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Effects of Controlled—-release Nitrogen Fertilizer on Yields and Soil Nitrogen in Onion—Cotton Intercropping
System
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(1.National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, National Engineering and Technology Research
Center for Slow and Controlled Release Fertilizers, College of Resources and Environment, Shandong Agricultural University, Taian 271018,
China; 2.Jining Academy of Agricultural Sciences, Institute of Cotton Research, Jining 272000, China )

Abstract: Controlled—release nitrogen fertilizer(CRN ) could meet plants’ demands for nitrogen while reducing nitrogen losses and thus wa—
ter pollution. A field experiment was conducted in Jining city, Shandong Province, from September 2012 to October 2013, to study the crop
growth and soil nitrogen levels in onion and cotton intercropping system under common fertilizer(CN) and CRN at four nitrogen(N ) rates of
0, 100, 200, and 300 kg -hm™. Results showed that the cotton yield increased with N applications. At 200 and 300 kg +hm™, the cotton
yields were respectively 17.3% and 7.7% higher in CRN than in CN. In CRN treatments, the cotton yield at 200 kg -hm™ was 7.7% and
14.5% higher than that at CN(200 kg-hm™) and CRN(100 kg+hm™), respectively. However, no difference was found in the cotton yield
between 200 kg+-hm™ and 300 kg-hm™ CRN treatments. At 100, 200, and 300 kg -hm™, onion yields were respectively 19.6%, 2.6% and
6.7% higher in CRN than in CN. Soil NO;-N concentrations in 0~20 ¢cm in CRN treatment were significantly lower than in CN treatment. Soil
NH:-N contents were not affected by N treatments. These results suggest that 200 kg+hm™ of CRN would be an optimum fertilizer rate under
the experimental condition.

Keywords: nitrogen fertilizer type; nitrogen rate; onion yield; cotton production; soil inorganic nitrogen
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Jiti RS E P A - BRI N R 5, X TR
PP B BN

PR RN E— PP RS LR ) A K SR T R
g3 Uit FH B REWE A EYD A A SR 00 R BB
T AR, SR R, 5 EHEIEAR
SRR RN RE 4 LLws M4 2 3Rl 257 1t 3 ]
P 5.0%~12.5%#1 15.0%~15.8%, 3=z ks im
F K- B e AT e IRt A5 R RUIE Rl R 280 B 4
155 2.6%~58.9% , F-Ahet 37 R 28 0] A 1B A IR AL 5 7
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FEED . I AT ST e FH Ak U A e T B
AN, EFPEE S5 B E 0.100,200,300 kg*hm™ 4
MNRFKEARHL, 38 ) H R B AUIETE T
AL AP X ERI R3S 7800 S IR R
AISENR, LU Ay e v b DX 2 - AR AL S R T 4%
R AU YA Bt P ANAE T St — 2 Y 3R A
1 Rl F*
L1 R8st

RIS AR LR U 7l B A S ik, %
WX EEA (Allium cepa) (B K5 Allium sativum 1.,
B Capsicum annuum Linn ) —#§ ££ (A nemone vitifolia
Buch ) 25 i 455 X2 6 74 R Ml X — b LAY 1) o A A2
Ko b IX 8 B 2= KU R B <, AERE R &
700 mm ZiAy, L HESEAR) L, 0~20 em L JREPRLS
it 9.53% , Bk & i 79.05% , Kiki & it 11.41%, + 3

it AR EE . 0~20 em 2R G & 041 g-kg !,
NO;-N & 23.14 mg-kg”' ,NH;-N & & 9.75 mg kg™,
H R S 49.65 mg-ke !, MU S B 138.05 mg-kg,
pH {E(K 4K 2.5:1)7.03,

T2 bR A v v (R B R ) AR L A
U 5102, 35k s B Rl PR 20 TIE AR )
720 em, BAAEFAEATEE 110 em FEHE 30 em. $EBRA
NEALFER IS MR 25 (PCU, & N 42% ) FE nA fg 42
JEF5 B R % (PSCU, & N 36% ), 75 25 CHk b i) B
AR R 3 A AR AL R 22 it FH TRy []— 4t
U7 o MU RMEHE KRR IR 28 (N 46% ) R —
B (N 18% P05 46% ) FEi FR#H (K,0 50% ). FiT A NEEL
BIH 4 E KA S TR A A7 B w1

