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WIT 2021 4F 4—9 A7EFEAEE RIEHBX
SRS T AR AL FE X TF JE (45°21'—45°40'N,
84°49'—85°21'E) . RIGX MGk = E N 271 m, K%K
Hh A A L G X PR K E N 109 mm,
PR RN 2 692.1 mm, EFHSIEHN 8.3 C,
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/ﬁ*gﬁuﬁfﬁ (W3) , /I\ﬂ\ﬂlﬁﬁ 3 /I\EE, ;%VI‘ Table 1 Alfalfa irrigation system
9 AKX, NX Z AR HBEHLIX A 1A B T, A - S TR S S
. . S BRI ey e s (b))
AN B HE 1A IR A . W AR BE /N X AR
w3 750 14~16 2 1500
\\ . 9 l\ N X i \\ . . ’
Fey 6 24 m W% SRR N 2 7inX2 ! I: 93 w2 750 14~16 2 1500
W3 KEEEFINX AN 5 mx5 me W1 AbER A N Wi 600 1416 ) 1200
mﬁ}#ﬁﬁﬁ%%iﬁﬁfﬁﬁ@, ?%i%%lj‘]’/ﬁé 16 mm, E%E W3 700 14~16 2 1400
0.4 mm, Wk 2.0 L/h, #kMAIFE 30 cm, JH#E %4 w2 700 14-16 2 1400
WEBE 60 cm, YR 10 cm. W2 kb H SR w1 600 14~16 2 1200
ZIMMIATR WML (EEMIEAT]) FEATHIEE, s 22 BHBEARH
PRAMLIE 179 m’/h, kAP 2.7 m, REAWELAE Table 2 Growth period of alfalfa
SHTRRA 2.7 m*. W3 Ab B (e Sk 8450 30IBH %Y wM EEW SR T 1
(REMY ) , AHUES 0.4 MPA, Wik & # %3 0709—0714 0715—0721 0722—0802  0803—0809
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Fig.1 Precipitation and temperature map of the experimental station during the test
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Wr=0; M4 ¢t BB EBKE (mm) 5 K Ny
KEF EAbAE (mm) , IS XIERIEKALAE 4 m A2
A, BIANTE RE SR AP

TERA/NXBEHLERIC 8 PRETE, 1 B REERE

[ 10 cm AP 2 E 7 220 (mm)

EAEACHNEI R SN 5 em, BEN/NXXIE]
31 m? T, RS SRR AT 2
FEERT R E; TRANER/DNXBEVER 3 PR
AL —MEE TR E, NIRRT E.

B OfE B K g R A% CWUE ) kgl
Chm?* mm) ) NEE T HRE S KER . ¥
WKFI R (IWUE)  (kg/ (hm?* mm) ) AE T
TR ESEKERE.

HHL 1 kg SR, KRR, BN 105 CHEFE
WAT 10 min 5T 75 CHATHTEERE, 7
BIRRECZE. mmE, MRS M. HREMEN
£ (CP) B GB/T6432—2018 JjikikiTillE. &
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K H A2000i 4> H sh4F4Ef (2 E ANKOM FoARAH R
AwED MWHE, ME RS2 NY/T 1459—2007
Ukl g e 4R 4 (NDF) FIllE ) « GBIT
20806—2006 {falkl TR REFERMIE Y o AN
WA (RFV) | fAFERHAL TP & (DDM)
A YR b sk & (DMD R0

DMI*DDM

RFV: 129 ] (2)
pMI=2 | (3)

NDF
DDM=88.9-0.799%ADF . (4)

1.4 ETFHEMNMEMLEETHE

1) B E

AHP JABE BT 5757 WOCHR[13]. AHF 5%
BRI 3. B 4 5MkE. W, BERE. PR,
WUE. IWUE. FE A AR A A 5 A R
] &N A= (0.03, 0.11, 0.18, 0.22, 0.11, 0.08,
0.12, 0.15) Hl A= (0.03, 0.16, 0.13, 0.16, 0.14,
0.15, 0.12, 0.10) .

TS AR BGE TSI VEVE W SCHR[14]. AT 5045
FIMEE 3. 55 4 kkmE . MPEELL. BEURE. AR
WUE. IWUE. #L&& A& R A A E T 5
ZEHN . w= (0.122, 0.100, 0.137, 0.247, 0.028,
0.001, 0.138, 0.227) Al w,= (0.127, 0.134, 0.127,
0.134, 0.132, 0.132, 0.133, 0.081) .

FURAGEAEAE B —E W EE S, 102 W
BOEE TR S, SERESE RIS ME
SEPRTEGL . BRIE,  AHEIT S N EZR R A AL,
AR ah & B3, THE RV I SCHk[12].

