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AW, >FW, >FW, P ED 5 #k & 2280 R T S 300 I RAE R R AW, >CW, >CW, >
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Effects of Different Irrigation Methods and Irrigation Amount on Physiological
Growth and Yield of Processing Tomato in Northern Xinjiang
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Abstract: In order to explore the effects of different irrigation methods and irrigation amounts on the growth
characteristics, physiological characteristics, yield, and irrigation water use efficiency of processing tomato
under drip irrigation, the irrigation combination method suitable for processing tomato cultivation in arid
regions of Xinjiang was sought to optimize the management of tomato planting in drip irrigation in arid areas.
Pot test experiments were carried out on three irrigation methods(APRI, FPRI and CI)with three irrigation
quotas(conventional irrigation level: 1 060 mm,moderate water deficit: 810 mm and severe water deficit: 560
mm, the irrigation quota of APRI and FPRI are two thirds as CI) coupled with drip irrigation to explore plant
height, stem diameter, leaf area index, photosynthesis, fluorescence, yield, irrigation water use efficiency
and optimal irrigation combination model were studied. The results showed that the variation of plant height
in different growth stages of processing tomato was: CW, > AW, >CW, > AW, >FW, >CW, > AW, >
FW,>FW, (average), and the change of stem diameter and leaf area index was: AW, >AW, >CW, >
CW,>AW,>FW, >CW,; >FW, >FW, (average), growth potential and maximum growth rate of plant
height, stem diameter and leaf area index were; AW, >CW, >CW, >AW, >FW, >CW, >AW, >FW, >
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FW,; the interaction between irrigation method and irrigation amount had significant effects on P, and T, , in
each growth period (P<C0. 01). Under the same irrigation mode, P, and T, increased with the increase of
irrigation amount. The maximum is reached at AW,. At W, level, P, and T, change to: APRI™>CI>FPRI
(average value). At W, and W, levels, P, and T, change to: CI>>APRI>FPRI (average); The effect of
irrigation method on F,/F, and F,/F, of functional leaves of processing tomato was significant (P<Z0.01),
and the effect on ¢” was significant (P<C0. 05). The amount of irrigation on functional leaves of processing
tomato on F,/F,, and F,/F, was not significant (P>>0. 05), and the effect on ¢* and NPQ in flowering and
expansion period was extremely significant (P <C0. 01). The interaction between irrigation method and
irrigation amount had a significant effect on the fluorescence parameters of processing tomato in each growth
period (P<C0.01). Among them, the maximum yield (Y) appeared in AW, treatment, which was 149 155
kg/hm?®; the minimum appeared in FW; treatment, which was 57 060 kg/hm?®, a relative increase of 2. 61
times. The research suggests that the full irrigation condition of alternate root-zoon irrigation can be used as
a suitable irrigation combination model in this area. This study can provide a scientific basis for efficient
water-saving production of processing tomato in drip irrigation in Xinjiang.

Keywords: drip irrigation pressing tomato; alternate root-zone irrigation; photosynthesis; fluorescence;

growth characteristics; yield
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1/2 KB L 0 55 4h 1/2 KB h &A% 1 T 4L ek
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CL, B O 4278 - e A K L id/E O3 AR &
7 2 by A 5 S B T 2 0 L UK R R AR 43 K (1060
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DLSE i HGag U
1.3 ZRER

TR K B 3K e R b M R R R K B AR EE 0. 87
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1 MIBMEEEHEKRKRLE
A H ‘ o A e Mo/ kg + b ©)
o i ] SRR HEM (A I#1 5 T 1Bk (F AL (O
brét Wl W2 W3 Wl W2 W3 Wl W2 W3 RE B A
o 05-11 35 27 19 35 27 19 53 41 28 37.5  37.5  52.5
05-19 35 27 19 35 27 19 53 40 28 37.5 37.5  52.5
05-28 70 54 38 70 54 38 106 81 56 37.5  37.5  52.5
T A Ak FLHA 06-05 70 54 38 70 54 38 106 81 56 37.5 37.5  52.5
06-12 70 54 38 70 54 38 106 81 56 37.5  37.5 52,5
06-19 70 54 38 70 54 38 106 81 56 37.5 37.5  52.5
06-26 70 54 38 70 54 38 106 81 56 37.5 37.5  52.5
PN ] 07-04 70 54 38 70 54 38 106 81 56 37.5 37.5  52.5
07-11 70 54 38 70 54 38 106 81 56 37.5 37.5  52.5
07-18 70 54 38 70 54 38 106 81 56 37.5  37.5  52.5
07-25 35 27 19 35 27 19 53 41 28 37.5 37.5  52.5
pRasd 08-08 35 27 19 35 27 19 53 40 28 37.5  37.5  52.5
it 104 d 700 540 380 700 540 380 1060 810 560 375 375 525
1.4.3 k&dsas MFHEEM CI—340 MFHEE LKL R SPSS 22, 0 8AF#EAT b 3 V4347

TEACE I T3 A6 L W (6 A 25 H) B RWI(7 A
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AR bR, O TFRMI e £ EF M
BTG 7 19— K, A 8:00 B TR 4G B & 18.00 45
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K 5 S 41 .
1.4.4  RARMBF  ENEMNTEFHREEIERIER,
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SR, FEM R BE R 20 min J5, ARG 26 F, i
KYEN F, s Fifg LA B Ot 3T A ik o i 41
VR 3 o I 2 T2 () BB 1) S B o G 7 it (F,) e Sl 3d g
TR D i (F ) IR R A 238 PSIT ik
JeA SRR F/F, DG e G vk F/F, Dt fes#
R ZH ¢ AR R ZHNPQ,
WA FRITH 2 I8 Roha cek k™.

