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Effects of irrigation with de—electronic water on growth and water use of winter wheat

WANG Yan—hui', ZHAO Guo—qing', WANG Quan—jiu’, WANG Li"

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.School of Water Resources and
Hydropower, Xi’an University of Technology, Xi’an 710048, China)

Abstract: To explore the effect of irrigation with de—electronic water on the growth and water use of winter wheat, a field experiment was
carried out in Guanzhong Plain, a typical irrigation area. Winter wheat ‘Xiaoyan 22’ was used as the test crop. Different irrigation treat-
ments(normal and de—electronic water) and irrigation amounts (60, 120, 180 mm, and 240 mm) were used. The growth and photosynthetic
indexes of winter wheat were measured in different stages, and the water consumption of this crop, variation in soil moisture, and water use
efficiency were analyzed. Compared to winter wheat irrigated with normal water, winter wheat irrigated with de—electronic water under the
same irrigation amount( 180 mm) had a higher growth rate and water consumption, its grain yield and water use efficiency increased signifi-
cantly by 17.8% and 15.1%, respectively. Compared with zero irrigation, the yield of winter wheat increased by 46.9% under the de—elec-
tronic water irrigation treatment, which was higher than that under the normal water irrigation treatment (24.7%). Under different de—elec-
tronic water irrigation treatments, winter wheat had the highest grain yield and water use efficiency with an irrigation amount of 180 mm.
Therefore, irrigation with 180 mm de-electronic water can be implemented as an improved irrigation scheme for efficient water use and
high yield of winter wheat in the Guanzhong Plain.
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Figure 1 Monthly precipitation and temperatures during growing

period of winter wheat(2018—2019)
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172 kg P,Os - hm B AL , BB 53 501 Sk ik 28 R iR —
Bl | [) I it 4 25 B W 45 kg - hm 2 (7 (14 T i i)
FE H XTI ERIEAT T A B Bl S 7R 30 em.

R IBENLIX H Bt , ¥5 KK & e KAl
PR . FEA/ N AL A 15 H) k14 A
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THE TR TR B R R, Y IR 5 20,40 .60 mm FH
80 mm 4 P i ; 3153 7K LU HE I A 60 mm, I HL ik
B350 mm R R S LR S e MR FR (LR 1),
R B ER 3, L 18 N/NX L NX HE AL 16 m? (4
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F1 A ELIEAREEKEREEKE (nm)

Table 1 The different irrigation periods and irrigation amount of

each treatment(mm)

YK A
Irrigation amount per time

SEK

Total irrigation

ARER KRR
Treatments Irrigation type k4¢3 P57 ¥
Wintering Jointing  Filling

amount

10 P 0 0 0 0
1180 Wi K 60 60 60 180
DI240  ZHLTFK 80 80 80 240
D80  ZHFK 60 60 60 180
DI120  ZKHFK 40 40 40 120
DIGO ZHLTK 20 20 20 60

1.3 FmHAKEI&

FHFIKH BT RG S, % R G R
HLFAbER R b A S 2 T A B AR
WA (b ) RS RL R R AT BRAA Wl Az 7= 35 Oy
W600DELF, £z H il i HLBH 7 5 Q, 5 R4 B2 30
HARAMT o 7KL 25 i FAb FRER I, 42 b FAR K
K HR LRI T AR, AR TR B E s R H
Tl LE 5 R LE H A, DA ) B 2 K

W RS 2o PR R G IRLKAR (800 L) |
W e S A (R A NI AS AL A BR A L JET -
1100) \E 135 4 R 50 (46 F 8 18 ST ) i
o KL KT A E A KA SR A AR
SATHHER G A R N AL, B
I 1BE 20 45, T Sk 6] 1 30 em, Ji Sk 1.38 Loh',
BA YR RE R 4 20.40.60 .80 mm N, FE K 43501
320.640.960,1280 L, F LA A AR S il 5 25 H FK
1.4 WEERSFE
1.4.1 BEKE

F A FR0 86 X T (50 m) 19 A 3 520, HIF

FEIUII] (4 R K B Cmm) A 7314 52 ]
1.4.2 Z/NEAKIER

AWt A T AN R I(4 7 15 H ) 5
W15 9 H )W — WAE R fif o ot A B, 7 /)N
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UM 7 4 /INAZ R 1) 8 B, BB Y94
1.4.3 HE4ER
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R(A) ZEBHERE) , ENTHBEN KM T, WEt
5% 1000 wmol +m-s™ , BFEHZ W3 i A K —EH 2
S5 A1 AT (A T 00 2
1.4.4 JHEM SPADH (FHXF T4 2R 5% &)

