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Effects of earthworms on nitrogen uptake by lettuce and microbial nitrogen fixation after nitrogen application
NA Li-ping', LI Yu-ting', HE Ji-qiang', LI Jian—feng’, WU Yu-peng"

(1.College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China; 2.Shandong Binzhou Agricultural Bu-
reau, Binzhou 256600, China)

Abstract: In exploring the impact of the earthworm on nitrogen uptake by plants and microbial nitrogen fixation after urea application, a
pot experiment was conducted to compare the difference in plant nitrogen content and explore the dynamic of soil microbial biomass be-
tween earthworm (Metaphire guillelmi) and non—earthworm treatments after "N-labeled urea application. Results showed that there was no
significant difference in plant nitrogen content among treatments, while earthworm presence increased the whole plant biomass, leading to
an increase in total nitrogen uptake of about 30.8%. In terms of distribution ratio, earthworm presence significantly increased the proportion
of soil nitrogen absorbed by the plant and reduced the proportion of applied urea nitrogen absorbed by the plant. There was no significant
change in total nitrogen between earthworm presence and earthworm absence throughout the experiment, as nitrogen from fertilizer in the
soil decreased gradually; however, the decrease in nitrogen was faster in the earthworm—treated soil. The microbial biomass nitrogen (MBN)
content initially decreased and then increased, and high levels of MBN content were observed in earthworm treatments, especially at days 5

and 30. However, the content of fertilizer nitrogen in MBN was always lower than that in the control. Throughout the experiment, the content
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of soil dissolved organic nitrogen initially decreased and then increased, which was consistent with the trend for MBN. The content of ammo-

nium nitrogen (NH;-N) in the earthworm treatment was lower than that in control treatment, while the content of nitrate nitrogen (NO;-N)

was not significantly different. In conclusion, earthworms can promote growth and nitrogen uptake by plants by regulating microbial bio-

mass to form a buffer pool, but this regulation mainly acts on native soil nitrogen rather than the newly applied urea nitrogen.

Keywords : earthworm; urea nitrogen; soil nitrogen; microbial biomass nitrogen; nitrogen uptake by plants
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Table 1 Effects of earthworm activities on dry weight and nitrogen uptake of plants
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Figure 1 The effect of earthworm activities on total soil N(A) and fertilizer nitrogen content in soil(B)



RS 3E 5F HEUE A 81X R B L B 347

MR R I R 2 oh B 2T R AR
0 MARBTEA B R o X —25 53 AT RES A #Y RUIE S
BIA G ML R s, R A L, fie
HEATHLA A JOHL SR AR, T B s e A HE )
REXT ML 0515 AN A RZ MR 3 28 it A B Cn
BEIEE) , AT RETFRIAH S A4S 2R (EIX s AR ik
— B TR
TIEEYR AR IR AR
SEAE 3 0 — A B EE AR, 51T R B SO DA
Ko BABIFERY], TR YR RS A AN
Ay, HOH R S 7 S A AR RURRAE , R YR
e [v) A S AL B A o R, o 1 I R A, L
3 iR TR T R4 R 3 A S A0 R A TR A
AR R AR AR T B TR B R R (E L
A Wi U AR E A LR BRI, AR5
Hh 2 ol i ] Ak BT g 1 ) A R IR SR
(1), X ATER 3 H S5 T M) % MBN @9 4246 7, i
MBN H {2 22 AR A HE R 5205 2 (&1 2D) , A Bl
FEAE AR N AR A IR R ML EL B (R 2)
2.4 wEBIEFH TFEARERASSENFN
IR R, PIAL PR A NHI-N & 5 (& 3A) %

A

600 T
- |

1

3
(=3
(=}

500

—— =
—— =
f"]

400

a
300 F I
200 - l

HH e

MBC it MBC content/mg C kg~

100 |
0
5 15 30
A 1] Time/d
- 201 C .
%m 181 a ‘l’ a
LcJo 161 T J_ a I a
E uf| | 1 1 I
=1 L a
£ ]
S 10t
Y
W Of
b1 4
0
5 15 30

