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Effect of Nitrogen Reduction and Nitrogen-silica Application on Yield,
Nutritional Quality and Nutrient Uptake and Utilization of Pepper

ZHANG Fan, CUI Yunhao, QIN Zhixiang, WANG Yaya, ZHANG Yi, SHI Yu~

(College of Horticulture, Shanxi Agricultural University, Taigu, Shanxi 030801, China)

Abstract: The authors used pepper variety “Audrey” as the test material and fertilized with normal N
(N, 5 3.91 t/hm*), 60% N application (N, 4, 2.35 t/hm*). 40% N application (N, ,, 1.56 t/hm®), no
N application (Ny, 0 t/hm*), and two levels of silicon fertilizer (0 mmol/L, 1.5 mmol/L) to study the
effect of silicon on nitrogen uptake and utilization and fruit quality of pepper crop under different levels of
nitrogen supply, and to screen out the best fertilization treatment, aiming to provide theoretical basis and
technical reference for high yield and quality improvement of pepper. The present experimental study
showed that, (1) compared with N, , nitrogen supply level, fruit yield of pepper under N, ; condition was
significantly increased by 19. 93%, and fruit yield under both N, , and N, conditions were significantly low-
er than N, , nitrogen supply level. Compared with the single N supply treatment, the fruit yield of pepper

was significantly higher in all treatments with silicon fertilizer. (2) N, ; was more favorable than N, , in
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promoting the increase of soluble sugar, reducing sugar, soluble protein and vitamin C contents and the
decrease of titratable acid and NO; contents in pepper fruits, while N, , and N, had a significant inhibitory
effect. Compared with the single N supply treatment, the fruit quality of pepper in each treatment with
silicon fertilizer improved to different degrees. (3) N, was more beneficial to the accumulation of large
amount of mineral elements and the improvement of nitrogen fertilizer agronomic use efficiency of pepper
fruits compared with N, ,, where N, increased the nitrogen fertilizer agronomic use efficiency of pepper
by 68.97% compared with N, , nitrogen supply level. Compared with the single N supply treatment, the
content of massive mineral elements and the agronomic efficiency of N fertilizer use in pepper fruits of each
treatment with silica fertilizer were increased to different degrees. (4) Results of principal component anal-
ysis of pepper yield and fruit quality indicators showed that the highest total score was obtained under N 4
+Si treatment. In other words, application of 1. 5 mmol/L exogenous silicon fertilizer with 40 % reduction
of N fertilizer had the best effect on nitrogen fertilizer uptake and utilization, fruit mineral element accu-
mulation, fruits quality and yield of pepper.

Key words: nitrogen fertilizer reduction; silicon fertilizer; pepper; fruit quality; nutrient uptake and utilization
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N, , was normal N supply; N, ,+Si was normal N supply with
1.5 mmol/L; N, 4 was N fertilizer reduced by 40%; N, ¢ +Si
was N fertilizer reduced by 40% with 1.5 mmol/L; N, , was N
fertilizer reduced by 60% ; N, , +Si was N fertilizer reduced by
60% with 1.5 mmol/L; N, was no N fertilizer; N, +Si was no
N fertilizer with 1.5 mmol/L. Different lowercase letters indicate
significant difference (P<C0. 05) among treatments, and multiple
comparisons were made using Ducan’s new complex polarization
method. The same as below.

Fig. 1 Effect of nitrogen reduction and silicon application

on fruit yield of single pepper plant
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Fig. 2 The quality indicators of pepper fruits under nitrogen reduction and silicon application
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Table 1 The contents of several mineral macronutrients in pepper fruits under
nitrogen reduction and silicon application mg/g
Ab# Treatment Ca Mg K N P

A 46.53+2. 39cde 0.10£0.01d 1.5040. 08bced 17.46+1.99¢ 3.88+0.03c
N, ,+Si 54.23412. 53bc 0.1140. 00bc 1.5740. 04ab 20. 18=+1. 34ab 4.30%+0.03b

