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Effects of maize straw biological reactor instead of chemical fertilizer on

physical and chemical properties of soil and yield, quality of watermelon

ZHANG Lilian', YAN Xuemei', ZHANG Zhiwei', WANG Jiangnan’, ZHAO Yongming', LIU Tingting'
(1. Anqiu Agriculture and Rural Bureau, Anqiu 262100, Shandong, China,; 2. Shandong Agricultural Engineering College, Jinan
250100, Shandong, China)

Abstract: In order to achieve the coordinated improvement of soil quality, watermelon yield and quality, two treatments:
traditional fertilization and maize straw biological reactor partially instead of chemical fertilizer were designed during
2018-2020. The experimental results showed that the straw biological reactor technology could improve the soil quality
and increase the yield and quality of watermelon on the basis of reducing the amount of chemical fertilizer (15-15-15) by
375 kg - hm* and no application of pesticides compared with conventional cultivation. Compared with original value,
straw biological reactor partially instead of chemical fertilizer increased soil organic matter content by 18.8%, while the
traditional fertilization treatment resulted in a reduction by 12.4%. Meanwhile, straw biological reactor partially instead of
chemical fertilizer could increase the supply of alkali-hydrolyzed nitrogen, reduce the accumulation of available phosphorus
and available potassium, and reduce the soil bulk density. Straw biological reactor partially instead of chemical fertilizer
could also significantly increase the watermelon yield by 6.8% (6.6%-8.1%) on average. Watermelon protein content was
increased by 5.4%, soluble solids content was increased by 17.9% and vitamin C content was increased by 7.5% in 2020.
Overall, the application of straw biological reactor technology in watermelon producing areas of Anqiu city is of great sig-
nificance to the high-quality and sustainable production of watermelon.

Key words: Watermelon; Maize straw biological reactor; Physical and chemical properties of soil; Yield; Quality
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Fig. 1 Effects of maize straw biological reactor partially instead of chemical fertilizer on soil organic matter content
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553 1

TRAZIR S 55« FORFEAT AN I HE B ACA T - SRR AL A B AN 75 T 5 5 2

X B&HF 5T

LR T4 pH (HIY BB E = 5, H A FiE
S PR BE 0, RE8 7 A R 1) pH B TE &R 2
[ESFRTE R
22 FEMEYREERSBRUEXARZEN
Al

P 6 ] AT, 505 B P Bl RS R A R R HE
073 & AR AR Ak B W 8 R E R, 2018 —
2020 4E [ P28 53N 6.6%7.2%F1 8.1%. [ifi

5 AR AF PR FR I 0, o B 0 I R T R R
A5 RS AT 25 0 5 I8 HE 3 73 5 ARAR A Ak 2 1) 7 B
BLH Je PR AR T a3

2.3 FEFFEYIR N HERR 2 A AL BB X P I dm LAY
e

FH L 7 ] 01, RS FF AR s HE 8 43 AR AL AE Ak
P 7 TR (A5 o] v I [ T & AN LE 2020 4E
53 TR, B 2 AN 5.4% 0 17.9% , 1 4E

100
* * b *
a
80 | A ab A
<60
£
L
3
2
> 20 |
0
payicya e PNy e Pagiconl [ECTIa
Control Test Control Test Control Test
farmers farmers farmers farmers farmers farmers
2018 2019 2020

Kb FE Treatment

B 6 FEFFEY A HERR S A ALAE X P = 2 A R0

=
i)

1.5 ¢

14 a

1.3 |

12

w(E H D

Protein content/(g- 100 g")

1.1 |

1.0

w CRIE R [ B4

DAL CYSIR y al PON YRR Y oy
Control Test Control Test
farmers farmers ! farmers farmers

X e
Control Test
farmers farmers

. 6 Effects of maize straw biological reactor partially instead of chemical fertilizer on watermelon yield

15
b
*a
< 14 T
g
13t
=]
S A b
=) B
sz B c
2
:é | F_‘ |+‘
)
%2}
10 — —l — — —l
WP R | X R | MR R
Control Test Control Test Control Test
farmers farmers | farmers farmers' farmers farmers

2018 2019 2020 2018 2019 2020
AbFE Treatment Kb Treatment
45 rc
. * * *
() -
g 40 . .
O E 35 A
ﬁi
£ 30 |
= 9 L
O 2.5
g
T R
=z PR P ARG8T 6 | R e
Control Test  |Control Test  |Control Test
farmers farmers|farmers farmers|farmers farmers
2018 2019 2020

& 7

Kb #E Treatment

FREFF 42 00 5 g R R 4385 X A BB X 7 JIK R Y B2 i

Fig. 7 Effects of maize straw biological reactor partially instead of chemical fertilizer on watermelon quality

.91.



