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FE T BT (Sapindus mukorossi Gaertn. ) ZE A FIDGAE FIXTBRE - M A mi AL, 4 H s fh e 4R (RS AR IE . R A
BEHLIX ZHSE 53T, LA R T 60 R RIFR R M X (pH 20518 7.56 .5.65 .4.41) 3 A= TR B FAI HIF 5 3t 42, 40 W1 8 60+ iR
PEXT TG F AR RIS DS E RS, G5 R . P X - SR (AN) USO8 (AP ) 2 f Ak I R T IR
DC, H X 2 (TN) (281 (TK) & il % 5 TRRTEIX (P<0.01) o SRR LG, BRIE XA i Bk & B i (P,) |
RAFEEZE (Chls) M43 a(Chl a) ZEHASY M3 (Cars) it M4 E a/b(Chl a/b) HL{EM B3/ (P<0.01) , B KOG FEROR
(F,/F,) MG K R B (gN) 2080 (P<0.05) , 4¢3 b(Chl b) &8 M43/ 2550 % N FK (Chls/Cars) IWIEK 2%
HIN(P<0.01) 5l lE | L FZ AR (ETR) JGF R R (gP) TFRIERDCRERIRBCR (Y1) ) WEFH K (P<0.05) ; 5
PEXAA LY, SRR X R G0N 25 (LSP) #% 1 3& F R (P<0.01) , RWE FAUR (AQY) JEAME S (LCP) (FEIFIHZE (R, e,
SR DX F IG5 55 PR IR DX A A | FE AR (SLA) (TR (LA) AL (6G,) FIZEB R (T,) 78 3 MR X b ok, H i 3%
I TRRIRTEIX (P<0.05) , 0 LR MEm s e 3R 40 e Ak AR R IR ), WA AR T IRk X TE A8 F 4R GG 68 0, i 55
PRtk X AR it 3l A 1 KOG RE AR B A 425 PS TG il 150 ORFDGRERE FACR , BEATE ALY BT AE , R BOR M A S
WERNE, P, CRTFAERRE G+ XA pH 1& BIEEN 5.5—7.5, M4 pH [EIKTF 5.5 WA EMER, A RETAR,
KR TR T O K OEA R R

Effects of southwest hilly areas’ s purple soil acidity on the growth and

photosynthetic characteristics of Sapindus mukorossi Gaertn saplings
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Abstract: Sapindus mukorossi Gaertn. (Indian soapberry) is an important tree species with many economic and ecological
applications. In recent years it has been widely planted in poor mountainous areas of southwest China in association with
forest restoration programs. At the same time, purple soil acidification due to excess use of fertilizers has increased in the
southwest hilly areas and this has impacted the growth of S. mukorossi. Photosynthesis leads to creation of plant organic
matter which tends to accumulate, but when photosynthetic capacity declines there are progressive impacts on soil quality.