K A H AT & 3 R ik A wl A7 B T e
SPAD-502 -2 2 AN, 43 i AE 3815 1 (e b 3R e %
) R SR 010 7 4 /N 22 TR 1 SPAD A, 8 8 5 T
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3 E KR AN A BT 3 m R
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20 em PE —R o WA ThR A SR AR AT th 1T
B 0~280 cm 7%+ 2 HEAFL FK =

AR A (DY

SWS =k X SWC:H; (1)
o SWS & H KR mm; SWCRS i 2R TS
KA em® s em s HAE 5 i )2 FIHEA R, om; kSR 54
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AR A TR A KR

ASWS; = Y SWS;: = Y SWS; 1 (2)

b ASWS 255 A F W A K R A2 4K, mm;
SWSi a2 55 j AN HE B WA (2 LI A% K B, mm;
SWS; &2 M HE B R HT— A T 2
/K&, mm,

25 HICE AR AR AR FH K - A DB 4 BR 50 (3)1)
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AR 240 mm 177 7, R K i R 7R TR
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Figure 2 The variations of soil water storage in different depths at different growth stages under different irrigation treatments
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Figure 3 The soil water content of 0~280 cm soil layer at the jointing and filling stage of winter wheat under different irrigation treatments

®2 ERFKEBRTZNEFRKEMARREFAKKIRFT & LG

Table 2 The water consumption of winter wheat and the proportion of different water consumption sources

under de—electronic water irrigation

QbR BFEKRE A HEKIEHE G Soil water consumption/ 7K i Irrigation amount/ [% 7K 31t Precipitation amount/
Treatments  Total water consumption/mm mm % mm % mm %

10 405.7b 218.5a 53.9a 0 0.0 187.2 46.1a
1180 429.2ab 62.0d 14.4d 180 41.9b 187.2 43.6ab
DI240 441.2a 14.0e 3.2e 240 54.4a 187.2 42.4h
DI180 439.2a 72.0d 16.4d 180 41.0b 187.2 42.6b
DI120 427.9ab 120.7¢ 28.2¢ 120 28.0c¢ 187.2 43.7ab
DI60 417.8ab 170.6b 40.8b 60 14.4d 187.2 44.8ab

T A AR NG P REFROR AL BRE] 22 57 .35 (P<0.05) o R 1]

Note: The different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.



EHIL 5 F TAKEMERT /02 K SR SR AT B 959

3K K SR G BRI F I A S (P
>0.05) o M2 L /KR SR A 1) £ B2 40 AT , &/ A A
FE/K B P Bt K R 3G I T3 i, (EL 45 A R ) G 8
2255 1K I RE I DU B A I 25 T 7K R A 3G i g oA
%, HAS KBS S AL PS5 B 25 (P<0.05) s Rk B
SIFEIK 14 A5 TR Bt 2 K 2 A ST BARAE , (L5 b 3
B 22 5B (P>0.05) . FH LRI AL EZKIG N T RFEK
MR T EHOK 5K BTHFE, BEE K2 g,
FHOKFIREAK T FE L1 2RI
23 EBRFKERTLZNENMRBETURESL L
Wk 3 FrR , AFVEBRALBE R | & /N2 317
KAtk E S TR RS ER S — g 2R, F—
R AR (180 mm) 254 N, & /N2 4500 1 5 wE
DI180 5 1180 &b 3 (i i 151 22 5 A I 25 (P>0.05) ; N3k
A SR 1180 AbFH R R =M T 8.2 em, DI18O
AEFR R B hN T 13.3 em, H T F fEAE B3 25 5 (P<
0.05) , Uit B 5838 /K AH b, 2 HL oK BEE T A&/ N2 1)
R R, DA B 0 AR A b SR B e
T-K A HE R AL 38R A& /N R RR o G B E 2E  (P>
0.05) 5 I HE 5 1] DI240 kb 3 Ak 25 (81.9 em) e K, H
YWCON DI, —H 2 ERBE, AW BEKRTF
HAth A H (P<0.05) 5 T 2 S, Bk i 11 184 s B
5 VI R P 1A v 8 0, DI240 Ab B A 248 (20.6 ¢m)