I B A AN (CN) B AUIE (CRN) P 28
R AR RNE G 4 AR KT, e BE 24 M H B0t 2
(N 200 kg-hm™) iy Al b9 5 50% (N 100 kg-hm™)
FIEHE 50% (N 300 kg-hm2), A AEALFE(N O kg
hm2) y Xf HE 3 7 AN AR 4% i AT AL B A A
(P,05-K,0 & 90-220 kg - hm?)— 3%, H @i AE Sl B R
TR VI R ER Y . AR A B b AU R R ER AN
WRIR — BB AE , P B AUIE A P Hh 4 A RN A AL = UIE
2 i BB B 50% , HoA s s B RUIE A i g
Y B ENER S 25% , K 2 AR — 2 b s R
RIE B 50% ., 25050 A BE i FL A4 I 1 4] F 2
1, R AE S 3 B R 28t . A EE AT 3
W,/ NXBEALHES

RN FEEH 5 m, NXENXZEA
30 em F L IEARBE , FEIE AT 4% /0N X /)N TR0 I R 1 A
MHEK , FRUE DK R —E, LA R | HEK & A%
TN g R 225 . BH/NXZEA 1 m iy
KB FRAERE M i Z B HEZK . 2012 4F 11 J1 3 H4%
A ZE T A R DL BB 1 T8 2 — Uk % Bl it A - 38
b BRI RS R 2L, A /N DX 2R A 2 R —

1 it RIERERE

Table 1 Experimental design and fertilizer application rates

B3 Treatment PR ﬁﬁzﬂ_ﬂ; N-P,05-K,0 N HEWHJ&&FHE_
Code Fertilizer rate/kg+hm™ Composition and rates of fertilizers/g+25m™
Xt B Control CK 0-0-0 —

AN Common nitrogen fertilizer CN100 100-90-220 PR 353, iR 4 489, WERAT 1100

CN200 200-90-220 JRZ 897, BiHR — 4k 489, MRS 1100

CN300 300-90-220 JRZE 1440, B8 — 8% 489, Bifa%! 1100
AL Controlled-release nitrogen fertilizer CRN100 100-90-220 JRZ 82,PCU 149,PSCU 174, B2 — %t 489, HRERAR 1100
CRN200 200-90-220 JRZ: 353, PCU 298, PSCU 347 , iR — % 489, FRIERHA 1100
CRN300 300-90-220 JRZ 625,PCU 466, PSCU 521, 1R — 4% 489, FiREH 1100
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TEARFFCIR BT ST T/INX N 4B R AL 45 85 50, B/ N XCR
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TERBAEA o AR/ NXRREL, BRI 25 58 BRI T3
BARRTE A4S A PR AR A R A

PR B A SRR R 35 43 B R 4% BE L bR GB/T
23348—2009¢ R BRI ELAE , F 25 CHiKIZIRTE
M5 . 13 NHi-N 1 NO;-N & 2% H0.01 mol - L'
(1) CaCl, I R4 , SR AN AL 2F WAL (A A3 )2 5
A3 A/ 5 B WL ER 14 A&, Smartchem200 4> H 3
[F] T P2 43 A4S0 s ), EL AR o A i 3k
A2 3BT T M,
1.3 #iRGiIT 504
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Figure 1 Cumulative release curves of nitrogen in

CRN in water at 25 C
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22 ERRIBEFE-BEEER =5
2.2.1 XA R
HACANE A B RNEZE R 2 300 kg-hm™ 4b 7
F I 24 PR 2 I 2 i T AU 100 kg hm™ 2R3
HAR A B 22 AN
AR AR PR 2 [B) 7 28 7w R B B R i 22 S bk (3
2). HACENEEZA 200,300 kg hm™ LbFHVEZ 7 44y
AR 100 kg hm™ ZbBRE E 300 15.3%F1 17.5%;
PR RUIE b PR LUt % 300 kg hm™ fhFH £
5, 2 AL 100,200 kg-hm ZhBE 34 PR R4y
BIR 15.7%F 7.9% ; 7 B A0t & 200 kg -hm™ b #
A 5 % = THEA 100 kg-hm™ 2bFE, 3750
7.1% S5 A T A 100 kg hm™ #EEEE A HIYF:
27 AR A B S 7 19.6% ;5 it 2L 300
kg hm™ P B8 I A 3 280 et A AU AU A 3 I
57 6.7% HARIRW 2 F AR E

R 2 BRABIIERAIELEFREE
Table 2 Onion yield in treatments with common nitrogen fertilizer

and controlled—release nitrogen fertilizer

g RERBRE Fresh g on B %
weight of single ball/ ~. B N
Treatment ° yield/t-hm™ Over CN with same N rate
g-ball

