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FEby 46 B £ A3z 0y B BV 3R £ R 4K 23R DU BLIR T AR A BB (CKD , 3% B R AUEBE(AD 540538 A # BE(HP)
2APEA T N, R T BREFmAERRS,FA A STIE AT HEGRZ[4R]5 CK AL, AlA= HP & 2242 & 44X
TP EBA SR E FHAL DR E LR LT 5 53 0 19.66%F 8.49% . 14.02% = 7.51%+ 10.13%F=
591%. BB, AlArHP AR EEFRAMAZAALAR RAREZ T, #RRGEHROHRDBMEE, ZZFK5H R
HKE(P<0.05)0 L, %4 LT Alf= HP & 3215 40 R E 5 4R 5 136.16%F7 65.43% , % 76 & 2 2 % 46.85%
F128.49% , K 5 F Bl 2 AR 3 44.59% A 27.38% 3 by &k 1 3R £ Al A= HP 4 B AE 40 R & B E 5 H142 5 141.23% A=
88.76%, /= & 4 HI# B 41.52%%= 20.68% , K 5 F) F 2 F 32 B 41.06% A= 21.39%; #5 H + Al A= HP & A 4 R & FOIK
HEN B F 112.60%42 45.47% , = & 42 %5 49.86%F= 17.59% , K54 F 3% £ 42 % 48.81%4= 17.97% . L £ 10 L3
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AR AR R TR 3 0] FH XS 86 St T 7 14 T 82, A 8 S T TR X — BT ROR I N SR R R =
1 MR57EE

1.1 #RXHEAR

TRGG S T AR KR K R R 22 R0 = O 7K R 3 3 AR IR 52, 4 34°47'5.91"N, 113°47'20.15"E,
T2 T B IR VW 2 RS A, 2 4R RN 14.3 °C L, &G IB I TR Z1°8 2 400 he RSN EE T,
P58 9.6 m, AN 4 m, S HAIA E] 537.6 m*, P& H 21 GO .
1.2 RE R

6 T G A8 3 P S Y A 3 D K 9, AR 3 [ 38 03 S R a3 T v, L SR 4 Tl R A O B
F YO, IG B B 3 4 (SCL) 5 5E 5 JE wb 3 4= (HL) , IR AH M B0 TR 1. L N ED,
a O RAE, A EE 129 d, RVE R E L B 3 1 OB 40 1OK EE, MG RERK. 1E
Yt B AR AR 2.

FSEXF 9 S: L%V

TR/ T R/ TR =/ AHUTE/

+HERA pHH KR % BRE% MR WRE%

(mg-kg") (mg-kg" (mg-kg") (mg-kg"
YC 8.05 5.49 98.39 41.13 11.91 28.0 55 32 13
SCL 8.05 5.49 124.39 51.13 14.91 25.2 19 52 29
HL 6.31 8.14 119.91 68.19 14.93 24.7 11 35 54
&2 ERAEFH M
EH M i I TrAEHA 451 A
e 2H5H—4H8H 4H9—16H 4H7—24H 4H25H—5H20H SH21H—6H23 H

1.3 iRt

DARL T §i E A K 5 2K, W B b T 7K R E 6 R (CRO) , 17 2 I S8 (A Ak 27 i 480 HE W (HP)
AbEE, 3 P AL 1 58 YC . SCL #1 HL, 3t i1 9 AN A B, 43 31l ic 4 YC-CK. YC-AI. YC-HP. SCL-CK. SCL-AI.
SCL-HP.HL-CK . HL-AI.HL-HP, 6 R E & . 7858 AR A P38 2, B R 208 H 1142 30 em, F 14821 em,
EE 25 em.
1.4 EREEER

