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Impacts of oxygenated irrigation on potted winter
wheat growth and soil aeration

XU Jian-xin, ZANG Ming, LEI Hong-jun, PAN Hong-wei, LIU Huan, CHU Meng-yuan
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Center of Water Resources, Efficient Utilization and Protection Engineering in Henan province, Zhengzhou 450046, China)

Abstract; Perched water often leads to decrease in soil aeration of crop roots in subsurface drip irrigated soils.
Oxygation provides a source of oxygen in root environment that suffers from temporal hypoxia and unlocks yield po-
tentials of crops. However, the effect of oxygation on soil aeration was not well known. With winter wheat as a test
crop, four irrigation treatments were used including venturi cyclic aeration irrigation ( VAIL), hydrogen peroxides
3000 (HP3K) solution, hydrogen peroxides 0030 solution ( HP30), and a control treatment ( CK). Subsurface
drip irrigation was implemented, and the soil aeration, crop root growth, physiological indexes, and yield were sys-
tematically monitored. The effect of oxygation on potted winter wheat growth and soil aeration was studied.
Compared with the control treatment, the soil respiration in VAI increased by 106.62%, the oxygen diffusion rate in
VAI and HP30 increased by 43.99% and 21.37%, respectively. Meanwhile, the total surface areas and root length
density in VAI increased by 21.13% and 32.69%, and root length density and root volume in HP30 increased by
21.13% and 32.69% , respectively, compared with that of CK. The photosynthetic rate, stomatal conductance, and
transpiration rate were enhanced by oxygation. Compared with CK, the photosynthetic rates in VAI, HP3K, and
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HP30 increased by 43.41%, 26.37%, and 20.37%, respectively; the stomatal conductance in VAI and
HP30increased by 38.78% and 17.65%, the transpiration rate in VAI and HP30 increased by 21.55% and
15.83%, respectively. The yield in VAI and HP30 significantly increased by 36.27% and 23.37% , respectively, o-
ver that in CK, while the WUE in VAI significantly increased by 38.98%. In conclusion, subsurface aerated drip

irrigation with aerated water improved the hypoxic environment in rhizosphere, thus enhanced the soil aeration and

crop growth with increased crop yield as well as water utilization efficiency. Among the three aerated treatments, the

enhancement effect in VAI was the best among the treatments.

Keywords : oxygation; soil aeration; winter wheat; root growth; photosynthesis; yield
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Table 1  Crop root morphology indexes in different treatments
+J)2/em ot WA BEmF cm? FHEHA/mm BWEKHE/ (em - m™)  BWESAEB cm® HRAEL
Soil depth Treatment Root surface area Average diameter Root length density Root volume No. of tips
VAI 230.51+26.30a 0.38+0.03a 5.31£0.50a 1.87+0.44ab 5241.60+1301.60a
0-10 HP3K 184.17+13.36bc 0.41+0.04a 4.03£0.65b 1.76+0.40ab 5913.60+1895.92a
HP30 207.27+21.97ac 0.39+0.06a 4.92+0.68a 1.81+£0.61a 5935.20+£1397.32a
CK 169.45+20.70h 0.38+0.03a 3.87+0.29b 1.57+0.58b 3374.40+300.80a
VAI 34.03+6.34a 0.24+0.02a 1.13£0.17a 0.19+0.05ab 2557.80+£569.01a
10~20 HP3K 28.99+13.63ab 0.27+0.04a 1.09+0.24a 0.19+0.11a 1632.20+365.84bc
HP30 24.63+7.62b 0.24+0.04a 1.20+£0.21a 0.14+0.04b 1871.00+587.92¢
CK 26.92+2.65ab 0.23+£0.02a 1.12+0.16a 0.18+0.05ab 1590.20+303.42b
VAI 27.30+5.58b 0.24+0.02a 0.64+0.06a 0.16+0.03a 1544.80+522.16a
20-730 HP3K 19.19+4.84b 0.26+0.03a 0.61+0.08ab 0.12+0.02a 971.60+173.19a
HP30 30.16+5.66a 0.25+£0.03a 0.55+0.04ab 0.13+0.03a 1220.40+599.94a
CK 18.64+3.71h 0.24+0.04a 0.51+0.08b 0.12+0.02a 907.00+£96.75a

T [ —FUAR R 2R R FREFRIRTE P<0.05 KPR BE 2R

Note: The different letters in the same column and depth indicate significant differences at P<0.05.
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2.3 HEEBRNEZNERRZNIM