F,/F,=(F,—F)/F, (D
F,/F,=(F,—F,)/F, (2)
¢"=(F,—F)/F, (3)
NPQ=F,/F',—1 (4)
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1.5 HiESH
I 4 % B Microsoft Excel 2016 #4347 %7
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2.1

a5 R 55
AEHFESKHERFEURE
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N T AERBI6 H 25 H) RS KB H
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A BT PAR T, FIORA CO, #8222 30 H 26
e Hh, & A4 B WA B R 25 S 1k W 3 (P<<0. 05) (3k
2). 3 AE WG A RO B R E FTR R CO,
W B B AR A AR SR, 43000 o 1 712,95 pmol/
(m” + $).36.69 CHI1500. 39 pmol/mol, fx/NME I H
BRI 53591 2 1 546. 39 pmol/ (m” + 5),30. 84 C
#1 439. 88 pmol/mol,

K2 BEFHRERETANE
o o BR A R K5 KRR CO, WeE/
EFH v N
(pmol * m™% +s™") /T (umol » mol™")
WG A 25 H) 1712.95a 36.69a 500. 39a
BB AMGT A 23 H) 1688. 54b 34,55b 190. 57ab
WS ATH) 1546. 39¢ 30. 84c 439, 88¢

VE < 9 B R ) 7 4 5 R 7 A 7 19005 B B 3 (P<<0. 05).,

T
2.2 AEERARMEKETMITEMB EHEK

sk

HI 2% 3 AT 0 T 7 0k e A 2R A7 o PR 2K R
75 A 3 (P<<0. 05) , 32 B R K B WA
F(P>0.05) s M TH FRAE B03Z 3 D9 32 E K o 52 ) i 3
(P<C0. 05), 5% ¥ W J7 =082 oA B 2% (P>
0. 05) s M 2R 0L L T B4 40038 32 W O =X R K
A2 HAE R i 3 (P<<0. 01).,

T T e oA R R ) R R L ZEORL L i e B B R R



6 39

R 06 A5 < AN () R 5 R K e O I o a0 A B A K B e 5

179

B — 0 RV B AR AR A KR & ORI . AR
HEWEA & R 3 R bR S AL R . CW, >
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HRIX A EEE (AW | (AW, Il AW ) 26 L H 458 1 1 2501
e, A [ 2 E W (FW,  FW, Fil FW,) H13 B3
(CW, .CW, Fil CW,) 2 5 g 3 (P<C0. 05), I 1i 1

TR S R TE — e FR R b R A H T B R R
AW, B0 T 7 it v T AR S B0 = B AT A 17,59,
CW, . FW, 1 AW, 5 n] ik 16. 26,15, 44 Fl1 15. 25,
Sk AW, 92, 44%,87. 78% Il 86. 70% ., FW,
BAK AU AW, 19 75.27% . IRIGLE LW . 55 M0
T 7 2COM L AR DX 38 B R E R o HE R SR T
CW )38 170 T 38 75k R Ak 25 R v 1 R 4 85, B AR
TORRE S H R (W) RN ER BE (W) 7K 43 Jiik 38 B ik 410 1)
I T AR AR B AR AR XSS R U AT
(AT T 7 ot A AR 2 5 0 LR R R 25 5 AR DX [ v TR
A E IS TN T FE AR AR A

FIH 2 3 v A i 2F 47 0 T3 it bk s L ZE 6 L
T AR £y Logistic ZAE K M &5 . 15 2 Hh 26 2 800
F 4o MASTRIVE MR 41 & A BT 75 ik Ak =5 25 6 R0 - 1
AR BV E K B SCE S Logistic J7 F M £ 4805 nl A1,
9 AN A FET T3 o bk | 25 A R T RS BE KA
4 Logistic fiZe“18—th—1@ "y . UEth & 2 S5
TR IR AH OGP 1 3K B AR I 2 7K P (P<<0. 0D, A
R R e W S R R T o = e S N G N2
4 FTLAE SR K 2 A A 3R 0 T3 it Ak v 25 R R
W TE R 0 e R AR KR R AW, >CW, >
CW,>AW,>FW, >FW, >CW,>AW,>FW,,

