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335.5 mm, RE A FETHEVEY KR, 0~20 eon TR 1=
SRR PR PR TR pH 5.18, A HLIT 37.16 g/kg, MA
1.06 g/kg, Bifi# 4 103.3 mg/kg, Olsen-P 21.7 mg/kg,
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1.4 AEERANRGEEENE

DR RME . KA HS0,H,0, 75 855 15
R I %, & 22 3 3 M (AA3, SEAL Analyti-
cal GmbH ) I 9 - i R R VR B

2) il R i I g (NR) R4S S e i B J il ( GS) 7%
PRI E o TR S CRREG , v B M) TSR
] 2 U307 P B NR FIGS 3% 1, BAAR AL 3R 2 IR i
FiE T, HAp NR AL (U/g) i S /NI 1 g fif
JFERE S PR AE = A2 1 pmol NO, 15 14 NR i
FIAT 5 GS B BARE(U/g) 72 X2 1 g 41 4UTE I N ik &
H4g 30 minf# 540 nm FMEEAEL 0.01 & S 14
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RNA, PR RS GR UE] B o FF SR HUY S RNA
#% B TRUEscript RT kit with gDNA Eraser (Aidlab,
rh ] b ) 398 2 SRR A Y 150 B B AT RNA 00 5%
3, T2k 45 cDNA B9 55 1 754 o 1844 QuantstStu-
dio 6 Flex 52 iy PCR % %t (Applied Biosystems, 3
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qPCR Mix Kit(Abclonal,, H1 EIZI0) #F47 5L e
i PCR(QRT-PCR) . EF-IafE NN SEA , IF8 L
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(CT fapan = CTer 1) — (CT ppgogpn— C T 10wyt
G AT SR R R B e s B A 1 (NRT 1) Mk 2
(NRT2) B BRI F kA 19281k, & 1 g
THRER G PE R .
*1 ZAEHRF qRT-PCRAHETASIY

Table I Primers used for qRT-PCR analysis in this study

e EA E 514 (5—>3") B 1ey5 |4 (3—5")
Gene name Forward primers Reverse primers
TTTGGGTCAGAC-  CCGGCCAAGAAAAT-
NRTI.1s
CAATTCG GCTTAG
NRTL5s AGTTCGATGAAGAG- CGGTATCTCG
R CATCCT GAGTTCCAAG
CCATCGTGCCTTTT- GTTAGCCCTT-
NRT2.2s
GTCTC GTTCAGTTGTG
TTATCGCACGAGAA- TTCCACAAT-
NRT2.5s
CAAAG GGGGAGGTATG
EF1- GCCTGGTATGGTT- GAAGTTAGCAG-
“ GTGACCT CACCCTTGG

1.6 Zitoth

AT IS B 8 R o P bR 22T ]
SPSS 25.0 Fll GraphPad Prism 8.0 #1754 4t 143 Br
FATRRAL o IR 00 0 3 P 2 BT R FH BRI R 05 2540
Hr (LSD test) FIRL A 2 J7 2243 #7 (Sidak s test) .

2 HRE5HH

2.1 WREECHEXS HEMEER K8

sEAl

PSEZS IR RN T TR0 R B S 61 e Sl sob - AT A

£ 2017—2019 4F 15 1 A ) W 26006 A T b Ak 2 (3%
2) o WEFEARERY], L v B hh 2 A S, BEE
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(0 kg/hm*) Kb 3EAH L. , B Z0HC A it FH I S 7 i i v
T177.8%~772.4% o A ZE G143 Hr i B T
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SR i Ak R e 9 (PR 1), 45 SRR, Bl S BUh 3
W Fr Vel 3 G AR, B UM At e B
oA R 2 B TR R H, 32 I 2R gk
Z R AR Tl et i T e AR . TEIRA
(60 kg/hm?) Z5 4 F , AC it X Y6 VR B A —
(R A 35 1 ), 76 i FF AR 9 kg /hm® i i Y64 3 S de
KETE 2018—2019 A K ZEJf R A I i 2 22 7 7R IE
A (180 kg/hm*) 24 T , AN #AL (0 kg/hm?) J™
TSR A VE T, BEE T E i FH & Y i — 25 3
i (4.5~18.0 kg/hm?*) , B AE &8 35 42 & T a2t Rl
B R EAS [ B Ach 3 1) 2 5 O d 2 7E = AL (240
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SNt R0 S6A R I ELC A = Bt 2 ik — 25
il 7 2017—2018 4F et 7 A R . i 2k X
AP S BE GE 143 B 2 BH 0 0 S0t A Ak B X6k i S
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XoF T S A A 6 AV FH AT AE 4 5 i 5 R
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Fig. 1

