LR AN R 254 2017, 38(6): 51-57 http://xuebao.scau.edu.cn
Journal of South China Agricultural University doi: 10.7671/.1ssn.1001-411X.2017.06.008

IR, REOLRE, M Ak, . LR BB 2T AR YOS MO A BRI RO E (7], R RO K 22224, 2017, 38(6): 51-57.

FEREX EM B R T RER NS
cXEEsed- DAl

A, ROLES, WHAE, BRE, WEK, FAX

(1B RERF BHSERFR, TH &5 330045; 2 FEMHLAFR EHAF KL EZR S, T8 5 F 336600)

T [H 0 MR M 21 Rubus chingii I IERENE, IR = B0 S H Rife T . DR L%
BET AR W 2RI T SR FAREHE (L) (M) R (H) ZKCF AR B 578 27 (4 3R Fhoss s k4
FRNSHAR IR bR (45 JE IR A 3, B 21 ISR & & bR, R R RS
A EAR A 2 BT . NPKAE LM AL H 640 T G & S I80ERE, RGN 36.3%. 41.3% F1 53.4%, H.
KPR 2 5 B A RGBS S K A i, (HS K RS2 R AAUIRE M 5 HKF, e R
R . NPK AL S AFENRR A OCE, FACH AR, Lo M A H /KPR F 40.5%. 50.2% 1 64.4%:
AHLILIRL, MRIIE T 18.3%- 44.0% T 56.2%; B4 LM 9, MK IKIG ) 16.1%. 20.3% F1 40.7%. NPK JL7E & it IL &
T, F/F o @perr~ P BINEFIKF, A RERAHUIES 4 4R 5O S 57 (6 B MO, (HE &b T,
qP 7E 3 FiAERL AL TSR AT, A HLIEALEE R (1 Fy/Fy B @y iR AR NPK B 4 Fh A BRI AEAE B 5 HE R, &%
it AR AR EE T R R S AT R B R A A BA RO, T R S R A ELE H KR, AT R A, T
TETERE SRR 8.4% F1 2.1%, AT HBARAKT AHUIETE H K AbFE N P 8 & S0 1E 36.8%, X B @K F .
(4516 1Bt 5 1 AT 2 1 J 484, NPK AR AR T 1Y) S 28 T 4R 3 & BRIk o3 22 57 0 3, AR 3R VO S MR A B i b
LRI A R AR

KBRIR): AT MR AR R VO SR A R MG
thE 522 $567.19 SCHEKARIRAD: A YEHS: 1001-411X(2017)06-0051-07

Effects of fertilization on chlorophyll fluorescence parameters and
physiological characteristics of Rubus chingii
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(1 College of Landscape and Art, Jiangxi Agricultural University, Nanchang 330045, China;
2 Experiment Center for Subtropical Forestry, Academy of Forestry, Fenyi 336600, China)

Abstract: [Objective] To explore the fertilizer requirement of Rubus chingii, and provide a theoretical
reference and guidance for its high quality and high yield cultivation in the future. [Method] The effects of
different fertilizers fertilizing amounts [low (L), medium (M) and high (H) levels] on the chlorophyll, plant
height, chlorophyll fluorescence parameters and related physiological indexes of R. chingii were studied by pot