2) GEATVRH

K Sk (B 2R B VP AR R, BN 3 A
BIATERGVEA], J7iEVEILSCHR[13].

1.5 g

f FH SPSS 25.0 X ##E #4T HL R 2 7 2 0 i, K

H Excel BT HE b FE 542 .

2 BERESH

2.1 NEVERA R EREE KANERERHNRI

HIZE 3 WA, B AIBIRB I, EE R
MZEHA FrFEIR. 55 3. 2 4 ZERIMRm BRI wi
AEFESW2 ALFESW3 AEEE. Horr, W1 GBI R R
WEET W2, W3 AR, 55 3 #EERIRIN W2 &b
HI>W1 ALBEE>SW3 4R, 55 4 FEZEMERBOY W2 &b
H>W3 AEB>WL A, A FEERLT SO B g xR
iy RTE S P

&3 RLAE ST XT B 5 £ K AL

Table 3 Physiological indexes of alfalfa growth under

shallow burial drip irrigation and sprinkler irrigation

WHC MR BRfalom Smm R R(mg g
W1 98.0046.56a 3.3740.10ab 59.4148.22a

%3 W2 83.9645.51b 3.5540.10a 53.77H12.41a
W3 80.2542.71b 3.1640.25b 53.2343.41a
W1 78.6143.51a 3.1140.10b 59.0843.74a

54 W2 69.1743.01ab 3.5440).22a 55.6844.28a
W3 62.6347.03b 3.1340.20b 56.2544.75a

M ARG TR R 0.05 KT LAFER B %5, Fi.
22 REABSANEREE . SRS, WUE

IWUE HIZ20
R 4 vJH, B B REE N E 8 N i

FEAG. 28 3. 56 4 M- ERIAY W1 4F>w2 4
H>W3 . BT AXTEA R E LW
(P<0.05) , W1 &I ™&EREST W2, W3 &
B, 3. B AREEE WL W2, W3 A3 R~
B9 5377.15. 5 025.16. 4 984.84 kg/hm®, W1
AFRAR W2 AbFRI B S T 5.82%, B W3 AbFEfE
T 6.67%. 3. 4 HHRHFERIN W2 &
FE>SW1 ALFESW3 AbFR, 2 HEfEAE W1 A TR
WUE 1 IWUE $3 2.2 =T W2, W3 4b#,

(4 RRBEBRT XN EBELEHRE. 8. WUE A IWUE 9%

Table 4 Effects of different irrigation methods on single branch weight, yield, WUE and IWUE of alfalfa

L WEW T L 724 (kg hm') WUE/(kg hm? mm’™) IWUE/(kg hm™* mm™)

W1 2.64+0.03ab 2 674.75+£59.45a 19.0540.72a 23.11+0.51a
%3 W2 2.67+0.07a 2 640.19+97.69ab 16.1440.27b 17.60+0.60b

W3 2.55+0.04b 2 622.50+32.50b 15.5340.38b 17.51+0.22b

W1 2.61+0.02a 2 642.80+£65.80a 17.6540.21a 22.11+0.52a
¥4 W2 2.62+0.03a 2 384.97+83.82ab 16.6640.13b 17.12+0.61b

W3 2.5540.03b 2 362.34+49.75b 16.1440.28¢c 16.80+0.45b

2.3 NEFERA RIS E BRI ENZ N

B S WAL 35 3. 3 4 HEEE A FHKE
)RR v R, 2 e A > B>
IR W E>ZE WS EH>RE . 5 3.
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FE, W1 AP FERER. . Z2EFKED
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Table 5 Effects of different irrigation methods on water consumption in alfalfa at different growth stages

HH w7 IR HImm g2yl 7 HAImm 1€ H/mm AAE Himm
W1 19.3544.13b 45.80+1.41b 49.8840.76b 25.4940.22b 140.5345.39%b
%3 W2 27.5541.73a 51.14+#1.84a 64.3341.18a 22.7042.37b 165.7342.69a
W3 29.47H.87a 48.9143.06ab 63.30+1.06a 29.74+1.63a 172.3244.26a
W1 19.16+1.04a 57.61H.41b 47.5440.48b 25.3840.63a 149.71#.78c
$4 W2 18.69+1.34a 60.81+1.24ab 58.5140.64a 20.6140.66b 158.6343.08b
W3 21.8044.00a 63.05+2.57a 56.8046.77a 22.13#1.09b 163.1343.08a

24 AEFERAANEERRNEN AP R E T W3 A (P<0.05) « W3 4B RIS

HEE 6 M, 3. FA4EEHENTHEAR
43N 19.87%F1 21.22%. &N BRI,
EARENNES. ERTAXNEEHEARLE
F5 (P>0.05) o ANEIRER TN IE 4 AT
FRAMELEZEZER (P>0.05) , % 3 # W1, W2

