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Impacts of Oxygation on Plant Growth, Yield and Fruit Quality of Tomato

ZHU Yan'? CAI Huanjie'> SONG Libing'? CHEN Hui'’
(1. Key Laboratory for Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China
2. Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract. Oxygation, which can impose aerated water to root zoon through Mazzei injector and subsurface
drip irrigation ( SDI) line, has been effectively overcoming problems associated with hypoxic soil
environment induced by SDI and showing yield potentials and great application prospects. The objective
of this study was to explore the impacts of oxygation under different irrigation levels and emitter depths
conditions on soil aeration, plant growth, fruit yield and quality. Plot experiments were conducted in a
greenhouse during tomato growing season (from Apr. 11, 2016 to Jul. 2, 2016) under the oxygation
(O) and SDI (S) conditions with two different irrigation levels correlated with crop — pan coefficients
(k,) being 0.6 (W1) and 1.0 (W2) and two different emitter depths of 15 ¢cm (DI) and 25 c¢m
(D2), respectively. Consequently, there was a total of eight treatments ( W1D10,WIDI1S, W2DI1O,
W2D1S,W1D20, W1D2S, W2D20 and W2D2S) and replied three times, and the plots followed a
randomized complete design. In order to assess the benefits of oxygation on soil aeration, variations of soil
oxygen concentration ( 0,) and soil volumetric water content (§,) were investigated. Meanwhile, plant
height, stem diameter, leaf area, yield of per plant and fruit weight at harvest were measured, and
blooming date and the period of flowering were recorded, and the lycoypene, vitamin C, soluble sugar

and organic acid contents of fruit were analyzed in order to study the impacts of oxygation on plant
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growth, yield and fruit quality. The results showed that oxygation appeared to improve soil aeration
effectively accompanied with O, significantly increased by 6.42% (P <0.05) and 6, decreased by
5.29% , compared with no-aerated SDI. Meanwhile, stem diameter and leaf area with oxygation were
significantly 4. 55% and 16.21% higher than SDI, respectively (P <0.05). On other hands, compared
with SDI treatments, flowering was about 2 days later and the flowering period showed a tendency to
prolong under oxygation conditions. What’ s more, fruit dry weight in the biomass compositions was
significantly increased by 23.57% and yield of per plant, fruit weight and water use efficiency with
oxygation were significantly 29. 07% , 23.93% and 28. 11% higher than no aeration SDI, respectively.
Thus, oxygation significantly stimulated plant growth and development, and then improved yield by
controlling soil water — air ratio and ameliorating soil aeration. What’ s more, compared with no-aerated
SDI, the lycoypene, vitamin C and soluble sugar contents and sugar/acid ratio of fruit under oxygation
conditions were significantly increased by 37.73% , 31.43% , 32.30% and 45.64% , respectively.
Thus, not only fruit yield, but also fruit quality and taste benefitted from oxygation. On other hands,
although increasing irrigation level from 0.6 to 1.0 also stimulated plant growth and development, and
then increased fruit yield, lycoypene and soluble sugar contents of fruit were significantly decreased. In
other words, yield increased with irrigation level increasing, but fruit quality declined. But the effects of
irrigation level were less intensive than the positive effects of oxygation on fruit quality. What’ s more,
oxygation and increasing irrigation level interactively affected on yield. Thus, when all of fruit quality

factors, plant growth and development and yield were considered together, combinations of oxygation and

2017 4

the 1. 0 irrigation level (W2D10 and W2D20) were the preferable treatments.
Key words: tomato; oxygation; soil aeration; growth; yield; fruit quality
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Fig. 1 Variations of soil oxygen concentration in root zone of greenhouse tomato
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Fig.3 Variations of soil volumetric water content in root zone of greenhouse tomato
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Tab.1 Correlation coefficients between soil oxygen concentration and soil volumetric water content
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Tab. 2