experiment. [Result] Chlorophyll content, plant height, chlorophyll fluorescence parameters and physiological
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indexes increased with the increase of fertilization amount. Compared with control, the increases of chlorophyll
content under NPK fertilization were stable, being 36.3%, 41.3% and 53.4% under L, M and H levels of NPK
fertilization, and differences among NPK levels were significant. Compound fertilization significantly increased
chlorophyll content, but there was no significant difference among different levels of compound fertilizer.
Chlorophyll content was not significantly different between M and H levels of organic fertilizer. There was
highly significant correlation between NPK fertilization levels and plant height. Plant heights under NPK
fertilization were the highest, the increases were 40.5%, 50.2% and 64.4%, followed by 18.3%, 44.0% and
56.2% with organic fertilization, and then 16.1%, 20.3% and 40.7% with compound fertilization. At different
fertilization levels, NPK fertilization resulted in the highest levels of F,/Fy,, @, and qP. Compound
fertilization and organic fertilization levels had significant correlation with four chlorophyll fluorescence
parameters. Among three fertilization treatments, qP was the lowest under compound fertilization, while F,/F,
and @, were the lowest under organic fertilization. NPK fertilization level had significant correlation with
four physiological indexes. At different fertilization levels, NPK fertilization resulted in the highest contents of
soluble protein, soluble sugar and proline, and the lowest MDA content. At H level of compound fertilization,
the increases of soluble protein and soluble sugar contents were 8.4% and 2.1% respectively, which were the
lowest. At H level of organic fertilization, the increases of MDA content was 36.8%, which was the highest.

[ Conclusion] With the increase of fertilization levels, the chlorophyll content and plant height of R. chingii
significantly increased under NPK fertilization, and the chlorophyll fluorescence parameters and physiological

indexes also had desirable values.
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Fhefe A 22, [\ & H S B EE (SOD). KRR
PO FALER) KIRFTH ILAR OKFIR) M K&
RARVRAC) 78 71 i 5, 2 R P E. . 56
BEETNR) “HBLER 3 AR,

AR, CATL PR AR N 377 X (1) e 7 Hb X 78 2
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86.8 mg-kg ', T3% pH N 6.15.

http://xuebao.scau.edu.cn

1.1



6 W]

WRAEUR, A5« AL B AR PO S O A AR ) B 53

1.2 RIEigIt

EIE R A IR R A7 11 30 7 B
WY AT MRS, B T T A FE AR AR AH ALl >
PEFE 0T BEF 0 R A 8, A MR 238 1) A 0 Tt I 2 7
N3 AERIE: 2.4 (%, L). 4.8 (F, M) 1 7.2 g(7, H),

ANTHEAEAE Jx I (CK), i 1 flrs « R AR i it DA
JIE, ST IR L, SEHEAE 2 VK, P 8] B i %
WORLHEAT . FRAERIIZR)E, T 2016 427 15 H
BEAT I

=1 REAIERIT

Tab.1 Experimental treatment design mlg

fb AREE K Jita JIES N P,0; K,0 MgO HHUR CaO
HEHE L 2.4 0.360 0.360 0.360 0 0 0
M 48 0.720 0.720 0.720 0 0 0
H 7.2 1.080 1.080 1.080 0 0 0
AHLIE L 2.4 0.120 0.048 0.048 0 1.08 0
M 48 0.240 0.096 0.096 0 2.16 0
H 7.2 0.360 0.144 0.144 0 3.24 0

NPKAE L 2.4 0.288 0.240 0.144 0.12 0 0.408

M 48 0.576 0.480 0.288 0.24 0 0.816

H 7.2 0.864 0.720 0.432 0.36 0 1.224
CK 0 0 0 0 0 0

1.3 NEMBSRH*

1.3.1 st 4Fne  RHHARRE R ERE
SPAD-502PLUS M-2¢ & 34T SPAD I, W&
B 36 TG I ik (0 S50 67, A ik AR D IR 15 A AU
A7, A TAR K 1, & 2438 0 3L SPAD K
R, SRECPIMA .

