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Effects of different nitrogen fertilizer types on ammonia volatilization and nitro-
gen use efficiency of rice-oilseed rape rotation systems

RAO Yiging, YUE Ziqin, WANG Jinping, LI Chengfang™
(College of Plant Science and Technology, Huazhong Agricultural University / Key Laboratory of Crop Physiology, Ecology and Farming in
the Middle Reaches of the Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: The rice-oilseed rape rotation is one of the main rotational patterns in China. However, excessive nitrogen fertilizer applic-
ation reduces nitrogen use efficiency and causes nitrogen loss during rotation. In this study, a field experiment with a randomized
block design was conducted to investigate the effects of different nitrogen fertilizer types on ammonia volatilization and nitrogen use
efficiency during rice-oilseed rape rotation. Five treatments were applied: urea (UF), slow-release fertilizer + urea (SF), urea + nitri-
fication inhibitor + urease inhibitor (DF), biochar + urea (BF), and no nitrogen fertilizer (CK). The results showed that the nitrogen
fertilizer type significantly affected NH; volatilization, nitrogen use efficiency, and grain yield. 1) Ammonia volatilization was higher
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during the rice season than during the oilseed rape season. Compared with the CK, the UF, SF, DF, and BF treatments significantly
increased the annual NH; volatilization by 1.6, 1.0, 1.1, and 0.8 times, respectively. Moreover, compared with the UF, the SF, DF, and
BF treatments significantly reduced the annual cumulative NH; volatilization by 20.5%, 19.7%, and 30.9%, respectively. 2) Com-
pared with the UF, the SF, DF, and BF treatments increased the nitrogen recovery efficiency by 27.9%, 10.3%, and 19.3% in the oil-
seed rape season and by 49.3%, 32.8%, and 41.5% in the rice season, respectively. 3) Compared with the UF, the SF, DF, and BF
treatments increased the oilseed rape yield by 6.7%, 2.8%, and 4.3%, and the rice yield by 36.7%, 14.0%, and 23.4%, respectively.
Compared with the UF, the SF treatment significantly increased the economic benefit in the oilseed rape season by 24.3%, whereas
the SF, DF, and BF treatments increased the economic benefit in the rice season by 70.7%, 21.1%, and 1.1%, respectively, with the
highest economic benefit observed in the SF treatment. The results of this study show that slow-release fertilizer plus urea is an eco-
nomic and ecological fertilization mode for reducing the NH; volatilization loss of rice-oilseed rape rotation and improving nitrogen
recovery efficiency, yield, and economic benefits.

Keywords: Rice-oilseed rape rotation systems; Slow-release fertilizer; Ammonia volatilization; Nitrogen recovery efficiency; Eco-

nomic benefit
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Fig. 1

Seasonal changes of NH; volatilization flux in rice-oilseed rape rotation system under different nitrogen fertilizer treatments

CK. UF, SF. DF fil BF 7} A ANHEANL .« B3R GBI . BRERHAR A 300 7 550+ A4 ) 300 R A 9 ¢+ DR AR AR B o 5 S 78 BB A 1]

CK, UF, SF, DF and BF mean treatments of no nitrogen fertilizer, urea, slow-release fertilizer + urea, urea + nitrification inhibitor + urease inhibitor and biochar

+ urea, respectively. Arrows indicate the fertilization times.
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Table 1 Changes in cumulative NH; volatilization of rice-
oilseed rape rotation system under different nitrogen

fertilizer treatments kg-hm™

AbER ez PR JHlAE
Treatment Oilseed rape season Rice season Whole year
CK 6.52+1.04d 8.94+0.51e 15.46+0.64d
UF 18.174£0.93a 21.64+0.94a 39.81+1.07a
SF 12.87+0.72bc 18.78+0.42¢ 31.65+0.30b
DF 11.96+0.84c 19.99+0.40b 31.95+1.19b
BF 13.60+0.56b 13.91+0.25d 27.50+0.81¢c

