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Effects of the combined application of organic and inorganic fertilizers on yield and nitrogen uptake and
utilization by winter wheat in drylands

WANG Shuting"?, LI Wenguang"?, CAI Huifang"?, MA Long"*, WANG Kai"?, LI Ziyan"?, ZHAI Bingnian"*

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of Plant
Nutrition and the Agri—Environment in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling 712100, China)

Abstract: To further explore the internal mechanism of organic and inorganic fertilizer application on the fertilizer reduction and efficiency
of dryland winter wheat, a fissure zone design was set up according to a 7—year long—term positioning experiment. Five nitrogen levels (0,
75, 150, 225, 300 kg+-hm™) were set as the main treatments; a mixed and unapplied organic fertilizer (dosage of 30 t-hm™) was used as a
side treatment. The single fertilizer treatment was labeled NO, N75, N150, N225, N300, and the combined organic fertilizer treatment was
labeled MNO, MN75, MN150, MN225, MN300. The underground (0~20 ¢cm root system) and aboveground parts of the plant were collected
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during the tillering, jointing, flowering, filling, and mature stages, and the grain yield and its constituent factors, nitrogen uptake, and
utilization were studied. The results showed that, with an increase in the nitrogen application rate, the number of effective panicles and
grains per panicle increased first and then decreased, while the 1 000—grain weight decreased gradually. The effective number of panicles
in the combined organic fertilizer treatment increased by 7.1% compared with the single application of chemical fertilizer. The MN150
treatment had the highest grain yield, which reached 6 311 kg+hm™. The absorption of nitrogen under the single fertilizer treatment was
mainly through pre—anthesis nitrogen transport, while pre—anthesis nitrogen transport and post—anthesis nitrogen absorption played equally
important roles in the accumulation of nitrogen under the combined fertilizer treatment. Compared with the single application of chemical
fertilizer, the combined application of organic and inorganic fertilizers increased pre—anthesis nitrogen transshipment, and post—anthesis
nitrogen accumulation, by 9.8% and 33.1%, respectively. Pre—anthesis nitrogen transport mainly occurred in the stems, and nitrogen
accumulation reached the highest under the MN150 treatment. Nitrogen use efficiency and agricultural efficiency were significantly
increased by organic fertilizer application. A decrease in the nitrogen application rate increased the nitrogen use efficiency, agricultural
efficiency, and nitrogen harvest index. Nitrate reductase activity in leaves was significantly increased by nitrogen application, and the
highest value was reached under the N225 and MN150 treatments. Nitrate reductase activity increased by 25.94%, 12.88%, 9.90%, and
12.35% during the tiller, jointing, flowering, and filling stages, respectively, under organic and inorganic fertilizer application. In summary,
the combined application of organic and inorganic fertilizers at a nitrogen application rate of 150 kg + hm™ could not only promote the
absorption and utilization of nitrogen in winter wheat plants, but also ensured a stable and high yield of winter wheat in a dryland in
northwest China.

Keywords : winter wheat; organic fertilizers; chemical fertilizers; combined application; yield; N uptake and utilization; nitrate reductase
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Table 1 Physical and chemical properties of the tested soil

12 AL g

BRCA

AR AL

Soil layer/cm Organic matter/(g-kg™)  Total N/(g-kg™)  Available N/(mg-kg™)  Available P/(mg-kg™")  Available K/(mg-kg™) pH
0~20 13.88 0.83 9.17 155.66 8.14
20~40 12.91 0.64 9.11 133.85 8.21
http://www.aed.org.cn — 395 —
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Figure 1 Effects of different fertilization treatments on winter

wheat yield in seven years
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Table 2 Yield and yield components of winter wheat under different fertilization treatments

pG3Ld (YN TR T-RLJ TR iy
Treatment Spike number per hectare/10° 1 000 grain weight/g Grain number per spike Yield/(kg+hm™)
NO 368+8.21Ch 44.87+1.44Aa 22+0.47Ch 3561+333Ch
N75 459+4.15Bb 42.83+1.52ABa 25+1.64Bb 4 894+150Bb
N150 514+13.76Ah 40.49+3.80BCa 28+1.20Aa 5703+268Ab
N225 526+7.32Ab 38.97+1.98BCa 29+0.99Aa 5980+378Aa
N300 511+13.18Ab 37.36+1.04Ca 30£0.41Aa 5 648+325Aa
MNO 391+16.90Da 44.77+0.81Aa 25+0.88Ca 4450+210Ca
MN75 489+15.40Ca 42.51+5.40ABa 28+1.48BCa 5 649+288Ba
MN150 572+8.99Aa 39.00+3.65BCa 28+1.42ABa 6311£165Aa
MN225 554+9.14ABa 37.52+3.01Ca 30£1.78Aa 6205+302Aa
MN300 541+10.87Ba 38.21+3.48BCa 29+0.79ABa 5876+142ABa

