440.06a 0.5240.05b 1.03#0.11b

4 FhAbFE  2787.844271.52 5 375.294525.23 469.29455.22  469.29486.68  0.5240.05 0.6140.06 1.3040.13
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Water Consumption and Water Use Efficiency of Soybean Are
Impacted by Irrigation Method

GUO Zhenyu'?, YANG Danni'?, YANG Xiaolin!?*, LI Sien!?, WANG Chunyu'?, ZHANG Yunxuan'~
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. National Field Scientific Observation and Research Station on Efficient Water Use of

Oasis Agriculture in Wuwei of Gansu Province, Wuwei 733009, China)

Abstract: [Objective] Irrigation modulates water movement in soil and its bioavailability to crop roots. This study
is to investigate the effect of different irrigation methods on water consumption and water use efficiency of soybean
during its whole growth period, with an aim to help develop water-saving irrigation. [ Method ] The field experiment
was conducted in 2021 in Wuwei, Gansu province. It compared four irrigation methods: drip irrigation under film
mulching, drip irrigation without mulching, border irrigation with film mulching, and border irrigation without
mulching. The Bowen ratio-energy balance system was used to continuously monitor the changes in microclimate,
crop growth and yield, water consumption (E7) and water use efficiency (WUE).[ Result JOFilm mulching increased
net radiation (Rn) of the soybean by 6.58 W/m?, compared to no mulching; Soil temperature increased by 1.30 C
relative to drip irrigation. @irrigation method and mulching affected physiological indexes of the soybean both at
significant levels. Film mulching increased the leaf area index (LA[) significantly by 18.29%, compared to no
mulching, while the border irrigation increased the LAl by 5.45%, compared to drip irrigation. 3Film mulching and
drip irrigation reduced the ET significantly over the whole growth period, with the mulched drip irrigation having the
least ET - 378.92 mm, compared to other treatments. (4)Among all environmental and biological factors, Rn and LAI
are correlated with ET positively and most significantly. & The yield of soybean under mulched drip irrigation was
18.07%, 5.27% and 11.17% higher than that of non-mulched drip irrigation, film mulched border irrigation, and
non-mulched border irrigation, respectively. Film mulching increased WUE by 25.93% compared to no mulching,
and drip irrigation increased WUE by 34.62% compared to border irrigation. The mulched drip irrigation increased
WUE by 31.15%, 42.86% and 70.21%, respectively, compared to non-film mulched drip irrigation, film-mulched
border irrigation and non-film mulched border irrigation. [ Conclusion] Compared to drip irrigation without film,
border irrigation with film and border irrigation without film, the yield of drip irrigation under film increased by an
average of 11.51%, ET decreased by 24.13%, and WUE increased by 48.07% and irrigation water use efficiency
improved by 46.57%; Taking into account the water consumption, yield and water use efficiency of soybean, drip
irrigation under film provided a more benefit growth environment for soybean growth and significantly reduced ET
and increased yield.

Key words: drip irrigation; film; yield; water use efficiency; soybean

WhEGREE: RF A

25