Effects of N and B fertilizers co—application on net photosynthetic rate of rapeseed

leaves at bolting stage in 2017 —2019 field experiments
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Fig. 2 Effects of N and B fertilizers co—application on the N accumulation in different tissues of rapeseed at maturity
in 2017 —2019 field experiments
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# A& (180 kg/hm*) 254 T , ANt (O kg/hm?) Fil =
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X5 AR RREERAH—5, RUL, 8 H
T S e S 3 A RO ) 2k 3 3 T 3 i ks

P EAS R R O R R AR B
FE W TE 2017 — 2018 4 A2 K A7 70N B 35 19 32 T AR
H (P<<0.01) , B 7E 2018 — 2019 4F ¢ B & % &7
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F2 TEBCHEXT 20172019 EWFHEX I HEARHAENER 2R
Table 2 Effects of N and B fertilizers co—application on the seed yield and biomass of rapeseed at

different growth stages in 2017—2019 field experiments

K/ gk )5 /g Shoot dry weight per plant )
K-/ (ke /brn) KPR 4/ (kg/hm?)
nm- e e S
(kg/hm?) & il e RESY Seed yield
Boron Seedling stage Bolting stage Mature stage
N levels
levels 2017—2018  2018—2019  2017—2018  2018—2019  2017—2018  2018—2019  2017—2018 2018—2019
0 9 0.98 £0.28¢ 1.11 £0.15d 1.77 = 0.25¢  2.38 = 0.49d 13.34 == 4.10f 6.97 £ 0.88e  49.7 = 9.4f 121 .04 5.8f
4.5 442 4+0.59d 2.354+0.25¢c  6.54 +1.19d  3.38 £ 0.40c 28.94 £ 4.94¢ 14.68 4 1.02d 233.5 + 33.4d 367.5+ 34.8d
60 9 443 +£0.46d 2.61 =0.57c 7.32 + 1.44d 4.73 £ 0.23¢c 28.23 £+ 5.97¢ 11.94 4 2.35d 259.1 + 68.3d 357.2 4 36.7d
18 4.73 £1.05d 2.97 = 0.59¢ 6.08 = 1.23d  4.07 £ 0.58c 28.14 + 4.07¢ 12.89 4 1.05d 245.4 + 23.2d 403.0 £ 36.5d
0 10.32 £ 0.65¢  3.71 = .52bc  13.07 = 1.48¢c 8.05 £ 0.68ab 60.41 + 4.04d 25.67 £ 2.36¢c 129.6 4 35.6e 229.2 + 20.3e
180 4.5 11.23 £ .81bc 4.74 £ 0.41ab 15.55 4+ 1.73b 8.60 &= 0.41a 66.44 4= 4.94c 32.67 + 2.25b 446.2 4= 48.5¢ 590.8459.3bc
9 13.07 £ 2.82b 4.99 4 0.68ab 18.06 4= 3.20ab 9.61 4= 0.92a 74.05 += .37ab 31.86 =+ 3.54b 444.0 == 57.3c 575.1 = 29.3c
18 11.63 + .23bc  4.44 £ 079b 16.17 4+ 1.60b 6.98 + 0.33b 63.06 = .79cd 32.15 + 3.22b 416.3 £ 56.0c  565.2 4= 69.4¢
4.5 14.61 + .1lab 4.86 4+ 0.34ab 17.12 4+ 1.72b 7.88 4= 0.67ab 77.42 + 5.56a 40.67 &= 1.99a 687.3 £ 42.2a 805.3 +-42.2a
240 9 16.07 £+ 2.30a 5.32 £ 0.44a 20.81 + 1.48a 7.36 4= 0.28ab 72.64 + .73ab 32.97 + 1.24b 695.1 & 84.5a 668.0=41.2b
18 16.29 + 1.12a 4.23 = 0.65b 22.92 + 4.90a 7.55 4= 0.64ab 71.49 4= 6.12b 35.82 £ 1.57b 630.6 £ 27.3b 639.2:£42.7hc
soksk soksk koksk soksk skokok s$oksk ok ok
ANOVA
B kk kk sk ok sk Hoksk foksk koksk
P(>F)
NXB * ns * * *ok * skk sk
®3 WRRH 20172010 EWEREARWNE 1, Ny T 50U A L, B2
L EAEA &R eI [ s - s
PRI SRR S EL RO RO MR RBLE T 24 EUK T 2 KT A9 28 Ab

