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Abstract: [ Purpose] To study the effect of nitrogen (N) and phosphorus (P) addition on photosyn-
thetic characteristics and antioxidant system of Suaeda salsa in the Yellow River Delta. [ Methods ] A
field experiment with N addition (0, 5, 15, 45 g/m’, respectively) as the main plot, and P addition (0
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and 1 g/m’, respectively) as the subplot, was carried out with a split-plot design to investigate the ef-
fects on the growth, photosynthetic characteristics, and antioxidant system of S. salsa. [ Results] N
addition significantly increased the biomass and plant height of S. salsa, and had a significant interac-
tion with P addition. The highest biomass and plant height were found in the treatment with 45 g/m” of
N application combined with P. When the P was added, the content of chlorophyll a, chlorophyll b,
and carotenoids in the treatment with 45 g/m” of N addition were significantly increased by 84.0%-
408.4%, 99.0%-499.6%, and 71.9%-269.9%, respectively, compared to other N treatments. N addi-
tion significantly increased the net photosynthetic rate of S. salsa leaves, and there was a significant
interaction between N and P in chlorophyll content, transpiration rate and leaf water use efficiency.
The treatment with or without P addition at the 45 g/m” of N addition significantly increased the per-
oxidase activity of leaves, and there was a significant interaction between the N and P addition on su-
peroxide dismutase and peroxidase activities. [ Conclusion] N and P addition can effectively in-
crease the chlorophyll content, photosynthesis and antioxidant enzyme activities of S. salsa, to adapt
to the saline habitat and promote its growth.

Keywords: nitrogen and phosphorus addition; Suaeda salsa; biomass; photosynthetic characteristics;
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=YX L (N38°1'18”, E118°442"), Z X MR
TR KGR, AFXRRE 12.5 C, 4
¥IZE K #1900 mm, FHFEKE 660 mm, [FEK
ZEDT 6—8 H . HHEEA L+, HIE
AR A . pH 7.83, HL5% 5.38 ms/em, AL
R 16.2 ghkg, ®AT R 032 gkg, HH
0.64 g/kg, SHEH 11.2 g/kg, S &8 7.82 g/kg.
FE A A A R AR R 4
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BEANAL PR 3 ANEE, it 24 NNIX, BENXEE
M AN 2 m x 2 m, RAMILXH T, il
M, NX ARS8 2 m 2R oA, IR
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Fig. 1 Fresh and dry weight of per plant of Suaeda salsa under different treatments
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Fig. 2 Plant height, stem diameter, and leaf area of S. salsa under different treatments
x1 FAELETEMEEHAHLERRSE
Tab. 1 Photosynthetic pigment content of Suaeda salsa leaves under different treatments mg/g
b 4t Ka £k Kb ESTIEAY S £k 3K atb
treatments chlorophyll a chlorophyll b carotenoids chlorophyll a+b
NoPo 3.313+£0.976 d 1.206+0.306 ¢ 0.791+0.146 d 4.519+1.281 ¢
NsP, 3.890+0.572 d 1.337+0.146 ¢ 0.959+0.133 d 5.227+0.719 ¢
NisPo 5.426+0.746 cd 1.957+0.318 be 1.291£0.143 cd 7.383£1.064 be
NysPy 11.054+0.600 b 4.512+0.359 a 2.409+0.128 b 15.566+0.946 a
NoP; 2.787+0.641 d 0.921+0.214 ¢ 0.831+0.115d 3.708+0.855 ¢
N;P, 5.742+0.754 cd 1.959+0.303 be 1.285+0.133 cd 7.702+1.057 be
NP, 7.702+0.802 ¢ 2.775+0.281 b 1.788+0.195 ¢ 10.478+1.082 b
NysPy 14.168+1.818 a 5.522+0.685 a 3.074+0.381 a 19.690+2.503 a
N k% k% k% kK
P Kk k% Kk k%
NxP * * NS *