®3 AREBRAGLETHIEMERNKS . ZEMHERIEH

- i /m Zil/mm IS
2 bR Bx-8  BACH 2] bR -4 BAZH T YR -8 BACH
AW, 25992136 40.500.46bc 50.6911.38b 57.9940.63b ILOTELOSa I1EL2a ILMELIa 161E12a  8.2620.3% 13235055 15985034 17.5930.36
AW, 13881150 4L2ELAE 4B A6EL e SLGYEL0% 10981 54ab 12.3950.90ab 13.3620,68b 149250670 T.55E0.43be 12361 3%ab 13,9740, 55cd 15,2550, 34e
AW, 652089 3889105  U5.80k0.430 50.25%L26de  0.0TELBed 1L02E0.00c ILUSELITC 13263069  T.07H0.4%d 11630490 1288205 14,99%0.51c
FW, 23.0020,68d 40,2621 32 (5.8011184 SL13EL3  0.38EL1de 10855108 103940.29c I1LTIELO0%  7.330.34be 118820.26be 13.9150.47cd 15, 440,49
FW, 1620530 38,250,096 426912 54e ASATELOLl  SOTELGMe 91231140 10.36%136d 1105E0.53  6.840.69de 10.2640.30de 12,5120, 41ef 14,2620,42d
FW, 16395105 365821320 40182007 4T.500.071  §.39FL%e  SWELEM  0.10EL3e 108330480 6352028  0.25%0.1% ILSSZ0.660 13.2420.3%
(W, U513 46.8710.09 536912278 BL2340.9a 10542120 12.302103ab 131420720 14,8520,98  8.140.35eb 130640480 14,8820,34h  162620,26b
(W, 25,9120,86b 43.6911.95b  50.61£LI6b S7.8841.28b 10202132 1L39xL27be 12095148 1374072 T.650.20be 12.7340.17ab 14,5720,38he 16, 5420,36b
(W 28442, 35h 42560.67cd 48.980.77c  SLG6EL04c 0551 12e 1065128 1155F0.98 1305062  T.09%0.4led 1660 33be 136540, 34de 15,1420, 3%c
WRES  EMAR <0.05 <0.03 <0,05 <0.05 <005 <0.03 <005 <0.03 >0.03 0,05 0,03 >0.03
ERr kR 0,05 >0.05 0,08 >0.03 0,05 >0.05 0,08 0,05 <0.05 <0.03 <0.05 <0.03
(PRE) ERHAXELE <000 <0,01 <0.01 <0,01 <001 <0.01 <001 <0,01 <001 <0.01 <001 <0.01

T R B N (B AR IE 22 5 TR A RN 5 B 38R 45 4k B 22 5 8 25 (P<<0. 05) . Rl

2.3 AEEBRAXMEKEXMITERXGIERN

A

2.3.1 FRR#EBES XFef KT W TER P, AT,
#%0a ANEERE SOREACR Rn TARAA EE

BV G HUOR (P,) FIZE 6 5 (T,) 28 fb FLAEE S Ty 22
SRTILE 5. TN B, R R R K & KR 7
KWK BB N THFmSETY P, X T,
1) 5% i 34 A% 8 35 7K (P<<0. 01) , B PR 25 9 8k )7 =03k
KA (P<C0. 05) . W] AL, i ¥ i T % n T ag
P, TEAEH A K B 5 K AH L 45 Ab B34 12, 52 ppmol/

(m® « )5 & KA BT B & Ab B1F- B (8 10, 77
pmol/ (m? « s) s R 9] % 3] e 1K, & AL BEF- X (K 6. 84
pmol/(m? « ), [ A6 F 0] 2 R I % ab 38 P, {338
. [ —#EWE T T, P, Y K & A b oA
[i) A B A AIG L v B 5 K (W) AR R 3 Gt /N F 8 5
KW o e 1 AW, FT AW, 30l 5 AW, [%
i 15. 17 % F1 26. 25% ,FW, 1 FW, 43 54 FW, (&
{5 15. 83 % 1 34.82% ,CW, 1 CW, 43 5l% CW1 [%
ik 11.81%0 0 22. 41% ;76 W, #EME &M T, P, £H
4 : APRI>CI>FPRICE¥{E) , APRI £ CI fil FPRI
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PSR R

