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Effects of Water and Nitrogen Treatment on Physiological Adaptability of
Island Reef Plant Clerodendrum inerme

NIE Li-yun?, ZHANG Wan-wan'3, LI Shi-yu'?, JIAN Shu-guang *, LIU Dong-ming?*, XING fu-wu?,
WANG Fa-guo?*

(1. Engineering Laboratory for Vegetation Ecosystem Restoration on Islands and Coastal Zones, South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Horticulture, Zhongkai University of

Agriculture and Engineering, Guangzhou 510225, China)

Abstract: In order to understand the physiological adaptability of Clerodendrum inerme to tropical coral islands,
the photosynthetic and stress resistance characteristics of C. inerme were studied under different water and
nitrogen treatments. The results showed that watering frequency had greater effects than nitrogen treatment on
physiological characteristics of C. inerme. The chlorophyll (Chl) a content and Chl a/b were the highest under
low watering frequency with significant difference under other watering frequencies. The net photosynthetic rate
(Pn), stomatal conductance (Gs) and water use efficiency (WUE) under low watering frequency were significantly
higher than those under high watering frequency, while the transpiration rate (T;) was significantly low, showing
better photosynthetic capacity and water use efficiency. The proline (Pro) content under medium watering
frequency was the highest with (5.041.21) mg/g, which could reduce the osmotic pressure and increase water
absorption under drought stress; the relative conductivity under low watering frequency was the lowest with
0.1740.03, which could reduce membrane system damage caused by drought stress. Therefore, Clerodendrum
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inerme has a good adaptability to drought and barren habitats in tropical coral islands.
Key words: Clerodendrum inerme; Water; Nitrogen; Physiological adaptability; Tropical coral islands
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Fig. 1 Flowers (A), fruits (B) and whole plant (C) of Clerodendrum inerme

T5E I 2 B (Pro) & &

1.3 HuEabE

K H Excel 2016 #ATH#E R A, FIH R3.5.3
AR AN AR AIE R, R AT SRR AT
AR FAR AR AT BRI R T 22 0 HT (LSD 1K), X Fb
BATFE 7 25 ), RS Kruskal-
Wallis 3£24; X ANFEKEALI T, BGRF A E TR
PR AT R 2= 77 22504, R R corrplot 347
KNS T,

2 g5

2.1 AREIGKIZ R

WNEREERNZMH AN [ 7K A 28 40 3 6f
BRFM S OREGERRETME2). Chlaf
A Chla/b FHN Wo>Wi>Wo, HASFEBEKIZE
M ZFEE, Chl a+b SERIN Wi, Wo B3
BT Wo, BHE MR(Ca) S BRI Wo. W2 &
T Wy, 1 Chlb ZEFARE; J. RHKM
RIEFFI R TR S, RVEET FaE%it

P=0.000 P=0253 P=0.000
c b a b a a
- L1 o o
or . ' 1.0 | - T |
. | 0k 1 1
25 1 ! T ! 1 — !
o T I & 090 ! ! I 2 |
° = : | ! 1 el 3F
Pool £ 08 ! ! | E
= = ' ’.E e
= ° I = —
s . g 07r S !
10L 0.6+ I ' —
1
-1 1 0.5¢ ! — ! 1+
R - | ==
° 04+ N
(L 1 1 1 | L n L 1 I
W[] w\ W1
fibF Treatment
P=0.000 P=0.006
c b a a b a
35F - T T
30L H == 0.7 : -
: 8 —t | :
25| o - |
= =
o — 04L
10 . | :
| 0l ! 1
0.5 ! ' !
e P — 1
f 1 1 0.1p 1 + |
W, W, W, W, W, W,
AEHE Treatment JE3E Treatment

K 2 BB BORAD G R FEM. & EAR TR ER E#P<0.05). FEHE.

Fig. 2 Effect of watering frequency on photosynthetic pigment contents of Clerodendrum inerme. Different letters indicate significant differences at 0.05 level.

