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Combining chemical fertilizer with organic manure or straw increase
the yield stability and sustainability of maize and wheat
in Loess Plateau of east Gansu Province
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Abstract: [ Objectives ] The effect of different fertilization patterns on the yield increase of spring maize and
winter wheat and the stability and sustainability of the increment were studied under different precipitation years,

which will provide scientific basis for efficient management of nutrient resources in the crop production of rainfed
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area. [ Methods ] The study was based on the long-term fertilization experiment established in Pingliang City,
Gansu Province in 1979. The experiment had lasted for 38 years, of which, the number of dry, normal and wet
years was 9, 7 and 10 for winter wheat and 7, 2 and 3 for spring maize. There were six treatments, including: no
fertilizer (CK), single chemical nitrogen fertilizer (N), nitrogen-phosphorus fertilizer (NP), straw + nitrogen-
phosphorus fertilizer (SNP), single organic fertilizer (M) and organic fertilizer + nitrogen-phosphorus fertilizer
(MNP). We investigated the yields of winter wheat and spring maize, calculated yield stability and yield
sustainable index (SYI), fertilizer contribution rate to yield (FCR) and rainfall use efficiency (RUE), and the
relationships among the yield, fertilization patterns and precipitation. [ Results ] Compared with N treatment, the
yields of winter wheat under NP, SNP, M, and MNP treatments significantly increased in all the dry, normal
and wet years by 89.8%—151%, 108%—174%, and 52.1%—-101.9%, the yields of spring maize were increased by
56.3%-99.9%, 81.3%—-104%, and 105%—127%, respectively. The precipitation did not affect the stability and
sustainability of winter wheat yield significantly, but affected those of spring maize. Compared to N treatment,
the FCR and RUE of winter wheat under NP, SNP, M, and MNP treatments in the dry and wet years were
significantly increased by 166%—198%, 520%—654% and 100%—-164%, 53.4%—105%, respectively, and those
of spring maize were increased by 161%-218%, 262%-289% and 56.0%—-99.2%, 104%—-125%. Compared to
the dry year and under the same fertilizer pattern, the FCR of winter wheat under NP, SNP, M and MNP
treatments were decreased by 9.9%-23.3% in normal years and by 10.6%—-23.3% in wet years, while the FCR
of maize in wet years were 6.0%—25.0% higher than those in dry years and 20.4%—27.7% higher than in normal
years. Compared to dry years, the RUE of winter wheat under NP, SNP, M and MNP treatments were decreased
by 2.2%-26.6% in normal years and 22.3%-37.7% in wet years, and those of maize were decreased by
41.9%-49.5% in normal years and 10.9%-24.4% in wet years. The yields of winter wheat and spring maize
were closely related to fertilization patterns and precipitation in growth periods in different precipitation
years. [ Conclusions ] In Loess Plateau of east Gansu Province, the yield, the stability and sustainability of yield,
the contribution rate of fertilizer to yield and rainfall use efficiency of crops are significantly improved by both the
combination use of NP fertilizers with straw returns or manures, regardless of precipitation. Thus, they are two
effective fertilization strategies to guarantee the sustainable and efficient crop production in the dry farmland in
this area. Further optimization in fertilization details is required in term of precipitation years.

Key words: long-term fertilization; precipitation years; yield stability; sustainable yield index;
fertilizer contribution rate; rainfall use efficiency
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Table 1 Yields of winter wheat and spring maize under different precipitation years

T 54 Dry year F7KAE Normal year FIKAE Wet year
Joseil
Treatment 77 (kg/hm?) 7k (kg/hm?) 3 (%) jE (kg/hm?) B (%)
Yield Yield Increase Yield Increase
2 /N4 Winter wheat
CK 1158 + 142 1571 £255 35.8" 1672 £ 223 444
N 1624 + 232 1706 + 466 5.1 2380 + 459 46.6
NP 3737 £392 3551 £428 -5.0 3620 + 352 -3.1
SNP 3890 + 340 3636 £313 -6.5 4060 + 364 4.4
M 3081 £ 251 3806 +394 23.5" 3782 £ 405 22.8"
MNP 4069 + 358 4665 + 483 14.7° 4806 + 450 18.17
# 2K Spring maize
CK 3508 +357 3207 £ 1410 -8.6 3833 +£576 9.3
N 4401 £ 427 2841 £ 996 -35.4 4487 + 160 2.0
NP 6880+ 510 5151+ 1414 -25.1 9214 £ 612 33.9"
SNP 7459 + 822 5428 + 1465 —27.2 9202 + 595 234"
M 7167 + 887 5415 £ 1651 —24.4 9766 + 763 36.3
MNP 8797 £ 1011 5791 + 1598 -34.2 10186 + 678 15.8"

1 (Note) : FEA/NERE TAMTAE . SEAKEMFKESHIAG 9. 7. 10 4EH1 7, 2 Fl 3 4F There are 9, 7, 10 years and 7, 2 and 3
years of dry year, normal year and wet year for planting winter wheat and summer maize respectively. *—[i—AbFR T, 5 FAEHH Lt P800 78
0.05 /K- |- 2253 5.3 Yield increase is significant relative to dry year for the same treatment (P < 0.05);

