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Yield variation of winter wheat and its relation to yield components, NPK
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Abstract: [ Objectives ] In the Loess Plateau, Northwest China, low-fertility fields are widely distributed.

Winter wheat yields are varied among farmers and field plots. Exploring the key factors affecting the yields is

extremely important for increasing the yields and management level of winter wheat. [ Methods ] Samples of

soils at 0—100 cm depth and winter wheat plants were collected in 282 farmers’ fields in Shanxi and Shaanxi

Provinces, Northwest China. The winter wheat yields were divided into high, middle and low groups, the yield

variations were correlated with yield components, NPK uptake and utilization. [ Results ] The mean grain yield
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of winter wheat in surveyed farmers’ lands was 3815 kg/hm’, the average yields of the middle and low groups
were respectively 32% and 57% lower than that of the high-yield group. The grain N content of the high-yielding
group was 7% lower than that of the low-yielding group, the P and K contents of winter wheat grain and the N, P
and K contents of stems and leaves showed no significant variance among the yield groups. Compared with the
high-yielding group, the biomass in the middle and low yielding groups were 27% and 50% lower, the harvest
indices of dry matter were 5% and 13% lower, the spike numbers were 15% and 31% lower, the kernel numbers
were 19% and 41% lower, the aboveground N uptake were 28% and 51% lower, the P uptake were 32% and 55%
lower, and the K uptake were 28% and 50% lower. The N harvest index in the low-yielding group was
respectively 5% and 4%, the P harvest index 4% and 3%, and the K harvest index 13% and 8% lower than those in
the high- and middle-yielding groups. The N requirements of the high-yielding group were respectively 5% and
12% lower than those of the middle and low yield groups, but no significant difference was observed for the P
requirement among the groups, no significant difference between high and middle yield groups for K requirement
was found, although they were respectively 5% and 15% lower than the low-yielding. The average of N
physiological efficiency of the high-yielding group was 4% and 11% higher than those of the middle and low
yield groups. For P physiological efficiency, there was no significant difference among yield levels. In addition,
the average K physiological efficiency of the high and middle yield groups also showed no significant difference,
but they were respectively 16% and 10% higher than that of the low-yielding group. [ Conclusions ] Winter
wheat yields are varied significantly in farmers’ lands in the Loess Plateau. The main reason is from the
differences in crop dry matter accumulation, yield formation, and N, P and K uptake and distribution caused
primarily by the variable N nutrition status. To reduce the farmers’ wheat yield difference in this area, the key
measures should be adopted to regulate the crop N nutrition and optimize the fertilizer input based on the crop
nutrient requirements, meanwhile improve crop cultivation, promote dry matter accumulation in wheat plant,
increase the ear number and grain number, and then achieve its yield increase in a large scale.

Key words: dryland; winter wheat; yield variation; yield components; nutrient uptake and utilization
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Table 1 Wheat cultivars widely used by local farmers in different yield level

e 7K Yield level P Cultivar
7 High K558, K 6359, & 47, /ME 22, B 20410, M 21, F3 175, HAl
Changhan 58, Chang 6359, Jinmai 47, Xiaoyan 22, Yunhan 20410, Yannong 21, Zhongmai 175, Others
f Middle KE 58, K 6359, K 8744, A 47, 4 536, /ME22, 15520410, M4 21, Hd 175, Hilh
Changhan 58, Chang 6359, Chang 8744, Jinmai 47, Jinmai 536, Xiaoyan 22, Yunhan 20410, Yannong 21,
Zhongmai 175, Others
ik Low K 8744, WA 47, WH 536, WA 54, ImF: 35, Mk 21, HAb

Chang 8744, Jinmai 47, Jinmai 536, Jinmai 54, Linfeng3, Yannong2l, Others

7 (Note) : “HAh” FEAEF= /04 o H BT — IR AL FRAHE 1)/NZE AP “Others” mean the wheat cultivar whose name is not known or

appeared only once in each yield level.
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A B HEAEREES (F3). 34/ EN
H B AR A T 112~246 kg/hm?, 64~165
kg/hm? Fl1 28 ~131 kg/hm?, “FXJ{E 45K 152
kg/hm?, 110 kg/hm? F1 75 kg/hm?, v, K72 40 o s 7
5 BIREAR 28% 1 51%; Wewh & 4354 F 10~33
kg/hm®, 7~22 kg/hm? F1 3~17 kg/hm?, FI{E 535
g 18 kg/hm?, 12 kg/hm?® il 8 kg/hm?, | (/=4 %%
PR A MR 32% FI 55%; WA B4 A T 42~
174 kg/hm?. 37~141 kg/hm? Fil 18~84 kg/hm?, V-
535 87 kg/hm*, 63 kg/hm? #1 43 kg/hm?, Hr . %
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Table 3 Grain yields and nutrient contents of winter wheat at different yield levels

KPR Grain (g/kg)

2K Straw (g/kg)

FERK e (kg/hm?)

