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Effects of partial substitution of chemical fertilizers with vegetable straw
organic fertilizer on bitter gourd yield and soil physicochemical proper-

ties in continuous cropping systems

SONG Qian', FU Jinglong', LIU Qi', LI Feng’, HU Jiangtao', ZENG Qingfu', LIN Changsheng’,
XIONG Chunhui'

(1. Ganzhou Vegetable and Flower Research Institute/Jiangxi Facility Vegetables Technology Innovation Center, Ganzhou 341000,
Jiangxi, China; 2. Ganzhou Agricultural Technology Extension Center, Ganzhou 341000, Jiangxi, China)

Abstract: To explore the feasibility of partially replacing chemical fertilizers (CF) with vegetable straw-derived organic
fertilizer COF) for achieving fertilizer reduction and efficiency improvement, and to clarify the role of organic fertilizers
with different material ratios in allevating continuous cropping obstacles, this experiment used bitter gourd as the test
material, with a total of 5 treatments. The experiment used 100% conventional chemical fertilizer (CF) application as the
control (CK)and under protected cultivation conditions, different organic fertilizers at 200% conventional application rate
combined with 50% conventional chemical fertilizer application were used as treatments. A consecutive three- year,
three-crop localized fertilization experiment was conducted to analyze the effects of different treatments on soil physico-
chemical properties and bitter gourd yield. The results showed that compared with CK, appropriately reducing chemical
fertilizers application and combining with organic fertilizer application significantly increased soil organic matter, avail-
able phosphorus, and available potassium content. With the increase in cropping cycles, this fertilization model delayed
the soil acidification process, inhibited nitrate nitrogen accumulation, and mitigated the negative effects of continuous

cropping on bitter gourd yield. The effects of organic fertilizer treatments with different material ratios varied. As the num-
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ber of continuous cropping cycles increased, the yield per plant of all treatments exhibited a decreasing trend. By the third

cropping cycle, the yield per plant in CK decreased by 26.37%, while the T1, T2, T3, and T4 treatments decreased by

21.90%, 28.16%, 15.46%, and 17.73%, respectively. In conclusion, appropriately reducing chemical fertilizer application

and combining with organic fertilizer can effectively improve the physicochemical properties and nutrient supply capacity

of soils under continuous bitter gourd cultivation in facilities, alleviate the deterioration of soil properties caused by con-

tinuous cropping, enhance soil fertility, and increase bitter gourd yield. These findings demonstrate the feasibility of apply-

ing fully decomposed organic fertilizers derived from vegetable straw in vegetable production.

Key words: Bitter gourd; Organic fertilizer; Vegetable straw; Chemical fertilizer reduction; Continuous cropping
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Table 1 Nutrient content of different organic fertilizers

Fe5 AL

wCHHLD

Number Organic fertilizer type Organic matter content/% wlCowNIo w(PI% WK%

1 FEFE DB Dl FE=10101 19.14 1.83 0.81 1.98
Straw : Mushroom residue : Earthworm castings=1:1:1

2 FEAT - o A =515 16.56 1.81 0.45 1.01
Straw : Mushroom residue : Tobacco residue=5:5:1

3 R R AR =51511 15.10 1.62 0.46 1.07
Straw : Mushroom residue: Oil tea cake=5:5:1

4 WA HLUE 18.55 1.74 0.69 1.05

Common organic fertilizer
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oy JICR 5 B0 it 7 2O 2R B+ 5 K e, 3
oS A TR I 2E AR IR e A L R RN
TEBFE X G REMER 20 KIS H KT
B, A A AL & 15 t-hm?, E A HEA7:
17:17) it I 824 375 kg - hm?, K F R [A 4 HLAE
200%% FH B+ AL 50% % B NAHE, ¥ 1R
2. RABEALX H vt AR AR FE /N X 37 ] E A
AR 3 IREE , BANXHA N 36 m* (2 mx18 m).