CK. UF. SF. DFFIBF/MI N AR . RE . SERAL+HKRE
PREE R A 30+ TR0 1 700 A0 A= P e+ DR AL B ] 5 AN ) /N - B
FRAFIALBIAE P<0.057K 22 57 [ % . CK, UF, SF, DF and BF mean
treatments of no nitrogen fertilizer, urea, slow-release fertilizer + urea, urea
+ nitrification inhibitor + urease inhibitor and biochar + urea, respectively.
Different lowercase letters in the same column mean significant differences
among different treatments at P<0.05.

ik i 2 7K (P<0.05); A8 W e A 25 43 ) 42 e
27.9%. 10.3% Fl 19.3% (P<0.05), ZNE A= BLF] R 5y
SRR 70.2% ., 10.3% Fi1 34.5% (P<0.05)., 7K#HZ= SF,
DF F1 BF % UF ZIEMWA= J1 503 36.7% . 14.1%
1 23.4% (P<0.05), FALAR 2= F FH 55 5 4 5 126.8%
48.5% 1 80.9% (P<0.05), %A W Wi F) JFH 443 1) 42 &

49.3%. 32.8% H1 41.5% (P<0.05), BNC A= BA H %43
IR D 28.8% . 13.5% Fil 17.6% (P<0.05).
23 AEREBEEIMEMF=ERZEFHENZM
231 XMEMFEERNEN

AR BNESE RS EW - 5 B & 52 (3R 3).
5 CK #H L, UF. SF. DF Fl BF 13¢5 5 32 &5
46.8%. 56.7%. 50.9% F1 53.1% (P<0.05), 7K & /= &
o3 LR 40.7%. 92.3%. 60.4% Fl 73.6% (P<0.05).
5 UF # ¢, SF. DF il BF 23 JI| #2 &5 3 32 77 & 6.7%
(P<0.05). 2.8% Fil 4.3% (P<0.05), /K f4 = & 36.7%
(P<0.05). 14.0% #ll 23.4% (P<0.05).
232 MEFHEAIEM

T 28 2 N [R) Ak B 28 U5 34 25 A 293~5906 I -hm
(F 4), KR8 Z A ) Ab BE 28 55 3 25 9 6873~20 186
Jt-hm”, 5 CK Mk, UF, SF Fl DF i3 2 2 5L
waarnldE e 1.2 7%, 1.8 f%A1 1.1 £ (P<0.05), UF. SF.
DF il BF /K fi 2= 28 Ul 2 o i B2 i 0.7 1% . 1.9 % .
1.1 f5810.7 £i5 (P<0.05). 5 UF ML, SF =45
W5 E 24.3% (P<0.05), SF. DF il BF /KR ZE2 5%
s 5y MR 70.7% (P<0.05). 21.1% F11.1%.,

*2 ARRBEBTKE-HERIERFZREF BRATL
Table 2 Nitrogen utilization efficiencies of crops of rice-oilseed rape rotation system under different nitrogen fertilizer treatments
WU ‘ %Htﬂﬁuiﬁﬁ %HEK%?’FUFH% iﬂlﬂ”&%*ﬂﬁﬁ% _%’LHEH;‘IE?’FUFH%
EW Qb3 . Nitrogen partial factor Nitrogen agronomic Nitrogen recovery Nitrogen physiological
Crop Treatment Total n;(trf)gerjzup take productivity efficiency efficiency efficiency
(kehm) (kg'kg ) %) %) *%)
MiHE= CK 102.18+2.89¢
Oilseed rape UF 157.32+1.02d 14.96+0.29¢ 4.77+0.29¢ 36.76+0.68d 19.27+0.58d
SF 172.70+2.08a 15.97+0.23a 5.7840.23a 47.01+£0.38a 32.79+0.55a
DF 163.02+2.27¢ 15.38+0.15bc 5.19+0.15bc 40.55+1.52¢ 21.25+0.52¢
BF 167.95+1.57b 15.61+0.18ab 5.4240.18ab 43.85+1.05b 25.91+0.60b
KA CK 91.50+1.65¢
Rice UF 147.16+1.09d 50.46+0.54d 14.59+0.54d 37.11+0.73d 31.57+0.36d
SF 174.60+0.75a 68.97+0.55a 33.09+0.55a 55.40+0.50a 40.65+0.54a
DF 165.44+1.02¢ 57.554+0.15¢ 21.67+0.15¢ 49.29+0.68¢ 35.83+0.45¢
BF 170.27+1.14b 62.27+0.28b 26.40+0.28b 52.51+0.76b 37.12+0.45b