Yield level Grain yield N P K N P K
i High 5734+ 965 a 20.53+2.15b 2.64+043a 335+041a 471+0.99 a 035+0.13a 9.33+2.88a
rh Middle 3917+347b  21.17+2.57b  256+04la  332+04a 47+13a 033+£0.16a  898+248a
fik Low 2494+534c  22.03+33a 2.61+£046a  339+038a 493+133a  035+0.13a  877+23la
45 Mean 3815+ 1218 21.35+2.79 2.58 +0.42 3.34 +£0.39 48+1.24 0.34 +£0.15 8.96 +£2.52

¥ (Note) : R HIEATIH + #7122 Data in the table are averages + standard deviations; ZEMF%53 & it 25 5 E5E A M4 (E
Straw nutrient contents are the weighted averages of stem and glume nutrient contents; [@5 55 AN [F/ING FhER /R F= KA 22 70k 5% B3
7K3F- Values followed by different lowercase letters in a column indicate significant differences among yield levels (P < 5%).

x4 RISREMNRFERNENEZEVEREBURESR

Table 4 Winter wheat biomass and yield components differences among lands of farmers in the Loess Plateau

v e Y (kg/hm?) WAL (%) FEHL (x 10%hm?) DT RS THIHE (g)
Yield level Biomass Harvest index Spike number Kernels per spike 1000-kernel weight
i High 13063 + 2464 a 443+4.6a 430+91 a 349+84a 39.8+6.8a

1 Middle 9490 + 1583 b 42.0+54b 364+ 68 b 28.1+£6.0b 385+7.1a

{I% Low 6506+ 1310 ¢ 385+53¢ 298 +57¢ 205+89¢ 402+9.5a
F-#4) Mean 9215 +2735 414+5.6 355+£82 27.1+94 393+£79

# (Note) . [FFNEHEE ARG FR:L R m KA 22535 5% BE 7K Values followed by different lowercase letters in a column

indicate significant differences among yield levels (P < 5%).
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[7E (Note) : & T o HMMLIRTE, M FR-FI%, TR M BRS04 25 F 75 g, . E&AUMIERRE 5 H
95 %L, FIFI_EEAY R FR/ANT 5 FIRT 95 ShhAd ARVNE PR AR 4K ] 22 55K 5% 35 7KF The lines and plus
signs within the boxes represent the median and mean of all data, respectively; the lower and upper box edges, whisker caps, and dots represent 25
and 75, 5 and 95, and < 5 and > 95 percentiles of all data, respectively; Different lowercase letters indicate significant differences among different

yield levels (P<5%).]
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x5 FRFERFNETRTIFRFDTRERFT TEEYR
Table 5 Winter wheat 1000 kg-grain nutrient requirement and nutrient physiological efficiency under high,
middle and low yield levels

FEEKOF FPRI 4175 2K B Nutrient requirements of grain (kg/1000 kg) F543 4 FERCF Nutrient physiological efficiency (kg/kg)
Yield level N P N P K

5 High 26.7+3.2¢ 3.1+£06a 152+44b 380+4.6a 334+ 64a 704+17.8a
rf Middle 28.1+45b 3.1+0.7a 16.0+4.6b 36.4+54b 340+ 68 a 66.8+15.6a
fi Low 304+6.0a 32+0.7a 178+52a 34.1+64c 325+67a 60.6+16.9b
-1 Mean 28.6+5.0 3.1£07 16.4+4.9 35.9+57 335+ 66 65.8+17.4

H# (Note) : [FFVEIEAR/ING FHEFRA R =K P[] 22 5338 5% i K Values followed by different lowercase letters in a column

indicate significant differences among yield levels (P < 5%).
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