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Regulation of root-sourced ABA to growth and water use efficiency of cotton

seedlings and their response to different nitrogen levels and distribution ratios

LI Wenrao* , LI Yongjing, FENG Shizhen
State Key Laboratory of Cotton Biology, College of Life Sciences, Henan University, Kaifeng 475004, China

Abstract: Different nitrogen levels ( high nitrogen, HN 200 kg/hm’; medium nitrogen, MN 120 kg/hm’; and low
nitrogen, LN 80 kg/hm”) and nitrogen distribution ratios (1:3, 2:2, and 0:4) were applied to cotton seedlings ( variety:
B) . These cotton seedlings were then cultured using alternative partial root-zone irrigation ( APRI) and subjected to a 15-
day-drought , stress./ Plant height, stem width, root and shoot biomass, gas exchange parameters ( including net
photosynthetic rate [ Pn], stomatal conductance [ Gs ], transpiration rate [ Tr], and intercellular concentration of carbon
dioxide [ Ci]), leaf area, water use efficiency ( WUE), total root length, root surface area, nitrogen use efficiency
(NUE) , and root-sourced (root tissue and root xylem sap) ABA concentrations of cotton seedlings were determined. The

aim of this experiment was to clarify the available regulation of root-sourced ABA to cotton seedling growth and WUE. The
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results showed that nitrogen application with a suitable distribution ratio improved the regulation of root-sourced ABA to
growth and WUE of cotton seedlings under drought stress, although NUE was not significantly related to root-sourced ABA.
The HN-treated cotton seedlings showed the highest growth and biomass and had the largest root-sourced ABA concentrations
and NUE but the smallest WUE. The LN-treated cotton seedlings showed the least growth and the lowest biomass, but had
the highest WUE. Irrespective of nitrogen levels, the 0:4-distributed cotton seedlings were the weakest, but the 1:3-
distributed were the strongest with the highest NUE, WUE, and root-sourced ABA concentration. There were no obvious
differences of growth, root and shoot morphology, and leaf area between 1:3-distributed and 2:2-distributed cotton seedlings.
The Pn of cotton seedlings was not affected by different nitrogen distribution ratios, and Ci was not influenced by different
nitrogen levels or distribution ratios. The differences of gas exchange parameters, WUE, and root-sourced ABA
concentration between 0:4-distributed and 1:3-distributed cotton seedlings were not significant. Therefore;. less water
consumption (less stomatal conductance and transpiration rate) and enhanced root morphology (largér total root length, root
surface area, and higher fine root proportion) were stimulated by root-sourced ABA directly or indirectly to maintain better
growth and higher WUE of cotton seedlings under drought stress, especially in the 1:3=distribution ratio of nitrogen.
Although the 1:3-distributed cotton seedlings with LN had the highest WUE, those with' MN had-greater NUE, biomass,
WUE. This treatment combination could realize higher production, less water consumption, and nitrogen application

simultaneously.

Key Words: nitrogen distribution ratio; root-sourced ABA; nitrogen level; growth; water use efficiency ( WUE ) ;