% 32 %

Ay SN 4. 20 % 1 20. 06 % 5 78 W, Fil W 31 5% 1
F.P, #FEM K. CI>APRI >FPRICE ¥ {E) ; % A=
B P, KA R AW, 3, AW, R H W]
A BN . v W AR X 3 A T IR T 3 N Y 9 UK o
ORI T i Ot E R B — e AR .
FH 2 5 AL, AN [R) A LR T 7 i 7R s R
(T)H5 P, AL H— 30, KT AE R 3 e KA 25 4k
BFES-IIME 2. 98 mmol/ (m” + o), Bl AE B 401 A0 4 F 2 T RE
e R IR B R NE & 2RO A 1. 87
mmol/(m* « s), H &R E WAL AT T, F %
fik 38% ., [l—WEM AT, T, HRHA K. W, >W, >W,
CPIMED A R AW, 858 AW, T AW, &b 31 43 31 5
21.29%M31.25%,FW, & FW, #l FW, &b 3 43 3
523,27 % 1 45.45% ,CW, % CW, il CW, kb3 43
Bl 13.02% F1 23, 61% ;78 W, JEBE & F. T, %
B4 : APRI>CI>FPRICE ¥ {E) . 16 £ ] APRI %
CI #1 FPRI b 243 5034 hn 7. 87 %6 Al 27. 15 % s 78 W,
W, B AT, T, ¥R M K. CI>APRI>FPRI
CEGED s T, &4 F R KM WA AW, 43
Hr, ok 3. 84 mmol/(m? < s), U B & B HE E 2H A A
AT 800 i A R 0 YR R (ABAD % &
RS HR EREREST R FNER THES
RN B A
2.3.2 RARAEBRFXFEKTHSIEWRF,/F,
A F,/F, 4 %wm 3R 6 FoxARHEKH G X L%
Hidifent 6 A 25 H (GERE) .7 A 23 H R & 8
A 7 HWGKYDF,/F, f1 F,/F, B2, M 6 nlHl,
E,/F, # F,/F, Y0645 000 42 A Wi/, 20k
WA BN/ ME . Horp s 5P 2V K s 6 i T 3 i A 2R
" WTiRert F,/F, f1 F,/F, B0 B2 (P>0.05),
PR BEW Ty X LSS A E W FL/F, f F,/F,

PR3 M 35 B 8 2 7K S (P<<0. 01) , J8 38 7 =X RN 98 K
ZHAERX I T AEFW F./F, f F,/F, (50
IR F L K (P<<0. 01D,

R4 ARAEBAGEMIEFMME EMIIREK

= H) Logistic R il & B #

o Logistic TS5 LiBS NN

K a b ZHR®  HEMGR

AW, 80.8546 5.4123 0.0425 0.9912**  0.8591

AW, 70.2145 5.0213 0.0361 0.9903> >  0.6337

AW, 62.4568 4.0213 0.0254 0.9954> >  0.3966

FW, 72,5987 5.0325 0.0312 0.9957**  0.5663

] FW, 63.5412 5.4561 0.0355 0.9897**  0.5639

FW, 56,8941 4.3691 0.0215 0.9947**  0.3058

CW, 856541 5.7456 0.0351 0.9998 *  0.7516

CW, 73.5142 5.2691 0.0382 0.9954* *  0.7021

CW;  65.2145 5.0213  0.0321 0.9961**  0.5233

AW, 18.5666 2.1365 0.0416 0.9914> >  0.1931

AW, 16.5514 2.1569 0.0294 0.9845"*  0.1258

AW,  15.6916 2.0312 0.0285 0.9914**  0.1118

FW, 15.8954 1.9852 0.0313 0.9956 *  0.1244

Byl FW, 14,4438 2.3611 0.0342 0.9877**  0.1235

FW, 13.0216 1.8546 0.0215 0.9966* *  0.0700

CW, 172645 1.9562 0.0372 0.9857**  0.1606

CW, 15.3625 2.6354 0.0355 0.9966* *  0.1363

CW;  15.3303 1.9523 0.0268 0.9997**  0.1027

AW, 23.6915 8.5691 0.0755 0.9974* "  0.4472

AW, 21.3654 8.2362 0.0621 0.9988” >  0.3317

AW, 19.5221 7.5264  0.0499 0.9985* >  0.2435

MER  FW, 20,3698 9.6523  0.0652 0.9963°*  0.3310

PR LAL  FW, 18.6652 8.6541 0.0655 0.9854"*  0.3056

FW, 16.3352 9.6325 0.0541 0.9863**  0.2209

CW,  22.3365 10.3652 0.0755 0.9966* *  0.4216

CW, 21.5362 9.6521 0.0635 0.9974**  0.3419

CW,  18.6524 8.4569 0.0555 0.9866* *  0.2588

TE: x KIRTE 0. 05 /KP ERFEMK; » x KIRTE 0. 01 KF ER
FMK.

RS AREBAEXMIEMN P.E T, HEIE

e Bt A#EE P, /(pmol e m * + s 1) ZZEHZ T, /(mmol e m 2 +s ")
i3] i K9 lhEie:! pig3:] N Wk
AW, 15.6240.12a  12.684+0.07a  8.56=+0.13a 3.8440.27a  3.1240.07a  2.560.09a
AW, 13.2540.34c  11.240. 22¢ 7.1470. 20¢ 3.1440.11b  2.55%0.16bc  1.98=0. 14c
AW, 11.5240.31d  9.6340.16e  6.21+0.17d 2.6440.10cd  2.0340.15¢  1.46=0. 42de
FW, 13.0140.37c  11.7420.21b  6.95%0. 30c 3.0240.13b  2.64%+0.13b  1.9520. 18¢
FW, 10.9540. 17 10.6240.33d  5.33%0. 19¢ 2.4540.13d  2.15%0.21de  1.6120. 48d
FW, 8.4840.11f  7.414+0.18f  4.8140.09f 2.1140.13¢  1.7340.039f  1.3470. 32¢
Ccw, 14,9940, 14b  12.354+0.14a  8.1220. 14a 3.5640.08a  3.01+0.14a  2.3420.63b
CW, 13.2240.63¢  11.65+0.41bc  7.8880.33b 3.1540.28b  2.67£0.13b  2.0140. 11c
CW, 11.63£0.25d  9.6540.43¢  6.52+0.21d 2.8840.17bc  2.3440.2lcd  1.5520. 88d
SRS VW 5 <0.05 <0.05 <0. 05 <0. 05 <0.05 <0. 05
%5 K <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
(PH%)  EBHRXXEKE <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