No s 55.174+1.15b 0.1040. 00cd 1.5740. 05ab 19.67+1. 44b 4,.30+0.03b
Ny ¢ +Si 76.4046.93a 0.124£0.01a 1.6140.02a 21.5140.00a 4.51£0.03a

N4 42.30+1. 21e 0.027+0.00h 1.4540. 03cd 16.28+0.01d 3.47+0.00d
N, ,+Si 43.2342.19de 0.0740.011fg 1.4840. 03cd 17.32-+0. 86¢ 3.560.08cd

N, 25.60+6.12¢g 0.0840.01ef 1.18+0. 09e 13. 66+ 1. 66f 0.8240. 00e
N, +Si 34.3341. 20f 0.08=40. 00ef 1.4140.02d 14. 69+ 1. 54e 3.50+0. 08cd

T [ B AR NG 7 12 7R Ab BB TE 0. 05 /K22 53 .3 (P<<0. 05)  ffi il Ducan Hi Z W EEHIT L EILE, TR,

Note: Different lowercase letters within same column indicate significant difference among treatments at 0. 05 level (P<C0. 05), and multi-

ple comparisons were made using Ducan’s new complex polarization method. The same as below.
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Table 2 Correlation analysis of 11 indicators of yield, nutritional quality and nutrient uptake and utilization in pepper
. N AR AT ] E TR i 2
M B o 1
T H S 'Eit? (‘ Soluble Soluble Titratable Nitrate N P K Ca Mg
Item Yield Vitamin C . . X
protein sugar acid nitrogen
e Yield 1. 000
Vitamin ¢ 0-993 1.000
Al A ) )
Soluble 0.900 " 0.897" 1. 000
protein
A -
Soluble 0.981" 0.968" 0.906 " 1. 000
sugar
A 58 AR
Titratable —0. 469 —0.395 —0. 267 —0.515 1. 000
acid
Nitrate —0.950"  —0.947" —0.950"" —0.963" 0.476 1.000
nitrogen
N 0.963" 0.972" 0.939" 0.963" —0.427 —0.991" 1. 000
P 0.766" 0.749 0.939 0.775" —0.212 —0.859" 0.813 1. 000
K 0.855" 0.843" 0.974" 0.870" —0.318 —0.940" 0.905 0.981" 1.000
Ca 0.897 " 0.913" 0.946 " 0.894" —0.290 —0.934" 0.956" 0.789" 0.869" 1.000
Mg 0.756" 0.773" 0.577 0.728" —0.041 —0.572 0.632 0. 390 0.463 0.587 1. 000

T % FORTE 0,01 AKF EWEMK, * FIRTE 0.05 KF EWFEMK,

Note: ** indicates significant correlation at the 0. 01 level, * indicates significant correlation at the 0. 05 level.
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Table 3 Explanation of total variance of principal components
W5y wissEe B 27 R R I 27
Component Initial eigenvalue ot?rv(frl?ai%‘; Accumulation/ % Zfr::ulz(l)rne:of Izailim ofl;/ilerrilaiﬁi Accumulation/ %
1 8.877 80. 699 80. 699 8. 877 80. 699 80. 699
2 1.002 9.106 89. 805 1.002 9.106 89. 805
3 0. 840 7.638 97.443
4 0. 206 1. 869 99. 312
5 0. 049 0. 444 99. 757
6 0.026 0.238 99. 995
7 0.001 0.005 100. 000
x4 EHSAVMHESEFRETER
Table 4 Loadings matrix of each factor for principal component analysis
F Lo A= i KO B8 4% Fruit yield and quality indicator
Principal
component z, z, e z, x5 e z; zyg £ 9, £
1 0.977 0.972 0.967 0.978 —0.416 —0.987 0. 986 0. 864 0.937 0.943 0.672
I —0.034 0. 04 0.119 —0.087 0. 889 0.096 —0.032 0.102 0.028 0. 085 0. 398

Woexy. PPt sa,. Ve ik, ANAME M o, WTHEHR o, TIHER ;2. IR 2, . NTTE ;2. PILE ;0. KTE52,,. Ca tE 52,

Mg T&.

