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Responses of soil mineral N contents, enzyme activities and crop yield to
different C/N ratio mediated by straw retention and N fertilization
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Abstract The quality of straw affects N release after straw retention. As straw with high C/N ratio could result in N
immobilization, additional N is needed to compensate N demand of crop. More and more N fertilizer is applied to soil for high
crop yields in China. Therefore, how to scientifically apply N fertilizer is a key problem after straw retention. Based on C/N
ratio, we carried out a field experiment to study the effects of different C/N ratios on soil mineral N content, microbial

parameters and crop yields during the period of 2012-2013 in a winter wheat-summer maize double cropping system. The field
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experiment consisted of six treatments: 1) straw removal without fertilizer; 2) straw retention without N fertilizer; 3) straw
retention with conventional N fertilizer (C/N ratio 10 : 1); 4)straw retention with mineral N fertilizer (adjusted C/N ratio of
16 : 1); 5) straw retention with mineral N fertilizer (adjusted C/N ratio of 25 ! 1); 6) straw retention with an adjusted C/N
ratio of 25 1 using organic N fertilizer (cattle manure). The results showed that: 1) there was no difference between the
addition of mineral N fertilizer and organic N fertilizer on soil mineral N content under the same C/N ratio (25 : 1) input. In
the case of straw retention amended with mineral N fertilizer, C/N ratio of straw retention had significant influence on soil
mineral N content, and C/N ratio was negatively related to soil mineral N content. 2) Straw retention amendment with N
fertilizer increased soil microbial biomass N content, while no difference in soil microbial biomass N content among different
N fertilizer inputs treatments. Straw retention amended with N fertilizer with sitting in integrated judgment, the urease activity
had no remarkably different. Straw retention amended with N fertilizer increased FDA hydrolyase activity, and there was an
increasing tendency with the decreasing of C/N ratio. 3) Straw retention amended with miner N fertilizer significantly
increased crop above-ground biomass. Compared to straw retention and with an adjusted C/N ratio of 25 ® 1, straw retention
with an adjusted C/N ratio of 10 : 1 and 16 ' 1 increased above-ground biomass in both seedling and maturing stage.
Compared to straw retention, straw retention amendment with organic N fertilizer had no influence on crop above-ground
biomass. Straw retention amendment with miner N fertilizer increased crop yield, especially under the C/N ratio 16 : 1 input;
however, there was a decreased tendency at straw retention amendment with organic N fertilizer under the C/N ratio 25 © 1. We
concluded that applying mineral N fertilizer and adjusting C/N ration to 16 : 1 may be more suitable N fertilizer practices after
straw retention.

Keywords Straw retention; Organic N fertilizer; inorganic N fertilizer; C/N ratio; Soil enzyme; Soil microbial biomass N;
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Table 1 Effects of different treatments on soil mineral N content of wheat-maize rotation field mg-kg™
CK S SF SCTN SCN SM
. . 21.33+2.66b 14.53+1.18a 21.44+0.23b 18.93+1.59b 20.59+3.30b 20.14+3.02b
Maize seedling stage
L 11.95+0.32a 23.64+13.92a 42.13+7.42b 41.09+4.09b 41.84+5.60b 24.02+5.75a
Maize jointing stage
. . 14.88+0.50a 17.20+0.89a 54.07+3.19¢ 45.42+1.52b 19.82+2.37a 18.59+6.69a
Maize filling stage
R . 28.49+0.83a 26.51+4.79a 64.10+5.44b 59.00+4.75b 33.67+4.17a 26.60+3.92a
Maize maturing stage
. 24.39+1.47a 20.81+4.99a 52.15+6.13b 27.78+9.84a 17.80+4.28a 20.45+3.54a
Wheat seedling stage
L 13.21+0.85ab 12.58+2.72ab 36.99+4.91¢ 18.30+1.70b 14.98+4.30ab 10.03+1.51a
Wheat jointing stage
o 17.69+2.20a 17.96+1.22a 18.83+5.15a 18.52+5.61a 18.92+3.61a 19.48+1.14a
Wheat filling stage
. 29.10+1.69a 34.55+2.52a 36.28+2.95a 30.79+4.03a 32.31+4.87a 32.15+4.98a
Wheat at maturing stage
CK: ;S ; SF: ( 10 © 1); SCTN: C/N 16 :
1; SCN: C/N  25:1; SM: C/N 251 P<0.05