32 A [ Ak 3L A e O 22 S 1S e, AN T
REEM) & /N ERZARBA TR ZER(FR 1),
VAL Fl HP30 &b ¥ S PECE R B3, IR A LA K
RENETE, 0~ 10 em + 2 A0 R A K oW BE %,
VAL A FEAR 2 SR A FAR K 2% B2 48 CK 43 1) 38 i
T 44.18%H137.21% ( P<0.05) ; HP30 AbBEAR K% &
AR R SRR A B, 8 CK 3l s T
21.13%#1 32.69% ( P<0.05) ; HP3K il CK JC g & 2
S(P>0.05), TMAE 10~20 em + )2, B A A FH R
(R 3 SR ey B S, VAT A e 3 T R R AR R B
CK 43136 K T 51.74% F1 84.86% ( P<0.05) ; HP30
IARISEAE CK 48K T 84.12% (P<0.05) ; HP3K FiI
CK AbBRA I i 5, 20~30 em )2 VAL i 5
FMAH AR BR800 8 CK #2815 1 38.31%
25.49%F169.02% ( P<0.05) ; HP30, HP3K I CK J&
W E2F(P>0.05),
2.4 HEEEBRWNZ/NEEEIERNZN

PTIA Hh A A S R RO G R X
fL T BERNZE N HORM e 25 R LR 2~4,

R2 FRAEBHPNEREGER/ (pmol - m™? - s7™")

Table 2 Wheat photosynthetic rate at different growth stages

HEAL B ROL A H R T W ek, BRI
VAT HP3K F1 HP30 kb B ()% 4 3 R 45 CK AL By
BRI KT 43.41% ,26.37% 1 20.37%
(P<0.05) , A AP NESILSESR T W
EGR  ZR I HOREE . IR VAL A SR
FERE CK Ab FHBE KT 38.78% , X B R KT
21.55% ; HEH B VAL F1 HP30 ZbFE S FLSF B4 CK
SEBRIER T 23.53%F1 17.65% ( P<0.05) , 7% & 8 %
B4R T11.619%H115.83% (P<0.05) ; HP3K B LS
JERIZE IS R CK YR E 25 (P>0.05) .
25 WREBRNEZNEFEMENEMN M

LN KGR R S A AE P 5
T2 5, SXHRA L, VAL A HP30 40 B = 514 K
T 36.27% 1 23.37% ,HP3K ¥ A B &2 5%, VAL,
HP3K HP30 Fll CK &b 4 7K 43 F F 5% 2 5 51 Ay
2.46.2.20.2.15 kg - m 1 1.77 kg - m™, VAI 4B
A CK B K T 38.98% , HP3K Al HP30 kb ¥ #1 %A
BFEEF . VAL HP30 MRS FF A9 w48 CK 3K
123.57%%19.23%,,

x5 TELMENEFE ASFARENEFENE

Table 5 Wheat yield, water use efficiency and straw biomass

under different treatments

Jb 3 I EillpE] X
Treatment Jointing stage Heading stage Filling stage
VAI 17.12+1.29a 19.78+1.40a 19.36+0.94a
HP3K 16.78+1.64a 19.60+2.22a 17.06+0.96b
HP30 16.70+1.26a 19.22+2.17a 16.25+1.99bc
CK 15.40x1.71a 18.59+1.71a 13.50+1.23d

TE [ —3R R F B ROR7E P<0.05 AKF FAA7E B35 2% 5,

T

Note: The different letters in the same column indicates significant

differences at the level of P<0.05. The same below.

R3 TRAEBHDESAZE/ (pmol - m™ - s7")

Table 3 Wheat stomatal conductance at different growth stages

b P hRES) X
Treatment Jointing stage Heading stage Filling stage
VAI 0.63+0.15a 0.68+0.06a 0.21+0.02a
HP3K 0.59+0.09a 0.58+0.08ab 0.17+0.03ab
HP30 0.47+0.13a 0.53+0.14ab 0.20+0.02a
CK 0.46+0.04a 0.49+0.05b 0.17+0.01b

F4 TRAEEHRNEZEBER (mmol - m™? - s7")

Table 4 Wheat transpiration rate at different growth stages

b3 FA I TR TR
Treatment Jointing stage Heading stage Filling stage
VAL 4.94£0.17a 6.43+0.35a 4.23+0.33a
HP3K 5.28+0.43a 5.64+0.37b 4.20+0.63ab
HP30 4.90+0.50a 5.41x1.01ab 4.39+0.30a
CK 4.87+0.44a 5.29+0.77b 3.79+0.25h

7 \ . TEAFAEY R

A o TRE kR TR

/(g . . /(g 45"

