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Leaf CO, Response Curve and Fruit Medicinal Components
of Lycium ruthenicum Affected by Nitrogen Application in the Arid Area
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Abstract: We explored the response of photosynthetic-CO, response curve and fruit medicinal components
of Lycium ruthenicum cultivated in arid areas to nitrogen(urea, N, 46 %) application. The experiment had
five different N application rates [0(CK), 50, N2:100, 150 and 200 g « strain” ' ]. The net photosynthetic
rate (P,), transpiration rate (T,), stomatal conductance (G,), water use efficiency (WUE) , intercellular

CO, concentration (C;) and the contents of total polysaccharides, total flavonoids, anthocyanins, proan-
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thocyanidins in the fruit were measured, and the parameters including carboxylation rate (), maximum
net photosynthesis rate (P,,.,)» photorespiration rate (R,), CO, compensation point (CCP) and CO, satu-
ration point (CSP) were obtained by fitting a right-angle hyperbolic correction model. The results showed
as follows: (1) appropriate N application rate had certain effects on 7+ Punxs R, CCP and CSP in leaves

of L. ruthenicum. When N application rate was 100 g ¢+ strain !

» mand R, were the largest, and CCP was
the smallest. When N application rate was 100~150 g * strain” ', CSP was the largest. When N applica-

tion rate was 150—200 g ¢ strain™ ', P,... was the largest. (2) Appropriate N application rate had certain

effects on the contents of the main medicinal components in fruits of L. ruthenicum. When N application

rate was 200 g ¢ strain '

the largest when N application rate was 150 —200 g * strain

when N application rate was 50— 150 g « strain™ ',

application rate was 100 — 200 g + strain ',

, the total polysaccharide content was the largest. The total flavonoid content was

'. The anthocyanin content was the largest

The proanthocyanidin content was the largest when N

For comprehensive consideration, the best L. ruthenicum

planting conditions in arid areas are the optimum of 5, R,, CCP, CSP, contents of polysaccharides and to-

tal flavonoids when N application rate at 100—150 g * plant

', and the optimum of P,.... contents of an-

thocyanins and procyanidins when N application rate at 150—200 g * plant 'per year.

Key words: arid area; Lycium ruthenicum Murr.; N application rate; photosynthesis-CO, response curve;

medicinal components
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Fig.1 P,-CO, response curves of Lycium ruthenicum under different N application rates in 2018 and 2019
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Table 1 Photosynthetic parameters of L. ruthenicum under different N application rates

ﬁﬁj\r Trﬁ;%em I\ﬁiﬁl BAL R (()(%(l‘f"’? (()(’L"réf’ﬂ"? %ﬁfiﬁ/ﬁlﬁ}: fﬁ”?;ﬁfﬁi "
‘ ‘ (pmol » m™* « 57 1) (pmol « mol ') (pmol * mol ") (pmolem *+s ') (pmolem *+s ")
. # 4 Simulation 0.019 78.52411.55b 1356+163b 12.5041.02¢ 1.55+0.11b 0.990
oK Sl Measurement 70.00 1300 12.00
14 Simulation 0.022 74.25+11.31b 13444192b 14.6040.57b 1.8040. 11a 0. 990
N S Measurement 70.00 1300 14. 00
4 Simulation 0.023 70.63410.98b 1417+ 38ab 15.06+1.27b 1.90+0.12a 0.987
2018 N2
S Measurement — 60. 00 1400 15.00 — —
14 Simulation 0.021 76.89+2.77b 1458+79a 16.1241.52a 1.7940.09a 0.982
NS Sl Measurement — 70. 00 1400 16. 00 — —
14 Simulation 0.020 95.54+7.82a 1370+233b 16.244+1. 60a 1.73+0.01a 0.993
i S Measurement — 85. 00 1300 15. 00 — —
. U4 Simulation 0.023 80.45+7.29b 1295+49b 12.4941. 35¢ 1.114+0. 17¢ 0.990
oK Szl Measurement — 70. 00 1000 12.00 — —
14 Simulation 0.023 64.74+15. 27bc 1300+£69b 13.3941. 45¢ 1.3240. 22¢ 0.995
N 2l Measurement — 70. 00 1100 13.00 — —
14 Simulation 0.023 50.184+2.97¢ 1394=+117a 16.1941.94b 2.02740.49a 0.983
2019 N2
Sl Measurement — 60. 00 1200 15.50 — —
4 Simulation 0.022 104. 81£6.99a 1345488ab 19.05%1.37a 1.90£0. 49a 0.993
N S Measurement 90. 00 1200 14. 00
14 Simulation 0.018 108.89+19. 94a 1280+122b 18.7942.21a 1.6240.31b 0.984
A S Measurement 90. 00 1200 13.00