[I}HE] Time/d

O A

PR REFERI (55 5 ), Bl S 2 8RR, 1 NOs-N &7
i (& 3B) W R AT (55 5 DK, J5 BB #i T o
X PR N PR ZE A 385 7E R 7E FH R 3~5 d B
B AL BT NHG, NH: SCAE G 90 09 VE R AR DA% Ak Bl i
R ER A RS PR ER, #E ARG R 1 B v B9 NHE-N 75 &2
153 kg e ook A Ak BERARG DG e W (4 A 3, FRAESS 15 d A
5530 d 7 A R 2 22 5, U B M 0] 4 F T NHE ) A R
FNIE SRR 4 A (S AL FE ) o 55 G R, 4 i |
A PRAE R FR R S 1 (565 15 d 2255 30 d) %50 e 5] b 7
A HEARAY NOS-N 25 52 (€ 3B) , 1% 1] B - R iz 45 %o
NO;-N R AEAEAE Rk . (HICIe & NHi-N i i fk
AR I NOS-N 1 g fbad A, ¥ 2= AR W E R
AR,

13 DON & 4 e A HILA h fe 6 BRI — 3 43, W]
PR BRI R K AN A S R b
REM R BN FEEAEAY, BEAKBEENR A, -
1 DON I 4R Ak F —Fh sh AR b ) fb 25 TR A4S
I A e A PR AL P T R AR W R R B . ASE
U TERE SR R, & A0 B AY 3% DON %6 T %
Ja EFH(E3D) , 5 MBN )28 fb#a i — 3 (F 2B) . iX
SR -3 DON 2 -3 A ) 280 1Y) R 15 R i A7

B

1

W
(=3
(=}

s

250

200

150+

—t

A
o
=

100+

sof _'i_l
0 5 15 30
FsF 18] Time/d

MBN 75 5 MBN content/mg N -kg~

._.
(=]
— T

._
)
—_

HH o

mg N-kg™'

MBN IR &
Fertilizer nitrogen content in MBN/

H =

b
5 15 30
[5HE] Time/d

© N A O ®
e
HH
o

O HAhr |

B2 #risliEsh 3 £ MBC(A) MBN(B) .DOC(C) R MBN FRAE#I & (D) & BRI R0
Figure 2 The effect of earthworm activities on soil MBC(A) ,MBN(B),DOC(C) and fertilizer nitrogen content in MBN(D)



348

URIEIRCX ity F3965 28

Ji |, Liang 09 ) 08— 25 9F 52 T + 3 MBN 5 + 3
DON Z A E R ZR . — MO, B R iE v+
BB 5T LA R AT LIS A3t 1 v ) 4 02 3 DON Y
TR YED, K % 17 A HE oo ] Ak 3 I vy G e 5]
AR DON 5 12 D) AT U 45 e 451 5t M4 S5kt it 11
PRI . A WFFEER H Bl fb A it FH 0 B 5 3
Jin -3 B DON (1% 75 81, 53X Bl F i % 45 Ak PRAE PR
Rl 5 B 7200 (55 5 ) A B R A9 DON it B
FEARM (55 30 d) , 5 TGl W5 4k BRAR Eb , 422 e 5] Ak P
B AT DON & it il G J2 i TP R I (56 15
d S5 30 d) 32 e 5] Ak B A i A A e B el R
DON (1 R AR FHEY . AEASBIFSE F: A 0 € DON (1 [ i
R, O DON HoR IR T IR &= A b o], st
PAGTT IR F it A5 DON AR 4k X i A= 4 i R 52
A de i — 2 W 5 AT B 8 s n)

A SR FH R S0 , F22 0 05 RIS 2 ke 03] 7y
AP T SRR . WFEEE R N, B ]
AL FRIH R S A A IR R B R (R 1), ok
REMS L IO RN A B Ar e R4 rh (B, B e 5] 3%
T RE R B o 3k RS 2 nT BB R IR PR I

1401 A

—_

[y}

(=}
T

100

e
—_—

801

—H

60

—— o

401

5 15 30
HsJ 18] Time/d

NH;-N &+t NH;-N content/mg N -kg

(=]

