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NPK accumulation and translocation in dryland winter wheat
cultivars with different yields
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Abstract To evaluate the differences in NPK accumulation and translocation in dryland winter wheat cultivars with different yields,
nine winter wheat cultivars were planted on field with no fertilizer application for six years. The results showed significant differ-
ences in NPK accumulation, translocation and K loss for different cultivars. Before anthesis, increased fertilizer rate led to more rapid
increase in N accumulation in high-yield cultivars than in medium- and low-yield cultivars. At pre-anthesis, however, there were no
significant differences in P accumulation among different-yield wheat cultivars. High-yield cultivars were characterized as high
post-anthesis N and P accumulation and low K loss levels. This was due to high ability to save translocated K in wheat grains. Also in
high-yield cultivars, N and P translocation and remobilization efficiencies, and the contribution of remobilized N and P to grain yield
were lower than those in low-yield cultivars. However, there was no obvious difference in K accumulation and translocation at
pre-anthesis. Consequently, higher post-anthesis N and P accumulation and lower K loss were important driving factors of higher
grain yields in dryland wheat cultivars.
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x100% (5) 4 528 kg - hm™?;
, “ 2277 90277 <= 987177
200077 << 14877, 3756 kg - hm™%;
(kg - hm™)= “e 97977« 261177%* 981277,
(6) 3 326 kg - hm™ « ),
(kg - hm™)= - < 887" :
C + ) (N )
(kg -hm™?)= - 34%  55%
®) ; ;
= / 16%~29%,
x100% ) 25%;
14 24%~79%, 42%
DPS ) :
T —4%~14%, 6%;
sRAS= I 10%~45%, 31%
2.1 , ,
; 9 , ;
3 (1) < 8877,
R1 FRFSBANKFTRRB/ALNERFHITFR=EES
Tab. 1 Grain yield of different winter wheat cultivars tested at different fertilizer application rates kg - hm™
Yield level Variety Control Low-input High input
High level 88 Xinong 88 3497c(a) 4 680b(a) 5 406a(a)
Middle level 22 Xiaoyan 22 3 295b(abc) 4 111ab(b) 4 720a(b)
902 Hanfeng 902 3 161b(abc) 3 973a(b) 4 192a(c)
9871 Xinong 9871 3 406b(ab) 3 949a(b) 4 234a(c)
2000 Xinong 2000 2 895a(c) 3 721a(bc) 3 739a(d)
148 Wunong 148 2 896¢(c) 3 708b(bc) 5 197a(a)
Low level 979 Xinong 979 2 991b(bc) 3 401b(cd) 4 139%a(c)
2611 Xinong 2611 2 900b(c) 3 109b(de) 4 211a(c)
9812 Jiufeng 9812 2 994a(abc) 2 884a(e) 3 307a(e)
5% s Values followed by different small letters outside

and inside parentheses are significantly different among different fertilizer treatments and winter wheat varieties at 5% level, respectively. The same

below.
2.2
2 , 3
78.7kg -hm™ 80.7kg -hm™ 782 kg -hm™’
, cc 88,’
53.1 kg - hm™,
62.2 kg -hm?  62.6 kg - hm™>; ,
73.7 kg - hm™? 725 kg -hm™?  73.0
kg - hm™, 39% 16% 17%;
) 109.3 kg - hm™ 107.5 kg - hm™
98.9 kg - hm™?, 106% 73% 58%

3 )

18.9
kg -hm? 49kg-hm> -1.8kg-hm>
, < 887> 3.2
kg - hm™, -5.1
kg - hm™> -5.4 kg-hm?; s
269kg -hm? 13.1kg-hm? 0.9kg-hm?;

26.7kg -hm™~ 6.8 kg -hm™

>

—0.9 kg - hm™
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Tab.2 Amount of pre- and post-anthesis N accumulation of different winter wheat cultivars under different fertilizer application rates

