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Effects of different biological fertilizers on the yield and quality of broc-

coli under continuous cropping

CAOQO Shaona, WU Lixiao, WANG Kexiong, ZHANG Qiannan, GUAN Yaobing

(Guyuan Branch, Ningxia Academy of Agricultural and Forestry Sciences, Guyuan 756000, Ningxia, China)

Abstract: In this study, broccoli vegetable plots with 4 crops for 2 years were used as the research object, and a field culti-
vation experiment was conducted to comprehensively evaluate the effects of different biological fertilizer (using the con-
ventional fertilizer as the control)on the growth and development of broccoli and soil improvement from the perspectives
of growth, quality, yield, rhizosphere soil nutrients and microbial population changes, providing reference for the
large-scale application of biological fertilizer. The results showed that compared to CK, the combined application of Jinlin-
men biofertilizer (T5) significantly increased the content of alkali-hydrolytic nitrogen and Beite biofertilizer (T6) signifi-
cantly increased the content of available potassium. Compared to CK, the application of biofertilizer had a significant ef-
fect on protease activity, but the application of Futuguikang and Beite biofertilizer significantly increased the activity of
soil protease and sucrase. The combined application of biofertilizer had varying effects on the quality indicators of brocco-
li, with weak regularity. However, the combined application of "Beite" biofertilizer could reduce nitrate content by 3.90%
to 22.44%. When compared to CK, the application of Haizaojundongli biofertilizer significantly increased the number of
bacteria, fungi and actinomyces in continuous cropping soil. There was no significant difference in plant height between
the application of Beite biofertilizer and the CK, except for a significantly higher projected area of plant width during the
rosette stage. In summary, under the conditions of this experiment, Beite biofertilizer had better effects on the growth,
quality, yield, and soil improvement of continuous cropping of broccoli.

Key words: Broccoli; Biological fertilizer; Yield; Quality
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Table 1 Effects of different biological fertilizers on soil physicochemical properties of continuous cropping of

broccoli rhizosphere

e SR wCAID  wORRED wCEHD WOERED  w(eED
Treatment P EC/ Organic matter ~ Available nitrogen  Available phosphorus  Available potassium  Full salt
(mS-cm™) content/(g-kg') content/(mg-kg')  content/(mg-kg™) content/(mg-kg™) content/(g-kg")
CK 9.15+0.02d  0.39+0.002b 17.08+0.10 a 58.69+2.23 be 26.12+0.21 ¢ 248.04+7.39 cd 1.32+0.006 b
T1 9.12£0.01d  0.40+0.003a 17.24+0.12 a 56.92+1.45 cd 21.51+031 g 240.20+2.91d 1.34+0.008 a
T2 9.24+0.03b  0.35+0.002e¢ 17.20+0.26 a 55.22+1.12d 23.54+0.31 f 241.18+1.72d 1.18+0.006 e
T3 9.30£0.02a  0.30+0.002 f 16.96+0.17 a 57.50+0.85 bed 33.06+0.38 ¢ 264.01£2.58 b 1.04+0.005 f
T4 9.19£0.01 ¢ 0.36+0.002d 17.11+0.10 a 55.02+0.84 d 30.83+0.22 d 252.21+£5.32 ¢ 1.24+0.005 d
TS 9.13£0.01d  0.37+0.001 ¢ 17.05+0.19 a 59.96+1.25 ab 41.97+0.17b 290.82+4.54 a 1.25+0.003 ¢
T6 8.9740.02¢  0.25+0.001 g 17.09+0.04 a 61.54+1.12 a 54.35+0.85 a 297.35+4.68 a 0.88+0.003 g

T RS RN FREFR R AR R A]7E 0.05 KP 25 % . .

Note: Different small letters in the same column indicate significant difference among different treatment at 0.05 level. The same below.
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Table 2 Effects of different biological fertilizers on soil enzyme activity in the rhizosphere of
continuous cropping of broccoli (mg-g"'-min™)
. W RERR I MR AT E AR
Treatment Urease activity Sucrase activity Catalase activity aAcltl:i;e phosphatase Protease activity
CK 4.70+0.12 b 4.93+0.09 ¢ 8.38+0.00 ab 4.08+0.10 cd 9.19+0.19 a
Tl 4.40+0.12 cd 4.91+0.08 ¢ 8.37+0.02 ab 4.17+0.08 ¢ 6.51+0.11 ¢
T2 4.59+0.09 be 4.86+0.10 ¢ 8.39+0.03 a 4.91+0.08 a 4.96+0.06 f
T3 5.19£0.10 a 5.68+0.02 a 8.34+0.02 b 4.74+0.10 a 7.88+0.18 ¢
T4 4.25+0.17d 4.97+0.18 ¢ 8.38+0.03 a 3.98+0.06 d 4.26+0.20 g
TS 4.724£0.12 b 5.30+0.09 b 8.36+0.00 ab 4.40+0.02 b 8.75+£0.01 b
T6 5.32+0.12 a 5.59+0.02 a 8.39+0.03 a 4.83+0.17 a 6.94+0.02 d
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Fig. 1 Effects of different biological fertilizers on plant height of continuous cropping of broccoli

