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Fig.1 The growth and development of rapeseed seedlings under different types of boron fertilizers
FR1 AEEEMEHERTHEDEHTHRER

Table 1 Dry matter accumulation in rapeseed seedlings under different types of boron fertilizers

25 pmol/L IB

AbBE Treatment M 3B/ (g/#K) Shoot  #UFiE:/(g/#k) Root BT/ (g/#) Total dry weight Lt R/S
CK 0.5140.04c 0.0370.00¢ 0.54=+0.04c 0.06¢
0.25 pmol/L. OB 1.094-0.02b 0.10£0.00a 1.2040.02b 0.09a
0.25 pmol/L 1B 1.2340.03a 0.09+0.01b 1.32+0.03a 0.07b
CK 0.5140.04b 0.0370.00¢ 0.54+0.04b 0.06¢
25 pmol/L OB 1.1940.01a 0.117£0.00a 1.3140.02a 0.10a
25 pmol/L 1B 1.1940.02a 0.10+0.01b 1.29+0.02a 0.08b
ANOVA

C NS oK * NS

B ok o - o

CXB *x NS ok NS

TE - R VEBUE IS A /NG TR AR W) 25 5 B35 (P<<0.05) ,* A= J3 HifL3 0.05 F10.01 K 28 5 B35 NSAURBAT BFER, T

[d. Note: Different lowercase letters indicate significant difference between treatments (P<C0.05). * and ** represent significant differences at

0.05 and 0.01 levels. NS indicates no significant difference. The same as below.

T RR A TC B R AR A . A5 R R W] AEARBEREE T,
HUBIAL S A F] Tl 7 2R @ BRI
Z A TG 2 220

oA R G EIEST R iR (£ 2),0.25 pmol /L
it 0 b BT it AT HLI S L dh et o ag R a i
LRR b AIZEEH S D R BT TCHLIN S W, 3 s
4394 20.0%6 . 15.1% F132.7 % 3 25 pmol /L Jiti B 1 Ak
PR S 4 ER a R R b IR S MRS
RGN, WA HUIS Tl S ) AE - AR A
PR TR B it TE AL G 2 25 S (B HLA AL

TCHLBIEE A R TFIhsent it & a R G .
JEATEAR B E 25 5 WoR (2 3) , Bl 3% A%
TSGR RSB L] CO, vk B2 Fl 28 1 3
R TV TE IO A 2 35 09 85, it FH A L it FH
HLBI A0 G 3 238 18 S 25 38 o, 386 43 ) oy 42.4 %6 AN
28.9%;0.25 pmol/L jifi i & AL PR T, hits FHA HLI )
SR AAL T LI CO, Ve B TN 2% 19 3 3R it FH S
HUAII XS 3 18400 5 25 pmol /L it 0 2 b BER it FH AT
BLBI S, S AL 5 B R 75 I o R A it FH AL
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Table 2 Leaf area and pigment content of rapeseed seedlings under different types of boron fertilizers

KbFE Treatment

Tyngnt Y em?

Functional leaf
area

HRRI AL/ cm®

Plant leaf
area

442 a/ (mg/kg)

Chlorophyll a

4% b/(mg/kg)

Chlorophyll b

KA N &K /(mg/kg)

Carotenoids

CK
0.25 umol/L OB
0.25 pmol/L 1B

29.24+1.37¢
68.08=2.04b
71.214+2.54a

146.534+3.91c
300.84£5.47b
333.70£9.52a

842.22449.33¢
1773.92£51.37a
1478.37£61.14b

365.39+13.61c
654.8220.67a
568.87+£27.82b

130.334:7.133¢
392.58=£5.30a
295.89416.60b

CK
25 pmol/L. OB
25 pmol/L 1B

29.24+1.37b
73.38£3.98a
70.94£2.72a

146.53-£3.91b
309.47£4.91a
310.48+11.39

842.22449.33¢
1809.3374.03a
1599.63£48.86b

365.39-£13.61c
678.96£37.39a
587.69+37.23b

130.334+7.133¢
375.38£5.43a
329.07434.05b

CXB

NS

sk

%

ANOVA

NS

*ok

e

*

skk

NS

NS

sk

NS

NS

sk
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Table 3 Photosynthetic characteristics of rapeseed seedlings under different types of boron fertilizers

b et/ SIS/ JLE] CO, He i/ e A/
[pmol/(m*-s)] [mol/(m?-s)] (pmol/mol) [mmol/(m?*-s)]
Treatment Photosynthetic rate Stomatal conductance Intercellular CO, concentration Transpiration rate
CK 30.5941.96¢ 0.40=£0.07b 296.56+16.30a 5.43+0.87¢c
0.25 pmol/L. OB 80.05+4.23a 1.1640.10a 310.95+10.55a 14.00+0.71a
0.25 pmol/L 1B 56.234-3.86b 0.49+0.08b 249.84+17.47b 7.54+0.92b
CK 30.5941.96¢ 0.40=£0.07¢ 296.56+16.30c 5.43+0.87¢c
25 pmol/L. OB 86.03+3.43a 1.364+0.11a 316.59+12.43b 18.024-0.88a
25 pmol/L 1B 66.7344.26b 0.83=0.06b 343.94+12.60a 11.34-+0.59b
ANOVA
B ok Kok - sk

