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The mechanism of different combinations of organic and N, P fertilizers
increasing yield of dryland wheat

ZHANG Jing', ZHANG Ding-yi', WANG Li®, MAO Ping-ping’, ZHAO Juan’, WANG Jiao-ai"*
( 1 Institute of Wheat Research, Shanxi Academy of Agricultural Sciences, Linfen, Shanxi 041000, China;
2 Shanxi Normal University, Linfen, Shanxi 041000, China; 3 Weather Bureau of Linfen, Linfen, Shanxi 041000, China )

Abstract: [ Objectives ] Combined application of organic and inorganic fertilizer can provide enough nutrient to
crops to increase production. In order to dig into yield potential in dryland wheat, effects of combined application
of organic and N, P fertilizers on yield increasing and mechanism of hilly dryland wheat were studied in Linfen
City, Shanxi Province from 2012 to 2014. [ Methods ] A randomized block design with a split plot experiment
was laid out and three kinds of organic fertilizer, 22.5 t/hm” of pig manure (M,), 22.5 t/hm” of sheep manure (M)
and 2.25 t/hm” of refined organic fertilizer (M,), were used as the main plot factors. Four N, P fertilizers rates
were set as sub plots: NyPy, NyosPos, NisoP s, and CK. The SPAD value of flag leaf, grain-filling characteristics, dry
matter accumulation and yield of the Jinmai 92 were tested. [ Results ] The SPAD value of organic and N, P
fertilizers decreased slowly in the late sage of seed filling. The SPAD value and average rate of the middle stage
of filling was the highest in single pig manure. The SPAD value of the late stage of filling, grain filling duration,
stem leaf transferring and amount of spike were the highest in single refined organic fertilizer. The SPAD value,
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grain filling duration, dry matter accumulation were improved in MgN,5,P,s, MpN,sP;5s and MgN,4sP.s. The number

of ears, 1000-grain weight and yield of organic and N, P fertilizers were higher than those single organic fertilizer.

The yield of MgN,;,P,,s was the highest and had no significant difference with M;N,,;P,s. [ Conclusion ] Organic

fertilizer with a suitable amount of chemical fertilizer, increase panicles, and could improve the photosynthetic

characteristics, extend the filling duration, increase grain production in hilly dryland of Shanxi, yield increasing
effect was the best in 22.5 t/hm”* of sheep manure combining N 150 kg/hm® and P,O; 105 kg/hm®, 22.5 t/hm’ of pig

manure combining N 105 kg/hm” and P,O; 75 kg/hm’ could reduce fertilizer application and increase production.

Key words: organic fertilizer; N, P fertilizers; dryland wheat; yield increasing
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1 ARSIk

1.1 RIE LR

I T 2012~2014 4E7E L PG4 6 13 T SE4R XK
FH A BE AT (] — sl ge I G 22017 o i 1 1
RS L, i, 7 FAE4 36°5.5207, R4
111°45.727", 4Kk 693.5 m, FHSIR 12.6°C, 4R
KA 430~550 mm, JELE 2 AF IR KR A I A —
e, AL 2013~2014 AF I B AT 0. A4
JE/NEE A SRR B 232.1 mm, BHZE L3R L
PRI H L 9.08 g/kg . Blff A 48.33 mg/kg. AL
W 12.44 mg/kg . R 128 mg/kg.
1.2 It

ARE R R X i, AHUE R EX, &
2% 22.5 t/hm® (M), J&3% 22.5 thm> (M,) . K il A HLIE
2.25 t/hm* (M,) Ab3E, HHSA PSR & WK 1

A BEACH ROV EIIX, AR . BRI (N,P), N
105 kg/hm?®, P,0; 75 kg/hm® (N,sP), N 150 kg/hm?,
P,O, 105 kg/hm® (N,5,P,os), DL K AS it AT Xt 8 &b 3
(CK), F:10/NMabee, ARA0HEE 3 AEE ., UL HFN
“EE 9247, 9] 28 HEERN, #EE 150 kg/hm?,
6 5 HWHk, a4 3R 23 By ia A 24 Hb sy ™
FH,

Fz1 HABUEFESEE (gke)

Table 1 Nutrient content of tested organic fertilizer

AHHLIE AL - U ol
Organic materials Organic matter Total N Total P Total K
o 188.79 26.67 28.11 13.69

Sheep manure (M)
prEs
o 179.62 23.93 22.47 11.80
Pig manure (M,)
FaHA AL
Commercial organic 505.37 26.19 23.34 15.51

fertilizer (M,)

1.3 MEMBESHEE

1.3.1 SPAD #IXHE R HZ SPAD-502 A4 %
THIEr Fr ) SPAD AEXHE . MAESS 7 d FHts, H:7d
P9 ASREMLEE B S W AR /N A [ Y T
M, AR/ NXE 20 B, BOEEIE.

