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Effects of organic fertilizer substitution on cotton nutrient accumulation, yield and soil
fertility
Wang Sujie”, Gui Huiping®, Dong Qiang, Zhang Hengheng, Wang Xiangru, Niu Jing, Zhang Xiling’, Song
Meizhen®

(Institute of Cotton Research, Chinese Academy of Agricultural Sciences/State Key Laboratory of Cotton Biology, Anyang, Henan
455000, China)

Abstract: [Objective] The effects of different organic fertilizer replacement rates on cotton biomass, nutrient accumulation,
yield, N:P ratio soil fertility in the Yellow River Basin were studied, and the suitable replacement rates of organic fertilizer to
replace part of chemical fertilizer were explored, in order to provide reference for the rational application of organic and
inorganic fertilizers in the cotton field in the Yellow River Basin. [Method]The experiment began in 2016, six fertilization
treatments were set up in the experimental base of Institute of Cotton Research, Chinese Academy of Agricultural Sciences. T1:
no fertilization, T2: 100% chemical fertilizer, T3: 20% organic fertilizer + 80% chemical fertilizer, T4: 40% organic fertilizer +
60% chemical fertilizer, TS: 50% organic fertilizer + 50% chemical fertilizer, T6: 100% organic fertilizer. After 3 years of
fertilization, field sampling was conducted in 2018 to analyze the effects of different fertilization treatments on cotton biomass,
nutrient accumulation, yield, N:P ratio and soil fertility. [Result] (1) Organic fertilizer treatment instead of 50% chemical
fertilizer treatment had the greatest effect on the biomass of cotton plant, the nutrient accumulation of cotton plant and cotton
yields. (2) Compared with the 100% chemical fertilizer, the application of organic fertilizers increased the content of soil organic
matter, total nitrogen, available phosphorus, and alkali-hydrolyzable nitrogen, and application of 100% organic fertilizer
significantly increased the content of soil available phosphorus. (3) There was a significant positive correlation between the
accumulation of total nitrogen and total phosphorus of cotton plant and the biomass of cotton plant, and a significant negative

correlation between the N:P ratio in root and stem and seed cotton yield. [Conclusion] Partial substitution of chemical fertilizer
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with organic manure could reduce chemical fertilizer use, and continuous application of organic fertilizer to replace some

chemical fertilizers has a tendency to increase soil fertility. Substitution of chemical fertilizer by 50% organic fertilizer was most

effective to improve cotton biomass and nutrient accumulation and increase seed cotton yield.

Keywords: organic fertilizer replaces chemical fertilizer; cotton; nutrient accumulation; yield; soil fertility

it IS 2V 8 7 e A7 S8 B i A, 20 (20 4 it
ARy 7 i — 2ok A AR S B ST kY i gk
SRR TR, A7 R iGE HH AR IS O A B3
fe ey G i A S B A AL A
GEIRAYIN 9%, S B SR ALS, T EL i AR A B
TG A HUIE HA st 4 e B o, $ e A
Wyt 3% 53 (R SORA T, AF 5 W, A HLIE 2y
B AL AT LA A A S i T, $ s SRR
R EUGE IR E T, SR T R A e 2R
i P AR R T 5 e AU

R AL T JR B 52 o B X Y £F
HEAEPU AT [ R 2 P B 2 R R A
i T R] 5 PR Al 25 ZUIE RE 8 AR A5 50 ms R AF AR
praE i C A ATUIE RE 5 Y 25 3R e Al AL bk Y
B, REfEREAR AR AR KA H Rt B B R
THHEAAET 5 SR AT AH L, A7 L AL &8 43 5
AL R A A T AR R SR 20 BLR  al 4 A AR
FAR A AR i A2 T HE ST R R R 2
BRI LEG TR R R R R 7 i S as r
A 57T, A HLRE A 10% 10~ U0 Ak PHUE:
FRATRL A BB AL T 2, IR A HLAE R A
PONE J& — Fb AE B35 4 1 - e PR 3w LT
T, B2 e IE A R T 4R e A A 7 0 it FE
J7 3 B fe R A HLAE B AU AR 75 2 — 2L 5
FE o AR FEAE BT O X AT 2k 3 A i
g RL A b XA LIS [R5 AR A7 iF T, R0t
FO MR AR SR BRR i AR ) R A
AL T LA R BF A AL AR
0 3 B AR U A LA T MILAE 75 B 3R] R
SR v B G P B (RS A A