1801 C
160j
1401
120}
100
sof
60f

40l |

20f

—_—

e

b

=

HH o

TR
Inorganic nitrogen content/mg N kg™

5 15 30
5[] Time/d

O A

(DNOSEPR o FrSCHE e, A5 v i) e 5] 412 1
T NHi-N B fb k72, DL RS 2 NOs-N (19 S i Ak it
&, TR EUR R E L NO BB AHE R 158, 13X —W
FEIR AT DA T i ] Kb P BEAR ) JE AL i (& 3C)
FREIESE . A BWEFEIRG i, wl i5] 5E 8 1 -+ 45
30%~56% I N2O HEBL, Jenkinson 25V BUIE A} S i
AT 5 AT R SSTERA ARG DL T & A S AAE T,
FOEARNE K, & H “Pool substitution” L4 . (2)1&
UERATI AR o TE 0 3 A v WL 38 2 Ao e 5] A B
B Z B IR X T RELE T 210 IR R A BES IR HE
B, xX—Bas Wang EEII Dominguez I
WFIE LR —3 . Wang S5 H 3 H 25 T M ] %f - 33
RALBEAIE B ALBR Y T 515 .

B T R S R B S ) T AR
WIS ZR A , i 45130 BB 2ok 22 A A i Bl 52 ) L3 rh
PR RTE . Ao "N IR R FE SR Ui B, i
AT AN BRAE A X R R A WSR T, A R
Pk PR R AAE L3P B A7 . X B S AL AT
K FEFTR B & 2Rt A5 B0 2 AR 4558,
KR — P E A

601 B

501

—_—
—_

401

—_—

HH o

301

e

20+

HH &

10+

NO;-N % 4 NO;-N content/mg N -kg™'

5 15 30
Hi 8] Time/d
140r p
120

—

100
soF b a

—

60j l

A

—— o

401 a

201

DON 75 5 DON content/mg N kg™

5 15 30
[} [E] Time/d

O HAhr |

3 HEMElE NI 118 NHI-N(A) \NO:-N(B) . E#HLE(C) % DON(D) &=/

Figure 3 Effects of earthworm activity on soil ammonium nitrogen (A ) , nitrate nitrogen(B) ,inorganic nitrogen(C) and DON(D) content



RS 3E 5F HEUE A 81X R B L B 349

3 #ie

(L FERR M5 5, FE PR A 0 o 15 W R 34 d 2 3
T, AR 051 T A BE 7 AR AR T b 9 SR WAL XS
PR R AW

(2) Hie 51375 2 8 25 0 1 3 4 5 P R B R
%Ko

(3) Wr 5] v 38 2o ] B A 0 2 e R R T ik
2SR R AR A I A ARl (R R
ST P A B AL, TR AR PR R A

Li b AES TR BYAY A v A e e i 85 A
e AR R T 23R 9 A 5 L2 T e 145 2l 23 3
S R R, DR kg Al a2 A HE R B i A B
PCHEFIAT HLHERCHE , LAVS /D AL RE A 4012, 4 v AL
FHIR

S Lk

[1] Saha B K, Rose M T, Wong V, et al. Hybrid brown coal-urea fertiliser
reduces nitrogen loss compared to urea alone[]]. Science of the Total
Environment, 2017, 601 : 1496-1504.

[2] Xu X, Zhou L, Cleemput O V, et al. Fate of urea—"N in a soil-wheat
system as influenced by urease inhibitor hydroquinone and nitrification
inhibitor dicyandiamide[J]. Plant & Soil, 2000, 220(1/2) :261-270.

BIE fEE w2 B, 45 Ml R o K A e T s
WEFEHER(I]. RLFA &S24, 2015, 26(5) : 1579-1586.

CAO Jia, WANG Chong, HUANG Yan, et al. Effects of earthworm on
soil microbes and biological fertility: A review[]]. Chinese Journal of
Applied Ecology, 2015, 26(5) :1579-1586.

[4] van Groenigen J W, Lubbers I M, Vos H M ], et al. Earthworms in-
crease plant production: A meta—analysis[J]. Scientific Reports, 2014,
4:6365.