1.3.2 #&nlE FANE RO AR 25350 20 T
() PRI PR B R bk e, X T3 2 AR M vk B B S AT
TR ==

133 g E#ebsm e RAMEE WALZ A
) AR B 58 485 U i 22 ' A PAM-2500, T 2016
£7 A 15 H E4 09:00—12:00 XF&Ekk A 3. 4k
Bl R it b AT o DU AT A AT I IE S 20 min,
MM FRg, TRIFRIRBEI BRI E, & 2 h
W1, FRREE N E 3 A M. e S E
BA PSR E T8 (F/Fy)s AR TAE
T RE (Dpsnn)s TECAL AV R RE (NPQ).
AR R H (qP), HAt AKX AT

FJ/F=(Fy—Fy)/Fp» (1)
¢ps I :(F,m_F)/F,m’ (2)
NPQ=(F,—F",)/F'.=F,/F" 1, 3)

qP=(F" )/ F' =1~ F=F'))/(F'y~F"y) 4)

A F, RoRATAR DR N Fo, RONEEE N T e K w

s Fo Ron i /NVIUG % o F 3R 78 SER 5% 6 1H 5
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KH SPSS 17.0 #4247 ##5 4L ¥, F Duncan’s
VIR 43 AT 5. 25 1, Pearson AHIR A HTVEBAT ST
¥, 12} WPS Office Microsoft Excel 2016 #l|{F
K%,

2 BERGTH

2.1 FEfEAEXEMBRE FHERSEMEI
M4k EAE YL A E R RE IR AE KR B I B
(4R 7R A5 A A AR 47 A A FEIR L I B B4R R 2
— U, a1 R, AR AR KSR B
AMSGESENLZ, 5 CKYENBHEEEER,
1M H A& AR R B KT R st R & 2RI H>M>
L>CK. il NPK itj5, EMEZ TSR S5
fE L. M Al H 7K T 43 a3 =1 36.3% 41.3% Al
53.4%, JREAE. EAMERIREE S 4 RS 2,
18 L KPS B9 gk 3] 40.7%, BB J5 3201 1 0 i
o, BB TFHHSRSENRERERS.
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54 O R Wk ¥ % B3 %
L BM B B #3555 06 P A IR RS SLA R . B3 2 o,
Iy, g b 3 FRIERLAS T O B B SR, AR X
or Lia ﬁ e FHUE UL, O B TG A R
40| NA N 9: NPK > HLAE> 4 HE.
2ol 22 HERRAIER MHE R TS B
= |\ D e L SR R R, A
=\ S A RO L 0 B SRAR . 01 2 B, B
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Fig.1 The SPAD values of Rubus chingii leaves under
different fertilization treatments

ANTF) = NPK AR, S0 27 1k m R 0 2 2
MR, Hékm KA, LM M H KPR R
1 40.5%. 50.2% 1 64.4%, ¥i W] NPK LA & T &
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Tab.2 Analysis of correlation between different fertilization and measured indexes of Rubus chingii

b =Ryt HHLE NPK A
Pearson ¢ &% P Pearson 5% R % P Pearson 5% &% P
N5 S 3 0.561 0.049 0.765" 0.043 0.788" 0.037
B 0.536" 0.031 0.756" 0.012 0.995™ 0.000
WRICE R (F/F,,) 0.708" 0.032 0.577° 0.044 0.782" 0.027
SLBRG A (Dpsn) 0.653" 0.035 0.725 0.018 0.739 0.013
AEIe S H K (NPQ) 0.417° 0.026 0.322" 0.039 0.251 0.075
Mk % K (qP) 0.519° 0.047 0.584" 0.034 0.678" 0.026
CIRSER 0.361 0.034 0.471 0.020 0.520" 0.015
AR EE 0.492° 0.029 0.426° 0.045 0.567 0.024
i 2 B2 0.324 0.072 0.488 0.066 0.673" 0.034
(3 0.421° 0.026 0.611° 0.023 0.348" 0.035

1) **Fa* 5 F| £ T B F A8 % (P<0.01)F2 2 248 % (P<0.05), n=9,,
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Fig.2 Effects of fertilization treatments on plant height of
Rubus chingii
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Fig.3 Effects of fertilization treatments on chlorophyll fluorescence parameters of Rubus chingii
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Fig. 4 Effects of fertilization treatments on physiological indexes of Rubus chingii