Impacts of oxygation under different irrigation rates and emitter depths conditions on plant height, stem

diameter and leaf area of greenhouse tomato
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A TE K K P Sk SR =B T 2 A Y
TFAEMI R B A BB PR (K 3) . HE, ML T
AN ACTEBE , 0 HE T 3l 1K) O 6 393 I A A S
Ky T H AT AR, T
W = REAEM T AE B3 HE S 7 2 d A, o 5 2

TEANZE 3 BRAE A ITAE H 3055 A8 I o A 7 S 25 1k
2 (P <0.01) (£ 4). 75, B #E KK/ 5%
K FEAIERS 1 REAE R IT A6 H B AF7E W] R4S
(P <0.01), KM 15 cm F1 25 cm X} % 5 IT
FEHIBA B35 PERZ W, B 15 em SR BEIR T &
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Tab.3 Effects of oxygation under different irrigation rates and emitter depths conditions on flowering duration
of greenhouse tomato d

o g %1 IR 552 MR 53 MR

0 S 4 0 S M o S P
W1 7.67 6.17 6.92 6.50 6 6.25 7.83 6.17 7. 00
w2 6.33 6. 00 6.17 6. 00 6 6. 00 7.67 7.50 7.59
D1 7.00 6. 00 6.50 6.50 6 6.25 7.84 6.50 7.17
D2 7.00 6.17 6.58 6. 00 6 6. 00 7.67 7.17 7.42
T 7.00 6.08 6.25 6 7.75 6. 84

F A
0 3.836 1 3.973
W 2.428 1 1.453
D 0. 027 1 0.253
R4 TEEAKEMELIERZFGTMSERNBEFHALEH(BERRY) &N
Tab.4 Effects of oxygation under different irrigation rates and emitter depths conditions on flowering date of
greenhouse tomato d

e %5 1 BEIT 1L o5 2 BEIT AR %5 3 HIT Ak

0 s FH 1 0 s Al 0 s T2
W1 16. 00 14. 67 15.33* 13.33 12. 00 12. 67 19. 67 17.67 18. 67
w2 18. 83 16. 83 17. 83" 13.50 11. 67 12.58 19. 67 17. 84 18.75
D1 17.33 15. 83 16. 58 12. 83 11. 67 12.25 19. 17 17.17 18. 17
D2 17.50 15.67 16. 58 14. 00 12. 00 13. 00 20. 17 18. 34 19.25
M 17.42 15.75 13. 42" 11.83* 19.67° 17.75*

FAH

[0} 4.022 9.569 ™ 19. 462
w 11.730 ™ 0.018 0. 020
D 0 1. 605 3. 881

A 2 FEE 3 FEAERIITAE H A Sl p ko

AH LG T AN 0 A T8 Ak B o =R R X 7 kA A
0 2R 52 T ot A B 3 B IE R W AL (P < 0.01)
(F£5), M HEBETRETFREN KT 23.57%
SR THERE T T Al A AR AR R A Y R S A
TN R A B ] 8 AT S 22 5 (R A R
oo IMAHEBE T R AR B AR LIRS (H S AN A

WAL FR R AT 22 5 0 BR T O SRS T R A
PR A, B HE KK F kB 0.6 35K 3] 1.0,
TG A AR AR ZE R Y T BT R Ay B A T A AR
e i (P <0.05) , HEKIKF &, Ry 1.0 KFF 4
LRI T B4 b, R 0.6 KF R0 Bl B E KT
24.03% 17.24% F122.78% , 741, i HE IR (14 25 10 %of
T AR S AL 20 1) T T i AT 35