F,/F, JEAG 4 580 5 18 LAY it 7 76 BT 252 4T
T ER A T i PSIT AR GETE) e fb A B TR0 R

W TAEY RO E R RE . FL/F, RN PSIT S
bR BRI 22 AL — AR P AE 0. 75~0. 85, L]
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FEFF L PSIT R H 0 BE B IR A0R ™ .l 6 7]
AU RVEIN T A DI RER: F,/F,, 76485 038 3 & KAH
AL FEF-IIE 0. 773 g KA BTN B, 45 A 387 346
0. 73 ; K WIRE R B AIC , A5 A BESF-YME 0. 61, HER M=
WA AL F,/F,, {8 580 s vk ik 3. 7 []—
B =R N TR A A B WIhRert Y FL/F, {EREE R
IR AU T ARG L 2 18 AW, Kb BUS f R (B F W, &b B
HE/ME. £ Wy KT AR APRI # FPRI Fi1 CI
AEFRAY AR 7. 59 % F 2. 41 %578 W, KR L 4R
#1 APRI # FPRI 4b3H 5 1. 28 %, %% CT Ab R AHSE ; 78
W, KT R APRI % FPRI £ 35 1. 43 %, 4%
CIAbFEREAR 1.39% .

F,/F, Jze PSII v 78 /) 6 Ak 24 06 M 55 el 0 M

() PSIT Jz e ot B0 e e .l 2 6 ml i, i
AL DI RE M F,/F, 16 48 3K 3 85 K AE & 4k 3
PIA 4. 15 R WIA TN B, & AL B34 3. 92;
WSCAR 1 % 38 e I L £ A BT 344 3. 58, B AR R I 2 ik
RIK A F/F 203w a, EF—E
BT M TFM& TR F,/F, {HR
& HE KD 0 D T BRI, AR AW, Ab BT B R
FW, i §45 e /ME. W, KT, F/F, 24k .
APRI>CI>FPRICEXE) . W, 1 W; K FETF.F,/
F, 254k % . CI>APRI>FPRICE¥E) . % W, KF
T AR APRI e C1 Al FPRI A4 5 55 2. 47%
M7.29% ., 78 W, KFTF LR APRI . FPRI 4k
P 3.51% .t CIAIK 2.36 %%,

x6 TREBRASNMIEMF,/F.RF,/F, B%N

F,/F, F,/F,
b 7
pi T PN Bk IS i R ek
AW, 0.8540.02a  0.800.0la  0.68-0.02a 4,56+0.08a  4.2240.02a  3.8670.02a
AW, 0.7940.01b  0.7440.04bc  0.6440.05b 4.134£0.01d  3.9940.04b  3.6540.03c
AW, 0.714£0.03¢c  0.69£0.0le  0.5370. 05¢ 3.9740.02¢  3.6740.06e  3.450, 0def
FW, 0.7940.01b  0.740.01bc  0.6170.03c 4,2540.0lc  3.9940.02b  3.5740.01d
FW, 0.7840.03¢  0.7240.02cd  0.5820.02d 3.9940.0le  3.7440.04d  3.410.03f
FW, 0.704£0.02d  0.67£0.03¢  0.5470.0le 3.7940.03f  3.5340.03f  3.3220.02g
cw, 0.8340.04a  0.78%0.0la  0.6720.02ab 4.4540.02b  4.200.02a  3.78%0.0la
CW, 0.7940.03b  0.7420.05b  0.654:0.06b 4,2340.04c  4.01£0.05b  3.6620. 04c
CwW,4 0.7240.02c  0.69F0.0lde  0.5740.05d 4.0140.05¢  3.8840.03c  3.5140.06de
FASES T = <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
E-vini MK & >0. 05 >0. 05 >0. 05 >0. 05 >0. 05 >0. 05
(PRS0 WMy R XK = <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
2.3.2 FRAEBT XAe BARF L EH ¢ A TIE 0. 46, AR ZWCHI 45 AL ¢ {H 2 I

