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Optimization of test location number and replicate frequency in regional winter
wheat variety trials in northern winter wheat region in China
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Abstract: The rational allocation of the replicate frequency and test location number in regional crop trials are highly beneficial to
the enhancement of both trial cost efficiency and new cultivar selection efficiency. The rationality of test location number and
replicate frequency for national wheat regional trials in the Northern winter wheat region (NWWR) in China was evaluated by
using historical experimental datasets during the last 10 years according to the dynamics of trial heritability and noise-signal quo-
tient (Q) with the increase of test locations and replicates within trials in 2010-2019, proposing an optimal design scheme of the
replicate frequency and test location number for the wheat planting region. The result indicated three replicates at current achieve
0.87 of the averaged within-trial heritability of single-trials in NWWR, and only 1.4 times of replicates on average was needed to
achieve 0.75 of within-trial heritability, so three replicates were obviously sufficient to maintain enough test accuracy. The needed
test location number to achieve 0.75 of cross-trial heritability was estimated as 11 for the irrigated group and 13 for the rainfed
group in the one-year multi-locational trials in NWWR, while in the current wheat trials that was about 11 and 8 effective test
locations, achieving a heritability level of 0.75 and 0.60, respectively. The irrigated group was exactly meet the trial accuracy re-
quirement (H = 0.75), while the rainfed group was somewhat insufficient. Considering the importance of the regional wheat trials
in recommending new varieties for registration and production, and the possible trial cancellation due to various abnormalities, the
practical management should set a heritability level around 0.75, and maintain three replicates, with around 11 test locations for
the irrigated group, and 13 locations for the rain-fed group. In order to increase heritability to the level of 0.80, about 16 test loca-
tions should be required.
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Table 1

in Northern winter wheat region from 2010 to 2019

2010-2019 £ HEILFLEZRERNMEZLWXIGIXEEHL . RMEF=ESHITE

Summary statistics of trial yield grand mean, number of cultivars and locations used in regional winter wheat variety trials

Irrigated group

Rainfed group

Northern winter wheat region

Year
Site Cultivar  Yield (kg hm™) Site Cultivar  Yield (kg hm™) Site Cultivar
2009-2010 11 13 6178.1 9 9 3581.0 20 22
2010-2011 12 12 6717.5 9 10 3885.5 21 22
20112012 11 11 6895.7 7 8 5524.9 18 19
20122013 11 14 6119.9 9 10 3213.0 20 24
20132014 12 14 7485.6 9 10 5165.8 21 24
2014-2015 12 10 7935.6 10 13 5490.4 22 23
20152016 11 16 7996.1 7 12 4737.7 18 28
20162017 10 11 8536.2 9 12 4417.7 19 23
20172018 11 14 7153.2 9 8 4719.7 20 22
2018-2019 11 17 8367.4 6 8 4679.4 17 25
Mean 11.2 13.2 7338.5 8.4 10.0 4541.5 19.6 232
Total 112 132 — 84 100 — 196 232
. N 3 87%
2 HRE5SM $9% s 00%
2.1 0.75 :
2 ) 196 , o)
0.75 1 2 3 196 14
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Table 2 Frequency distribution of replicates needed to achieve 0.75 of within-trial heritability for single-trials of regional winter
wheat variety trials in Northern winter wheat region from 2010 to 2019

Interval of Irrigated group Rainfed group Northern winter wheat region
N: needed N f(%) Cf(%) M O N f(%) Cf(%) N O N  f(%) Cf(%) N Or
N <1 75 67.0 67.0 0.40 0.13 60 71.4 714 030 0.10 135 68.9 689 036 0.12
1<N,<2 14 12.5 79.5 1.41 047 14 16.7 88.1 1.34 045 28 14.3 83.2 1.38 0.46
2<N;<3 8 7.1 86.6 234 0.78 1 1.2 89.3 2.00 0.67 9 4.6 87.8 230 0.77
3<N,<4 4 3.6 90.2 337 1.12 3 3.6 92.9 330 1.10 7 3.6 91.3 334 1.11
4 <N, <5 2 1.8 92.0 420 1.40 1 1.2 94.1 437 1.46 3 1.5 929 426 142
N.>5 9 8.0 100.0 9.70 323 5 6.0 100.0 890 297 14 7.1 100.0 9.41 3.14

Total 112 100.0 — 1.59  0.53 84 100.0 — 1.17 039 196 100.0 — 1.41 046

H 0.75 N fi%) Cf(%) N: O

Range of N, means the replicates needed to achieve 0.75 of heritability in half-open intervals. The Northern winter wheat region covers Irri-
gated region and Rainfed region. N, (%), Cf (%), N., O:, and H(%) stand for number of times, frequency, cumulative frequency, replicate

needed and noise-signal ratio in each interval, respectively.
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Fig. 1 Relationship between heritability (H) and replicate (V;) or test location number (NV,) for regional winter wheat variety trials in
Northern winter wheat region

Irrigated  Rainfed ;00 O

Irrigated and Rainfed stand for the irrigated group and rainfed group in winter wheat variety trials of Northern winter wheat region. O, and Q.
stand for the noise-signal ratio of replicate and test location number, respectively.
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Table 3 Replicate and test location number needed to achieve different heritability levels for regional winter wheat variety trials in
Northern winter wheat region

(H) i
Replicate and test location needed at different heritabilities (H) ™
Trial factor Group 0/Q. No.
0.65 0.75 0.80 0.83 0.85 0.86 0.87 0.88 0.90 0.95
Irrigated 0.53 3 1.0 1.6 2.1 2.6 3.0 3.3 3.5 3.9 4.8 10.1
Replicate Rainfed 0.39 3 0.7 1.2 1.6 1.9 22 2.4 2.6 2.9 3.5 7.4
NWWR  0.46 3 0.9 1.4 1.8 22 2.6 2.8 3.1 34 4.1 8.7
Irrigated 3.63 11 6.7 10.9 14.5 17.7 20.6 22.3 243 26.6 32.7 69.0
Location Rainfed 4.17 9 7.7 12.5 16.7 20.4 23.6 25.6 27.9 30.6 37.5 79.2

NWWR 390 10 7.2 11.7 15.6 19.0 22.1 24.0 26.1 28.6 35.1 74.1

(9 ; Qo) ; 2010-2019

The noise-signal ratio of replicate (Q,) is the mean of all single trials in each group, while location Q. is the mean of all one-year
multi-locational trials in the group. " is the mean of replicates or test locations summarized in the annual wheat cultivar trial report of the
irrigated group and rainfed group trials in Northern winter wheat region (NWWR) from 2010 to 2019.
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Fig. 2 Relationship between heritability increment (AH) and per unit replicates or test location number for regional winter wheat
variety trials in Northern winter wheat region
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