[5] Wu D, Liu M Q, Song X C, et al. Earthworm ecosystem service and dis—
service in an N—enriched agroecosystem: Increase of plant production
leads to no effects on yield—scaled N.O emissions[J]. Soil Biology &
Biochemistry, 2015, 82:1-8.

[6] Wu Y P, Zhang N, Wang J, et al. An integrated crop—vermiculture sys-
tem for treating organic waste on fields[J]|. European Journal of Soil Bi-
ology, 2012, 51:8-14.

[71He X X, Chen Y Q, Liu S J, et al. Cooperation of earthworm and arbus-
cular mycorrhizae enhanced plant N uptake by balancing absorption
and supply of ammonial]]. Soil Biology & Biochemistry, 2018, 116:
351-359.

(8] B4 i, TTRER, MLty 45 A FTI0 HH X A1 5 1 398 v e Ak B I
TA RS SR ] BRBERLAE, 2017, 38(4) :1613-1621.

CHEN Shan, DING Xian—qing, ZHU Zhen—ke, et al. Effect of straw ap-
plication on the dynamics of exogenous nitrogen and microbial activity
in paddy soil[J]. Environmental Science, 2017, 38(4):1613-1621.

[9] Pang J Z, Qiao Y H, Sun Z ], et al. Effects of epigeic earthworms on de-

composition of wheat straw and nutrient cycling in agricultural soils in
a reclaimed salinity area: A microcosm study[J]. Pedosphere, 2012, 22
(5):726-735.

[10] T EE R 4REk ., 11, 45 A HLICHLZEUIE BCHE 0 L S0k 2k &
2SR R B[] Aell TRE2A4E, 2007, 23(11) :95-100.
NING Jian—feng, ZOU Xian—zhong, YANG Shao—hai, et al. Effects of
combined application of organic and inorganic nitrogen fertilizer on
the soil nitrogn leaching and the growth of leaf~used lettuce[J]. Trans-
actions of the CSAE, 2007, 23(11) :95-100.

[LI] 86 3, A oot R e Dl s A | e 25 /R T AT PR Y
[J]. BURAE AL, 2011(6) :42, 45.

ZHAO Jie, WANG Li. Feasibility study on NO;=N, NHi-N determina-
tion by spectrophotometry method[J]. Modern Agricultural Science and
Technology, 2011(6) :42, 45.

[12] Whalen J K, Parmelee R, McCartney D A, et al. Movement of N from
decomposing earthworm tissue to soil, microbial and plant N pools|J].
Soil Biology & Biochemistry, 1999, 31(4) :487-492.

[13] #7455, B 3E, ROBoR, 45 . L SO B AL A T R 1 1 e B2 Xof

AT WL SE AR [T]. B SRR, 2015, 52(1) 151 -
156.
YANG Jin—yu, MA Xue—qin, TANG Guang-mu, et al. Effects of parti-
cle size and leaching solution concentration on the analytical methods
of soil dissolved organic carbon|J]. Xinjiang Agricultural Sciences,
2015,52(1):151-156.

[14] fERH, B 508, sk, 45 ) /N R B R AR [ A

LRI L)), AR TR SR, 2015, 21(1) :72-80.
MIAO Hui-tian, LU Jia-long, ZHANG Wen—ju, et al. Response of
carbon and nitrogen contents of winter wheat to long—term fertilization
treatments in fluvo—aquic soil[J]. Journal of Plant Nutrition and Fer-
tilizers, 2015, 21(1) : 72-80.

[15] Liu Z Q, Cheng X Y, Sun D Q, et al. Maize stover biochar increases
urea (N—15 isotope) retention in soils but does not promote its acqui-
sition by plants during a 4-year pot experiment|J]. Chilean Journal of
Agricultural Research, 2017, 77(4) :382-389.

[16] Wu C L, Shen Q R, Mao J D, et al. Fate of N-15 after combined appli-
cation of rabbit manure and inorganic N fertilizers in a rice—wheat ro-
tation system[J]. Biology and Fertility of Soils, 2010, 46(2) : 127-137.