NPQ #9 % R 7 R ANFEREAKL A XN T35 )
fEnt 6 A 25 H (FERWD .7 A 23 H (B KRWD & 8 H
7 H KRB ¢ A NPQ sZm, MR 7 vl 51, ¢ Bl
A E T A R T 0N A AR Ak B e D fE
NPQ Fifi A5 1 1 4 32 28 7 1 0. 3 03k 0 3k 31 05 K
B Horp, 5 DR 2R K s 6 T ok A6 SR 0L R
WIREM ¢ B2 AR B3 (P<<0. 01) , B[R K HE 8 )5
O T 45 4R B W o By 2 (P<0. 05);
B PR 2V K R X I T 3 A AR S L B K ) fig ot
NPQ (M b B3 (P<<0. 01) , 8 P4 2 3 % 77 =X %
N T F A4 4 B W NPQ JE 2 % f2 i (P=>0. 05) , ¥
T 7 2 FNHE K GE B2 BAE HIX I L3 4 A= ¢
FNPQ /5% ma i i 2 (P<<0. 01),

q" LW PSIT K 26 8 2 W iy st e T o b 2
HL T3 1 30, XA — e R 8 b el T PSIT 2 B
ot B R B TR R L A2 AR QA I TR
B R T ORAL T VE N T A T RE M ¢f FEAE SR
13K B Fe KB 45 A0 P 2948 0. 725 I RKITA BT T
R, 45 b BESE- 208 R 0. 57 5 Wi 3R 300 [ 3] i A1 4% Ak B

IR AR, ER—ERE T SR TS A B
I REM: (Y o 8 B K B 0380 AR . 78 W, KR
T A5 APRI [ FPRI FI CT &b 3843 5 55 8. 23%
M 2.60% W, KFTF 468 APRI H FPRI b 3 &
5.97% .t CTAMHRAE 2. 82% s 78 W, /KT, 46 S 4
APRI [, FPRI Zb P 6.15% . b CT AMSEAE 1. 43%

NPQ J& 48 PSIT fz i 1.0 5Ot €8 3 W 5 ' fig
ANEES 5o AL 5 WAk 198 mani DL A4 BE #E 15000 3
SR REE AR E W — R R HLE Y kT
AR T T A5 2 e i NPQ B AE 48 R )N
25 b B XE 0. 625 I KA BT I+, 45 4b 37 1
1025 AR 3K B 5 R AR L 45 A 3T (1. 52, H
FESFI BG4 AL T NPQ {HZ 38 K, 1 W] — 8 Ik
TR IR A A B WD NPQ R B 7K S 1Y
WG, 7E W, KPR ARSI FPRI AN CT 2355
1 APRI Zb3AY 131, 11% H1 104, 44 %3 W, KT, 46
] FPRI Al CT b ¥ 43531 4 APRI 4b 3 (1 137. 50 %6 Al
100. 00%0 ;78 Wy /KSR . AE 50 FPRI A1 CT AR H43-51 4
APRI 4bFRfY 124. 29 % F1 87. 47 %,



182 KL R %32 %
®7 FRAEBRAGHMIEF q, & NPQ BRI
b 50 A A A ra
piz 3 [ ZN i /3 piz 3 i [ ZN i WAk A
AW, 0.7940.02a  0.6140.0la  0.5274-0.02a 0.4540.0le  0.8540.01g  1.3540.02f
AW, 0.7140.04bc  0.570.0lcd  0.4720.01hc 0.5640.02d  0.9840.02¢f  1.4740.03¢
AW, 0.69£0.01de  0.54+0.03e 0.43%+0.03e 0.7240. 04c 1.1240.01c 1.6140.01c
FW, 0.7340.02b  0.58+0.0lcd  0.46-0.0lcd 0.5940.02d  0.9940.0le  1.4940.01e
FW, 0.67£0.01e 0.54%£0. 0de 0.42%£0.02e 0.77£0.03b 1.1640.03b 1.6540.01b
FW, 0.65+0.03f 0.51£0.02f 0.39+0.01f 0.87£0.01a 1.2740. 04a 1.7740. 04a
CW, 0.7740.0la  0.6120.03ab  0.52740. 02a 0.4740.0le  0.86+0.01g  1.3740.01f
CW, 0.73£0.02b 0.597£0. 01bc 0.48%+0.01b 0.56%0.02d 0.96+0,01f 1.4740. 03e
CwW, 0.7040.0lcd  0.5640.01de  0.4540.014d 0.6340.03d  1.0340.05d  1.5340.02d
PSS T <0.05 <0.05 <0.05 >0. 05 >0.05 >0.05
LE-vinii K <0.01 <0.01 <0.05 <0.01 <0.01 <0.05
(P %) W OGEKE <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
2.4 AEEBAXNMEAEXNNIBRTERKS e & 7 T3 & .

