Due to space constraints, we explain the characteristics of the central farmers here.

In the adjoining-land relationship (Figure. 5b), H45 had the highest centralities of degree,
closeness, and betweenness, which may be because this smallholder's plot was located in the
geometric center of the cooperative's plot network (Fig. 4). Moreover, when the cooperative
was established, it incorporated smallholders whose plots were adjacent to each other. As a
result, network centralities for the adjoining land relationship were higher than for the other
relationships. For example, the mean values of its centralities of degree, closeness, and
betweenness are 1.79, 1.61, and 4.99, respectively.

In the labor-sharing relationship (Figure. 5¢), Z28 showed the highest centralities of degree
and closeness, 3.54 and 0.95, respectively, and its betweenness centrality ranked second among
all smallholders. The reason for this was that Z28 was much older than other smallholders who
adopted the farmland trusteeship service, and he received more help from neighbors or their
relatives during the production process.

For the machinery-sharing relationship (Figure. 5d), H16, H32, and H2 ranked as the top
three centralities. Among them, H16 owned a combine harvester machine, and he was
responsible for helping villagers harvesting wheat and corn in the village. H32 owned a seeding
machine, and he was responsible for helping villagers sowing food crops in the village. H2
owned a rotary plow, which was responsible for loosening and turning the soil. The difference
in the number of machines owned within the village, and the personal relationships in the rural
community, resulted in different sizes of centrality for the three members. Numerically, H16
had the highest centrality due to the high levels of labor required during harvesting.

In the kinship network (Figure. 5e), H60 showed the highest centralities of degree,
closeness, and betweenness, 3.54, 0.97, and 0.54, respectively. This was because H60 was the
eldest of the smallholders who adopted farmland trusteeship service, and more relatives in the
younger generations of H60’s family adopted farmland trusteeship service, thereby forming
the most kinship connections with him.

The centralities of degree and betweenness in the synthetic social network (Figure. 5f) were
larger, with H16 attaining 46.02 and 10.67, respectively, and with H16, H32, H2, and Z10
occupying the top four places of centrality. Collectively, it seems that these four smallholders
had a greater influence and status within the cooperative. They played an important role both
in the degree of connection with other smallholders and as the most convenient medium for
smallholders to connect with each other.

To observe the differences in each village within the cooperative, this paper separately
calculated network centrality for the smallholders who adopted farmland trusteeship service
in both Zhusihuang and Hegouzhao. The centrality of each smallholder was ranked from
largest to smallest. Tables S1 and S2 show the top five rankings of smallholders in the villages
of Zhusihuang and Hegouzhao, respectively.

In Zhusihuang, Z7 showed the highest centralities of degree, closeness, and betweenness
in the neighborship network. Similarly, Z22 in the adjoining land relationship, Z8 in the kinship
network, Z9 in the labor-sharing relationship network, and Z10 in the mechanical-sharing
relationship all showed the highest centralities. These smallholders were in central positions
within their networks, meaning that not only were they connected to the most smallholders in
different networks, but they were also located on the shortest path of communication among

the smallholders who adopted farmland trusteeship service, and they were spatially closer to



the geometric center of the network. In the synthetic social network (Figure 4), all of Z10’s three
centrality degrees were much larger than those in second place, similar to the machinery

network.

Table S1. The top five smallholders of the three centralities of Zhusihuang in six relationships