1 #EE7®
1.1 MERREER

S A B8 F A e Ol B 2 B A AR D Y
T 5 B Hb (VAT R A P B 36°4'28'"N, 114°
31'33"E) ., Ml -0 £ ,2016 4F 4 7 HF 4Rk

e, RHEERNE S H RN AN 17 g-kg !,
A 0.93g-kg ™, Bl fi# A 74 mg-kg ™!, B AWk
10 g-kg ', 3 AH 199 mg-kg ', pH 8.68,
1.2 k4

At B R FRRR B 10004 R IR RE R SR R
(N 46% ) . 5 & B R 5 (P05 46% ) | B 2 £ (K,0
50% ) ; A HLIE I8 2 25 5 A DT 24.8% N
2.3%,P,052.22% ,K,0 2.22%,
1.3 iREEigit

B T8 2016 4 e, &R B
F4 A 25 H, 388 6 NALEE.T1(FIR) . At
B, T2:100% 1k AE , T3:20% A HLAE 4+ 80% 1L AE |
T4:40% A #LAE +60% 1L IE ,T5:50% 4 #LAE +
50%fL e, T6:100%4A HLAE . T2 . T3.T4.T5 A&
WA T i — 3, A AUIE AR AL R AR L 4514 R
B (2l N) TR, R R ERBE N X 4 HE S, A~ Ak
3 REME, AR 45%HE0  55%8 0, I e it A
LA (6 A 20 HIBAE, Hrh T5 &b BEILHE 50%, 1B
Jiti 50% ), BN EPAE A ALIE 4 A, R
80 cm SFEATHEAAEREIA %N & 667 m® 3 500
PR, /NX TR 66.64 m?,
14 HRRE
1.4.1 FEBFEMRE G E, E5 3 FHIEE,
2018 “ERAEE M T 6 A 15 H (B 7 H
16 H () .8 A 13 H(# M) 9 A 11 H (2
W) R B AACRIMER R AR 2 Bk, 35 AR AR 2 AR |
25 W3 ER A LA AR R A AR 2K o AR AR
BIERA, 4T 105 ‘CA T 30 min, 80 CHET
FHE, B E RGNS E AR, )
HOFSME . PR a0 RS R o S R ek 100 H T
(FifL EHAR 0.150 mm) &, #REL0.1200 g, HH
H,SO,-H,0, ¥ 1 2 il # e M0, I 20 43 B X
AA3 W 5E A A A 5 SR TR I 4
BRE RO 20162017 2018 4EARAE R , A4
A REHLEE 10 Bk, Goihnk 22450, W+ )5 = 4L
R TR AR, DU X SISO A6 TE ™ .

Ui
g
%
H
Q
S
=
3
5
%
o
g
3
(o)
]




i
&
%
#H
Q
S
=
o
5
7
Q.
a
8
Q
a

.| Cotton Scjgﬂce

56 i 4E

¥ 33 %

1 TELEHEEE

Table 1 Fertilizer amount of different treatments kg-hm™
AbH 4L i Basal fertilizer jBJifi Topdressing

Treatments N P,Os K,0 ¥4 Swine manure N

T1 0 0 0 0 0

T2 101.25 120.00 150.00 0 123.75

T3 56.25 76.57 106.57 1956.0 123.75

T4 11.25 33.13 63.13 3913.0 123.75

TS 0 11.41 41.41 4891.3 112.50

T6 0 0 0 9782.6 0
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Table 2  Effect of applications with manure and inorganic fertilizers in different propertions

