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W E.RALRDE, XK F#(0.05.0.5,1.0.2.0 mmol/L KH,PO0,) . X (H & # & & # 20% .40% .60% #n
B0%) AU TFTAENAARUH#ATHR, £RRV: (VEBFPTFERLEFRATHAS AR LB A D
BERK AL EPTRAPREUEX. BEXPLAGAEN T AP2 AP TH RELFFEAL LT E
RAULBIENBRAEENZIRE., Q KBFRTERHEEFBRBRTAEN TR ESE(Chla.ChibFfChla
+b) RBEEHEZE D REEEAR ARAEFNExAXERE, Q) BN TERBLEFHKT Fv/Fm
FoOPSIL 5t F/Fm RHEFWXEHKE, ) KpRTERE T, AETHAHA AL R R (Pn) AALFE(GCs).
HKECO, RE(CHFPABERE)EFAMN AARME(L)H A, BEHRT LB KB AL HAKE(WUE) R
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FESHEE: $565.1 XRIRINE: A

KEERAREHDERKAER, BEEYET W
BHMBRFERE., AYNEREBTYRANZT>
BRETAEEASZENRKLEY. KREE
EMXAERREENREF2Z -, TEWELS
oM B ] AL, B E E R A R 4R kR
Bk FHSKRMEAYT PENTETH BELS
B 435 o R IOR A R IE ),

BREIMYERKRENMLFLEZ—, TN
RHEVENFESEELESYAS, T HE UL R
BREEHYENNERREIR, EEYREHER
gEPREFEEMNERY, KA, & FH
R R =M (ATP) (E L B4 A8 [T (NADP* ) (3B
JREVBRE [ (NADPH) \E /LRI BB T (NADY )R
TR AMSBEEAERAMBRKLEESYNERZ
BEMEB SO ERERT 173 ~
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BF #EXHEHBHE™R, BREEHWAE 173
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GrFEN—NEENELYHEE B TEERNE
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1 MES5FE

1.1 g5t

HAKTHHABRE 105 WALHBRAR
HhL, RBRF3IAZES AEBHAWP#HT R
HFEXR), ARSEERNTDIEEREREGTE
BiAK, AR 25 cmx 0 em WEFEBHE, B2
RUR6.0kg(THE). KRR 2HE(EKE .
FE)AKTHENA SR, 16 MLE, B LR
3REE., THAKER 4 M0 245 0 HE R
KE(32.17% £1.26% )89 20% (F /K& 6.43% , 1k
ETR)40%(EKE 12.87% , EFETE) 60% (&
K& 19.30% , BT E )M 80% (FKE 25.74%,
EH); L BPESRE 4 18K 58%(0.05 mmol/
L) &8 (0.5 mmol/L) \IE % £tB% (1 mmol/L) 7 % B%
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(2 mmol/L). BLA KH,PO, MK X 5 W —&
ALB#KAF ¥ : NH,NO; 8 mmol/L; KH,PO,(4 4
A% );KCl 1 mmol/L;CaCl, - 6H,0 1 mmol/L;MgSO, -
7H,;0 0.6 mmol/L; FeCl; + 6H,0 0.02 mmol/L; MnCl,
4H,0 6 pmol/L; H;B0; 0.016 mmol/L;ZnCl, 0.3 pzmol/
L;CuCl,+2H,;0 0.3 pmol/L; NaMoO, *2H,0 0.3 pimol/
L; A Ca(OH), X H,S0, #& pH A% %] 5.5~6.0, &
BEMKREHF 0K, FHBEFE—FEMNTLE
Fot, BRAEFKD—B DHHSKE S . B
B, AR AL B, S e i, B 4 d E— K
BHFW(100 mL), URIERBFHUSNM R EFSES
MULEPRLE—H, PESKERAKRENKEE
HLEBXTFORNARBAE, FRLREEN
Ky BELBERFREMHETSKE, BB
BROIB . UWRAHEE T FEHZLRI
B, H T A RTENE,