ARGV, R+ AR DL + AR RO
PR b 5 Ml AR 7 ) RSk B A SO . R — A
AR FRF SR | SEKAE A KAE SYT (AR I A 5
B TR

FMFREKAERT , 5 CK AMFIAHLL, T 54E M,
MNP Fil SNP Ab#H i) K 7= i Fa e PEEAIR (3% 2). B
FKIEHN, NP, SNP, M Al MNP ZbF 5 K = B fa
PERZ P21 . DA B K AT HE K = i e M v
FHIEIEAEALBE T, AFEREKAERE N, M, MNP, NP
1 SNP Jit AEAL B = YCV {HYE A 19.3%~24.0%,
Tl IR AT s [ 8 7K A8 A %o 7= it i e P A K o

B EKRA A K AL A0 B SYT (B 2R B8 oK
i > TRAE > FKARE (3R 2). FKAE SYLERIM A
N > SNP > NP > MNP > M > CK, HiH W
58.1%~87.6%, T 744 NP >N > SNP > CK >
MNP >M, HIEE N 46.8%~65.7%. F/KAFEJy SNP >
NP > MNP > M > N > CK, Hi[H 23.3%~
44.8%, ZEFULH SNP HI NP Ab3 77 557 [ K S i kH
XL/, AEK G370 502 A AF 00 24 e DR s v 1 ™ o
ATEREEPE, A PR EAE K 7 2 BT, Xt

TR YRR A B R o
23 AEREKER TR R TRk E
AFEFEKFERT, /NG T RNTE TR R
(FCR) ¥R A N L FHALF NP, SNP, M fl
MNP Zb 3 (B 1), T5RFEL/NEMBFEEALAN, NP,
SNP. M Hil MNP 4L BH FCR 4310 23.6% . 69.0% .
70.2% . 62.9%. 71.7% F118.1% . 48.9%. 49.2%.
47.2% . 57.4% . FKFSHH-8.7%. 53.0%.
56.5%. 56.5%. 64.6% F1-3.5% ., 44.4% . 47.3%.
46.7% . 50.5%, FKEFTHHN8.5% . 54.1%.
58.9%. 52.7%. 64.0% i1 15.6% . 27.8%. 21.9%.
23.5%. 22.5%. [Al—jiiiLALEE T, NP, SNP, M fl
MNP Ab B4 /NS 7K AR TR 7K AE FCR 2 4T 548
TR 9.9%~23.3% F1 10.6%~23.3%, TMiHEKFEK
AR A T BAE R IR AR 43 I 6.0% ~25.0% Fi
20.4%~27.7%. SREY], SKIHHANCH L,
ABERLIE DA HLAE . A FF O it 20 N 2 i T R 5T
RN AR R
24 A[EREKERTHIPEKFI A ZR
ANFREKAERIT 2 /N2 TR R B K R 2%
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Table 2 Yield stability and sustainable indexes of winter wheat and spring maize under different precipitation years

hbE T 54 Dry year E7KAE Normal year FIKAE Wet year
Treatment DCV SYI NCV SYI WCV SYI ve
£ /NA Winter wheat
CK 36.7 438 43.0 28.0 422 38.1 152
N 429 387 722 10.3 61.0 204 17.8
NP 315 458 319 493 30.8 446 2.1
SNP 262 52.6 22.8 59.1 284 485 45
M 245 48.6 274 55.6 33.8 44.1 9.5
MNP 264 52.0 274 53.5 29.6 473 7.1
K Spring maize
CK 26.9 54.6 622 233 26.1 58.1 73
N 257 56.0 49.6 337 6.2 87.6 19.3
NP 19.6 65.7 38.8 44.1 115 80.3 235
SNP 292 55.0 382 44.8 112 81.7 209
M 32.8 46.8 43.1 39.7 13.5 73.0 24.0
MNP 304 51.6 39.0 439 115 76.4 22
I (Note) : DCV, NCV, WCV. YCV Z35lI3Rm T34 PRAR . FAKAERBEKFERIR AR5 R 3 DCV, NCV, WCV and YCV

represent the variation coefficients of wet, normal, wet years and among the precipitation years; SYI—H]FF£2:35 %L Sustainable index.
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Fig. 1 Fertilizer contribution rate of winter wheat and maize under different fertilization treatments in different

precipitation patterns

LRI LR 3 2R B AR Y RIS (E, R A IR R B4R 19 25% 1 75% i34, LRk

FEAD 1T 1B 5 43 391 26 78 SR 4E H B KB B /M . The horizontal solid lines and short dash inside boxes

indicate the median and the mean of dataset, the upper and lower limits of box represent 25% and 75% of dataset, the upper and lower short lines

outside box indicate the 5% and 95% of dataset, the upper and lower dots outside box indicate the maximum and minimum, respectively.]

(RUE) ¥ P CK Ml N ALBAIKF NP, SNP, M flI
MNP #b3 (] 2), 4/NZ CK Fl N Zb38 RUE 353
%1 2.7 kg/(mm-hm?) 1 3.5 kg/(mm-hm?), FHEK
CK 1 N 4 RUE “F-343 524 6.9 kg/(mm-hm?) F

7.7 kg/(mm-hm?), TR4EL/NE NP, SNP, M HI

MNP Ab# RUE 435 b N AR FREE T 140% . 153% .
100% 1 164%, FF K55I M 56.0% . 70.5% .
62.1% F199.2%, F/KAEL/NE NP, SNP, M Fi
MNP 4b# RUE 435 Fb N AR PRSI 112% . 118% .
129% #1180%, # E KM 81.1% . 90.9% .
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Fig. 2 Rainfall use efficiency (RUE) of winter wheat and maize under different fertilization treatments
in different precipitation years
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