on cotton biomass g-plant™
IRy 41 i R £ i B A R
Stages Treatments Root Stem Leaf Reproductive organs ~ Whole plant
) Tl 1.02b 0.97d 4.08b — 6.07 ¢
Squaring T2 1.15b 1.35b 4.64 ab — 7.14 abc
stage T3 1.03b 1.05d 4.10 ab — 6.18 ¢
T4 1.13b 1.18 ¢ 4.38 ab — 6.70 be
TS 1.51a 1.59a 5.10 ab — 820a
T6 1.04b 1.31 be 521a — 7.57 ab
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Table 2  (Continued) g-plant™
IRy 41 b 7 Uit E it AT E ik
Stages Treatments Root Stem Leaf Reproductive organs ~ Whole plant
1£39 T1 5.18b 9.32¢ 13.50 ¢ 2.50¢ 30.50d
Flowering T2 6.53b 14.42b 19.17 b 433ab 4445 be
stage T3 5.82b 1275 b 18.02 b 3.00 be 39.58 ¢
T4 6.65b 17.50 a 20.37b 507 a 49.58 b
T5 8.67 a 20.23 a 25.67a 515a 59.72 a
T6 5.50b 12.25 be 18.92b 3.30be 3997 ¢
£ 39 T1 836D 30.03b 4330a 50.90 ¢ 132.61c¢c
Bolling T2 7.73b 36.14 ab 4547 a 70.99 be 160.32 be
stage T3 8.64b 38.21 ab 4723 a 59.29 ¢ 153.37 ¢
T4 8.96 b 41.83 ab 5124 a 70.42 be 172.45 be
T5 13.70 a 4521 a 50.90 a 92.43 a 202.23 a
T6 9.94 b 4845 a 54.69 a 83.28 ab 196.36 ab
22 48] Tl 15.10 a 38.15b 38.55d 119.58 b 211.38b
Boll T2 18.67 a 58.85a 53.70 ab 137.77 ab 268.99 a
Opening T3 16.83 a 55.07 a 5823 a 12521 b 255.34 ab
stage T4 1737 a 56.88 a 60.23 a 140.56 ab 275.03 a
T5 18.40 a 60.75 a 43.98 cd 17295 a 296.07 a
T6 1737 a 55.87a 50.05 be 136.91 ab 260.19 ab

T« RSB G /NG 7R AR TR R AR BEA] 0.05 7K SF 22 57 i 35« — " R T HUi

Note: Values followed by different lowercase letters in the same column are significantly different among treatments at the

0.05 probability level; " — " means no data.
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Table 3 Effect of applications with manure and inorganic fertilizers in different proportions

on cotton nitrogen accumulation g-plant™
iy 1 b B it EN i G E EA9VS
Stages Treatments Root Stem Leaf Reproductive organs ~ Whole plant
I T1 1191 a 19.64 b 151.44 c — 183.00 b
Squaring ™ 1436 a 28.07 ab 183.71 abe — 226.15 ab
stage T3 12342 21.47 ab 164.74 be — 198.55 b
T4 14.99 a 24.62 ab 172.50 abe — 212.12 ab
TS 17.07 a 32292 204.69 ab — 254.05a
T6 12.16 2 25344 209.71 a — 24722
e Tl 33.02b 100.90 d 482.08 ¢ 85.53 ¢ 701.54 ¢
Flowering ™ 40.76 b 154.35 be 718.76 b 133.15 ab 1047.02 b
stage T3 36.98 b 140.40 ¢ 679.62 b 103.02 be 960.03 b
T4 46.58 b 181.22 ab 712.67b 168.20a 1108.66 b
TS 62.04a 211.32a 949.05 a 163.36 a 1385.77a
T6 33.70 b 125.52 cd 660.45 b 105.64 be 92531 b
3 Tl 57.35b 227.45b 1218392 1461.50 be 2964.69 b
Bolling T2 49.79 b 266.04 ab 1316.58a 1 506.67 be 3139.09 b
stage 3 61.22b 334.37ab 1555.02a 1382.60 ¢ 333320 ab
T4 60.61 b 348.60 ab 1652.30a 1 608.47 ab 3 669.98 ab
Ts 93.89 398.56 a 1540.52 1963.14 2 3996.11a
T6 67.81b 360.54 ab 1597.28 a 1790.15 ab 3 815.78 ab
ot 22 19 Tl 113.63 a 372.01b 93431 b 226829 d 3688.24 b
Boll ™ 133.82 2 528.63 ab 1520.75a 3017.17 be 520037 a
Opening T3 129.31a 519.78 ab 1583.75a 243859 ¢ 4671432
sage T4 128.48 a 539.77 ab 1668.83 2 863.30 ab 520038 a
TS 136.18 2 584.98 a 1051.48 b 380220 a 5574.84 a
T6 126.26 a 507.55 ab 119839 b 2859.01 cd 4691212
W R ECT G /NG FREAS TR 3R A BRR A 0.05 7KOF 22 5 4 25 “— " Foms o ddE .

