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Effects of Soil Boron Applications on Photosynthetic Pigments and
Physiologic-biochemical Indexes of Chrysanthemum
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Abstract: A pot experiment of cultivating chrysanthemum with soil boron applications at 0, 0.2, 0.5,
1.0, 2.5, 5.0 and 10.0 mg - kg was conducted to understand the effects of boron on the physiology and
biochemistry of chrysanthemum, in which the content of photosynthetic pigments, soluble sugar, vitamin
C, proline (Pro), malondialdehyde (MDA) and the activity of catalase (CAT) were measured during
the growth of chrysanthemum. The results showed that the suitable soil boron applications improved the
flowering and increased the height of chrysanthemum, but the excessive applications delayed the flowering.

The rate of 2.5 mg - kg™ increased the content of chlorophyll, helped maintain the stable
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value of chlorophyll a to chlorophyll b and the content of carotenoid in chrysanthemum leaves. Soil boron
application rates of 0.2 - 10.0 mg - kg increased the content of soluble sugar during the fast growing
period, and the application of rates between 0.2 to 5.0 mg - kg™ decreased and that of 10.0 mg - kg™
increased the content of soluble sugar during the flowering period. The applications of 0.2 and 0.5
mg - kg' increased and 5.0 and 10.0 mg - kg decreased the CAT activity in chrysanthemum leaves during
the fast growing period, but all applications increased the CAT activity during flowering period. The
vitamin C content in chrysanthemum leaves increased by boron applications of 0.5 to 2.5 mg - kg‘l, but
decreased by applications of 5.0 and 10.0 mg - kg'. The content of Pro in chrysanthemum leaves
decreased 7.9% - 75.5% as the rate of soil boron applications varied. The boron applications of 0.2 to 2.5
mg - kg™ had no significant effect on the content of MDA, but the applications of 5.0 and 10.0 mg - kg
increased the content of MDA significantly. In conclusion, the suitable soil boron application rate for the
growth of chrysanthemum under this experiment was under 2.5 mg - kg™

Keywords: chrysanthemum; Dendranthma morfolium; soil boron application; photosynthetic

pigment; physiological-biochemical index; suitable boron application rate
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Fig. 1 Effects of soil boron applications on the growth of chrysanthemum
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Table 1 The content of photosynthetic pigments in chrysanthemum leaves under soil boron applications

a &/ (mg-g') Content

B/ (mg kg™ Chla Chlb Chlatb Car. Chl.a/ChlLb

0 (X Control)  1.27£0.02 be 0.54=0.01b 1.81+0.03 cd 0.19+0.01 a 233+0.02a
0.2 127+0.07b 0.63+0.06a 1.91+0.06 a 0.16+0.01 b 2.02+0.09d
0.5 120+ 0.05 cd 0.54+0.02b 1.74 +0.08 de 0.1740.01 b 225+0.02 be
1.0 129+0.01b 0.56+0.01 b 1.85+0.01 be 0.17+0.01 b 230 +0.03 ab
25 140+0.03 a 0.62+0.01a 20140042 02040012 227+ 0.04 ab
5.0 120+ 0.05 cd 0.55+0.02b 1.75+0.08 de 0.18+0.01 b 2204001 ¢
10.0 1.15+0.03 cd 0.52+0.02b 1.67+0.04 ¢ 0.17+0.01 b 2.3 +0.03 be

e AFRNGFEERIRAL LA 22 755 0.05 22K
Note: The different letters stand for the significant difference at 0.05 level
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Fig. 2 The effects of soil boron applications on the content of soluble sugar in chrysanthemum leaves

Different letters stand for the significant difference among the treatments during the same stage at 0.05 level, the same below.
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Fig. 3 Effects of soil boron applications on CAT activity in chrysanthemum leaves

2.5 MEWAXIEIEMREEE C EENEN

I 4, A T, SRR K X 3 A6 T AE R 4E R R C SBR[ . R 0.2 mg - kg
SRR C S REICEERM, M 0.5, 1.0 f12.5 mg - kg' BEMIN T 4R C ISR, TEit
B (5.0 M110.0 mg - kg') TR AL T3 4R R C ISR, L IRBEIK T 32.8%
1 31.1%.0 X1 BHIE 2 1 e ml vl DAY NG fe T A i4EE R ¢ S, il RN SR EEgEER C &

