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Effects of non-flooded mulching cultivation and N rates on productivity and N

utilization in rice-wheat cropping systems
FAN Ming-Sheng', LIU Xue-Jun', JIANG Rong-Feng', ZHANG Fu-Suo'*, LU Shi-Hua?, ZENG Xiang-

ZhOl’ng (1. Department of Plant Nutrition, China Agricultural University, Key Laboratory of Plant Nutrition, MOA, Key Laboratory of
Plant-Soil Interaction Process, MOE, Beijing 100094, China; 2. Institute of Soil and Fertilizer, Sichuan Academy of Agricultural Science,
Chengdu 610066 ,China). Acta Ecologica Sinica,2004,24(11) :2591~2596.

Abstract : Non-flooded mulching rice cultivation has been adopted and developed as a new water-saving cultivation technique in
many regions of China since the late 1980s. But information on the effects of non-flooded mulching cultivation of rice on the
productivity and sustainability of rice-wheat cropping systems is still limited. A unique feature of lowland rice - upland winter
wheat systems is the annual conversion of soil from aerobic to anaerobic and then back to aerobic conditions. Non-flooded
mulching cultivation alters the rice growth environment through changes in soil water condition and leads to a prolonged aerobic
phase in rice-wheat cropping systems. That causes a difficulty to conserve soil organic matter and soil nitrogen in the cropping
systems, and therefore maybe affects productivity and sustainability of such cropping systems. Additionally, N management of
cropping systems is the other issue that is important to agricultural sustainability. The changes in soil hydrological status from
anaerobic (traditional flooding) to aerobic (non-flooded mulching) will largely affect the N forms and even N availability in
soil. It is essential to examine the effects of non-flooded mulching cultivation on the N utilization and the N balance in rice-
wheat cropping systems.

A field experiment was conducted to determine the effects of non-flooded mulching rice cultivation and different N
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application rates on the productivity and N utilization in rice-wheat cropping systems of the Chengdu plain in southwest China
over a 3- year period. The experiment included three cultivation systems: TF (traditional flooding system), PM (plastic film
mulching system) and SM (wheat straw mulching system) during rice seasons, and zero tillage cultivation during wheat
seasons; and four N application rates: NO (0 kg N/hm*to both rice and wheat), N1 (75 kg N/hm?*to rice and 60 kg N/hm*to
wheat), N2 (150 kg N/hm’to rice and 120 kg N/hm’to wheat), and N3 (225 kg N/hm?*to rice and 180 kg N/hm?*to wheat).
All treatments received the same rates of P (90 kg P,0;/hm” to rice, and 60 kg P,O;/hm* to wheat, as calcium
superphosphate) and K (90 kg K,O/hm?to rice, and 60 kg K,O/hm?®to wheat, as potassium sulphate). Treatments were laid
out in a split-plot randomized complete block design in triplicate.