Smallhol Smallhol Smallhol Smallhol M

NR ALR LSR S KR

R Smallhol Smallhol

SR

ders ders ders ders ders ders

77 19.05 722 4.76 728 9.52 Z10 90.48 Z8 7.14 Z10 90.48
723 14.29 723 4.76 79 7.14 Z15 38.10 733 7.14 734 42.86

Cz;f:fi‘:y Z13 1429 721 476 78 7.4 734 3571 738 476  ZI5 4048
Z16 1429 720 4.76 737 7.14 Z12 3333 711 4.76 712 3571
Z38 1191  Z24 4.76 731 7.14 723 7.14 727 4.76 723 2619
77 1743 722 9.09 Z9 2.92 710 20 733 2563 710  91.30
Closeness Z12 1687 723 9.07 737 2.92 Z15  18.10 Z9 2561  Z34  63.64
centrality Z6 16.60  Z21 9.07 728 292 734 1803  Z31 2559 Z15 @ 62.69
Z13 1654  Z20 9.01 734 291 Z12 1795  Z32 2559  Z12 60
720 1641  Z24 9.01 731 2.91 723 1714 713 2559 723  57.53
z7 2758 722 5122 Z9 2.32 710 6110 Z33 0470 Z10  41.83
Betweenness Z38 1767 723 5110  Z37 2.09 Z15 5.96 Z9 0.35 734 8.68
centrality 712 1676  Z21 5110  Z28 2.09 734 5.05 z8 0.23 Z15 5.96
711 1573  Z20 5076  Z31 1.63 712 4.39 Z5 0.23 Z12 3.66
717 1510 724 50.76  Z23 0.23 723 0.02 Z4 0.23 731 2.28
Note: NR, ALR, LSR, MSR, KR, SR indicate neighbor relationship, adjoining-land relationship, labor-
sharing relationship, mechanical-sharing relationship, kinship, synthetic relationship, respectively.
In Hegouzhao, the highest degree of centrality appeared in H13. The high values of
betweenness and closeness centralities for H11. In the adjoining land relationship, H46’s three
centralities were prominent in Hegouzhao. In the labor-sharing relationship, H12 showed the
highest centralities. In the kinship network, the highest value of centrality was H60. In the
mechanical-sharing relationship, as machinery owners in this village, H16, H32, H2, and H36
were at the core of the machinery-sharing network, and their mediating role in this network
was obvious. In the synthetic social network, the four smallholders who owned the machinery
still had higher centrality; this was similar to Zhusihuang in that the connection among the
smallholders was mainly reflected in machinery sharing.
By calculating the centrality of each smallholder of the two villages and the cooperative, it
was found that the centrality of the smallholders within single village was larger than that of
the cooperative. This proves that the social network intensity of smallholders within single
village is stronger than the cross-village cooperative. The network of smallholders did not
break the village boundaries, and hypothesis 3 is disproven.
Table S2 The top five smallholders of the three centralities of Hegouzhao in six relationships
Smallho Smallho Smallho Smallho Smallho Smallho
Iders Iders ALR Iders LSR Iders MSR Iders KR Iders SR
H13 10 H46 5.71 Hi12 5.71 Hieé 72.86 H60 5.71 Hie6 74.29
Hi12 8.57 743 5.71 H40 4.29 H32 65.71 H36 5.71 H32 71.43
szf:fiiy Hl6 857  Hs4 429  H33 286  H2 5714  HI3 571  H2 60
H18 8.57 H56 4.29 H41 2.86 H36 32.86 H16 5.71 H36 40
H10 7.14 H5 2.86 H9 2.86 H8 5.71 H26 4.29 H13 18.57