WG I 43 XTI 07 , FEAS AR A S 13.5 ke (R A AT, B ALIL i 19 g 4 B Z /KA PERERL (R
%, FE A — O TAHRAFD , KA NP KR 3508 15%15%8130%, 5 T3 78 0 #1515 70 )2 S
[I3E . AR MO AT 000 e o ah 35 Bk 38, 2 P 3 B /K 38T [ &2 H TR 4R /K Z2 1K 60% I 1R 47
VETK 2457 185 7K K ) 1) 477 7K SR 85% 452 1 JBE /K o EE 7R 1) AR J18 AR B B9 43 3 1 3 5 /KGR 1 58
2)3~5 A1 I VBV AR B I EKIB L L3R 3

R A £ F IR EARER

A i l/d HEKEL/L &t Al /d HEREL/L A e il /d HEREL/L Bt i A)/d KL
1 1.000 34 1.386 69 2.607 100 2.805
5 1.485 38 1.551 73 2.508 104 3.069
9 1.848 42 1.254 76 2.805 107 2475
12 1.089 46 1.188 79 2.739 110 2.706
16 1.353 50 1.353 83 2.772 114 1.518
20 0.924 54 1.848 87 2.508 116 1.155
24 1.858 58 2.079 90 2.838 120 0.891
26 1.221 62 2442 94 2.508 124 0.858
30 1.518 65 2.706 97 3.168 128 0.759

TEVDREWR & B R, #8 CKL AL HP A BRI J5 7 AT HEBE . 7EXF ALARBEZEAT HEBERT , T I EF
RSB AS , 75 0.01 MPa 264 T XHEEBE K 31T 1B R AR 2 20 min, JE RIS 7K i Hinidk 21 AT AL EE (1 VE AR
X o TR HP 2B AE AT BRI, 1 26 HE R K T8 SR K, 952K FH 30% 1 HP3000 ALK A HO, ¥
4 (Evonik, 7 [ B 61 Sl A FDBCH 15 mg/L P RIEATHERE . BT A BARVEY 38K A R i E AR K o =X, A
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FH A B0 Sk 34T HEK  BRHERR AR AT B 1 2R HK SR, Wk 5K SO 2 [AME B EHAE—il, Fra kL
EIERAERKTE L, A A IR T T4 6 KR 5%, 7K 7728 0.1 MPa. i FH 455 SE ARG Sk (LA
FIC MDA FE AL R A FRA 7D L ik W HR BN 2 L, k3 1% 8 10 ecm.
1.5 RIEWERAETNE T E
1.5.1 A&1ER 54
K GA A I 5E A (Li-6400XT , 3 [ LI-COR 2 &) )Wl & 15 51 A 8 2 P, (umol/(m* - s)) , Il & 16 128 B ik
AR 056 2 1 5 A 87 e T B i AT IE , 73 ) 12017 4 10 H 4 H23 H.5 14 H.5 23 H
(H§R)10:00 M , A EL AP TE A T ACIH 25 R e A R a6 7E R
1.52 #Z s = =2 RKSA A RE
W SRSt 350, 42 AR 230 el T 5 T K 7, VRS B9 0.01 g (LR PR &t B il
ER A &, BRI BT (o) o ARFE AR S K W HE T K R CR (kg/mD o BG5BT
RS, T 105 CHEAE TP AT 30 min, FHZE 70 CkLRFF 2 h BIERE, METYHR R E. RAG
JIRRYE E A = 2R T DY M (TTOVE I E
1.5.3 Bl
Wkt R H, DAZE A BT AR 25 S I, AR R R K e 4, BB RS O SRR L 76 105 C A
30 min, RJE7E 75 CHEAR FE 72 h, FRECF B . AE iS5, 12 0.5 mm i, F H.SO.-H.O. 4 &, ¥4 2 H
TFRA I E - 4252 YLK E ZAL(FOSS 230 B W , 4> 1 & FH HLEH B OB FER I e , 48 2 F K 45
FEEETHEN E . Horr  AEWFR RSOk R v R
A=C,/1000M, , (D
C=AY , 2)
XA NEBRE RIS EE (2 CNE R E 70 & (gkg) s M, N2 B TV R (2) s C NAEMIFR 43 ISR
(g/g) s ANNAEIR S B8 B T2 RIS & () s Y Nt IE & (gD o
1.6 GEit iR
K 1 Excel 2013 #4784 4b 38, i@ it SPSS 22 %14 Fisher LSD ¥ 3E4T 22 1k &5 35 70 #7 o

