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Abstract; Plant growth is limited by nitrogen and/or phosphorus in the dry-hot valley, and the nutrient limitations may
differ across soil types. Photosynthesis is the basis of plant growth and development. However, the effects of nitrogen and
phosphorus on plant photosynthetic characteristics in dry-hot valley have not been reported. In this study, we planted

Dodonaea viscosa, the dominate species in the dry-hot valley in different soils with different elevations in Yuanmou county
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and fertilized them factorially with nitrogen and phosphorus. The effects of nitrogen and phosphorus addition on
photosynthetic response curve, chlorophyll content and chlorophyll fluorescence were studied, and the relationship between
photosynthetic response and D. viscosa growth was discussed. The results showed that; 1) photosynthetic characteristics of
D. wiscosa in different soils responded to nitrogen and phosphorus addition differently. The net photosynthetic rate,
chlorophyll content, and PSII activity of D. viscosa were increased by nitrogen addition (+N and +NP) in dry red soil. +NP
promoted the photosynthetic rate and chlorophyll content of D. wviscosa in purple soil. +N reduced photosynthetic rate and
PSII activity of D. viscosa in yellow brown soil, where P addition treatment ( +P and +NP) increased the photosynthetic
rate. 2) The responses of photosynthetic characteristics of D. wviscosa to nutrient addition were depended on the type of
nutrient restriction in soil. The addition of the limited nutrient could improve the net photosynthetic rate of D. viscosa. 3)
The reductions of Fv/Fm caused by +P in dry red soil and +N in yellow brown soil were attributed to the reduction of Fv
rather than the increase of F;, which could relieve the damage of PSII. 4) Chlorophyll content and chlorophyll composition
of D. viscosa in the three soils were significantly different. Compared with dry red soil and purple soil, chlorophyll content in
yellow brown soil was significantly higher, while chlorophyll a/b was significantly lower. To sum up, the results showed that
the photosynthetic capacity of D. viscosa was co-regulated by nitrogen and phosphorus, and the responses of photosynthetic

characteristics of D. viscosa in different soils could enhance their adaptability to restricted nutrients and affect their growth.
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Table 1 Geographical location, climate characteristics and the vegetation of the three soil sampling sites

TR 213 1)L 3 ik IR AR i S FEAEH
Soil type Longitude Latitude Elevation/m  Temperature/°C Precipitation/mm  Climate zone  Vegetation
BELT+ Dry red soil — 101°52'50'E 25°41"27"N 1151 219 621 MR ERT RO
Bl T WA T RS AE
%1 Purple soil 101°56'49"E 25°44'01'N 1924 14.6—15.9 829 ETRHERME ' ’ ’
£+ Purple soi | AR TR
i Rz o
Rin . 101°58'46'E  25°44'25'N 2738 11.1—14.2 883 ! ‘,,Hfij{‘ LM AR R A
Yellow brown soil WA

F2 =T ERRPOEKREHMER
Table 2 Physical and chemical properties of the three kinds of soil

B

S pH . 2R e 25 AR AR HA A
T HEm Organic - - - . . . .
. pH value Total N/ Total P/ Total K/ Available N/ Available P/ Available K/ Density/
Soil type matter/ 3
(w/ke) (g/kg) (g/kg) (g/kg) (mg/kg)  (mgkg)  (mg/ke) (g/em’”)
21+ Dry red soil 6.50£0.04  8.95+0.43  0.13x0.051 0.35+£0.027 35.19+0.36 74.37+4.60  6.44+0.32 169.79+1.59 1.51+0.03
£+ Purple soil 5.97+0.04  20.63+0.26 0.35:£0.024 0.37+0.034 31.83+0.41 114.35+5.15 6.75+0.15 123.12+2.38 1.53+0.03