1.3 HEEE

FESERRT 30 d K 50 FLORELEAT & v, M
TR FH 22 S A, SE AR AR EE 1.5 m, /8 X FE AR AL
N 12 Bk, ZETH 7 AR K et S, N R . BRI
WA E SR DAL, HoAt 354 M 40— (48 gk AT 5 3
14 $ERNESHE
1.4.1 X3 pH.ECAAM M & & 7E 57 INE ;= 45
JEEANNX I 5 AN S HL0~20 cm T2 . EC1H
Al pH MR : T 25 mL 28 F/KFIA 1 g

*2 BLERNAE

Table 2 Fertilizer dosage of each treatment

o FIC R
MeH %Hﬁﬁﬂj = i Each element application amount/(kg-hm™*)
Treatment  Application amount of base fertilizer
N P K
T1 1 SEESEREFTAVUIE 30 t-hm™+E 4 JE 187.5 kg-hm? 169.13 92.63 180.38
No. 1 vegetable straw organic fertilizer 30 t-hm? + compound fertilizer 187.5 kg-hm™
T2 2 SEFAEFFA AL 30 t hm™+E 5 187.5 kg-hm” 167.63 65.63 107.63
No. 2 vegetable straw organic fertilizer 30 t-hm™ + compound fertilizer 187.5 kg-hm™
T3 3 SEREREFAHUE 30 t-hm™+E & E 187.5 kg-hm? 153.38 66.38 112.13
No. 3 vegetable straw organic fertilizer 30 t- hm?” + compound fertilizer 187.5 kg-hm?
T4 4 SEEAHUL 30 t-hm*+EZ AL 187.5 kg-hm* 162.38 83.63 110.63
No. 4 vegetable straw organic fertilizer 30 t-hm” + compound fertilizer 187.5 kg-hm™
CK A 375 kg-hm? Compound fertilizer 375 kg-hm? 63.75 63.75 63.75

T3 57, B I RE 1 min J5 , 5% & 30 min, 2 3
KM EC i (fH B4 DDS-307A) Al pH 43X (3 [F H.52
r ST3100/F) M 5E H: EC {EA1 pH.
142 LR E2ApLEOMNT KA EHERY
BEVRIEA VLS &, K H LR E BRI E A
BEE, RHIRE R S Shbu b R0 e A 2%
B 2 &, SR FH S R IR B KA D6 FEVE I e Sl A 2
I,
143 FE=fd o Enle 158NN
(SRR S B/ DXCEAT Bl ™= 2 B, P A% R H B
L7 N

FE B Ja — 3 VR 7 JTCR AT A R (8 4% =00l
A1EH R 400 521X L1-6800(LI-COR Lincoln, USA)
M DhRE R A 3 (PO FIZE NG (T .
1.5 BURSH

K HI Excel 2013 B0 3547 Hd ab 22 AR B, %
F SPSS16.0 #AFikAT 72 5 . 1 73 A

2 AR5

21 ABHEBRISLES 0~20 cm L /FEHIEE
M RB RN
3 ANTE DA [t IR AL B 6E 0~20 em 83 4k

JRIIFCMANER 3 Fivn. 25— % A0 3 381 pH &
HREER I 6.26~6.87 2 8115, 8 THYEH
FIAEKTEMH . 5 % CK /) pH N 5.56, 255/,
B E R T H At it AR AL FE T2 T3 A0 T4 AbFE 2 7] 2
DEERWEEET T AR, =% CK ) pH
B, BT H A AR AL T3 b e, B &
B T2 ALFRAM H A AR HE

