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Effects of different fertilizer enhancers on the growth and development

of pepper and rhizosphere soil nutrient in high altitude region

LI Mengyao', YI Limei', YANG Liu', WU Jinping®, GUO Fengling’

(1. Wufeng Tujia Autonomous County Vegetable Specialty Industry Center, Yichang 443413, Hubei, China, 2. Institute of Economic
Crops, Hubei Academy of Agricultural Sciences, Wuhan 430064, Hubei, China)

Abstract: In view of the low fertilizer utilization rate of off-season pepper production in high-altitude cold regions of China,
screening suitable enhancers for pepper in high-altitude areas is of great significance for increasing yield and fertilizer
efficiency. Seven enhancer treatments, including 25% polyglutamic acid and polyglutamic acid leopard root powder, were
set up, with clear water as the control. Single-factor randomized block design was adopted for the experiment. The results
showed that EM bacterial liquid treatment significantly promoted the plant height of pepper, increasing by 14.04% com-
pared with the control, and had the best yield-increasing effect, the yield was 3 255.73 kg- 667 m?, an increase of 35.74%.
The treatment with plant enzyme organic fertilizer had the highest soluble sugar content in pepper, reaching 0.425%. The
treatment with polyglutamic acid leopard root powder had the highest soluble protein and dry matter content in pepper,
which were 5.34 mg- g and 8.77%, respectively. The 25% polyglutamic acid treatment significantly increased the avail-
able nitrogen, available potassium and organic matter content in the rhizosphere soil of pepper, which were 87.03 mg- kg,
152.37 mg - kg and 4.35%, respectively, increasing by 11.68%, 23.40% and 1.28 percent points compared with the con-
trol. In conclusion, different enhancers have significant differences in their effects on the agronomic traits, yield, quality
and nutrient content of rhizosphere soil of pepper. The research results provide a basis for the scientific selection of
enhancers in pepper cultivation at high-altitude areas.
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Table 1 Supplier and dosages of different synergists

WE s i i
Treatment Product name Supplier Dosage/ .
(g-667 m™)

Tl 25% KA HOURGIE LR A IR A 7 100
25% Polyglutamic acid Wauhan Kangliida Biotechnology Co., Ltd.

T2 ERERSI RGBS RHE A TR A 200
Polyglutamic acid leopard root powder Wuhan Kangliida Biotechnology Co., Ltd.

T3 1 £ [ Fish protein IR AL T A R /A Shandong Jingwei Chemical Co., Ltd. 500

T4 IR Seaweed extract IR E AL T A R/ Shandong Jingwei Chemical Co., Ltd. 400

Ts I 3 55 12 Mineral source fulvic acid I R& 41 T4 BR 22 7 Shandong Jingwei Chemical Co., Ltd. 1000

T6 FifE EM 13 Planting EM bacterial liquid g ISR AE R AT R /A 7] Beihai Yigiang Biotechnology Co., Ltd. 100

T7 TP A HUAE MBI KB %= A IR 22 7] Jilin Aodong Dagao Enzyme Co., Ltd. 100
Plant enzyme organic fertilizer

CK 157K Water
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Table 2 Effects of different synergistic agents on the
growth index of pepper
o B Sk P fE
bk e RSEE - RSAE
. Fruit Fruit
Treat- Plant height/ Stem .
. transverse longitudinal
ment cm diameter/mm . .
diameter/mm diameter/mm
Tl 81.9£12.05ab 14.47+2.02a 35.44+3.38a 117.86£10.22a
T2 82.0+11.35ab 13.37+2.26a 31.83+4.64a 121.58+15.65a
T3 81.8£8.90 ab 13.83+1.87a 33.38+4.09a 121.27+15.09 a
T4 80.6£8.06 b  13.24+2.57a 33.14£3.70a 119.1849.34 a
T5 88.249.02ab 12.55+0.98 a 31.98+3.52a 122.58+10.60 a
T6 93.4+6.47a  13.35+0.87a 33.90+430a 122.12+11.18a
T7 77.1£532b  12.2442.08a 33.13£3.90a 119.57£13.28 a
CK 81.8£5.80 ab 12.06+1.48 a 33.87£3.78a 116.58+10.56 a

A FAIA R/ NG FRERRTE 0.05 KFEREE . FIFE.
Note: Different lowercase letters in the same column indicate sig-

nificant difference at 0.05 level. The same below.

BEAEF , T2 LT & AR B B G T AR I A
FRART, A TSI TR
2.2 P EIHEHTIXT R £ RS20

M= B H A R il FH 3 28000 % B B
FRM (3R 3) . FE EM B (T6) Kb HE ) Bk 2
o, 0k F 3 255.73 kg - 667m 2, 1 PR ik
35.74% . &AL FE R BRAKR IR N T6>T4>
T7>T3>T2>T5>T1>CK, [T Jifi A 34 24550 (1) &b
H2 a2 EEER . XRPE R YFEAH
FERE SRR 3k B AE K
LR E SN
2.3 ARG RS R

HER 4 T LU H 5 A [ 386 2580790 %o AR A ol s 12k
Wi AR CORTIA MR O T R FRL 47 4 5 25
M5 5. ANFEAHEFP4EER C SEERALE,
Horb T6 M, N 297.97 mg-100 g'. £ AT
WS BT, MR A NLIE T7 A EE R
N 0.425% , W T H AR AL B B CK O 3
B 0.013 H 4 1, R AZ I RGN BT B T SRR
SERIERBEE . SRR IRIIARR (T2) Ab R 1) B AT v

=]

e = e i, H A TE EM
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Table 3 Effects of different synergists on the yield of pepper

Ak 7 R b CK+ AP [ t CK+
Treatment Yield/(kg- 667 m™) More than CK+/% Treatment Yield/(kg- 667 m™) More than CK+/%
Tl 2499.94+58.11 g 4.21 T5 2 654.08+£53.03 f 10.65