Studying the responses of photosynthesis and growth of S. mukorossi to acid soil stress will provide a theoretical basis for
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effective planting. We conducted soil acid stress experiments using randomized block experimental design in a purple soil
acidic region of Chongqing. Three-year-old saplings were examined growing in soils having different degrees of acidity ( pH
4.4, 5.6 and 7.6). The effects of soil acidity on growth, leaf traits and photosynthesis were analyzed. The results showed
that the contents of soil available nitrogen (AN) and available phosphorus ( AP) in the neutral zone were significantly lower
than those in the acidic zone, and the contents of total nitrogen ( TN) and total potassium (TK) in the leaves of the neutral
zone were significantly higher than those in the acidic zone (P<0.01). Compared with neutral soils, in acidic regions the
height of saplings, net photosynthetic rate of leaves (P, ), total chlorophyll content ( Chls), chlorophyll a (Chl a),
carotenoid (Cars) , and ratio of chlorophyll a/chlorophyll b (Chl a/b) were significantly lower ( P<0.01). The maximum
photochemical efficiency of PSIl (F /F ) and the PS Il non—photochemical fluorescence quenching coefficient (¢N) were
also lower (P<0.05). In addition, the content of chlorophyll b (Chl b) and the ratio of chlorophyll/carotenoid ( Chls/
Cars) were significantly higher ( P<0.01). Crown width, PS II electron transfer rate (ETR), PS Il photochemical
fluorescence quenching coefficient(¢P) and actual primary light capture efficiency (Y(II)) also increased ( P<0.05). In
strongly acidic soil, the light saturation point ( LSP) of leaves was significantly lower ( P<0.01), while the apparent
quantum yield(AQY ), light compensation point ( LCP) and dark respiration( R,) were the highest. AQY, LCP and R,
were lowest in the weakly acidic soil. Ground diameter, specific leaf area (SLA), leaf area (LLA), stomatal conductance
(G,)and transpiration rate (T.) of the experimental saplings in the weakly acidic soil were the highest among the three
experimental soils, and significantly higher than in the strongly acidic soil (P<0.05). The acidity of purple soil significantly
reduced the photosynthetic capacity of S. mukorossi. in acidic region by affecting soil nutrient transformation and root
absorption capacity. The saplings in weak acidic region showed strong ecological adaptability owing to increasing light energy
capture area, increasing photosynthetic electron transfer rate and light energy capture efficiency of PS II, and reducing
organic matter consumption. We conclude that the suitable range of pH values for planting Sapindus mukorossi in purple soil

regions of Chongqing was 5.5—7.5, while growth was poor when planted in purple soil with pH less than 5.5.
Key Words: Sapindus mukorossi Gaertn. ; purple soil acidity; growth; photosynthetic characteristics ; leaf trait

JCHF (Sapindus mukorossi Gaertn. ) J& JC B} ( Sapindaceae ) Jo T J& ( Sapindus ) 75 M T A, HoAp &
Fib 40% , 7] F T B A W S i AN il 2 v S T, SR SR B R B AR TS DR R B
FEE 2RI E M B RS, B AR AR BT H AR B B, R R R AL T S RR
R RIS AT T B R & ) AR T T R R AR R AR T AR R AR
PRl il A AR TR Z AR Z TR, TCB TR AE 2t A3k 13 F FREA 4 F 1 A8 R 8
T IX AR 43 A7 U TR SRV, TR TR A ek DA R 2 3 % 40 A IX, 2250 A T AR FR R L P R
F, AR | e B B B A L b AR RS ARk ER AR E R RN | 5 A P e AR L XA AR AR
R AR AV Sy E B 22 5 A SRR R T 4 A

VO e Fr b DGR BF AR T3 DL 8 T 5 22 ) 58 00 2 i S O RS R B TR A4 -+ KRR R, J5i A=
YIRS T EE A R W LS B A FUK =B AR R S R R ML ARG Y
(BAWFIERI D4Rk 5 0 4 2R TR A ZUIE It FH 520, © 0 A [ AR IR Ak, 28 (0 1 3R MR 1k (pH<4.5) J5 A
A S R AR S A8 B B [ N4 22 1% DU PR AL R IR, A4 PR VR & 8 e 22 T (W) S5 R 190 o A 21
He SR A SE AR T B AT, v R (0 i AT R R R R KO (AR 5 0t T RS
PERR S B I B AL T E AR B Pl AR R d Y AR TR R R E . BT, AR ET
(B 5T 22 4 A A L A F A TR T 200 b gt Y e ) e SO0 1) 45 D e i 6 k)
BB b A2 R T e R WA AGE

MRS AR YIS CRE I AL RE S A A DL W ME— IR 72 A 32 B S5 A i, 6B VR FHss |, 24E
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PR AR R OR TR, P, AR TS 1 DT 5 0 b AN R AR B R IX (P PR X X IR ) 3 A AR TE R
TR AR DG FRE2E S WP R SRR TN e 7 A K BOC AR IR IR, 0 B8 175 75 R B X 5% (0
SRR T A PR SR B AR