1.2 ARWMESA®

1.2.1 HALHE BRAFPEFEZHHEES,
WRAMM LR, BEABRKMETE, ER
W E#HS»—EETF 105CHF 30 min, FE 0CTF
MEEE, FEFITEREL,

1.2.2 XK4tafeséhfrbrdin EF—H AR
FEAEKY I FHBEHE(W), BAKP 120G
REAME(W) , RERTHRTE(W), K@M
T (water saturation deficit, WSD) B AR, WSD = (Wi
- WF)/(Wt - Wd) x 100 75, o & B HE K7
Bl v TERRTHREERNE, K ER (spe-
cific leaf area,SLA) /A, SLA = LA/IM K13 (1A R
HER, LM A TE),

1.2.3 t4%4¥F HAGARAUEZEKERD
Ml AT (0.2 ) RER ET 10 ml BLE
LA S ml HEERBEAB(v/vy =1:1),7 4C
TEABEBEZEHFFTLBA. 7 663,645 nm T4
B30 52 W% A8 , 4 B8 Lichtenthaler' ™ ) 20 2,115 nt- 4
XaafMb)TE,

1.2.4 8 EFXA RN, BREWR40H,
P Mini PAM(Walz, Effeltrich,, 78 & ) #1l & 8 9% 5%
S8, HBMHBER 30 min J5, I E B E N JFH
BERABR /NI (Fo) UL YA B b J5 B B KK
K(Fm)  BHHE R(BRRAEMEPRLEZE,
POBI B3 JE) 0 Fo/ Fm (B ER AR KR A ZH,
RARZ N ERBBEFEHNEE, EXBN
500 pmol/ (m’+s) Y4k & T 1 2 R % 06 Fs, 7E)63R
415 000 pmol/(m® - s ) 41 F0 Bk F i 2 B K% K
(Fm' ), B TAHEBENXRZE I B HEFF=H (OPS

MN):8PSI = AF/Fm' = (Fm' ~ Fs)/Fm’',
1.2.5 A#4X#Hk RAXEL-600EEILE
Y Fi i 52 {L (Li - Cor, Lincoln, £ [ ) # 47 M [8] 1% & M
£, 3% A LED 4 B, LB 7@ & % (PFD)
A1 000 pmol/(m?+s), FEEM bk XM 2 M, WE
K 8 #EE(Pn) KHLFE(Gs) HH COo, KK
(C)MAZEBEZ(E)EHR. BIMLERE 6 #%,
KAFFHZE(WUE) AR WUE = Pn/E HEBH;
SABEHME(L)BHAR Ls=1- Ci/Ca(Ca HKK
HCO, W )ITE BB,
1.3 &t
BRATEMT(ANOVA) B RAR L EHS &
MEKELENKEMFEABRENER, 2K
{44 SPSS for Windows 13.0,

2 HEREH
2.1 REAER MRS SR SAR. LM
HRUEBHEYRY ¥R

TEBERANSKENKEH R KM T 5
(WSD) M KB WHERMEEYE B LR
AYBLUEREHLBAEA —ENEH(E ). BE
THEKBHE KR, KA THR BREDE R
T BEB/D, SRR W ERM LR g
PEEEHBK(R1). BFEMNMHAFEKE LM
EHRAREEYENEHARE A KkMEMT
o EHSTEYVR RSHAAEEE W, ERH%
FUHT, KGHKNB B EYR BERK, KD
EMTHMRELEERR(ED.,

FENMMEN BRBREYRUN, L BRAR
FMEKBEMEE S MERWZEHNY XD EEK
F(£1), ETRBBEET(HEKEN HWC #
20% 1 40% 6 ), (EHEF B R KBRS 6 R E
HEZERA, WY B ERE, T &K
BEMRHERURZER,

2.2 AELEXHAHERSRHKHE

HEEEEGRHELERL co, HEEARBE,
HEBRBTHEYMLERE . bR 2T M, L3
BEBANSKENKTHRE a FE(CH a) HE
EbEE(CHD) MHEFRLEFTH(Cla+b) HER
/b FEWMAECH a/b)HREFEEL W, HELH
BKEMBESRAMER.Chl a.Chl b HI Chl a+ b 1
BEWM,T Chl ab MEWPRBEE(F2). HE
SNEH BEE < SKEMN Chlab BEBEHR
HEXM(R2), RBELFH Cl o/b BEFG,MA
ETREKBEEAOFAT, XHEMLENAE,
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Table 1 Effects of phosphorus nutrition and soil water content on water saturation deficit, leaf water content,