CK. UF. SF. DFFIBFZ} B AMEANAL . PR . SRALHIRER . PREH A0 DRI R A AWy e+ IR AL B . RIS/ NG T RERR AR
Kb BRFEP<0.05/K F-2 573 8 % . CK, UF, SF, DF and BF mean treatments of no nitrogen fertilizer, urea, slow-release fertilizer + urea, urea + nitrification
inhibitor + urease inhibitor and biochar + urea, respectively. Different lowercase letters in the same column mean significant differences among different

treatments at P<0.05.
3 g
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Table 3 Changes in yield of oilseed rape and rice under differ-

2

ent nitrogen fertilizer treatments kg-hm
AbFE Treatment W Oilseed rape 7KF Rice
CK 1529+40d 5381+570d
UF 2245+44c¢ 7570+458¢
SF 2396+35a 10345+777a
DF 2307+23bc 8632+404bc
BF 2342+27ab 9340+333ab

CK. UF. SF. DFFIBF/MAl N AR . JRE . SRAL+IRE
DREEHAE AW+ R B k00 A AL P e+ IR AL B, RIS/ NG S Bk
FORNIFAALFILEP<0.05/K P22 5+ 8% . CK, UF, SF, DF and BF mean no
nitrogen fertilizer, urea, slow-release fertilizer + urea, urea + nitrification
inhibitor + urease inhibitor and biochar + urea treatment, respectively.
Different lowercase letters in the same column mean significant differences
among different treatments at P<0.05.
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Table 4 Changes in economic benefits of crop under different nitrogen fertilizer treatments

- e ?% TE HFJHESZZF J{“ﬁHE.}\TEEZF HoAt 2% ] i’é(%ilzﬁ%
Crop Treatment Yleldi2 Output \/itlue Fertlllze{ zcost Fertilization {a:bor cost Other expjnses Economic Eeneﬁt
(kg-hm™) *hm™) ¥hm™) (¥hm™) (¥hm™) *hm™)
MHES CK 15294+40d 8562+224d 2762 180 3497 2123+224c¢
Oilseed rape UF 2245+44¢ 12 5724246¢ 4055 270 3497 4750+246b
SF 2396+35a 13 418+196a 3745 270 3497 5906+196a
DF 2307+23bc 12 919+129bc 4637 270 3497 4515+129b
BF 2342+27ab 13 115+135ab 9055 270 3497 293+135d
KA CK 5381+570d 15 605+1653d 2762 200 5770 6873+1653¢
Rice UF 7570+458¢ 21953+1328¢ 4055 300 5770 11 828+1328b
SF 10 345+777a 30 001+2253a 3745 300 5770 20 186+2253a
DF 8632+404bc 25 033£1172b 4637 300 5770 14 326+1172b
BF 9340+333ab 27 086+966b 9055 300 5770 11 961+966b

CK. UF. SF. DFFIBFZMHIAANMIENL . R . SRAL+IRER . PR A0 HIR BN IR R Wy e+ IRBAL B RISIATR/ING 5 RS AR
AbPRAEP<0.05/K 253+ 8.3 . CK, UF, SF, DF and BF mean no nitrogen fertilizer, urea, slow-release fertilizer + urea, urea + nitrification inhibitor + urease
inhibitor and biochar + urea treatment, respectively. Different lowercase letters in the same column mean significant differences among different treatments at

P<0.05.
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