Note: Values followed by different lowercase letters in the same column are significantly different among treatments at the

0.05 probability level; " — " means no data.
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Table 4 Effect of applications with manure and inorganic fertilizers in different propovtions

on cotton phosphorus accumulation g-plant™
Fif 1 Ak B it ES it A LA9VS
Stages Treatments Root Stem Leaf Reproductive organs ~ Whole plant
) Tl 2.90 b 4144 14.63¢ — 21.67d
Squaring ) 3.50 ab 5.75b 18.55 abc — 27.80 abc
stage 3 3.13b 4.184d 11.53 ¢ — 2261 cd
T4 3.56 ab 483 cd 1631 be — 24.71 bed
Ts 444a 6.66a 20.28 ab — 31.38a
T6 3.14b 5.54 be 2097 a — 29.65 ab
1M Tl 5.14¢ 14.70 d 39.83 ¢ 13.76 ¢ 7343 ¢
Flowering ) 6.57 be 21.92 be 61.87b 22.42 ab 112.78 b
stage 3 6.27 be 18.34 cd 60.14 b 17.13 be 101.88 b
T4 7.86b 2624 b 60.99 b 29.02a 124.11b
TS 1125a 32.90a 8336a 29.07a 156.58 a
T6 522¢ 18.14 cd 59.00 b 18.26 be 100.62 b
] Tl 9.83 b 38.69 b 119.83 ¢ 27172 ¢ 440.06 ¢
Bolling ) 8.53b 45.58 ab 127.72 be 286.33 be 468.16 be
stage T3 11.90 b 60.30 ab 161.19 ab 261.09 ¢ 494.48 be
T4 11.35b 61.06 ab 170.71 a 308.23 be 551.35 ab
TS 17.83 a 69.27a 165.50 ab 39191 a 644.51 a
T6 12.31b 66.65a 174.44 a 345.02 ab 598.42a
i 42 441 Tl 2220a 67.71b 12645 ¢ 463.50 ¢ 679.86 ¢
Boll T2 2570 a 98.81 ab 187.81 ab 608.60 b 920.93 ab
Opening T3 2633 a 108.00 a 236.32a 525.68 be 896.33 b
stage T4 22.66a 107.09 a 243.13a 579.47 be 952.36 ab
T5 27.19a 118.76 a 164.74 be 772.59 a 1083282
T6 2281 a 109.14 a 223.58a 609.14 b 964.67 ab
ST IR AN R R A IFLE 0.05 K- 22 53 .3 ¢ — Fm JE it

Note: Values followed by different lowercase letters in the same column are significantly different among treatments at the

0.05 probability level; " — " means no data.

23 BUERAFERLEGINIBEFBTERR
R B & B9 5

M 6 B, A HILIE Ab BT AR 7= 2 B 3 48 47
FRAM IS AESFAEE, 20162018 4F A
[] b B[R] 4% 22 R 3K . 2017 4F T6 A FEA 7y
W E KT T2 kb B ;2016 A1 2018 4F T2.T3. T4,
TS5 .T6 AbFR[H A /0 1547 3% 25 57 ROk U, 3%

TP IO i 2k 3 AR HE AT HLIE B AR T 4 RR S

PENEAR 24 7y 7= 2, - LBt 25 it A A R 384 L 5

PUAE AR Ak 307 5 8 T it £k A Ab 38 A L AE 5

8 50%Fb IE R fe b

24 BHEREER G+ 58 8 # G
FH 2% 7 AT AN T it A Ak B 55 OR it AR (T ) 4k

BRIA], AT MU SR AT B L B i pH I

i
1
%
1
Q
)
=
o
=)
192]
o)
2
j=)
o
4]




*5 BHNEARZEREGANBEARENZ D
Table 5 Effect of applications with manure and inorganic fertilizers in different propovtions

on cotton potassium accumulation g-plant™
i 1 Ab 3R R ES it ST R
Stages Treatments Root Stem Leaf Reproductive organs ~ Whole plant
wm T1 21.12b 23.85d 77.62b — 122.59 ¢
Squaring T2 25.34 ab 35.82b 104.24 ab — 165.41 ab
stage T3 2220b 28.14 ¢d 88.80 ab - 139.14 be
T4 25.42 ab 31.76 be 94.50 ab — 151.68 abe
TS 3127a 4179 a 106.87 ab — 179.92 a
T6 21.83b 32.59 be 110.84 a — 165.26 ab
W Tl 63.74b 156.74 177.76 ¢ 49.75 ¢ 447.99d
Flowering ™ 79.58 b 249.57 be 27736 b 84.86 ab 691.36 be
stage T3 69.86 b 228.80 cd 266.55 b 61.68 be 626.89 be
T4 85.78 b 294.46 b 28335 b 101.94 a 765.53 b
TS 116.10 361.02a 422852 10143 a 1001.40 a
T6 65.07b 193.46 de 234.40 be 63.86 be 556.79 cd
g Tl 60.51b 271.66 b 317.95b 1099.67 ¢ 1749.80 ¢
Bolling ™ 61.27b 437.22 ab 502.50 a 1240.18 be 2241.17b
stage T3 72.92b 49453 564.45 a 1039.55 ¢ 217144 be
T4 71.11b 489.43 a 588.80 a 1235.85 be 2385.18 b
TS 112,57 a 559.12a 565.75 a 1607.76 a 2845202
T6 82.70 b 499.23 2 486.61 a 1 438.10 ab 2 506.64 ab
s 31 Tl 104.31a 300.18 b 301.87 ¢ 247649 b 3182.85¢
Boll v 129.73 a 596.40 a 615.20 ab 2981.27b 4322.60 ab
Opening T3 120.13 a 536.37 614.60 ab 2627.05b 3898.15 be
e T4 116.74 a 529.99 a 676.49 a 293845 b 4261.67 ab
TS 127292 552.80 458.74 be 3673.39a 4812222
T6 117.45a 501.14 ab 457.22 be 274634 b 3 822.15 be
e R ECT e /NG RS [ 3R A B A AE 0.05 7K1 22 55 35 “— " R oM .