1, 25 A B A A v W 22 R (H T6 AbHE B I A 4k
PR 1.40%~14.12% s fEACEE T U, T6 ARk =
BEET TS A3, (55 H A A3 (8] 00 B 3% % 57 78
TEERIE K3, To AEFRAY B 257 T TS5 AbFE . T1 AL 3
1 T2 AbEE,

FH BT 2 R AN [F AP B R P S AR R AR E

IR IR B R T AR B 520, A BE A2 F 3E AR 2 I
K, BRI IAAN , T A3 AR IR 45 52 T A A 3 T
K. TEH M, T4 B pRIE R A EE &S T
CK.T5.T6 AbEE, {H 5 HAth 4b B K14 2] 8 35 22 7K
P TR A, T6 AbEERIE I S AR B35 = T CK.
T1.T2.T5 Ab3 FEAEEE TR B, T6 AbPERRIE 521

<161 -



% g7 denl i PN F37%
6000
a OCK @Tl @T2 @aT3 BT4 @T5 0OT6 a
£ a a ab
g0 T wEY T
2 == LN
= E 4000 | b ab T E‘r"f::
e ¢ abc [ \
=3 1 S EE AN
EE 3 3000 - % = ,ﬂ:t
= F- - K
ﬁ% b p b ab ab b a %} u :ﬂ §
$ 2000 f = § || = §§
pe_ be abe ap ab a 55 § — Pﬂ §
1000 | c ¢ Y u G\
e EE R § - & §
o i
T i Seeding stage 34 J42 H] Rosette stage TEZE T N BRI K

Bud formation stage Flower bulb expansion stage

A I H] Growth stage

& 2

TR E G AR X EF A BT AR IR IR S E AR

gEAL

Fig. 2 Effects of different biological fertilizers on the projected area of continuous cropping of broccoli plants
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Fig. 4 Effects of different biological fertilizers on soluble
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Fig. 7 Effects of different biological fertilizers on soluble
solid content of continuous cropping of broccoli
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Table 3 Effects of different biological fertilizers on dry matter accumulation of continuous cropping of broccoli

Lb TR R Root b Shoot M5 b
Treatment i i & Fresh mass/g FJfi & Dry mass/g )57 & Fresh mass/g T & Dry mass/g Root-shoot ratio
CK 61.25+5.89 a 12.49+1.13 a 1506.57+140.79 b 114.28+£10.97 b 0.127+£0.007 a
Tl 68.36+£7.75 a 14.57+2.16 a 1 515.90£102.64 b 122.08+8.07 b 0.115+0.015 abe
T2 59.08+11.48 a 14.00+1.74 a 1 739.47+144.29 ab 134.3149.51 ab 0.096+0.013 be
T3 59.21+6.47 a 12.85+1.48 a 1 884.27+193.10 a 150.55+18.69 a 0.101+0.017 abc
T4 65.42+7.06 a 15.09+1.78 a 1 719.37+73.41 ab 134.16+6.07 ab 0.106+0.010 abc
TS 62.17£3.38 a 14.26£1.23 a 1 705.53£193.21 ab 117.66+8.14 b 0.125+0.022 ab
T6 67.23£8.84 a 14.61+£2.18 a 1 836.73+181.97 a 138.44+23.16 ab 0.092+0.017 ¢
F4 TRIEVEEXEEREE~EWHERFM