H33 3.54 H46 8.69 H12 1.54 Hile 9.86 H60 1.66 Hié6 79.55
H36 3.54 H56 8.51 H9 1.54 H32 9.79 H36 1.66 H32 77.78
Closeness
centrality H11 3.54 H5 8.35 H21 1.54 H2 9.70 H33 1.66 H2 71.43
H1e6 3.53 H41 8.33 H18 1.54 H36 9.47 H41 1.66 H36 60.87
H38 3.53 H7 8.32 H16 1.54 H8 9.25 H50 1.66 H13 53.85
H16 12.74 H46 51.80 H12 0.54 H16 30.63 H60 1.41 Hi1é6 27.96
Betweenness H11 12.45 H7 31.68 H40 0.29 H32 22.76 H36 1.28 H32 23.99
centrality H44 12.09 743 30.81 H33 0.25 H2 15.97 H13 1.20 H2 17.53
H38 10.79 Hile6 30.15 H41 0.25 H36 6.86 H41 0.99 H36 7.18
H33 9.49 H63 28.53 H36 0.25 H8 0.03 H2 0.99 H47 2.70
Note: NR, ALR, LSR, MSR, KR, SR indicate neighbor relationship, adjoining-land relationship, labor-
sharing relationship, mechanical-sharing relationship, kinship, synthetic relationship, respectively.
Table S3 Smallholders’ centralities in the cooperative (neighbor, adjoining-land relationship, labor-
sharing relationship)
Smallhol Neighbor relationship Adjoining land relationship Labor-sharing relationship
ders Degree Closeness Betweenness Degree Closeness Betweenness Degree Closeness Betweenness
centrality centrality centrality centrality centrality centrality centrality centrality centrality
Hi1 1.77 1.408 0 1.77 1.864 6.637 0.885 0.885 0
H2 3.54 1.412 3.195 1.77 1.836 2.078 0.885 0.885 0
H3 2.655 1.412 2.863 1.77 1.839 2.26 0 0 0
H4 2.655 1.413 2.961 1.77 1.846 8.85 0.885 0.885 0
H5 0.885 1.404 0 1.77 1.853 2.987 0 0 0
Heé 2.655 1.414 0.839 1.77 1.911 10.446 0 0 0
H7 3.54 1.415 2.105 1.77 1.873 10.24 0.885 0.885 0
HS8 1.77 1.416 0 1.77 1.91 12.089 0.885 0.925 0
H9 4.425 1.417 2.087 0.885 1.692 0 1.77 0.926 0.079
H10 4.425 1.417 1.347 1.77 1.833 1.952 0 0 0
H11 4.425 1.42 4.751 1.77 1.847 5.752 0 0 0
H12 5.31 1.419 3.276 1.77 1.837 5.215 3.54 0.926 0.205
H13 6.195 1.415 0.91 1.77 1.863 3.524 0 0 0
H14 3.54 1.411 0.132 1.77 1.875 7.174 0 0 0
H15 2.655 1.416 0.177 1.77 1.853 2.987 0.885 0.893 0
H1e6 5.31 1.419 4.861 1.77 1.899 11.504 0.885 0.925 0
H17 4.425 1.416 0.73 1.77 1.827 4.678 0.885 0.925 0
H18 5.31 1.413 0.695 1.77 1.854 6.1 0.885 0.925 0
H19 2.655 1.408 0 1.77 1.843 5.563 0 0 0
H20 1.77 1.412 0 1.77 1.868 6.827 1.77 0.893 0.016
H21 3.54 1.413 0.93 1.77 1.813 3.951 1.77 0.926 0.079
H22 0.885 1.405 0 1.77 1.79 2.663 0 0 0
H23 0.885 0.885 0 1.77 1.708 1.027 0.885 0.885 0
H24 0.885 0.885 0 1.77 1.881 4.441 0.885 0.885 0
H25 0 0 0 1.77 1.833 5.025 0.885 0.893 0
H26 0.885 0.885 0 1.77 1.741 2.987 0 0 0
H27 0.885 0.885 0 1.77 1.792 2.789 0 0 0
H28 0 0 0 1.77 1.725 2.023 0 0 0
H29 0 0 0 1.77 1.832 8.107 0 0 0
H30 0.885 1.41 0 1.77 1.803 3.413 0.885 0917 0
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711 4.425 1.319 2.14 1.77 1.302 5.057 1.77 0.901 0.032