RS FAREAKFAHLIEBRFGETMSERSEBESHERTYREAMIS T

Tab.5 Effects of oxygation under different irrigation rates and emitter depths conditions on dry matter partitioning

of greenhouse tomato

e R BE/g MR /g ZTBR/g RETHE/ g R L/ %

0 S i 0 S TR 0 S FHH 0 S FHfi 0 S FHE
W1 2.481 2.318  2.400* 27.615 23.986 25.801° 28.217 23.674 25.946° 77.652 56.238 66.945 0.0189 0.0225 0.0207
w2 3.314 3.003 3,159 33.141 29.210 31.176" 36.014 31.189 33.602" 85.588 68.524 77.056 0.0224 0.0243 0.0233
D1 3.023 2.727 2.875  30.546 26.977 28.762 32.729 28.070 30.400 81.920 63.172 72.546 0.0212 0.0235 0.0014
D2 2.772 2.594 2.683  30.210 26.219 28.215 31.502 26.793 29.148 81.320 61.590 71.455 0.0201 0.0232 0.0018
T 2.898 2. 661 30.378  26.598 32.116  27.432 81.620" 62.381* 0.0206 0.0234

F g

0 0.779 3.004 3.151 11.745 " 1.484
W 9.858 " 6.609 " 9.774 ™ 2.651 1.416
D 0.508 0. 058 0.209 0. 029 0. 091
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e it B 7 o | BRI T A K 3 R AR
AE A E R S 3 A FRAR e Y (P < 0.01) (R 6)
A [8) HE 7K 7K1 F0 Sk BER 25 PR F A Tk B ik
7 b R 5 AN I A TR A B ] AR S A AE
EVEER (B 4) . SAMA AL, =BT
e 0 LR R R R K 43 R AR A i) K
T 29.04% 23.93% F128. 11% ,{H 2 finn A 3 W5 %) 2
MR A R (£ 6) . FEE KKk,
B 0.6 3 RH] 1.0, bk ™ & | Sk R8O R T
SRR R T 25.28% (11.35% F1 12.53% (P <
0.01) ,fHZ/K 7 F BB E W/ T 19.70% (P <
0.01) o N FNFHEIK A PR A X 7 7ifi B0 0k 7 45t il
R EA B EN S LM (£ 6), 4
W2D10 {1 bk ™ ff F1 B R o i Ay, H 5 W2D20
A0 R A0 1 G A Ab 3L B BRI 3 M 25 5 (P < 0..05)
(P 4) o T Sk 3R 75 A BRpR ™= i B SR B R

*k6

ot K 43 ) AR B S 3 T ), {ELIE A T Sk
HEPR R 15 om R F] 25 om, bR 5 BBk SR ACRD
B B A N B

T R A AL T A A R R I PR
SRR o R Ky R OB W EAH OO R (P <
0.01) , I HEWBE T AHOC R ECH 0.4 Ze 47, AN
HEME N AHOCRECN 0.2 Zifh . B LAl A1, AH L TR
INACHE W, A R 7 A 7 R X A AR A5 AR K AR AR
WA, HE R,k 0.6 A 10 HE KK, 1.0 K
KPR B A A X A AR A AR K AR UK. 15 em
125 em i SKHRIR SRR, Fomh AR A AR K
BARI AR DC REE R A K,

7 8 FMW], A HE WX A A AR L T AL R 4k
A FEC TR R RO R LU A AR S Y I S
BN (P <0.01) , 5 A i 8 A A HE L im0
T &G FR A BN T 37.73% 31.43% 32.30% Fil

FEEKKEMBLERFGETMSERNEEETMERTE ERRE.ERREFKS A ALRN MW

Tab.6 Effects of oxygation under different irrigation rates and emitter depths conditions on fruit yield, number

and weight and water use efficiency of greenhouse tomato

s R R g R R A LT/ g KGRI RRE R/ (g L)

(o] S -2 {E 0 S -1 {E (] S T (0] S 1
w1 1099.905 827.604 963.755* 11.58  11.08 11.33* 100.596  82.413  91.505° 54.019 40.645 47.332"
w2 1536.503 1043.132 1289.817" 12.92  12.64 12.78" 122.173  87.042  104.608" 45.276 30.738 38.007°
D1 1340.786 960.456 1150.621 12.32 12.06 12.19 113.996  87.056  100.526 50.346 36.665 43.505
D2 1336.614 910.280 1123.447 12.24 11.66 11.95 111.439  82.399 96.919  48.949 34.719 41.834
FHE 1318.204"% 935.368" 12.25  11.86 111.384%  84.728% 49. 648" 35.692*