3 AR A4 E (NDF) S5k T 4E

(ADF) BE&ET W1, W2 4 FE, e 4 %A
BT IR . 58 3. 5 4 MR
N W1 AbHI>W3 A BESW2 AR FE

k6 AREBRT XA EEERSBAGH
Table 6 Effects of different irrigation methods on nutritional quality of alfalfa

M WEMTR OHEARE (CP) /% MMM (RFV)  hiseRA4iE (NDF) /%  RPEGERA4EE (ADF) /% EN
w1 20.99-41.01a 175.33#12.51a 31.8841.72b 25.494 57hb 0.7740.03a

%3 W2 20.95:42.27a 172.67412.01a 32.51:.75b 25.02.75b 0.6246.03¢
w3 17.68+2.01a 132.67420.23b 39.8443 91a 31.29#4.01a 0.6620.05b
w1 21.51+4.66a 189.33+11.84a 29.95 32a 24.06-.36a 0.6740.03a

4 W2 21.28+40.58a 185.0047.00a 30.5740.86a 24.2540.75a 0.540.04b
w3 20.8840.14a 180.67413.65a 31.174.83a 24.984.73a 0.5840.06b

25 BESE. £ K5 &ERENR. WUE M1 IWUE 1)
FRHATEF

ANFEEWE T SN B A KR AR PR E iR AR
KIBFRFIE RIS ®R 7 fios, H—f{bab Bk 8
Fliw, BOBIEERE (R) Wik 9 . 28 3. 5% 4 #E11
B LA E 7] & A= (0.083 0, 0.109 8, 0.123 9,
0.205 0, 0.092 0, 0.0955, 0.124 0, 0.166 8) . w,=

0.146 7, 0.124 8, 0.098 1) , HFRILEEVEHEE
M25 3 HAMI 2R & VE AR E0Ch Bi= (0.367 082,
0.331 83, 0.301 09) , % 4 HBMIZESVFATEECHN
B,= (0.362 0, 0.324 51, 0.313 49) , FI A WI it
HI>W2 4h3>W3 4bEE . H Bay BRI, JRI AL
HNMERE SR EKER mifEis. KR
BRI KR RCR 25 PR e

(0.038 1, 0.158 5, 0.133 4, 0.161 5, 0.138 8,
KT RRAE G RET XT BB ERBAR, Z 8400 RAEFR B £t

Table 7 Factors of alfalfa growth index, yield index and water saving index under shallow buried drip irrigation and sprinkler irrigation

HHC B Bkelem ML R g 778/ (kg hm?) WUE/(kg hm? mm™?) IWUE/(kg hm? mm™) cP RFV
wi 98.00 0.77 2.64 2674.75 19.05 23.11 2099  175.33
53 w2 83.96 0.66 2.67 2640.19 16.14 17.60 2095  172.67
w3 80.25 0.62 2.55 262251 15.53 17.51 17.68 13267
wi 78.61 0.67 2.61 2642.81 17.65 22.11 2151 189.33
£ w2 69.17 0.58 2.62 2384.97 16.66 17.12 2128  185.00
w3 62.63 0.54 2.55 236251 16.14 16.80 20.88  180.67
k8 B—feams
Table 8 Results of normalization treatment
HH T M M R FE WUE IWUE CP RFV
w1 1 1 1 1 1 1 1 1
%3 w2 0.86 0.86 1 0.99 0.84 0.79 0.99 0.98
w3 0.82 0.81 0.97 0.98 0.81 0.78 0.84 0.75
w1 1 1 1 1 1 1 1 1
54 W2 0.88 0.87 1 0.9 0.94 0.62 0.98 0.97
w3 0.80 0.81 0.98 0.89 0.91 0.62 0.97 0.95

27



FEWEHE K 4] http://www.ggpsxb.com

k9 B#MEE (R)
Table 9 Fuzzy matrix (R)

K TR s WL R R WUE IWUE cp RFV

w1l 0.37 0.38 0.34 0.34 0.38 0.39 0.35 0.36

#3 w2 0.32 0.32 0.34 0.33 0.32 0.31 0.35 0.36

W3 0.31 0.30 0.32 0.33 0.31 0.30 0.30 0.28

w1l 0.37 0.37 0.34 0.36 0.35 0.45 0.34 0.34

H4 w2 0.33 0.32 0.34 0.32 0.33 0.28 0.33 0.33

W3 0.30 0.30 0.33 0.32 0.32 0.28 0.33 0.33

341 8 4 25 i
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The Effects of Irrigation Methods on Yield and Quality of Alfalfa