1 #MRERFE

1.1 5 bRk Xl ak

RIEZE B S, mR T 6+ 3 pH JE o 3.7—8.8, 13 pH £ 6.5—7.5 Z[alJg ik, 5.5—
6.5 Bl N LAsS et H Sy AL s e PE R & B AIG , TR SS9 R M , 148 pH < 5.5 WSS R M sc #e ik AL Bl
3 pH AT EAERON K Bt AU 5 3958 B v R Y b SR W At R R R . A g6 AR 35 AT A BF
I8, A5 A TR A 25 L A B bk B DR T AURS X P RS K 2R K AR el v 5 e - X (AR S1) BRIV B KR IR
€8 1 S5 R X (AT S2) &)1 X PG L1 PRAE P A PEA 55 68 - s R PR IX (7 FR S3) , Bk 3 Mk X s T
JNAREATIS A X, Fr b % |, W37 i 28 KU AR 3 K i 1230 mm, TP 7E 6—8 1, 4R35 H BE T [A]
1245.5 h, fie i 40°C , IR 4°C AR 17°C, BEAREE W 1,

1 KBEXHR

Table 1 Test area overview

I X Test site S1 S2 S3

Z£5¥ Latitude and longitude 29°47'56"'N  106°25'54"E  30°18'59"N  107°26'5"E 29°54'59"N  106°26'18"E
K Altitude/m 227 411 508

3 1] Slope aspect 1IER i) 1IER

SRR PEREE Soil acidification degree HE(pH=7.56) R (pH=5.65) RFRME (pH=4.41)
+ i Soil texture gt gt Kt +

- HELEH Soil structure T 0] T ] AR S5 A

+ 325 H Soil bulk density/ (g/cm?) 1.22 1.38 1.49

+- 355 7k # Soil moisture content/% 13.93 14.53 20.97

+HEH ML Soil organic matter/ (g/kg) 13.87 9.59 15.69

+ 324 Soil total nitrogen/ ( g/kg) 0.77 0.58 0.86

44341 Soil total phosphorus/(g/kg) 0.76 0.57 0.45

11447 Soil total potassium/(g/kg) 21.67 11.60 7.82

S1: H % {4 1 X, purple soil neutral zone; S2: %5 ff + 55 R 4 [X., purple soil weakly acidic zone; S3: %48 {4 + 3 g 1% X, purple soil strongly

acidic zone

1.2 LRt

3 AN X IR FH 58 A BEHLIX 4511, 78 a0 X 48 4 S A b 1 8 3 S8R /N X, /N IXORA
12m x 12 m, B/NXNER 16 B, AT 3 m x 3 m, 72016 48 11 H B2y 1 4E 4 ey 18y
PR A A2 43900 R (95.71+3.07) em, (10.75+0.18) mm , R BT FEHLE R T/NX, 3 144 #k S5 H12R AR
[vi] FH )47 B it , 25 TCAT A s AR I, 2018 4F 7 A%, Al X 3 A5 X p R F il ir A K FDE &2
BOE
1.3 LR R il e

ST 2016 4F 11 A (S ETFERT) (2018 4F 7 H RS X I, /N DL S” BUER A R AR PR Z
(0—20 em) HHERA G HIVUITEIR B 29 1 kg THEREA A7 BIS2 50 = AR XT 54 2.00,1.00 mm F1 0.25 mm
Je el . SR AT AR (5 0 i - e Al M IR
1.4 AR HPERIE R E

BE/INX AL 10 R, B R (1 em K5 ) &R = AUEER , WA R IR (R BE 0.02 mm ) P05 b A28 ( AR
B 1 em AT EAR) o R AR BRI i RS (WG = B IR A BR A w] L D) W R
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MR (LA) , FEE RGBT 65 CHUA Mt B &, A T K (0.0001 g &5 ) Fri i i, b i fR
(SLA) = MR/ T8 /N R 5 0, Bk 20 J, 25 BCF4ME . AR SE5 il i it 7 34 B et v - B o)
BH 7 ) 52 i ToUSm () 565 3 10568 4 e /i
1.5 M ARA(TN) 2 (TP) A8 (TK) & &