BN EMHNECHEREE, hm 3
I & A T2>T4>T1>T3>CK, T2 4t B Ny
0.74 mS-cm’, & 3 & T H A4 # ; CK &K, A~
0.33 mS-cem’, B EACT HAMAH . 55 =7 1 T1 &
PR, N 0.41 mS-em™, 52w T AR AR ok
N T4 AR, A 0.33 mS-em’, 5 H A AN H B B =
3 T2.T3.CK Z 8] 2 e AN 2, Horh T3 Ab 3 i
Ko 5= 1 T2 Ml T4 Ab3E B2 & T H AR AL EE, 43
A 021,020 mS-cm™; T1.T3 Al CK — %, # K
0.16 mS-cm™s

525 D ANR S &L T4 AP A, T2 4
FRYRZ 50 BA 3.80%A1 3.70% , 14 & 2 i T HoAd Ab
T3 AEE S E ST CK T1 AR B B, U
2.00%, B EH LT HANAEE . 55 3 L T1 A FE i
T4 AEER R 2, 20 3N 2.19%A11 2.15%, ¥ 5 3
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T H A ; CK &K N 1.57% , i KT HAh
B, =S FERLE, DL T4 0
B, N 2.13%, H O T1.T3 F1 T2 b2, CK #%
%, N 1.63%.

B OB A S R0 T4 e, B E
T HAB AT, N 37.30 mg - kg Hik O T2 AbFE,
CK I T1 b HREAR, —H ERARE, AR FK
THABANEE . 55 3 O A S = UL T1 AP i
& T A AL, N 83.92 mg kg, B CK
EE R 202.74% ; HkCON T2 AbBE A RUOBE S & A
77.28 mg-kg'; FEVKCN T4 K1 T3 AbHE, 43 5] 4 72.23
70.63 mg-kg'; CK & &A%, A 27.72 mg kg, &
FACT H AL AR . =2 ORI BB A E U
T2. T1 A1 T3 4B % &, 2 58 81.50. 78.47 F
7746 mg-kg', =HERALE HYEET CK
T4 AbHL,

B —FE DR A R DL T2 e, B
& T HAB AL, Oy 644.64 mg kg, B CK S E IR
34.19% ; Fo kA T4 A1 T1 &3, 4 5 A 605.12.
574.50 mg-kg'; CK & &A1k, 4 480.38 mg kg,
FAR T HARAREE . 55 T DR S =& DL T &b
P, S T A AT, A 407.05 mg kg HK
N T4 4T, & BN 366.09 mg - kg FE RN T2 Al
T3 kb3, 4354 332.94.310.94 mg- kg™ ; 5 CK 435l

i 1R 222.88% 1 190.39% - 164.09% + 146.64% .
FEHOREAHEEU T4 MRS, 58N
345.00 mg-kg'; H N T2 kb3, N 270.67 mg- kg,
T B CK o i R R 40.06%.9.88% ; T1 Ab 3
5%, 4 208.00 mg- kg, £ CK i 3 FE1IK 15.56%.

R OMMASERSED T2 oM e, 8%
E T HAR AL TR, O 8.64 mg- kg HRON T1 4bFE, N
6.73 mg-kg';s FR N T4 4 FE, 4 5.79 mg-kg', =%
Z AR REER, B CK 75 8 E 15 132.26%
80.91%.55.64%;: CK & B &AL (HE T3 b2 FA
vE. FOHNNMEESEASEL T ARG, 2
FZE T HABAEE, N 19.20 mg - kg Hk oA T2 4b
P, EON 16.94 mg-kg', “H B CK 73l B &S
31.60%-16.11%; T3 AL A &5 AIK, N 11.97 mg kg,
5 CK B FH MK 17.96%. B MM SASE
PL T3 kb3, A 32.48 mg kg, HikN CK, & &
N 3225mg kg, “HEERARE (A EEETH
fth 3 MAbEE,
22 BHEBERIBICENER =250

3 AN AN [ e IS Ach 2 %of 5 T B A 7 8 ) 2 )
R 4 FroR , 5 — 25 VAN [R) A BT A 7 o 1 5 i
HAEDEZESS, Lh T2 M T1 AHKE, 550N
8.06 F1 7.99 kg, & CK 43 %l & 3 #& = 13.04% Al
12.06%; T3 AL P 7 & 5%, N 6.92 kg, 5 CK £