The same is following Figures.
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Fig. 3 Effect of watering frequency on net photosynthetic rate (P,), stomatal conductance (Gs), transpiration rate (T;) and water use efficiency (WUE) of

Clerodendrum inerme
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Fig. 4 Effect of watering frequency on proline (Pro) content and relative electrolytic conductance (REC) of Clerodendrum inerme
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Table 1 Two-Way Anova analysis of watering frequency and nitrogen treatment on physiological indexes of Clerodendrum inerme

F4H Group Df F P (>F) FE4H Group Df F P(>F)

Chla w 2 58.023 0.000" REC w 2 35.967 0.000""

N 2 1.371 0.258 N 2 0.682 0.508

WxN 4 1.264 0.288 W =N 4 1.794 0.134
Chlb W 2 1.715 0.185 Pn w 2 3.425 0.036"

N 2 0.733 0.483 N 2 1.909 0.152

W =N 4 1.108 0.357 W =N 4 1.855 0.122
Chla+b w 2 58.376 0.000™" T W 2 7.040 0.001™

N 2 0.960 0.386 N 2 1.444 0.24

W =N 4 1.867 0.12 WxN 4 0.386 0.818
Chla/b w 2 98.120 0.000™" Gs W 2 14.217 0.000™"

N 2 1.633 0.199 N 2 1.056 0.352

W =N 4 0.760 0.553 WxN 4 1.738 0.147
Car W 2 8.380 0.000"" WUE W 2 8.418 0.000""

N 2 1.073 0.345 N 2 0.006 0.994

WxN 4 1.120 0.35 W =N 4 0.349 0.844
Pro w 2 58.194 0.000"™

N 2 1.563 0.213

WxN 4 3.318 0.013"

Df: BB W: PRSI, N: K, Pro: IZR; REC: AHX HLSH; Py @O G i, T A%, G AALTE; WUE: KA FIFI#. *** P<0.001;
**: P<0.01; *: P<0.05. [,
Df: Freedom degree; W: Watering frequency; N: Nitrogen; Pro: Proline; REC: Relative electrolytic conductance; P,: Net photosynthetic rate; T:

Transpiration rate; Gs: Stomatal conductance; WUE: Water use efficiency. ***: P<0.001; **: P<0.01; *: P<0.05. The same is following Table.
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Table 2 Correlation among physiological indexes of Clerodendrum inerme

Chlb Chl Chla/b Car Pro REC Pn T, Gs WUE

Chla 0.11 0.81 0.85 0.32 0.45 -0.23 0.24 -0.21 0.32 0.32
Chlb 0.67 -0.29 0.68 -0.18 0.09 0.01 0.01 -0.08 -0.01
Chl 0.47 0.64 0.23 -0.12 0.19 -0.15 0.19 0.23
Chla/b 0.02 0.49 -0.32 0.24 -0.22 0.37 0.34
Car -0.12 -0.10 -0.03 -0.03 0.03 -0.01
Pro 0.01 0.03 -0.07 0.24 0.09
REC -0.18 0.35 -0.31 -0.33
Pn -0.31 0.43 0.86
T -0.26 -0.71
Gs 0.48

%, REC fll Pro AEA T ERMHIK R
3 5 AHS

3.1 RIFFIN R BipaE i A S e

i EFRITEY, REAMNEYEKE T
K. CAVIARE, SBAMME LIETTE, (H
TRk N & 0 2 40 BV IR R I B3
MR R 76, R B EY) AR IE RO B A4
53, THES 5 DL AE 4 5 AR (Scaevola sericea) Fl
F 1t (Catharanthus roseus) %5 (1) #2 bx 13 7% 7 & &=
Wi, EHEYENEFGRGEHR S, HAEKR
BRAF, FBAIX ST R4 R AR A
1, RefEIE B TR (I B A 12621, AR AT
SRR, ARBEKTE T, BORF % DU B AR bR
MESIFARE, 74, BHARN, ARARLG
HUHE R AE P RS AN KO, B L, SR
FREWERE @i, EREAE M e
K.

3.2 RERFTRF 7K 3 Bilpaed i A 2 o7

TR SEREMAERVERUK, 2T SuEayee
W G 5 000 25 LR 20 B 5 P AR R A AR O
i, G AR RN 5. R SE e
BRAETOL, SRR T 5 ha BT A R R 2R P
Wi AL o PR GRS BT TE LU AL T B AR A IR )
2Nk, T bR 3 EE L B
R R 1) 75 SORBR R AR, R8T 5
AR, FEATITIN, ETREREF, HERE
REFERAM T IREBOLRDE, REBMLE RS
HIIEH IS AT, dnsKERT S ORI FUR B, IR

41 J&5% (Calophyllum inophyllum), #HEC T PEVEER
35 75 AR M= B (Terminalia catappa) A5 A [,
(Morinda citrifolia), W-Zg&E S EEAK, LLkigb
TR R E, FE TR A IR SR ER
BEE R RE AP0, AR A TR, MTEE
8, ESRF T Ko Ba BE IR . R BE K T
R #0M¥ Chla & &A1 Chl a/b fx&, H 5 HAMmRK
AR A )2 5 3, XRTEIRIR AR T, R
FEAEROEEE S, RIEE TR e s iR
I A FAAEFH o« ZEARBE ARSI R, BEFI T Pas
Gs F1 WUE 34 2.2 & T bR AR 1, 1 T, B AK
TFrpeKIR; RUURFEARIRE BRI EESH
RORTTSALTF I, ARIEFS 2 1 CO Wilie, AT &
Pn, [N AREFELARH T WDKK ERSR, TR
IR, o5 P T Al i