CK: straw removal and no fertilizer; S: straw retention and no N fertilizer; SF: straw retention and conventional N fertilizer (C/N
is 10 © 1); SCTN: straw retention with C/N ratio of 16 : 1 adjusted through mineral N fertilizer; SCN: straw retention with C/N ratio of 25 : 1 adjusted
through mineral N fertilizer; SM: straw retention and with C/N ratio of 25 : 1 adjusted through organic N fertilizer (cattle manure). Different letters in

the same row indicate significant differences among treatments at P<0.05. The same below.
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1 FERLEMNNE-ERRIELIEMEMERNTLTLA)FIHE®B)
Fig. 1 Dynamics of soil microbial biomass N (MBN) at different growth stages of crops (A) and averages (B) of wheat-maize
rotation field under different treatments
MSS: ; MJS: ; MFS: ; MMS: ; WSS: ; WIS: ; WFS:
; WMS: P<0.05 MSS: Maize seedling stage; MJS: Maize jointing stage;
MFS: Maize filling stage; MMS: Maize maturing stage; WSS: Wheat seedling stage; WJS: Wheat jointing stage; WFS: Wheat filling stage;
WMS: Wheat maturing stage. Different letters indicate significant differences among all treatments at P < 0.05. The same below.
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Table 2 Effects of different treatments on aboveground biomass of maize and wheat g
CK S SF SCTN SCN SM
. . 54.10+4.11b 44.31+4.00a 82.06+3.84d 74.34+6.09cd 68.02+4.45¢ 50.80+6.93ab
Maize seedling stage
L 106.57+5.34a 104.84+12.08a 133.29+5.71b 124.46+4.39b 123.20+13.60b 130.61£5.17b
Maize jointing stage
. . 504.91+11.74a  528.95+60.83a 624.73+26.16¢ 599.57+45.74bc  628.69+17.46¢ 540.57+34.19ab
Maize filling stage
. . 605.40+34.38a  739.23+29.14b  886.26+19.74d  884.38+£20.63d  832.62+28.83c 640.36+10.74a
Maize maturing stage
. 2.64+0.39a 4.04+0.32b 5.41£0.53¢ 5.46+0.81c 4.50+0.84bc 4.32+0.62bc
Wheat seedling stage
L. 49.95+5.11a 49.94+8.02a 50.78+2.23a 53.65+4.48a 48.22+2.04a 52.71£2.60a
Wheat jointing stage
141.18+13.22a  121.86+5.76a 149.54+4.54a 144.36+18.10a  126.92+15.13a 120.30+25.57a

Wheat filling stage

. 131.88+6.44ab  124.19+3.71a 163.09+18.06¢ 171.98+15.00¢ 150.42+11.24bc 158.94+13.57¢
Wheat maturing stage

R3 ARLEEH=ERFNE

Table 3  Effects of different treatments on crop yields

S , SCTN C/N 251 _
’ kg-hm™
, SCN )
Treatments Maize yield Wheat yield
, C/N CK 8 406.30+636.20a 4367.33+£350.13a
, S 10 080.80+545.09bc 5132.58+458.32b
SCTN SF SF 10 981.80+498.90c 5977.33+178.23¢
SCTN 11 057.55+244.35¢ 5962.83+251.67¢
3 SCN 10 301.80+1 272.50bc 6 174.92+517.60c
b
SM 9 268.90+486.17ab 4493.17+£172.01
SCTN ,CK 5 ¢ ‘
P<0.05 Different
» SM ’ SF SCIN ’ lowercase letters in the same column indicate significant differences
3 ; among treatments at P < 0.05.
CN 25:1 3 i
vtk
, SCN , CK
: 5 , SM 3.1 C/N
; 3
, C/N
, , SCTN (P<0.05) ,
, CN 25:1
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Table 4 Pearson correlation coefficients between soil mineral N content and MBN, urease activity, FDA hydrolyase activity and
above-ground biomass

FDA
Microbial biomass N Urease activity FDA hydrolyase activity Above-ground biomass
-0.237" -0.049 0.314" 0.435"
Mineral N content
** P<0.01 ** indicates significant correlation at P < 0.01.
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