kg - hm™
Pre-anthesis Post-anthesis
Variety
Control Low input High input Control Low input High input
88 Xinong 88 53.1c(c) 73.7b(ab) 109.3a(bc) 3.2b(ab) 26.9a(a) 26.7a(a)
22 Xiaoyan 22 53.7¢(c) 79.7b(a) 127.2a(a) 7.4a(a) 10.5a(bcd) 2.6a(bed)
902 Hanfeng 902 70.7a(ab) 69.5a(ab) 91.8a(d) —-15.2b(c) 18.4a(ab) 14.2a(ab)
9871 Xinong 9871 79.2b(a) 74.2b(a) 126.0a(ab) —12.6b(c) 18.6a(ab) —9.9ab(d)
2000 Xinong 2000 53.2b(c) 63.5ab(b) 82.6a(d) —1.0a(abc) 13.8a(bc) 7.1a(bed)
148 Wunong 148 54.4¢(be) 75.5b(a) 109.7a(bc) —3.9b(abc) 4.2a(cde) 19.9a(ab)
979 Xinong 979 58.1c(bc) 72.3b(ab) 90.8a(d) —4.7a(abc) 4.5a(cde) 10.3a(abc)
2611 Xinong 2611 65.5b(abc) 74.1b(a) 112.7a(ab) —10.0a(bc) —1.1a(e) —4.4a(cd)
9812 Jiufeng 9812 64.2¢(abc) 72.7b(ab) 93.2a(cd) —1.5a(abc) —0.7a(de) —8.6a(d)
100%,
2.3 ,
3 , 3 2.4
58.1kg-hm? 63.8kg-hm? 61.5kg-hm™ 4 , 3
, < 8877 41.2 ,
kg - hm™, 51.4 7.7kg-hm? 8.1kg-hm? 7.3kg-hm?,
kg -hm™?  50.2 kg -hm?; , 3.5 kg - hm? 25
52.1kg -hm™? 562kg-hm™> 569kg-hm>  kg-hm* 14 kg-hm™ 3
27% 9%  12%; , ,
81.0kg -hm™ 83.7kg -hm?>  77.4kg -hm™, 7.4kg -hm™? 8.0kg-hm? 72kg-hm?;
97% 63% 54% 7.1kg-hm? 7.2kg-hm™
, << 8877 6.8 kg - hm™2, 4% 10% 5%
76.6%, 8.6kg-hm? 9.1kg-hm™
81.6%  80.0%; , 7.8 kg - hm™2, 16% 14% 7%
68.6% 76.9%  77.4%; , , 3
73.7% 76.7% 77.4% 3 22 kg-hm? 1.6
, kg -hm? 1.0 kg -hm™;
90.2% 113.2%  116.1%, 47kg-hm? 39kg-hm? 1.6kg-hm?
67.7% 83.5% 103.7%, 114% 141%  60%;
74.4% 92.4% 102.4% 3.7kg-hm? 22kg-hm? 1.6kg-hm?,
68% 38% 60%

>
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Tab. 3 N translocation, remobilization efficiency and contribution of remobilization to grain yield for different winter wheat cultivars under
different fertilizer application rates

Variety Amount of N translocation (kg - hm™) N remobilization efficiency (%) remobilii?ingizl;f;r?;ield (%)
Control Low input  High input Control Low input  High input Control Low input  High input
88 Xinong 88 41.2¢(c) 52.1b(b) 81.0a(bcd)  76.6a(de) 68.6a(c) 73.7a(b) 90.2a(b) 67.7b(e) 74.4ab(d)
22 Xiaoyan 22 41.0c(c) 63.6b(a) 97.3a(ab) 76.3a(e) 79.8a(a) 75.3a(b) 87.5a(b) 86.3a(bcd)  98.2a(abc)
902 Hanfeng 902 60.0a(ab)  53.3a(ab) 70.2a(cd) 83.4a(ab) 75.9b(ab) 75.1b(b) 133.7a(a) 78.4b(cde)  83.3b(cd)
9871 Xinong 9871  67.7b(a) 54.3b(ab) 100.2a(a) 84.1a(a) 70.9b(bc) 78.2ab(ab)  126.0a(a) 76.4b(de)  110.4a(a)

2000 Xinong 2000  42.9a(c) 49.9a(b) 66.2a(d) 80.9a(abc)  78.7a(a) 78.1a(ab) 108.5a(ab)  80.8b(bcde) 89.0b(bed)
148 Wunong 148  45.5¢(bc)  59.9b(ab)  84.4a(abcd) 83.5a(ab) 79.1ab(a) 76.9b(b) 110.2a(ab)  95.4b(abc)  81.3c(cd)
979 Xinong 979  46.6¢(bc)  56.7b(ab) 68.9a(cd) 80.3a(bed) 77.8ab(a) 75.2b(b) 110.9a(ab)  96.8a(ab) 86.7a(cd)