=)

Ho

2.6 FEMIXITETEM A Pro S 2/

HE 4, B A&, B i a3 525 BRAK T 3 TP It i) Pro &, PRARIREETE 7.9% ~
75.5%, mhliE (5.0 F110.0 mg - kg') AbFE ) FEIRERLE 70% LA L.
2.7 TEMRXIETENT R MDA & 2/520T

MK 4, C A%, FLHME (0.2, 0.5, 1.0 2.5 mg - kgD AIALEERT 35 1646 81 7 MDA
SR A, TEilE (5.0 #10.0 mg - kg AT R T, L 10.0 mg - kg’ 1
MDA & &, X IEE 41%.

45 - A
2017-12-09 a
~ 4.0 b
‘o
. b
&) L be
gﬂ z 35 o
mbk § 3.0
&
1y | d
2.5 d i
2.0 i
0 0.2 0.5 1.0 2.5 5.0 10.0

B/(mg - kg")



Liu Panpan, Xiao Zidie, Huang Kaiwei, Wang Pengfei, Li Tianpeng, Yang Lanfang.
Effects of soil boron applications on photosynthetic pigments and physiologic-biochemical indexes of Chrysanthemum.
1188 Acta Horticulturae Sinica, 2019, 46 (6): 1183 - 1191.

300 - B 2017-12-16
250 | b

200 r

150 -

Pro/(pg - kg)

100 -

50

b
c
d

48 - ed c

d
N J [ I
38

0 0.2 0.5 1.0 25 5.0 10.0
B/(mg - kg")

. o
. -

68 - C
63 L 2017-12-17

©

58 -

53 f

o

MDA/(pmol - g*)

| ___en
.

B4 HMNBEHESERC (A), HEER (B) MR- (C) SENXMW
Fig. 4 Effects of soil boron applications on the content of vitamin C (A), Pro (B) and MDA (C) in chrysanthemum leaves
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TEA GRS ) T3 i Y Bl AR g fEm b & 3R & 20 Chla/Chlb A BRI, X
UEBH RERE M 2 1E I BB o KBS LR TF B 1 45 SR AL R B AL B S S R A |, KPR
HEUMHRE (Chen et al., 2014). K355 BIAH AL B R 2 8l ) it & ANAA A, (EG AN ]
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FRHE NRERNSERS ERD BN EA TS 8 T EE ] 68 TR AR 7%
ANE, BERKEARLE, AR N EEARL, AT RIS A B A (b3 . Archana (2013)
(RIRIE 78 25 B /K 55 T Sl & B A 2 B i 246 2 B4k Chla. ChLb FIZEEHE N &4 &, ifi Chl.a/Chlb
AL DU RE A A FR /P38 0T A ARG 45 R 5 2 FEA— 3, FUR AR EGH Chla/Chlb 7£ 2.5 mg - kg'!
N, AR A RS B . IR R AR IS R, SR 0.45 mg - kg HILL, R
BRI T, 10 20 A1 50 mg - kg 3 AMHER KPR T H A SRS E, HE5 2 ERE%E
S FERFRRE T, R 50 mg - kg FIALBRAE I 4K S B B35 T (Sirajuddin et al., 2016).
IR R G ZARK—E, BT HEYRBRFRS, 5H AR PR A K. IIE BT %
TE TR, RZ AL B EAR . KEATER IR RY, RS MRS EES
TR N By, SRR & R A R I A Y N8 (Shah et al., 2017); JKEFHHE IR E
W, GREATHN B 4s B 35 FAK Chla. Chlb i &A1 Chl.a/Chlb HfE (Han etal., 2009); 7K
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BN RIS A ORI, 5 010 mmol - L (R AL 3 448 43 55 BB AR (Eser & Aydemir, 2016);