There were significant grain yield responses to N fertilizer. N application of > 150 kg /hm?*for rice and >120 kg /hm*for
wheat gave no further increase in crop yield in the non-flooded mulching cultivation systems and traditional flooding cultivation
system. Average rice grain yield of PM was similar to that of TF. Average rice yield of SM decreased by 13% compared with
that of TF. Plastic mulching of preceding rice did not affect the yield of the succeeding wheat crop, but straw mulching had a
residual effect on the succeeding wheat. The productivity of the system (total grain yields of rice and wheat) under PM was
similar to that of TF, and higher than that of SM across all N treatments. N uptake by crops showed a similar trend as crop
yields in the three cultivation systems. Soil mineral N contents (0~60 cm) after the rice harvest ranged from 51 to 58 kg /hm?*
and were least affected by non-flooded mulching cultivation and N rate. After wheat harvest, soil mineral N content ranged
from 71 to 96 kg /hm®and increased with increasing fertilizer N rate. High N application rate (N2 and N3) led to higher N
balance surpluses (44 to 197 kg /(hm?* « a)), while low N inputs (NO and N1) resulted in balance deficits (—2 to — 129
kg/(hm? « a)). The present results emphasize the need to evaluate the benefit and the long-term environmental risk of non-
flooded mulching cultivation, and to improve the system productivity (especially that of SM) by integrated resource
management.
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1 N (kg/hm?)
Table 1 Effect of mulching and N-Rate on rice and wheat yield
@ N Rice Wheat System (R+W)
Mulching N rate 2000 2001 2002 2000~2001 2001~2002 2002~2003 2000~2001 2001~2002 2002~2003
NO 5266b 5092¢ 4302b 2960d 3059b 3097a 8226b 8151c 7399b
N1 7597a 5998b 5925ab 4287c 4263a 4380a 12523a 10261b 10306a
TF N2 8135a 6717ab 6712a 5047a 4862a 4368a 13182a 11580a 11080a
N3 7892a 7096a 5892ab 4584b 4838a 4399a 12476a 11934a 10291a
©Mean 7222 6226 5708 4219 4256 4061 11602 10481 9769
NO 6093b 6148¢ 4730b 3088d 2599¢ 3494a 9180c 8747c 8967b
PM N1 7307a 6528b 5894ab 4449c¢ 3548b 4513a 11755b 10076b 10408ab
N2 7978a 6777ab 6509a 5253a 4448a 3833a 13230a 11224a 10342ab
N3 7959a 6943a 6922a 4769b 4144ab 4311a 12728a 11087a 11232a
Mean 7334 6599 6014 4390 3685 4038 11724 10284 10237
NoO 4042b 5579¢ 3120b 3331d 3494b 3864a 7372¢ 9073c 6984b
SM N1 5944a 6236b 4202b 4487c 4426a 4046a 10431b 10662b 8249ab
N2 7042a 6593ab 4219b 5963a 4480a 5129a 13005a 11073ab 9348ab
N3 7196a 6872a 6512a 4861b 4364a 4275a 12057a 11236a 9888a
Mean 6501 6320 4288 4660 4191 4329 10717 10511 8617
467 254 636 75 252 524 473 334 971
LSDy, 5®
M XN @ NS NS NS * % NS NS * * NS
M XN Interaction
@® 0. 05 ( )Values with the same letter in a
column are not significantly different at 0. 05 level in every cropping system; @) 4 Crop average yield of
every cropping system across four N rates;(3) The LSD of crop average yield among three systems;
@) Interaction between mulching and N application; NS No significant difference; * 0. 05
Significant difference at 0. 05 level; * x  0.01 Significant difference at 0. 01 level
2.2.2 3 N2 2 (kg/hm?)
. 2001 Table 2 Effects of N rate on N uptake by rice and wheat crops
.2001~2002  2002~2003 '3 Rice Wheat
N-Rate 2000 2001 2002 2000~2001 2001~2002 2002~2003
N ’ 2000 2002 No 56c  73d  68c 59¢ 57c¢ 61b
4 N1 79b 86¢ 94b 92b 85b 92a
;5 2000~2001 s N2 1132 103b  119a 137a 104a 99a
. , 3 N3 118a 130a 133a 128a 115a 107a
i N2 0.05 Values
with the same letter in a column are not significantly different at 0. 05
2.3 ’ level
1 2 2001 9 2002 5 0~ 60cm
. .3 (82~88kg/hm?) (55kg/hm*) 1),
3 N2 (kg/hm?)
Table 3 Effect of mulching on N uptake by rice and wheat under N2 level
Rice Wheat System (RfW)
Mulching 2000 2001 2002 2000~2001 2001~2002 2002~2003 2000~2001 2001~2002 2002~2003
TF 136a 98a 129a 125b 106a 92a 261a 204a 221a
PM 103ab 113a 148a 134ab 96a 85a 237a 208a 233a
SM 101b 97a 79b 151a 110a 120a 252a 207a 199a

0. 05 Values with the same letter in a column are not significantly different at 0. 05 level
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Table 4 Effects of non-flooded mulching and N rate on apparent N

balance (kg/hm?) in rice-wheat cropping systems (2000~ 2003)

Input Output
Removal by
Mulching N rate Fertilizer Straw crops Balance
TF NO 0 0 368 — 368
N1 405 0 540 —135
N2 810 0 687 123
N3 1215 0 757 458
PM NO 0 0 388 — 388
N1 405 0 521 —116
N2 810 0 679 131
N3 1215 0 732 483
SM NO 0 79 364 —286
N1 405 79 490 —7
N2 810 79 659 229
N3 1215 79 702 592
o s
120 kg/hm? (N2),3
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