FRHE Yellow brown soil ~ 5.45:0.07  54.25£3.02  0.60£0.023 0.43:0.032 33.82:0.52 228.69+9.86 7.51:0.47 159.57+2.86 1.04:0.01
RPN P AR UERR  n=3
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AR FRAT AL FRAL IR AT A (CK) JNA(+N) s (+P) JnEm e (+NP) PURh A T4 2 X5 8 55 19 %
W, U IR o B AL B DUE FR AT IR N, S BT AS 22 B FR 0, INECA IR KNO, fil Ca(NO,),. 4H,0,
B NN KH,PO, 8¢ Ca( H,PO,), , IFE AR ANZE 1 MgSO,.  7TH,O  F3E T A AL B AR50 1 7 (K, Ca,
Mg) AHEEFEAZ M0, HAREL AT 36 3, AR UEE TR, HUAs 2R IS il AF R 00 DU RR S FRI, 458 TR e
il %5 FH H,S0, 3% NaOH #%& pH 4y 6, $&ASSLE A0 45 3 Fp AU 4 FpRBRALBE , 35 12 ASb 8l A4 B
6 MEE,

%3 FRMEERZERRES/ (mL/L)

Table 3 Hoagland nutrient solution formula in different treatments

Ee S F#43 4L B Nutrient treatments

Salts +NP +P +N CK
1mol/L KNO, 5 — 6 —
Imol/L Ca(NO, ) ,.4H,0 5 - 4 —
Imol/L MgS0,.7H,0 2 2 2 2

1mol/L KH,PO, 1 — — —
0.5mol/L K, S0, - 6 — 6

0.05mol/L Ca( H,PO,), — 10 — —
0.01mol/L CaSO, — 450 100 500

—RARKIIM

TR T R 2 B BT L M 5 BB AT ST TG T A UL sl 1) Uk 2 R N AT, R R AR 1Y 1 s [l
SRS KM, K Bk BRRR RS A, — IR MEDEE K , 760 B RE A 20 IR R A B 1 42 F FFP 7 (98 %
BilR, 10 min) "7 BEFPE ARG BUSLI DK (AR DK 0 S K A i R R K o ok B
ke —20) , AR IE R B MA K R, SR YREC(2 /) . TR KSR R R T s
FEUR IR AL B A (R E B PEK , RAIEAR AR AN 2 T 58 m 0 IR sh sk i 8, Ao IS 22 7. b TR
1R TR B R0 B R A AR A AN R R ) SR B B A R A A B R I, B 15 AR L R — 12
M LB R — R R B IR B AN, EFRRE RGP, Bt 2058, BRR DS 200 ml /4L, B IR
TSRS A IR AN B A 2 LGS 210 mg N/ 7%, I Ab BE A 24K 2L AR N 31 mg P/ 7%, MR 2 AR ML
(_E X FRXE 26X16X24 em) , BA AR KN S ¢ / m® AT 50 kg AEBAL, Ry XK IR
TR 2.5 52247 0 PIAS A TG 05 75 55 F 19 6 & FR v Ak s R OOe v, IR R A R Ho 4 R
T,

1.2 5Pl 5k

(1) Sema Ry 205 . S50 R W B RS KT L4 9.00—11:00), fii FH Li- 6400t 5 485 =X % A 22 1 ( LI-
COR 2~w], ) g AFEAN N ER T ARG R, AR RITFR 3 B Bt Fr
FIUHLLWCIR (LED ) #HD6-E A 2R 598 2 (PAR, wmol m™ s7") | % BOGMIRE J 0,10,25,50, 100,250,
500,1000,1500,1800,2000 pmol m™ s~ M FPF I Fr 84 10—15 min YGiFS:, WEBHMYES A shid ZE0t A
A (Pn) AL (Gs) MBI COMREE (Ci) ZEBHR(Tr) S0 G A HSH

(2) WRERZEDOEME . i FHAS E =022 Z 2981 Handy PEA 1024 I 425 T4 R DOBAHE,
FAEAE AR R e A 18 N7 & Fid 30 min, W58 A ISR R DOE S EHE . /NG (F,) (I KPEIE (Fm) (7]
GG (Fo) PSR KA ZERCR (Fo/ Fm) B PS T TR TG M (Fos Fo) %5, BEASAEEREEHLGESE 3 Bk, I
FE R 5 A T R