FH TR0 25 SR U R B, 3 4 1 S 0 A ) T 38 I e SR A i 4 3 A& . Chla 1 Chlb & &,

Wit BB RS PR R S, M 2 Chl.a/Chlb tU{E (BETE 25, 2016); T3EARIRK
KW, SXHEHILL, HiBl 10 ~ 50 mg - kg™ 06 PR A 0 - 4 2% BB S S PR, (LR AR P £
MR 4E R 5= 1) Chla/Chlb EbfE, Wifk% W#s Chla/Chlb L 2 TR (RBW %%, 2015). Ak
B4 R X e AR — 2, UEBIE Y SR S E SR EE TR, AL EuE 2
ANFIF SRR, DRI B A 30 3 S i - 2 2% A0 T BRI R S T S A A 7 ' 57
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R R S e e A e o U e ] YA G0 A DA A 1 i w3 L s e o T RS e A B A
Rikkiz, WA i AR i ik F AT v PR & B B 2 v T IR, R B R T b s .
AR R G H MS BRI T4 R (Kaythan et al., 2016) —%(, iEBATZ S5EYH
AR PR R e A R R E IR0 R .

ARG 25 B 5K GRS (Shahetal.,, 2017). TIEZBHMN (RFW &5, 2015) FHRERE
FAE (Molassiotis etal., 2006) M5 R —%: M CAT J5 LR it B KT 34 0 2 238 5 B i 35
MR FESCHR T, TR BB TTVE S AP, BT HEY) CAT 351 152 m 45 R A5 A
FHIE o KEETFRIIRIE R B, Sl Ehl i B H2 FEOTR M 7 AR R 1) CAT #E 1%+ (Archana,
2013); AR S ) AR AR A I, A B 2 G i i CAT #3E 1 (Gunes et al., 2006);
4 10 ~ 50 mg - kg™ BIEEANE A F ) CAT 351k (Sirajuddin et al., 2016); 3% S 1) FH ] jt
WS R B, BEARAS R B Bl g AN, AS R AT B g AN ], (H2 SXTHRAHEE, P
AL EE I3 I CAT ¥ 1 (RETE 2%, 2016). ARG H 4T LM 45 R Six s g WAL, Bt
B AL e CAT 3% 1. K35 K22 A B 362 B, 5 A1 10 mmol - L™ (OB AL FR 84 0 1 #
SRR AR Fr BB, P BN U P B S PR TE 35 B2 (Karabal et al., 2003); 7K3:
MHGRIG 25 LB, BROAION I B #R 2 PR i CAT 3% (Han et al., 2009); 5 A1 10 mmol - L™
B A RIS 38 1 T A N I R 2R CAT 351, 10 mmol - L AbEE (K& M 23 & T 5 mmol - L
(1) (Eser & Aydemir, 2016). Fif X Le4s RIS CAT vV sz SRR A J S ks ik
IR G ATRIRIE R B, WX 5576 CAT I P [ 52 M0 152 28 K BL () 5

FHEER (Pro) BRFME A EAEYXS 2 Fh A AR A Ml 1) 357 kA B 7, G LA e 5 U 4 L 465 74
TEBRIE S 2 R AR S A L B A T 4 R T AN O B TH R 45 £ 5 T AE ) (Kaur & Asthir,
2015). ARIGLE TR, HIRHEII AR T 21EM T Pro S &, TEMIRN 5.0 A1 10.0 mg - kg™ ARSI
N, BRIELE 70%LA E. X EERE (M ZEATE AL, 2008) FKEARE (XIGE %, 2016)
g B —3; 5/KE/NE (Eser & Aydemir, 2016). HIAI# RAH (RE1H 2%, 2016) FIKEEPHR (5
R, 2016) MR BA—E. KW T ARMEIA . K572 &R AKX B Pro & & 15
IZNE
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K. /KEEZ #) (Landi et al., 2013). /KN H (Han etal., 2009). 25 SAH H AR08 (BB 4%,
2016) IWERFEERE (Molassiotis et al., 2006). +T3EZFH 4 (Gunes etal., 2006). 7/KE; K&