[17] Zheng H J, Zuo J C, Wang L. Y, et al. N=15 isotope tracing of nitrogen
runoff loss on red soil sloping uplands under simulated rainfall condi-
tions[J]. Plant Soil and Environment, 2016, 62(9) :416-421.

[18] Braga L P P, Yoshiura C A, Borges C D, et al. Disentangling the influ-
ence of earthworms in sugarcane rhizosphere[]]. Scientific Reports,
2016, 6:38923.

[19] Liu X J A, van Groenigen K J, Dijkstra P, et al. Increased plant up-
take of native soil nitrogen following fertilizer addition-not a priming
effect?[J]. Applied Soil Ecology, 2017, 114:105-110.

[20] Hart P B S, Rayner ] H, Jenkinson D S. Influence of pool substitution
on the interpretation of fertilizer experiments with N=15[J]. Journal of
Soil Science, 1986, 37(3) :389-403.

[21] Bohlen P J, Parmelee R W, Allen M F, et al. Differential effects of

earthworms on nitrogen cycling from various nitrogen—15-labeled sub-



350

URIEIRCX ity F3965 28

strates[J]. Soil Science Society of America Journal, 1999, 63(4) : 882—
890.

[22] Fonte S J, Six J. Earthworms and litter management contributions to
ecosystem services in a tropical agroforestry system[J]. Ecological Ap-
plications, 2010, 20(4) : 1061-1073.

[23] Dominguez J, Bohlen P J, Parmelee R W. Earthworms increase nitro-
gen leaching to greater soil depths in row crop agroecosystems[J]. Eco-
systems, 2004, 7(6) :672-685.

[24] Zhang W W, Wang C, Liu M L, et al. Integrated reclamation of saline
soil nitrogen transformation in the hyphosphere by earthworms and ar-
buscular mycorrhizal fungus|J]. Applied Soil Ecology, 2019, 135:137-
146.

[25] Demetrio W C, Dionisio ] A, Maceda A. Earthworms and root—knot
nematodes: Effect on soil biological activity and tomato growth[J]. Se-
mina—Ciencias Agrarias, 2017, 38(4) :2449-2462.

[26] X PR ME, TR 3C, ZFHEAT, 55 . it 0 i X 3 ML AU A RIS

e U e SN R I S R (D). AR R IR E R, 2006, 12
(4):466-472, 494.
ZHAO Jun-ye, YU Zhen-wen, LI Yan—qi, et al. Effects of nitrogen
application rate on soil inorganic nitrogen distribution, microbial bio-
mass nitrogen content and yield of wheat[]]. Journal of Plant Nutrition
and Fertilizers, 2006, 12(4) :466-472, 494.

[27] Araujo Y, Luizao F J, Barros E. Effect of earthworm addition on soil
nitrogen availability, microbial biomass and litter decomposition in
mesocosms[J]. Biology and Fertility of Soils, 2004, 39(3) : 146-152.

[28] Groffman P M, Bohlen P J, Fisk M C, et al. Exotic earthworm invasion
and microbial biomass in temperate forest soils|J]. Ecosystems, 2004, 7
(1):45-54.

[29] 5k 5%, 2% DA, B KA . Rl ARER B M 51 % SR Ak B Y
()] &AM, 2000, 20(1) :169-173.

ZHANG Bao-gui, LI Gui—tong, SHEN Tian-shou. Influence of the
earthworm Pheretima guillelmi on soil microbial biomass and activity
[J]. Acta Ecologica Sinica, 2000, 20(1) : 169-173.

[30] PE AL . 42T i ] %ok A3 L4 5 i 1 B R B A5 B2 R D], Lt < vh
[ Al K2, 2006.

PANG Jun-zhu. Effects of earthworm inoculation on decomposition of
organic matter and dynamics of carbon and nitrogen[D]. Beijing: Chi-
na Agricultural University, 2006.

[311Guo LY, Wu G L, Li Y et al. Effects of cattle manure compost com-
bined with chemical fertilizer on topsoil organic matter, bulk density
and earthworm activity in a wheat—maize rotation system in eastern
Chinal[J]. Soil & Tillage Research, 2016, 156:140-147.