. 1000—grain WUE )
Treatment Yield K _3, Straw biomass
o weight/g  /(kg - m™) 4

/(g pot™) /(g pot™)

VAI 162.19£9.33a 50.32+1.95a  2.46+0.14a  145.62+5.15a
HP3K  144.43+19.54ab 49.68+5.74a  2.20£0.29ab 124.48+10.32ab
HP30 146.84+14.72a  47.88+3.39a  2.15+0.22ab  130.01+5.75a

CK 119.02£7.77h  49.24+3.87a  1.77£0.12b  117.84+5.51b

3 1w
3.1 HEEERMNZNEZERFIEESENNE
R

YERFAE LB M P A S BNGES
Fab , 1 A S e T A AR B AR B A
PIMVE R | - AR 0 R B 7= AR S 4 A 4 A O
Y, SRR S LR A R
I 00 0 A 398 (%) 38 M ARG ot A 8, A [R5
KA W I RS R A s 2

B AU I K SO AR O T iR ) B AL
B, TRESE K PR AR, DL RE 3 R AT AR
SN ATYERE 24 h DL RS SCE BAS S SR
TG PRI SR B N RN K TR A A i % B )
HRIX, WK T 8 T 4R s 1 398 P R 48 e il s
AT CGE AR IX A B AT, A, VAL #1 HP30
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AbFEAY ODR A CK 347 B &m0 , MUE AR b
4T 48 h, H VAL AEFET 10 .20 .30 em IHEE I
RO IAR .2 HP30 AEFRAE 10 em F1 20 em ALAY
E R R B 2 HP30 AL BEXT Eh Y BA0E SR B 47
TXA] BB F TSR A B 0 i S A PR 3 1

- ST R FAE A G S Y — A AR AR,
[0t e A by N el 11 B R N a1 A7 o
BOR FAEDIAR R0 A 20 R AE A - S UE
SEIENEIRAE T, R K o K A HEE SOR B3
it P P A EE LR Y MR R DR SR R T
PRI U 7 T, 5 G AR B A G,
AR, BRI O AR AR VR R R R,
RO BRI 0 B AR AT R A G R T
AP AR DX e SCTR A0, R X A 48 A MR 1 3
THE, DR R EE R TIRZE L,
X GARI S5 16— 20, 3 A VE R A o ik
FWEDAR X, e 1T LI A ODR RN Eh 3558 T
R EFETIRAE 0 IR T A SR i
DA - SR R o ke T R SR | 3
FAK A AT BEE S VAT Ab 351 A 498 N % 5okt 2 L
KT CK LB, A W54, (R BUER K 17 3 4
VEEIE 25 b 4 4 v Y Bl AR A i s R B T B
HP30 ¥4 FH AU /K i 6 B VE AR X, 003 T 138
(A3 SR, T 34 5 VE AR 2R 1 3 25 R, [R] B R
8T 3P RE Y, e T R B S IR
YEHT, R BOH - 0PI R A CK A 25 5
3.2 ZNERREKY LIEES X ERNEL

PR AR 28 110 A X e 41 Jlp 200 4 A UK SR
Be= SHIAR R A AR AR AR
AT B AR X, W AR R AR KR TR R, T AR
TR AE KO, A R A AR 0 2 1 AR 2R ™
U AE0~10 em 12, VAT ZLFE S R AR K
R CK ARHEA B 42 Tt HP30 Ab #AR %5 B2
R BRI A 2 2035 AR 10~20 em 1 )2 3
AN ODR BGRB8 MR Z 35 T X R
3B VAT A5 e T FLURTAR 2 £ CK Ab B4 <
F L HP30 [WARAEE: CK A i 35 1 22,20 ~ 30 em
T2 VAT L0 B A 5% B2 AR AR 038 CK il 25 4
o ABFTEASH TEI R 2R 288 Ab T i S AN R A
KRBT, 7 T et R v e Ay W S i A T
ETHRXARE, B TREANTYRR R,
FAF I UER] T 3% — w3, 3 S0 R4 1F T R R AR
AR ARt VAT A BEZE 10,20 om Al
30 em VREEXTAR 2R A 0sE Lo 2, i HP30 AbPRAE
10 em A1 20 em + 240 35 B 3, iX 5 ODR FFAH

1, VAT F1 HP30 4L FE Xt 10 cm A1 20 cm Ab + 3
ODR BGER A ., 107 30 cm 4 VAT AP 35
o AUFRAR B K SR X VR AR 2R el
it DA T Sk BT HP30 A B X AR 2R K
LR TR (15 em WEE) 40, I VAT 4bBEAY Bl 3%
X3k ATz