HE: No~Nys. ZURIIEZ 080, 5. 155145 g/m’s
[5)/NE - RER TR A PR E) 22 5 5B (P<0.05); **. P<0.01, * P<0.05, NS. ZRARE3H,;
Note: N-Nys. nitrogen application is 0, 5, 15, and 45 g/m’, respectively; Py-P,. phosphorus application is 0 and 1 g/m’, respectively; N. application of
nitrogen, P. application of phosphorus, NxP. combined application of nitrogen and phosphorus; different lowercase letters in a same column indicate
significant differences among treatments (P<0.05); NS. not significantly; the same as below.
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Fig. 3 Photosynthetic characteristics of S. salsa leaves under different treatments
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AR G B A AL P i 25 1 T 38.8%~46.8%
NysPo A BRI C 5 NPy N3P Fl Ny sPoih #5351
B E AR 29.2% . 30.1% F122.5%, NisP; Fl NysP,
SEBREY C LB R T NP, Fl NPy AbFE, REsN
BT, Nys 40 B Lo 550 H At 50 40 B 2 35 14 m
37.5%~66.3%; UNINBERT, Nys Al Ny AEFE) L TG
WX,

3 BoR . ARRIBEALEXT K 53R FRCR
(WUE) s i 2, N[ ZAL B S 28 BAE
FH X ER b B3 0 7 9 75 6 3 2% (T,) M WUE 5%
i . HEBIE N 0~5 g/m® B, BRI INEAR
IS IMALH T, B350 20.9%~44.3%; &GN
N 45 gim’ BF, REIINBEXT T, 0B,
MRS INBERT, Ny AL FE A WUE 4 HAth &40 #
BEBEN 37.5%~66.3%; SUSINBERT, Nis 5 Nys
PR WUE JCi 522 57 BRARIE N 15 g/m’

G, HABEAINE T Py 5 P, 4L WUE #16
WEER,
2.4 [RIAEER XS Eh HUBRSE A P A A B I 1 R
JR I AL R

FH % 2 AIHT: R [R] AL B £R iz i i)
SOD. POD Fil CAT {f A it 52w, H AUk
ZHAEF X SOD 1 POD §f 4 &% R .
MR N 0 F 15 g/m® IBF, RS Jin 4 3L i -
F~ SOD T P 358 R VS gt 43 ) b 25 385 0 59.0% A1l
20.6%; HAWME N 0. 5 F1 45 g/m® B, BEIR
Tk ) POD ¥ 4 558 R B8 B 43 53] S 2 BG
117.6%. 67.3% F120.6%; SEANIEH 0~45 g/m’
W, EERIBERT CATWH LB EEm, 5
NoP;. NP, 1 NP AL AR L, NP A0 B RS SOD
POD Fll CAT 7 1 41 il & & 34 /i 15.7~149.6% .
98.5%~260.2% £l 96.4%~294.4%,

%2 TERETHHRASAIEEURA-_BNTALEAL R

Tab. 2 Antioxidant enzyme activity, MDA, and soluble protein content of leaves under different treatments

S SODVE{E/(U-g")  PODWEM/(U-g'min™)  CATWHMEAU-g"'min™) MDA & &/(umol-g™)  AIFMEEA S f/(mgg")
treatments SOD activity POD activity CAT activity MDA content soluble protein content

NoPy 21.807+3.678 ¢ 14.962+1.033 ¢ 2.070+0.829 cd 0.980+0.114 a 2.192+0.092 ¢
NP, 36.670+2.679 d 24.562+0.644 fg 4.136+0.885 ab 0.606+0.086 b 3.901+0.257 be
Ni5P, 54.428+5.926 ¢ 71.232+5.703 ¢ 3.576+0.035 be 0.298+0.053 d 3.203+0.288 cd
NysPy 84.595+5.407 ab 97.286+3.216 b 6.059+0.423 a 0.369+0.075 d 3.860+0.416 be
NoP, 34.663+3.229 d 32.559+4.144 ef 1.489+0.544 d 0.885+0.045 a 2.617+0.245 de
NsP; 44.725+1.794 cd 41.091+4.621 ¢ 2.864+0.025 bed 0.572+0.063 be 4.542+0.064 b
NysPy 74.779+2.914 b 59.094+0.496 d 2.990+0.111 bed 0.421+0.043 cd 3.905+0.261 be
NysP, 86.531+2.409 a 117.280+4.739 a 5.873+0.978 a 0.388+0.013 d 5.522+0.394 a