#3 ARELERFEFZED 0~20 cm TIEBLIEHR

Table 3 Physical and chemical indexes of 0-20 cm soil with different treatments and different rotations

%0 s ECY w(ﬁﬂlfﬁ) w(ﬁ@'zﬁ?ﬁ) w(ii’?‘ﬂ(’éﬂi) ' w(ﬁﬁjf’f\)
Rotation Treatment H (mS-em™ Organic matter ~ Available phosp?mrus Available potass_lum Nitrate nltrogen_
content/% content/(mg-kg')  content/(mg-kg"')  content/(mg-kg™")

2f—%E First-cut T1 6.26a 0.53 ¢ 2.00d 20.82d 574.50 be 6.73b

T2 6.60 a 0.74 a 370 a 32.30b 644.64 a 8.64a

T3 6.80 a 0.40d 3.50b 29.21¢ 55770 ¢ 436d

T4 6.87a 0.57b 3.80a 3730 a 605.12 b 579 ¢

CK 6.37a 033¢ 240 ¢ 21.50d 480.38 d 3.72d
2% " %E Second-cut T1 6.50b 04l a 2.19a 83.92a 407.05 a 19.20 a

T2 6.81a 027¢ 2.04b 77.28 b 33294 ¢ 16.94 b

T3 6.84a 025¢ 1.90 ¢ 70.63 ¢ 31094 ¢ 11.97d

T4 6.86 a 0.33b 2.15a 7223 ¢ 366.09b 14.41 ¢

CK 5.56 ¢ 027c¢ 1.57d 27.72d 126.07d 14.59 ¢
£ = %E Third-cut Tl 6.31b 0.16 b 2.03b 78.47 a 208.00d 27.70 b

T2 6.46ab 02la 1.82d 81.50 a 270.67 b 25.76 b

T3 6.56 a 0.16 b 1.90 ¢ 77.46 a 233.00 ¢ 3248a

T4 595¢ 020 a 213 a 63.20b 345.00 a 2533 b

CK 5.14d 0.16 b 1.63 ¢ 63.63 b 246.33 ¢ 3225a

T FAUANENG PR E 72 DR R EAE 0.05 /K E2ZEREE. TR,

Note: Different lowercase letters in the same column indicate significant difference between different treatments of the same rotation at 0.05 lev-

el. The same below.
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RARZE., BEoHOKTE T M, N
6.75 kg, i & T H M b B, B CK B F A
15.38%: H: VN T4 4 ¥ (6.33 kg) , B CK B3 4w
8.20%; T2 Al T3 AbHE & T CKHE R AR E.
=T T1~T4 Kb B2 IR = 25 CK 4370 i
FHRE 18.86%410.29%- 11.43%F1 17.52%.

AN TR AL FR B 2 7 R3S I, Bk e B 38 2 BRI
s, o T1 PR =W 55— A, kR
R PRIK 21.90%; T2 A BEEE = 55— A AL,
BRI 2 PRI 28.16%; T3 AFESS =3 555 —
TEAH L, Bk 2 R FRAIK 15.46% 5 T4 AbPEEE =75
LM, bk i PRI 17.73%; CK 56
=AE S AL, B R R 26.37%.

T4 TRELEREEONERNEKT BTN

Table 4 Effects of different treatments and harvest cuts
on the single-plant yield of bitter gourd kg

BoERMOTRE O TIERMTRE OSSR R

JOSE

First-cut Second-cut Third-cut single-
Treatment . . . . .

single-plant yield single-plant yield  plant yield
Tl 7.99+0.16 aA 6.75+0.27 aB 6.24+0.08 aC
T2 8.06+0.21 aA 6.08+0.10 bcB 5.79+0.05 bC
T3 6.92+0.24 cA 6.09+0.27 beB 5.85+0.06 bB
T4 7.50+0.13 bA 6.33+0.15 bB 6.17+0.28 aB
CK 7.13+0.23 cA 5.85+0.05 cB 5.25+0.12 cC

= FAT AN RS T B R A — A B AN R T £E 0.05 /K22
EIRTE

Note: Different captial letters in the same row indicate significant
difference between different harvest cuts of the same treatment at 0.05

level.