T < AR [ SR TRl /NG 7R R AL BRI FE 0. 05 AKFRA RFE %R . TR

Note: Different normal letters in the same year indicate significant differences between different treatments at 0. 05 level. The same as below
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Fig. 2

Gas exchange parameters-CO, response curves of L. ruthenicum under different N application rates
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4 e 17 il 2 CIEL 2 3 32 A ] 48 5y 30 55 TR FOAS [ it
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KB AR, 2019 A 7E CO, ¥R B 200 ~300 pmol -
mol ' I IR B f k5 [/ i WUE 8 2218 346 19
#,2018 1 2019 4EH7E CO, ¥ A 0~300 pmol -
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£ 2018 4EE S M1 2019 AFEFK SR HH 9 N4 4b B, 1
Je 2018 AFE R AN 2019 4E B 1A N3 N4 b B
82 v T [ 36T TR R () Ak B 22 B R 3 SRR
BT AS () R 2 b s 1 RS 0T L (HAY 2018 4F iy N4
AHE 2019 4F N1~N3 i3 7E 5 41 5 Bk 1] 22
S A A B R GR B B K. HR, 2018
AEFN 2019 4R AU SR A A AE CK A ER R,
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55 ) IR 22 S5 3k B 8 3 K -5 2018 A1 2019 4R BKCR
SR A AE N4 R N3 Bk B ROk, IF B
BT N1 AbHL{H15 CK,N2, N3 4 Hi 85 2% 5 R i
F s SVHTR it E BN 5 BRI ) 22 5 UAE 2018
B XTHE L2019 4F i) CK L N1, N4 &b 3 i ik 5] i 2 K
S YR A S RTE 2018 1 2019 4F BRI Bk
R0 I it 280 1 1 o 2 O [ A AR A R B K E
S BAE N3 N2 N2 N3 &b B ; 4% it &0 kb 3k £ 55
FAH R X AR, 2018 AR R N3 N4 Ab BBk R 1A 11
N1~N4 4b 3, PL K% 2019 4F 5 5 N1,N2, N4 &b
B ORKSR I N3 A BB I 35 3k B B3 KT B A
T E AR 2 m TR EAL 2018 4 B R N3,
N4 4b# 2019 4 2 B N1.N2 N4 &b P 5 (7 L Fk
Wb 2 5 W . 5 Ah il A P R RKCR
MR AT £ & B AE 2018 4FE K £ o 4 BEOA [A) 75 B &
fIC . TWIAE 2019 4F 35 Lk BEAS [R] B2 B2 T /57 5 2018 4F fi¢
KA S ) B #E N2 4b AN CK, 2019 4F 5 KAH 5
S BLAE N3 N4 AL B, H 5% B8 25 5 5 35 2018 ANl
2019 AFAH [F] b 2 5 5 1 IR A8 T R & i 5 AH N RK R
WIKZ 2903 A8 2019 4E R W . U b4
SRS 3 il 200 P R A A SR S e A 2 L R
BT FIE AL T R & A —E N Em .,