MAEBE 7, AR AERH, £
NG eI by s TR e SEE A S E RS L N
Pro £ kI 2, 3G INAE P X 05 W 8 [ B 4200
R A Pro & ERIUN . ARFKIR B &5
FEFEAKME, 1 REC W 2 I Wi>We>W,, H
ZE 5t R P AP KA ) Pro & &y, 9(5.04+
1.21) mglg, AR F B IEDIERNBER, FiET2
o3 R AEADNE 7K 53 (R IE AL IR K AT 1) REC
A%, N 0.1720.03, R F8/bT F e st i R 5
HOETEFI

FET- G R, AEARBENE ] ol 26 fi i )92 LR
HK R R, S EBE bR 1R DG 1 o Hr 45 SR %
WA, A FT (197K 23 R 2 5 Chl a.Chl a+b.Chl a/b-
AR, SILSEEEENIEMIKR, Mx
2% r 7055 0.32, 0.23. 0.34. 0.86 #110.48; 1fj 5
MIXTHESR, ABEREEENIMITR, Mk



%4 W

RN =5 7K RUAL BT I REERE MR R A AR FE L 1 ) 5 ) 409

280 r 3 5N-0.33 F1-0.71, X E IR IR
T, ARSI E GRS E, JUHEChla
T, RIFR SRR, R BA R &AL
TR, fR¥FE CO2 IR, DA i G il =, Bf
R E R, Hmism KRR, RIEEREFE
TR P IEE K.

PRI, B FT T R &= W a BT — & i,
BRI AT DD it 6008 LAS v IR F 22 . (R SRFTNT
TR Sy e B U, R T 7 Ay S A 2 A A K
g, MARSEH BRI, RS ECRE
K, AR T SRR F 16 A AR 7 A
PE, naExy Gt BT REEENE R, RGN
] B AR R R T AR, BRFT A0 R gl
WA EERA, SR A BRI K . D EUE, B
ALIAB PR = B0 S I B D A A 4 1) H AR

S5 30k

[1] GONG Z T, ZHANG G L, YANG F. Soils and the soil ecosystem in the
South China Sea Islands [J]. Ecol Environ Sci, 2013, 22(2): 183-188.
doi: 10.3969/j.issn.1674-5906.2013.02.003.

ETH, skHZR, B8 BRI UES RERE ). 4
AW EI#IR, 2013, 22(2): 183-188. doi: 10.3969/j.issn.1674-5906.
2013.02.003.

[2] RENH,JIAN S G, ZHANG Q M, et al. Plants and vegetation on South
China Sea Islands [J]. Ecol Environ Sci, 2017, 26(10): 1639-1648. doi:
10.16258/j.cnki.1674-5906.2017.10.001.

(g, fIEEG, SRAFUE, 5. o E R 5 A A IR [2].
A ZSIREE 24, 2017, 26(10): 1639-1648. doi: 10.16258/j.cnki.1674-
5906.2017.10.001.

[3] LI'J, LIU N, REN H, et al. Ecological adaptability of seven plant
species to tropical coral island habitat [J]. Ecol Environ Sci, 2016, 25
(5): 790-794. doi: 10.16258/j.cnki.1674-5906.2016.05.009.

B, KR, AR, ST P P B S R 0 AR A N
[3]. AEAREIAR, 2016, 25(5): 790-794. doi: 10.16258/j.cnki.1674-
5906.2016.05.009.

[4] LIN Y X, LIU H, HE P C, et al. Physiological and biochemical
responses of three species to environment stresses of tropical coral
islands [J]. J Trop Subtrop Bot, 2017, 25(6): 562-568. doi: 10.11926/
jtsb.3755.

MAZE, XU, BAMORE, 55, 0@ AL Ao Ry B ) B T de A B
BIAEERAE A R [J]. #Alr R 4R, 2017, 25(6): 562-568.
doi: 10.11926/jtsh.3755.

