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Abstract: [ Objectives ] Soil magnesium (Mg) deficiency was one of the main limiting factors for pepper
production. The effect of different Mg fertilizer application amounts on pepper yield and soil exchangeable Mg
content was studied, and the mechanisms was also explored. [ Methods ] A field experiment was conducted in
east of Guizhou Province during 2018 and 2019, using chilli pepper (Capsicum annuum var. conoides) as test
material. Five Mg application levels were set up, including: 0, 22.5, 45, 67.5, and 90 kg/hm*, denoted as Mg0,
Mg22.5, Mg45, Mg67.5, andMg90, respectively. Chilli pepper yield, yield components, leaf net photosynthetic
rate (Pn), leaves chlorophyll content, shoot Mg concentration and soil exchangeable Mg content were measured.

[ Results ] Soil Mg application significantly increased the yield of pepper, with the Mg67.5 and Mg90
treatments showing the best results. In 2018 and 2019, the yields of chilli pepper significantly increased by
20.7%—40.6% and 14.8%—18.0%, respectively, compared to the Mg0 treatment. The yield increase was mainly
attributed to improvements in the number of fruits per plant and single fruit weight. Soil Mg fertilization enhanced
the Pn, chlorophyll content, and Mg content of the plants during the flowering and fruit-setting stage (a critical
growth period). In 2018 and 2019, the Pn were increased by 41.8%—72.8% and 27.3%—71.3%, respectively, total
chlorophyll content increased by 23.1%—37.2% and 9.3%—14.8%, respectively, compared to the Mg0 treatment.
During the flowering and fruit-setting stage, plant magnesium concentration increased by 57.3%—74.7% and
29.8%—69.8%, respectively. At harvest, plant magnesium concentration increased by 24.7%—78.0% and
17.6%—42.1%, respectively. The 0—20 cm soil layer exchangeable Mg content under Mg-treated plots in 2018 and
2019 was 58.1-79.4 mg/kg and 62.1-101.7 mg/kg, respectively, representing significant increases of 26.8%—
52.9% and 34.9%—121.0%, compared to the Mg0 treatment. In 2018, there were no significant differences in
exchangeable Mg content among treatments in the 20—40 cm and 40—60 cm soil layers. In 2019, the exchangeable
Mg content in the 20—40 cm and 40—60 cm soil layers under Mg treatments was 64.0—92.6 mg/kg and 70.9-97.0
mg/kg, respectively, showing significant increases of 18.3%—71.3% and 11.9%—-53.0%, compared to Mg0
treatment. Regression analysis revealed that the Pn during the flowering and fruit-setting stage, as well as the yield
of chilli pepper, exhibited a highly significant linear positive correlation with the exchangeable Mg concentration
in the 0—20 cm soil layer at harvest. The Mg content in the fruit of chilli pepper reached a plateau value of
1.95 g/kg when the soil exchangeable Mg concentration reached 74.2 mg/kg. [ Conclusions ] Mg fertilization can
effectively improve the exchangeable Mg concentration in 0—20 cm soil layer, providing sufficient Mg nutrition
for chilli pepper during the whole growing period. As a result, Mg fertilization can enhance the net photosynthetic
rate and chlorophyll content of leaves, and maintain leaf greenness during flowering and fruit-setting stage,
and therefore increase the chilli pepper yield and fruit Mg content. Applying Mg 67.5 kg/hm’ is recommended for
high chilli pepper yield and maximum fruit Mg content, as well as the high soil exchangeable Mg content in the
tested area.

Keywords: Capsicum annuum var. conoides; base Mg fertilization; chilli pepper yield; leaf net photosynthetic
rate; chlorophyll content; fruit Mg content; soil exchangeable Mg
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Table 1 Yield, yield composition and harvest index of pepper under different Mg application rates in 2018 and 2019