X ISR 5T

hOE R

37 %

A C AR 3 4R R 35 8 2 | T HE P, 38 40 31
N 6.6%-9.7%H1 7.5%. Bl & FPAEGERR 13E0 , x 1
FURTE N F R A 4E AR 3 C SrE3RE810,f
AL YEE TR & R IN 2019 4F 3 & T HARAE
By o REFT AW IO HEH 3 5 AR A IE Ak 2R 1) 2 1 o
R AT YR T B P R I H B A 0
#,2020 AR5 T VAR A 7 L 2018 A3
B0 10.5% , P ICR] ¥ 14 [ T 400 2 22 35 0 19.7% , (H 4E
AR CHEAARIEAE TN

3 Wik E4iR

3.1 AR R HERR 4 K L B X F A AR X
M= T EIE L% R R

KEWRE T LA RE Y AN REE H ) Lk
LR MR RE , BT IR N RE T L IS T
AL, X s BB AR e Y AR KRR
HATBIRAR 22 REFTAR 9 —Fh B2 “ PR 57
Wy, I AR ) N HE AR T AR ek Al A 7 R
AHEERE L. EHME T REFT AW SN HE B 73 5
ARACAE AL B 1) 3 AT AL B e 20 A7 2 S 3 2
P A pH DL e 3 A PR AR AR, 45
WY, RE AT S L HE 78 73 B AR I e % S i A
i 340 AP R S . TR, —
JT RS A S A K EAHUR -5 AL R 5 AT A
IR LA HEN R & 1, (et I PR N R
B, 5 BRI R T2 T8 A 2o A v e 8 e E A A
JE SR W T A RO AR A A
BEAIG, X AT RE 2 T A AT Bt 1 P A A
B ARG B A IR 70 R, I A Tk
SO o it P A 3 B 3 R R 2 R A R
PR RS, 51 B A B PR IR A5 20 A, R AT 2R
W S5O HE P 73 B A A BE AT RE X - AR A W A v
Fe 7 AL R, T 250 SRR . A WE TR,
AT HUDRL 1 1 FH BE % 0 S A= P B2 4 78 A2 ORI 5 ()
I 1R SR BB IR R o i BCE  fedt AE
/4:';;&[25-27]0
32 RHEYREERSBER RN ALK& R
I53:0EA

b £ B0 T 2 B AR 7 A O AR )
fif JoR (1) 2B it AT B FU R L SR RS AT AW B
HE AL AT LA R B PR S, BRI A R
R R M R HAE AR RS A= 2R
O AT BT AN, BLEOR RS A AR R RS FEAE 8 A2
S NEHERTIRL S -3 WL 5 R (R B T H i P R B

.92.

—E 2, (RS BE A A ) e R ARHE TS

B, R REFT AL B R HE B 73 B ARAG N AL B s

PO B2 e TAE S IEAL L, S99 5.46 thm™,

H.B# A PR A PR A ZE K, 58 1 PR I B R I

Sk /b J5 HG I e TR, RS AT AR S R HE R 4y

B AR N AL H2 i % 42 3 18 TR 1 0T 25 B ) 1 ]

B E, REREAEER C 55,2020 4, 5164t

T AEAH EE , R T A 47 B b HE 8 7 B A A A A 2 2

i BN 5.4% , AT VAR TS BN 17.9%,

ARG EHM 7.5%, X 507 N K050 45 R AH

ABRE, 55 FLIR AL, AT e RS AT AR W) B B HE 5 4 R G

Tt ORVIE T 7 23 B SRR T, S 15 Bl s MR I 5, O &

RORGETE S B KA P48 1) 6 1 S e d n i, 33k iy

A NRE R, (R 78 I AR AR, AT e

TR teAh, A T 25 R B, R A

R M 4 5 A1 A Ak BEEK 1P TG 1 O R R 9

PRI T £ B 4R T R8CR BE 55 A7 B ) 38 i 48 5

R WIRE AT A4 SO S 8 73 B AR A JIE 6T 78 T ) v ot

Ji A RS A P B — E AR
I 45 R, 5L G AEAH LG, B RS AT A=

W) IS HE S S 5 AR JE BB A% 12 32 4 BE A M 5T 1)

B, AR IR ML AR R S B RN

Tl AT I IS HE 38 73 5 A BB Ak 3 i % (8 355 2 v 1 I

FRE, IR 5.46 t-hm; $2E VR (R & & .

AAPEETE AR R C B, Hodr, DAl

PR T & S I (2, 2020 AE3EIECN 17.9%. B

B AT B L HE B 3 5 AR A JIE Ak B 0 - 358 LA %

J5T P8 TG B PR B T 5 1 BT 1) 50 5 R B A R ) 4

T 8 i, DR, % R 6 B T b R S T R

A EEE

SE

[17 B, 5kuk, AP, &5 IR R I 2R AR K D8 2 43
Mr[I]. o 5352,2013(6) : 17-23.

21 SRk EEER AT, A v E v REDTR IR 5 Rk 0] h
JR3E,2011,24(2):64-67.

[3] FAO, FAODATABASE[DB/OL]. [2023- 06-21]. https://www.
fao . org/faostat/en/#data/QCL .

