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Effects of UV-B radiation and nitrogen application on the growth, mineral nutrition, and antioxidant
physiology of Azolla

YANG Jing, ZHANG Guangqun, LI Mingrui, ZHAN Fangdong, LI Yuan, ZU Yanqun, HE Yongmei”

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: To investigate the effects of UV-B radiation and nitrogen (N) application on the growth, mineral nutrition, and antioxidant
physiology of Azolla imbricata, an indoor experiment was conducted using A. imbricata from Yuanyang terrace under enhanced UV-B
radiation(0 and 5.0 kJ+m™) and N application(no N and 0.06 gL' ammonia N) treatments. The results showed that compared with CK (0
kJ+m™ no N), UV=-B+N (5.0 kJ+m™ 0.06 g+ L' ammonia N) and UV-B radiation (5.0 kJ+m™, no N) significantly reduced the content of
photosynthetic pigments, inhibited the growth, and significantly decreased the biomass of Azolla. UV-B radiation and N application alone

or in combination significantly increased the N content and accumulation, and decreased the content of magnesium and calcium in Azolla
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compared with CK. UV-B radiation and N application alone or in combination significantly increased the malondialdehyde (MDA ) content,

increased superoxide dismutase (SOD) and glutathione reductase (GR) activilies, and decreased the flavonoid content and peroxidase

(POD) activity compared with CK. In addition, UV-B radiation decreased the ascorbic acid (AsA) content and increased the total phenol

content, and UV-B radiation and N application significantly increased the total antioxidant capacity of Azolla compared with CK. The

correlation analysis indicated that the content of flavonoids, and carotenoids significantly positively correlated with the biomass. A two—

factor analysis indicated that UV-B radiation significantly increased the N, total phenol, and MDA content, and total antioxidant capacity,

and enhanced the SOD and GR activities. N application significantly increased the content of AsA and MDA and the activities of SOD and

GR compared with CK. The UV-B + N treatment influenced the growth coefficient; biomass; the content of phosphorus, calcium,

magnesium, chlorophyll a, carotenoid, AsA, total phenols, and flavonoids; activities of POD and SOD; and total antioxidant capacity of

Azolla. In conclusion, UV-B irradiation inhibited the growth of Azolla, resulting in an increase in the N content and accumulation, and N

application did not alleviate the inhibitory effect of UV—-B irradiation on the growth of Azolla.

Keywords: UV-B radiation; nitrogen application; Azolla; growth; antioxidant
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PE2Ya R QR RARAN i X7 G A IR W a9 35 B/ 17D QULM ¥+
K, KBRS Z A le AT, & H .
1.2 iRB&i&It

FeIE B E 5.0 kJ-m™> UV-BFEET IR, R 2500
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Table 1 Experiment settings

b3 UV-B @ 553 i N &t
Treatment UV-B radiation intensity/(k]J - m?) Nitrogen content/( g L )
CK 0 0
UV-B 5.0 0
N 0 0.06
UV-B+N 5.0 0.06

W £ PG VL1 BE ML Bl 28 45 % 98 8} 35 5% 42 (31
emx24 emX 11 em) PIESEKEE 18 d, 2R /K | m
U 1/10,2 3.0 g, 5 3 d & BRI 100 mL ZE 45 7K #b
FozE KR LA AP S AT, 2200
X, UV-BHRIEHFE] 2 9:30—17:30 GRS E I Jy 8 h:
16 h) , KA 2R (24=4)°C, HXHEE 50%~70% .
MO AR IR 6 45 5, 7E 55 12 KA, CK &b BRI V121 K3k
G/ N XK, PRI, S8 — K RAR i A A 12 K .
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1.6 AL W RFNEGHINE

BUEE 2 g il A 2 mL A PBS $ HUZZ #h #0.04
mol » L' Na,HPO,, 0.06 mol - L™ NaH,PO., 0.1% (V/V)
Triton X-100, 1 mol- L' NaCl, 10 g-L™' PVPP,pH:7.0],
TEOKI TS BT . BT RB AB 0 E, J
mL B ICER 0, Y VRIS R A B O LIRS
J7i F 8 000 remin™ B0 15 min, B RIS E T400E0t
FE 31 22 o Atk 9 B (POD) | R & 1L W 7 1k B
(SOD) . N 1% (MDA) .45 B H kI8 J i (GR) L3 %8