:. 7R Y, Yield composition ¥+ Shoot biomass (t/hm2) IR
Gy U T a—— FHEA R 4vktr  Harves
Year Treatment (t/hm?) Fruit number  Single fruit weight ~ Flowering and fruit-setting stage ~ Whole growth index
per plant (g) (FFS) period (%)
2018 Mg0 26.6£2.1 ¢ 13.4+0.5a 1.61+0.05 b 5.76+0.23 d 47.6+1.7 a
Mg22.5 27.3+0.6 ¢ 13.6+£0.3 a 1.63+£0.14 b 5.90+£0.16 cd  48.3x19a
Mg45 29.3+1.5 be 14.1+0.2 a 1.88+0.25 ab 6.48+0.25bc  47.0+13 a
Mg67.5 37.4+09 a 14.240.2 a 2.26+0.14 a 7.88+0.18 a 49.1+0.8 a
Mg90 32.1+1.1b 14.7+0.3 a 2.28+0.11 a 6.92+0.19 b 47.8+0.5a
2019 Mg0 36.6£1.1¢ 12.1+0.8 ¢ 13.3+0.2 ¢ 1.66+0.08 a 8.82+0.24 b 39.1+0.8 a
Mg22.5 38.0+1.6 bc 14.0+£0.4 b 14.7+0.2 ab 1.74+0.09 a 9.37+0.27ab  38.3+l.1a
Mg45 39.9+2.4 abc 14.3£0.5b 14.5+0.1b 1.90+0.08 a 10.0£0.73 ab  37.8+1.3 a
Mg67.5 42.0£0.9 ab 17.1+0.7 a 15.5+0.3 a 1.92+0.10 a 10.1£0.21 ab  39.3+1.6a
Mg90 43.2+1.3 a 17.3+0.8 a 14.94+0.3 ab 1.94+0.05 a 10.4+0.34 a 39.3+1.0a
F7 224787 Analysis of variance
AbFH Treatment (T) ok ok ok ok ok ns
qgﬁj\ Year (Y) *k * ns *k ok
AEFEXAEAY TXY ns ns ns ns ns

T: Mg0. Mg22.5. Mgd5. Mg67.5. Mg90srHIZ/RitiMg 0. 22.5. 45, 67.5. 90 kg/hm?, F P8 A V- BIHLbRAER, [RIFIEHR AR/
B REOR AR ARSI 2 57 B3 (P<0.05). 2T, nsfUEAERHBIIABE, . #rREAL B BNED0.05, 0.01EKT-.

Note: Mg0, Mg22.5, Mg45, Mg67.5, and Mg90 represent the application rates of magnesium (Mg) at 0, 22.5, 45, 67.5, and 90 kg/hm?, respectively.
Values are represented as mean+SE. Different lowercase letters after data in the same column indicate significant difference among treatments in the
same year (P<0.05). For the analysis of variance, ns indicates no significant effect, while *, and ** indicate effect at 0.05, and 0.01 significant levels,

respectively.
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Fig. 1 Response of pepper yield to shoot biomass

FE R4 5 Shoot biomass (t/hm?)

1 A= EXMERE I E RN

E: B @A), THEARRBEY R K (B), THEARIE BRVEYAL; K (C), BAYHE.

Note: (A), Biomass at flower and fruit-setting stage; (B), Accumulated biomass after flower and fruit-setting stage; (C), Total biomass.
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Table 2 Effects of soil-applied Mg fertilizer on the concentration and accumulation of Mg in pepper plant

£EF & Mg content (g/kg) # 2R Mg accumulation (kg/hm?)
4y b3
Veur Treatment TEUEAE e TEUEA e
Flowering and fruit-setting stage ~ Harvest stage Flowering and fruit-setting stage Harvest stage
2018 Mg0 1.78+0.09 b 1.82+0.02 d 2.86+0.14 ¢ 10.5+0.19 ¢
Mg22.5 2.20+0.06 b 2.27+0.03 ¢ 3.59+0.17 be 13.4+0.30d
Mg45 2.80+0.07 a 2.68+0.08 b 5.32+0.43 ab 17.4+0.57 ¢
Mg67.5 3.11£0.07 a 3.24+0.02 a 7.11+£0.40 a 25.6+£0.32 a
Mg90 3.09+0.06 a 3.17+0.03 a 7.05+£0.21 a 21.940.11b
2019 Mg0 2.42+0.03 ¢ 2.214+0.05d 4.03+£0.13 d 19.4+0.40 ¢
Mg22.5 3.14+0.04 d 2.60+0.02 ¢ 5.47+0.15¢ 24.440.50 b
Mg45 3.38+0.04 ¢ 2.80+0.03 be 6.42+0.10 b 28.1£1.31 ab
Mg67.5 3.88+0.03 b 2.97+0.07 ab 7.45+0.20 a 30.0£0.93 a
Mg90 4.11+£0.04 a 3.14+0.03 a 7.96+0.15 a 32.7+0.54 a
F7 224307 Analysis of variance
4bFH Treatment (T) ok ok ok ok
Al Year (Y) ok ns ok ok
ALBRXAEAy TXY ns o ns ns

TE: Mg0. Mg22.5, Mg45, Mg67.5. Mg90/BIF RitiMg 0. 22.5, 45, 67.5. 90 kg/hm2, FP i N-E B ELbRER, [RFEHE AR/
BRI~ A B 2 5 B3 (P<0.05). JrZE/ T, nsfURASEAN AN B3, AR MO AF0.01 B K,