B/ IN 28 AR AR 1Y [0 S 56 28,65 C MU L+ B BE A0t 2 mm JE 05 ], B /NX A 3 Bk, &
Bk 200 F o MR TN SRAFLER M E A TP ] H,S0,-HCI0, 4405 , 8122 Fe kil i , A TK 2R KA
SR,
1.6 ma i i 2k B AR e e 2 50

KA Li-6800 J6A M2 R 45 (Li-COR, 36 H) 2 em x 3 em M2 5 - oG i 28 il i LED 203 % IR
BEE 12 MCEA GRS (PAR, pmol m™ s™1) 3 EERS 1 1800, 1500, 1200, 1000 ,800 ,600 400,200 150,100 .50
A0 wmol m™ s™', CO, ¥ 400 wmol m™> s~ ( /M CO, BUHARAL ) IR 25°C  HIXHEE 60% + 5% , TR
500 pmol/s, MERTTE 1200 pmol m™> s JEHR F i 15 min, 16 HR FF2E 2 min J5IC 5 50E . FIFHH-T
BB AR I, B A U 2R B IE BRI IR B R R A R (P, ) JERME S (LCP) i
FS (LSP) (MEMPIGHR (R,) R F RO (AQY) MIUA e RE(RY) . B/NXEE 3 Bk, BRI & 3
B S RBCE A, RIB AR ic D s R

2018 4F 7 HWIEHUGELSIE K 9. 00—11; 30, M ik Li-6800 H A R 4ol i AR #e S 40, 258 A
R 500 pmol/s, BN SFRAE 2 min JF AL, IDSREOLAHR(P,) (ZEMEHAR(T) SILRE(G,) i Co,
WeBE(C) 3 COMKREE(C,) ,SFLIREIME (L) = 1 - C./C, . ME RS R E 50T FRGm R 2 Ar TR
1.7 SLHEE SRR RRTICS I E

FIIH JUNIOR-PAM {5485 Xk i R i) 2 A (WALZ , B ] ) P it e 2 G REE , 00 5 TSRS A 20 min, J5 |
SRR RIIAEG(F,) 3 AR5 FISRA A K MG (10000 wmol m™ s7') Bk, i Fiw) i 1324k Q&b T
WIFRZS  E R ARTC(F,) Al 2896 F, = F — F, KA R(F /F,) S ER KRB (gP) AE
HAZEPER REL(gN) P (ETR) A SEPRIEREREARACR (Y (1) ) AR TR A . e )
- o o A2 50 e 1 T 2 AR TR

2 225G SE U , 57 BRI T 0 e, - 80°C i ZUIR LR AT, 4 1] S 56 25 57 BRI e e A B 2%, b %
(Chls) M4£% a(Chl a) M52 b(Chl b) R E N FE (Cars) & &R H S EHRBEM E ",
1.8 SGiitadr

1811 Excel #0558 iUECHE R ) Fe AL 8], SPSS 23.0 Seit4 itk 47 5P 2% (one-way ANOVA) J7 25 43#7 |
Pearson A4 AT FI Duncan 27 HR

2 HRE5SH

2.1 EHERRMEXT RO IR A R A(TN) B (TP) BF (TK) 7 2 i 5200

H2e 1.2.3 %0, 43056 X 3 TN fl SOM &k S3 > S1 > S2, 5+ pH )70 W E A6, iRk X + 4
TP TK & AR TR PEX, 5 138 pH W35 IEAHK (P<0.01) . 5 R P DOM HE, TR DX 14 AN AP & 5l
FHOM(P<0.01) , HI45 118 pH B g 2 U OC BRI X 8 AK & il i 2500, 5 1 pH A g 3 10 AR G
ARRHREE X 2 18] 22 A0 8 35 (P<0.01) , S AR L, Bk Xt B TN Al TK 5 2 g 500 | el g | & =
FRAIG, M A TP f s e 55 B X d5e e, AN RS X 22 (] i 5 TN TP AT TK f i 28 S 3494 8 3 (P<0.01)
2.2 EHERRMEX TR T A K B R Y