F {8

0 88. 183 * 0. 661 37.167 ** 87.858 **
W 56.997 ** 9.542* 7.861 31.488 "
D 0.283 0.247 0.556 0. 877
0xW 11.304 ™ 0. 054 3.925* 0. 189
0xD 0. 006 0.075 0. 004 0. 034
W x D 0. 389 0.323 0 0. 041
0OxWxD 0.296 0.011 0. 260 0.291

=X
T

i

& 4

A [R)FHE 7K KSR Sk 2R 2% AT =3 0T 3 2 7 00 SRR 7 SR SR B A ) 5 )

Fig.4 Effects of oxygation under different irrigation rates and emitter depths conditions on fruit yield and

weight of greenhouse tomato
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Tab.7 Correlation coefficients among fruit yield,
plant height, stem diameter and leaf area with oxygation
and subsurface drip irrigation treatments under different

irrigation rates and emitter depths conditions

b 3 A FE 3] E il TR A
FE 1 0.379 " 0.427*  0.413 "
o = 1 0.302*  0.510*
M 1 0.452*
N 1
s 1 0.232* 0.235* 0.193
s = 1 -0.001 0. 054
) ZH 1 0.522*
N 1
o 1 0. 070 0.301*  0.287*
= 1 0. 030 0.135
w1
ZH 1 0.569 **
TR A 1
e s 1 0.393*  0.374*  0.477"
K 1 0. 084 0.297 **
w2
el 1 0.454**
1 AR 1
Pk 1 0.470*  0.487*  0.504*
K 1 0. 106 0.217°
D1
ZH 1 0.623 **
T AR 1
FE 1 0.333"  0.465*  0.528
73] 1 0.343 "  0.529
D2 "
28 1 0.567
LRTITE A 1
s 1 0.399"  0.468*  0.518
Kk e 1 0.239*  0.381
el
M 1 0.585 "
N 1

45.649% . R, MR R 590 04T LG 4 Bt
VAR, R HEBE AR T 17, 56% (P <0.01).,
KK 5 0.6 XS LT % |l i Mo A A
BURR A 7R B (P <0.05) BB F (P <
0.01) IR . 5 k, %5 0.6 MK KT, &,
o 1.0 MK KT A 2T % AT v P WA LR o
BN T 18.26% .16.84% F1 13.87% . %7 —
D5, LB F LTI, 5 K K A L, D XS
BALLZ e C T A B R L 1 3
SR Sk 15 em Al 25 em HEVE R RS04
RSB B 5

3 it

3.1 mMREBRNEEFMRR T EESEMNZIG

TN A o i Sk i 4 R K A R K ROR A
Wy OB A DRI T A A 3 T i 9 K S
T X A 3 LB v i s o8 K AR AR DL
PRI <0 TR S AR i ORI A R
V0 T 7 T S M VR B TR ) 4 v Sk B
5 RS AE F U85, R b 4 AR B R L
IR A RCTR P AR KRR BE AR T A R A ]
4Rk . FRIEDMAN 257 o 5 Bl %5 + J2 % % 1Y
WA, LA G ERAEHL FTHFNEE. Wik,
AR P LR 15 om b EEHER A S S
TG 25 em PR 1) o I3 — 5, 7E K &
BERH b TS T VR - A R SRR 50 B i B PR -
SR K 4 10 98 5t B IR T A0 ok 23 R
Ao AR P MAEB T LA TRMKRT
6.42% , H.if Sk YR 25 em Hl 15 em SIS HE B R £
AR MBEAMARE B KT 7.15% F