CK 247.5+5.2d 44.9+1.0e —
CN100 348.3+4.3¢ 58.5+1.0d —
CN200 371.2+5.5bc 73.8+0.9b —
CN300 381.3+5.7ab 76.0+1.5b —
CRN100 355.4+3.6bc 70.1£0.9¢ 19.6
CRN200 373.9+1.1ab 75.71.2b 2.6
CRN300 388.3+2.2a 81.1+1.4a 6.7

TE - AE Rl — 90 p A Bl IR 15 22 3 Fe B 03 i, JUR B ARAT AN [
FERBEF R M 22 5 B 25 (P<0.05); “—"FoR b, TRl
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2.2.2 XL B

NS B v AR AR B . B S AR AR
T o PRALENE A FRAR A6 it X i it 28 o P 3 i 34
hn, ABEBR AL 200,300 kg-hm™ 23R AR 46
AHE (36 3) o ALt AL 300 kg - hm ZhFLFFAR
B0 A, 100,200 kg +hm 2 4b 39 #1957 7.7% F
34.28% , AN AL 200 kg - hm™ Ab BHUFFARH it
100 kg-hm™ Zb P47 24.7% , [RIRES 3 BB AKOE ; 75
TR AU it & 300,200 kg - hm™ &b FEFE R 43 5158 it 4
100 kg-hm™ gb ¥ R E 1477 15.4%F1 14.5% , K2 A543 5]
W 14.5%F0 14.3%, JitiA & 100,200 kg -hm™
I, PR RIS AL BT 7 e B CANE AL B 53 1) i
BN 17.3% 1 7.7% , Fz ¥ 7= =45 B35 i 14.5% Fi
6.8% . HARAIRN 2= 5 A8 2

TS A Ui 2 200,300 kg - hm™ 2 AR 1 A4S %k
1o 25 T 100 kg-hm Zb3H, S840 T, il %
100 kg -hm™ 4% B R AL H RS B & 5 T s R UIE
AbFE FLAR AR 22 N 3 o RN R AR RIS A
ACFRARAC SRS H 25 S 2, AU L 300 kg hm™ fy#
BRI A B RUIE Ak AT A A% o 1 2 T R A A
PR U 100 kg-hm™ ZhFE S5 A0 T, 7R
AL RS A RIE A P 25 R B 2

300 kg -hm™ B UL Ab PR 4355 B S 2 8 Tt A
100 kg+hm™ F BRI AL ZUE AL B . 45 20 1t 1Y
PR AN R EAE PR A S A R AR R .
2.2.3 XHRIER AR Z IR 5

AR FIERZE R T, AR IR A R
OB B BRI RENT - SPAD (A 3522 55 (3R 4),
R AR AN R AL PR BE N A SPAD B ¥ 2%
X AR, R RREIERAR, M AEThRENT A
SPAD {4 AR & 300 kg hm™ 2R i 5 , B 255
TR 100,200 kg-hm? 4bF , Z(H & 100,200 kg
hm™ B F B AR AL B SPAD (534 1 2 5 T 45t L i
AR REAb T, A AL PR R] 22 5 A 35

Jit 5 300 kg hm™ $2BRAUIE AL FRES JAR AL 25K
BE R THAMI; A& 200 kg-hm™ R EELALL
FH AT %0 300 kg - hm™ BRI AL FRES JIA A6 250
B E T R AP T 2 5 AR A
JEKEIR AU 300 kg hm™ Zb 394G 16 RA S0 B
i TR 100 kg-hm™ LR B ; 204 300,200 kg
him 2 U AN B U A B SR A B 3 5 X R
Ab3 JARAb R 22 AN 3 . AU A 300 kg-hm™
FEACRE A B U A BRZ5 R4 50 B 3 3 T R AR
NEFPEN B AR i 100 kg-hm™ 2bBE, FHA A R] 22

* 3 ERABIERRELERETERTEMMER

Table 3 Cotton yield and its component factors in treatments with common fertilizer and controlled—release nitrogen fertilizer

Qb PR JEL KL Number of bolls/  PAZATE Weight of  A7Af )" it Seed yield/ 44} Lint JAR P Lint yield/  &0d s BS54 -
Treatment ~+hm™ single boll/g-boll™ kg-hm™ percentage/% kg-hm? Over CN with same N rate/%
CK 661 290d 5.18+0.04d 3427+64¢ 38.85+0.12¢ 1374+13e —
CN100 763 320c 5.45£0.10c 4162+67d 38.62+0.14bc 1660+36d —
CN200 942 495ab 5.51+0.04bc 5189+45b 39.23+0.39abc 2035+24b —
CN300 982 110a 5.69+0.07ab 5589+80a 39.05+0.15ab 2182+21a —
CRN100 892 050a 5.47+0.03bc 4882+87c 38.94+0.15bc 1901+37¢ 17.3
CRN200 965 100a 5.79+0.06ab 5591+66a 38.89+0.27abc 2174+38a 7.7
CRN300 988 380a 5.70£0.05a 5639+99a 39.89+0.26a 2177+30a 0.9