R2 BRARCHAELESHETEEFHEXRY

Table 2 Correlation coefficients between photosynthetic parameters of L. ruthenicum and environment factors

H647 Index BAbHR ) COMMEM CCP COMAE CSP BAWIAER o JIFEE R,
i Air temperature(T) 0.33 0.38 0.29 0.45% 0.32*
25 AR RH 0.59 0.73% 0.17 0.48 0.07*
oG A RE ST PAR 0.41~ 0.88* 0.77" 0. 15 0.42
CO, ¥ & CO, concentration 0.89* —0.21 0.76* 0.80* 0.65*

s ox FRIORA K RELAE 0. 05 KT 1 3 (P<C0. 05)

Note: * stands for significant correlation coefficient at 0. 05 level
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Table 3 Medicinal efficacy ingredients in fruits of L. ruthenicum under different N application rates
~7 : Polysaccharide eI Anthocyanin Proanthocyanidi
Year Fruit stage Treatment 0 Flavonoids/ % / . i
/% /(mg =g 1) /(mg-+g 1)
CK 12.86+0. 77bA 2.354+0.03aA 1.2540. 40bA 36.88410.47bB
N1 13.75+0. 14abA 1.5140. 02bA 1.1140. 63bA 23.1741.47cB
RS
Summer N2 14.21+0. 37aA 1.634+0. 03bA 1.7940. 04abA 42,1143, 68aA
fruit stage
N3 14.78+0. 47aA 1.7740. 00bA 3.10+0. 04aA 36.77+7.77TbA
N4 14.89+0. 47aA 1.6140. 00bA 2.74+0.04aA 36.8141.23bA
2018
CK 12.83+0. 09bA 1.9640.02aB 1.2840. 08bA 51.784+5. 21aA
N1 12.96+0. 37abA 1740. 03bA 1.59+0. 04aA 36.4443. 68bA
KR
Autumn N2 13.44+1.01abA 1.4140. 03abA 1.454+0. 11aA 34.8740.66bB
fruit stage
N3 13.74+0. 55aA 1.6640. 11abA 1.5440. 04aB 29.8840.97cB
N4 13.90+1. 23aB 1.99+0.01aA 1.49+0. 48aB 37.1441. 22bA
CK 13.97+0. 21bA 2.64%0. 04aA 2.36+0.77bA 31.5443. 12bA
N1 14, 66+0. 55abA 1.914+0. 06abA 2.99+0. 04aA 36.7840.45bA
R
Summer N2 14.94=+0. 78abA 1.4740. 02bA 3.0540.07aA 42.17+3. 68aA
fruit stage
N3 15.31+0. 94aA 1.0140.08cB 2.64+0.01bA 43.64+1.41aA
N4 15.37+1. 34aA 1.6440.07abA 3.04+0. 44aA 41.1143. 33aA
2019
CK 13.12+0. 37bA 1.9440.02abB 2.11+0. 02bA 25.4741.45bB
N1 13.47+0. 39bB 1.3440.03bB 2.38+0.01abB 26.984+1.65bB
KR
Autumn N2 13.71+1.02bB 1.934+0. 07abA 2.07+0.01bB 31.55+14. 22aB
fruit stage
N3 13.9440. 47bB 2.34+0. 04aA 2.64+0.02aA 32.4741.23aB
N4 14.64+£7.99aA 2.30+0. 04aA 1.98+0. 15bB 33.1441.47aB

T AR B Ron R4 0y AH R b BOR 7 SR IB B 78 0. 05 KF HoA 352 5

Note: A and B in the same year indicate significant differences in same treatment between different fruit stages at 0. 05 level
y g g