F8 AEEAKEMBHLEBERZFHTMSERNEZENRLMBENFIT

Tab.8 Effects of oxygation under different irrigation rates and emitter depths conditions on fruit quality of greenhouse tomato

b FMAEGE/ (pgeg™")  HAEECHRE/(mg (100g) 71 IR R 80/ % A HLRR i 7 5 % HERR L/ %
0 S FHME 0 S FHE 0 S FHME 0 S FHE 0 S FHME
Wi 45.799  27.477 36.638" 4.064  3.023  3.543  4.569  3.403 3.986" 0.815 0.997 0.906" 5.851  3.556  4.704
w2 36.27  23.629 29.949* 3.721  2.314  3.018  4.138  2.492  3.315% 0.709  0.852 0.781° 6.402  3.104  4.753
D1 41.616  27.633 34.624  4.034  2.808  3.421  4.594  3.122 3.858  0.731  0.905 0.818 6.779  3.520  5.149
D2 40.453  23.473  31.963  3.750  2.529  3.140 4113 2,773 3.443  0.794  0.945  0.869  5.474  3.140  4.307

T 41,0345 25,5534 3.892°%  2.669" 4.354%  2.948* 0.762%  0.925" 6.126% 3.330*

F A

76. 887 ** 24.065 ** 28.476 ™" 15.105 ** 45.548 *

8.619 ** 3.678 5.263 " 8.510 ™ 0. 009

1.267 1.028 1.947 1.345 2.865

5.71% ,k, 4 0.6 Fl 1.0 I HEME R B A% &
A R IS HE I K T 5. 52% M 7.35% (P <
0.05) (&l 1), BHATTARAT %" & %f i % % i 1

MREWR, IMRKEBMTHIEAISERER KT
12. 14% , CHEN %" 515 A [1] 4/ 4 F - 39625 70
SR EN, MAEBR T LA B E
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KT 2.4% ~32.6% , HLHE P K HE 30 em Hl
10 cm F A RS 0 T T SR
AR T 32.6% FI 8. 6% , A I, i Sk B IR
25 em RPN R 2658 AN A R - 9 SRR A I 3
RALEIREE 15 em B H AT Z . BEN-NOAH %'
¥ 7 2% B R P b 30 8 45 T ) 8 P A R
155K 510 R RS 2, 10 B0k T Oy £ K
R, BHATTARATL 267 45 5 i< 86 A
AN HE TS TR T A 3R R AR U Bl XA R 1 Xk
A F4 AR 25 . PENDERGAST %5 ff 5% 3 26 W 16
HE [0 7K o A K R R B T I A, A iR
THHET 0 ~100 em + 2+ HEH gy, Hik)z -
B R ARE . AR, MR T 0 ~
40 cm LR EIESKETRET 5.29% (E 3),
b, AT R T A A A T S T IR Sk B O
FoK i F AR B, A5 b, 4 B W1D20 Al
W1D2S 38 40 A< & 5 K 09 1) 40 ) 2 ) R R T
51.70% F1 67.10% , H#EK 1 h J5 43 51 F B 2 Fe ik
J50.751 mL/L Fl 0.115 mL/L ( ® 2 ).
PENDERGAST %" Fi1 BHATTARAT 2570 %if i 7K 34
() K J8E 7K i S A 38 7K A0S Al i B 5 A 34 3R B <
TR T A5 5 % e W K R AR R R AR T
B DRI, A T T 3 ot A AR 5 K AL B
HT R (R RE A S R B RS
IR SRR T T TRV E K B N XA
RIS