[4] LA, AL s b EH P JICER JICAR P2 DR AR 7E 1 i) A 2
FOXFSRI]. R EREE,2010,23(3): 60-63.

[51 kTR, 5T, IR , 25 L AN IR IE R 52 A0 e L 1 I
Al BT KSR SR B R 0] o AR S RO A 4R 2010, 18(4)
765-769.

[6] BRZ, FEWHE, AAH AR, 45 . o ICR IO 5T & FR A ST ik e (1] o
5532 ,2017(1):19-26.

[7] CHADWICK D, JIA W, TONG Y A, et al. Improving manure

nutrient management towards sustainable agricultural intensifi-



553 1

TRAZI, 55 - ORREFF AR e L 5 AR T 39 B A J 0 P T S 5 o 5

X ISR 5T

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

cation in China[J]. Agriculture Ecosystems and Environment,
2015,209:34-46.

JIA W, QIN W, ZHANG Q, et al. Evaluation of crop residues
and manure production and their geographical distribution in
China[J].Journal of Cleaner Production,2018,188:954-965.
FISCHER R A, CONNOR D J. Issues for cropping and agricul-
tural science in the next 20 years[J]. Field Crops Research,
2018,222:121-142.

CUIZ L,DOU Z X,CHEN X P,et al. Managing agricultural nu-
trients for food security in China: Past, present, and future[J].
Agronomy Journal,2014,106:191-198.

LAL R. Soil carbon sequestration impacts on global climate
change and food security[J]. Science, 2004, 304 (5677) :
1623-1627.

LIU P, HE J, LI H W, et al. Effect of straw retention on crop
yield, soil properties, water use efficiency and greenhouse gas
emission in China: A meta-analysis[J]. International Journal of
Plant Production,2019,13:347-367.

ZHANG P, WEI T, LIY L, et al. Effects of straw incorporation
on the stratification of the soil organic C,total N and C: N ratio
in a semiarid region of China[J]. Soil and Tillage Research,
2015,153:28-35.

FELER AR RS AT A S S HE R A HET S [J]. 30
A< H1,2023(5):37-39.

T AR AT R TORAEAT SR HE AN 7 A B U 1
AR[1].553,2019(1):39-41.

JIM, XU J G,ZHAN G et al. Effects of built-in biological reac-
tor with different crop straws on sugar content and yield of wa-
termelon[J] Materials Research Innovations, 2015, 19 (8) :
470-473.

BOCR sl A A5 A HLICHLRCHE X B £ e R
Jo B el X 3 5 4 ¥ 50 ] 1l AR R ML R 2023, 55(3)
117-123.

it L R HTIM] . 3 R AE ST E AN e A, 2000

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

[31]

BRI/ IR (R 4 R 256 o0 S AR D]
A RO R S, 2015

AR R R A 2 SO 4R S M. B R s S AR AL
2006.

BOCR, KB UtE RS A HLICHLRC I A 48w 3R =R fr fE
W= B R RN R 1) 2 N Ty S A E SR S IR
42,2020,26(8) : 1384-1394.

WU L P,ZHANG S R, MA R H, et al. Carbon sequestration un-
der different organic amendments in saline-alkaline soils[J]. Cat-
ena,2021,196:104882.

FEI C,ZHANG S R, WEI W L, et al. Straw and optimized nitro-
gen fertilizer decreases phosphorus leaching risks in a long-term
greenhouse soil[J]. Journal of Soils and Sediments, 2020, 20
(3):1199-1207.

BAIZH,LI H G, YANG X Y et al. The critical soil P levels for
crop yield, soil fertility and environmental safety in different
soil types[J].Plant and Soil,2013,372(1/2):27-37.

EARTe, B BT A LG A R A 4 e e
P BR R Bl P R S A D] v I 5 S IR, 2019.(2)
61-67.

SRy, ERAUARYIR, 45 AN R it HE T A0 ) 2k
Pk J T e BUON (9] M B SR 5 R A i, 2021, 27 (12)
2073-2082.

NG FH KO T AL, S5 AR AT A 400 S5 R HE 5 T o i = 2 06
LI BT AR M )] A0 TR 4R, 2014,3006) : 153-164.
FR A0 SRR, A5 A RIRS AT A2 S R HE R A2 H DRI =
ALK B R B g SRR 2018(2) £ 141-146.
TR, w24, 0l A7 . R R SR 8 B[] % CO, B2 K
B RS B [T] . 5532 ,2007(9) : 30-31.
Rk, TR BAAE . B RS S R HEXS O i &
Pa# AR R ] A5 E 2, 2010(11) : 58-60.

SR I, TR AR » 55 . AW AL PR 4 2 2 A L TR A0
o B 7 e it S RIS [9]  F F RR 5, 2012, 41 (12) : 76-80

.93.