1.3.2 FPRIESRRRE  WIEM A/ DX PR IC R —3
HIF—XIFAEr) 100 #8, 7246 7 d J550R 5 d 10
M, KRR, gt R E . H Logistic
FFEY =K/(1 + e ) A FFR TR E (Y) B AL
REL () AR, X, K A TR EEIIHE; a
Fl b RSH . Rz TT K — B A S B I R
FRIBRAMRBHERK S SEEHE T R
(d); RV HZE (g/d); R, IRHEKHER (g/d);
T\ T, T, Z3 AR M PRI Z2 1 30 0 3R 45 22 1 (1)
(d); R\ Ry, Ry BRI . PURNZE 1G0T 34 2
A (g/d).
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Fig. 1 The SPAD of leaves in wheat affected by different fertilizer combination
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Table 2 Curvilinear equation of accumulation and grain filling parameters in wheat affected by
different fertilizer combinations
b D&
AbFR WG I ' R T, R, T, R, T, R, T R R
Treatment Treatment equations
MNP, Y =40.6328/(1 + 674~ 0213371 0.9980 15.76  0.54 12.34  0.38 1536 0.52 4347 093 217
MN, P55 Y =40.5410/(1 + 74880213221 0.9989 16.10  0.53 12.35 035 1537 049 4382 093 2.16
MiN 5P 05 Y =40.1050/(1 + 4124~ 019671 0.9993 15.74  0.54 13.39 043 16.67 0.59 4579 0.88 197
M,N,P, Y =40.0073/(1 + o919 - 021794 ) 0.9993 12.41 0.68 9.69 0.47 12.05 0.65 34.15 1.17 272
M;N,sPs Y =38.2088/(1 + e"'””"’””') 0.9971 15.61 0.52 12.80  0.39 15.93 0.53 4433 0.86 197
M;N, 5P Y =37.4613/(1 + 64.9426—0.243391) 0.9994 1499  0.53 10.82  0.31 13.47 043 3928 095 228
MoN,P, Y =38.9552/(1 + 4435~ 020411y 0.9999 1532 0.54 1290 0.42 16.06  0.58 4428 0.88 199
MN, 5P Y =40.5695/(1 + 400 - 0191 0.9996 16.13  0.53 13.78 043 17.15 0.58 47.07 086 1.94
MoNi50P 0 Y =38.1890/(1 + 27! 021224 0.9973 15.13  0.53 12.41 0.40 15.45 0.55 4299 089 2.03
CK Y =36.5566/(1 + 7% 0752 09999 1521 051 1098 030 13.67 042 3986 092 2.19
*3 TEBNEERBSEENZNTYRREMNFEZIZE (g/plant)
Table 3 Accumulation and translocation of dry matter in wheat affected by different fertilizer combinations
2214 Shoot FHER Spike
Qb3 B EREE
Early filling stage ~ Mature stage Transferring Early filling stage = Mature stage Transferring

MNP, 1.760 1.500 -0.260 0.371 2.067 1.696 1.436

M;N,5Pos 1.781 1.519 -0.262 0.346 2.196 1.850 1.588

MNP o5 1.735 1.504 -0.231 0.345 2.353 2.008 1.777

M,N,P, 1.989 1.486 -0.503 0.384 2.235 1.851 1.348

M;N,sPs 1.693 1.427 —0.266 0.341 2.230 1.889 1.623

M;Ni50P 0 1.857 1.500 -0.357 0.394 2.165 1.771 1.414

MNP, 2.068 1.479 -0.589 0.415 2.339 1.924 1.335

MN, 5P 1.755 1.518 -0.237 0.340 2.288 1.948 1.711

MoN 5P 05 1.659 1.405 -0.254 0.351 2.180 1.829 1.575

CK 1.917 1.505 -0.412 0.397 2.140 1.743 1.331

AR TORCEE K™ e B R it P G 0 T
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P it R AS . TR R e I Rl it 4 n S T
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M N, 5 Pos b3 5 X ™ 5 22 5 ik i B 3 K OF
M, N, Pos 550 B8 i 22 Sk | K P