drought stress

FRAE AT Y 2 11 A0 BN A 255 . A H TR K Bt P ke | SO it FH et DA i 2 e ok 1Y
MRS A A IR I A P AR TR AL A P e R K IR AR SEEL, - Y
IR RN AT KT BRSAE A 7= S e v ) T BN, 40 HR 3 B E £ R ( Alternative Partial Root-zone Irrigation
APRY) CL7EALATARAE" ™ FE PN A 2R VE D (R S it SR ORI AR ) B i A
AR TSI T AN AR AR AR B SR BIK 0 R IR (WUE) B i 5 IRl ML aUEe 2 B APRI
Pt 325 ek 201 T AT R 02 R A A WG A 1 L R R AR G AR T W B T TR I R e AR AE 7 R
WUE 22 it /e ot SR I D) 2 PR dple 280 55 2 A= SR04 o 117 5 800 A6 AR 2 e R e, BT AR 3R 19 28
RPN FANE MmO A= i, LA 5 APRI FCHE ZUIE XA A6 A= K F1 WUE S0 7
THT AT ST ZoARDE B (EARXS T APRI TTEAT 19 3 A DX B0 A AE WUE 19 52 il J7 T ) A9F 5 4 18 DU R X 458
o FRFREF IR AR X PEG BPUK B T EUES (IS A B ZANR G A 5 HE A A £ ok
AR BRI, 3 TS PEG 5 I AM TAEMR A1, 5 PEG [F] X & SE A1 THE bk WUE #2548,
R ST + RS T 22500 T B0 SCRE , IR ARG b 33 K 3 )9 BLAE &40 5 Hu 55 IESE APRI 4%
A FERENEW A L R T, A1 45 - APRI P DX 038 WSO 6 ik U 3% 1 T B R MEEAkOis i 4638, (R
WFFEIRAAE TR it Ui A () 2 75 2 X RO, B 457 AR5, BT APRI B0 A BHE BE Rl 2 A W) B i 7K
AR (5 5 1L SR - R R AMEEROR 2 O FLAE ZRERY) I T IR T APRI 444 M ARIES 5
I BEVA R ( ABA) XL T VR HLITA R WUE (4 5 ARS8 IR A6 Rialge b4 ek, K v 8k D7 =X Ay
MR DX it AL BEARZE & P ST R T2 41 AR IR ABA XFARAELN 1 A= KA WUE AOTRRERLN , 300 KB K A
HE 7 R AR AE AR R OR B2 BT A SR

1 #MREFE

1.1 X5 bR S Ak
VIRRAE ( Gossypium hirsumum 1., CV:{FAR 5 5) Filga bt RHAI PVC AR b Jrdh w8 1 B AR
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Tem , VREE 25¢m,, APRI AZRBRAK BEFL A 25 (9 05 ik, 7648 P IE Hp i), FH S8R0 BB 1) 24 50 B F 9 3 4 ( A2 4
SRR, FEAE P ERIE b 8 il — A~ VIR B O FEC Ve RUO 3R R 7, (8B 6—8 em 87 1.5 em® 2247 17 1, fifi 15
PR ARFTLUEL . AR P e th i 2F SRR A T b Je v IR s b, FEFP S R4S HE D 2 A0, thill 4
d JE KR —BUYE Bk, A AR A KA B/ OREE R 30°C/23°C , B IERT ] 14/10 h
day/night , 5 KAMFEIG58E A 800wmol m™> s, 25 SAHXTHRE N 85%

B HON I EHEZ 0+ FEAE 1.12g/em’, FIES A 0.042% , HEIREK Y 30%, R R iR
i AT 1 800 g, KRR —AUET 0.0386 o/ 45 i i KT LIRS 5 264, VE B B AE i ok R, 00 1508 3 S
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hm?(LN,1.356 ¢/45) . BEAMEEUK T T 3 P aUE st K A48 UMt FH B i W38 03 B 4l , 76 47 (5K
A 22) A L 53 3 1:3,2:2 F 04, DA BRI A Rt Lo i) 2:2 D xf e, RIS Al B R & A e
JEAENEIE—R A . BEREIE IR R, B MEBRE A E 8 WEE , FEAAIEKE PV A R3S K
HIAF W R K 1Y 75%—80% , & 3d S HEME 1 Ik, R 6d S 1 ASGede JRI, 28 3R e, 840+
B2 15d (A5 38 /K ik B H [R5 /K 2 7E 40%—50% i RELZ) R 7d) I, BV B SR SR 34 %, — AR T
TIRFEARINE | 57— S A K B a5 K 1 75%—80% , FH Ti0 5 S AL S MoK 3o 2% 52 2 1 5 iy
IRV B B8] AR TR TR R S22 AR K S ) SR PR o 32 4 ) 38K o, O iE ok B KRB, 3597 ] PVC 3R
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HRZEZE G AL LA 1A i b5l 2 A i MR EE B AL LT o AR Wi, GRS 76 105°C TR 30 min, FiAE
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1.2.3 SRS SERIK 53 FHBCR(WUE)

FEWIR H 9.00—11 ;00 , R FHELEXDES R G002 40 (L1-6400, SE [ ) I 22 AN [F) A Ak Ak HRAE] — 58 4 )R I
MGG R (Pr) (R HR (Tr) AL (Gs) FZRARIAIPE COLMREE (Ci) o 7 il 21 it 25
HR G HE % R4 PN SR MR i BERIEL B K5 6 4% B R 800wmol m s~ MR BRI EE 5 B o0 25°C , 8 H bk
K FIHIBCR (WUE, = Pr/Tr), 491 WUE(WUE,) DAFRBRAE D) i 58 I N R ZE B A K 2 1L
kIR, B WUE, = SR AR it/ FEK i (g/ke) o
1.2.4  ZEHFHAF(NUE)