N 63.9% F158.9%, i il ] CO, He B 5 3 FEAIK
8.0% . 4K, A WLAN A TCHLIN o A A T 42 o vl
S L AROR,
23 AEESWBITHESBUBSE MMRKE
FNHA 5> B bk 51 B9 32 Ml

P 2% 4 AT, JG e it FH G AL I B & A LI, 90 3
by S0 A A A R AR, SR R
PR B0 A7 . 0.25 pmol /L il 2L B, e
FA B, 3052 b a2 it A JCAILA G
FHAL R ER O B 0 R 12.4 06, Yl SR b - R
RS A W A 2 N 4 i L 38 TC 8 25 A5 4k 5 25 pmol /L it
A AL B R it AT LA, ek S b b S A 5 £ TR
Wi ik A it FH TG ML AN 43 53] ik 5 4 14.3 %6 R 14.6 %,
T SR AR S 5 ek A AT 43 ) b 2 BRI 26.7 Y6
15.4% , BRI s i 35 3G 11.7 %6 o AR E it I T

ML, e A LA F ik =5 st 350 0 A 40 T Hb 49 2
e DA 5 R i FHAA DL R TS LA B A A
TSR A i M AR )L A %
3 i i

R A K T I FRu R, KRS
2 U BB AP AR A, D BB A ZETF AL
TE A= BT B R0 b 10 11 2 2 12 1000 e S R o i
S S SRR A A R A TR A R
TR 29 20~70 mg/kg> ¥, AWFTTLE R TR, Bl
e B i 640 RIS, 25 pmol/L
ANFEDE ST ] {580 7 1 BRI F] 20 mg/kg DA
b RIS IE AR K R, FRAE 25 pmol /L iE
WAL FER , JCALAI s A AL A i =2 A 4 = 2 AH {0
AR o AT 9t ik B it FH JC AL 55 A ML 35 ]
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Table 4 Boron content,boron absorption and boron distribution in various parts of
rapeseed seedlings under different types of boron fertilizers
B/ (mg/kg) B/ (pg/#5) AT/ %
AbH Treatment Boron concentration Boron accumulation Boron distribution
i35 Shoot HEH Root i 13 Shoot H3H Root gk Total i 135 Shoot HLHS Root
CK 6.62+0.96b 13.8841.05b 3.42+0.69b 0.40-+0.01b 3.81+£0.70b 89.37+1.62a 10.6341.62a
0.25 pmol/L. OB 11.78+1.72a 14.594+1.56b  12.86+1.72a 1.5140.19a  14.3741.75a 89.40+1.60a 10.6041.60a
0.25 pmol/L 1B 9.78+1.76a 16.654+0.36a  12.05+2.34a 1.46+0.11a  13.51£2.29a 88.894+2.34a  11.11+2.34a
CK 6.62+0.96¢ 13.88+1.05¢ 3.42+0.69¢ 0.40+0.01c 3.81+0.70¢ 89.37+1.62b 10.63+1.62a
25 pmol/L OB 27.69+2.83a 23.04£1.53b  33.0543.55a 2.63£0.23b  35.684-3.68a 92.600.63a 7.40+0.63b
25 pmol/L 1B 24.23+2.28b 31.41+0.72a  28.834+2.53b 3.114+0.18a  31.94+2.48b 90.21+1.07b 9.79+1.07a
ANOVA
C *% *% *% *% *% * *

A R SRR AL O BRBIRE IR 0 LA 1 25 SR B Ay
BLEI AN TCHL A BA SR A HE AL, W] 22 figg A 1) e i
SR, DAL A LA T A S i A AL A A7 208 2