1 AR RS TR AN s AT HLICHUIE BCREAL T, AR BR8] 22 57 . 3 (P<0.05) s A A )/ NE FRER /R [ —ZKF T, i

AHE S A HUICHLAE AC it Ak BR8] 22 5% 2. 3% (P<0.05) . Tl

Note: Different uppercase letters indicate that there is a significant difference among different nitrogen levels under the treatment of single application

of chemical fertilizer or organic and inorganic fertilizer (P<0.05) ; Different lowercase letters indicate that there is a significant difference between single

application of chemical fertilizer and organic and inorganic fertilizer under the same nitrogen level (P<0.05). The same below.
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Different uppercase letters indicate that there is a significant difference among different nitrogen levels under the treatment of single application of chemical

fertilizer or organic and inorganic fertilizer(P<0.05) ,and the different lowercase letters indicate that there is a significant difference between the single

application of chemical fertilizer and combined application of organic and inorganic fertilizer under the same nitrogen level (P<0.05). The same below.

B2 ARMEELEMNEREARSRERENZN

Figure 2 Effects of different fertilization treatments on total nitrogen accumulation of plants

http://'www.aed.org.cn

— 397 —



KA FREMEFHR - E405- 528

0T (b)) Leaf
)
Py Ab Ab Ba
~ T ABb : %
?ﬂgé 6 Bb 777 LT (;ra 0:0:
@2 | oopt o
o 2 %
S 4T PO
® z %!
: o
a0 XX
g 2r ot
= Q
z o
0 BRI
Ab P Treatment
~ 1201 (d) B%:32 5 Total amount of transport
E
= 100
_-%D Aa Aa AIa Aa A
=5 w0 ?Ab - e
s 5 80 Ba —
N & —— Ca
# £ 60r —
2 o
® % 40t
£ 20}
= 0
Kb PE Treatment

N225 © N300 [0 MNO HE MN75 (] MNISO B MN225 B3 MN300

B3 AREAELIE LRI R R IR0

Figure 3 Effects of different fertilization treatments on pre—anthesis nitrogen transport
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Table 3 Contribution rates of pre—anthesis N transport and

post—anthesis N accumulation to grains (%)
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Figure 4 Effects of different fertilization treatments on

post—anthesis nitrogen accumulation
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b PR TR R R ez VAR e Tl
Treatment Pre—anthesis N transport Post-anthesis N uptake
NO 65.87+10.72ABa 38.35+5.45Bb
N75 66.54+8.07Aa 41.73+2.35Bb
N150 57.38+3.34BCa 50.76+3.19Aa
N225 54.49+3.60Ca 53.24+4.34Aa
N300 57.08+4.35BCa 51.65+5.06Aa
MNO 58.48+4.62Aa 48.66+3.07Ba
MN75 51.77+0.51Ab 54.33+2.39ABa
MN150 54.42+4.24Aa 55.63+3.15Aa
MN225 52.71£2.17Aa 57.07+£3.53Aa
MN300 51.58+3.93Aa 57.06+3.81Aa
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Table 4 Nitrogen efficiency under different fertilization treatments

SIS RAEWOFAREL EEiES RE AR REAFHE

Treatment NHI/% NUE/% NPE/(kg-kg™) NAE/(kg-kg™)

NO 68.55+0.07Aa
N75 59.64+0.07Bb 91.7+0.10Ab 17.87+3.06Aa 17.78+3.17Ab
N150 61.44+0.02Ba 84.71+0.15Bb 16.28+2.96ABa 14.28+3.89Bh
N225 59.54+0.02Ba 72.72+0.06Ch 14.4+2.80Ba 10.76+2.42Ca
N300 60.53+0.02Ba 45.48+0.06Db 15.01+0.85ABa 6.96+0.87Da
MNO 66.18+0.04Aa 20.02+1.74A
MN75 66.92+0.04Aa 142.02+0.11Aa 18.09+2.64Aa 27.85+1.75Aa
MN150 55.76+0.01Ba 135.33+0.15Ba 14.48+0.97Ba 18.34+3.14Ba
MN225 56.32+0.03Ba 85.43+0.08Ca 14.22+1.32Ba 11.75+2.75Ca
MN300 58.46+0.02Ba 60.85+0.05Da 13.85+1.35Ba 7.72+1.27Da
161
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Figure 5 Effects of different fertilization treatments on nitrate reductase activity in leaves
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Table 5 Statistics on the contribution rates of nitrogen fertilizers and organic fertilizers to different factors (%)

Ab ¥ i AR BRI R R TR Rk AR Bfkis s UASEZE YL Sii
Treatment Yield Spike number N accumulation in plants at maturity ~ Total pre—anthesis N transport Post—anthesis N accumulation
A 78.20 5.01 6.34 4.67 5.55
AHLIE 9.74 6.71 13.27 4.64 21.06
— 399 —
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