&4 RHPEYRBEERBLERERBER

Table 4 Growth characteristics of cotton in treatments with common fertilizer and controlled—release nitrogen fertilizer at boll stage

AbFR 2R ZH A% Number of branch/ ZEEAH0 Number of bolls/
Treatment SPAD Value Stem diameter/cm A k! A pE
CK 44.26+0.83f 1.51+0.04¢ 13.89+0.48¢ 21.56+0.48f
CN100 46.96+0.27¢ 1.69+0.05be 15.00+£0.51be 24.00+1.20ef
CN200 49.37+0.50cde 1.72+0.05bc 15.78+0.29ab 26.67+0.84cde
CN300 51.42+1.00ab 1.80+0.03b 16.89+0.11a 27.67+£0.51cd
CRN100 48.21+0.66¢d 1.7320.11be 15.11£0.62bc 25.22+1.44de
CRN200 50.39+0.25b¢ 1.79+0.07h 16.00+0.38ab 30.67+1.53ab
CRN300 51.90+0.15a 2.05+0.10a 17.11+0.29a 33.22+0.78a
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2.3.1 XHRAEEFE 1 NOS-N & & 152

AN TR AR Ak B 45 s 30 1= 43 NOs-N {505 B
oM (% 5) o TEARAE BT, &4 3 0~20 em 122 NO5-N
ST 20~40 cm 2 BRAEAFE 0~20
em 2 NO;=N 5 f B it 220 et A3 Jin i A3, A%
FIEHEZ 200,300 kg hm? ZbFE 0~20 em 12 NO;-N
O T 100 kghm™ 203, {HHRCAE
Jiti & 200,300 kg -hm™ &b Ff 0~20 em +JZ 19 NO;-N
AR AR, % 100,300 kg hm™ 5 BA
HEALHE 0~20 em 4 J2 NO;-N & & 8 &5 T EsEE
REFR AR E N 300 kg hm™ 203 20~40 cm 12
NO;-N & 2 5 Thfi% 100 kg-hm™ ZbFE , Hphb
PR 2 AN

TEMRAEEY I, L 300 kg -hm™ #2 B AUIE 40 3
NO; =N & i 2 % Tt 0 100 kg - hm™ 3 &% AT 4b
PRI AL PR, JLAR AR PEE] 0~20 em 42 NO;-N
TERERARE.

AN TR U8 2 RN FH o 6 A AR SR AT ISCER B 0~20
20~40 em 12)7 NO;-N S AgsZmn o B 2, &b

0~20 em T2 NO;-N S BN B ZE T 20~40 cm 1
JZ o BASCANEIE A 300 kg hm ™ ZL 3 0~20 em L)
NO;-N {1t i 2 5 T &L 100 kg-hm™ 203, R
JEL G %L 200,300 kg +hm™ 4bFE 0~20 em )2 NO3-N
AP I 2 T 100 kg hm™ 4bFE & FHE 100,
200 kg-hm? i}, #BENELFE 0~20 em + )2 NO5-N
i 0 R T A A R AN, AR R
300 kg-hm? i, P RERAE S 3 &R 0~20 em )2
NO;=N &3 HE, [H 20~40 cm )2 33 %% ZUIE Ak #1
NO;-N F g i E 1, 36 i i s R RUIE (it iy
JY 38 NOs-N (ki imifas R U e A 2 2 2
EHPTE 0~20 em L2 HARARPRA] 3 NOs-N %
HELEEES.
2.3.2 XHRAEE R 439 NHI-N 55 505200

TEARAE M, 2 f2 300 kg - hm™ 3% AUIE b B
20~40 em 12 NHi =N 7 i 25 TR 4 300 kg -
hm™ PR AU A R A A A 4 B A 46 it 2R 1) 3R
AR 5B ANEAL TR 0~20 em Fl 20~40 cm 12
NH:-N SRR EZER .

it I B R TR I 9 NHI-N (36 6), 1
RN 300 kg-hm? ZbBE 418 NH;-N i B 5

x5 TEEFHRAELRELE NO:-N FE(mg-kg')

Table 5 Dynamics of soil NO;—N concentrations in treatments with common fertilizer and controlled-release nitrogen

fertilizer at different stages of cotton(mg-kg™)