= AR R
A7) JHE B A A A G 0 T 3 g e i (YD CHE I K
A GWUE) F =8 es (ED W52 3k 8, Jr
ZE M R B R B HE W O U TN Y K&
i WUE $£0 5 35 (P<<0. 05) 5 B PR 22 08 W 7 =X % o
TR G E B BAEHX N T FMNY & i WUE

2.5 MIFBMFESHERK ABERNEXSN

9 T LLE L BRK xR Stk FL/F,
{E Z B JCAR SRS 7 o 5 AR e b L i K R ] &R
BOLEIOUE TR bR 2 1] A5G R BOR /MR H.
R SN 24 38 B 35 K F L 4% 45 AR 18] A7 A8 2 % 9 E A
KRF . ULHIRIRR AR 1 KOt & 5¢ 0 45 AR B T X ™

M B i 3 (P<<0.01) , N ERTEE,
£ APRI 40T, Y. iWUE 2 [ifi 25 HE /K & 1 38 ®8 AREBRAAIMIHMR~ERER KN BRELHZM
B4 s £8 FPRI A ¥R .Y i WUE ) [ %5 % /K & . BaPE RRKARE EJ/
A B g g/ s 78 CT AR PR R, Y e WUE B % #E /K Y/kg M iWUE/kg %
BB Ec AL, Hod i T & e (YY) ek AW1 3.41£0.04a  3.50£0.04a  160.40
AW3 1.4240.03e  2.70+0.15¢  8.68
E l\ 1) y, . 7 1) M i : . ﬁo 1 A ' ' '
\FW“ ﬁ‘f‘? A 131 l‘{g/f’i HIXEH ™ 1. 60 12 VL FW1 2.2240.02c  2.2840.11e  69.83
FARCRIR BN L. EAEREKH G AT , B8 7= 800 FW3 1.3140.03¢  2.4940, 17¢ —
(E.) F2 50 M 3 ol 10 # B, I KM H BLAE AW, Kb B, CwWl 33940050 2.3240.14d 159,29
XARE R TE KA SRS T T % Cw2 2.9940.02b  2.65+0.14c  128.62
‘ M W R <0.05 <0.05 —
- e N A& EReS =3
T AR LA RO A R PR3 enw  wie oo o
W% T AR AR 0 I U B T AR A R L (PH%) BEBFAGEKE  <0.01 <0.01 —
R MIBHEFESEEK £EBEFRNEXEY
Ak -1 THE K
2 /3= Z=H , T, F,/F,, F,/F,
A b o " R AR
FER 1
3=t 0.897" " 1
EXil 0.766" " 0.748" " 1
- 1 LA 4K 0.761" " 0.710" 0.874" " 1
T E K R 0% 0.390" 0.263 0.656" 0.654" " 1
P, 0.904" " 0.846" " 0.846" " 0.924" " 0.461" 1
T, 0.934% " 0.769" " 0.815" " 0.845" " 0.505" 0.917" " 1
F,/F, 0.881*" 0.664" " 0.636" " 0.728" " 0. 344 0,845 0.911 " 1
F,/F, 0.942* 0.820" " 0.777" " 0.830" " 0.418~ 0.951" " 0.942" 0.890* " 1
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3 W

K RAHY R N EENERERZ — AREY
TEAS R 49 26 7 B Be Xt 7K 3 1 5 5K 25 AN AR ), JE A A
Wy A0 Ao A A IR BT X K G Y T B A R AR
SO o o R AR A R B S R A A
FE AL 9 AN Ab 38 2 ) i 7 o AR R R R
ZEHL T AR RO 25 9 W O R BE AR B I HE S 22
SRR, 5 CW, M, AW, B—ERE L#%
A0 T ki AR A R s BB 0 ML AN o T AR A
B, FW, A BB & L 258 S AR B W R
ReE o e 24 ok B Sl 00 o) R 2 3 AR A R S
R BT A5 R 2K L. X J2 T FPRI 3 A 1 58K
SR — AR RAFLE 4 Z T 5, S 35S 4 B X
IR WO RE J) B A 205 0 3 T B 5 T APRI ffi A
YIRS Z TR ACE I B K IR A 5K 30 1Y
L RO 2R A2 00 38 15 56 B 7& 1R (ABAD
VERAE S W (5 5 1% 0k 2 i 3843 AR 7 A 21
L T XA K o AR bR 52 5 AR B B i 558 2 T
Bt sk APRT A& B 980 — T8 e 7 R3S
T HEZ SR AR A 0 1 R A
I LA T 500 38 S B g el . [R]—HE 7 =T L bR
o~ 2R RE B TR 0 I T K s 0 el T S A
BOR T BRI G OKN T R AN RS B 4
% fif o FELAR DR T 27 400 6