3 phe e
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RIS A e 2B A 5 RSl A HLALRE /N2 eI s
WIRE 4R 1550 09 SPAD ARG BRI 2 45 2 K MR
K, Xl BE S HIAPLUE T & & A m by, A
a5 LIEMAYIE S E R EC R, fEm LI
SR, TIHE /N A2 REIK R WM 8. A AL
TCHUAL i Mt , PR A 3ROR 7 SOA ZRCA LR
gy, FEOrRIES AL, BRiedtrEE, MR /NE
SRR, BERHER R W e, RE T
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Table 4 Yield component and yield in wheat affected by different fertilizer combination

4bg JRBEAL (< 10%/hm?) TR % THIE (g) Pt (kg/hm’)
Treatment Spike No. Grains per ear 1000-grain weight Yield
MNP, 438.36 £4.71 abA 34.0 £4.06 bA 43.12 + 0.24 bcABC 6329.4 + 502.5 abAB
M;N, 5P 475.86 + 38.89 abA 38.2+4.21 abA 43.12 £ 0.54 bcABC 6432.2 + 184.9 abAB
M;N 5Ps 520.03 £ 66.00 aA 41.0+5.0 abA 44.15 +0.53 abABC 6860.8 +209.5 aA
MNP, 420.02 + 68.36 abA 39.8£3.70 abA 42.11+1.50 cBC 6090.1 £279.1 bB
M;N, ;5P 515.03 £ 49.50 abA 34.8£5.22 bA 44.36 + 0.38 abAB 6708.9 + 387.5 aAB
M,N, 6P 05 448.36 + 51.85 abA 43.6 +2.88 aA 43.52 +0.88 abcABC 6389.9 +238.9 abAB
MoN,P, 433.36 + 7.08 abA 36.4 £ 10.50 abA 43.56 + 1.00 abcABC 6303.1 + 186.7 abAB
MN,sPs 491.69 + 16.50 abA 34.4+7.02bA 4497 +1.17 aA 6565.6 + 243.6 abAB
MN 5P s 461.89 +28.28 abA 41.4 +8.23 abA 43.44 + 0.63 abcABC 6416.2 + 118.3 abAB
CK 410.86 + 12.96 bA 40.2 £4.76 abA 41.93+0.81 cC 6020.4 + 288.3 bB

# (Note) : FIFIEEGARRIK., NEFRSHIERRZERIK 1% 1 5% 83K Values followed by different capital and small letters in

the same column mean significant at 1% and 5% levels, respectively.
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& £ X #:
[1] KRIER, &4k8. (R ER L2 ERE ], #YE 7R 5
B, 2013, 19(2): 259-273.

(2]

[31]

[4]

[5]

[6]

[7]

Zhu Z L, Jin J Y. Fertilizer use and food security in China[J]. Plant
Nutrition and Fertilizer Science, 2013, 19(2): 259-273.

XA, 5% XU, S5 B HL-TCHUILRHECHE Y3 =4 ok
TIENE TR E RLDFSE)]. LR, 1996, 33(2): 138-147.

Liu X L, Gao Z, Liu C S, et al. Effect of combined application of
organic manure and fertilizers on crop yield and soil fertility in a
located experiment[J]. Acta Pedologica Sinica, 1996, 33(2): 138-147.
JEAAH, AL A HUILEHEAO AR S R G P iy FOPE ).
RS, 1992, 11(3): 53-55.

Zhou B Y, Yang Z J. Role and function of organic fertilizer in
agroecosystem[J]. Chinese Journal of Ecology, 1992, 11(3): 53-55.
ARSRLL, ERE, TRILSE, IR IAAE. FoitiA HUIEE S A IR E R AR
AR W AL ST D], RLPE 3R SR 24, 2010, 16(2):
282-288.

Zhu C H, Dong C X, Shen Q R, Xu Y C. Microbial mechanisn on
enhancement of inorganic fertilizer-N use efficiency for combined
use of inorganic and organic fertilizers[J]. Plant Nutrition and
Fertilizer Science, 2010, 16(2): 282-288.