2 BRESTHH

2.1 BREERE

ANE A R e AR (PO 1 frc. B LA 50, B A AL AL B PR CK 22 53 B 3
(P<0.05), Mt 22 A EE 4L HP /b3 5 YC-CK itk E R AR E . 5 YC-CKAHL, 975 B YC-AL /b3 1
11 19.89% , SCL- AT 4b 3 3 Jii1 14.96% , HL- AT &b B3 i1 10.74% (P<0.05) , FF 46 1 YC-AT Kb BE 3 /i1 16.11%
SCL-AI AL EEHA TN 10.70% (P<0.05) , 45 5 B YC-AT A BE S /111 20.45% , SCL-AT AL 111 16.00% , HL-AT Zb 2 3
1112.39%(P<0.05) , B4 YC- AT AL FE 14 1111 22.20% , SCL-AT AL PRI 111 14.40% , HL- AT AL FE 18 /111 14.65% (P<
0.05). 3FEHE(YC.SCL.HL) F P, 4= & ] AL A HP 4b B 7 238 M8 53 5 4 19.66% Al 8.49% , 14.02% Al
7.51%,10.13%415.91%. 5 HL-CK A Et , HL-HP 4L B P, A AE T A€ JA B g s v T HL-AT AL P, 5 H. 3 Fl 35
NI AT AL PG IE S o AHTR) RN B I 45 B L A AT AbFE PSGIE S = T HP AR

AbFE, OYC-CK BYC-HP BYC-AlI ®SCL-CK @SCL-HP
OSCL-Al ®HL-CK ®HL-HP ®HL-AI
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22 1EMIIRAREMERIRRIEN
LR RAEDE LR RIE BN IR 4. R4 A, 5N CK AL, YC-HP. YC-AI.SCL-HP.
SCL-AI.HL-HP.HL-AI 4 PR AR R 7% 717 32 /51 77.97%  119.62% + 28.64% + 53.68%  46.65% 1 31.99% (P<
0.05) , R A J5 B 3 A1) 4% 151 38.53%.63.05% . 24.78%+29.94% . 36.04%Hl1 25.44% (P<0.05) , i & T- i & 2> ) #2
151 36.69%174.76%165.58%170.79%+33.98%#123.29%(P<0.05) .
P NOEE A 1 E 8 Sk &SRR &=

pisz R A 7 /g R+ &/ MWA&RIWE 1/ (ug-g"-h™" 1EWIr=&i/g KO FIHZCR (kg -m™)

YC-CK 44.30+7.112d 18.07+2.96d 54.43+11.40d 777.20+13.65de 12.38+0.16de
YC-HP 61.37+12.13ab 24.70+£3.34¢ 96.87+13.94b 998.63+55.70ba 15.77+1.00bc
YC-AI 72.23ab+4.28a 31.58+1.30ab 119.54+14.02a 1 141.34+64.88a 17.90+1.10a
SCL-CK 45.23+6.09¢d 16.88+0.75d 74.61+7.48¢ 756.28+66.98de 12.2541.02de
SCL-HP 56.4442.89bc 27.95+1.23bc 95.98+8.73b 912.69+46.59¢ 14.87+0.98¢
SCL-AI 58.774+3.52b 28.83+1.89abc 114.66+7.32a 1 070.32+44.42ab 17.28+0.85a
HL-CK 49.69+2.64bcd 24.69+1.18¢ 72.89+7.79¢ 698.65+134.70¢ 11.35£2.27¢
HL-HP 67.60+17.11ab 33.08+7.54a 106.89+6.36ab 821.51+113.18d 13.39+1.68d
HL-AI 62.33+4.69ab 30.44+1.68ab 96.21+12.48b 1047.01+£55.12b 16.89+0.62ab