G 1 R AE P 1A N T A A A R, 8 55 )
WA 7 i R Ui B . AR AE
Y7 2w 1 75 2K 32 AR EE 6 G A T b BE 1 42
B R A TR A AL R R R AL B
RAMTAEY OCAE MEH R G H R DG ™Y
R RE, HAA R MR CO, i BE R AR AT LA UE ]
G R MR AL T AR A R . M. A
2 M [R] ) CO, Ve B2 3 i 8 WO 45 38 238 1 B IR <AL
SRR IR ARBFSE A A W) — T R
P, R T, 5625 BEK & 0 3 I 3G, 48 AW, 4bik
e KA . BT A I A K A G B A e Ok
Ak Bl AR ROR , B B WA S8 8
AR ALBR G R Lk 5 s g 4 R
AHTE] . 7K 3 a2 A 0 E OGS AR T FEAIR T
BRIy P, A TR, AW, W, K TRLP, BT, AR
&K : APRI>CI>FPRICEH{E) . W, F1 W, /KT, P,
T, 484k H . CI>> APRI>FPRICF-#4{f), 2] APRI
TE 1 BE AR B K 43 75 B R F R S SRR R 1 P, N
T, A 38 A #E K & A BE I8 BB UF 16 A &L
[l APRI 7E 38 B A /K i 55 1 N s TR 78 %
It H KD A K 538 A T R IRE AR iR 2

(7K o3 PR AR XS B D — o R 4R T
IK— WK —AE WA R WK Z 8 AL $2 5
IR RIS T3 B A 0%

M4 R 96 S A YOG A 1R Tl ARk 5
e FNBk [F) 6 25— R 50 2 et 72 i R s R 08 B
F1 0] AT A BB R e A R R R . R,
AT 2 28 96 430 T FR e 45 I RS 9O B 1B 3h 3
AR AR 3 WA T 6 A PR B T RCR RDOE A RE T
F,/F, F1 F,/F, 87546 ] V5 Sk 340 W 4B 90 02 75 32 6 40 4
(R FR AR 5 v, 78 W] — WE W ) X R L FL/F, . F,/F,
Yoyl 5 HE K S R SEINRTRE 0, 7E AW, A 1k B B KA 7E
FW, kbl ME. W, K ~.F,/F, .F,/F, Z4L4
APRI>CI>FPRICGE#{E) . W, Al W, /KR LF,/F, .
F,/F, 284t} :CI>>APRI>FPRICEYE) . FBH MR X
LRI T K S Rl L F/F, JF,/F, . iX 1]
REAE P A 0 38 i AR 3R 0 R 8 32 ELOE (7K 43
36 o PSR VAT B R S B RO . A B K 5 T
YN, APRT P # B K . 2%, FPRI &5 CI b3 2=
S R H T PSIT ML B R 22 T 2R, ¢
Fon PSIT [ i Hroe 19 1 ik B2 B2, NPQ 2 i &5 PSII
2y R 5 T R R RE O R AR . AR R
2 ) — 7 3T g S5 I 2 K a1 8 i 3
i NPQ it 25 8 7K £ (6 Ik 2 11 388 s 3% 5 76 M A7 L /)
MAH RS s g5 R AL, R AE
JEAE W aa J5 NPQ Tk A A 0 i L AL, DA 36
a3k T e X O A MUK 3 3 o B4R L B
PSIT 2 1 H 0 FF S 43 1) B A 3 K i 26 000 A 1
FH L7 38 3 2 R PSTT B et 24 8 = 4R
REAIG T AF % 5 Al R RE I, A0 5 BT IR e B AR TR 4
U TOCAVEI 3l & AW, &b Pt 4 3 % 5k 5|
RRERHEZ —,

AN TR A A B R o T 45 R K O A R
febn e Z M BB LR, P, T, DK
F./F,\F,/F,.q" NPQ Z [a] HA7 S %k & , Ui B Jn 1T.3%
A TER R — LA T L 466 B 7 Z 8 B AHAE
s ORI T3 A T, ksgm P, R/,
32X T i e A A A OGS T A5 R
SR I K R EOR A KB T8 A R A A
Y IE M D6 56 2 LU0 I T b R bR 2R K FE AR T R
IR FHRE B A 98 6 55 A R4S A5 AT DL S % 7
T AR AR X P B AR N R e
4 5w

() fn T 7 i 45 2 8 W bk e L 250H R 1 B 4 4L
Y57 Wk Ty 2XOR T K B A B R A 3 (P <
0.01), A[w]E 4L & F o T % il 10 bk s A8 1k B A
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H:CW, > AW, >CW, > AW, >FW, >CW, > AW, >
FW, >FW, CFBIED , ZX M AR (L A R . AW, > AW, >
CW, > CW, > AW, > FW, > CW, > FW, > FW, (°}
YA 1 AR A8 AR AL R S AW, > CW, > CW, >
AW, >FW, >CW, >AW , >FW, >FW, CE¥E) . % kb
PN T2 PR = 2R AN T FRAE BUAF & Logistic 2k
PR R AL 2 T R S i S A DG
PIAFIR B 2 K (P<<0. 01), 1] J T 20 Br & 45 b5 19 4
Rtk . TR 0 20 A A R I T 7 Bk e L 25 R RN
T ARE RO e KA KR BRI AW, >CW, >
CW, >AW, >FW, >FW, >CW3>AW, >FW, ,

OMITFMALETY P, AT, X323 X
FIHE K 158 B AR 52 A i 3 (P<C0. 01), KN [R Ak
I T P, AT, BREAE WA 20T
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