T2 2 754.174+68.00 e 14.83 T6 3255.73£83.97 a 35.74

T3 2 812.56+34.78 d 17.26 T7 2 973.71£34.60 ¢ 23.98

T4 3027.44+50.04 b 26.22 CK 2 398.56+10.54 h
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Table 4 Effects of different synergists on the quality of pepper
s wCRIEVERD w4 © wCAT MR D wCTFID wOH T4
Treatment Soluble sugar Vitamin C content/ Soluble protein Dry matter Crude fiber
content/% (mg-100 g" content/(mg-g™) content/% content/%

Tl 0.416+0.002 b 261.92+0.134 a 4.03+£0.108 ¢ 7.58+0.551 b 1.25+0.139 d
T2 0.405+0.001 d 251.01£0.293 a 5.34+0.032 a 8.77+0.113 a 1.01+0.023 e
T3 0.396+0.000 e 273.30+£0.470 a 3.92+0.036 cd 7.54+0.095 b 1.22+0.015 de
T4 0.392+0.001 e 267.27+0.033 a 4.42+0.014 b 8.09+0.228 ab 1.19+0.012 de
TS 0.417+0.002 b 271.44+0.082 a 4.02+0.063 ¢ 7.57+0.009 b 1.41+0.030 cd
T6 0.408+0.000 cd 297.97+0.310 a 2.97+0.122 £ 7.29+0.360 b 1.70+0.107 ab
T7 0.425+0.000 a 256.12+0.046 a 3.50+0.030 ¢ 7.71+£0.144 b 1.51+0.032 be
CK 0.412+0.004 be 261.50+0.223 a 3.74+0.150 de 7.94+0.311 ab 1.774+0.064 a

A ER S, 534mg g B CK & # R
42.78%,T6 1 T7 AbFHE T BN AT ¥4 14 5 AR R G
BHERH . TETYR &R, FFEE T2 A3,
N 8.77% 05 CK Z R AR, 1M T1.T3.T5.T6-
T7 WEFTYR & KT CK. EAEERE,
FIT A7 A B (P AR 21 4 5 B 35K T CK B T bR
5 CK Z R A REA, HAR ALY & E KT CK.
2.4 AEEMFITHRMRIRTIEF S 2T
1% 5 AT, it P 386 280700 % BROBBURR s - 138 5k
R T RO R A A LR &= 2 pH B RS

HHEES  Hbh T AENENRSERT, N
87.03 mg kg, .3 = T HABALHE, & CK B4
11.68%, T2 T3 T5 ALFXFTHE AR REAEFEH 5
BT A Ak B AR s - 38 RS 2R 1) 80 (e gk A
FH s T1 LB B3 80 & By, 8 152.37 mg kg™, Wi
FiEm T AN AL, B CK B 23.40%, Hpth ib H
YR FET CKT1 B AN S & &m, N
4.35%, w3 m T HABAREE, B CK W& e M 1.28 |
53 10, T2 T3 T4 Kb EEXHE LA R ¥ AR R
T2.T3.T6 AL A B br 1 4% pH LT CK.

x5 TREMGIMLIEFRS SN

Table 5 Effects of different synergistic agents on soil nutrient content

e wOERED wOE R wOERHD wCEHLITD
Treatment Fast-acting nitrogen Fast-acting phosphorus Fast-acting potassium Organic matter pH
content/(mg-kg™) content/(mg-kg™) content/(mg-kg™) content/%
T1 87.03+1.76 a 189.89+4.39 ab 152.3742.37 a 4.35+0.03 a 7.33+0.03 ab
T2 72.57+2.02 ¢ 190.84+20.83 ab 62.09+1.45 2.75+0.06 ¢ 7.15+0.05 d
T3 74.90+3.50 be 121.44+13.25 ¢ 88.70+6.65 ¢ 2.82+0.22 ¢ 7.02+0.02 ¢
T4 78.40+3.50 b 177.26+37.90 ab 84.66+1.11 ¢ 2.89+0.16 de 7.23+0.08 be
TS 77.00+4.26 be 158.31+25.64 b 115.52+4.14 ¢ 3.12+0.08 ¢ 7.34+0.04 ab
T6 80.73+2.02 b 174.17+10.63 ab 109.07+3.16 cd 3.25+0.00 be 7.10+0.05 de
T7 79.57+4.04 b 199.88+5.04 a 107.16+2.20 d 3.31+0.04 b 7.38+0.08 a
CK 77.93+1.76 be 210.52+16.13 a 123.48+6.91 b 3.07+0.06 cd 7.17+0.07 cd

3 Wi E4R

AT T, A [) 1 070 Ak HE G AR R L S8k
AR 22 7 A 3, 7T e 5 - 3EERR AT )
v (U 56 M BT U 33 Rl 7 B 08 134.59 mg kg™
KA WS R e K, M 7RG R S &k
RAE R . A RER A, T6 AR 2 (3t pk
B, 3X 5 A ) A R SR WA T W TR R B
B S AU R R A K T ) — 0 Rl
EM B H 1 2 280 & B RE ClO FLIR 11 6 & A0 D

I T S0 AR R A 05, AR AR T R I IR i &L
R (AR R AR K,

BRI B B R RO 2 7 B, Hop
FhHE EM T AL 338 72 323K 35.74% , AR T o0t £
PR Ak M I o E i R AR B A LR &
IR o 250 B0 ) FH 26, 38 58 17 AELRR XS 9% 49 1A R AL e
U, AEAFVE I T3 T4 Ab B R 389 772 2245 51 Ny
17.26%11 26.22% , 7] fig 5 38 G5 & A [ 2 212 i
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