Note: Mg0, Mg22.5, Mg45, Mg67.5, and Mg90 represent the application rates of magnesium (Mg) at 0, 22.5, 45, 67.5, and 90 kg/hm?, respectively.
Values are represented as mean+SE. Different lowercase letters after data in the same column indicate significant difference among treatments in the

same year (P<0.05). For the analysis of variance, ns indicates no significant effect, while ** indicate effect at 0.01 significant levels.
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Fig. 2 Exchangeable Mg concentration in different soil layers at last harvesting stage of pepper under different Mg
fertilizer application rates
I Mg0, Mg22.5, Mgd5, Mg67.5, Mg90 43 HIE/RitE Mg 0, 22.5. 45, 67.5. 90 kg/hm®, i ER [l/ING 83 Al — 4 AN [R) it AT ek Ak
2 W] 28 5+ .3 (P<0.05),
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Different lowercase letters above the bars indicate significant difference among treatments in the same year (P<0.05).
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Different small letters above the bars indicate significant difference among treatments in the same year (P<0.05).
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Table 3 Leaf chlorophyll content in leaves at different growing stages of chilli pepper as affected by Mg fertilization

W3k Harvesting stage

BN LhFp FFAEAE I Flowering and fruit-setting stage
Year Treatment BIFSEE Total chl.  M4¢ZaChl.a M4 EbChl.b  BITEEE Total chl.  M4gZaChl.a  M4¢Zb Chl. b
2018 Mg0 1.9940.09 d 1.354£0.05 ¢ 0.64+0.05 ¢ 1.34+0.09 b 0.88+0.06 ¢ 0.46+0.02 b
Mg22.5 2.2140.12 cd 1.50+0.07 b 0.7140.04 be 1.42+0.01 b 0.94+0.01 be 0.48+0.01 b
Mg45 2.49+0.05 b 1.67+0.03 a 0.82+0.02 b 1.49+0.06 b 1.01+0.05 b 0.48+0.01 b
Mg67.5 2.73+0.10 a 1.73+0.04 a 1.00+0.06 a 1.7240.04 a 1.17+£0.03 a 0.55+0.01a
Mg9o0 2.45+0.05 be 1.66+0.03 a 0.79+£0.01 b 1.70+0.04 a 1.16+0.03 a 0.54+0.01 a
2019 Mg0 2.37+£0.10 b 1.63+0.10 a 0.74+0.04 be 1.16£0.05 b 0.91£0.01 b 0.25+0.04 b
Mg22.5 2.59+0.08 a 1.92+0.06 a 0.67+0.02 d 1.14+£0.03 b 0.83+0.02 b 0.31+0.01ab
Mg45 2.65+0.06 a 1.71+0.05 a 0.9440.04 ab 1.25+0.07 b 0.92+0.06 b 0.33+0.02 a
Mg67.5 2.7240.03 a 1.75+0.05 a 0.97+0.04 a 1.45+0.01 a 1.07+0.01 a 0.38+0.01 a
Mg9o0 2.63+0.08 a 1.80+0.04 a 0.83+0.04 bc 1.52+0.05 a 1.14+0.03 a 0.38+0.03 a
F2£53HT Analysis of variance
b3 Treatment(T) s s - sk s s
Ay Year(Y) ok *ok ns *k * *ok
JEFRAFEAR TXY ns ok ns ns ns ns

H: Mg0. Mg22.5. Mgd5, Mg67.5. Mg90/ 3 RitiMg 0. 22.5. 45, 67.5. 90 kg/hm?, FH R N FEHMLRMER, FRFEHRE AR

BRI —AEREAR BRI 25 5 B3 (P<0.05). Jr2200#rth, nsfQSRABRESN A B, *,

AR AN T2 50.05. 0.01 B E K-,

Note: Mg0, Mg22.5, Mg45, Mg67.5, and Mg90 represent the application rates of magnesium (Mg) at 0, 22.5, 45, 67.5, and 90 kg/hm?, respectively.
Values are represented as mean+SE. Different lowercase letters after data in the same column indicate significant difference among treatments in the

same year (P<0.05). For the analysis of variance, ns indicates no significant effect, while *, and ** indicate effect at 0.05, and 0.01 significant levels,

respectively.

125

100 e KAE Maximum

) Mean

75 | 2 /ME Minimum

50

5 L 21.8~38.2

0.67~0.99

RFED RS (%)
Percentage of cumulative biomass

THAEAR R

Flowering and fruit-setting stage

JE 1 J5 RHU Days after transplanting

Bl 6 2018 12019 FHHE FHARRENE L
Fig. 6 Percentage of cumulative biomass of chilli pepper of different growing periods in 2018 and 2019
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