3 WS

M2 mAEREYCEERM EEAR, HEE
BB H R A N i R I A% 32 T AL R T AR R
EJ0. ARRIIME T 3 FALEMIK. B & 3 AN KCEA
HTRFEMHEZTHHZESTE, 4R 2R, NPK
AEALER N, Bl e AR 3 I B B T I A R
TR TR, KRR EREE, SR
B REEA, X5I AP R,
Ui B NPK B 4% 36 & 2 1 52 i K. X AT B2
K4 NPK BRI T MgO, Mg A& M43 2 ) 5
WS, FEM SRR T R T IR i h o, 7
ISR RISk, SRR A PR AL T
fitho A i D &, NPKOAE 55 4k i A7 76 M 2 35 4 G
£, H NPK AE5 HAhRE KL AH b & b 3K N #E &
H A B NAE, 5 AL BEIKSP N MR S AR AE I 2
BB N. P,0s5. K,O T it AR 58 F1) T 3 078 4
TREMAEK,

23 32 58 S N —Fh N ZE I ERE, SRR
HAE 2 VIAROC, AT A TR G A A P 5 #5 e
ISR RO SR R R . — A IS
&N R HEYI FJF,, TE 0.75~0.85 2 J8], AN 5 %2 it il
sz, A A AN, AR RS B E S R
K D AW Fo/F, B . F R RN,
FJFo B8R, EWim Kb % &7 8,
D BB, 1EY) PS TT R 2 I 4 3R I 10 O e ik
7 L s B Ak Ak 2 R NPQ B BCK, 1R FEsT

an) o

Tl 6 BE M AR BE 7 ks qP (BB K, PS TTAZ O Xl
A5 ISR T T, AR 0 3R AT 5 RO e A i % AR Bk
Bl ARG, NPK B F/Fopn @pey Bl qP 47
FE S E A RN, AERHEALIKF R Fo/F s @psnis qP
T EE, NPQ WIS, 368 NPK JIE Rt A5 it I & 1) 3
B, PS L s 7 AL () FF TBORE B2 5 35 M I 55 04 o,
PS 11 YA ML TAE 3 g ) Rl KOG RE B 4 R St =,
JtE R B SO RE A A A T e, IR B
() REA A, M PR B A AF H B s AT, X5
AN IR Fe4h U —20

AAEMEE AL ATAMERE ER. N B EN
ACARIL T PSR RS . AR AR
(R 325 R 5 4 I RIS R, 3 AR 2R AR AR
R PROK BE T PR VEREAE NNy TR 2 53
R, 3G N RE P = A R BOR BE, FEAKAK A T
FEAE N — Pz iE Y o, R ae by (40 B i oK, £7
FRAH A 5 PR 858 -1l s P R R L AR b e )
FEM) 2 —  FLHG 0 Ae b R R A . AR
NPK B 4 FhA: FREE R AEAE B 20k IE A C, Bt
RO K SF-$ 5, FIVA IR AR T AT A TR R R i,
& T g KT, 2 B B A it A B R 3G 0, 4 B i
75 TIN5, AR FE BT, KSR, fRAKRE
o, fAE S PR BRI, RN, N R
5 T A ) S AT B, IO AR S, R
TG 3 T EU 5 1 38 in oot B 78 2 1 R A ok A A
A INEIE L, X 500 A BT 7T 4E R0 — 2

AN [R] ) it L 2% A 2 T BBORE R AR K B A S A

http://xuebao.scau.edu.cn



6 W]

WRAEUR, A5« AL B AR PO S O A AR ) B 57

[7l, BE T R ME R R A4 3 A2 PEACHT . NPK B AR FEAE
6y PR I B P 2R R AN R bR g
R IOICSHONE B b ik s K-, X T e
TUER MC HOAE e IA BT A T ARk, A I BE A
AR, B DR T 2 1 2R AR R P 1 2
iy, AT S8 7O & 1R, S 1 4B 55 A
P A o (HRVE K BI85 S B 2T NPKAR
i AL 7K, 3X 5 AHIT IE BT BT I B o8, HAk
BATA AL &, EHEE TN AE RSO R A
Fpidt— 4R

SE MK :

(11 $WEE, B, U@, EMHEE T IR
[7]. PE 224 &, 2007, 42(15): 1141-1143.