AR, BRI, AR, AF KA AU UILRHECHEX 1A
2t K IR T RgsE A [I]. T EAOLRRE, 2008, 41(1): 144-152.
Li J, Zhao B Q, Li X Y, et al. Effects of long-term combined
application of organic and mineral fertilizers on soil microbiological
properties and soil fertility [J]. Scientia Agricultura Sinica, 2008,
41(1): 144-152.

TRANHS, B, R, SRR LA IR AL AR R 4 A
RAHRCRBEMA(T]. B AZ52741, 2009, 20(3): 624-630.

Zhang X L, Meng L, Wang Q J, et al. Effects of organic-inorganic
mixed fertilizers on rice yield and nitrogen use efficiency[J]. Chinese
Journal of Applied Ecology, 2009, 20(3): 624—630.

RE I, 22400, 25, 45, AL HUACBCHE X KA 75 43 W lsofn ™
AT, T ELOLRA, 2008, 41(10): 3133-3139.

XuMG, LiD C, LiJ M, et al. Effects of organic manure application

combined with chemical fertilizers on nutrients absorption and yield



1)

A, A AFEAAPUIEFI R 50 54N 558 - HLERAT 5T

243

[10]

(1]

[12]

[13]

[14]

[15]

[16]

of rice in Hunan of China[J]. Scientia Agricultura Sinica, 2008,
41(10): 3133-3139.

FLICA, GiEBh. AHUICHUIL R S X L3 - kA8 R 50 4 s
R K B 4 A L R [J]. P EDKRERLSE, 2006, 20(5):
517-523.

Kong W J, Ni W Z. Effects of integrated fertilization with
commercial organic manure and chemical fertilizers on heavy metal
balance in soil-rice cropping system[J]. Chinese Journal of Rice
Science, 2006, 20(5): 517-523.

ERH, ML B AR, SF AP IRIEN /N . R
BORAN LI Z REVERSE I [T]. A E IR SALR AR, 2009,
15(5): 1003-1009.

Wang Q J, Zhang X L, Luo J, et al. Effects of different organic-
inorganic mixed fertilizations on yield of wheat, nitrogen use
efficiency and soil microbial diversity[J]. Plant Nutrition and
Fertilizer Science, 2009, 15(5): 1003—1009.

W &, SRR, s/ R, A, b R R M R AT XS /NAE 3R 43 W
W B A SRR 1 s R[], R E SR SRR, 2007, 13(2):
230-235.

Chen L, Hao M D, Zhang S M, et al. Effects of long-term application
of fertilizer on wheat nutrient uptake and soil fertility in Loess
Plateau[J]. Plant Nutrition and Fertilizer Science, 2007, 13(2):
230-235.

ik A, XISERE. ARG AT DL BN /N G A VR B B A it o
EYSEIRI[T]. YD E SRS AL, 2007, 13(4): 543-547.

Zhang R, Liu D X. Effects of N, P and organic fertilizer on
photosynthesis, yield quality of winter wheat[J]. Plant Nutrition and
Fertilizer Science, 2007, 13(4): 543-547.

ZIRIR, FERE, BINE. b IO & R 1A HLIE R ).
i E AR B, 2004, 37(12): 1874-1878.

XiZ B, Wang Y Q, Yang P Z. The issue on organic manure in
developing modern agriculture in China[J]. Scientia Agricultura
Sinica, 2004, 37(12): 1874-1878.

Bandyopadhyay K K, Misra A K, Ghosh P K, et al. Effect of
intergrated use of farmyard manure and chemical fertilizers on soil
physical properties and productivity of soybean. [J]. Soil and Tillage
Research, 2010, 110: 115-125.

S e, THSR, BT, 55, Z Rttt RGUAHLIEHUILEHLHE PR
REIACHIHLFIBIIT I N IR N KRS A B[],
3R, 2010, 47(5): 905-912.

Wu C L, Shen Q R, Xia Z Y, et al. Mechanisms for the increased
utilization of fertilizer N under integrated use of inorganic and
organic fertilizer in a winter wheat-rice rotation system[J]. Acta
Pedologica Sinica, 2010, 47(5): 905-912.

Ladha J K, Pathak H, Krupnik T J, et al. Efficiency of fertilizer
nitrogen in cereal production: Retrospects and propects[J]. Advances
in Agronomy, 2005, 87: 86—156.