Note: x,. Yield; x,. Vitamin C; x;. Soluble protein; x,. Soluble sugar; x;. Titratable acid; x4. Nitrate nitrogen; x;.

xg. P element; x,. K element; x,,. Ca element; x,,. Mg element.

x5 HWTEEFRREEFSREF AR
11 RN EEHES
Table 5 Combined scores of 11 indicators of yield,
nutritional quality and nutrient uptake and

utilization of pepper

N element;

N g LGRS RS R e
9L A 9t R T .35 B e M A B
HERR A K R 8 B R 7 T L AR R
W, AN 40 %6 (N, o) AH e F 1E # L EUK P T
N ) BB R0 A 2 o 5 2 5 72 i 19 3% i

R ¥, s o 5 BHURSZH N.PK.Ca 5 Mg §" R0 Z BLE
Nio 0.810 —0.818 0.578 4 i@mﬁ*ﬁﬁi*ﬁf%9%%%%5'35@%253‘@6};@%#}(5@
NS sess —ossl nam , SR AR 22 5 3R 2 7 B 849 K B e 0 L ML 5
~\]0.b 2.249 0.096 1.821 3 E/(J N\P\K\CH ‘I:‘j Mg H‘}ﬁﬁ%*ﬁ%jﬁji ﬁ%ﬁﬂ%ﬂo
s Lo Case s ] HRATE A M 2 7 52 B« 5 111 58 M BT 280 M0 it P i
W ame oase s . BB B B A o SRR M E 9 7
NS e Lot Lese : R 3 5 UM LT /1 356 15 K 7 A
sty A 2B R Y SRR AN TR A % 2 T R e o ek R B
. A WA, FE IR BEEUK TR (N, ) R Bl ik 0

ST 2 I 7

SRR R R T BRORBUREL e 2 R 52 i T S Y
HEE R, FELFRA T, £ R R AL
TEWORL B 5 23 M i A R R B AR R SR
- WA A L BRI AR AR R S T AR R T
SRR R PR E R AR EE T S8k C/

WA NO, 76+ e B s 7 + ek,
FEAR T L3 PUK SR MRS S, MR i T U
R ZR T - 3 5% 0 0 W R L S BB R R
KRS BA, L S B R W BT
LU EEAR THYRANAERK AT HHRR R A5
WG A2 By Z R L IR I e 0T BE
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i 0 265 002 FE BN 8 57 70 3 I AT, DT 2 e BRAR
1 RUNE A~ I 8% ok — 20 Al 1k BROHUR: 52 19 5% 2
R AT

AT AR R, [ PN A X i T A A b Y 15 P B S
KMz L R RE RO A R XA E R R T A
M EFRICR T AW FR I3 e R AL 2R
LR T MIR R RA BRAE, A e g™, A
WHFE 4 SRR W], 5 B — (R LL L RURE B S AR Y
HHEA A F R FORSE R IUR R B4R
SRS R HAE R O 40 20 B it £ AL
(No.s +SOEHRCR T, k70 R W] A R 4k 45 -
HE 3, A 2 4 M vp i 0 3R RS By o Bk 1T 0 SR AR W %) 5 3R
TCER MM, A AT e B i R DA A R R S p K
TCE WM Y . Alsaeedi %57 (9 B 55 2 W L it
FEALPE T S TR LR S B &= w . A T
R AR B RS T 8 A 4 AL
& e AL B0 2 TR R S Y 3R W ORI
PRIt g it S8 A T e i A 5 R R AR Lt — 2
fledE TR R A R L & 3w T AR R X AR
P S A A) JRT  E TR2 E RORURS 52 A1) 30 0 W R AR 2R

ERGRER Py k7B A X (NN a7/ B X ek
A i A 3 AR O PR DG B AR . SR I0h Ve iR
eSS A PIE S ST O R TR |
AT FH ok 2 R R R R A L T BUR W R SR AR
MR A A Al B 1 SR SE TR 2 i W M L 52
R S SR A B R RN, R o AR B oY R
W1, R 37. 500 35 4 w1 I ICAY 18 R 1L AT
MR SR R C S XTI Rk
B, EAL IO 50 20 I 26 3l SR S A w9 P L T 9
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