[32] Xu X F, Thornton P E, Post W M. A global analysis of soil microbial
biomass carbon, nitrogen and phosphorus in terrestrial ecosystems|[J].
Global Ecology and Biogeography, 2013, 22(6) : 737-749.

(3318 %, F  #, BHEGE, 55 RINE SRR A R g R
AW RRAGFE L] £ 32, 2005, 42(6) :965-969.

HU Feng, WANG Xia, LI Hui—xin, et al. Effects of earthworms on soil
microbial biomass carbon in rice — wheat rotation agro—ecosystem|J].

Acta Pedologica Sinica, 2005, 42(6) :965-969.

[34] FSCHE, ARAE, WAIC, 55 . AR NS 50t 3 H - el

Py e R SE AL AR E SRS IR AR, 2016, 22(5) : 1286
1297.
WANG Wen—feng, LI Chun—hua, HUANG Shao—wen, et al. Effects of
different fertilization patterns on microbial biomass carbon and nitro-
gen in greenhouse vegetable soil[J]. Journal of Plant Nutrition and
Fertilizers, 2016, 22(5) : 1286—1297.

[35] Zhang S J, Chao Y, Zhang C L, et al. Earthworms enhanced winter oil-
seed rape (Brassica napus L..) growth and nitrogen uptake[J]. Agricul-
ture Ecosystems & Environment, 2010, 139(4) : 463-468.

[36] 42 M, mEE, FERE, % R H 13 N0 77 A HLELE S i R 3

WFFEIC]. A A A FREE GRAP 2 . 45 =i A [ AL FREE R
FARBE 2, KHE. 2009.
ZHAI Sheng, GAO Bao—yu, WANG Ju—yuan, et al. Advance for mech-
anism and impact factors of NoO emissions from farmland[C]. China
Society for Agricultural Eco—Environmental Protection. Third Nation-
al Symposium on Agricultural Environmental Science. Tianjin. 2009.

B7IH R, WK, ToRa, % ML BRI (X AR H 3R

R LA MLA S SR AL RS R )], FREEARR A, 2018, 39
(10):4717-4726.
TIAN Fei—fei, JI Hong—fei, WANG Le—yun, et al. Effects of various
combinations of fertilizer, soil moisture, and temperature on nitrogen
mineralization and soluble organic nitrogen in agricultural soil[J]. En-
vironmental Science, 2018, 39(10) :4717-4726.

[38] Liang B, Yang X Y, He X H, et al. Effects of 17—year fertilization on
soil microbial biomass C and N and soluble organic C and N in loess-
ial soil during maize growth[]]. Biology and Fertility of Soils, 2011, 47
(2):121-128.

[39] 7 FHFH . 8 4 Fe e XN TR il - 3 a] A LR B 878 £k K 1
AR LB D). S IE 2R, 2019.

CAO Yang-yang. Dynamic change of soil soluble organic nitrogen
and nitrogen mineralization in artificial forest and grassland in the
Loess Plateau[D]. Yanan: Yanan University, 2019.

[40] Liang B, Kang L Y, Ren T, et al. The impact of exogenous N supply
on soluble organic nitrogen dynamics and nitrogen balance in a green-
house vegetable system|]|. Journal of Environmental Management,
2015, 154:351-357.

[41] Jones D L, Shannon D, Murphy D V, et al. Role of dissolved organic
nitrogen (DON) in soil N cycling in grassland soils[J]. Soil Biology &
Biochemistry, 2004, 36(5) : 749-756.

[42] Lubbers I M, van Groenigen K J, Fonte S J, et al. Greenhouse-gas
emissions from soils increased by earthworms|J]. Nature Climate
Change, 2013,3(3) : 187-194.

[43] Jenkinson D S, Fox R H, Rayner ] H. Interactions between fertilizer
nitrogen and soil-nitrogen : The so—called priming effect[]]. Journal of
Soil Science, 1985, 36(3) :425-444.

[44] Wang X, Hu F, Li H X. Contribution of earthworm activity to the infil-
tration of nitrogen in a wheat agroecosystem|J]. Biology and Fertility

of Soils, 2005, 41(4 ) :284-287.