VA S IR A ) T RRE ST T SOD . POD
MDA \CAT Fl B A AL AE 77 (FRAP 325 ) I 2 3 5] 6 U
LIRS

U 1 g, FEVKTE TR RS IS, A &5 1% 6
iR 1) FR P Y, B 24 h, HL0.5 mL $R B, FH 2818 7K
FEZYE 25 mL, TR E T 280,325 nm A &
W T B B, E 305 nm Kb I E RO B L T
By wEP
1.7 %t

TR 25 5 DL S (A5 E 22 (Mean+SD) K R
FH SPSS 12.0 Gt iR W B8 B Hi A 7 WU 28 22 49
Brfili /N B 35 2575 (LSD) B R 30, B K- a=
0.05.

2 GHRESW

2.1 UV-BiESt &I £ K

1 1AL, DA 3 g B0 AR T e S Sk Ky
18 d A K R B ARk . UV-BARSHFI N 40 B S 250
TTLT A KR AE 1~18 d IWIIMIRT CK, 7285 37 6 d it
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18 d B AR KRR . CRARFR VT 2T 34 K R
08 0.102, UV-B+N  UV-B FI N ZbFE - 44 4 K R %k
T CK Ab 3, 435124 0.085.0.082 F10.080, UV-B+
N.UV-B N b FEAE A5 A ) K (B2 8 0T CK AR B,
UV-B+N ., UV-B F1 N b BE7E 25 B ] K (BTG I 2 22 7
R R ERYT, UV -B 4@ SRS N AL HEXHH VL1 A
K RECE W 5, B A e S HAER

U (CAT) R IR (AsA) B , FL{ B K A 12 T, 43 g B0 A O i 5K B
0247 yv-B.*x [ CK
< N O UV-B+N
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£ 016 T Ba Ba o
3 i
= 012} ey
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3 Ad be ;
5 008f %d Bd Be o A
\;K\'kv 0.04 l J}gﬁd 2 BdBdBd
S /e Z N
3 6 12 15 18

t/d

RIRRE FB) Ao F2 7] — B S AN R A 30 2 ] 2 5 1 2 (P<0.05 ) 5 AN [F/NG B 22 ] — 4 BEAS R ) 4 25 5 1 2% (P<0.05) .
ns Mo 03 SR A HAE A B3 & P<0.05 . P<0.01 K582 (n=4), FId

Different uppercase letters indicate significant differences among different treatments during the same period (P<0.05); The lowercase letters indicate

significant differences for the same treatment at the different period. ns,* and ** indicate effect of no significant, significant at 0.05

and 0.01 levels(n=4)respectively. The same below
B 1 UV-B RS R X T & K R (K) RIS

Figure 1 Effects of UV—B radiation and nitrogen application on growth coefficient (K) of Azolla
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Figure 2 Effects of UV-B radiation and nitrogen application on biomass of Azolla

18 d A A8k . UV-B+N b3 UV-B & 5 4b 3
N AbBRAE 55 3% 18 d B i VT 21 A4 9y B 1 | 0T CK,
UV-B+NAbFRAERS 59 12,1518 d A=Wt R, [
55N 10.6% . 16.8% .22.6% . 34.8% ., UV-B 4k B
FE9. 12,1518 d Bf A= Wit TR, B R 435010 19.8%
26.7% .27.7% .36.1%. NACFAE9 12.15.18 dHFA: 4
R FE L FEIR A9 R 19.8% . 18.4% .21.3% .30.0%., Y
HAC PRI TERE SR 12 d P AWt e . UV-B+N UV-
BN AbHEAE 3~18 d [ A4E ¥ i 3 8 35 AL F CK b 2,
UV-B+N . UV-B HI N &b B £ 1) 199 4= 4 135 0 (@ 2% 22
St W ZEAMT D], UV-BHR ST N b3 X 7T
I A B, BB A eSS HAE A .
22 UV-BEHMEEN#HLILT REFTEZAEN
=210