3 T

3.1 ZERMRBHREG-CO,MMEMEERENXE
R TG A R S AL A AR
A WATHLIE S5 A ) 00 T 2048 AR KRS R 0
KB IRZ S —Fh XA 256 VR B i) TEHLACTR
HA Uit Xk - 8 £ 3 /N BOA U e PR LR R
AR . HAT AR A -CO, M i 2R 40 B A 32
TEAT e R4 0 A Ui A AT S ke e g (1
B A £ A T H Michaelis-Menten i 10281
ARG 300 A5 B 0 A NI 2R 18 GE AR it
S B I A T X R A A —
Rtk B, AR U 2 5 RS L R B A R 2 R R A
Michaelis-Menten #& 575 f)l & i TC v 5 8] CSP,
I T A5 1 CO, Ve B2 3% 3] 40 1 58 5 o 0 AR 285 I AR
HAEERBREH S S & S
B A AR T 5 58 22 AR U HAE CO, WK B8

ERAY DL - D 75 23 5K o B AR U R A8 T B BY R b
TR AR E A R O B Y
L 5 LA R S 480 T i R AR i 00 RR M A
M ROEE-CO, M I 2825 S B . A BF 52
BERRFE AL PG B TR E R B RKT 0. 980,
AT L AR S T A B

AT T8 3 PO AF G A B e 0] SR AR AL
F P R, W CCP 5 CSP ¥IHE7= A= — %€ 1 e o AF:
F AR i 605 22 A AR L 3x S AT
SPATAESS IRR SEAE R — B BARBER R I 2018 4F
B P e B TS 580 E 1) 394 IR 5 1 T 55 AT i B
it O KA A = R Py 7 LR A B 45 R AN [
AT A JE H T A (AR 08 23R 1 SRR, AR L AN [+ ol
Ll XA 358 9 22 5 3 A L TT 2019 4R 3086 e B ad
il 582 % FRARMIAC I R P 0™ A2 BRI 0 360
DRIt ] DA W 5 s 3o i i 2R R AR P 7 A 3K
o AEMEAE T BIF ST Bt 26T LA 4R e K R A bk
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b H & R A 22 & R DA M Rubisco & &= , 1 Rubi-
sco B E R MM EEM, HARMLEARES S
TP 1 T AR T DR AR5 i R
BRI o MR, KB A K A §E 2 Rubi-
sco T2 R A 22 20 1% & e A3 m . (3 R R AL b
7 Rl i A = B S INTE 2018 1 2019 4F 43 i) 2 Je 3 5
IS AN 22 5 /N B #e L 3X n] BE T 2 I ARy
(B PR4E A 25 T 80, AE E B A AR b
HIRMIALI B g 5 PAR B CO, #e B 52 I MR AH G
H5 CO, #e B2 (A OC R BCH 5 5 LA BE I 7 %0
PIAEH 9:00~11:30 B9 PAR M2 A2, {H 2019
9 CO, M B B b w3 2018 4%, Hy AT LAHEWT . 2018
ARG ROV B Rubisco Wi CO, Y B2 S AN 1 Al
AR 1 B A AN T TR AR BE TR A SO, T
2019 A RA H CO, MR B2 458 » A3 EE 9 Rubisco
R LTI A 1 IS ) 04 155 0 T X R Ak Sn AT R
FIH BRI, R A P e —E R E o 24
A A RS it S0 o 3 R R 22 R 1
SRS T R, Y MAEM A R 100 g - R
IR AAD i R, 3K B e K T U B P AE Y P
P55 b e, 3 U W 2 i i 100 g - BR !
fF, P AT R, B A5 HUAE I 4h 2 A5 @ B 2.