2611 Xinong 2611  53.1b(abc) 57.4b(ab)  87.2a(abc)  80.3a(bed)  76.2a(ab)  75.5a(b) 132.2a(a) 107.2a(a)  106.8a(ab)

9812 Jiufeng 9812 50.9¢c(bc)  56.5b(ab)  75.9a(cd) 79.3b(cde)  78.3b(a) 81.6a(a) 105.1a(ab) 107.0a(a) 113.7a(a)

x4 FRAFABRAKFTRRAZNERMEMMEREHRERE

Tab. 4 Amount of pre- and post-anthesis P accumulation of different winter wheat cultivars under different fertilizer application rates

kg - hm™
Pre-anthesis Post-anthesis
Variety
Control Low input High input Control Low input High input
88 Xinong 88 7.4b(bc) 7.1b(bed) 8.6a(bcd) 2.2b(ab) 4.7a(a) 3.7ab(ab)
22 Xiaoyan 22 7.5b(abc) 7.8b(ab) 9.7a(ab) 3.3a(a) 4.0a(ab) 2.3a(c)
902 Hanfeng 902 8.8a(a) 6.4b(de) 8.3ab(bcd) —0.1c(d) 4.3a(a) 1.8b(cd)
9871 Xinong 9871 8.8a(ab) 6.8b(bcde) 10.2a(a) 1.0b(bcd) 3.9a(ab) 0.6b(d)
2000 Xinong 2000 7.4a(bc) 6.8a(bcde) 7.7a(cd) 1.8b(abc) 4.6a(a) 1.8b(cd)
148 Wunong 148 7.5b(abc) 8.3ab(a) 9.6a(ab) 2.0b(ab) 2.5b(bc) 4.3a(a)
979 Xinong 979 7.7a(ab) 6.7b(cde) 7.3ab(cd) 1.6a(abed) 2.7a(bc) 2.9a(bc)
2611 Xinong 2611 7.8a(ab) 7.7a(abc) 8.8a(abc) 0.1a(cd) 0.7a(d) 0.8a(d)
9812 Jiufeng 9812 6.2b(c) 6.1b(e) 7.2a(d) 1.4a(bcd) 1.3a(cd) 1.1a(d)
2.5 72.5% 83.1% 89.5%; ,
56.4% 62.9%  84.4%; ,
5 , 3 67.3% 79.0% 83.0%
63kg-hm> 69kg-hm?> 6.2kg-hm” ,
, < 887~ 6.1
kg - hm™, 6.9 kg - hm™
6.3 kg - hm™; , 57 2.6
kg -hm™? 6.0kg-hm? 59 kg-hm?,
7% 13%  6%; , 6 , ,
71kg-hm? 7.7kg-hm* 6.6kg-hm?  “* 8877 86.2 kg - hm ™2,
15% 12% 5% 97.1 kg - hm™>  92.7
, < 8877 kg - hm™; , 88.3 kg - hm™
82%, 86.0% 102.0kg -hm™  93.7 kg -hm 2,
86.1%; , 77.8% ; , 104.0
82.9%  86.2%; , kg - hm™? 129.0 kg-hm™> 113.8 kg - hm ™,
81.7% 84.7% 84.5% 21% 33% 23%

3 , 3
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Tab. 5 P translocation, remobilization efficiency and contribution of remobilization to grain yield for different winter wheat cultivars under

different fertilizer application rates

Amount of P translocation (kg - hm™)

P remobilization efficiency (%)

Contribution of
remobilized P to grain yield (%)

Variety
Control Low input High input  Control  Low input Highinput  Control  Low input _ High input
88 Xinong 88 6.1ab(cd)  5.7b(bc) 7.1a(bc) 82.2a(c) 77.8a(cd)  81.7a(d) 72.5a(c)  56.4b(d) 67.3ab(cd)
22 Xiaoyan 22 6.2b(cd) 6.6b(ab) 8.1a(ab) 82.2a(c) 84.2a(ab)  82.9a(cd) 66.8b(c)  65.4b(cd)  77.5a(bed)
902 Hanfeng 902  7.9a(a) 5.3b(c) 7.2ab(abc)  89.4a(a) 81.8b(bc)  85.8ab(ab)  103.6a(ab)  56.6¢c(d) 80.0b(bc)
9871 Xinong 9871  7.7a(ab) 5.4b(c) 8.7a(a) 86.7a(b) 76.8b(d) 84.8a(abc) 89.4a(abc  59.5b(cd) 93.1a(a)
2000 Xinong 2000  6.4a(bcd) 5.8a(bc) 6.7a(bc) 87.0a(b) 85.0b(ab) 86.7ab(a) 80.0a(bc) 58.1b(d) 79.0a(bc)
148 Wunong 148 6.4a(bcd)  7.1a(a) 8.la(ab) 84.9ab(b)  86.7a(a) 83.5b(cd) 75.9a(c)  75.l1a(bc)  65.4a(d)
979 Xinong 979 6.7a(abc) 5.9a(bc) 6.1a(c) 86.8a(b) 87.5a(a) 84.0b(bc) 80.5a(bc) 75.4a(bc) 69.0a(d)
2611 Xinong 2611  6.8a(abc)  6.6a(ab) 7.4a(abc)  86.9a(b) 86.1a(ab)  83.4b(cd) 105.7a(a)  95.1a(a) 90.4a(ab)
9812 Jiufeng 9812 5.3apb(d) 5.2b(c) 6.2a(c) 84.7b(b) 84.9b(ab)  86.1a(ab) 82.3a(abc 82.6a(ab)  89.5a(ab)
24.6 kg - hm™> 47.4 , 52.2 kg - hm™,
kg -hm? 455 kg - hm™?; , 16%  10%; ,
23.1kg -hm™ 33.5kg-hm~> 385kg-hm? 44.4 kg-hm?> 70.6 kg-hm?> 622
6% 29% 15%; ,  kg-hm?
22.6 kg -hm? 498 kg-hm™> 452
kg - hm™, 8% 5% 1% , ,
, , 3
, 10.7% 252%  23.9%;
: , , 64.9% 45.0%  30.4%;
, 64.8% 31.7% 31.4%
2.7
7 , ,
<« 887" 39.1 kg - hm™,
62.0kg -hm™ 582kg -hm™; ,
) 42.0 kg - hm™,