W 4 Fis MRS R ST > 82 > S3, ARN[RHASS X 22 1] 22 74 i 2 (P<0.01) , HiAR7E S2 ek, S3 /v, S1 5
S2 ZERALE (P>0.05) , B 1E X AL el i 2% = T iR PR X (P<0.05) . #5155 X SLA (LA ¥JJ&.S2 > SI >
S3, LA TEAR[RIRSE X 2 [R] 22 54 2. 3% (P<0.01) .
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2.3 HIERRYEXSICEB T AR RO A R B R R VOS5

F 5 A, PPEIX LRI - Chl a Chls Cars ¥ A K Chl a/b FLfEH A, i Chl b £ & Ml Chls/Cars [t
{E R/, H S RVEIX 22 S0 3% (P<0.01) , FREEIX 2 (8] E i 22 5 (P> 0.05) . 5 XA L, IRIEX i Y
(1) ETR Fl gP B EH K (P<0.05) , Hrh Y( 1) Hl ETR 7Rtk X 2 18] G i 5 2% 5 (P>0.05) , RFHREE X ¢P
LS E (P<0.01), BRMEX F /F, FgN BE/NF X ORRRRE XA F /F, 22 50 5.3 (P<0.01) ,gN
FEI o XA I 2 = TR X (P<0.01)

®2 FRRBXTEEYFSMARR(TN) B(TP) $ (TK) &£
Table 2 Soil available nutrients and leaf nitrogen (TN), phosphorus ( TP) and potassium ( TK) contents in different test areas
R 3 AN/ (mg/kg) L3 AP/ (mg/kg) 3 AK/ (mg/kg) MR TN/ MF- TP/ A TK/
Test site 2016 a 2018 a 2016 a 2018 a 2016 a 2018 a (g/kg) (g/kg) (g/ke)
S1 111.50+9.93Aa 104.37+12.91Aa 7.86+1.08Aa  3.08+0.78Aa 107.22+2.58Aa 127.24+1.27Aa 7.69+0.51Aa  1.41+0.11Aa 8.10+0.68Aa

S2 161.77+£9.29Bb 127.07+1.89Bb  56.04+1.37Bb  25.47+3.57Bb  95.27+1.80Bb  46.73+1.25Bb  6.47+0.25Bb ~ 2.21+0.12Bb 5.89+0.77Bb

S3 173.10+£2.45Bb 142.62+3.97Cc  62.06+0.89Cc  22.05+2.88Bb  32.79+3.83Cc  63.81+1.60Cc  5.81+0.48Cc  1.12+0.18Cc 3.44+0.43Cc

BRI ; Rl — SRR AR RING FAR IR IR0 X 2 ] 22 53K 5 0.05 19 835K, [/ — e bR A A RS F-R 3R X 2 [0 22 57 55 81 0.01 1 B 3K
5 TN: 2%, Total nitrogen; TP 4:f, Total phosphorus; TK: 428, Total potassium; AN HR{ %, Alkaline nitrogen; AP HALH§, Available phosphorus; AK. FEALE,

Available potassium

®3 TEFHETEpHEXESN
Table 3 Correlation analysis between soil nutrient and soil pH

115743 Soil nutrients + 3TN 148 AN T4 TP 13 AP L3 TK 3 AK SOM

T HERRERE pH -0.31 -0.795** 0.947 ** -0.692 % 0.951** 0.849 ** -0.569
# % RIRNTE 0.01 B (XUR) AR 3, + . FIRTE 0.05 B (XUR ) AH G .35 s SOM ; 145 HLIT , Soil organic matter

x4 TRRERXTEFHHERREHIERER

Table 4 Growth and leaf traits of saplings of S. mukorossi in different test areas