RN TR (=6, IR F R P<0.05 M52 B % B,

Horbr, DUBESOREBE YC-AL AL B SRR F 35 /1608 i K, YC-HP AL B IR 2 s (H A2, HL-ATL 2 BRAEY)
(PIAR 2R 77 VR T o = AR A ot = 34 1K T~ HL-HP AL 2E (P>0.05) .
2.3 {EIFEE RS FIREE

Lotirs EMK G FIHBE WK 4. NEATTUUEH, 5 YC-CKAHLL, #8M 5 5+ YC-AL 5 YC-HP Ab 2
VRS = 1245 A 51 46.85%F1 28.49% (P<0.05) 5 ¥ BH A 2 /i 3 1= SCL-AT A1 SCL-HP 4b#E# SCL-CK 43 7l 1
41.52%F1 20.68% (P<0.05) ; 1+ 4 J5 b 3 + HL- AT A1 HL-HP 4b ¥ % HL-CK 4 5] $2 =1 49.86% £l 17.59% (P<
0.05) . MK ERAEY) 7K 43 R FH 24 2 50 AH B CK R 2 42 151 (P<0.05) , HoHt, YC-AT A YC-HP 4b 3 7K 73 F1) FH &%
oy B 5 44.59%F1 27.38% , SCL-AT Fl SCL-HP 4b B 7K 73 1] FH 2% 243 51 $2 78 41.06% A1 21.39% , HL- AT A1l
HL-HP b2 7K 73 ) 2403 3 73l 42 151 48.81% 1 17.97%
2.4 FHRBEE

B2 AN ) 33 2% A A R AL B VR 37 45 LB VD RS . i 2 vl %0, 5 CKAREL , 38 %Létffﬁf’ﬁ
VD7 ISR 2 35 32 8 (P<0.05) o oA, KRN 35 26+ YC-ATFI YC-HP &b BEAE ) 502 I R 43 il 12 v
136.16%F1 65.43% , ¥4 B #3726 4% + SCL-AT A1 SCL-HP AL FAE ) 5 2 WS8R 20 il $ 5 141.23%41 88.76%
JF I JE b 3% -+ HL-ATAI HL-HP A0 B AR % 3 SRR 2 il 32 &1 112.60% 41 45.47% . 5 CKAHEL , YC-AT A
Y C-HP Kb 3AE Y 2 SRR 3 ) 42 155 142.71%1 71.85% , SCL-AT A1 SCL-HP 4b F 1 4k 22 W U035 245 )
PE 1R 154.74% 55 83.66% , HL-ALFI HL-HP ZbEAE 4 2 ISR 73 51 $2 155 105.46%F126.74% . [AIE, YC-AL
ATYC-HP A FRAE Y0 £ W R 7 il 1 162.59% 411 78.17% , SCL-AT A1 SCL-HP 4b FE A4 & W IS R 4y
L 172.42%F174.82% , HL-ATFI HL-HP 40 {E 2080 2 U RR 43 B3R 1 160.41% 5 54.40%.

05 1 a i 020 a 04 r a i
o 04 b b 0.16 b ~ b
& £ b b % 03 "
S0t % 012 2
02+ % 008 | ef < = de
= = £ =
gm I #%0.04 -l
% 0. - ﬂ s
0 L L 0 ' b ) 0 N
& $ > ng&@ FEPFS PFS P &9‘9@9*&
LY, c}*é}'«z& & OIS SEE, o%oww £

B2 FRE TSR BAE
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391 i
3.1 BEEER R EAEN S IR R AR A TR I R