x6 ARFNSBRAKETAEENERMHEIHERRENEREMEE
Tab. 6 Amount of pre-anthesis K accumulation and post-anthesis K loss of different winter wheat cultivars under different fertilizer
application rates

kg - hm™

Pre-anthesis K accumulation

Post-anthesis K loss

Variety

Control Low input High input Control Low input High input

88 Xinong 88 86.2b(c) 88.3b(b) 104.0a(e) 24.6a(c) 23.1a(cd) 22.6a(c)

22 Xiaoyan 22 86.2¢(c) 109.7b(a) 140.8a(ab) 34.4b(bc) 40.8b(ab) 59.0a(a)
902 Hanfeng 902 110.9ab(a) 97.0b(b) 121.7a(bede) 55.6a(a) 18.5b(d) 45.9a(ab)
9871 Xinong 9871 101.3b(ab) 92.5b(b) 127.1a(abcd) 47.7a(ab) 22.5b(d) 47.0a(ab)

2000 Xinong 2000 83.3a(c) 95.5a(b) 108.5a(cde) 45.8a(ab) 37.8a(ab) 54.4a(a)
148 Wunong 148 103.9b(ab) 115.3b(a) 146.7a(a) 53.6a(ab) 47.9ab(a) 42.7b(ab)
979 Xinong 979 97.3b(abc) 96.7b(b) 105.1a(de) 46.8a(ab) 38.7a(ab) 36.4a(bc)

2611 Xinong 2611 91.6b(bc) 97.0b (b) 127.4a(abc) 50.5a(ab) 42.9a(ab) 55.5a(a)
9812 Jiufeng 9812 89.1b(bc) 87.4b(b) 109.0a(cde) 39.1ab(abc) 33.9b(bc) 43.7a(ab)
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Tab. 7 K translocation and the percentage of grain K to K remobilization of different winter wheat cultivars under different fertilizer

application rates

Amount of K translocation (kg - hm™)

Percentage of grain K to K remobilization (%)

Variety
Control Low input High input Control Low input High input
88 Xinong 88 39.1a(b) 42.0a(c) 44 .4a(c) 10.7b(b) 64.9a(ab) 64.8a(a)
22 Xiaoyan 22 49.5¢(ab) 60.1b(a) 79.4a(a) 31.5a(a) 32.2a(c) 27.0a(b)
902 Hanfeng 902 70.1a(a) 38.0b(c) 66.5a(ab) 22.4b(ab) 68.7a(a) 36.1ab(b)
9871 Xinong 9871 64.9a(a) 41.9b(c) 68.8a(ab) 30.2a(a) 64.0a(ab) 31.9a(b)
2000 Xinong 2000 58.6a(ab) 55.9a(ab) 70.4a(ab) 22.2b(ab) 33.2a(c) 25.4b(b)
148 Wunong 148 66.7a(a) 65.1a(a) 67.7a(ab) 19.6¢(ab) 26.6b(c) 38.2a(b)
979 Xinong 979 60.6a(ab) 55.4a(ab) 56.2a(bc) 23.2a(ab) 38.1a(bc) 37.6a(b)
2611 Xinong 2611 61.1a(ab) 54.6a(ab) 70.3a(ab) 19.0a(ab) 22.9a(c) 29.0a(b)
9812 Jiufeng 9812 52.9b(ab) 46.7c(bc) 59.9a(bc) 29.6a(a) 30.3a(c) 27.7a(b)
3 itie
b
Barbottin
> 5
> Dordas!'®
[20-21] .
; Muurinen (30]
’ ; [31] b
, 240 kg - hm™
b
b
R [27]
[3,22]
) ) Dordas!'")
> )
b b
2
: 23
, Przulj
b b
[22]
b b
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