. . - iz N He T AR .
VTS b o G o AR o
Test site Plant height/cm . Crown width/em P N Leaf area/mm? Leaf dry weight/g
diameter/mm area/ (cm”/g)
S1 362.28+13.99Aa 42.07+7.97Aab 118.69+£29.81Aa 15.96+0.66Aa 5675+290Aa 0.36+0.03Aa
S2 322.27+40.12Bb 48.83+£6.08Aa 157.24+24.25Ab 16.81+0.42Aa 7557+994Bb 0.45+0.05Aa
S3 230.03+29.82Cc¢ 36.49+7.85Ab 144.18+27.60Ab 12.96+0.38Bb 3277+860Cc 0.25+0.06Bb

#£5 FARBEEEFHHMAESEESERIGRILSHY

Table 5 Photosynthetic pigment content and chlorophyll fluorescence parameters of leaves of S. mukorossi in different test areas

B X Test site S1 S2 S3

H-4¢% a Chlorophyll a/(mg/g) 2.860+0.08Aa 2.050+0.10Bb 1.900+0.11Bb
4325 b Chlorophyll b/ (mg/g) 0.570+0.06Aa 0.7100.02Bb 0.7300.03Bb
JH-4% 2 Total chlorophyll/ (mg/g) 3.430+0.14Aa 2.760+0.10Bb 2.630+0.14Bb
HHE b2 Carotenoid/ (mg/g) 1.54020.15Aa 0.450+0.01Bb 0.440+0.03Bb
H-4%2% a/b Chlorophyll a/b 5.020+0.36Aa 2.880+0.15Bb 2.620+0.05Bb
SRR /2B N & Total chlorophyll/ carotenoid 2.250+0.31Aa 6.150+0.39Bb 5.990+0.13Bb
HL Tf£ 13 3 3¢ Electron transport rate 28.711£2.97Aa 35.289+1.29Ab 34.71120.78Ab
ek K Z %0 Photochemical quenching coefficient 0.611+0.03Aa 0.717+0.01Bb 0.830+0.04Cc
A6k 2 K 2 HL Non-photochemical quenching coefficient 0.676+0.05Aa 0.137+0.03Bb 0.172+0.03Bb
SEBR G RE 3R Actual primary light capture efficiency 0.360+0.04Aa 0.442+0.02Ab 0.435+0.01Ab
KOt k2% F 77 Maximum photochemical efficiency 0.771£0.01Aa 0.644+0.03Bb 0.558+0.03Cc

2.4 LIRS TCE T A o i 4 N USSR S A
FE CO,HE 400 pwmol/mol #&FE A 0—1800 pmol m™ s~ YEa i Fil PN A5 e 7 pth 28 -5 B LA S8,
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B 1A AR X e P RE PAR AR fk 3 LA

—3,PAR M 0 54 % 400 pmol m ™ s~ "I, I Fi PP idi 14 £ E
T, PAR>400 pmol m™ ™' J&, P, 221838 i1, S3 7F PAR E ol
HAIE 1000 wmol m™ s~ I Py BUZEND T RA 38 <£ s

W 6 R, 5D A, AR P, W R E .
AN, GPREIX 22 50 (P<0.01),S3 1 ISP B 3% X3 | A
TR (P<0.01), %04 X AQY ., LCP I R, ¥ S3 > z , , , .
S1 >S2, Hrfr AQY I R FEARI I X 2 7] 2 5 4 b 2 s 500 1000 15002000
(P<0.01) ;REX P B 3E T (P<0.01) , A5 X 2 “ —4? Photosynthetijclﬁﬁfjfj(ﬁfioiﬁﬁlmol m2s™)