BRI GE T HEE A, SRR R Y
ARG ARRE KT ODR 5 8 LR,
X GARIEE 1S — 3, ERCR SN A 20 em TR
FERL 2SI VAT ALV JS 48 h T34 ODR {E# CK
SEHER T T4% AR R BFRTE A 35 T X R E,
HRT 51.74% ; i 7E 10 em WRJE, 40 VAT 403
HEJ5 48 h F¥) ODR % CK ¥4 K T 63.2% , /R & &
RIMAIE R T 44.18% 530 em TR 3% K8l 73 5l
9 59.8%F1 38.31% , T LI Hi 9 SA BEHE X ODR 1)
WG RICRXTHR ZR A KA R ), 3 SR 1 5
55 FIAR R R AU — 2 W IEAH O R X UF I T 4
ST R T - I A B G PR EAR R AR
33 ZNEEBEHMFENTEEBSELEN

i iz

e SRV T S AR AR X ) AR A B R T
VERIRY AR 8 TE R R i RDE A1k
RN AR P AR BRI, i
R 2RI AE 32 25 F £ 858 A, VAL Al
HP30 Ah 1) 7% i o AL 5 B A T 42 5, X [l
b e A A I R 2 R — 8, Sojka Y Y ST
5 AR X IR AR BT 4 5 BOE & 3R 1 FEAIR, 3
AR EGE T IREIREE A AR B R, Ko
it Z 0] MR X AR AR & R BUR R IOK 43 80%
FIRRAR ), B2 AR R A0 2R K, B T I 5 A 26 1 3k
R, ODR{H5H A B 8 I R AR 4 A
KA PIHAIEY | &/ A K RE st JUTAR R A 5 S
I el P R 3 B 1Y) S AR PR B A & ™ L, ODR {H LA —
ERZE S AT KIG ODR S ARMEAS 0L F 20
10° g+ em™ « min”' A I, I E BE 2 20x107° ¢
~em™ - min” DUR ERBIE EALT 10x107° g -
em™ « min”", 39 SE0HE R S AW T A % BIAE AR
X, T A% 2% fifk TR 3 B ) ke SECBR 100, 7 Sl 4015
J B A A R B R T (e SR VAL AR
FEAHR AL 2K S HOR Y B
S AR A X VR W A B R N A T R
7 AR AO A 7 18 5K 1 3 H s, iR IR
Joih i 2 A AR 1) 5 J2 4% 338 S AR 5, 2 K A AR
KR EARK YR8 5 MAE AT, S SUED =
M= i a] LU AR X T CK AR 3R B, VAT A
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HP30 A= R A 45 HP3K HIA B35 22 5, VAI
MR, X5 Lei 2578 T BF 5 M0 AE B oK PR
2 I S TR 174 18 7 A R A — B, BB 7 L R
MAE K T 22 251 VAT A3 K 43 )
FHRCREE CK A BT &, 1 At A BRI AT B 35 2=
S MRRAYAE By e VAN W R IR R R
TEFES R SCATA, VAT Ab 3 2% s 5 R 45 CK
FHEE X SRR RS
SR, 5 R HENEI RN ER A LG, ODR {E 5 1E
PARKBAHC R N B %, Algh, S 4081
ODR {H SR R FE bR D6 G T8 bR | 28 1 2l S H1 ™ 5 11
AL REFEAHE , ODR (8 X HED I AE KA — &1
S, AWESEAE A A Y e AR = i
FEERIEHEER Y X AR e —,

4zt B

ZCLAE N R BERAEY) T8 T ARG
R B HEE S5 A /N A By R, S5 AR R
HHY S S TR T S 5 T A R AR DX e S B 8 X
TR ARK R T A B E IR HEER .

1) B SAE W P 2 G E A, FEMS
VAL L3+ S8 I 0 A7 i 25 4955 0 VAT &b BRAD HP30
AR FR )RS BRI FLRE A e (A R
FEEBE DL A EY i I K

2) M SAVEE R T AR R AR K, VAL Al
HP30 bR 22 62 A AR K 25 B AR R AR
IR AREUR CK A BERT .

3) A HE WA T AR R AR B AR AR, VAL,
HP3K il HP30 3448 Ab B G AVE T ZE IS HR RS,
LA W,

4) BESEEREE & TR R, A TR,
VAL Zb AT HP30 b3 i) 7= i A7 e 4 5, VAL &b
AR R RCRA BEe
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