712 3.54 1.321 2.281 1.77 1.305 5.389 1.77 0.893 0
Z13 5.31 1.32 1.303 1.77 1.308 5.689 1.77 0.951 0
714 4.425 1.316 0.206 1.77 1.311 5.958 0.885 0.901 0
Z15 1.77 1.316 0.702 1.77 1.313 6.195 0.885 0.885 0
Z16 5.31 1.318 1.357 1.77 1.315 6.4 1.77 0.951 0
z17 2.655 1.317 2.054 1.77 1.317 6.574 0.885 0.885 0
718 2.655 1.313 1.311 1.77 1.318 6.716 1.77 0.893 0.016
Z19 1.77 1.311 0 1.77 1.319 6.827 0.885 0.885 0
720 2.655 1.32 1.399 1.77 1.32 6.906 1.77 0.893 0
721 1.77 1.31 0.601 1.77 1.321 6.953 0.885 0.885 0
722 0 0 0 1.77 1.321 6.969 0 0 0
723 5.31 1.316 0.355 1.77 1.321 6.953 1.77 0.901 0.032
724 0 0 0 1.77 1.32 6.906 0.885 0.893 0
725 1.77 1.307 0 1.77 1.319 6.827 0.885 0.885 0
726 2.655 1.318 1.932 1.77 1.318 6.716 0.885 0.885 0
727 1.77 1.313 0 1.77 1.317 6.574 2.655 0.951 0
728 2.655 1.317 0.967 1.77 1.315 6.4 3.54 0.952 0.284
729 1.77 1.317 1.12 1.77 1.313 6.195 0 0 0
Z30 2.655 1.315 1.311 1.77 1.311 5.958 0.885 0.901 0
Z31 4.425 1.317 0.361 1.77 1.308 5.689 2.655 0.951 0.221
732 1.77 1.313 0 1.77 1.305 5.389 0 0 0
733 0.885 1.309 0 1.77 1.302 5.057 0 0 0
734 3.54 1.319 0.197 1.77 1.299 4.693 1.77 0.951 0
Z35 0 0 0 1.77 1.295 4.298 0 0 0
736 2.655 1.309 0.486 1.77 1.291 3.872 0.885 0.885 0
737 3.54 1.318 0.25 1.77 1.287 3.413 2.655 0.952 0.284
738 4.425 1.316 2.405 1.77 1.282 2.924 0 0 0
739 3.54 1.315 1.858 1.77 1.278 2.402 0 0 0
740 0.885 1.309 0 1.77 1.273 1.849 0 0 0
Z41 2.655 1.311 0.938 1.77 1.267 1.264 0.885 0.885 0
742 0.885 1.304 0 1.77 1.262 0.648 0.885 0.885 0
743 1.77 1.311 0 0.885 1.256 0 0.885 0.885 0
Table S4 Smallholders’ centralities in the cooperative (kinship, mechanical-sharing relationship,
synthetic relationship).
Smallhol Kinship Mechanical-sharing relationship Synthetic relationship
ders Degree Closeness Betweenness Degree Closeness Betweenness Degree Closeness Betweenness
centrality centrality centrality centrality centrality centrality centrality centrality centrality
H1 0 0 0 1.77 1.867 0 4.425 2.239 0.011
H2 1.77 0.961 0.379 35.398 1.88 6.096 37.168 2.26 6.691
H3 0 0 0 2.655 1.868 0 6.195 2.241 0.052
H4 0.885 0.885 0 1.77 1.867 0 6.195 2.24 0.077
H5 1.77 0.96 0.332 0 0 0 3.54 2.234 0.158
Hé6 0.885 0.967 0 2.655 1.868 0 7.08 2.242 0.07
H7 0.885 0.901 0 1.77 1.866 0 7.965 2.24 0.163
H8 1.77 0.969 0.284 3.54 1.869 0.006 8.85 2.244 0.114
H9 1.77 0.893 0.016 2.655 1.868 0 9.735 2.243 0.14
H10 1.77 0.96 0 0 0 0 7.965 2.241 0.095
H11 0 0 0 1.77 1.867 0 7.08 2.243 0.5
H12 0.885 0.893 0 2.655 1.868 0 8.85 2.243 0.086
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