(3) WhERE E B  AAAFRI 0.1 g MR AR, i/ A SERD FIRR R 5 83 ) 95% & B RIF S |
3—5 min KRBT UE R 25 ml AR, /D8 OBt ek B KRB EOR G O E R R
25 ml, ¥4, BUHSA @ R IR BURAE IR K 665,649 nm Rl E WG, DL 95% 25 28 AN I, AR AR
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C,= 13.7 A665-5.76 A649,C, = 25.8 A649-7.6 A665,C,,, =20.04 A649 + 6.10 A665 T FEM4RFE a, HEEFE b
FLE I SRR A (mg/ L), foeJa AR A 3 4R S i = [ SR B AR BE PR UR AR RO BEAR 2 ) /4
i, g AR A A SR 2R R B i (me/g)
1.3 Hdlaor

R 7 B (4.1.0) 20T A U AR A A XU 2 70 UL it 2 A6 1E A 0
ANFIAEEER 195 RO G MR UEATIRRAIS , RAS HR KOG R (Pmax) W1 fR TR (@) DA
s (Tsat) VMR (Te) FIREFEICE R (Rd) S50 & S8, HADUIMSARE AL EL A OB AR AU 2248 1E
{SIR NI /NN LI 11

ELA R R AR
al P"nlﬂx
Pz R (1)
=y P Esw I
a] + Pllrﬂﬂx - (al + anﬂx) 2 - 40a1 anax
B 26 R (2)
UM ZAE TEAR Y
| -BI
Poait R, (3)

Hor, Pn AR T OOER, o RIS BT RCE, RV YOE AR R em i 2 7e 1 = 0 B RER,
Pnmax AR REOE A Rd I IEIFIR R 0 k) Bt iy i 225 th i A S8 BE 0 < 0 < 1,84
SIS,y KA, BIA IR R 2 7 225007 (One-way ANOVA ) 43515 AS [A] £ 52870 145 H A9 4%
FEARIEA T 25 5 ARG 5, O F R/ N 3 25 15 (LSD ) HUAR & 3R 0 b BRI 22 57 3k

UEAN B2 25 i AR R O S B B A7 0 B A A 3L R o 7 8 B5OR 48 7R 25 48 A X Ui R o
i, R

g ;45 %% ( Response ratio)= In [ FER/CK],

o FER WM ASIMALFL A (+N, +P, +NP ) £ F5 R AL, CK Ryl BAAD T4 15 b O (1 o 4
AT T B AN ] L3RR N LA S RO R R v | R TR R SN i B s 5 0 IR A FE it AR EL A TE A%
O, T 13 48 N TR R A IR R LA GO Y R R 2250 H1 7k (One-way ANOVA) 43 311K 56 =l
- A 1 1 FR A 2 5 B Student’s T KRR AN AE BN TR RS 0 2 B EME . i SdiE b
HHYE SPSS 19.0 F 4T,

2 ARER

2.1 EFGI R AR X U 0 4 e R
2,11 RAr A bSO N 2R ARAE X U AR A i

Mrer + b BEE A R RN, AASIMALFE (+N FI+NP) 428 T 4 3 TAYEOGA 3R 7 +P b3 i
WA T 42 T AR (K 1a) . 24 PAR /NT 250 wmol m™ 7' I, & F2 AL BRI G G R L B 35 2% &
(P >0.05) 1M PAR £ 500—1500 5% B 5}, F2 43 Ab B Yo A HORIB RN 5 B E 257 (P < 0.10) , 24 PAR >
1500 pmol m™ s™'Bf, +N FI+NP AbHEA LA 3R W22 5 T+P Ml CK A (P < 0.05) . [AEF, +N b33 fin
TR T EFARE CO, M i+P AHREAL T R T AL T (B 1b—c) ; +NP A HERE(R T R 7
MIZEMEHR(F 1d) .