F] 2% S A BB K- (P<0.01) , TR N 2 e &
FS1F1 S3(P<0.01),S1 I S3 Z[H] 257K W& (P>
0.05), C.H G¥Jh S2 > S1 > S3,81 Ml S2 & T
S3(P<0.01) L~ S3 > S1 > S2,S1 182 # i FAE T S3

B1 AERBERITEFHRSEEEER P, X LREEHNA
Fig.1 Response of net photosynthetic rate P to light intensity in

of leaves of S. mukorossi in different test areas

(P<0.01),
F6 FRRIMXEBRTFHWIF I MERSETIHRSH

Table 6 Light response curve and gas exchange parameters of leaves of S. mukorossi in different test areas
IR IX Test site S1 S2 S3
e KA % Maximum net photosynthetic rate/ ((wmol m™2 s™!) 14.16+0.79Aa 10.26+0.84Bb 8.32+1.61Bb
FM AT Apparent quantum yield/ ( wmol CO,/pmol photons) 0.054+0.01Aa 0.036+0.01Bb 0.076+0.01Cc
JEHF G Light saturation point/ ((wmol m™2 s7') 1587.83+40.05Aa 1524.53+82.29Aa 948.85+134.02Bb
eAM2 R Light compensation point/ (umol m™2 s71) 27.88+7.59Aab 17.16+2.99Aa 31.02+5.61Ab
501} 33 % Dark respiration rate/ ( mol m™2 s™!) 1.54+0.04Aa 0.99+0.09Bb 2.47+0.22Cc
A BE R B Fitting determinant coefficien 0.9976 0.9929 0.9481
%A% Net photosynthetic rate/ ( pumol m™2 s7!) 12.32+2.36Aa 10.27+1.14Bb 8.22+1.12Cc
7% 7 % Transpiration rate/ ( mmol m™2 s™!) 3.41x1.10Aa 5.94+1.15Bb 3.32+1.08Aa
6] — 4 AL BRI Intercellular carbon dioxide concentration/ ( pmol/mol) — 260.15£25.35Aa 270.54+30.62Aa 217.76+53.57Ab
S fLSJ¥ Stomatal conductance/ (mol m™2 s7!) 0.17+0.05Aa 0.19+0.05Aa 0.11+0.04Bb
SFLBRHIE Stomatal limit value 0.34+0.05Aa 0.30+0.07Aa 0.62+0.42Ab
3 g

+- 48 pH BENS RN B A5 7~ ISR O FE AL B A RCE R IR R WOGR A B RE T AR R etk
Lo+ RAE TS, 11 pH BAE, ZAB LR E P 8K Zhang 257 AR - HERR M 2 5 S0 A2 1Y
BRI, 5RO R S AR E R 5 60 R B K B R W BRFR A AT, Bl R A RE T v B R
BEOABSE K, ARWFITZE R R, S R E il T 3 AT & v A RS S ik, (175 48 AN AP & &,
X 2GRS T R 8, TR S I o, (RO RS AR A RS T
Gtk o, DT BB 28 32 A E L R T 2 AR g R R R EIX 3 AK 5 TK SR RE 5K
WIRRPE 251 F A R AL N A RS e KRR AR A %,