IS AN 7 8 PRI 0.1 BE T AR, F H,S0,-H,0, 284 350°C PRl 2= 6, o B4
F B LIRGE AU CK1100 2 ILZRBILAR ) T AU S i . ARG (USE) = fE AR A 2/ ZUIE it A 2 x100%
1.2.5 R RS IR &

R AEL) i AR ZE AL , 51T PVC 45, HTACKE AR 2R ok 10, wPARETAR R B TR 1 mm B JE TR
DI B K ohaE v A/ MR 2R L T8 BEAR RFEAA A 7K B & F TG 637 IR AR 2%, R IR B AR A 7 S
32 X E S ] EPSON 941X ( PERFECTTION 4900 PHOTO, H 7<) H##i4R 215 2K A, ] WinRHIZO Pro
HRZ 53T R 58 (WinRHIZO, TR ) ME AR &R K IR R AR SER RIEBRHES AL,

1.2.6 WARARFIHITRBES ABA & & E

YRS SR B 5 s B AR IO TR 1128 (3005, 26 ) ) MUBEHR 2535 2—3em 4B 10T | 1] %2 5 57,
RIE R I, R BIAR K #LL 1 0.2 MPa, UETTHIBOGF A 1.5 mL B0 B AR AT RASH, 25
SEEPPBEAR R BURIRER 43, — IR A A H R A A T o AR BT ORIAR ZH 40 ABA (HRIE ABA ) (I 2 K 45
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Netting %535 DG e vl R IMEk it . W TR ROARZHZURE R 0.02g, A 200l 7€ 7K 4°C TR BT %, B
IEWRAHT ABA FEE . 50 L iR AR 2L IBURRE S BA 200l PBS 100 wL “H-(+)-ABA F1
100 L. ABA HUARIEW,4°C T W 60 min , Bl f5 I AH FHARFT(NH, ) , SO, WA 50% (NH,) , SO, % W ik [z
REUTHE , B0 5 Fe4s BV, A 1.2 mL PRI, 7E N MRS (16500, 36 ) OBl MRdEpriE gt
B ABA SHAH,
1.3 Bdlgeit Lot

FH sigmaplot 8.0 #XAF2 I AH 5138 5 FH SAS Geit o B4R ARk 4T XUR R R B IR 3R U 22 531 ( ANOVAY) IR
FH LSD iEiE 1T 2 3 AR, T RAR IR TE & R R AR I G T4 21

2 ERE5S

2.1 S AREENIHRALS) AR R

SYHTER 1 ORI 2 WISt L A8 R U G 58 B 3 R T AR AR B AR O A ) i (P<
0.05) , I HH AT >R 1 AR 5 L B s s s (RSt 280 B B HL 5 it L 4910 4 28 AR O AR e N 25 M 2E T I 3 52

B it 2 D, A AR B TR 55 RIAE ARAAE RS AR AL G MR SR e A R
e FIAR 7 A3 500 FE B B i EU D T 12.89%—17.54% 9.73%—16.99% . 10.75%—14.85% . 11.11%—21.05% F1l
0.23%—11.54% ; 11 i AL BRI 23551 U AE i 28 0 T 10.73%—13.27%,8.82%—13.07% .36.36%—44.17% .
52.63%—61.54%F1 9.32%—14.07% , [Ali}, Toit s A 2R A SR, 0:4 7t 2 L T 2 i iy A K 32 3 52
e e Ry WY, T 202 R 123 it 2R LG 9] AR AR ST 18 TSR 7 A Rt g it R B R R I AR K B 22 7 0:4 it AL LL 41
TR R e A AR A W AR R L A ) L 202 B i L B 2 R T 7.36%—11.90%
14.19%—8.23% .6.49%—13.59% 26.67%—31.58%F 15:13%—24.45% , WK Z ALK G , 55 A AL B K #H<,
FLT B ST ERIR A BRI S 28 % BE KT 5 123 it 20 EL BT 114 A A6 0 1 09 S Bk TR R 222 i 220 B 48] 79 A ) (A1
M EACFE R ) B i (= ZARER R ) 1 04t LA ] e 2:2 Jitd & HE A e 1—2 d,