SRS B R+ N F+NP AR B B K AR 2 = T +P ORI CK AR (P < 0.05) , 3% 5 SEll{E
JEAH—BY ; +N FI+NP A PR () 5 g6 A R 20 518 19.63 1 19.05, B35 5 T+P il CK 4b (P < 0.05)
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Fig.1 Light responsive curve of Dodonaea viscosa in different nutrient treatments in dry red soil
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Table 4 Simulations and observations for light response parameters in the nutrient treatments on dry red soil
WA TROR T PNE D gL S TR MR I I R 3
s Qb Initial quantum Maximal net Light saturation Light compensation Dark respiration
Model Treatment efficiency/ photosynthetic rate/ point/ point/ rate/
('mol/mol ) (wmol /m?/s) ( wmol/m?/s) (wmol/m?/s) ( wmol/m?/s)
R CK 0.068+0.006a 18.00+2.13b 438.93+29.03a 36.46+6.11a 2.12+0.21a
Rectangular hyperbola N 0.075+0.004a 25.83+1.65a 512.51+24.44a 37.47+4.54a 2.53+0.24a
NP 0.076+0.006a 24.73+1.46a 516.14£26.25a 38.20+5.91a 2.55+0.23a
p 0.064+0.014a 17.42+2.44h 438.66+37.89a 50.09+7.00a 2.64+0.60a
AR B A XU £¢ CK 0.057+0.001a 17.23+1.87b 419.85+26.62a 38.21+5.86a 1.97+0.22a
Non-rectangular hyperbola N 0.066+0.003a 24.74+0.93a 490.24+12.58a 38.63+4.44a 2.37+0.30a
NP 0.069+0.002a 24.00£0.73a 501.80+32.48a 38.73+5.42a 2.42+0.33a
p 0.054+0.009a 16.84+2.29h 424.53+41.58a 52.55+6.70a 2.51+0.56a
1B IEAR A CK 0.063+0.003a 14.26+1.62h 2438.54 37.26+6.02a 2.04£0.20a
Rectangular hyperbola N 0.071+0.002a 21.04+0.27a 2159.50 37.85+4.34a 2.44+0.29a
modified NP 0.070+0.004a 19.55+1.21a 2293.97 38.91+5.86a 2.43+0.29a
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T QbR Initial quantum Maximal net Light saturation Light compensation Dark respiration

Model Treatment efficiency/ photosynthetic rate/ point/ point/ rate/

('mol/mol) (umol /m?/s) ( wmol/m?/s) ( wmol/m?/s) ( wmol/m?/s)
P 0.061£0.012a 13.42+1.48b 2510.62 46.76+7.01a 2.59+0.58a
SZM{E Measured value CK 0.046+0.002a 13.76+1.79b 1933a 40.99+6.51a 2.08+0.24a
N 0.055+0.001a 19.63+1.07a 1933a 40.16+5.83a 2.45+0.24a
NP 0.053+0.004a 19.05+1.15a 2000a 42.38+6.52a 2.54+0.31a
p 0.046+0.005a 12.97+1.31b 2000 a 53.56+5.91a 2.69+0.51a

RHEAL N EIELBREDR , n =3 ARG FRER RN R 5250 b 21 H) 22 5 .35 (P < 0.05)
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Fig.2 Light responsive curve of Dodonaea viscosa in different nutrient treatments in purple soil
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AR K A R T CK AREE 330 5 S0 (2 A0 — S0 5 +NP AL B A Fe KA oh 15,94, H CK A0 i
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Table 5 Simulations and observations for light response parameters in the nutrient treatments on purple soil

WRETRCE  RRRGAER M RO
fm Jis: | Tnitial quantum Maximal et HOEEL o compensation  Dark respiration
Model Treatment efficiency/ photosynthetic rate/ 11 Saturation point/ point / rate/