- F R A A 2 A B AY , 2 H B R R AR SO R & B AR, AR TG RE B W RN i
B ARBFFE AR R, TP XA I R B ) TN S R R T e A A, A R AY Chils  Chl a 5 AT Chl
a/b HAH S5 HEEARE MR, Chl a F1 Chl b 205 R AF M- G RER) F A SR AE 1 (45 45 Btk IX 2k
KA TC 80 Chl b 7 245 S SRR S YA AR AR 77,107 Chl a 75 50kt 28 0/ i B I S (Al L 5 fh sk
SREEAR, PEMTG AR 3 F R, Lichtenthaler 25 DA Ay bifi 1 FH A A #1H B- Chl a/b HG{E /& 3.0—3.4, Chls/
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Cars MHE 3.8—4.4 ; BAAHIY Chl a/b H(E N 2.4—2.7, Chls/Cars FL1H Ny 4.8—5.7, K@z, bk Xt A
Chl a/b Fl Chls/Cars FL{E L FHAE DR, B PE X i H Chl a/b Fl Chls/Cars o AE 5 #4 17 B A= A0 51
b b, R FEBHAAEY), FatiR, SRt E RS B, SRS EO0R T 05 S B, X
SRR T R I B A AR R | BIVEE (2 AFDCHIR ) 6 BRSO . nl WL, R vl 3l ik s i G AR P 3%
Fr R A, SR R EDE A AR . LSP I LCP A (I BE NS S A 4 (0 75 Y6 M RN BRBE0E I R 11 AR
FER IR TEIX LSP X, 5C A FHRE J1 55, LCP A R 4, JB KL = i TH A, AR 253 Iy 1 559 ; 59 R M X LSP
i, LCP 1 R Ml , JEREFI AR J1 0% , J& 1 A P IS AR, AR A TE M s WP X LSP &5, LCP A R B, 55906
FIFRE 22 AR AR P, K, AR R 2 AR TE g, nl DL AR S, S8 4 i KRN
SR X JE TR FAERKE X,

M4 B ES RN S WA ) 2 5 Wi e AU R 5 X F L /F, AR PSIT SN H0 P BDGBE
FALRE S0 FE bR AEA S0 R — Bk 0.75—0.851  AHRIE R BRYEIX F /F, W i AL, R T T
A RESZ L HERR 0 R R T B, 15 AR R A 25 AR ] 5 gN S PS TRy P A 2URE I DK
AEAY LA 0 B2l I i 7 %o 4 S8 R it 15 A 34 I RGRE BIOR i RE 1 I L i, 520 B T s 45 2R
AHL ., BEAh, R DX B Y Cars 75 S8 6) G o 3 22 90 20 FE Bt 006 B DA N X B 28 S R A58 N A AL
Yo S B AT B A F ) AR SEIE L BR T IX oP Y (11) il ETR 34950 35 5 T o v X, 1 W R X i i
WA GREH T A AR B B 40K BRPE IX TC 8 I i FE DG RER AR i A 2 2510 T 3 ek R OG5 454, LA g iy
MG H AL HOR DG RERTAR ORI DG REF FHARCR I KAk, AT WL, Jo B 76 RIEmeEpha ™, BA
—E B SIS N R RE T

IR 55 R A 5 R T SR e B A A7 PR IV R T A AE — g P vE . e 7 TR a5 T,
AR B — B IE N R R A AT S BB R AR AR B DRI AR R s R S E AL
ik 53 E A T E A, TR B v AR R AL A R O RIS SRR T X M TK
HRATRE S H T G FFA &, [} LA SLA Chls A1 Chl a &0/, 156440 7= S R ARk AR K AZBH 5 55
R X AR I R B LA (SLA A R TEAEGARE !, M M2 e i 738 12 2 B s B A Ol A 3R e, Tt
KEIUER TR G (a2 K 4 F2 40 ARG, I H Co, (i 7t 2, SH b & s HE i » A
FIFEA TR LB A R e R 4 e, TR DX ok oo 08 350 D, FL ek 38 534 R, T e - 4R 1
S T AP A O ES T R TR B T P, 6Tk — A, A i — 2T

4 #Hig

S0 LRV i S0 R e Al MR R WIS RE ) B RR AR T JC AR T A BB RE T s SRR M IX 4 A i
P s AR, S ECHOERER I RE 1 22 e RERi AR B A% A P BRIH AR K, AR T IO AR 1 39 R PE X 4
I A RO ERERT AR T AR, S PS 1Dt 5 it 1% e R FOGRES PR, B AA LY B AR, SR BT L
SR AR @ NP, BIFEAE RARET T T RS 6 L IXME Y pH & VSl 5.5—7.5, TiAE pH (EAK T°5.5
S A L ARITICE T, XA R T AR,
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