[2] XIEY H, LIAN B, GONG J H, et al. Preparation of mag-
netic chitosan hyamine microspheres and separation of
phenolic acids from Rubus chingii Hu[J]. Adv Mater Res,
2013, 634: 1347-1351. doi: 10.4028/www.scientific.net/
AMR.634-638.1347.

31 FEFE, 2o, O, 55, B R T 5 2B E FTRTE AT
HEFE[I]. h24#7, 2012, 35(11): 1873-1876.

[4] B4R, 3 FhTRAK B ) IR A SR 3R OGS HO 3K
3 B3 AR IR SE[DY. KM - i R AL R, 2012.

[51 H/N. =R AT RS RO S e T S
BARAEKMEMF D). 65T Jbasllk2, 2016.

[6] Thh, BAA. HYAEEZLIEMM]. Jbnt: EEH
B HRAt, 2013: 83-145.

[71 NEDOMA J, NEDBALOVA L. Chlorophyll content of
Plesné lake phytoplankton cells studied with image ana-
lysis[J]. Biologia, 2006, 61(20): 491-498.

[8] HEL, MK T, Wh/Ne, 5. i AT 2 A KRN 45 S I
FIFZIR[T]. ML RFEBF 5T, 2008, 21(2): 239-242.

[91 XIEY F,CAI XL, LIU W L, et al. Effects of lanthanum
nitrate on growth and chlorophyll fluorescence character-
istics of Alternanthera philoxeroides under perchlorate

http://xuebao.scau.edu.cn

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

stress[J]. J Rare Earths, 2013, 31(8): 823-829.

IR, ZR5%, FhEEDS, S BB A T AN A M B AR )
H AR BRI R[], BDML 224K, 2011, 20(3): 99-107.

WeARAE, FRETE, MR, & T ENA T kB Y
E AL AL T[], TLPaAR 4], 2016,
38(4): 687-694.

JABE, ka2, BB, 25 RS EAE AR K. A
T2 2% D8 AR M A SR S O AR S IR 0], R 9T, 2015,
35(6): 854-859.

MR, /e, e, % 4 EEH SRS
B Fv/Fm R LCET]. Rl K 2E4), 2013, 40
(1): 32-37.

TR, KT, REA, & KRR XxhEE =R
FORMGE R DR K= BRI [ A E 7R S
AERF2EAR, 2008, 14(3): 479-483.

HER, BILE, B, % ARBTG5t D8 EEK
KPEERISIA[T]. PRI 2ER, 2013, 26(4): 1741-
1743.

TR, Fro, B5RBTE, 25, GBS IR T bE X R A 4%
RIS EITZ M), AR MEH R 22 (AR
2R, 2012, 40(9): 187-194.

IR, Bk, BREN, % HE SR
4 PR AREYIT SRR VORRHMERIREMI[)]. Fh 224k, 2014,
22(6): 1239-1244.

T, Bk, B, & BB A NE FROAE R N B
RS PR PSIT MR PO SEUN R[], R ¥
%, 2014, 28(7): 1320-1326.

k&R, Bt BE K, & FIRRENIIDNERE
KR 22 R ELAE[T]. AR 25253k, 2015, 35(21): 6993-7002.
R, SRR, TR, & KRR MRS KR A
B R RN 2 R B G 1 B e R [T, e Rl
KR, 2011, 38(2): 299-304.

AR, RICE, RO, 2. HiAEx g2 A K K
A FRAEME RS2 A [T]. Bl 5 4R, 2012, 21(3): 234-241.

[FfEHwIE F5et]


http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347
http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347
http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347
http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347
http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347
http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347
http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347
http://dx.doi.org/10.4028/www.scientific.net/AMR.634-638.1347