(‘mol/mol ) (wmol /m?/s) (pmol/m™/s) (wmol/m?/s) ( wmol/m?/s)
BRI CK 0.064+0.005ab 15.53+£2.67a 412.69+54.94a 53.04+15.89a 2.57+0.49a
Rectangular hyperbola N 0.074+0.009ab 19.02+1.63a 428.70+50.30a 33.18+5.53a 2.10+0.08a
NP 0.055+0.004b 20.04+1.82a 469.87+34.58a 56.47+7.50a 2.73+0.46a
p 0.075+0.003a 19.07+1.33a 424.71+25.12a 34.05+2.32a 2.27+ 0.23a
EINENPLTIEET CK 0.051+0.005a 14.61+2.18a 387.86+43.82a 56.02+15.20a 2.39+0.57a
Non-rectangular N 0.062+0.003a 18.39+£1.93a 413.35+57.96a 34.73+4.77a 1.95+0.15a
hyperbola NP 0.055+0.004a 20.04+1.82a 468.57+35.62a 55.59+8.30a 2.67+0.50a
p 0.065+0.005a 18.38+1.18a 407.77+19.03a 35.65+2.46a 2.13+0.24a
B IERR CK 0.056+0.005a 11.30£1.72a 1687.36 55.02+15.62a 2.44+0.53a
Rectangular hyperbola N 0.068+0.006a 15.67+2.15a 2083.72 33.84+5.20a 2.02+0.11a
modified NP 0.055+0.004a 16.71+1.84a —_— 55.29+8.65a 2.73+0.46a
p 0.070+0.004a 14.71+0.76a 2071.05 34.82+2.46a 2.19+0.23a
SME CK 0.044+0.001b 11.06+1.93b 1600b 54.21+13.34a 2.53+0.62a
Measured value N 0.050+0.002a 14.71£1.22ab 2000a 37.30+4.99a 2.05+0.14a
NP 0.048+0.001ab 15.94+0.99a 2000a 57.29+7.47a 2.96+0.42a
p 0.050+0.002a 14.53+0.93ab 1933a 38.82+2.76a 2.21+0.26a
*6 HIBEEFHSLETRMAEMERBUSESZNE
Table 6 Simulations and observations for light response parameters in the nutrient treatments on yellow brown soil

LGRS &S = FNE D LS AR A T I 4 o
T Qb3 Initial quantum Maximal net Light saturation Light compensation Dark respiration
Model Treatment efficiency/ photosynthetic rate/ point/ point/ rate/

(mol/mol ) (wmol /m?/s) ( umol/m?/s) ( wmol/m?/s) ( pmol/m?/s)
R RE CK 0.069+0.013a 18.45+2.37ab 435.89+36.23ab 51.27+10.46a 2.76+0.03a
Rectangular hyperbola N 0.088+0.008a 15.93+£2.97b 374.40+36.66b 38.88+5.50a 2.71+0.40a
NP 0.076+0.006a 20.55+1.21ab 464.23+28.02ab 39.58+5.68a 2.58+0.25a
p 0.072+0.007a 23.14+1.71a 488.24+14.52a 46.42+5.77a 2.95+0.47a
E|FENEPITE CK 0.057+0.003a 17.87+2.38ab 422.51+44.93ab 53.14+8.86a 2.60+0.18a
Non-rectangular hyperbola N 0.073+0.008a 15.16+2.98b 353.13+£39.12b 40.18+5.64a 2.44+0.29a
NP 0.058+0.004a 19.33+1.45ab 434.51+36.49ab 43.09+6.00a 2.31+0.29a
p 0.064+0.004a 22.42+1.45a 472.82+6.50a 48.63+6.94a 2.83+0.41a
EIERER CK 0.062:0.007a 14.34x1.80a 1439.21 52.21+9.64a 2.66+0.12a
Rectangular hyperbola N 0.080+0.007a 11.91£2.79a 3179.55 38.94+5.16a 2.51+0.31a
modified NP 0.065+0.002a 16.16+1.35a 1556.86 41.63+5.96a 2.40+0.26a
p 0.068+0.006a 17.93+1.05a 2462.85 47.88+6.75a 2.86+0.43a
S E CK 0.049+0.004a 13.80+2.10a 1833a 53.74+7.77a 2.80+0.26a
Measured value N 0.049+0.003a 11.64+2.67a 2000a 45.29+6.88a 2.52+0.26a
NP 0.050+0.001a 15.35+0.53a 1767a 44.90+5.76a 2.47+0.33a
p 0.053+0.003a 17.06+1.16a 2000a 50.94+6.44a 3.03+0.40a
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Fig.3 Light responsive curve of Dodonaea viscosa in different nutrient treatments in yellow brown soil
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AR PEFN G BB ST (P < 0.1) ;+P F+N AFE 9 K56 43 %530 17.06 F1 11.64,+P &b
PHAY R RSO SR L +N B T 46.62% (£ 6) .