Note: Values followed by different lowercase letters in the same column are significantly different among treatments at the

0.05 probability level; " — " means no data.
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Table 6 Effect of applications with manure and inorganic fertilizers in different propertions on cotton

yield and yield component factors

b3 FFAR i 77 A8 B F Yield component factors

Treat- Seed cotton yield /(kg-hm™) % H Boll weight /g A 43 Lint percentage /%

ments 2016 2017 2018 2016 2017 2018 2016 2017 2018
Tl 4001.40a 3971.71a 4071.76a 55la 528a 52la 37.43a  4098a 39.52a

T2 4066.66a 4178.83a 4153.02a 537a 532a 543a 36.50ab  41.12a 3990 a
T3 3740.17a 4024.77a 4299.12a 550a 525a 55la 36.23 b 40.87 a 40.50 a
T4 3957.14a 399048a 4289.16a 55la 5.02a 539a 36.40b 40.51 ab 39.92a
T5 4012.03a 4108.86a 431438a 557a 556a 537a 36.90ab  40.06 ab 39.69a

T6 375228a 4000.61a 4208.84a 558a 546a 552a 36.20b 39.82b 40.41 a

T APV G /NS T B R 2 n A BERLTE 0.05 K128 53 3%
Note: Values followed by different lowercase letters in the same column are significantly different among treatments at the

0.05 probability level.

xR7 BANRASEBERL G LR
Table 7 Effect of applications with manure and inorganic fertilizers in different propertions on soil fertility

fib B A HLBT £ e A A

Treat- Organic matter/ Total nitrogen/  Available nitrogen/ Available phosphate / Available potassium /  pH

ments (g-keg™ (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
Tl 15.86 a 1.03b 6524 a 14.12 ab 230.45a 8.03a
T2 16.01 a 1.06 ab 62.80 a 12.57b 239.58 a 8.05a
T3 16.50 a 1.10 ab 65.12a 13.80 ab 24375 a 797 a
T4 1635a 1.15a 65.16 a 16.69 ab 237.19 a 7.99 a
T5 16.20 a 1.11 ab 68.41a 15.40 ab 23498 a 7.98 a
T6 1692 a 1.11 ab 70.10 a 17.58 a 24354 a 8.10a

T RSB IR /NG AR R 3R AR BRI LE 0.05 K25 57 B3
Note: Values followed by different lowercase letters in the same column are significantly different amongtreatments at the

0.05 probability level.
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Note: Values followed by different lowercase letters in the same column are significantly different among treatments at the

0.05 probability level .
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Fig. 2 Effect of applications with manure and inorganic fertilizers in different proportions on N:P ratio in cotton
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Table 8 Correlation analysis of biomass and yield of
cotton with nutrient index of cotton

. CR7E FEAR =
bR ) .
Index Biomass/  Seed cotton yield /
(g-plant™) (kg-hm™)
bR 22 A ik 0.925™ 0.295
Plant total nitrogen content
bk 4 B 1 0.936" 0.296
Plant total nitrogen content
R L —0.118 —0.881"
Root N:P ratio
AW —0.054 —0.654"
Steam N:P ratio
U L —0.280 —0.007
Leaf N:P ratio
AT R E R L —0.330 —0.220
Reproductive organs N:P
ratio
e bR A L —0.330 —0.076
Whole plant N:P ratio

#6748 0,01 /KF b FHI5E . **: Significant at the 0.01
probability level.
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