[5] XIE LY, SUN X, ZHAO H L, et al. Responses of flag-leaf photo-

synthetic pigments at late growth stage and rice yield components to
elevated CO, under FACE system [J]. Chin J Eco-Agric, 2015, 23(4):
425-431. doi: 10.13930/j.cnki.cjea.141258.
WAL E, #hE, B, 55 FACE & 0F KRR E SIS E A6
R wm R B RETE [J]. A E AL AR, 2015, 23(4):
425-431. doi: 10.13930/j.cnki.cjea.141258.

[6] TONG W J, DENG X P, XIE H, et al. Responses of physiological
characteristics of tobacco (Nicotiana tabacum L.) to drought stress at
root extending stage and drought resistances evaluation [J]. J Agric Sci
Technol, 2018, 20(6): 28-40. doi: 10.13304/j.nykjdb.2017.0850.
OO, /NG, VB, SE. 0 AR S A R R R
B2 BT RAEIEOT [3]. Hh E AR TR, 2018, 20(6): 28-40. doi:
10.13304/j.nykjdb.2017.0850.

[71 KOVACEVIC J, KOVACEVIC M, CESAR V, et al. Photosynthetic
efficiency and quantitative reaction of bread winter wheat to mild
short-term drought conditions [J]. Turk J Agric For, 2013, 37(4): 385—
393. doi: 10.3906/tar-1202-27.

[8] LAUTERI M, HAWORTH M, SERRAJ R, et al. Photosynthetic
diffusional constraints affect yield in drought stressed rice cultivars
during flowering [J]. PLoS One, 2014, 9(10): e109054. doi: 10.1371/
journal.pone.0109054.

[91 ZHOU S S, LI M J, GUAN Q M, et al. Physiological and proteome
analysis suggest critical roles for the photosynthetic system for high
water-use efficiency under drought stress in Malus [J]. Plant Sci, 2015,
236: 44-60. doi: 10.1016/j.plantsci.2015.03.017.

[10] LI X Q, JING Y T, FENG Q, et al. Effects of drought stress simulated
by PEG on physiological characteristics in different flue-cured tobacco
cultivars [J]. Chin Tob Sci, 2016, 37(3): 15-21. doi: 10.13496/j.issn.
1007-5119.2016.03.003.

ZHeE, W, BAAE, 55 PEG BT TP 6 AN [ 45 40 5 Fip
AR R (3], P EMRECRNE, 2016, 37(3): 15-21. doi: 10.
13496/j.issn.1007-5119.2016.03.003.

[11] PEI J, CHEN S L. Flora Reipublicae Popularis Sinicae, Tomus 65(1)
[M]. Beijing: Science Press, 1982: 154.

%, MRFR. PEEYE, B 65 BE 1M M dunt Bl
4L, 1982: 154,

[12] SHAN J L, ZHENG X Q. Isolation of cDNA related to salt-tolerance in
mangrove Clerodendrum inerme by mRNA differential display [J].
Chin J Trop Crop, 2005, 26(2): 100-103.

FHK, FEE). FIR mRNA ZE5] BoR HOR 7 BLL I VER T
FHK cDNA [J]. #irfE4~#4iR, 2005, 26(2): 34-38.
[13] XIONG Y P, YAN H F, LIANG H Z, et al. RNA-Seq analysis of

Clerodendrum inerme (L.) roots in response to salt stress [J]. BMC



410 T A A A

08 4%

Genom, 2019, 20(1): 724. doi: 10.1186/512864-019-6098-y.

[14] GEBBINCK E A K, JANSEN B J M, de GROOT A. Insect anti-
feedant activity of clerodane diterpenes and related model compounds
[9]. Phytochemistry, 2002, 61(7): 737—770. doi: 10.1016/S0031-9422
(02)00174-7.

[15] PEREIRA J, GURUDUTT K N. Growth inhibition of Musca domestica
L. and Culex quinquefasciatus (Say) by (-)-3-epicaryoptin isolated
from leaves of Clerodendron inerme (Gaertn) (Verbenaceae) [J]. J
Chem Ecol, 1990, 16(7): 2297-2306. doi: 10.1007/BF01026939.

[16] BI X L, DENG Y C, CHEN K L. Inhibitory activities of the extracts
from mangrove plants against spores of the three pathogens [J]. Plant
Prot, 2008, 34(1): 89-92. doi: 10.3969/j.issn.0529-1542.2008.01.020.
BT, LA, WRILR. LOAEAISRIIRT 3 P Y R H A T
FIFMEEYE [J]. HEA4R4, 2008, 34(1): 89-92. doi: 10.3969/j.issn.
0529-1542.2008.01.020.