specific leaf area, root biomass, shoot biomass and root/shoot ratio in soybean seedlings

m KRS G HR KR H:D‘_l'ﬁ?ﬂ BRRLOR wEREYR R
Treatment Water saturation Leaf water Specific leaf Root biomass Shoot biomass Root/shoot
deficit (%) content (% ) area(cm’/g) (g/plant) (g/plant) ratio
BER(P)
0.05 12.4a 74.6 a 247 a 0.36a 0.48b 0.83a
0.5 11.5a 75.3a 242 a 0.37a 0.62a 0.65b
1.0 11.0ab 75.2a 247 a 0.40a 0.68 a 0.61b
2.0 10.3b 75.5a 248 a 0.38a 0.63 a 0.61b
FRB(W)
20 15.6a 72.6 ¢ 213 d 0.40a 0.45d 0.93 a
40 11.8b 74.3b 237 ¢ 0.39 ab 0.56 ¢ 0.2b
60 9.7¢ 76.6 a 259 b 0.37b 0.65b 0.57 ¢
80 8.2d 77.1a 275a 0.36b 0.77 a 0.47d
ANOVA
P 5.97** 1.90ns 0.55 ns 2.07 ns 4.0 27.38" "
w 77.83" " 63.62" °* 62.75"** 4.16"" 99.07" " " 119.35" "
PxW 2.69° 2.13° 3.447 1.39 ns 5.73" " 3.8 "

B FARFERRRRARKAKILERZREE(P<0.05), *, * », % » » FHIRRAE0.05, 0.0 M0.001 HKFLEREE, ns R
RERABE., TH.

Note: Different letters denote significant differences between P or water levels (Duncan, P <0.05); * , * %, % % : Significant at 0.05, 0.01 and
0.001 probability levels, respectively. ns: not significant. The same as below.

£2 BUAARMNAEHEESRAT W

Table 2 Effects of phosphorus nutrition and soil water content on chlorophyll contents in soybean seedlings

n® HRE B HEELAR HRESR HRE o/b A
Treatment Chl a Chl b Chla+b Chl /b
(mg/g FW) (mg/g FW) (mg/g FW)

BRI E(P) .
0.05 2.64b 0.64 ¢ 3.27¢ 4.26 a
0.5 2.82 ab 0.85b 3.67b 3.35b
1.0 2.9a 0.91 ab 3.81 ab 3.19b
2.0 3.04a 0.9b 4.03 a 3.08b
FkE(W)
20 2.54 ¢ 0.73 ¢ 3.27¢ 3.66a
40 2.77b 0.80 be 3.57b 3.54a
60 3.00a 0.91 ab 3.91a 3.35a
80 3.09a 0.94a 4.03a 3.34a
ANOVA
P 17.67" " 50.01""" 33.08" " 58.12" "
v 38.72" " 20.58" %" 39.00" " * 5.04"°
PxW 1.26 ns 0.91 ns 1.03 ns 5.29"*"
2.3 AEAEMHAEHERZKNKME ERE, ABEx oPSTIWEWARE, R H

Fo/Fm MOPST R BT PS I & L0 Fl AT Fo/Fm THE, Fo/Fm MOPSTPEESKEN T
BEMEENER. ARITA, SEEFHEBEMEL MK, BESExFKEX Fi/Fm BHEBENR
B RBMEBMANSEMH Fo/Fm MIOPSTE BN ,EX oPSTHZTEBRMNARE(E3),
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Table 3 Effects of phosphorus nutrition and soil water

t on chlorophyll in soybean seedlings
A3 Treatment Fv/Fm opsl
®REE(P)
0.05 0.813 b 0.528 b
0.5 0.810 b 0.534 b
1.0 0.826 a 0.554 a
2.0 0.810 b 0.551 a
FkB(W)
20 0.812 be 0.517 ¢
40 0.808 ¢ 0.537 b
60 0.820 a 0.548 b
80 0.819 ab 0.564 a
ANOVA
P 14.63" " " 7.29" "
w 8.25""" 17.18"**
PxW 3.68°° 1.21 ns

