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Effects of Dairy Cattle Slurry Combined with Chemical
Fertilizer on Nitrogen Use Efficiency and Cropland

Nitrogen Balance of Maize in Cold Region
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Abstract: Intensive dairy farm— derived anaerobically fermented cattle slurry application effects on spring
maize productivity and nitrogen dynamics were investigated in cold regions under equivalent N input(200 kg/ha).
Six treatments with different levels of dairy cattle slurry addition were adopted: No fertilization treatment(F0); Chem-
ical fertilizer only(CK); Combining application of chemical fertilizer and dairy cattle slurry treatment, i.e., dairy cat-
tle slurry returning farmland quantity of 30, 60, 90, and 120 t/ha, which were abbreviated as FL.30, FL60, FL90, and
FL120, respectively. The same amount of phosphorus and potassium is used. The main results are as follows: in com-
parison with CK treatment, combination of dairy cattle slurry and chemical fertilizer significantly increased maize
grain yield, with an increase of 15.7%—23.6% in grain yield under each dairy cattle slurry treatment; Under the com-
bined application of dairy cattle slurry and chemical fertilizer, the recovery efficiency of applied nitrogen, physiologi-
cal efficiency of applied nitrogen, agronomic efficiency of applied nitrogen, partial factor productivity from applied
nitrogen of maize significantly improved, with increase of 5.2%—-22.5%, 17.1%-36.5%, 44.5%-61.4%, 16.7%~-
23.3%, respectively. The best performance was achieved when the dairy cattle slurry was returned to the field at a
quantity of 60 t/ha. It can reduce the residual inorganic nitrogen in the 0-200 cm soil layer.
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Table 1 Grain yield and yield components of maize under various fertilization modes

fb ¥ P4 (t/hm?) WAL (B /hm?) Tk Hh o) ki H (g)
Treatment Grain yield Harvest ears Kernel number 100—grain weight
FO 8.0c 53333bh 485 b 26.6 ¢
CK 12.7h 55897 ab 618 a 29.5b
FL30 14.7 a 57436 a 630 a 36.0a
FL60 15.1a 55897 ab 673 a 36.8a
FL90 15.6a 54 872 ab 676 a 36.1a
FL120 157 a 53333bh 678 a 373 a

T (RSB 5 AN R B 3R A BRI 597K 22 7 i 3 . R 3Rl

Note: Values followed by different letters represent significant differences among treatments(P<0.05). The same below.
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Fig.1  The dynamic of maize shoot dry matter accumulation under different fertilization methods
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Fig.2 The accumulation and allocation of shoot dry matter under different fertilization methods

35

N
e
Tz

(%) I~
S G
T T

Dry matter accumulate of shoot
@
T

o © S
T T

#_E TR AR R & (hm?)

350
300 a, a
_ Sasof EN
€3 AR ?§
'§ E 200 pal a :§§
S b 22N N\
m& g 150 F . 7N §§ ¢ §§
ENT CRNBN o\
VI2 R1 R6

B Growth period
B3 AEERLGEENKM FHRERRANS

Fig.3 The dynamic of shoot nitrogen accumulation under different fertilization methods



104 £ ok B 2 33%

7 Tt VAR AR 2 2 B R AR AR L AR B
Mo VI2 ], 5 CK 4 #AH L, FL30.FL60. FL9O,
FL120 4 B K ¥ 80R AR R & 23 36 i 29.6.
59.0.51.8.52.5 kg/hm?, FL60 4b ¥ A bk A K L &
R, M 122.8 keg/hm?; R1 3, 5 CK AL BEAH L,
FL30.FL60 .FLOO, FL120 ZbHH Ay T K E A 2
ZH A1 7.0.19.2,20.2.,26.6 kg/hm?, FL120 kb
PR A AR A R PR e, 35 188.9 kg/hm’; R6 1
5 CK Zb34AH 1, FL30 . FL60 . FL90 . FL120 2 3AY £
Kb 1A R R A 4 7.9.27.0.29.5.
31.5 kg/hm®, FL120 A PR AE AR AR AL B i i i, 0
274.9 kg/hm*; R1.R6 F4~Bf 3, CK AbHi 5 FL30 &b
T SN Fh