AR HE A A S, 3800V 4007 ) B R R0 (R A S R 7K £ k- 33 Pl A
[ 810G 498 £ L S0 T 0 0 S 2 2 (W 0P A - S AL P SR AR 22, SRR ™ X — I R AE B B
JCNM . TS, R T P T B B R AR K R R R X - S SR o A K i 2 i
PEFIN, 5k R, 20t B A T A P AR X 39 0 oz v T TR, DL 5038 P AR R 0 2 K 3R,
TR¥F IR 7, AR R R A, AR RS 0 RS R BN, WA B EMI RO A I R = T
FUETRR, , 3 5 28 TR0 58 R S S E R 1 AN e B AR A . 2ok 380 S b B 0 v AR R
W BEET R . 2B EMR AT 7 BT R ESR AR SR, WA g
2T AR R AR, 5 30 G N VR0 AT R 8 2 38 i A R 88 , LR TR T i A 28
PR AN [ , G A BEAE 1 45 S A A T FE %, S 4T 4 R R B AR I S 0 AT 3 5 V0 1 7
O, IX 5 Zh S50 SR T DUIE SRR 5 X — AR RIA
3.2 BESER AN A e AR R B SR RIS IR T

TC 2 P M 18 S b T, 5 32 0 R 4 SV VB R v M D 1 37 20 MR AT L A ) L il
R A R v T RE R (P<0.05) o B EHREE I T A g 7K R AR F 08 40 mT DA /= 7= B R it ek 80 2= BRI
SME, 5P RS 5 T 2 i AL T R AR X E I R A AR X B R SR A
1 ARAEAE D (R 77 50 WS B K BE 2 i, R , 8 st 3 S A BRAE W 3 b 30 72 0 W USCRCR A B B3R T I 4R
A FRAEIANS BRI 2R 0 WRSORI FH 350 v T BERE R » DA SRb A7 i 184 SRR 1) VR 0 A B AR FR 38 A0 T A
o 5751, RSN EE A E T, R0 SO T R BOR 2 R RCR (R VB A 20 IR TH T LA +
S AR A AR R S e KUK o RN, 18 ST R e VR M K K 2 R PR L 3R B e 5
I B3 A5 OO B34 S R T 7K 40 R R I 25 A — B
3.3 AEIE HIEESUER X L2 XK 9 F A EN 0

PRIGE e T 5 38 AR R AR = AR o R R BRI e E . oA, N B R A
WA FR B I SE W 7 T v TR B B PO L. X R A RMA R B4 T LR SRR RN
b33 > BT >3+ RIS K B T, B T@ S FLBR A L/, 51 5 T B4, BRI TE V0 A g it
TR H 3 2 YRR 5, B A 3 R K R R R U B R T R R P B AR I T B T g -
A0 PR S R U 7 R U v TN B R AR B B B, T RS T IR R MR [, AL
B L K I 5 22 SRR, MTTT T 3337 4% LK 23 B 4 72 A AR R BRI B2, T B ) R 04+ - A b e
%, HARK AR RS 1888 , 76 25 0 94 R 3K 20 RI3% 20 AR Rk B A S B SR 48, 9F h TR R A K VE RS2 IR
B KA 5555010 F ISR (E IR R 5 B h Tk B A A8 I TR A — 2 B AR A2, phah, th Tib i+ B &
AR R, [ 19 AR A E 3 A 25 1 TR 3R A5 B 2 1K 4 5 9% 43, s 0 5 )i b 338 i AR A T TR R R A AR
)7 BB R B 7K 4 1) PR 20 B T 35 SR v T K0 2 286 - R R 8 -

4 25 g

155 FUREIEAH L , 386 520 E B 2 5 H M E AR 5 B s FIAR R 75 1 (P<0.05) o« o, S5 3+ DRy B i -
Tb 438 4 S5 1 T BT VR ZEL AR A 5 B 20 B TR 63.05%429.94% . 25.44% , Ak 2 I 42T THE 2H 23 il R T 38.53%
24.78%36.04% ; B i E AR 205 1100 AR 5 119.62% . 53.68% F1 31.99% , 4k, 27 in 420 i E 4L AR 220% J1 40 )
F2 15 77.97%28.64%F1 46.65%