Table 4 Effects of different biological fertilizers on the yield composition of continuous cropping of broccoli
b TERRANZEH TEFREAL CEENIN LR R
Treatment Flower bulb out stem thickness/mm Flower bulb diameter/mm Single flower bulb mass/g Single plant mass/g
CK 47.62+1.55 ab 137.37+6.17 a 474.41436.29 a 1 537.89499.99 ab
Tl 44.44+1.49 be 119.48+3.12 ¢ 414.28+36.44 be 1372.97492.61 ¢
T2 44.25+142 ¢ 118.95+4.60 ¢ 393.93+31.09 ¢ 1 428.08+51.20 be
T3 48.10£1.26 a 130.66+5.48 ab 499.87+39.11 a 1616.69+65.19 a
T4 47.87+1.30 a 126.044+4.23 be 483.59+18.76 a 1 542.73+38.99 ab
T5 46.42+2.81 abe 134.38+10.81 ab 465.69+35.96 ab 1 489.93+140.07 abc
T6 46.69+1.44 abe 139.77+1.98 a 503.48+6.71 a 1 568.30+43.09 ab
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Table 5 Effects of different biological fertilizers on yield and economic benefits of continuous cropping of broccoli
AN
e gy Production inputs/( Yuan-hm™*) — ?fﬁ . ]ié@xt%lﬁ)ﬁ
Treatment Yield/(kg-hm™) JER e f/}ffhine ]{:ai:\ 2 (;{llzzlrll-hm'z) becr(l):f('::ns/l(cYuan-hm'z)
Manure  Seedling farming costs Pesticide
CK 17 790.40+1 360.96 a 3150 9375 2250 7500 1500 71 161.6245443.82 a 47 386.62+5443.82 a
T1 15 535.65+1 366.41 bc 4650 9375 2250 7500 1500 62 142.60+5 465.63 bc 36 867.60+5 465.63 be
T2 14 772.23+1 165.72 ¢ 5550 9375 2250 7500 1500 59 088.90+4 662.87 ¢ 32 913.904+4 662.87 ¢
T3 18 745.00+1 466.67 a 3255 9375 2250 7500 1500 74 979.9945 866.68 a 51 099.99+5 866.68 a
T4 18 134.50+703.54 a 3277.5 9375 2250 7500 1500 72 537.994+2 814.17 a 48 635.49+2 814.17 a
T5 17 463.48+1 348.49 ab 4950 9375 2250 7500 1500 69 853.90+5393.95ab 44 278.90+5 393.95 ab
T6 18 880.59+251.70 a 4950 9375 2250 7500 1500 75 522.37+1 006.80 a 49 947.37+1 006.80 a

T % 2022 SEFEE AL BOWAN 4 st kg, BB E A AE 3150 JCohm?, T1 B AE 1500 JG-hm?, T2 B AE 2400 Jt-hm?, T3 FAE 105 JG+hm?, T4
WL 127.5 76 +hm?, T5 (#1800 7T +hm?, T6 B 1800 JT «hm™, Fl i 0.25 Jo+ k", & 667 m® M AE 2500 #k , B i 2% 9375 Jo<hm?, AT 2%

7500 Jtshm?, 4<% 1500 JG+hm?.

Note: That the purchase price of broccoli is 4 Yuan-kg™' in 2022, full compound fertilizer is 3150 Yuan-hm?, T1 bacterial fertilizer is 500 Yuan-hm™,
T2 bacterial fertilizer is 2400 Yuan - hm?, T3 bacterial fertilizer is 105 Yuan - hm?, T4 bacterial fertilizer is 27.5 Yuan - hm”, T5 bacterial fertilizer
is 1800 Yuan - hm”, T6 bacterial fertilizer is 1800 Yuan -hm”. Seedlings 0.25 strains 2500 plants 667 m’. Planting cost: 9375 Yuan - hm?, la-

bor: 7500 Yuan-hm?, pesticide: 1500 Yuan-hm>.

BN Te AbEE, HoUk e T3 AbHL; B LSRN,
T2 A BRE AU B, B TR T1 A At ik
T AL B 50 R i MK, 55 T2 TS AL B 2% = AN
B, 5HANAIE R R E . ZUFSERERN T3
AbER, HLURSE T6 AEE,(H —F 2 M LR EER.
2.8 ARIEVHEEXEENENE I

AR W D A o R 0 AR
br. WIEFFMAGE S LEMEY —ES 5T -

Fz6 ARIEMEENEIHFHENEM

Table 6 Effects of different biological fertilizers on the

number of microbiota

bR A K/ TR AR/ TR TR A
Treatment  (x10*cfu-g™) (x10°cfu-g" (x10*cfu-g"
T1 40.00+4.00 a 63.33£10.26 a 17.67+2.52 a
T2 2.60+0.60 b 38.00+4.58 b 4.97+0.25 ¢
T3 5.60+0.40 b 6.67+0.65 de 3.90+0.60 ¢
T4 2.60+0.60 b 1.37+0.15 ¢ 3.00+0.20 ¢
T5 3.40+0.60 b 12.00+£2.00 d 3.17+0.87 ¢
T6 4.70+0.30 b 23.67+2.08 ¢ 10.63+1.18 b
CK 3.23+0.75b 6.23+0.50 de 4.10+1.55¢
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