[17] NIE LY, ZHANG W W, LI S G, et al. Effects of matrix and water-
nitrogen management on water use efficiency and biomass of Clero-
dendrum inerme (L.) Gaertn. [J]. Guihaia, 2020, 40(3): 367-374. doi:
10.11931/guihaia.gxzw201907019.

Mz, KL, AL, & B UMK &AL BB K 7 R
AR [J]. TUEAEY, 2020, 40(3): 367-374. doi: 10.
11931/guihaia.gxzw201907019.

[18] ZHANG W W. Study on matrix and water-nitrogen management tech-
niques of Clerodendrum inerme in tropical reefs island [D]. Guangzhou:
Zhongkai University of Agriculture and Engineering, 2018: 1-20.
TRAS A B SRR R T A T S K R BEECR B ST [D]. T
Mz iRk TR, 2018: 1-20.

[19] LUO Y Y, ZHAO X Y, HUANG Y X, et al. Research progress on plant
water use efficiency and its measuring methods [J]. J Desert Res, 2009,
29(4): 648-655.

BT, S5, HE, & YK R R B LN T i
FERE [ HEVEE, 2009, 29(4): 648-655.

[20] LICHTENTHALER H K, WELLBURN A R. Determinations of total
carotenoids and chlorophylls a and b of leaf extracts in different
solvents [J]. Biochem Soc Trans, 1983, 11(5): 591-592. doi: 10.1042/
bst0110591.

[21] ZHANG Z A, ZHANG M S, WEI R H. Experimental Guidance of
Plant Physiology [M]. Beijing: China Agricultural Science and Techno-
logy Press, 2004.

TKia%, WER, FREE. MYAEELRES M) dbt hE

A BREHAR Hi AL, 2004,

[22] CHEN J X, WANG X F. Experimental Guidance of Plant Physiology
[M]. Guangzhou: South China University of Technology Press, 2015.
PREER, R, AR IRtR S M) )M SRR B R
th AR AL, 2015.

[23] R Core Team. R: A language and environment for statistical computing
[CP/OL]. Vienna, Austria: R Foundation for Statistical Computing.
2017. https://www.R-project.org.

[24] BORCARD D, F. GILLET, PIERRE L. Numerical Ecology with R [M]. 2nd
Ed. Cham.: Springer, 2018. (2018-03-20) doi: 10.1007/978-3-319- 71404-2_6.

[25] TAIYUN W, VILIAM S. R package “corrplot™: Visualization of a
Correlation Matrix (Version 0.84) [CP/OL]. 2017. https://github.com/
taiyun/corrplot.

[26] XU B B, LIU N, REN H, et al. Stress resistance biological charac-
teristics of Scaevola sericea in Paracel Islands [J]. Guihaia, 2018, 38
(10): 1277-1285. doi: 10.11931/guihaia.gxzw201711012.

IROUDL, XU, (R, 5. PR B ROEN B Y AR D).
VY, 2018, 38(10): 1277-1285. doi: 10.11931/guihaia.gxzw2017
11012.

[27] TONG S H, LIU N, WANG J, et al. Physiological and ecological
adaptability of Catharanthus roseus to tropical coral islands [J].
Guihaia, 2020, 40(3): 384-394. doi: 10.11931/guihaia.gxzw201902010.
I, XIHE, FAR, 2. K1 (Catharanthus roseus)ts #is Hi
SRR AE NPT [J]. JVERESY), 2020, 40(3): 384-394. doi:
10.11931/guihaia.gxzw201902010.

[28] WU S, ZHANG X Q, CAll Y. Effects of drought stress on chlorophyll
contents and photosynthetic characteristics of cucumber seedlings [J].
Chin Agric Sci Bull, 2014, 30(1):133-137.

I, kT T, G T RREX R4 SR S B E R
G5 [3]. AR AE R, 2014, 30(1):133-137.

[29] ZHANG S K, HUANG Y, JIAN S G, et al. Stress resistance charac-
teristics of Calophyllum inophyllum, A tropical beach plant [J]. J Trop
Subtrop Bot, 2019, 27(04): 391-398. doi: 10.11926/jtsh.4043.

FRtbAR, SRR, fIEEOG, SF. PTG LR e BT A A Ry
P[] BT G RE A 2ER, 2019, 27(04): 391-398. doi: 10.11926/
jtsb.4043.

[30] DOBRA J, MOTYKA V, DOBREV P, et al. Comparison of hormonal
responses to heat, drought and combined stress in tobacco plants with
elevated proline content [J]. J Plant Physiol, 2010, 167(16): 1360-1370.

doi:10.1016/j.jplph.2010.05.013.