24 =77
- B A

g

8]
3
S

N
8

8

)

A BB (kg/hm?)
Nitrogen accumulatian

%)
=)
T

FO CK

B EKH AR ERZR AL E, FLOO.
FL90 ., FL120 ZbBH[AI () oK AR R R 2 F
AN (] 3),

HE— 240 HT Y oK R ZERF PR R B
UG LR B, 5 CK AR BEAR He , FL30 Ab 3 AR iF AN I
2 ,FL60.FLO0, FL1204bH )45 2% B A 2 B i
FHE. HAP FLI20 b #Ag i ZEFFRER R
B, 09k 63.2.43.1 kg/hm?, 391835 15.2% . 15.0%;
FLOO Kb 3 i) F ki 25 PR SR i fie i, 4 170.4 kg/hm?,
HAWRIA 12.8% o il W A 2R 2R AT 5k 2 5 ) K
T B AR ITTL(# 4).

Z
7\

FL30

A [ il A Ak 2

FL60 FL90 FL120

Different fertilization treatments
4 AEMEABALIE F KA ZhEA F AR E RS

Fig.4 Nitrogen accumulation and distribution of maize shoot under different fertilization methods
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Table 2 Nitrogen transport and contribution to grain under different fertilization methods

i B IR RAR K E RERILIBHE(%) LG R R P (kg/hm’) BRI T RITTHR

Treatment (kg/hm?) Nitrogen translocation Assimilating amount of (%)
Nitrogen translocation amount efficiency nitrogen after anthesis Nitrogen contribution proportion

FO 36.1¢ 503 a 61.5b 372b

CK 69.3 b 46.5 a 8l.1a 44.1 ab

FL30 779 a 47.0a 8l.1a 502 a

FL60 853a 47.0a 89.0a 499 a

FL90 858 a 46.6 a 904 a 495a

FL120 86.4 a 455a 86.0 a S51.8a
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Table 3 Effects of nitrogen efficiency under different fertilization methods

i HRWAFEEL ARFHR ) AIEEBFIRG) FEERRHRE FRLSHER SR HAC A= 1
Treatment Nitrogen harvest ~ Efficiency of Recovery efficiency Physiological Agronomic efficiency  Partial factor
index absorbed nitrogen  of applied nitrogen  efficiency of applied  of applied nitrogen productivity from
nitrogen applied nitrogen
FO 0.73 a 62.7 a - - - -
CK 0.62 b 46.7b 55.1b 45.7h 23.6b 63.5¢
FL30 0.62 b 48.8 b 58.0b 624 a 342 a 74.1b
FL60 0.62b 46.6 b 68.6 a 53.5ab 354a 753 a
FL90 0.62b 46.7b 69.8 a 575a 38.1a 779 a
FL120 0.61b 475b 70.8 a 55.7 ab 355a 783 a
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Fig.5

Changes of soil inorganic nitrogen in 0-200 c¢m soil profile after maize harvest
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Table 4  Nitrogen balance during the whole growth period of maize under different nitrogen application rate kg/hm?
el KbFH  Treatment
ltem FO CK FL30 FL60 FL90 FL120
A A 0.0 200.0 200.0 200.0 200.0 200.0
FEHT No 88.0b 1404 a 1277 a 119.8 ab 1249 a 120.1 ab
LA 101.4 101.4 101.4 101.4 101.4 101.4
S 189.4 441.8 429.1 4212 4263 4215
R AEYAE I () 133.2 243.4b 2513b 270.4 a 2728 a 2749 a
5% 56.2b 113.1a 126.4 a 1193 a 1192 a 1233 a
FENAB I 0.0 853 a 51.4 ab 31.5b 343D 233D
HBAR 56.2 198.4 177.8 150.8 153.5 146.6
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