N ok ok ok ok ok

P ok ok NS NS o
NxP * * NS NS NS

MR 2 8 AT . AR E AL BT MDA FIRT %
PR AR S A R S . NysPy Ab 3L MDA
T NP, FINSP, B EFFK56.2% F132.2%,
{H 5 NysP, Fl NysPo ZbFETC 0 2525 55 MAE B
O 0~45 g/m® I, 2RI ANEEXT MDA % #70
TE R . NysPy A% AT M 2 & i
B NPy NsPy Al NsPy 20 1) 8 25 38 0 111.0% .
21.6% Fl 41.4%, %5 NysPo A0 3 5 E 10 43.1%;
MAGIE N 0~15 g/m?, EHIIMBEXT AR
Sy wRiES AR
2.5 HHUEGE AR SPUER RAN KR

2% 3 AT . R b elsZ 0 fi S5 i AR =y LA &

- B SFLBR HIME AR 3 R R S HT AL R 52
R FE ALK R (P<0.01), EhHbmsEM H 1)
2 2 B FNEOE A R S P A L (SOD.
POD. CAT) I M A % P2 1 % | A 35 E
G, 5 MDA & i 2k B3 U ¢ (P<0.01);
AL B FIZE IS MRS MDA & i 2 B il
i FE UM G (P<0.05 B P<0.01); HMila] CO, k&
50 A TE M 2R S TR G (P<0.01). 5
MDA 7 i i) ik 3 IEAHSC (P<0.01), S
H SR B RAEE (P<0.05).

T 43 BT K BT A o R T A A
SMENY 85.33%, REMSECT S X 12 N EARIY
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Tab. 3 Correlation analysis among growth, photosynthetic characteristics and antioxidant of S. salsa
EizE SODy POD#E CATi#HME MDA EEEASE
index SOD activity POD activity CAT activity MDA content soluble protein content
fif i & fresh weight 0.848** 0.945%* 0.730%* —0.611%* 0.676**
% plant height 0.896** 0.916%* 0.720%* —0.682** 0.766**
ZEH stem diameter 0.554%* 0.585%* 0.378 —0.589%** 0.438%*
MRS E
total chlorophyll content 0.831%* 0.891%* 0.702%* —0.615%* 0.665%*
R T
BAERE . 0.921** 0.870** 0.672** —0.820%** 0.702%*
net photosynthetic rate
-
LEE 0.208 0.231 0.236 —0.522%* 0.386
stomatal conductance
HRIEICO, X —0.879** —0.792%** —0.562** 0.648** —0.456*
intercellular CO, concentration : : : : .
P2 ST
H}%J\-? 0.095 0.105 0.199 —0.447* 0.358
transpiration rate
s il
W}LKEHFJE. . 0.890%* 0.807%* 0.581%* —0.654%** 0.510%*
stomatal limitation
ZNF 73y %2
7J(Jj\ﬂﬂa)&% 0.825%* 0.765%* 0.521%* —0.544** 0.530%*
water use efficiency
e e ) 5 R ORTE0.05FI0.0 LK B A%
Note: “*” and “**” were significantly correlated at the levels of 0.05 and 0.01, respectively.
KirfGE o MEHRFEMm & (K4 hRM: 5B 4 L R=0.965, P<O'0091|e éTr G, O NP,
L E AR T 64.12%, FEASFUM GRS ; anp
1 5
. JOta A, SALRGIE LS SOD #il POD 5 e
3 N S N S, : ' 1550
AR T 5 2 MR T 21.21%, ) . o NP,
X N Ny . i R N,;sP
FOPRAE AL R TR BN AR o ‘. ENh
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Fig. 4 Principal component analysis of photosynthetic char-
acteristics and antioxidant system of S. salsa leaves
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