MA Mingjie*®, YANG Jige?, LI Dongmin?, YANG Wenxin®, YANG Shengchun?,
WANG Kexian?, ZHAO Jinghua™*", LI Chi**, YUAN Ruxin**
(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumqi 830052, China;

2. Karamay Greentown Agricultural Development Co., Ltd. Karamay 834000, China; 3. Xinjiang Key Laboratory of Water

Conservancy Engineering Safety and Water Disaster Prevention, Urumgqi 830052, China)

Abstract: [Objective] Alfalfa is a prevalent crop in northwestern China and its cultivation heavily depends on

irrigation. This paper is to delve into the influence of irrigation methods on yield and quality of alfalfa, with the

ultimate goal to improve its water use efficiency. [Method] The experiment was conducted from April to

September in 2021 in an irrigated alfalfa field in Karamay, Xinjiang. It compared three irrigation methods: shallow

drip irrigation (W1), point sprinkler irrigation (W2), and rolling sprinkler irrigation (W3). In each treatment, we

measured the growth traits, water consumption, water-saving index, and yield and quality of the alfalfa. The optimal

irrigation method was determined using the fuzzy comprehensive evaluation method based on combination
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weighting. [Result] As the times of cutting increased, the height, stem diameter and yield of the alfalfa decreased,
while its crude protein content increased. As time elapsed following the third and fourth cutting, the water
consumption decreased first followed by an increase. The total water consumption during the two stages varied with
irrigation method, and their significance was ranked in the order of WI<W2<W3; their associated water and
irrigation water use efficiency was ranked in the order of W1>W2>W3. Both shallow drip irrigation and sprinkler
irrigation effectively improved plant quality. Fuzzy comprehensive evaluation indicated that, overall, the shallow
drip irrigation was optimal for growth, water consumption, yield and quality of the crop. [ Conclusion] The shallow
buried drip irrigation not only saved water but also improved yield and quality of the alfalfa. It is hence most suitable
for alfalfa cultivation in the arid and water-scarce regions in the northwest of China.

Key words: alfalfa; irrigation method; fuzzy comprehensive evaluation; yields; quality
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Study of Factors Affecting Wheat Growth-stage

Evapotranspiration under Various Edaphic Conditions
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ZHANG Meinal, WANG Wanwan4, WANG Zhenlongs*
(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. Bureau of Hydrology, Huaihui
Commission (Information Center), Bengbu 233022, China; 3. Taizhou Branch, Jiangsu Hydrology and Water Resources Survey Bureau,
Taizhou 225317, China; 4. Hebei Engineering University, Handan 056021, China; 5. Wudaogou Hydrology Experimental Station,

Institute of Water Resources Science, Anhui Province (Huaihui Commission, Ministry of Water Resources), Bengbu 233000, China)

Abstract: [Objective] The ascent of groundwater into the vadose zone and its ultimate evaporation into
atmosphere is an important hydrological process. This paper investigates the impact of meteorological factors and
soil texture on evaporation of shallow groundwater under different depths from winter wheat in a sandy ginger black
soil and a yellow tide soil. [Method] The study was based on data measured from 2010 to 2022 from the
Wudaogou experimental station. The relationship between groundwater evaporation and seven meteorological
factors was analyzed using correlation analysis and function fitting technique. A multiple regression model, along
with a nonlinear fitting function, was developed to calculate the change in evaporation of shallow groundwater with
its depth ranging from 0.2 to 5.0 m. [Result] (D In the sandy ginger black soil, the significance of the impact of
meteorological factors on groundwater evaporation was ranked in the order of surface temperature > average air
temperature > surface evaporation > duration of sunshine > precipitation > wind speed; in the yellow tide soil, the
ranking order was surface temperature > duration of sunshine > average air temperature > surface water evaporation >
precipitation > wind speed. @ The multiple regression model is accurate for estimating evaporation of shallow
groundwater at different depths, with R>>0.75 for the sandy ginger black soil and R*>0.70 for the yellow tide soil.
(3 The relationship between groundwater evaporation and groundwater depth for the sandy ginger black soil
followed an inverse function with R*>0.95 before the greening stage and a logarithmic function after the greening
stage with R*>0.85. In contrast, in the yellow tide soil, it followed a logarithmic function with R*>0.75. @ Depending
on the growing season, the critical groundwater depth for evaporation ranged from 2.0 to 3.5 m for the sandy ginger
black soil, and from 4.0 to 5.1 m for the yellow tide soil . [ Conclusion] Groundwater evaporation depends not only
on meteorological factors but also on soil texture and growing season of the winter wheat. The proposed models are
accurate for estimating their relationships.

Key words: phreatic evaporation; meteorological factors; burial depth; wheat; Huaibei Plain
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