5 CKAHI, UV-B+N  UV-B N 4b B ) 2 14
TWETLAL N & i, R 2 5 o 156.8% . 136.1% .
33.7%; UV-B+N b HFT N 4b BR 5 25 BRI VT2 A9 P
Mg. Ca % %t , B 5 43 51 4 20.8% . 38.5% . 37.1% Fil

4.2%.36.0% .37.5%. WKZ 3R], UV-B N 4bFH
PG TTLT N Mg, Ca 7% #4423 5, B & 7 7
THAEM ., UV-BALHIX} K & BE%A B &, =4
AEBRSINPRVTLLN Fr i g 3, DA HEAEM . ]
AIUV-B+N UV-B 58 5 N kb B (E 5 VT 21 /0 N 5
i, Mg Ca % F /b (£2) o
23 UV-BiEgHMEa#mIataaEaENEm
5 CKAHEL , UV-B+N AL R i Z BRI T4 2K a
S DR O, IR 21.9% .43.6%. UV-B
AbF I RN T SRR a MR R b RIS RS,
R0 51 R 21.1% .37.3% . 41.0% ., N AbFR g AR T
K DR SRR 41.0%, UV-BEES &0 R
LR b BRI R T4 2 a RRIR . AR R 72
ST, UV-B AL H N AL BEX -4 25 a FIZREHE |
R amE g, H A HEAER-ES).
2.4 UV-BigstiniE Rt LA ma YRS Er=Nm
5 CKAHEL , UV-B+N 4b #2588 0 1 w59 %
LW N 160.2%. UV —B 48 555 365 71 21 & ) A

®2 UV-BESIMERNHLLYT REFTRSENFM (mg-g ")

Table 2 Effects of UV—B radiation and nitrogen application on the content of nutrients of Azolla(mg-g™)

Kb P Treatment AN WP K B Mg 45 Ca
UV-B+N 4.34+0.81a 0.19+0.03b 0.13+0.01b 1.76+0.06h 4.61+0.48b
UV-B 3.99+0.46a 0.28+0.03a 0.16+0.02a 1.97+0.07h 4.73+0.27b
N 2.26+0.27b 0.23+0.03ab 0.12+0.03ab 1.93+0.07h 4.58+0.45b
CK 1.69+0.23¢ 0.24+0.03a 0.16+0.04a 2.86+0.51a 7.33+0.95a
KA ZE 53T Two way ANOVA analysis(P)

UV-B wE ns ns wk wE

N ok ok ns ok ok

UV-B+N *E * ns * wE

T : R R INE FRE R AR BRI 22 57 S35 (P<0.05) sns <RI 3SR S AN B35 I E A 35 (n=4) . Tl

Note: The different lowercase letters in a column indicate significant differences among treatments (P<0.05) ; ns, *

significant, significant at 0.05 and 0.01 levels(n=4) respectively. The same below.
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R3 UV-BEHFERTHILAALGEZIENZM(ng-g")
Table 3 Effects of UV-B radiation and nitrogen application on

photosynthetic pigment content of Azolla(mg-g™")

Vis: | LIRSS ) 4% b EE MR
Treatment Chl a Chl b Carotenoid
UV-B+N 0.50+0.05b 0.18+0.03bc 0.22+0.03b
UvV-B 0.51+0.05b 0.15+0.07¢ 0.23+0.04b
N 0.68+0.04a 0.26+0.03a 0.23+0.03b
CK 0.64+0.04a 0.24+0.04ab 0.39+0.04a
WL Z A3 Two way ANOVA analysis(P)
UV-B ok ns ok
N * ns *%
UV-B+N * ns o

MDA &5 5 11 86.7% .69.5% , i AsA 2 il &
D E AR 16.6% .57.8%., NALHL R F 1T AsA
T IR 14.7% . SR FR 7 2250 P& W, UV-B &b
FRFNN AL FEXT MDA (AsA A& A B 52 m, H
XA SR R s BT S HAE . Al A

MDA i B E I N (R 4) .