*1 TEEGTHEAB S KGN _ENEERENSSHNER
Table 1 Individual and interacted effect of different applications and distribution ratio of nitrogen on each parameters of cotton seedlings under

drought stress( ANOVA)

it g i 431 L A Jit A5k x 43t L A3
Application of Nitrogen Distribution ratio Interaction

¥R Height 0.0231 0.0678 0.0154
25 Width 0.0326 0.1024 0.0304
e/ 42 Y Shoot Biomass <0.001 0.0042 0.0013
R ZEWY)E Root Biomass 0.0413 0.0152 0.0125
HRZ ABA ¥ JE Root [ABA] <0.001 0.0123 <0.001

AR ABA ¥J¥ Root Xylem Sap [ ABA] 0.0019 <0.001 0.0025
A Leaf Area 0.0117 0.0328 0.0145
EG G ERIEAR Pn <0.001 0.0325 0.2021
SELREE Gs <0.001 <0.001 0.9872
2B Tr <0.001 <0.001 0.0612
YREE PR CO, M FE Ci 0.1253 0.0632 0.1011
SR Total Root Length 0.0149 0.0253 0.0231
MR LML Surface Area of Root 0.0258 0.0491 0.0348
AWy i K AR R WUE, 0.0346 0.0125 0.0421
kB 7K 43I FHAR S WUE, 0.0232 0.0317 0.1209
A AR NUE 0.0182 0.0361 0.0382
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Table 2 Effect of different applications and distribution ratio of nitrogen on growth of cotton seedlings under drought stress

AL Treatments - AR AR R — PRAZ I ]
il R it L) Pris - Shoot Root . Time of
= T . Width of . . Ratio of root
Application Distribution Hight/cm biomass/ biomass/ compleated
. R stem/mm to shoot
of Nitrogen ratio (g DWt) (g DWt) recovery/d
{lise 2:2 39.51+1.80d  5.92+0.15d  0.47+0.010d  0.15£0.001d  0.32+0.002d 6
Low Nitrogen 1:3 39.25+0.95d 5.94+0.10d 0.49+0.006d 0.16+£0.021cd  0.33+0.003¢ 6
0:4 34.80+1.22¢ 5.08+0.23e 0.41+0.001e 0.11+0.003e 0.27+0.001f 7
LRE 2:2 46.69+0.81b 6.92+0.08h 0.53+0.032¢ 0.19+£0.001bc  0.36+0.005b 5
Medium Nitrogen 1:3 45.02+1.55bc 6.58+0.21bc 0.55+0.015¢ 0.18+0.001¢ 0.33+0.002¢ 5
0:4 42.23+2.76¢d 6.12+0.56cd 0.48+0.017d 0.13+0.002¢ 0.27+0.002f 6
FA 2:2 51.66x1.11a 7.53+0.42a 0.74+0.003a 0.29+0.012a 0.39+0.004a 4
High Nitrogen 1:3 50.82+1.32a 7.44+0.18a 0.75+0.015a 0.28+0.001a 0.37+0.007b 5
0:4 47.08+0.98b 6.91+£0.22h 0.69+0.027h 0.21+0.011b 0.30+0.004¢e 6

PR A F E R 22 5 OR B3 (P<0.05)

2.2 MRt RO AR AE A B AR SRS TIOR3 SRR (4 5

W 1R 1R it 3 L IR AR AR 4 v OGS AR TR (P) LRI (Gs) R (Tr)
DL BRI K A3 R CR (WUE,) 3897748 T 8 3550 (H B B 8 A8 38 E RN, AF7E ; RIS IR 30 X 4R A R CO,
WRE (Ci) PP AAT AR ST A B A2 B (IR AR S Hh EARSEE  (H U Pr S5 09 2 SALIR B E ) o AL
TEH AL, B BUIE B L E T Pr(11.03%—14.34%) . Gs(9.78%—14.33% ) Fl Tr(14.57%—18.12%) ,{H [%
8T WUE, (2.25%—4.42%) ; 1 Yl i 220 A B2 8K B AKX 77 P (5:11%—7.87%) | Gs (5.16%—14.94%) il Tr
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Fig.1 Effect of different applications and distribution ratio of nitrogen on gas exchange parameters and instantaneous water use efficiency