24 IWMESARNBESBAMRKESELZHRBEN
¥\
TERTERSKENAKESBRGSHNE
Ew(E4), BELEBIENEK,Pr.G . ER
Ci K, Ls W/, T WUE ZHLMABE. FEEL
BWEKEMIMK, Pn.Gs E M Ci K, WUE
L MB/NMNESD . AN, FELHHEH, LERSE
MEKESXT WUE fl Ls BB EMZEIN

3 W #®
BEBRSKAZAEEEEBNNER, X

BEFFT R, K5 B 4 4 X 9% 8 R e L A A0 4
R EZEENHREER AT HLRSE—SRE L
BRI T RS B R KA R RR, 53
“IARESRA” 8 B U0, MK gk B R R B A
BRAKSIH—AF AR, KBS G (wsD) R
BREEM A ASREH—~NEERF, WSD BAE
BB EBTE, AHREREXN, TENKB
HEHRAEH A AMERMTHEA, S KBREE, B
BAREMN . W, BEE 5704 BRIEYX TR
HEER Y AE R EENEM.
HHERERTHABREBREENES, 5
MK RS OL A E R RIE b, 51 % &R K
W, % SLA Y E R A KERER I FERHFE
BTG SLA Y H A B R RR A, EBEN T
BAENREFES, RBELTURREYH LS
BTHAHER, AP ERBREDERREET
RIAEKER, URABARED . AXRRLERE
B, FREMGT, KEH A SLA B/, BE MK,
WREYA S BE —EHARES . 5B S 308
T H K, BLGREEAT BT SLA 8 5 H 9 B
BNEE, XI—ZERUFPSKAMMTHREEKEN
25 R M — B, 09 B R 0 B B R W T
FEESHARMIE . — &, EKRBEE K&
BT, KM 34 F A AR R 65 B s
R R K AL & R BRSO AR G , LA 38 AR B4 A 0 R
BRI W £ 10K B, LA 3R TR RN K B B9 R
RB-2) B, R ARG T ERNEDEE
At PR RBUR MK EE B E SRS BRI

£4 BHNSARDAXESEZHNLNM

Table 4 Effects of phosphorus nutrition and soil water content on gas exchange in soybean seedlings

g3 WHAEE Po KARE G M co, ME Ci KBAEEE K5 F) I SALBREE
Treatment (pmol/ (m*+s)) (mol/(m?+s)) ( pemol/ mol) {mmol/(m?+s)] WUE Ls
BIR(P)
0.05 14.4b 0.18b 208 b 2.72b 543 a 0.46 a
0.5 15.4b 0.21 ab 219 ab 2.98 ab 5.22a 0.45a
1.0 16.8 a 0.22a 227 a 3.25a 52a 0.41b
2.0 17.0a 0.23a 3.27a 5.21a 0.40b
AKE(W)
20 14.5b 0.18b 211 b 2.67¢ 5.53a 0.46 a
40 15.3b 0.19b 221 ab 2.91¢ 5.30a 0.44 ab
60 17.1a 0.24a 229 a 3.29b 5.20a 0.42b
80 17.4a 0.25a 27 a 3.58a 4.8 b 0.39¢
ANOVA
P 14.29*° " 6.05"° 8.21"" " 11.43*"° 2.83" 13.30° "
w 18.42° " * 15.48°° * 7.06" " 27.30""* 1.27°°* 12.55° "
PxW 0.71 ns 1.07 ns 1.95 ns 1.36 ns 4.54°"" 3.23°"
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AHAELR BRBMTEYRFBEREHAEGE
REE, BEAN S HEEREREBEARFTEY
R SFL R H f 3 AR H® . Farquhar 1
Sharkey A 3 , BT Rl ffa (8] CO, % E Ci MK TLIRH
E(LHESIAFERTRASERMMEM E
BFER, REY G5 P ALK EHER,HE
AH Ls MRE, AR EERNTHREERS
FRILSEWRESIRA, U, 0% Pn TR, G
AE, Ls BN BTUEEXRGREETRNRER
ERMHAARAEEEWRE MARKILFEN
RHE, AXFRERER, KEHH I Pn. Gs.
ERMC HbE T ESKERMBESRYRERTTR /D,
TS FLBRBE ( Ls) B K, Bk, 7T LA R BB
FRIBAGHEGERMYEREERHG TIALRH
F. HESNES, LERSEMIKEY Ls B
HRENTERN, RHEBEM TR SAR
A BN