F4 UV-BRESMEEMNHILLR _BERELYER
SENRMm

Table 4 Effects of UV-B radiation and nitrogen application on

MDA and oxidation product content of Azolla

2.5 UV-BiggtfniE &t i IO S Eg A =M

5 CK A EL , UV-B+N . UV-B## 5 N 4b B 5 2
H4m SOD i P, #9 1{ S 164.7% . 189.3% . 185.0%
POD V& 1 @ & FEAR, B 0E 43 51 o 8.17% . 30.1% .
29.4% , i GR 1% 14 . 2 14 i 85.9% .69.5% .53.2% , %}
CAT {EPETC | F 520 . UV-B 58 S 40 31 () Bt A1k
AE 1 & CK 1% 3% , N Ab B i VL 21 B bt A AL e ) i
FHRET82.1% . WA J5 253K W, UV-B AL LI
N Ab R A AL E J1 F1SOD . POD \GRIGVEA B2
s, HHAA S HAER(ERS) .
2.6 XSS

FH k43 A 45 R (3% 6) R, UV-B 48 5F A1 N 4b
PR TLLLAE Y i 2R N R B 5 5t 2
IEAHSE, 5 A BRI S 2R B A, 5 MDA
SEREREANE, BITIA8ASESAASEE
WEERME, SREMSTEEEEFAMK, 5
MDA Gl 7 2 5 4 8 3 I AH G . VAT B Ak
REN 5 AsA SRS B OO, 5 AW & i Bk

Fo WIAEYE RERESNENYRE
REBEE=EMNMEXES T
Table 6 Correlation between biomass , total nitrogen , oxidation

products and photosynthetic pigment of Azolla

s N BrI R sy LT T H APy BA SRR 4
T ) MDA/ AsA/ Phenol/ Flavonoid/ Item Biomass TN Total antioxidant capacity
O Gmoleg?) (mgg) (mgeg!)  (mgeg?)
fmo’re g8 '8 88 A TN ~0.857%* 1 0.393
UV-B+N  48.74+6.29a  8.38+0.43¢  2.16+0.28a  1.36+0.15b FOVR LS AsA 0.831  —0.847%% 0,585+
UV-B 44.43+5.63ab  9.17£0.16c  1.55+0.12b  0.94+0.07¢ 7~ MDA Z0595%  0.648% 0.194
N 40.18+5.42b  12.62+0.60a  0.86+0.17¢  1.25+0.21bc KM N Carotenoid  0.624%*F  —0.432 0.022
CK 26.22+£2.68¢  11.00£1.00b  0.83+0.22¢  2.23+0.35a KA Flavonoid 0.542%  —0.538% 0.295
A K - . H
BLAFIIHT Two way ANOVA analysis(P) B Phenol  —0.841%% (0.835% 0.636%*
N - ns . x R B MG (P<0.05) , **FoR R M (P<0.01) ,n=12.
. Note: * means significant correlation (P<0.05) , ** means extremely
UV-B+N ns o * i significant correlation(P<0.01) ,n=12.
®5 UV-BEESHFIERMNHILR KU
Table 5 Effects of UV-B radiation and nitrogen application on antioxidant enzymes of Azolla
JbF S AL AL i A i A Al S AW H L It PSS /N 4
Treatment SOD/(U-g™) POD/(U-g™") CAT/(U-g™) GR/(nmol-g™") Total antioxidant capacity/(mol-g™")
UV-B+N 88.37+12.46a 814.38+56.10b 569.30+46.55a 48.74+6.29a 0.4320.11¢c
UvV-B 96.58+13.62a 620.32+53.70b 604.86+63.80a 44.43+5.63ab 1.17£0.03a
N 95.15+15.13a 626.28+57.22b 557.91+45.62a 40.18+5.42b 0.71+0.04b
CK 33.39+3.98b 886.88+44.46a 528.31+47.46a 26.22+2.68¢ 0.39+0.02¢
WU Z 43T Two way ANOVA analysis(P)
UV-B ok o ns o ok
N ok o ns w3 ok
UV-B+N ok wk ns ns ok

http://'www.aed.org.cn
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Ay rE AR AR AR K TR R
M2, UV-B SRS AR 0 A R 7 e ™
ARG, UV-BHST (5.0 kJ - m™) Zb 393 i V410 /0 A=
R R ) AR TR B AL ERE SR 6~ 12 d A K
HOR B GIK AR RECT R, R UV-B 8 5 40
TR A SR, 31X 5 PRASAD S5 58 25 21
— . NALFE S EE T LM B,
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