(WUE,) of cotton seedlings under drought stress
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(12.59%—21.71%) ABRZEHIN T WUE,(8.56%—17.67%) . #—J7 i, Jiti & 3T R el A8 M AE 4l 5 () P,
AR 2:2 & L), 322 18 1:3 F0 0:4 FL i FHZUIE , Gs 1 Tr 43 B FEAR T 4.24%—13.00% F1 4.44%—16.95%
(UHAERASMT) , W WUE, $#8K T 5.76%—17.84% , 1:3 it HLAG1H 0:4 FalE He GiAH He AR AL 4l i <Ak
BB WUE, 284k 2% 5 A0 R
2.3 Sy AR AL S B TR R R AR R AR K A R SR ) R

T 25T e B (6 1 IR 2) 6B, it 20 ANt A Hb 451 A B JHL B AR 80 249 8 38 5 ) 1 A A8 00 1 o TR
HiE A NS ARG T 9.61%—20.86% , 11 /it AN M TH AR T 10.53%—17.21% , H 0:4 Jiti AL Lb FilFETR 2
RGN D AR R R . TCIRLE TR AU A5 R T AR LG 2:2 FEAC LA, 123 SEAE L R
PG A (1.23%—2.63% ) 51117 0:4 i HIE L5 T I TR AR DU R B T 5.62%—14.50% , = 28 FMIG Ak 3 1) 1 B 48
Ko [FIEE, 26 1 FE 2 o 22 B 280 1 R0 it LU 091 LA B — 3% B350 240 8 35 i) 1 1 5 4k B R A6 2t 1 R )
FHECR (NUE) FAE YK 0 R ACR (WUE, ) o AH L IE 5 2L, = 2R HE T NUBI R (1.65%—8.86% ) ,
AR AR T NUE(2.43%—6.63% ) , Ji HAE 2:2 1 0:4 Jiti & Lo 49 F 550 B 5 (i 80 BRAR) s A, s A
BREIKT WUE,(4.61%—6.87%) , TARE NN T WUE, (5.34%—9.23%) , %45 WUE, BI75 4k —%, [FN,
Tew it A i A, 1:3 FEAL L)~ B B K WUE, 5 48 L 2:2 Jiti i LG 3], 0: 44 I P A3 DK T WUE, 1.64%—
2.90% (" RALBEERAD) o
2.4 SR AR AL AR R IE A RE A5 00

AYBTEE 1 FNER 3, it S R A3t L A6 A R 3 1) B AR 80N R SO TR AL 4 AR R Y AR KRR AR

18 -
1.6 | ab a
be ¢ ab
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E e
m< 12} f 7
SEP T
Z 210t
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=308} E= b b
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Fig.2 Effect of different applications and distribution ratio of nitrogen on nitrogen use efficiency ( NUE), biomass water use efficiency

(WUE, ) and leaf area of cotton seedlings under drought stress
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Bl 2 AN IR AR P AR R LM e A T Bl E ORI IE R i R0 Ll 3 it RUNE AR R TR R K B (18.5%—
30.7% ) FIAR R R TFL(9.80%—15.52% ) 3G, R K T <2.0 mm FLARAR Z 09 LA 17 98t 2601 B 308 4000 )
THRZRBKE(16.11%—19.28% ) FIH R F ML (15.76%—20.09% ) FIXEHN, IFHE K T >2.0 mm EARR R AL
B, o3— 5, TCi i R s AT, 1:3 AT LA T 4 B A R AR R R AR AR AR A T 2:2 Tt AT e, 1:3
it FES A5 4 S B AR 2R AR K RN 6 TR 4.17%—10.33% F1 1.83%—7.34% , 1Mij 0:4 Jita AE L2 491 ) 43510 sk /s 1 4
ZEMRK AR 4.29%—9.86% F1 2.97%—8.89%