ARG B A R AT AT 4 U e .
TS M), LA E M A EEZ -
HES KRG 52 B Wl I D8 35 IS K 1 5% i, 7 it
AR S K SRR K, BB kA K T R
(E3) b+ 3RS b 8 & KR TR
MR E D) FadKi AT eSS 15
PRB S KR 2 A G (3R 1) R i B +
WARRGRFEZ LS KRR, EFHEK
T A0, I 7 00 14 26 R K 1 K DR IR AR 5 T I
FRF /0 T K S P RE 8% AR 5 B 1 B b DB IS K
T 85 o8 1) 265 v 1) 48 5 7K %, A TR e 7 i A i
Wit 7 00 14 2B R R S K R T R T A RS I %
i IR KA U T R AIE 7 i 40 A B (A PR
T A K AR A R o T LY (JE 3 R
FE) R HES K R YRR E, LR R R S R
b FEAZ AN R B (R ) MAE A K AR R
S o TE T AT, 1R P 0 A A S AR R I
AR AR 2 PP X SRR SR R K. o —
THT , 7 3 R A1 SR B AR B b T 0 T A R
HEZ Th R . BEN-NOAH 285" 45 | k#4315 il

TR EAEFECAAR TR TR RS
1T 8 B B O 2R 5 B R P T T K A AR
PR 2R I I T - ST A O A L, T 2 AR,
A S A O R R 0 T T A 3 T S 3
FIHEE AT R IR . BHATTARAT 2 45 ) b
IR AT BRI R, S T
FE I B K, 76 S0 A0 A 58 B B E i VEY A S
Z R EE IS E . AR, TR
AR T AR -2 A e S (R )

Th 5 1 5
3.2 MSEBRNEEFEMEDERK.TEMRIH
sl

FIXHIFTE 2 I AR 28 B4 5 i B 9 PR & T 2%
R g 0 S5 AL Y ok
Er RS B ATP 7 A R S AR
Ao ARG S T A AR b 25 R A e T
TR ER KT 4.55% F1 16.21% (£ 2) ,FF 1t
SIS A TR RE I B e, ELAE 2 FNES 3 REAE R IT 4B
HIAESS 7 2 d 24 (£3.4). LIS B R
Y, 76 341k 728 R ZOREL 0 1 8 R A s R A TR
WA S . HORCHANT 28 %of 3 55t # & HE 47 k41
KL T 7 0 0 TT A 30 L 25 SR 0 RS S I 0 2 4R T
FLAE AR 529 %0 H 28 /0. BEN-NOAH 2" iy
WEAK A 0. 06% (1B 450 H, O, 1 15 BHL Y IF
HHAZE 5 30 d, TR AL WE B %k J5 14 d, BHATTARAI
442UV S WIS B R 7 A 1 B b o T AR L
WIRT 12.7% 45 1 BAEM T B T 2d £4 .
BHATTARAT % BF 5t 32 W0 A0 8 F 5 46 4 bk
[ ZEHLE E R T 6.86% o X SE4E KW T
7 T DR R R Bl S S R 0 45 2B K S AR 3 B T AR )
T 9 S 5, 0 A S T EIAR R
AR, T X T A e 4 7 A AR B SR 1