23 ARIEABIESENA AR

A VAR 2k BORAAEH , S & 1E Bk
SR, MR IO A K R, Bz B . H
1 ], AN [ it A Ak B 6T 15 45 T PR 5 M A7 A
REER, TI AR E ST IHAMAGEE, #6638 F
49 10.39 pmol-m™-s™ s K T4 AL R, G d %
A 7.53 pmol -m? s, “HE CK 4 B ER S
77.91%.28.94%; T2 A T3 AbFE 55 F CK, (H 2 7
ENTEN

T IR 75 6 A R A 7K o BRI = 27 5K,
1M 75 6 A 7= A2 (1 28 B B2 S350 P 0 8 97 e R R
KA IR B A EE R L. BB 2 A%, A [ it AE
Aab BT 728 U TR 2R () SR AEAE R 2 . o T2 A
P ) A& TR B e, A 3.05 mmol -m? s, B AT
HA LB, %8 CK W4 =1 34.36%; T4 /b HE 5 CK
ZRAEE T A T3 A H CK 45 5l 2 3 PR AR
32.60%F1 47.14%.

12 1

10

——®

bc

IS AEPUES

Net photosynthetic rate/(pumol -m™*-s™)

CK T1 T2 T3 T4
AbEH Treatment
A FNG FRER R A F AL AR 0.05 KF EZEREE. N
.
Note: Different small letters indicate significant difference be-
tween different treatments at 0.05 level. The same below.
1 AEALIER & UE &R F RS
Fig. 1 Effects of different treatments on net
photosynthetic rate of bitter gourd
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Fig. 2 Effects of different treatments on transpiration
rate of bitter gourd
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T 19.5%. 48 & TE R B A0 IR 5 A HLAE
BeG A, S G R IEANUR & E1R & T 18.5%, 3
BT i R AL B . ARG R, A LR
BAVILIEREE AN FIRE B E 3 R A AL &5 i
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55 VRS BoR, SR BRIA FLT S R CK B
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B R A ERET T, ARG S5 AR, B S LT
B, CK ) pH 2 FREEH, WS —2 111 6.37 F|
SR 51400 T1.T2.T3 AP & A FREEH K
B At s T4 REER 5 — 3 ORI SE 38 11 22 e/,
39N 6.87.6.86, 1F 55 — 1 IR R % 21 5.95.
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REA AU 1 2% T 3R Ak 1) I A2 . A LR B AR 2
TRRE G, 390 38 37 2 5 £ (R B mT 4 o 3 R ik
FR A R TR T BRI R RS A
FECY, KRR REXA, 5E IR (CKO
FHEE S A4 sk 8 5 e AL AE BB 5 5 3 9 iy 338 2K
gt R R s [ I B R PR B B, S
A EBAEDINEE. F3XNHEER, 5
Bt AR BEAR B, B HLIE & AR 2 A RE T DRI 358
ARG =, HARMEEHIREREAR . d#F—
A5 U B 3 R 10 AR 5 A LA G i, B A8 1R
A PR SR, 0E AR VAN SR R, ik
GEIEAERT TR UM R R AR, $ v
RET.
32 FEBHBERER S HAER S5 &4 TEE
HINFEEMFE
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T 7oK, IFRERAR = e ARES S5 IR R,
TEESE 3 A8 AL, %5 Ab HE 20 B PR 7 B3 S B
R, X 5ELMEAMRARR, Hf CK 2%
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