R3 SREEAIREDEIREHSHERN M

Table 3 Effect of different applications and distribution ratio of nitrogen on root morphological characteristics of cotton seedlings under drought

stress
AbFE Treatments WK R E TR Wﬂiﬁﬁéi&ﬂéﬁﬁ% HS@J/%
T i o Ratio. according to roet diameter
it 22 4 Total root length/cm  Root surface area/cm?
Application of Nitrogen Distribution ratio 0.0—2.0 mm >2.0 mm
(i) 2:2 3023.30+55.25 138.75+1.23f 94.77b 5.23a
g
Low Nitrogen 1:3 3209.65+21.02f 141.29+1.45¢f 94.65b 5.35a
0:4 2725.27+18.31h 126.41+2.31g 94.16h 5.84a
PR 2:2 3604.06+29.64e 164.72+4.05¢ 95.22ab 4.78b
Medium Nitrogen 1:3 3976.26+25.37d 176.82+1.58d 95.85a 4.15¢
0:4 3312.31+29.18f 155.55+1.69¢ 95.45a 4.55b
[ 2:2 4523.21+45.26h 185.24+1.67h 95.55a 4.45b
High Nitrogen 1:3 4712.01£31.00a 194.14+2.13a 95.82a 4.18¢
0:4 4329.21+£35.21¢ 179.75+2.61¢ 95.79a 4.21c

FriEAH R E R 22 5 OR B3 (P<0.05)

2.5 et AR AR AE LN AR R AR BT ABA am A fk

SYHTIEL 3 AR 1, T LA S RS T AR U ABA (AR R ABA FIARA TR ABA) & A e K1) B8, LA
ZAF T IARTE ABA 19 RV /b (HIXTF R Z 2 TR A4 MR ABA & B 76 A b B T SBE K , 5
IR ER) . DT R, mALIRE ABA FIHRABH ABA & 8705 F 1B # 2 (h &) =i 8.71%—
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Fig.3 Effect of different applications and distribution ratio of nitrogen on root ABA and root xylem sap ABA concentrations of cotton

seedlings under drought stress
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mIH S, JHTR 4, TR R R AR R ABA JARARBTHRTHR ABA & i 525 A KSR (M 208 AR
Ay M) Prn AR RIEESE AR FR R R Z (8] 4351 52 90 25 TE AR DG OC &, il 5 A AL
BB 8 (Gs F1 Tr) Fl WUE (4245 WUE, 1 WUE,)

R4 RFE ABA REFMIRARALTE ABA RESESHHHE XS

Table 4 Correlation of root ABA/root xylem sap ABA concentrations and others paramenters of cotton seedlings under drought stress

x(HRFR ABA F i, c(HRAR BT ABA &1,

y Root ABA concentrations, ng/g DWt) Root xylem sap ABA concentrations, pmol/mL)

K ZH Equation R? P % £\ Equation R? jd
Wk Hight y=-3.922+0.2988x 0.53 0.027 y=12.0515+0.2882x 0.69 0.0055
25 Width y=0.3442+0.03821x 0.43 0.045 y=2.2906+0.0377x 0.60 0:015
T2 Shoot biomass y=-0.5721+0.0071x 0.59 0.015 y=-0.1208+0.0062x 0.64 0.0098
LW Root biomass y=-0.2442+0.0027x 0.35 0.092 y=-0.0927+0.0025x 0.44 0.042
HTHIFL Leaf area y=-5.2565+0.3690x 0.53 0.025 y=14.1104+0.3591x 0.58 0.017
ot A EHHEER Po y=0.4687+0.0285x 0.68 0.006 y=12.2785+00249% 0.73 0.0033
HEWEHR Tr y=-0.6076-0.0188x 0.56 0.020 y=0.0601-0.0110x 0.70 0.0050
SILRE Gs y=0.0031-0.0002x 0.48 0.038 y=0.0139=0:0002x 0.61 0.013
IR 7K 43 R AR WUE, ¥=6.3703-0.0150x 0.29 0.14 ¥=5.7364-0.0159 0.46 0.044
AWK o R FHRCE WUE, y=2.0927-0.0047x 0.68 0.0060 y=1:7996-0.0042x 0.76 0.0020
NUE — — — — — —
HAR K Total root length y=-2779.5+40.3437x 0.62 0.012 y=1394.4289+36.8568x 0.73 0.0034
MR LML Root surface area y==51.0702+1.3273x 0.61 0.013 y=21.4651+1.2658x 0.78 0.0016