T Seedling stage

4 Cotton boll stage HRAENRI Cotton harvest stage

KbFE Treatment

0~20 ¢cm 20~40 cm 0~20 ¢cm 0~20 ¢cm 20~40 cm

CK 14.97+0.52d 7.05+0.42d 16.23+2.21b 16.88+2.01c 11.58+2.06¢

CN100 19.71+0.78¢ 11.89+0.21b 16.71+0.34b 17.29+1.07¢ 8.92+1.01c
CN200 22.94+0.33b 12.22+0.71ab 19.63+1.71ab 20.41+1.90be 16.51+1.78be
CN300 24.02+0.44b 13.06+0.29a 22.25+2.05ab 35.89+2.08a 30.03+1.27a
CRN100 20.95+0.48¢ 9.85+0.50¢ 21.66+3.84ab 24.19+1.26h 12.97+4.52he
CRN200 23.59+1.02b 10.96+0.85bc 23.06+0.75ab 35.81£3.72a 17.69+2.71b
CRN300 25.73+0.65a 11.58+0.69bc 26.27+2.82a 36.63+2.02a 14.31+2.11be

#6 FAEEHELERELE NHI-N = (mg-kg™)
Table 6 Dynamics of soil NHi=N concentrations in treatments with common fertilizer and
controlled-release nitrogen fertilizer at different stages of cotton(mg-kg™)
i1 Seedling stage 44 Cotton boll stage AR Cotton harvest stage
AbFE Treatment

0~20 ¢cm 20~40 cm 0~20 ¢cm 0~20 cm 20~40 ¢cm

CK 23.3+0.93a 17.84+0.92h 18.56x1.38¢ 17.81+1.34h 15.28+1.65¢
CN100 19.69+3.04a 18.6+0.52b 23.08+2.11bc 20.46+0.53ab 17.05+2.11be
CN200 20.67+0.90a 19.08+1.12b 24.66+4.16ab 24.16+0.73a 17.58+0.74abc
CN300 23.92+2.53a 22.52+1.20a 27.55+1.52a 23.61+0.67ab 20.72+1.25ab
CRN100 21.61+1.76a 18.54+1.20b 25.37+2.18ab 22.08+0.48ab 16.44+1.38be
CRN200 22.82+1.34a 19.12+0.41b 26.14+1.03ab 23.26+1.86ab 18.59+0.89ab
CRN300 25.54+1.13a 20.62+0.43ab 25.06x1.61ab 23.53+2.15ab 20.73+0.45ab
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Fiti% 100 kg-hm? b3, HAAbER R 22 AN B 2%
HEAEMSCER A, A )t 260 ek 1) st 8 BB A R U
AR 0~20 cm +J2 NHi-N SR IEBEES . A
BT BEREEALFE 20~40 em 12 NHi-N 45 558
MANEE = R AR E (K 6),
2.3.3 XHARAESFFUSHRT 4 3 4 A BRI
FRAESR AR ORI, 428 R AU Fliti 2 200,300 kg
hm R AU A P55 06 HE A B L, S i T 0~
20.,20~40 cm +)JZ2 2R & (E 2), ERENE AL
AU A FRAE it 2, 200,300 kg +hm™ B, 0~20 cm 1 )2
R R B = T 100 kg-hm? Zh3 L SRR
Jiti & 300 kg-hm™ ZbFE 20~40 cm T2 2R S BB E
T 100 kg-hm? gbFE . H AL IR ] 22 5K
Fo AR EREIEA L 0~20 em RS
D T HRCRIEAR ] 1 20~40 em )2 2R
wZEFARE . XA R SR ANERR T = R
+-3 NO;-N kI A 6 o

1.2 -
[ 0~20 ¢m a
10T m20~40 em ab ]
be &
0.8 _]:_ a ab ab

j=]
(o)}

o
~

=}
NS}

B c
b cd b
O . de be
| m

CK CN100 CN200 CN300 CRNI100 CRN200 CRN300
JIGALFE Treatment

B2 #ERAENERARLEREURELELREE

Figure 2 Soil total nitrogen in 0~40 cm soil profile at harvest stage

=]

+ 34 Soil total nitrogen content/g-kg™

of cotton in treatments with common fertilizer and controlled—

release nitrogen fertilizer
3 it

BT AR AR AL ™ F () i AR IR AR B B
BB AR A > O i DRI FE R 2 B — R R 5%
PR, BARR RS B BAES TR A 2 5 AR A 7 i
A EERNE AT i 300 kg-hm™ [
BEAREALFAF AR ™ i 5 A H it 200 kg-hm™ Zb 32z &
AN (HIA B T AL 100 kg-hm™ 403, 15 B 7E
it A BE R 200 kg-hm AYFEAE_E 4k 238z AE H
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