AR, S H T A LG, 0 R S s TR
EWEHRT 23.57% (£ 5) , ki AR R
K3 ) R 3 40 ) 5 538 K T 29. 04% ,23.93%
F128.11% (P <0.05) (% 6), At gemm "
Va2 7720 K K A Sk R A
I 0 R B K 2 T X A 7
) FEUR S i A o om0 M 7 3 - R AR R
TR B SERE b R P TR A K TR TR
7o Ht . BHATTARAL 2" BF 55 26 Wm0 I F i &
T i 77 i A1 K S PR T B R R R R S T R
G TN T ISR SR B H W3R, AR S A5 R —
o AARB P WK KT 138 X A 7 AR 25
IO B T R 4 77 A S B ER (5.6) o T
T R 5 S T S R L AR ZE e g T
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R A BRI (% 5) o iR A HE TR
R 3 78 007 K 1 TR I B X R T 8 ok
R B K 5 T T AT B K R T b
KB B T AR R M b B R A K 33 D A I
K T P R G K T A A T 1 3 R ok
Sy R FIRR B RAR (R O WA B, 95— 7,
T R B R A T R B B K T B
T AKOK T B4R R TR S IO T R A
A WEMA(F5.6) 0 d A A, AT
RS2 TR A 38 B B SR S P At T TR R
B8R, Bif VR AR K ST 3 T 3 R Y SR S o R 32
J p R SR A B R B O IR . T AR S P A
LLE AEE R C AT I X N A
52 1 R ., T Xt T8 7K 7K ST 1 R A 7 A AR A
IO (2 8) o AT 43 WA A 0 R 7 4 75 7 A % e 1
il b, L A T 5 R S TR T i 2 K
KR, AR IR S A e s (A — e R
AR TR L R TR S KR . AN AT B
AR B H A I HEBE T T v ok
LR 5 ok 02, 3 107 5 500 R B oy 48 A S 5l A 52
9 i S A B ke 2 o EAN A HE R R R 4T R R4 A
C 5 10 0 3 9 R, 02 7 5 A S i R4 5 1 e
AR RN, FAOEMBEAEE C R ABKE T
AL B T TR IR 2 — , 45 0 A 2 g o Y
KA BAR DT LT AP BE gt R W, i
TR R AR E AR R
C BHRR L2y 9 B K T 2% 41% F143% . H i,
I R AE LR, S W A B 2 K R e SR | OE
SRR T RS T, O T R SRR A R TR
SRS B A 1R
BHATTARAT 2" [ BF 55 22 W A HG T A0 0 41K
(199 7K KT, 24 38 B K R A 7 A T (] 4 K KT
B A S S R R R
WOLF"* 4t 24 + 38 v 2 <K 43 55 40 1 31 e
SR AS I, A 9 A 7 ) T 35 B f K. BEN-NOAH
SEVUT LIRS T M BT T 3 9 AN AR 1 1)
TR AL SRRV Y E R L RS kR

BE i, R g E A SRR E Y A2 £
el S fe L SR R T . AR, R kN
1.0 Bf A< (4B W2D10 F1 W2D20) FAEY ™=
S (B 4)  HE K K- i £ w8 R0 A HE B 3 i
FARR P R B T B A E R 0 R 38 S5 T
(% 6) AT AN HE WAk, J 0.6 HHE K K
S IAHEE TR koA 1.0 I B8 7 ) 5 R R
PR AR R SRR T AR R (R T) o k]
AL AR ko0 1.0 KPR SR A AT I X A iR
AR T nh i I R R e 0 BB AR AR
TR KT B i, S S i oA T A, (EL A L T K
KT A= R X e SR S ) R S e 5 B
AR (2 8) o AR I, 1 Sk 38 R 1) A% Ak % 7 i AR IX.
TR IR I RS R S A A
(SR, — 2 R T 2 i Sk SRR B 25 S e/ TR Ui
XEAEY) 0 5200 25 AN B3, 340 15 em FI 25 em 1)
HEPRHR b T AR AR B A R X e
X2 ARE ARSI 2 R R B L5
BT B A A bR AE R E T iR S
kg 1.0 JEKKSFF 47 n < HE B, B W2D10
W2D20 b H A 12 56 2% 1 T X T 2 2 B A0 19
WAL

4 g

(1) T T R A S 5 e 3 8 4k B B AR
FHDPEMKRT 6.42% (P <0.05), LA E K
RERRET 5.29% o INAHE M A R8GE T HIEE AR
PR, e 7 R T VE T Y g b AR D .

(2) S5 Hl R i VEAH B, SO R b
BB 7 i FIK 23 R 03R40 0] 2 I R T 29. 04%
128 11% , H AN HEWE T %™ = e m tERE &
e 2R 0 ot T R Y S S R TR IR A S R
Jo e AR T o 1 2 G R DL RO SR AL R
Y R CORIAT S S B R R

GG HFIEXMNF MK AERK EE REL- 5
T SZ 0 Lk, o 1.0 K KOF TR 3R 47 <00
SRR I S5 T AR R I i A HE AR =X

2 £ x W
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