Z A 3 ARSI R (IR ABA WKJE S WUE, ZIRISCRERSN) o YO 5400 T i S0 A 20 L ity
SREIHRUE ABA 5 5 (978 AL 3 10 LT W FIARER L A PR EPE IR 25 1 AR AE A i 2R KM WUE
Rl BARAR AR ABA &5 HARR BRI ABA 5 i 525 D SR M A G C R a3 — 2, AR R ABA & i
5 &SR A R R 55 TARAR BT IV ABA 75 5 4 SR 1 19 (IR BRI ABA i 54282
] AHSC R B R o

3 Wit

EUABFGCES:  APRIALE T HRECEAE TSRS 22 AR B 0 ABA P2 FR00 {3 50 0
TR ST PR PEIG O (20 5 ABA P2 ML L5 . S RY ABA 22 BZR W VLI AT
1 B F e Fg) AL IR L 5 B F6 8T R 0 K 4 7, 48 981 55 B 1O WUE 2 I
R
30 SARHBEURHE T ABA RFHRAEQY I K H Vi

AEAIRIR AR T, 22077 IR A R AE D R (B ABUAC TP ) ABA B 27 5 2R 0 1<
R, SUBARGRLGEIE T ABA S HERGRI, BVRS AT 133 M6 L B F 90 e AR AR TR ABA i ik
5 YO A £ 0:4 A 0109 , BN SN B AU A HEAL ) T 546 ARAE D BRI ABA £33
(P 3,7 1) B0 SO0 oS LR R4 1:3) 29 2 A R AE S ORI ABA HOBEKC . 4%
KA R 2 A R 5 R PRBEIE T 0 ABA KK MO MR P B2 0 Vs 5 L A
WS AR 2 IR (R T T 546 SR BOT R A6 ot NOS £ 69K —
T FEA A NOG o BLAT O IR S S st B ACANNING V6 372 S 5 0 pHL, 8 ABA AEAR TL
2L A R AL IE ™) s 37T S T (AR e 2 1 S5 B R B A7, 4
T S AR e I KRR RE SR A RO T RAN I ABA R . TR0 ISR ES: T
IR ABA 7 it 5 IR RIB AT (AR RHRAETITBY B IE R G R (10 4 R ), i) T AU AR 2% P T AR
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FIM K THEE , $2 5 WUE ALY it 50, S8 AR R K 5 ol 200 2 S S0RR 76 AR 2R 000 38 2 R et ok, PR AR 2R
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AR A D5 APRI nf DU 28 7 A MMz %) (REAR TR ABA i A A% 8 5532 A [ st
YRR AT RS , XA AR IR ABA (5 SAEH B A5 . 5340, 1:3 FE 43 ite Eb BT o B i i ABA., 4 1
A RESE 540 FL B R R F - NUE A6, 1:3 AR EL B R, 3 b B 59 /UEE R = Bk Ak T & iz e
JE , i I U TR Bz ok T AR BB R NOS IS 4 e 2E pH-NO; [ E FAE BE (WNRT ATk ) A8 i
HMEFIIL TR pH SRAEHE ABA REL, DR R, TR, BRI/ ft 000 B AT 55 22 1 ok A vk 1) Z2UIR] Fh e
1, AR R Z R SR A S A P A DG R A A T O T 0:4 AU LU R, AEAE AR ™ DT Y R
BURAS | B8R Gonzalez-Dugo 45U ST 46 T4 P8 AU BOI S AN 230028 APRI 75 MR X 2200 Wi A b
R, (E Rl T 5 IR, 07 B A I M SO A7 7 — 2 B, o HL & 5B T NUE, 3R 4 R IR
ABA 5 NUE & BHAERE/E W] TiX—8,