(Karabal et al., 2003). MS FF 5 F#UITr (Kaythan etal., 2016) SHIHF A4 RMWERE, WidE
4> TSN ) MDA & 8, F BB Ik 52 6 AR 420 119 s 35 385 I g ok S Ak 45345 - X ZE A (2016)
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by E e 25, HIEFER LM ERR, SoaEREmrsits, ZX5ARRKAA LR 2.5
mg - kg FILLUFIS, 3560 MDA & & 5506 JOE 22 78 57— 50 KB AP R I/ MDA 12 & Bt
B R R i B 0 (Shah et al., 2017), X3 ZGEHEIIAKTFEE, SACKITEH &S CaB ] 1
AR, Htt)gTidfE, SE MDA &N, AEMERS ZMAF. bl i, g
AR E RN o R EUE Y BB S A 1 A

gi b, ARB T LRI R AE 2.5 mg - kg LA, 04646 F AL AR B A AR R
I 5 mg - kg S ER RN

References

AliaM S, Elhamahmy M A, El-Shiekh A F. 2017. Mango trees productivity and quality as affected by boron and putrescine. Scientia Horticulturae,
2016: 248 - 255.

Archana N P. 2013. Antioxidant responses and water status in Brassica seedlings subjected to boron stress. Acta Physiol Plant, 35: 697 - 706.

Chen M, Mishra S, Scott A. Heckathorn SA, FrantzJ M, Krause C. 2014. Proteomic analysis of Arabidopsis thaliana leaves in response to acute
boron deficiency and toxicity reveals effects on photosynthesis, carbohydrate metabolism, and protein synthesis. Journal of Plant Physiology,
171: 235 -242.

Chen Sheng, Shi Mu-tian, Wu Yu-fen, Li Yong-yu. 2016. Boron stress on some physiological indexes of different watermelon genotypes. Chinese
Agricultural Science Bulletin, 32 (16): 56 - 60. (in Chinese)

MR R, BAH, ZRF3F, ZRKAE. 2016, B HMIE AN R 56 R AL 76 SIS 2 A= AR AR R smm. R 22583, 32 (16): 56 - 60.

Eser A, Aydemir T. 2016. The effect of kinetin on wheat seedlings exposed to boron. Plant Physiology and Biochemistry, 108: 158 - 164.

Gunes A, Soylemezoglu G, Inal A, Bagci E G, Coban S, Sahin O. 2006. Antioxidant and stomatal responses of grapevine ( Vitis vinifera L.) to boron
toxicity. Scientia Horticulturae, 110: 279 - 284.

HanS, TangN, Jiang HX, Yang LT, LiY, ChenLS.2009. CO, assimilation, photosystem II photochemistry, carbohydrate metabolism and
antioxidant system of citrus leaves in response to boron stress. Plant Science, 176: 143 - 153.

Karabal E, Yiicel M, Oktem H A. 2003. Antioxidant responses of tolerant and sensitive barley cultivars to boron toxicity. Plant Science, 164:
925 - 933.

Kaur G, Asthir B. 2015. Proline: a key player in plant abiotic stress tolerance. Biologia Plantarum, 59: 609 - 619.

Kaythan D S, Kayihan C, Cifcti Y O. 2016. Excess boron responsive regulations of antioxidative mechanism at physio-biochemical and molecular
levels in Arabidopsis thaliana. Plant Physiology and Biochemistry, 109: 337 - 345.

Landi M, Pardossi A, Remorini D, Guidi L. 2013. Antioxidant and photosynthetic response of a purple-leaved and a green-leaved cultivar of sweet
basil (Ocimum basilicum) to boron excess. Environmental and Experimental Botany, 85: 64 - 75.

Liu Chao-chao, Jiang Cun-cang, Dong Xiao-chang, Liu Gui-dong, Lu Xiao-pei. 2016. Effects of different ways of boron applications on the
physiologies and biochemistries of navel organge rootstock. Journal of Huazhong Agricultural University, 35 (1): 69 - 73. (in Chinese)
XEH, LA, EHE, AR, FBEM. 2016, AFEHEI 7 2O B0 il AR A BAE ARV RS2 . S dfall 222441, 35 (1): 69 - 73.