2) 5 R HE WA L, B A0V AR A 27 o A S 3 IR A 1 B A K 43 R AR (P<0.05) . o,
AP % 2R - B A R AN A 2 AT VEE A BRAE ) 7 B 4 I B K 46.85% 11 28.49% , ¥4 FH K b i 138 4 43 il 4 K
41.52%F120.68% , T Ty S5 W0 338 £ 3 il 19 K- 49.86% A1 17.59% 5 405 M T 28k - B = T VEE AR Ak, 27 im 4L Tk EE Ak 3K 9
FIFH R 3 ) 38 K 44.59%F1 27.38% » 125 BHA 26 45 43 B 3G K 41.06% 1 21.39% , 3 1 i 70 438 -+ 43 il 36 K
48.81%K117.97%.

3) 58 FHEWEAE LU, NS RN b 27 I A5 T B B SR R B I R 0 R AR (P<0.05) . FEI AR TRIK
RCR L8 Fr, SR BB 143 0 $2E 5 136.16% 1 65.43% » 1% BH A 266 I 358 4 43 364K 141.23%F1 88.76% » 3 T )5
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b33 73 I 9K 112.60%F1 45.47% < AE VB 3 WSRO 285 B, M B 8 70 il 6 K 142.719% 11 71.85% , 1%
B0 6 i 38 20 K 154.74% 5 83.66% » BE 1 15 BV HE 70 I3 K 105.46% M1 26.74% . AEDIERZ IR HCRR
SE I AN B a0 R T 162.59%FH 78.17% » vk K B 03 3 443 Sl 151 172.42%F1 74.82% , B 15 JE 1) 138
+ 4 B 160.41%5 54.40% .

L5625 IRAEM = 8 K o3 SR S R, A P B =g VEE T S8 R S AR B i, A IR E IR
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The Efficacy of Oxygenation in Improving Growth and
Nutrients Use Efficiency of Greenhouse Purple Eggplant

LEI Hongjun, WANG Luyang, PAN Hongwei, HU Shiguo
(School of Water Conservancy, North China University of Water Resources and Electric Power/

Henan Key Laboratory of Water-saving Agriculture, Zhengzhou 450046, China)

Abstract: [Objective] Oxygenation has been proved effective in improving soil environment for crops to grow
in less permeable soil, and the purpose of this paper is to test its effects on nutrient utilization and yield of purple
eggplant under aerated subsurface drip irrigation.[Method]The plant was grown in greenhouse and we examined
the efficacy of the aerated subsurface drip irrigation on three typical soils in Henan province: Zhengzhou yellow
clay (YC), Luoyang clay loam (SCL) and Zhumadian sandy loam (HL). The water used in all irrigation was local
groundwater. We investigated two oxygenation methods: aerating the irrigation water (Al) and adding hydrogen
peroxide solution (HP) in the irrigation water, with conventional irrigation without oxygenation as the control
(CK) [ResultJAI and HIP increased the photosynthetic rate by 19.66% and 8.49% for YC, 14.02% and 7.51% for
SCL, 10.13% and 5.91% for HL, respectively, compared to CK. In addition, Al and HP improved root activity,
thereby increasing nutrients uptake, crop yield and water use efficiency (P<0.05). Compared to CK, Al and HP in-
creased 1) nitrogen uptake by 136.16% and 65.43% for YC, 141.23% and 88.76% for SCL, 112.60% and 45.47%
for HL; ii) crop yield by 46.85% and 28.49% for YC, 41.52% and 20.68% for SCL, 49.86% and 17.59% for H;
and iii) water use efficiency by 44.59% and 27.38% (YC), 41.06% and 21.39% (SCL) 48.81% and 17.97% (H).
[Conclusion]Aerating irrigation water had noticeable beneficial impact on root growth, photosynthetic rate, nutri-
ent and water utilization efficiency and the ultimate yield in all the three tested soils, especially for the sandy
loam.

Key words: Oxygenation; yield; photosynthesis; nutrient uptake efficiency; water use efficiency

TR R

14