X, HRE, X G, SF A HLIEHUIE KIS A ECE X /N A
T R RORFRL RO SE R (1], B AR S 24, 2015, 26(8):
2362-2370.

Zhao J, Dong S T, Liu P, et al. Effects of long-term mixed
application of organic and inorganic fertilizers on canopy apparent
photosynthesis and yield of winter wheat[J]. Chinese Journal of
Applied Ecology, 2015, 26(8): 2362-2370.

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

%R, TR IR, 55 AP A HEHIX 2/ NE AR R AN
MZERIREMT]. IR, 1999, 36(4): 440-447.

Jiang D, Yu Z W, Xu Y M, et al. Effects of combined application of
organic manure and fertilizers on senescences of root and flag leaf in
winter wheat [J]. Acta Pedologica Sinica, 1999, 36(4): 440-447.
AR, BRIBEE, B, 55, AN FIALRAL X 4 22 49/ N S 22 45
5= MR AR R ], A= A5 2447, 2009, 29(5): 2514-2519.

Li CM, Xiong S P, Yang Y Y, et al. Effects of different fertilizer
treatments on canopy architecture and grain yield characteristics of
winter wheat-Yumai 49[J]. Acta Ecologica Sinica, 2009, 29(5):
2514-2519.

BESCHs, BB TE, K I8, 55 TR R KA PLIRILN &/ N A R
AR F LA MR [T]. B E TR SR AR, 2011, 17(5):
1066-1074.

Lu W T, Jia Z K, Zhang P, et al. Effects of organic fertilization on
winter wheat photosynthetic characteristics and water use efficiency
in semi-arid areas of southern Ningxia[J]. Plant Nutrition and
Fertilizer Science, 2011, 17(5): 1066—1074.

BRI, VKRR, R AR, S5 AU DU At/ N A A K R EN 1Y
SMRT]. A E SR S ALRANE, 2015, 21(4): 873-883.

Li CS, Tang Y L, Wu C, et al. Effect of N rate on growth and grain
filling of wheat in Sichuan Basin[J]. Journal of Plant Nutrition and
Fertilizer, 2015, 21(4): 873-883.

Fobdw, S 7, BIET, 45, BB BR AR/ NE H E AT YR
MBS R m[T]. A 2A], 2012, 32(16): 5128-5137.
WuGL,GuoLY,CuiZY, et al. Differential effects of nitrogen
managements on nitrogen, dry matter accumulation and
transportation in late-sowing winter wheat[J]. Acta Ecologica Sinica,
2012, 32(16): 5128-5137.

JaMPE, EEIF, KR A, & A HUIERPF R 197 185 5 37 14 A 1)
R Bz [ i s ma[T]. Z2RPE W24, 2001, 21(4): 72-75.
Fan Z X, Wang Z F, Zhang F Y, et al. Effects of manure on
accumulation and transfer of assimilate in Jihan197 after anthesis and
yield[J]. Journal of Triticeae Crops, 2001, 21(4): 72-75.

i8I, R WA, S OREA L SN S AN ECREXT /N
AR KRR WM A (], AEE 5 S IR, 2012, 18(6):
1293-1302.

Yu J, Jiang Y, Xu C M, et al. Effect of combined application of
inorganic fertilizer with straw and pig slurry and their compost on
wheat growth and nitrogen uptake [J]. Plant Nutrition and Fertilizer
Science, 2012, 18(6): 1293-1302.

X, 4 AL, S B HLEHUIL AR 22 - R RV E R 5T
oK R RIS ERPLIRI[I]. B AR 252741, 2012, 23(1): 81-86.

Liu Y R, Li X, Yu J, et al. Mechanisms for the increased fertilizer
nitrogen use efficiency of rice in wheat-rice rotation system under
combined application of inorganic and organic fertilizers[J]. Chinese
Journal of Applied Ecology, 2012, 23(1): 81-86.

X . I X 22 5 BVE YL & AR B M 52 A [D].
Jent: s E RO ARRABEAR 200383, 2010.

Liu G J. Effects of long-term fertilization on crop photosynthesis and
protective enzyme activities under wheat-maize double-cropping
system [D]. Beijing: MS Thesis of Chinese Academy of Agricultural
Sciences, 2010.