AT BOE A SR M FAR T FER TG s
RIS AR TP eSS . ARBIFE 45 5 W Gl
FH IR TSRO A AR . — Ty R R D B ) T
WRAH R AR, A R B AR, S EOEE AR
A, 57 T R A R S ORI ) R K A
JeA R BT AR, TS BOL A AR ER . E
FHERAYIE , JOIE 2 IR Al A P J2 55 A Ak 3L, it P A
BB Bt FH TS AL S i - BA B e O B4
A5 [l IR SE VAL B, W B D BE M- T BN SR
TR JG R 3 2 5, AN 3 2R Al v D6 i T AU
AN AT LA AN TC AL B R i i SO A BCR i £
Ko MERE R AP e AT DL BE R XL RE R Al R
SR, M A AR A D65 R0 . A L TR AL
Ly RS IR VSRR Bl BN SN 2 S N S
BN RS R N [R] b SR A AL
JE A 0, X AT RS A HILAI AR e Tl SO ROR Y
EEPNER G, A PLIE RSO A ReR,
11T {53 A Wy e 0 35 AR A, R RE IR 7 Tl Sk B
F8 N TR] 52 L, i 85 5 1 R T B 4l e v o — 20
Bk

IRBA PRI T, K 2 ke Wy (400 2B 4 %5 5y R B
HH A A R AR, DD A T T AR E R
ik 5l XUR 2 & W O IE U 7E T 4 I BE |, TR R
R sh ke s . EE SRR A LS £ 0T
it 245 G T A JC AL A W R B A R AL ) A SR

It HAER YR NS sh it Bk . AR IT IR0 25 R 3
BH , TGV it FH A HLAI A 2 T AILII 34 T LAAT R4 v v
SESTE I 4R, 0.25 pmol /LARAIAL BER , b3 35
FAR 0 ) 53 C L 451 G 25 25 5 . 25 pmol /L i il
ACFRR A Pt B TS HLEN , it A BLEI S, SRk 5
T A d 24 n 117 %6, Ly S b B B i B L
o] S 2 14 T, 2% 07 it FH A8 HILAI A JEHLA 5 A R T i
SENT A A W e AR ] s, Hu %5 O BEST R
WEBE AT 55 B4 P 1) Bz B8 U 22 e i S 5, 1)
Bz #B w5 BE B G W R 5N SO FhAR L, RE
TR B B o ok I i BH B R AR 4 90 1 1)
R sh ke A R A A5 . ABFSE IR T
Jiti I TC ML 8 A HLAIN S 0T AT R 5% it 1o S &) i 1 ke
B AR, it FH A LA F Sk 2 4 v v SR O B R 42
90 350 B A R i SR BRI 1) A2 i, (LR T SR I
A LI A AR 4 P W BOR) AP 32 TR 28 1 R
AT, 3E— 2 i 2 3 S () B, A B T R LA 7E
THI S SCH At AR ) A PR AL
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Effects of different forms of boron on photosynthetic
and physiological characteristics of rapeseed seedlings

LI Mingfeng',ZHANG Wei*,ZHANG Zhihua*, LIU Xinwei*,ZHAO Zhuqing”

1.College of Landscape Architecture and Horticulture , Wuhan University
of Bioengineering, Wuhan 430415, China;
2.College of Resources and Environment/Microelement Research Center ,
Huazhong Agricultural University, Wuhan 430070, China

Abstract “Huayouza 9” was used to study the differences in the growth and boron absorption and uti-
lization of rapeseed with two different forms of boron including boric acid and diglycerol borate under water
culture to explore whether organic boron (diglycerol borate) has the effect of boron fertilizer. The results
showed that boron deficiency treatment led to thickening, curling of rapeseed leaves, and decreased bio-
mass, while the application of organic or inorganic boron promoted the growth of rapeseed.Inorganic boron
was more conducive to the growth of rapeseed than organic boron under the treatment with low boron
(0.25 pmol/L ) .Organic and inorganic boron had similar effects on the total biomass of rapeseed under the
treatment with suitable boron (25 pmol/L.).Whether in a low boron or suitable boron environment , the con-
tent of photosynthetic pigments including chlorophyll a, chlorophyll b and carotenoids in rapeseed leaves af-
ter applying organic boron was significantly higher than that of rapeseed treated with inorganic boron. The
photosynthetic rate of rapeseed after applying organic boron was significantly increased by 28.9% compared
to applying inorganic boron under the treatment with suitable boron (25 pmol/L ). The accumulation of
starch grains in leaves increased. The boron absorption per plant of rapeseed significantly increased by
11.7% , with the main increase being in the aboveground part of rapeseed.It is indicated that organic and in-
organic boron have similar physiological functions in rapeseed under suitable boron environment.Organic bo-
ron is more conducive to the absorption, accumulation, and upward transportation of boron in rapeseed com-
pared to inorganic boron, promoting the generation of photosynthetic pigments and thereby improving photo-
synthetic efficiency.

Keywords rapeseed ; organic boron ; inorganic boron ; photosynthetic characteristic ; boron absorption ;

boron distribution
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