2 T H A AN (P<0.05)
/NG T o T, A ] E B K OF- (180
mm) &, P15 5 SR 0 T i 2 R B h DI18O
b3 3R T 1180 4 B (P<0.05) , 4r B3R & T 11.3%
5529.7% ; H IR 5 W1 213 5K 1, D1180 4 ¥E 1 T4
R (1.0 g- A% B KT 1180 40 (0.4 g~ K1)
(P<0.05) o A~ [a] % 5 46 B2, 3577 1 D240 5
DI180 &b % 14 Jot 12t @ 355 K T HiAt 4 3 (P<0.05) ,
T A 2 SO 3 BIHER N, DIISO A HL A T
i (3.9 g Bk ) B e, DI240 Ab FRYR 2 5 HON K
A FNFE SR T, DI1SO Ab P i) 47 ot et 184 s 7R I 35K
FHABLBL(P<0.05) o 25 ERTIA, Je i F oKX b
AR ) RBUSCR AL T E K R, o R
FIKTEE 180 mm I} B SR T
2.4 REFKERNZNEFER =2 RN
A T3] P T AL 3K 2% /INFZ 77 B 7 B AR I K 572 i
AE(F4) . [A]—E B & /K- (180 mm) &, DI180 5
1180 Ab HH {1 A /N2 R RO 55 5 TR0 1 22 33k
ik #) & 2% K F 5 DISO &b P Ay 7= & (9 354.1 kg -
hm™) & 2 K F 1180 4 B (7 940.2 kg-hm?) (P<0.05) ,
PE T 17.8% £ KR [RE LS B2 T, D1120 &b
RS TR (46.6 g) 2 35 KT DI60 AL H (44.5 ¢) (P<
0.05), DI180 4bBH Ay /™ &t i 3% K F DI120 5 D160 Ab B

R3 ZNELEFHRLERESTURENEZN

Table 3 The change of plant height and dry matter in each treatment during growth stages

PITHI(04-15) Jointing

T 1 (05-09) Filling

W44 i (Jointing—Filling) Growth

. i T s T s T
Height/cm Dry matter/g- £ Height/cm Dry matter/g* £ Height/cm Dry matter/g- £
10 56.45b 2.55b 59.6d 2.89d 3.15de 0.34b
1180 61.80a 2.65b 70.03b 3.03cd 8.23¢ 0.38b
DI1240 61.36a 2.92a 81.93a 3.47b 20.57a 0.55b
DI180 59.13ab 2.95a 72.47h 3.93a 13.34b 0.98a
DI120 58.54ab 2.70b 66.17¢ 3.30bc 7.63cd 0.6b
DI60 60.66a 2.61b 63.30c 2.96d 2.64e 0.35b
R4 FBRFKERLGETZNERNTERTENWN
Table 4 The yield and yield components of winter wheat under de—electronic water irrigation
b3 TR TR TR i
Treatments Spike number/X10%+m™ Spike grain number Thousand—grain weight/g Yield/kg+hm™
10 4.77a 39.92b 43.73¢ 6 369.43¢
1180 5.25a 46.28a 46.22ab 7 940.20b
DI240 5.35a 45.18ab 45.57abe 8 558.60ab
DI180 5.72a 44.93ab 45.54abe 9 354.10a
DI120 5.03a 48.32a 46.64a 8215.97b
D160 4.42a 47.60a 44.54bc 7 895.67b
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(P<0.05) , HoAth 45 b 38 ] & /N Az 77 i 7 i 1) i 2 S
A (P>0.05) . EAKFE K, 510 AR, 1180 4b
PRI 2 /INZE 38 77 24.7% , 17 D1180 Ak B ) 3 = 46.9% ,
Ul B[R] — VR T A BT, 2 /K B S 7K T 3
YERIR ;s H A HF /KA RIS A0 B, HETBE 180 mm
IF AR AT foe e 1
2.5 EBRFKRERNEZENZKRSFIARESERK
EFENNE N

AN TR AR AL BRAC 7 INZZ 1R 7K 43 R AR 65 B K
A ES (K 4), WE 4 s, [/
(180 mm) 7K *F- '~ , DI180 Ab ¥ i WUE Lt 1180 4b ¥ 42
T 15.1%, H =% 22 5 .35 (P<0.05) 5 #E WK A= =
J31 75 T 8 3 8Lk DI18O b PR ) IWP (16.6 kg hm™ -
mm™") i K F 1180 4b B (8.7 kg - hm™? - mm™) (P<
0.05) o 2 HL /KA [ HE BE A BT, DI18O 4k 3 (1)
WUE fi 5 , D160 40 31 1% , 25 4k $HR 18] O it 2% 25 5+ 5
DI6O 4k Bf f) IWP (25.4 kg - hm™ - mm™) i 2 5% 5 ,
DI120 55 DI180 4k B [E] i IWP (15.4 kg+hm™? - mm™" 5
16.6 kg-hm? - mm™") LR EFEX R, “EWBEST
DI2404b#E(9.1 kg-hm?-mm™) (P<0.05) .