Lu Xin, Xie Ying-he. 2011. Soil Fertilizer Science. Beijing: Chinese Agriculture University Press: 244 - 245. (in Chinese)

Rk, WA 2010, RSEAREbE bRt AL AR 244 - 245,

Molassiotis A, Sotiropoulos T, Tanou G, Diamantidis G, Therios 1. 2006. Boron-induced oxidative damage and antioxidant and nucleolytic responses
in shoot tips culture of the apple rootstock EM 9 (Malus domestica Borkh) . Environmental and Experimental Botany, 56: 54 - 62.

Nadeem F, Farooq M, Nawaz A, Ahmad R. 2019. Boron improves productivity and profitability of bread wheat under zero and plough tillage on
alkaline calcareous soil. Field Crops Research, 239: 1-9.

Nan Zhi-run, Fan Yue-xian, 2008. Adavance of researches on ctatlase in plants. Anhui Agriculture Science Bulletin, 14 (5): 27 - 29. (in Chinese)
FZiE, 8. 2008, MY FMERMT R, ZRUR @R, 14 (5): 27 -29.

Reid R. 2010. Can we really increase yields by making crop plants tolerant to boron toxicity? Plant Science, 178: 9 - 11.



XIS, AR, BN, TMSE, RIS, H25Y
A A A B € F AN AR AR (AR BRI .
[d & %4%, 2019, 46 (6): 1183 - 1191. 1191

Shah A, Wu X, Ullah A, Fahad S, Muhammad R, Yan L, Jiang C. 2017. Deficiency and toxicity of boron: alterations in growth, oxidative damage
and uptake by citrange orange plants. Ecotoxicology and Environmental Safety, 145: 575 - 582.

Shi Yi-hua, Liu Peng. 2002. A review of advances in physiological function of boron in plants. Subtropical Plant Science, 13 (2): 64 - 69. (in
Chinese)
s, X M. 2002, BREEMLYIOR N AEBLDIRERT IR (SRR | WHVERIRLYE, 13 (2): 64 - 69.

Sirajuddin, Khan A, Ali L, Chaudhary H J, Munis M F H, Bano A, Masood S. 2016. Bacillus pumilus alleviates boron toxicity in tomato

(Lycopersicum esculentum L.) due to enhanced antioxidant enzymatic activity. Scientia Horticulturae, 200: 178 - 185.

Uluisik I, Karakaya H C, Koc A. 2018. The importance of boron in biological systems. Journal of Trace Elements in Medicine and Biology, 45:
156 - 162.

Wang Chun-li. 2001. Physiological injury caused by deficient boron in plants. Plant Physiology Journal, 37 (4): 352 - 355. (in Chinese)
FHF. 2001, HEPIEI LB E. EY LRI, 37 (4): 352 - 355.

Wang Xue-kui. 2006. Principles and techniques of plang physiological biochemican experiment. 2nd ed. Beijing: Higher Education Press: 134 - 281.

(in Chinese)

F542.2006. HIYEBAMRIG IR EL SR, 2 . AT AT AR 134 - 281

Wu Xiu-li, Ou Yong-bin, Yuan Gai-huan, Chen Yong-fu, Wang Yang, Yao Yin-an. 2015. Physiological responses of two poplar species to high boron
stress. Chinese Journal of Plant Ecology, 39 (4): 407 - 415. (in Chinese)
RI5W, BRREM, RS, BRKE. OB, Bk 2015 PIRRIX mlpeE R A B B AR SR, 39 (4): 407 - 415,

Xiao Lang-tao, Wang San-gen. 2005. Techniques of plant physiological experiment. Beijing: Agriculture Press: 211 - 215. (in Chinese)
NIRPE, E=HR. 2005, AR EOR. dbat: PRV H AR 211 - 215,

Xiong Bo, Ye Shuang, Qiu Xia, Li Qing-nan, Gu Xian-jie, Sun Guo-chao, Luo Hua, Wang Zhi-hui. 2016. Effect of boron on physiological and
antioxidant enzymes activity of Huangguogan. Acta Agriculturae Zhejiang, 28 (7): 1171 - 1176. (in Chinese)
fe M, M FE, B OBR, AR, NEUR, INEDE, B4R, B 2016, IR AURE A IR K& HUAALEEIE PEROSE . WAL AR,
28 (7): 1171 - 1176.