P 55 AR 3 56 A [R] A 00 B TR R SR A R Y
BT X b S ek AR AT AT B g
R, EK, T HEA R AR RIBE B CSP 43 5k
1336.976.1 330 1 1 161 pmol « mol ', i A [A] fib
T H BERY CSP 78 1 038~1 260 pmol « mol ' Jd],
A WLIE ¥ 35 F AP CSP 4 1 000~1 300 pmol -
mol ' A T AN i BB SR A A P AE 1Y CSP 43 5]
1356 F1 1 295 pmol « mol !, & Ho A AR 6 30
B CSP. T 56 i >R Y A J8 2R A T o 4F 2R
KAEK H ISR BRI PRIR T 345 10 2E A7 1458 34 W
HE AT 5 O B 2T RE T 1 TR R TR O B R
e EEAOE A ME I T4 CSP e 7E Ho A B 55
TAEKWAEY A PG, R ON [E A Y
CCP 255 K (10~100 pmol » mol™") , Ak 46 74
AR5 AN i I R R M AL i CCP 433 2y 78. 52
F1 80.45 pmol « mol ™', B& T 52 B B A= HLURR M T Tk
SN, CCP W23 ¥ 58 RH il PAR 1Y 3% 52 1 . (B
T MAEF 9:00~11:30 B A RH,PAR #54H 22 K~
Z Kl CCP 32 4b 5 38 53 K 19 52 e B8/ 0N 1 45 1Y
CCP R AKX,

3.2 ERMRARESERRAXER
it 5 e A W) AR A A RS R

B AR AR A Ry 3 il R TT AR A A T 2
RO 1 B i AR L A 2 Al H A2 B s e = AR
NN A M A S T B AT R AR H %R
JRy BN A it T DA N S A e A 1
B B A5 57 B EENE A kit AT DA g = e 9 25 0 e
ST B (R 2R A R I SR A il i S U 4T 4K
Hh S A S o0 1 R R A AR AR R bt B S R R
X HA A . N R B 58 R LA & B it R
0 R A AR 7= 0 1) 5 i) DL AR 7 9 2k L RUE e
it 2 A A S [R) T AS TR

FEAE P00 R A AR = 1 v b R — P B A
Bl I3 s R i o' A AR R B, 28 900 B2 95532 i, 78 AH
KEERIVE T DL MO Ut A2 TR 9 h ™, AR
GE R IR il RN BB SR AT SR S b B 2 R A S
S W R R R VR L TR R AT B R it R BB R T
WK AL AW 1 A B AR T 40 i B8R 3 5 )
S T M AT A BF g A R — B B S R R
SR RIE Y A SRR R i AN [ & SR 1 B T RE R
SRR it AU L AT ) R Ak BLEREE N TS Y 22
S AR ELR R IR T i — 2B Y. it kT R R A AL
iy RV SRS SURDE IR (S
FH AR Hife 2% /78 3721 4 B Ui (CNB)D | it 0 7] LA
AR AR = 0 B 28 0 42 1 S X Ak o 2 4R 088
7 R SR B A A AT AR i A ] TR
SR AT R S BT L A 3R A R Ok AR AR i i R
B IR S AL T R A6 B B A AR 1
A2 N [ AT Ay AN [R) S 399 1 52 ) 8 K o TR AR
AR 7= Wy 110 235 A S5 DR AR O 4 ik PR 3R 3k 25 32 B IR BE I
T B R [ A 20 5% B 7 3 2 5 e 3 R O
PR YRR A AR = A B S BB,

gi Lk A 5T ke B R T R IXOR E  B
FrA it CO, ma i il 26 R AR 2 H00RT AR 52 22558
W Em A E — E M., YA &N 100 g -
TR B MIAL R o BT R, 5K . CCP S/ s i
O 100~150 g « #& "I, iR CSP B oK il A i
H150~200 g« Bk EEL IR Pt K. [RIES
RN 50~150 g » Bk B SR (A 5 0 K it
At Ry 150~200 g « Bf A, RS0 T A G R OK
JilL A &Ry 100~200 g « kI R SZFEAE T R F i A
KM RN 200 g« R SRS M A R R
LA B A R AE 100~150 g « k& TEF TR
X k35 AR AL B (Y R, .CCP.CSP J 5 £
BRI B 5 i 05 A bt AU7E 150~200 g« kI,
T P RIS S A6 A0 R RAE 75 28 5 1 A
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