2.2 FERFGRER T AW I e

BRLl+ b AR EE (+N FI+NP) BRI T SRR B A JF R E R T MR a/b BIMH, [FFEHD,
Lt FANP BERE TSR SR, RN T A a/b, (HEREHE AR U I AR K S B0 B
(K 4)

2R RS B B A R R B e 7 8 B S IE A G (r = 0.64, P < 0.001) . 44 = Fp 3850 FF AT 2k
PERIE BT  BRET 4 A 4R3-S SR i RO B S 3 IEAH DG OC R (R = 0.88, P < 0.001) %68+ |-
I 2 2% S BRI o AR B IEAHSE (R = 0.60, P < 0.001) , 17 5 e b 2 5235 i 5 7 R0k B
BFEMME(P > 0.05) (El5),

2.3 ERTMERIOCERERT E AN e 1

PRt b IR B (+N FI+NP) B2 FAK TR FoEL HR N T Fo/Fy 5 Fo/Fm AR BR20+ F+
P BERERT Fo/Fy5 Fo/Fm (P < 0.05) , 3 Fo/Fm B#KE] 0.79+0.007, [AIE, 12l + F+P AP FoEE CK
LEFRYEES T 5.76% , 111 Fo H CK ALFEFEAR T 8.16% .,

1 b ARSI IR 42 R F iR R ORI S A T R R (P > 0.05) , BERREE o
BALPE(+N FI+NP) BEEMR T Fo/F, 5 Fo/Fm (P < 0.05) (18 6) ;+N FI+NP AFEAY Fo/ Fm 43 5 AR F) 0.
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Fig.4 The N and P additions effect on chlorophyll content (a) and chlorophyll a/b (b) of Dodonaea viscosa is shown as the natural log of

the ratio of nutrient addition: control under different treatments
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Fig.6 The N and P additions effect on chlorophyll fluorescence parameter of Dodonaea viscosa is shown as the natural log of the ratio of

nutrient addition: control under different treatments
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Table 7 Photosynthetic values of Dodonaea viscosa under the three soils

eIt PR+ %6+ AR
Value Dry red soil Purple soil Yellow brown soil
KA %R Maximal net photosynthetic rate 16.35+1.08a 14.06+0.79a 14.46+0.98a
WIEHZEN Initial fluorescence 736.95+14.55a 758.85+28.17a 716.85+17.44a
PS I fix KOtAL 273 Maximal photochemical efficiency 4.39+0.13a 4.19+0.15a 4.36+0.18a
PS I VEAEIGE PSTI potential efficiency 0.81+0.005a 0.80+0.006a 0.81+0.007a
4% Z & & Chlorophyll content 1.66+0.10b 2.25+0.13a 2.49+0.10a
M4 a/b Chlorophyll a/b 3.08+0.17a 2.48+0.13b 2.07+0.06¢

KB N I AR R s AR R NG FRER IR AN R 1 2R T ] 22 5 2% (P < 0.05)

SR, BRI B +N AP SN 4 25 5 i [+ N AR B S S5 AR T A R PO AR, B R UMY
Rk ORI T R W], aod d () B0 AT 5 R AR R DAY 1 7 3% A SR 1) 1 RGBT DT X A A 1)
FHERA IR — Bk, EBEILLS LN 15 BRI 1, 78 I FUAE IS A 16 & R R A
TR ARSI B S A Y A RO A RO LB 301 1, I MBI, A A A e AR X
HD Al REH BLEUR A BRAS o DRI, BN I B i 2= AR AR W00 A 2 AR, SRR Ll b B2 (+P T+
NP) BEMEHE TOCA RN, BIR P XA i RPN 2 (E Bl Ak N8 3 320 Rubisco 1
RN 1, 5- BRI P A o A A 2 A B A R D e A R I Bl A A A B TEAR G
KFRH ARBIETE Y, B BN RN T B B DR B S o B i B R T A R
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