3 g

3.1 ERFKEBRIMEMERKNZNT

IR L AN e ) VA B B 4SO 1
W) s ¥ IR o3 ik 5 AR MR Qs Y 2UA A A
THEMRAE KRBTSR . WK (ALK £/ 7K
e — R U 7K AR, R el 2
XPVEM A — s RIS BF 5T R B 25 L Tt

35 135

L OO WUE a

30r O mwp 130
251 a 125
20 _ be ab S ab ab ]

s s
g ‘2
D 120
E L ¢ _I_ ) _Ib_ = b _I_ ] E
oISt BN B 115 &
= L - =<
= c . L
S 10f c 110
S 10f T 110 =
5t 15
0

10 1180 DI240 DI180 DI120 DI6O
Ab P Treatments

ANTAl/INE FRE R b B ) 22 5 i 2 (P<0.05)
The different lowercase letters indicate significant differences among
treatments (P<0.05)

El4 KBRFKERLETZNERNWUES WP
Figure 4 The WUE and IWP of winter wheat under de—electronic

water irrigation

JEK HEE AT DR AR AR AR AR A K R SR R
IKARFEAR LY, AR AL PR = 2R TR FE R R A R
A AN AR B B4R, 0T B MEAR R IOK fg
B, TS INFE K A, JE 3 A e e AR
5% 25 el 3R I 25 M /K A R 4 /N2l
A IR E A /NE R BARSRIN R — VK
(180 mm) T, AR T I BIE SR 3, 25 v /K E R 1Y
SN IR R IR RS T ) R B
T3 K AL B 5 L F K AR R R o
KA K EWE 32 T 17.8%

YEI 0 A LA T A VE R4 T8 L
YEWYI ™ B A WL AR B s Bk A G, 6 h
VERJEAE D = e B S m ™ fEW = i 20 K
Al BT ISR SR R GG ¢, — IR BDE &
R VR R . PR 2 AKX A E
A K ) T B OB VR AL AR R R AT 4 #T
AIREIR AR EEAT LR LT « (1) 50 K 43I AR
KA A A R JERL, 2 4 B sk B, AL G HT
CO. ik ASZBH , T Rl 2 e A E . AWF5E & 31
DI180 4b ) WUE Fb 1180 4b B &g 3 %5 1 15.1%, H.
DI180 AL Ay IWP(16.6 kg-hm™-mm™) i # K T 1180
AFE (8.7 kg-hm ™ mm™) . (2) WA H LGS
B ARG R R HORE . WE 5(a) , A0
5% H DI180 Ab 38 (1) 4 1 HH 15 E I W 4 /N 22 T v
AR R R 1180 Ab BRAY IR E T 13.7% 5
9.0%.38.0% 15 5.9%. (3) M4 K & &, P4 K 2
M2k b i R E B AR 7RG VE A i R RN
EeAbobaE. WE S(h) , ASWF5E H DI180 Zb ¥4k 15 # 5
TEAF A& /N FE I SPAD {1 %52 1180 A FR Ay W42 8 1
0.8% 5 4.0% , H. 53838 7K HEEAR LL , 25 7K 45T
Ab B R IR A HE S I B i e SPAD IR TR I
AT BE SR R Ry 2 L 7K 25 R A B TR SR A AN
it R ATh PR €0, W LA 25 H /K ] i A=
KJE M - SPAD fH I BRAIR, B KA /N HESR I, A
FIF AT YRR . (4) 52 m sk Kb & P EEY &
BT WA B e B RS A FAE S A
B A3 B TR 2T DR AR e ) R AR Y
TP IR, 00308 2o 5 W IS 7 ok A v R 42 Rl %) 9 2 Sfe SR
X R A i — 2R
32 EBFKEBRTHEAKE EKESEFE WUEH

WFSE R VEY ™ i A — 7 3 N S i K o 2
1E FA9 56 22, ELJE 24 398 i 3] — 5 R S 1sF 7 o A 3
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T PN, 7 o 55 B /K I 2 I A VR TR A A 8 n g 38 o
MEE KT 180 mm B, 7 i BRI, HLAEZK S A 34
R BE AR /N o ASBIFSE & B, AT B3 3 0, DI240
b PG AR = 18 (20.6 cm) B35 K T A AL B {0 H:
T4 it 2 AR G T DI18O AZb R | f5% 5 7™ i AN S A il
5 180 mm AL PR R ARAGAY . Qiu FEPIAGF 9T th K, #E
K P 2 Bt VR K S AR B I T 38 K, (ELZK 40 R F SR
2 Bt 25 VK R A S B S T R R R AR A .
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Figure 5 Net photosynthetic rate, transpiration rate and SPAD values of flag leaves in each treatment at the jointing

and filling stages of winter wheat
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Figure 6 The relationship between water consumption, irrigation amount and winter wheat yield, WUE under de—electronic water irrigation
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