HEHRERA, EKF TR, HYEAR
ABA 830, ABA B — N EEA B ER R R H
EFREATHRABERIEREE, EFSIL
K, AT FRAK K 4 R 4E MR E TR AT
RABEHNCY, FBE, FEGRBERT, B RN E %
MERAE, SALFEREY, AFREER,R
FTEBETERREMTAHSASERERRK,
HASHHARERNBEM K, FESTRH, L3
BERBMEKEN WIERABEMNTER.
W SILBE R YE N T B —FEELH , 5k
BUNA R TRETREHTHEYKDFRABE,

HEEREVRESIEANYRER, K5BH
B EEYESERKE HERHRSHERTE
BERBOLAERAREMEMR, B, Yyn g
EABRANREERBHEY SR EEE
. MABREEREYH SN EEEBEEIRZ—,
AXHREREN, BT EHFE Chl a.Chl b
# Chla+b THE, HBMLBES Pn -, M,
BBEESBKEH A Chl asb B EH S, 4 B Hxt
BREDHMHBEERTHERE ., IHERETE
FUTEAHE. TR HMERSTENTRRAK
EAELTERRBNTEMETREAFERT
RAEEREZ~,

Fo/Fm fE X BB PS T 35 #5900 e R RS 0 03K
B, TE ISR R TR B AL B S Z 2R
A A R BERIK, ops T &R PSR

PORBRERAE, ERMPLEIXAFET
MERAERR, KRB EXTHATRT
e i e 5 ROGRER EL B, A RR R, B
BATEHBETFTRKEHHH Fo/Fm MOPST BB
ERE ZXVSBATEMEEXRE ST ZEH
FLBET PSIEVDOLRE AR EME S B T144
B PST HaEmE .02, k& A RY RN
BZBME, G EFh PSR PLM Q,,Q8 &
PQESBIBRZEE MW, NIRRT HREMES .

SLER BERMEDHERIME R
HFEZAHARMILE. —FHE, REEREREMN
M b, (RS TL 5 B P A B S 8, DA 388 0 T Ak
X 7K F B A4 R MR R R, LRI K FIBERR B
5, B AT BB O AR R R A9 R K B S Tl
BKSEIB, BB T RS EHKILBS .
BEIRERLUK PSI MRS B E, R
AHEETHMEEFRE,
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Interaction of phosphorus concentration and soil moisture on
photosynthetic traits in soybean plants

WANG Xu-ming, ZHANG Zheng, SHI Gang-rong
( The Provincial Key Laboratory of the Resource Plant Biology in College of Life Sciences ,
Huaibei Normal University, Huaibei, Anhui 235000, China)

Abstract: The effects of phosphorus (P) nutrition and soil water availability (W) on the photosynthetic traits of

soybean ( Glycine max (L.) Merr.) plants were studied in pot experiments. Four levels of P supply (0.05, 0.5, 1.0

mmol/L and 2.0 mmol/L KH,PO,) were applied by nutrition solution. Before seedling establishment, the pots were kept
near 100% of holding water capacity (HWC) . Afterwards, the pots were maintained at 20% , 40% , 60% , and 80%
HWC, respectively. The results were showed as follows: (1) Both the low P and drought stress resulted in a reduction of

the leaf water content and shoot biomass, and an increase of the leaf water saturation deficit (WSD) and root/shoot ratio

in soybean plants. There was a significant P x W interaction on WSD, root/shoot ratio, leaf water content, specific leaf
area, and shoot biomass. (2) The chlorophyll contents(Chl a, Chl b and Chl a + b) were significantly decreased in
seedlings under low P and/or drought stress, while chlorophyll a/b ratio was enhanced in P deficient plants, and it showed
significant P x W interaction. (3) Drought stress and P deficient significantly reduced Fv/Fm and ®PSII, and a significant
P x W interaction was chserved on Fv/Fm. (4) Both the low P and drought stress caused a decrease in the net photosyn-

thetic rate, intercellular CO, concentration, stomatal conductance, and transpiration rate, but an increase in the stomatal

limitation (Ls) in soybean plants. A significant P x W interaction was observed on the water use efficiency and Ls.

Keywords: soybean; P nutrition; drought stress; photosynthesis