i 25 it e 2, IR ARCAT R A , ABA BB IR /D, P A1 52 B T /) 1 R B4 5 (L)t 4R L 510 5
KAMERAEL A Pr, PTRADCHARIE ABA 3833 A S0 ok 1) _F 4% 328 25 1 FH o (PR B ) | i s W s <AL AT
KRR T R AR (P AT BUE LS ) | X R R 7 5 22 32 i K 52 ), 4k i 20 AR IR ABA Xt Pn
AT AR A E T P RIS R A GG R (2 4) o TR Bl 4 it St W s /0, AR AE A B AR (A i S
FRAG R I RURIAAR LG ) ) FN9eE (R ven 250 Sl A e A T B ) A 4K B2 31T S A S i R i K (36 3, 1 1 AN
F4), BHERAED BN R Luo % A HINESE T APRI s HAVE I 7 X R X AE AR K A
PEHEERT . PSS & Lok ARIE ABA XA R A K A ¥ Rl BE A2 3 T e R nT MU IR T . 5 —Jrim,
0 =47t 5 A9 T S AR Sl A K A2 38 1 52 i 5k B S, R AR BROK I 19 5 50k A2 A L 222 it 0 LG 81 ) e 1—2
d, T 2:2 1123 Jite 280 He ] A AR AE L7 T 7 Ao it 20 i T 980 J2 26 R 28 A S 80 B S 1 25 575 103 43t EL A8 A
SR T U ST SRR T AR R A (AR A ) A R R AR R B | SR BRI AR AR E 1 A K B K AR
TR ABA BRUR, 3 5 XF A FRAK S B M A RI S 1 R A E N e A i A LR 1SS R 103 it AR B
B P AR S A7 455 b AR AR 2R AR DA B 8 W /K R T, A R A PR 7K P-4 1 [ B 385 K T8 ABA I8 8, 1K
HRUE ABA XS ALATETTRE ST, X SRR ER 2 F X /K 43 75 SR A SGE R L] . F XA BRAH A AR e A K S
BTN, AR A 13 AR LG N ARG B B i AR X T SR A 37 B O i 5 103 i IR EL B
TR ABA XIHR AL AR AR AR IR TF 1 AR
3.2 AT ABA XARAELN T WUE 1945

FRAELN T 1 WUR, /2 H /K T AE (2RI R ) FIAE Y A0 I st Rl i), SALEEYInt R 5
HNFEEARIEA T A ) B ELEIE , B AR WUE 9 B2 RIS L S 8 R/NE— RS e Tk Aok
EVE I ANZERS TR A5 55125 otk i T AR Y WUE K/, ABA B 8 I R &S ALAT 0 Y 32 50 3%
1220 RRE & EKCE MR L R, JEis WUE, 382 WUE, , YA T 5 b 3 35 1 hn (Bt ok i
AR BEJE ABA S AL T IERUK AR EE R x5 Jin HU N b AR AR B
TR Luo 2677 R AR AEARAE IR AT R AR R A S R MR WUE 2 3 B 2538 — 50 S5l
ARRAEDY BRI Luo A5 AE APRI ol HABME W 75 X N UMt F XS 4 46 WUE HAT (2 b A A &5
WAL, AMHTIAK, TS Al SRR AT TR 2R ABA &R SR A 2RI AR IR ABA &5 it &
IARAEL T YA VE TR DL B 5 BRI 1 T A 7 2 0 00, IR TG = AR R ik 1:3 Jifi e kb
{51, 38 3 35 4340 X /D B AR R AR 0 T R AR AR R AR B 4R v R ki BT T A A R (BR R A
1) FIEFIHBE ST, $2 5 NU, I FE T 52 AR IR e B AE K 5 ZUMIRE 1 A NUE B4 i s o) 7 5 A s i
NO; 55 M pH {55, NIl T A S A F ABA B (Rl SPL G , > JEROK Ak 2l 1 =
I R TR R AR 13 AR LR R AL 4N HA BRI WUE, Skinner' ™ | Hu % FE TR F
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5% LAESCJREAR X REE T, /U 2t T T P, AT DA R B A 2, 380 K W R A A i, IR iR
ELZE P RsRE , FT NUE f3 S FA SR, A LU, 0:4 it NE L B 77 2R 5 R ™ T A 207 ik, 98055
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3.1 CAXIHRTE ABA ZERAE S AR D7 T B IR RN A T Bk e (2R H a2 Rt 2L L 4 A< Te) , R
X ABA SRR R B 2 & A e AR A R T AR IR ABA {5 550 B A9 AR AL, Bl it R 8D IR ABA
DB 19855, Gs A1 Tr JR2 B8N Fa 3 (H 0:4 el BB Gs F Tr WA T 2:2 1 1:3 el L i, 1:3
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