Table 3 Effects of N and B fertilizers co—application B W1 3 R L 46 R 4 (0.12 il 6 mmol/L) 7k

SR MR AR A Wi B KT B3N i B e T 2.8

on the N harvest index of rapeseed at maturity
in 2017 —2019 field experiments

A L UA% o Al R S 2 B e T OE R AR AR R

b Bt N i S A R T A P 2 5K 3%
N levels Boronlevels 20172018 2018—2019 (KI3AFIB). BLAM, FEERE SR T, 38 a4 p 1
0 9 60.3 + 7.4a 52.8 + 7.9 B SEAR T L RN T 2.1 5 (K3 C) . SR E
45 66.2 + 6.8a 56.3 + 4.1a ME K B = 500 T AR RAE R Z B FE S,

60 9 76.6+£520 609+ 41a H5REMMATFTILL ., M FRERBKER, 5L

18 79.3 + 7.5 59.2 + 5.6a TEAR R E K (0.12 F1 6 mmol/L) R, 1IE & L0 2 2

0 1424+ 54d 368+ 3.9b BEMTRAPHAZHRZE3ID), A, FEIRE

0 4.5 55.1+44b 561+ 17a (0.12 mmol/L) &1 F , i E3F i R R EEA F

9 56.3 £ 40b 555 4.2a A (E 3 E) . 5K AMCHNARFE(0.12 mmol /I N+

18 37.8 + 6.5 475+ 37a 0.25 pmol/L B)A L, 7E R 72 /2 (6 mmol /1. N+

45 623+£27b 533+ 1.9 25 pmol/L B) (O, MR LR A R LR &

240 I 67£63b  SLI=3z2 WERINT 5.0/ 10.7 6%, (HAF B MZ, w/b it
1 TAETO BT RI e TR (0.12 mmol /L) S TR RA K

ANOVA N * WHCRE J7 AR T T AL (6 mmol/L) ZKFAR R &
P(>F) b o " W IRE ) (3 F) , 3 S 2 JL U6 I S A 29 i ) 220

N - s R T3 A DL R R Wl A S A, WL




52 M FACER A MR EAEN H RS AR L R AR P 5 ) 43
R o b LEMI M AL B R 2% 8%, HEA  pmol/L B)EN T , AR & NR I GS 1% 470 9 # 5
Wi s BEAEFH (P << 0.01) ., T20Me2M (K4 A.C), TEIEWAEMUT

2.5 AETIE MM KTk HEHBRRGE
KEE R R

RGN R A B A R A 252 e AR A
P FRATIN E T A 6] A0 A2 B AL BT A R A4 T
(NR) 4 2 Bk e A il (GS) s M (1 4) . 51K
i1 (0.25 pmol/L) kb BRAH Lt , 38 I A 41 1 &b & 48 /& 17
ARV KT SRR 2 NR LGS 36 1, 1x 20 78 2
£ B0 FAE 7 XoF T A 5 i S v AR R R AR Y T
P 5K AR (0.12 mmol/L N+0.25 pmol/L B)
Ab BEAH HE, 7E SR A AL R 72 2 (6 mmol/L N+25

(6 mmol/L) , - F NR I GS 1% BERR AL /K - (1 185
I R, AR FERAESE R (0.12 mmol/L) ,
AT AL B IE - NR FIGS T HE 24 S A 5% . [A
B, SR A (0.12 mmol/L N + 0.25 pmol/L B)
ALPEAR EE AR A 7S 2 (6 mmol /L N + 25 pmol/L B)
G BL T, I R NR TGS 36 PR 50 338 T 62.2%
75.4% (K4 B.D). ilid WHE 2200k — 4%
A AN [ B Ak B0 A M LA e 3 s AR
(P<C0.05), DA -Z5RERM, S et b , P
ARG, B EUEE TERETIHAR R 2

B
0.08 A 04 04 C
= o mol — = ol MOl = 0. mo
025 pmol/L B . 025 pmol/L B 025 pmol/LL B
= =325 pmol/L B 0 - =225 pmol/L B =325 pmol/L B
i) = N; sk iz = N: sokok N; ok
B = 0.06 B sx W o 03f B o 03 B s
B < NxB: ### ey g NxB: ##* ‘é NxB: ##*
= K= R
He .80 0.04 H- s 0.2 =R 0.2
) o O SS
ﬁ = N %g N
B KEREN e
% < 00 = o0l § 0.1
z Ww o
l N
0.00 BHE o0 o 0o 012 6
ﬁﬁ Kﬁmmmm AN mﬁhmmm) BB U JE (mmol/LL)
N supply concentration N supply concentration N supply concentration
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Effects of boron-nitrogen interaction on growth , nitrogen uptake and
seed yield of rapeseed (Brassica napus)

WANG Youqiang1 ,ZHAO Zhe', WANG Sheliang1 YE Xiangsheng1 ,LIU Qingyun2 , XU Fangsenl

1.Microelement Research Center/College of Resources and Environment ,
Huazhong Agricultural University, Wuhan 430070, China;
2. Xishut Agricultural Technology Extension Center ,Huanggang 438000, China

Abstract To explore the yield-increasing effect and physiological mechanism of boron (B)-nitrogen
(N) interaction in Brassica napus, the effects of B-N different treatments on rapeseed growth, N uptake and
utilization, N metabolism enzyme activity, and seed yield were analyzed by hydroponic culture experiment
and field plot experiment. The results showed that B deficiency significantly inhibited the root growth of rape-
seed at the seedling stage under different N supply levels. Compared with low N or low B treatment, the bal-
anced supply of B and N significantly increased the N uptake and the expression level of related genes, and
improved the activities of nitrate reductase (NR) and glutamine synthetase (GS) in N metabolism. In the field
experiment, the application of B and N fertilizer significantly increased the seed yield of rapeseed. However,
the effect of B fertilizer application was closely related to soil N availability. Under the normal N supply level
(180 kg/hm?), the effect of B fertilizer application was better than that of low N (60 kg/hm®) condition,
while high B (18 kg/hm?) combined with high N (240 kg/hm?) limited the further increase of seed yield. Ap-
propriate co-application of B and N significantly improved the N harvest index and promoted the distribution
of N to the grains. B and N co-application had significant interaction effects on the growth and development
of rapeseed, both in the hydroponic seedling stage and in the field of the whole growth stage. Under the field
conditions of this study, the recommended amount of N fertilizer was 180-240 kg/hm®, and the combined ap-
plication with 4.5-9 kg/hm” of borax could maximize the yield increasing potential of rapeseed.

Keywords Brassica napus ; boron and nitrogen interaction effect ; precise fertilization ; nitrogen metab-

olism enzyme activity ; comprehensive management of nutrients ; balanced fertilization ; green and efficient
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